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SECTION 3H

PRECAST PRESTRESSED CONCRETE

Air Entraining Admixtures for Concrete

Air Content of Freshly Mixed
. Concrete By The Pressure Method

Sampling Freshly Mixed Concrete

Compressive Strength of Cylindrical
Concrete Specimens

Concrete Aggregates

Making and Curing Concrete Test
Specimens in the Field

Portland Cement

Building Code Requirements for
Reinforced Concrete

Recommended Practice for Evaluation
of Strength Test Results of Concrete

Standard Specifications for Highway
Bridges (13th Edition)

10. Tendons
11. Anchorages for Post-Tensioning
12. Steel Reinforcement
13. Concrete Placement
14. Curing and Protection
15. Repairs
16. Finishing
17. Handling and Erection
18. Quality Control

Index

C 31 - 85 (CRD-C ll)

C 33 - 86 (CRD-C 133)

C 39 - 86 (CRD-C 14)

C 150 - 86 (CRD-C 201)

C 172 - 82 (CRD-C 4)

C 231 - 82 (CRD-C 41)

C 260 - 86 (CRD-C 13)

ACI 318 - 83

ACI 214 - 77
(R 1983)

AASHTO 1983

•

\/

1.2 American Concrete Institute (ACI) Standards.

1.3 American Society for Testing and Materials (ASTM) with Corresponding U.S.
Army Corps of Engineers Handbook for Cement and Concrete CRD Standard Indicated
Where Available.

1. APPLICABLE PUBLICATIONS. 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.

~1~1 American Association of State Highway and Transportation Officials (AASHTO).

1. Applicable Publications
2. Design
3. Quality Control
4. Evaluation and Acceptance
5. Submittals
6. Materials
7. Composition and Quality
8. Fabrication
9• Beds and Forms



1.4 Prestre~sed Concrete Institute (PCI) Publications
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C 494 - 86 (CRD-C 87)

C 595 - 86 (CRD-C 203)

C 617 - 85b (CRD-C 29)

C 618 - 85 (CRD-C-255)

MNL 116 -77

MNL 120 - 78

2. DESIGN •

Chemical Admixtures for Concrete

Blended Hydraulic Cements

Capping Cylindrical Concrete
Specimens

Fly Ash and Raw or Calcined Natural
Pozzolan for Use as a Mineral
Admixture In Portland Cement
Concrete

Manual for Quality Control for Plants
and Production of Precast
Prestressed Concrete Products

PCI Design Handbook Precast
Prestressed Concrete

I
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2.1 Design of Precast Prestressed Members and Connections. Design of members and
connections shall be in accordance with AASHTO and PCI Design Handbook, Precast
Prestressed Concrete.

2.2 Loads. Loadings for members/and connections shall include all dead load,
live load, handling, erection and other applicable loads.

2.3 Calculations. Calculations for design of members and connections not shown
on the contract drawings shall be made by a registered professional engineer
experienced in the design of precast pre\stressed concrete •

3. QUALITY CONTROL.

3.1- Construction Testing by the Contractor. The Contractor shall perform testing
to insure the materials and method he uses meet the requirements of these
specifications and will produce precast prestressed concrete members which are
suitable for their intended use. In addition, the Contractor shall perform all
other testing he feels is necessary to insure the quality of the precast
prestressed concrete members.

3.1.1 High Strength Steel Tendons. Testing shall be as specified in SECTION:
STRESSING TENDONS AND ACCESSORIES FOR PRESTRESSED CONCRETE. I

3.1.2 Concrete. Concrete shall be sampled and cylinders made in strict
accordance with ASTM C 172 and ASTM C 31.

3.1.2.1 Concrete Test Cylinders. At least four test cylinders per casting bed
shall be made each day the bed is used. A minimum of two test cylinders per bed
shall be made to verify the strength of concrete at the time of stress transfer
and a minimum of two test cylinders per day or 50 cubic yards of concrete or
fraction thereof, whichever results in the most cylinders, shall be made for each
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mix design to verify the attainment of the specified strength. Cylinders to be
used for judging stress transfer strength shall be made from concrete placed

during the latter half of a casting.

3.1.2.2 Cylinder Making. Cylinders shall be made as near as possible to the
location where they will be cured and shall not be disturbed in any way from one
half hour after casting until they are either 20 plus or minus 4 hours old or
ready to be tested. Concrete in cylinders may be consolidated by rodding or by
vibration as specified in ASTM C 31. If vibrators are used, techniques shall be

used which will preclude segregation•

3.1.2.3 Cylinder Curing.

3.1. 2. 3.1 Test cylinders shall be cured with and by the same methods as the
members they represent~ In lieu of actual curing with the members, cylinders may
be cured in curing chambers correlated in temperature and humidity with the
beds. In such a case, the correlation shall be constantly verified by use of
recording thermometers in the curing chambers and comparison with the temperature
records of beds, and by use of the same methods of moisture retention for curing

chambers and casting beds.

3.1.2.3.3 Test cylinders to indicate compliance with specified 28-day or earlier
strength shall remain in the bed with the member until the member is removed. At
that time the cylinders shall be removed from their molds and placed in storage in
a moist condition at 73.4 degrees plus or minus 3 degrees F.

Ii,'I.. I
I

wi

3.1.2.3.2 For beds cured by steam or radiant
random points along the bed. If there is
cylinders shall be placed in the coolest area.

heat, cylinders shall be placed at
any indication of variable heat,

III
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3.1. 2.4 Capping of Cylinders.

3.1.2.4.1 Unless cylinder ends are cast or ground to within 0.002 inch of a plane
surface, they shall be capped prior to testing. - Capping .procedures shall be as
specified in' ASTM C 31 and C 617 except with fast setting sulphur .compounds,
especially manufactured for capping, compression testing can be performed one half
hour or less after the caps have been in place •

3.1.2.5 Testing of Cylinders •

3.1.2.5.1 Testing of cylinders to determine compressive strength shall be
performed in accordance with ASTM C 39. The strength of concrete at any given age
shall be determined as the average of two cylinders, except a single cylinder test
can be used to determine stress transfer strength.

3.1.2.5.2 Testing machines shall be calibrated so the maximum error is not more
t~an plus or minus one percent. Calibration shall be performed whenever there is
a reason to doubt the accuracy of indicated loads, or at least once every six
months. Calibration curves shall be available at all times and used by testing

personnel.

3.1.3 Air Content. The air content tests shall be conducted in accordance with
ASTM C 231. At least one air content test will be conducted on the concrete from

which each member is cast.

3H-3
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4. EVALUATION AND ACCEPTANCE.

4.1 Concrete. A test result shall be the average of the strengths of the two
test cylinders made in accordance with paragraph 3.1.2.1. The strength level of
the concrete will be considered satisfactory if the average of all sets of three
consecutive strength tests equal or exceed the specified strength ft c and no
individual test falls below the specified value by more than 500 psi. Members
manufactured with concrete which does not meet the strength requirements shall be
rejected.

4.1.1 Air Content. All members cast with concrete having a measured air content
less than 5 percent shall be rejected. Any member cast with concrete having an
air content greater than 7 percent may be incorporated into the work if the
strength requiremen~s are met.

4.2 Tolerances. The precast prestressed members shall be manufactured within the
following tolerances. Members which fail to meet the dimensional tolerances shall
be rejected.

4.2.1 Length of Member. The length of the member shall not deviate from the
length shown on the contract drawings by more than plus or minus 3/4'inch or plus
or minus 1/8 inch per 10 feet of length, whichever is greater.

4.2.2 Cross Sectional Dimensions. The cross sectional dimensions of a member, if
less than 36 inches shall not vary by more than plus or minus 1/4 inch and if over
36 inches, they shall not vary by more than plus or minus 3/8 inch.

4.2.3 Horizontal Alignment (Sweep). The horizontal alignment of the members
shall not deviate from a straight line parallel to the theoretical centerline by
more than 1/2 inch or 1/8 inch per 10 feet of length, whichever is greater. The
maximum gap between two adjacent members due to sweep shall not exceed one inch.

4.2.4 Camber. The actual camber of beams shall not deviate from the computed
camber by more than plus or minus 1/8 inch per 10 feet but not more than plus or
minus 1/2 inch maximum total deviation.

4.2.5 Camber Differential. The differential in camber at midspan between
adjacent members shall not exceed 1/4 inch per 10 feet of length or 3/4 inch
maximum.

4.2.6 position of Tendons. The position of the tendons shall not deviate from
the design position by more than plus or minus 1/4 inch.

4.2.7 HandTing Devices. The actual position of handling devices .shall not
deviate from the designed position by more than plus or minus 6 inches.

4.2.8 Anchors and Inserts. The actual position of anchors and inserts shall not
vary by more than plus or minus one inch from positions shown on the contract
drawings.

4.2.9 Flange Thickness. The thickness of a flange or slab shall not vary from
the dimensions on the drawings by more than plus or minus 1/4 inch or - 1/8 inch.

3H-4
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4.3 Defects.

5. SUBMITTALS.

of required material tests shall be
by the Contractor prior to the

shall be furnished for each shipment

Cement shall be certified for compliance with all specifications

5.1 Design Calculations. Design calculations shall be submitted to the
Contracting Officer prior to the initiation of manufacture of members to be used
under this contract.

4.2.11 Squareness of Ends. The ends of members shall not deviate from being
square by more than plus or minus 1/4 inch. Squareness shall be checked in both
the vertical and horizontal planes.

4.2.10 Depth of Member at Support. At the supports the depth of a member shall
not deviate from the dimensions shown on the contract drawings by more than plus
or minus 1/4 inch.

4.3.2 Major Defects. Major defects are those which involve more than 36 square
inches of concrete or expose stressing tendons or reinforcing steel. If one. or
more major defects appear in a member it shall be rejected. Cracks of a width of
more than 0.01 inch shall be cause for rejection of the member.

4.3.1 Minor Defects. Minor defects are those which involve less than 36 square
inches of concrete, and do not expose stressing tendons or reinforcing steel.
These defects will be repaired as specified hereinafter. Cracks which are visible
but are 0.01 inch wide or less will be accepted.

5.2 Tes t Reports. Cert i fied tes t reports
submitted to the Contracting Officer (ATTN:
use of the materials in the work. Reports
and shall be identified with specific lots).

5.4 Manufacturers' Certificate.

5.3 Test Results. The results of construction testing by the contractor shall be
submitted to the contracting officer not more than 5 days after the tests are
completed.

5.4.2 Pozzolan. Pozzolan shall be certified for compliance with all
specification requirements.

5.4.3 Water-reducing admixture shall be certified for compliance with all
specifications requirements.

5.4.4 Aggregates shall be certified for compliance with all specifications
requirements.

5.4.1 Cement.
requirements.

5.4.5 Certified Air Content. Each precast member delivered to the job site shall
be accompanied by a certificate certifying that the air content in the concrete in
that member is in compliance with the specifications. The certification must be
based on an air content test conducted in conformance with ASTM C 231 on at least
one of the batches concrete from which the member was cast.



5.5 Concrete Mixture Proportions. Concrete mixture proportions shall be

submitted to the Contracting Officer for approval.

5.6 Shop Drawings. The Contractor shall prepare and submit
Officer for approval, complete shop drawings which show
manufacturer's recommended details and materials for the
paragraph: HANDLING AND ERECTION and the following:

a. Design computations.

b. Marking of the units for the placing drawings.

c. Anchorages for work of other trades.

d. Anchorages to support construction.

e. Size and location of steel tendons.

f. Methods of stressing.

to the Contracting
the precast unit
work required by

!

~
,

I
g. Location and sizes of all openings 12 inches wide or larger to be cast

into members.

h. Formwork.

1. Joints between units and other construction.

j. Reinforcing steel details.

k. Method of curing.

1. pickup points and lifting devices.

6. MATERIAL.

6.1 Cement.

I

I

I

I

6.1.1 Portland Cement shall conform to ASTM C 150 Type II or III.
content of the Type III cement shall not exceed 8 percent.

6.1.2
SECTION:

Blended Hydraulic
CONCRETE.

Cement shall conform to the requirements of the

6.2 Pozzolan.
CONCRETE.

Pozzo1an shall conform to the requirements of the SECTION:

6.3 Other Materials.

6.3.1 Aggregates shall meet the requirements of SECTION: CONCRETE.

6.3.2 Admixtures. In no event shall admixtures containing chlorides or nitrates

be used in the concrete.
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fci = 4000 psi, prior to detensioning

Specified Strength = 5000 p.s.i. at 28 days

CONCRETE

STRESSING TENDONS ANO

400 psi if standard deviation is less than 300 psi

550 psi if standard deviation is 300 to 400 psi

700 psi if standard deviation is 400 to 500 psi

900 psi if standard deviation is 500 to 600 psi

6.4 Steel Reinforcement shall be in accordance with SECTION:
RE INFORCEMENT •

7. COMPOSITION AND QUALITY.

6.5 Steel Tendons shall be ~n accordance with SECTION:
ACCESSORIES FOR PRESTRESSED CONCRETE.

6.3.2.2 Accelerating Admixture shall be certified to comply with SECTION:
CONCRETE.

6.3.2.1 Water-Reducing Admixture shall be. certified to comply with SECTION:
CONCRETE.

ftc = 5000 psi at 28 days

7.1 Concrete shall be· composed· of cement~t~ous material, water, fine and coarse
aggregate and admixtures. The cementitious material shall be portland cement,
blended hydraulic cement, or portland cement or blended hydraulic cement and
pozzolan. The admixtures may include a water reducing admixture when its
formulation and use are approved.

~2 . . 11 bId b h C7. Qual~ty. The concrete proport~ons sha e se ecte y t e ontractor to
meet the following requirements:

v

Entrained Air Content 5 to 7 percent as determined in accordance with
ASTM C 231. Proportions shall be selected so as to produce an average strength
exceeding the design strength f' c by the amount indicated below. Where the
production facility has a standard deviation record detenmined in accordance with
ACI 214, based on 30 consecutive strength tests of similar mixture proportions to
that proposed, obtained within one year of the time when concrete placing is
expected, it shall be used in selecting average strength. The average strength
used as the" basis for selecting proportions shall exceed the specified strength
ftc by at least.

If the standard deviation exceeds 600 psi or if a standard deviation record is not
available, proportions shall be selected to produce an average strength at least
1200 psi greater than· the specified strength. The Contractor shall have the
mixture proportions determined by persons knowledgeable in the formulation of
concrete mixtures. The trial mixtures shall be formulated using the same
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materials as those to be used in the units supplied under this specification and
the selected proportions shall be submitted for approval with the results of
cylinder strengths at 28 days •

8. FABRICATION. Fabrication of precast-prestressed members shall follow the
applicable provisions of the PCI Manual for Quality Control, MNL 116- except as
specified herein.

9. BEDS AND FORMS.

9.1 All casting beds shall have concrete support on unyielding foundations.

9.2 Forms, both fixed and movable, shall be of steel of adequate thickness,
braced, stiffened,anchored and aligned adequately to produce members within the
limits of dimensional tolerances, specified hereafter.

'9.3 Bulkheads, spacers, templates and similar equipment having influence on the
accuracy of dimensions and alignment shall be regularly inspected and maintained
as necessary.

9.4 Accurate alignment of forms shall be maintained during the casting
operation. Form alignment and grade shall be. checked for each setting. Form
joints shall be smooth and tight enough to prevent leakage of paste~ Joints
between soffits, side forms and bulkheads may require gaskets of rubber or other
suitable material to prevent leakage of paste. Such material may be used to
provide corner chamfers. Plugging of holes and slots in the forms shall be done
neatly so the finished member will have a workman like appearance •

9.5 For exposed members, form ties, if used, shall be of the threaded or snap-off
type so no metal parts will be left at the surface of the finished concrete.

9.6 Provision shall be made in form anchorage for any anticipated differential
movements of beds and forms during the casting and curing operations •

9.7 Beds and form shall be thoroughly cleaned after each use. Coatings used for
r.elease of members shall not be allowed to build up.

I

~

i

I.
10. TENDONS.
with SECTION:

The tendons shall be placed, stressed and destressed in accordance
STRESSING TENDONS AND ACCESSORIES FOR PRESTRESSED CONCRETE.

•

•

•

11. ANCHORAGES FOR POST-TENSIONING. Anchorages for post-tensioning tendons will
not interfere with the placement of the member.

12. STEEL REINFORCEMENT. Steel bars and welded wire fabric shall be placed in
accordance with SECTION: CONCRETE REINFORCEMENT.

13. CONCRETE PLACEMENT. Concrete placement shall be in accordance with
SECTION: CONCRETE, except that once placement is started in a member it shall be
carried on in a continuous operation until the member is completed. Members shall
be cast in a horizontal po·sition and casting in tiers will not be permitted.

3H-8
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14.2 Curing with Radiant Heat and Moisture.

14.1.2 The ambient temperature within the casting enclosure shall be increased at
a rate not to exceed 40 degrees F per hour. Temperature increase shall be as
uniform as possible.

air temperature shall
Temperature decrease

Concrete for the manufacturing of the precast
shall be cured and protected in accordance with
methods further specified herewithin.

In" discontinuing the steam curing the ambient
at a rate not to exceed 40 degrees F per hour.
as uniform as possible.

14. CURING AND PROTECTION.
prestressed concrete members
SECTION: CONCRETE or by other

14.1. 4
decrease
shall be

,

14.1.3 The temperature shall be increased until the ambient temperature in the
casting enclosure is between 140 degrees F and 160 degrees F. Once this temper­
ature range is reached, it shall be maintained un~il the concrete has reached~the

compressive strength necessary for stressing or destressing the tendons.

14.1 Curing with Steam at Atmospheric Pressure. Steam curing shall be under a
suitable enclosure to retain the live steam to minimize moisture and heat
losses. The enclosure shall allow free circulation of the steam around the sides
and top of the beams. "Steam jets shall be so positioned so they do not discharge
directly on the concrete, forms, or test cylinders. The cycle of steam
application shall conform to the following:

Adequate vibration shall be provided with internal and form vibrators so the cast
members shall be free of rock pockets or surface blemishes resulting from
inadequate vibration. Cold joints shall not be permitted in prestressed concrete
members. If delays occur which result in hardening of the concrete so it will not
receive a vibrator and again become plastic, partially filled forms shall be
washed o~t or partially cast members rejected.

14.1.1 After placing and vibrating, the concrete shall be allowed to attain its
initial set before the steam is applied. During the period between placement of
the concrete and application of steam, provisions shall be made to prevent surface
drying by means of a coating of membrane curing compound, moist covers or equally
effective methods. Application of the steam shall be delayed not less than 2
hours and not more than 10 hours after the time of concrete placement. If the
ambient temperature is belcw 50 degrees F enough heat shall be applied to maintain
the concrete at its placing temperature.

14.1. 5 Recording thermometers showing the time-temperature relationship through
the curing period from placing concrete to transfer of prestress shall be
provided. At least one recording thenmometer per casting enclosure shall be
used. The desired curing time-temperature relationship shall be placed on the
recording chart of the recording thermometer, to aid the personnel that control
the temperature during curing. Recording charts shall be made available upon
r~quest and shall be clearly visible during the curing process.

14.2.1 Radiant heat may be applied to beds by means of pipe circulating steam,
hot oil or "hot water or by electric blankets or heating elements on forms. Pipes,
blankets or elements shall not be in contact with concrete, form surface or test
cylinders.



17. HANDLING AND ERECTION.

3H-10

17.3 Storage.

The location of pickup points for handling of the members and
pickup devices shall be shown on shop drawings. Members shall be
means of approved devices at designated location.

17.1 General.
details of the
handled only by

17.3.1 Storage areas for prestres·sed members shall be stablized, and suitable
foundations shall be provided, so differential settlement or twisting of members
will not occur.

14.2.2 During the cycle of radiant heat curing, effective means shall be provided
to prevent rapid loss of moisture in any part of the member. Moisture may be
applied by a covering of moist burlap or cotton matting. Moisture may be retained
by covering the member with a plastic sheet in combination with an insulating
cover, or by applying a liquid seal coat or membrane curing ~ompound.

14.2.3 Temperature limits and use of recording thermometer shall be as specified
for curing with steam at atmospheric pressure.

15. REPAIRS. All honeycombed areas, chipped corners, air pockets over 1/4 inch
in diameter, and other minor defects shall be repaired. Form offsets of fins over
1/8 inch shall be ground smooth. All unsound concrete shall be removed from
defective areas prior to repairing. All surfaces permanently exposed to view
shall. be repaired by a blend of portland cement and white cement properly
proportioned so that the final color when cured will be the same as adjacent
concrete.

14.2.4 Termination of curing shall be as specified in SECTION: . CAST-IN-PLACE
STRUCTURAL CONCRETE unless the concrete has been cured by one of the two methods
stated above. Termination of curing for concrete cured by either the steam at
atmospheric pressure method or the radiant heat with moisture shall be determined
based on the compressive strength of the· concrete necessary for stressing or
destressing the tendons. The· strength shall be determined from concrete cylinders
as specified in paragraph entitled QUALITY ASSURANCE.

v

YINISHING.

16.1 Unformed surfaces shall receive a rough finish.

17.2 Posttion of Members. In the handling of members, it is imperative they be
maintained in an upright position at all times and picked up and supported as
shown on approved shop drawings.

17.3.2 Stacked members shall be separated and supported by battens placed across
the full width of each bearing point. Battens shall be arranged in vertical
planes at a distance not greater than the depth of the member from designated
pickup points. Battens shall not be continuous over more than one stack of
precast units. Stacking of· members shall be such that lifting devices will be
accessible and undamaged. The upper members of a stacked tier shall not be used
as storage areas for shorter members or equipment.



17.4 Transportation.

17.4.1 In transporting members by truck, railroad car or barge, provision shall
be made for suporting the members as described above, except battens can be
continuous over more than one stack of units, with adequate bracing to insure
their mainta1n1ng the vertical position and damping of dangerous vibrations.
Trucks with double bolsters are generally satisfactory provided the members are
fully seated on the outer bolsters at not more than 3 ft. or the depth of the
member from the end and the inner bolster is not more than 8 ft. from the end of
the member or the designated pickup point. Adequate padding material shall be
provided between tie chains or cables to preclude chipping of concrete.

17.4.2 Any noticeable indication of lateral deflection or vibration during
transportation shall be corrected by rigid bracing between members or by means of
lateral trussing.

17.5 Erection.

17 .5.1 All provision for storage and handling g1ven 1n the foregoing paragraph
shall be observed at the erection site.

17.5.2 The precast prestressed concrete members shall be set into place in a
manner which assures full bearing. If the bearing called for on the contract
drawing is not obtained then the members shall be removed and the situation
corrected.

17.5.3 Welding during erection shall be done 1n accordance with SECTION:
MISCELLANEOUS METALS. When welding or burning with a welding electrode, the
ground shall be attached directly to the base metal. Under no circumstances shall
the member be used as a conductor for the ground.

17.5.4 The contractor shall prepare a detailed erection plan which will be
submitted to the Contracting Officer at least 15 days prior to the date that
erection of members is to begin. This plan shall be in sufficient detail so t~at

adequacy of equipment, techniques and accessories can be determined and connnents
offered. Acceptance of the contractor's erection plan shall not relieve the
contractor of his responsibility for erecting precast prestressed members into
position as required by the plans and specifications.

18. QUALITY CONTROL.

18.1 General. The Contractor shall establish and maintain quality control to
assure compliance with Contract requirements and shall maintain records of his
quality control for all construction operations required under this section.

18.2 Records. Complete records shall be kept of the manufacturing, handling and
erection of the precast prestressed concrete members. Records shall be kept for
but not limited to the following items:

18.2.1 Specifications of material used in the manufacture of the members.

18.2.2 Time-temperature history of the concrete members from casting to the
transfer of the prestress force.

3H-ll
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18.2.3 Records of the tendon stressing operation including initial prestress
force, measured elongation, how it was measured and how the tendons were stressed
and destressed.

18.2.4 Records of inspection of the members before and after the prestress force
is transferred to the members.

18.2.5 Records of the inspection of the members each time they are moved •

18.2.6 Records of any defects in the member and any corrective measures taken.

* * * * *



•

•
"

SECTION ID

ENVIRONMENTAL PROTECTION

Index

1. SCOPE. This section covers prevention of environmental pollution and damage
as the result of construction operations under this contract and for those
measures set forth in other Technical Provisions of these specifications. For the
purpose of this specification, environmental pollution and damage is defined as
the presence of chemical, physical, or biological elements or agentswbieh
adversely affect human health or welfare; unfavorably alter ecological balances of
importance to human life; affect other species of importance to man; or degrade
the utility of the environment for aesthetic, cultural and/or historical
purposes. The control of environmental pollution and damage requires
consideration of air, water, and land, and includes management of visual
aesthetics, noise, solid waste, radiant energy and radioactive materials, as ~ll
as other pollutants.

•

e

e

1. Scope
2. Quality Control
3. Submittals
4. Subcontractors
5. Notification
6. Protection of Environmental

Resources

7. Restoration of Landscape
Damage

8. Maintenance of Pollution
Control Facilities

9. Training of Contractor Personnel
In Pollution Control

10. Post Construction Clean Up

•

•

e·
•

•

•

2. QUALITY CONTROL. The Contractor shall establish and maintain quality control
for environmental protection of all items set forth herein. The Contractor shall
record on daily reports any problems in complying with laws, regulations and
ordinances and corrective action taken•

3. SUBMITTALS. The Contractor shall submit an environmental protection plan i~­

accordance with provisions as herein specified.

3.1 Envi ronmental Protection Plan shall include but not be 11m! ted to the
following:

(1) A list of Federal, State and local laws, regulations, and permits
concerning environmental protection, pollution control and abatement that are
applicable to the Contractor's proposed operations and the requirements imposed by
those l~s, regulations and permits.

(2) Methods for protection of features to be preserved within authorized lrork
areas. The Contractor shall prepare a listing of methods to protect resources
needing protection, i.e., trees, cacti, shrubs, vines, grasses and ground cover,
landscape features, air and water quality, fish and wildlife, ·soil, historical,
archeological and cultural resources •

(3) Procedures to be implemented to provide the required environmental
protection and to comply with the applicable laws and regulations. The Contractor
shall set out the procedures to be followed to correct pollution of the
environment due to accident, natural causes or failure to follow the procedures
set out in accordance with the environmental protection plan•
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(4) Permit or license and the location of the solid waste disposal area.

(5)" p,,: :':nngG I3ho'i\~t1g locat:!.ons of any proposed temporary excavations or
embankments for haul roads. stream crossings, material storage areas, structures,
sanitary facilities. and stockpiles of excess or spoil materials.

(6) Environmental monitoring plans for the job Bite, including land, water,
air, and noise monitoring.

(7) Traffic control plan.

(8) Methods of protecting surface and ground water during construction
activities. v

(9) Work area plan showing the proposed activity in each portion of the area
and identifying the areas of limited use or nonuse. Plan should include measures
for marking the limits of use areas.

3.2 Implementation. After receipt of Notice to proceed. the Contractor shall
,submit In writing the above Environmental Protection Plan within 14 days. If the
Contractor fails to submit an acceptable Environmental Protection Plan within the
time herein prescribed. the Contracting Officer may refuse to allow construction
to start or may withhold funds from progress payments in accordance with the
CONTRACT CLAUSE entitled PAYMENTS UNDER FIXED-PRICE CONSTRUCTION CONTRACTS until
sllch time as the Contractor submi ts an acceptable final plan. Approval of the
Contractor's plan will not relieve the Contractor of his responsibility for
adequate and continuing control of pollutants and other environmental protection
measures.

4. SUBCONTRACTORS. Assurance of compliance with this section by subcontractors
will be the responsibility of the Contractor.

5. NOTIFICATION. The Contracting Officer will notify the Contractor in writing
of any observed noncompliance with the aforementioned Federal. State or local laws
or regulations, permits and other elements of the Contractor's environmental
protection plan. The Contractor shall, after receipt of such notice, inform the
Contracting Officer of proposed corrective action and take such action as may be
approved. If the Contractor fails to comply promptly. the Contracting Officer may
issue an order stopping all or part of the work until satisfactory corrective
action has been taken. No time extensions shall be granted or costs or damages
allowed to the Contractor for any such suspension.

6. PROTECTION OF ENVIRONMENTAL RESOURCES. The environmental resources within the
project boundaries and those affected outside the limits of permanent work under
this contract shall be protected during the entire period of this contract. The
Contractor shall confine his activities to areas defined by the drawings and
specifications. Environmental protection shall be as stated in the following
subparagraphs.

6.1 Protection of Land Resources. Prior to the beginning of any construction,
the Contractor shall identify all land resources to be preserved within the
Contractor's work area. The Contractor shall not remove. cut. deface. injure. or
destroy land resources including trees, cacti. shrubs. vines. grasses. top soil.
and land forms without special permission from the Contracting Officer. No ropes.
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cables, or guys shall be fastened to or attached to any trees for anchorage
unless specifically authorized. Where such special, emergency use is permitted,
the Contractor shall provide effective protection for land and vegetation
resources at all times as defined in the following subparagraphs •

6.1.1 Work Area Limits. Prior to any construction the Contractor shall mark the
areas within the construction work limits that are not required to accomplish all
work to be performed under this contract. Isolated areas within the general work
area which are to be saved and protected shall also be fenced or ,flagged.
Monuments and markers shall be protected before construction operations
commence. Where construction operations are to be conducted during darkness, tbe
markers shall be visible. The Contractor shall convey to his personnel the
purpose of marking and/or protection of all necessary objects•

6.1.2 Protection of Landscape. Trees, cacti, shrubs, vines, grasses, land forms
and other landscape features indicated and defined on the drawings to be preserved
shall be clea&1y identified by fencing, flagging, or any other approved
techniques.

6.1.3 Reduction of Exposure of Unprotected Erodible Soils. Earthwork brought to
final grade shall be finished as indicated and specified. Side slopes and back
slopes shall be protected as soon as practicable upon completion of rough
grading. All earthwork shall be planned and conducted to minimize the duration of
exposure of unprotected solIs.

6.1.4 Temporary Protection of Disturbed Areas. ~uch methods as necessary shall
be utilized to effectively prevent erosion and controlsedimentation,lncluding
but not limited to the following:

(l) Retardation and control of Runoff. Runoff from the construction site
shall be controlled by construction of diversion ditches, benches, and berms to
retard'and divert runoff to protected drainage courses, and any measures required
by area-wide plans approved under paragraph 208 of the Clean Water Act.

6.1.5 Erosion and Sedimentation Control Devices. The Contractor shall construct
or install all temporary and permanent erosion and sedimentation control features
as necessary. Temporary erosion and sediment control measures such as berms,
dikes, drains, sedimentation basins, grassing and mulching shall be maintained
until permanent drainage and erosion control facilities are completed and
operative.

6.1.6 Location of Field Offices, Storage and Other Contractor Facilities. The
Contractors' field offices, staging areas, stockpile storage, and tempor~ry

buildings shall be placed in areas deslgnatedby the Contracting Officer. Due to
the sensitive nature of riparian habitat in the basin, strict adherence to the
designated areas is necessary. Temporary movement or relocation of Contractor

,facilities shall be made only on approval by the Contracting Officer•

6.1.7 Spoil Areas shall be managed and controlled to liidt spoil to areas
des ignated and prevent erosion of soil or sediment from entering nearby water
courses or lakes.

6.1.8 Temporary Excavations and Embankments for plant and/or work areas shall be
controlled to protect adjacent areas from dlspoilment •
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6.1.9 Disposal of Solid Wastes. Solid wastes (excluding clearing debris) shall
be placed in (lontal~~bich .al"'e emptied on a regular schedule. All handling and
disposa18M.1J.. ,be 6ond-ucted to prevent contamination and shall conform to the
requirements of applicable local, State and Federal laws and regulations.

6.1.10 Disposal of Chemical Waste. Chemical waste shall be stored in corrosion
resistant containers, removed from the work area and disposed of in accordance
with Federal, State and local regulations • Crankcase oil and other waste
chemicals shall be captured and not drained onto the ground.

6.1.11 Disposal of Discarded Materials. Discarded material other than those'
which can be included in the solid waste category will be handled as directed by
the Contracting Officer.

6.2 Protection of Historical, Archeological and Cultural resources s~ll conform
to the requirements of SECTION: GENERAL REQUIREMENTS.

6.3 Protection of Water Resources. The Contractor shall keep construction
activities under surveillance, management and control to avoid pollution of
surface and ground waters. Special management techniques as set out below shall
be implemented to control water pollution b,y the construction activities which are
included in this contract.

6.3.1 Washing and Curing Water. Waste waters directly derived trom construction
actiVities shall not be allowed to enter water areas. These waste waters shall be
collected and placed in retentionpmds where suspended uterial can be settled
out or the water evaporates so that pollutants are separated trom the water.

6.3.2 Monitoring of Water Areas Affected by Construction Activities shall be the
responsibility of the Contractor. All water areas affected by construction
activities shall be monitored b,y the Contractor.

6.4 Protection of Wildlife Resources. The Contractor shall keep construction
activities under surveillance, management and control to minimize interference
with, ,disturbance to and damage of wildlife. Species that require specific
attention along with measures for their protection will be listed by the
Contractor prior to beginning of construction operations.

6.5 Protection of Air Resources. The Contractor shall keep construction
activities under surveillance, management and control to minimize pollution of air
resources. All activities, equipment, processes, and work operated or performed
by the Contractor in accomplishing the specified construction shall be in strict
aocordance with the State of Arizona and all Federal emission and performance laws
aDd standards. Ambient Air Quality Standards set by the Environmental Protection
Alency shall beaaintained for those construction operations and activities
specified in this section. Special Ilanagementtechniques as set out below shall
be implemented to control air pollution by the construction activlties which are
included in the contract.

6.5.1 Particulates. Dust particles, aerosols, and gaseous b,y-products from all
constructionactivitles, processing and preparation of materials, such as from
asphaltic batch plants, shall be controlled at all times, including weekends,

1D-4

C, •



•

•

•

•

•

•

•

•

.'

..

holidays and hours when work is not in progress. A permit "pI be required by
Maricopa County Bureau of Air Pollution Control that will require particulate
suppression control.

6.5.1.1 Particulates Control. Tbe Contractor shall maintain all excavations,
stockpiles, haul roads, permanent and temporary access roads, plant sites, spoil
areas, borrow areas t and all other work areas within or outside the project
boundaries free from particulates which would cause the air pollution standards
mentioned in paragraph hereinabove to be exceeded or which would cause a hazard or
a nuisance. Sprinkling, treatment with an approved non-toxic dust palliative,
light bituminous treatment, baghouse, scrubbers t electrostatic precipitators or
other methods will be permitted to control particulates in the work area.
Sprinkling, to be efficient, must be repeated at such intervals as to keep the
disturbed area daap at all times. The Contractor .ust have sufficient compet.ent
equipment available to accomplish this task. Particulate control shall be
performed as the work proceeds and whenever a particulate nuisance or hazard
occurs.

6.5.2 Hydrocarbons and Carbon Monoxide. Hydrocarbons and carbon .cnoxide
emissions from equipment shall be controlled to Federal and state allowable limits

. at all times.

6.5.3 Odors. Odors shall be controlled at all times for all construction
activities, processing and preparation of materials.

6.5.4 Monitoring of air Quality shall be the responsibility of the Contractor•.
All air areas affected by the construction activities shall be monitored by the
Cootractor.

6. 6 ~rotection of Sound Intrusions. The Contractor shall keep constructiao
activities under surveillance, and control to minimize damage to the environment
by noise. Construction will not be allowed between the hours of 6:00 PM and
7: 00 AM without the prior written approval .of the Contracting Officer.

7. RESTORATION OF LANDSCAPE DAMAGE. The Contractor shall restore all landscape
features damaged or destroyed during construction operations outside the limits of
the approved work areas. Such restoration shall be in accordance with the plan
submitted for approval by the Contracting Officer. This work will be accomplished
at the Contractor's expense.

• •o

1>.

••

•

8. MAINTENANCE OF POLLUTION CONTROL FACILITIES. The Contraotor shall maintain
all oonstruoted facilities and portable pollution oontrol devices tor the duration
of the contract or for that length of time construotiao aotivities create the
particular pollutant.

9. TRAINING OF CONTRACTOR PERS<JmEL IN POLLUTION CONTROL. The, Contraotor shall
train his personnel in all phases of environmental protection. The training sbell
include methods of detecting and avoiding pollution, tamiliarization with
pollution standards, both statutory and oontraotual familiarization with cultural
resource indentification, and installation and care of facilities to ensure
adequate and continuous environmental pollution oontrol.
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10. POST CONSTRUCTION CLEAN UP. The Contractor shall clean up all areas used for
const;ruct1-on_-::Lin.£3.~~_:_!"auL~~¥t:"-dUp,p~FJ. area: in ~onformance with CONTRACT
CLAUSE: .~E~lNG UP~:,-,=..·~;~~::';-2",'>~;:.,,_

* * * * *
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SECTION 2A

CLEARING SITE AND REMOVING OBSTRUCTIONS·

Index

•
1. Protection
2. Burning
3. Requirements

~. Disposal of Cleared, Grubbed
and Removed Material
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1. PROTECTION •

1.1 Environmental Protection. All work and Contractor operations shall comply
with the requirements of SECTIONS: ENVIRONMENTAL PROTECTION and EXCAVATION •

2. BURNING. The use of burning at the project site for the disposal of ref'use
and debris will not be pe~ltted.

3. REQUIREMENTS.

3.1 General. Except as otherwise specified, and/or indicated, areas to be
cleared will be limited to actual excavation areas, areas to be landscaped, and
areas on which fills and/or structures are to be placed. Tbe removal of trees,
shrubs, turf, and other vegetation outside of these areas shall be held to •
minimum and care shall be exercised not to damage any trees, shrubs, turr, or
vegetation which can be left in place•

3.2 Existing Structures and Obstructions. The Contractor shall clear and grub
the site, fill, borrow, and excavation areas, and remove and dispose or all
existing structures and obstructions for project construction, except as those
structures which are identified to be protected in place as shown on the drawings.
Obstructions which are designed or specified to be removed but which are not
designated or specified to be removed by others shall be removed by the
Contractor. Except as otherwise specified, obstructions designated to be removed
by others will be removed in sufficient time to preclude interrerence with the
Contractor's operations. Utility relocations are not considered to· be
obstructions.

3.2.1 Clearing. Trees smaller than 1-1/2 inches in diameter and other
vegetation, except as speciried, shall be cut ott 6 inches below the indicated
channel sUbgrade or ground level whichever is lower. Other vegetation shall be
cut 01'1' tlush or slightly below the original ground surtace. Clearing operations
shall be conducted so as to prevent damage to trees, structures, and installation.
under construction, or to remain in place, and to provide tor the sarety 01'
employees and others. All rubbish, vaste duaps, and debris areas shall be
cleared•

3.2.2 Grubbing shall consist 01' removing all trees, stumps, roots, logs, and
other objectionable vegetable matter in the required tills, roundation areas, and
all excavation areas. In grubbing out stumps and roots, all roots or other timber
more than 1-1/2 inches in diameter shall be removed to 3 teet below the depth 01'
the required excavation or eXisting ground level, whichever is lower. Trees and
stumps shall be pulled, not cut 01'1'.
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3.3 Utilities. Prior to removing an obstruction, all applicable utility
relocations shall. have been coordinated. Pipes designated by owners as
tlaban~oned" -shall· be removed within the limits of the project as necessary for
clearing. All abandoned pipes shall be plugged at the ~ut ends as shown on the
drawings or as directed by the contracting Officer.

4. DISPOSAL OF CLEARED, GRUBBED, AND REMOVED MATERIAL. All material removed,
except material specified and/or indicated to be salvaged, is designated as scrap,
ahall become the property of the Contractor, and shall be removed from the site.
stone, broken concrete, pavement, and similar materials may be wasted in the
II1scellaneous till areas in accordance with the requirements of the SECTION:
EXCAVATION. Unsuitable materials trom clearing operations may be temporarily used
tor diversion and control ot water. Disposal shall be in accordance with the
requirements ot SECTION: ENVIRONMENTAL PROTECTION.

• • • • •

2A-2



•

•
SECTION 2B

EXCAVATION

Index

•
1. Applicable Publications
2. General
3. Blasting
4. Preservation of Property
5. Excavation for Structures

6. Excavation for Roads
7. Excavation for Side Drains
8. Removal of Unsatisfactory Soils
9. Disposal of Excavated Materials

10. Overcut

•
1. APPLICABLE PUBLICATIONS. The American Society for Testing and Materials
(1STH) Standards listed below forms a part of this specification to the extent
referenced. The pUblications are referred to in the text by the basic designation
only.

D2487-83 Classification of Soils tor Bnglneerlns
Purposes

, -

•

•

•

•

••..

..
•

•

2. GENERAL. Excavation shall consist of the removal of every type of material
encountered (except materials covered by the provisions of the SECTIOR: CLE1RI1IG
SITE AND REMOVING OBS'l'RUCTIONS) in the designated areas or trOll areas directed.
The material to be removed lIay include but is not l1llited to earth, hardpan, ailt,
clay, gravel, cemented sand and gravel, rock, adobe, detached pieces of atone and
concrete, rock fills, existing tills ofmiacellaneous debris and rubbish. and
other unsuitable materials. Slope lines indlcatedontbe drawings for temporary
cuts do not necessarily represent the actual slope to which the excavation must be
made to safely perform the work. Excavation for permanent cuts shall be made to
the slope lines indicated. Excavation shall be performed in a manner which will
not impair the subgrade. Except as otherwise specified,the finish surface of'
subgrades shall be smooth and shall not vary more than 1/2 inch f'ram indicated
grade •

3. BLASTING. Blasting will not be permitted.

1&. PRESERVATION OF PROPERTY. All excavation operations shall be conducted in
such a manner that street pavements, sidewalks. curbs, utilities, or other
f'acilities and improvements Which are to remain in place permanently will not be
subjected to settlement or horizontal movement. The Contractor shall furnish and
-install sheet piling, cribbing. bUlkheads, shores or whatever means may be
necessary to adequately support aaterial carrying such improvements themselves and
shall maintain such lleans in position until they are no longer needed. Temporary
sheet piling,cribbing, bUlkheads, shores or other protective means shall remain
the property of' the Contractor and when no longer needed shall be removed trom the
;site. The Contractor shall submit tor approval shop drawiDgs ahowing proposed
aethod of bracing which he intends to use. All shoring and bracing shall be
designed so that it is ef'rective to the bottoll of' the excavation. and shall be
based upon calculation of pressure exerted by and the condition and nature of' the
materials to be retained, including surcharge imparted to the side ot the trench
be equipllent and stored materials. Removal of' shoring shall be performed in such
a manner as not to disturb or damage the f'inished concrete.
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4.1 Shoring is indicated between stations 468+00 and 472+00 and station 491+00
and 497+00.

4.2 The folloWing soil parameters can be used for the design of the temporary
sheet piling, cribbing, bulkheads, shores or other protective means.

Wet unit weight = 130 Ibs/ft3
Angle of internal friction = 30 degre~s

Coefficient of cohesion = 0 lbs/ft

5. EXCAVATION FOB STJlUCTUBES. Excavation within the vicinity of existing
structures, utilities, and drainage pipes to remain in place shall be performed-in
a -anner to prevent damage to the structure. Earth banks and facilities to remain
in place shall be supported as necessary during excavation. In general, unless
otherwise shown or specified, the actual side slopes will be at the Contractor's
option.

6. EXCAVAnON FOR BOADS will include excavation for curbs and access roads,
including materials unsuitable for road subgrade. Unsuitable materials included
but not limited to those aateria1s containing roots and material classified is
lSTM D 2487 as ML, CL, MM, CH, PT, OH and OLe

1. EXCAVATION FOR SIDE DRAINS. Excavation for culverts shall conform to the
requirements of SECTION: SIDE DRAINS AND WATER LINES.

8. IEMOVAL OF UNSAnSFACTOBY SOILS. The removal of soils Which are unsatifactory
for foundations of the ehannel, structures, streets, and drains, will be required

->lDoertain areas. Unsatisfactory materials include but are not limited to those
uterials centaining roots and other organic matter, trash, debris and materials
classified in ASTH D 2487 as ML, CL, MM, CH, PT, OH and OLe The Contractor will
be required to excavate any such areas to· the depth directed and backfill the
areas with c~mpacted fill conforming to the requirements of the SECTION: FILLS
AND SUBGRADE PBEPARATION.

9. DISPOSAL OF EXCAVATED MATERIALS. Excavated materials suitable for required
fills shall be placed in temporary stock piles or used directly in the work. All
excess materials suitable for fills may be placed in the indicated optional
disposal area. Excavated material not suitable for fills and unsatisfactory
..terials shall become the property of the Contractor and shall be removed from
the site. Prior to placing material, the miscellaneous fill disposal and stockpile
area(s) shall be cleared of trash and vegetation. Vegetation shall be cut off at
the existing ground line. Clearing shall conform to the applicable requirements
of the SECTION: CLEARING SITE AND REMOVING OBSTRUCTIONS. The stockpiles and
disposal fills ahall be placed in -anneI' to preclude pODding of water. The
Contractor shall tarnish notice of his intentions in connection with the use of
indicated disposal areas in accordance with the requirements of the paragraph:
PUBLIC UTILITIES, 10nCES, lID RESTRICTIONS of the GENERAL REQUREHENTS.

9.1 All required fills shall be completed prior to disposal of any material in
any optional disposal areas or other disposal areas selected by the Contractor
unless approved by the Contracting Officer.
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9.2 If the Contractor elects to use the optional disposal area (s) ~ the optional
disposal site A (as indicated on the drawings) shall be completely filled prior to
diposal in area B. The Contractor shall complete and fill in area A prior to
J'lftuapy ~ ~ 1 'SS.
9.3 Compaction of the fill in the Required Fill Area, as indicated on the
drawings, shall oonform to the app1ioab1e requirements of paragraph: COMPACTED
FILL, REQUIRED FILL AREA of SECTION: FILLS AND SUBGRADE PREPARATION •

9.4 Additional requirements for disposal of exoess material oan be found in the
SPECIAL CLAUSES and SECTIONS: GENERAL REQUIREMENTS; ENVIRONMENTAL PROTECTION; and
CLEARING SITE AND REMOVING OBSTRUCTIONS•

10. OVERCUT. Except as otherwise specified or as may be ordered in writing, any
overcut or excavation made outside the lines indioated on the drawings or directed
shall be backfilled with compacted fill or ooncrete, and 'al1 excavating,
backfillins, compacting of baokfill. and oonoreting oooasioned thereby shall be by
the Contractor at no additional cost to the Government. Any overout under bridge
footings shall be backfilled with concrete •

• • • • •
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SECTION 2C

FILLS AND SUBGRADE PREPARATION

1. APPLICABLE PUBLICATIONS. The American Society for Testing and Materials
(AS1M) St.aIldards listed below form a part or this speciricat.ion t.o the extent
referenced. The publications are referred to in the text by the basic designation
only.

.-
..

•

•

•

•

•

1. Applicable Publications
2. Compaction Equipment
3. General Requirements for Compacted

Fills and Compacted Backfills
_. Compacted Fill. Channel
5. Compacted Fill. Side Drains

and Water Lines

D 1556-82

D 1557-78

D 2216-80

D 3877-80

2. COMPACTION EQUIPMENT.

Index

6. Backfills
7. SUbgrade Preparation
8. Compacted Fill,

Required Fill Area
9. Miscellaneous Fill

Density of Soil In-Place by the sand­
Cone Method

Moisture-Densit,Relations of Soils
Using a 10-Lb. Jtammer and an 18-In.
Drop

Laboratory Determination of Water
(Moisture) Content of Soil. Rock and
Soil-Aggregate Mixtures

One-Dimensional Expansion. Shrinkage
and Uplift Pressure of Soil-Lime
Mixture

•

•

2.1 General. Compaction shall be accomplished by tamping rollers, steel drum
rollers or Vibratory oompactors.

3. GENERAL JEQUIREMENTSFOR COMPACTED FILLS AND COMPACTED BACKFILLS.

'3.1 Control. Moisture-density relations shall be established by the Contractor.
Field density tests shall be performed by the Contractor in sufficient number and
in such locations to insure that the specified density is being obtained.
Moisture-density relations and field densities shall be reported on approved
forms. One copy of density data less dry weight determinations shall be provided
on the day each test is taken. The completed test reports ahall be provided with
the Contractor Quality Control Report on the work day follow1ng the test •

2C-1



3.1.1 Laboratory Control. One moisture-density relation !hall be made for each
classification, bIe!"',-: or change 1n classification of so11 material encountered.
Approval of mois~ure ,-density relations shall be obtained prior to the compacting
of any material 1n the work. The moisture-density relations shall be determined
in a laboratory in accordance with ASTH D 1557 ea D "0 (modified as specified
hereina rter ) •

3.1.1.1
specimen.

A separate batch of materials will be used for each compaction test
No aaterialswill be re-used.

3.1.1.2 The desired amount of mixing water will be added for each compaction test
speci_n, mixed veIl, and tbe 8ixture will be placed in a container with an
airtight cover and allowed to cure for 24 hours. A shorter curing time may be
allowed where tests show that shortening the curing time will not affect the
results.

3.1.2 Field Control. Field in-place density shall be determined in accordance
with ASTM D 1556 and Field Moisture Content shall be determined in accordance with
ASTM D 2216. The density tests shall be well distributed and shall average not

. less than one test for each 2000 cubic yards of material. At least one test shall
be aade in each 2 teet ot compacted material processed as a unit and at least one
test shall be made in each area.

3.1.3 Moisture-Density Curves tor Cohesionless and Cohesive Material.
Cohesionless aaterials include gravels, gravel-sand mixtures, sands, and gravelly
aands. 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 so11s will show straight lines or reverse-shaped moisture­
density curves, and cohesive soils will show normal moisture-density curves.

3.2 settling· ot Fills or Backfills with Water will not be permitted, except as
specified hereinafter for sand fill, filling voids behind walls, and channel
R.C.P. bedding.

3.3 Material shall be obtained trom the required excavations, shall be free from
sod, roots, brush, debris, trash or other objectionable material, and shall
contain not stone whose greatest dimension is more than 3/4 of the layer
thickness.

3.- Placement. Fill material shall not be placed against concrete which has not
been 1n place at least 14 days or until the concrete has attained a strength of
2,500 p.s.1. when tested in accordance with the SECTION: CONCRETE. Heavy
equipment shall not be operated over pipes and buried structures until at least
2 teet of till uteria1 has been placed and compacted over them in contormance 7

with the requil"llents of SECTION: SIDE DRAINS AND WATER LINES. Compacted fill and
baoktil1 sball be placed with suitable equipllent 1n horizontal layers which after
compaction, shall not exceed 12 inches in depth tor rubber-tired 01" vibratory
rollers, 6 inches in depth tor tamping rollers, and Ji inches in depth when
..chanical tampers .are used. The Contractor may vary the layer thickness within
these limits tor .ost etficient operations. Material containing stones shall be
placed in a manner tQ prevent the stones trom striking the concrete structures and
to prevent the tormation ot voids.
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3.5 Moisture Content. Material shall have a uniform moisture content whi~e being
placed and compacted. Water shall be added at the source, if required, or by
sprinkling each layer of material during placement. Uniform distribution of

• moisture shall be obtained by disking, harrowing, or otherwise manipulating the
soil during and after the time water is added. Material containing an excess of
moisture shall be manipulated with sUitable implements to facilitate maximum
aeration and shall be permitted to dry to the proper consistency before being
compacted. Fill shall have a maximum moisture content of not more than 3 percent

s above optimum and a minimum moisture content of. not less than 3 percent below
• optimum•..

•

•

•

3.6 Compaction. No layer of fill shall be compacted before the practicable
uniform moisture content has been obtained. If the Contractor elects to use
rubber-tired or steel drum, compaction equipment and the compacted surface of any
layer of material is determined by the Contracting Officer to be too smooth to
bond properly with succeeding layers, it shall be scarified by a method approved
by the Contracting Officer. Scarified areas shall be compacted as specified for
the fill p1aceO thereon. !tollers will not be permitt.ed to operat.ed within one
foot or channel ·or structure walls or over buried structures until the compacted
till over the top of the structures has reached a depth of 2 feet. Compactlon
equipment shall be so operated that structures are not damaged nor overstressed
durlng compaction operations. Mechanical tampers shall be used for compaction of
fill material adjacent to structures where rolling equipment ·1s impracticable tor
use in compaction.

-. COMPACTED FILL, CHANNEL •

_.1 Invert.

!I. 1.1 Material for compacted fill channel shall be obtained from the required
excavations as approved by the Contracting Ofricer. In general, the best material
availab1~ will be designated as compacted fill, channel. Compacted fill, channel
may consist of sand, gravelly sand, silty sands, and clayey sands. Organic
material, silt, sandy silt, clay, sandy clay, broken concrete or pavement, stone
when the greatest dimension is greater than 3 inches, and other objectio_b1e
materials shall not be used. ~

.c;

!I. 1.2 Preparation for Placing. Berore placing material for compacted fill, the ~
foundation surface shall be cleared of all existing obstructions, vegetation, and ~

debris proof'rolled by _ passes of the compaction equipment. Unsuitable_teria1 \.
not meeting the requirements for fill material, as defined in the above paragraph, .~

shall be removed where directed, and tbe existing surfaces scarified to a deptb of
6 inches before placing the fill. Sloped ground surfaces steeper than one
vertical to _borizontal, on which fill or compacted backfill is to be placed,·
shall be stepped in such a unner that the compaction equipment will bear on. the
full depth of the fill layer. \

11.1.3 Compaction. Each layer of the materials shall be compacted to not less.!'
than 90 percent of maximum density. . h . ~~'{

4.2 Behind Channel Valla. Jtfi",,) h/rein (JI ~JI)" 'lh~ )1 1'141' e ,
4.2.1 Placing. Fill material as detizM in 'he alter",e ,.,,'graph shell ItOb "
,"*rd '8aMI~ cObSL Ite whioh has not been in place at least 14 days or until the

•

•

•

. "

•
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oonorete has attained a ~tr.eJ1gth. of 2500 psi when _tested in acoordcy;oe _wi th
SECllOP: COt;CRETE.,:I"J a//7,-t/p., tp 711c ~~e~e7/Jl.J / Ih~ C"I1, Ie ( //)vf'rj

Jh: f Il'..fJ':£ ~fln III f/~t-, f1;f It~ff {hit" 7 d">,~ /y,.OY Tu ;It:ilc,,,,, blf£.)(,4IJ
4.2.2 Llm1tatidhs on Equipment. The gross weight of any pieoe of equipment, or
the oombined weight of any oombinations of equipment ooupled together, used to
plaoe. moisten and/or oompaot fill behind channel walls shall not exoeed 35,000
pounds, inoluding dynamic foroes produoed by Vibratory equipment. Equipment used
to oompaot the fill behind the ohannel walls shall be of suoh size as to be
capable of operating in the area between the ou.tslope and the ohannel wall.
Compaction equiPllent will not be required to operate at elevations lower than
2 feet above the top of the heel of the channel invert. This equipment shall be
of such size as to be oapable of operating in the area between the out slope and
the channel wall at any point 2 feet above the top of the heel of ohannel invert.

4.2.3 Construction Balance. Fills behind walls on one side of the ohannel shall
not exoeed by more than 5 feet the height of the fill behind the opposite ohannel
wall at any time during oonstruction.

4.2.11 Compaction. Eaoh layer of fill behind channel walls shall be compacted to
Dot less than 90 peroent of maximum density.

S.COMPACTED FILL, SIDE DRAINS AND VATER LINES. Bedding and baokfill for side
drains and storm drains shall conform to the requirements of SECTION: SIDE DRAINS
&HOVATER LINES.

6. BACKFILLS.

6.1 Backfill and Fill About Structures.

6.1.1 Location. Baokfil1 and fill shall oonsist of all f11l against and/or
around struotures, except backfill for side drains trenches, 35th Avenue Bridge
and oompacted fill ohannel.

6.1.2 Material. Backfill and f11l material for compacted fill ohannel shall be
obtained from the required exoavation as approved by the Contracting Officer. In
general, the best material available will be designated as baokfill and fill about
structures. Backfill may consist of sand, gravelly sand, silty sands, and clayey
sands. Organio material, silt, sandy silts, olay, sandy olays, broken conorete or
pavement, stone when the greatest dimension is greater than 3 inohes and other

-objectionab1ematerial shall not be used.

6.1.3 Plaoing. Fill material shall not be placed against oonorete whioh has not
been in p1aoe at least 111 days or until the oonorete has attained a strength of
2,500 p.s.!. when -tested in aocordanoe with SECTION: CONCRETE.

6.1.4 Compaotion shall be not less than 90 peroent of ..xiaum density.

6.2 Baokfill, Side Drain Trenohes.Backfil1 for side drains and storm drains
shall conform to the reqUirements of SECTION: SIDE DRAINS AND WATER LINES.

7. SUBGRADE PREPARATION.

7. 1 SUbgrade for Channe1 Invert Slab. After the ohanne1 has been exoavated to
rough grade In accordance with SECTION: EXCAVATION, the entire subgrade for the
channel invert slab shall be proofro1led by 4 passes of the oompaction equipment

2C-1I
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and trimmed to a uniform grade and smoothed with a steel-wheeled roller to make
the subgrade ready to receive concrete. If the subgrade is disturbed by the
Contractor t s operations or is overexcavated, the subgrade shall be restored to
grade and compacted to a density of go percent of maximum density. The finished
surface of the sUbgrade shall not be more than 1/2 inch from the indicated grade
at any point wben tested with a to-foot straightedge •

T.2 SUbgrade Preparation for Spillway, Road Pavement, Curbs, and Driveways. The
sUbgrade shall be alternately watered and scarified until the material is
uniformly moistened throughout for a depth of not less than 6 inches. All stones
larger than _ inches in diameter, and hard ribs of earth shall be removed. The
amount of water to be applied shall be that which is required to provide optimum
results in compaction under rolling. Following the above operations, the roadbed
shall be shaped to a true cross section sufficiently higher than the specified
grade to allow for subsequent oompaction and then be thoroughly oompact-ed to not
less tban 95 percent of maximum density as determined by ASTH D 1557. After the
subgrade has been prepared and completed, the surface shall be firm, hard. and
unyielding, with a true, even, and Wliform surface conforming to the grade and
cross section indicated on the drawings. All points of the finished subgrade
shall be not JIIOretban 1/11 inch below. or above true subgrade •

8. COMPACTED FILL, REQUIRED FILL AREAS.

8.1 General. The required fill areas shall be tilled in accordance with ...the
tollowing requirements.

.,

8.2 SUbgrade Preparation. Area to be tilled shall be cleared in conformance with
SECTION: CLEARING SITE AND REMOVING OBSTRUCTIONS. Unsuitable material not
meeting the requirements for fill material shall be removed as directed; the
subgrade scarified to a depth of 12 inches; the .cisture content of the subgrade
material shall be adjusted to between 3 percentage points above optimum and
3 percentage points below optimum; and the Ilaterial oompacted to not less than
go percent of maximum density. Sloped ground surfaces deeper than 1 vertical to II
horizontal on which fill is to be placed shall be stepped in such a manner that
the compaction equipment will bear on the full depth of the fill layer.

8.3 Material. Fill material shall be obtained from the required- excavation. Tbe
upper 3 feet of the fill area shall consist of granular soils. Granular soils
include olayey sands, silty sands, sand, gravelly sands, olayey gravels, silty
gravelS, sandy gravelS, and gravels. The till material between the subgrade and
the upper 3 feet of fill shall contain DO trash, debris, vegetation, or stones
greater than 3/4 of the lift thickness.

8.4 Certifioation. The fill shall be placed, oollpacted, and tested for relative
OOIIIpaotion and expansion potential in the upper 3 teet of eaoh fill area WIder the
direct supervision of a qualified engineer registered 10 the State of Arizona.
The tield tests (ASTM D 1556) shall be well-distributed and shall average one test
per 8000 square feet in the subgrade and one test tor each 2000 cubic yards of
oompaoted fill. One expansion potential test (lSTM D 3817) per 24,000 square teet
shall be performed on samples of _terial obtained in the upper 3 feet of each
till. The locations from which the samples are obtained tor testing shall be well
distributed. The expansion potential tests shall be performed in accordance with
ASTH D 3877. The sample shall be compacted to go peroent of maximum denaltyat
the moisture content 2 percent below optimum. The sample shall be confined under
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a surcharge of 100 pounds per square foot and exposed to inundation. The maximum
acceptable expansion potential shall be 1.5 percent. 'Testing shall be done by a
soils testing oompany-with the following qualifioations.

8.4.1 The firm shall be an established Arizona firm that has been involved in
other mass grading/fill placement projects in the State of Arizona.

8.".2 The field technicians which conduct the daily testing and observations
should demonstrate previous experience with this type of _project and should have a
minimum 2 years experience in this type of work.

8.5 certification Report. ! report certifying that the .aterials in the optional
disposal area has been compacted to 90 percent of lSTH D 1557 (or higher), and
that the upper 3 teet of each fill weets the expansion potential requirements of
these specifications shall be submitted by the Contractor. The report shall be
siped by the registered engineer responsible for supervision of sampling and
testing. The report will include the field density test results, expansion
potential test reSUlts, and a plan and profile which shows the locations of the
field density tests and the locations at whloh the expansion potential test
samples were obtained. The field density test results shall include the in-place
dry density, in-place moisture content, maximum density, optimum moisture content,
and percent compaction. Five bound copies of the report shall be provided to the
Contracting Officer.

9. MISCELLAMEOUS PILL. Miscellaneous till shall consist of material from the
reqUired excavation,placed in the area indicated and shall be placed with
suitable equipment in layers which shall not exceed 24 inches in depth before
consolidation. No depressions in which vater might pond shall be left in
.tscellaneous fill areas. The finished areas shall be sloped to drain compaction
other than that obtained by the controlled movement of the construction equipment
will not be required. Broken concrete, rock, bituminous paving and other
objectionable material shall not be used.

• • • • •
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• SECTION 2D
. .

PRIME COAT AND WEED KILLER

2. BITUMINOUS MATERIAL. The bituminous material for the prime coat shall be
liquid asphalt, conforming to ASTH D 2027, designation MC-10.

1. APPUCABLE PUBUCATIONS. The publications listed below form a part of this
specification to the extent referenced. The pUblications are referred to in the
text by tbe baslc des1gnat1on only.

1.1 American Society for Testing and Materials (ASTH) Standards.

•

•

•

•

1. Applicable Publications
2. Bituminous Materials
3. . Sampling and Testing
!I. Quantity To Be Applied
5. Weather Limitations

D 1J10-70
(R 1981)

D 2027-76
(R 1981)

Index

6. Equipment
7. Preparation of Surface
8. Weed Killer .
9. Application of Bituminous Material

10. Waybills and Delivery Tickets

sampling Bituminous Materials

Liquid Ashalt (Medium-Curing Type)

•

•

. ~

~ .
•

•

3. SAMPLING AND TESTING.

3.' Sampling. samples of bituminous material, unless otherwise specified, shall
be in accordance with 15TH D 1J10 •

3.2 Testing shall be the responsibility of the Contractor. Testing shall be
performed by an acceptable comercial testing laboratory or by the Contractor on
approval of the Contracting Officer. Materials shall be tested to establish
compliance with the specified requirements •

3.3 Certified Laboratory Test Reports. Before delivery of bituminous materials,
oertified copies, in triplicate, of the tests specified herein and in referenced
publications shall be submitted to and approved by the Contracting Officer. !be
testing sbaU have performed by an independent laboratory approved by t~e

Contracting Orrioer •

.... QUANTITY TO BE APPLIED. Bituminous uterial for the priae coat shall be
applied in quantities or not leas tban 0.10 1&110n nor aore tban 0.35 pllco per
squared yard of tbe surface to be primed. Application of· prime coat shall be
diVided, if necessary, into 2 applications to avoid noving ort tbe surface. Tbe
exact quantities which may be varied to .eel, field conditions sball be determined
by the Contractor and approved•
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5. WEATHER LIMI'tATIONS. The prime coat shall be applied only when the prepared
surface is dry or contains moisture not exceeding quantity to permit unifol"lll
distribution and· desired penetrations. Prime coat shall ·be applied only when the
ambient temperature is 50 degrees F. or above an the temperature has not been
below 35 degrees F. for 12 hours immediately prior to application •

6. EQUIPMENT.

6.1 General. All equipment, tools, and aachines, used in the performance of the
work required by this section shall be subject to the approval and shall be
"!ntained in satisfactory working condition.

6.2 Bituminous Distributor shall have pneumatic tires of such width and number
than the load produced on the base surface shall not exceed 650 pounds per inch of
tire width. The distributor shall be designed and equipped to distribute the
bitWDinous llaterial uniformly at even heat on variable widths of surface at
readily determined and controlled ratea from 0.05 t.o 2.0 pllons per square yard
with a pressure range-of 25 to 75 pounds per square inch and with an allowable
variation not to exceed 5 percent from any specified rate. Distributor equipment
shall include a separate power unit tor the bitumen pump, full-cirCUlation spray
bars, tachometer, pressure gages, volume-measuring devices, adequate heaters for
beatiQl the uterials to the proper application temperature, a thermometer to show
~be teaperature ot the tank contents, and a hose attachment suitable for applying
bituminous uterial to spots avoidably missed by the distributor. The distributor
ahall be equipped to circulate and agitate the bituminous material during the
heatiQl process •

6.3 BeatiQl Equipment tor Storage Tanks. Equipment tor heating bituminous
aaterial shall consist of steam co11s and equipment for producing steam, so
designed that steam cannot get into the material. An armored thermometer with a
range froa ..0 to 200 degrees F. shall be fixed to the tank so that the temperature
of the bituminous material may be read at all times •

6." Brooms and Blowers shall be of the power type and shall be suitable for
cleaning prepared surtaces.

7. PREPARATION (II' SURFACE. IlIlIDediately before applying the weed killer and prime
coat, aU loose aaterial, dirt, clay or other objectionable substance shall be
NIIOftd trom the surtace by aeans ot a power broom or blower supplemented with
hand broou. Atter the cleaning operation and prior to tbe application of the
_terial, an iD8pection ot the area to be treated sball be aade by the Contractor
to detel'll1ne the titnellS of the area to receive the aaterial. The Contracting
Ottiaer ahall be DOtitied 2.. hours in advance of application ot the uterial. '1'0
••ure a un1t'ormapread of the aaterial, tbe areas prepared tor treatment, if·
excessively dr,. ahall be lightly sprinlcled with _ter i_ediately before the
applloaticm as directed.

8. V£ED fILLER. 1 obemical weed killer sball be applied to all areas to receive
pr1lle coat prior to application of tbe pr1Jle coat. The weed killer shall be EPA­
approved pre-emerpnt berbicide specifically formulated tor the intended purpose
and suitable for eradicating weed species found in the area. The weed killer
ahall bave demonstrated satisfactory performance tor a period of at ·least
3 years. Application methods and rates shall be as recommended by the
unufacturer.

21>-2
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9. APPLICATION OF BITUMINOUS MATERIA~. Immediately following the preparation of
the surface, the bituminous materials· shall be applied· by means of a bituminous
distributor. The bituminous material shall be applied at a pressure within the
range of 25 to 75 pounds per square inch and in the amounts as directed. The
bituminous material shall be so applied that uniform distribution is obtained at
all points of the surface to be treated. Unless the distributor is equipped to
obtain satisfactory results at the junction of . the previous and subsequent
application, building paper shall be spread on the surface of applied material for
a sufficient distance back from tbe _ds of each application 80 that flow from the
sprays my be started and stopped on the paper, and all sprayers operate at full
force on the surface to be treated. Immediately after the application, building
paper shall be reJlOved and destroyed. Spots unavoidably missed by the distributor

·shall be properly treated with bituminous material. Following the application of
bituminous material, the surface shall be allowed to dry without being disturbed
for a period or not less than Ja8 hours. or longer as necessary t~ attain
penetration into the foundation course and evaporation of the volatiles from prime
material. The Contractor shall furnish and spread enough approved sand to blot up
effectively and cure any exoess bituminous material. The Contractor shall
maintain the primed surface until the succeeding layer of pavement is placed by
protecting the surface against damage and by repairing and repriming deficient
areas at no additonal cost to the Government. No smoking, fires, or flames other
than heaters that are a part of the equipment shall be permitted in the vicinity
or heating, distributing, or transferring operations of bituminous material.

9.1 Application Temperature shall be as directed and shall provide an application
viscosity between 40 and 120centistrokes, kinematic, or 20 and 60 seconds,
Saybolt.Furol. Application temperatures shall be between 120·190 degrees F.,
except that appropriate changes should be made when the ranges of viscosity are
raised or lowered. The temperature-viscosity relationship shall be furnished to
the Contracting Officer •

10. WAYBILLS AND DELIVERY TICKETS. Copies of waybills or delivery tickets shall
be sUbmitted during the progress of the work. Before the final statement 1s
allowed, the Contractor shall file with the Contractng Officer certified waybills
and/or certified delivery tickets for all bituminous material actually used in the
construction of pavement covered by this section of the specification •

• • • • •
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American Association of State Highway Transportation Officials (AASHTO)

ZE.
"'-1

Ameri~-society for Testing and Materials (ASTM) PUblications.

C 11711'-~ ;Material. Finer than Ilo. 200 (75 am)',...'

The pUblications are referred to

TAc.k- L"IJA7

Transportation of Bitumjnous
Material

Placing
Compaction of Mixture
Joints
Protection of Pavement
Surface Requirements
Sampling

Coarse Aggregate

Fine Aggregate

Wa.bing

Sieve in Mineral Aggregates by

Specific Gravity and Absorption.of

Specific Gravity and Absorption of

Viscosity Graded Asphalt Cement

/2. .H.
13~

l'f~

~ .
17 ~.
16JH·

~
SECTION~

Index
.--- /$

II~·

'l'be publications listed below form a part of

ASPHALT CONCRETE
(CENTRAL-PLANT HOT MIX)

(SOUTR PACIFIC DIVISION
LAD REVISION 8/1/74

~
C 128-;-t

,4
C 127-~

M 226-731

~1I1.{
." ... . "'l.
.1--::-21_ -

22_
23
21t:
25_
12:
3_•f1:n..f: S-flt(}·-d ~~"'d
;_ 1. Applicable Publications
10 2.. Description
-~3. AsgTegates

U
2
- 4. Bituminous Material

1 _ . Aggregate Gradation
~:- 71. Composition of Mixture

- tf. Mixing Plant
It-'~. Otber Equipment
~1-'P,I. Treatment of Underlying Surface

18_- 1. APPLICABLE PUBLICATIONS.
19_
20_ tbis specification to tbe extent referenced.
21_
:~_ in tbe text by the basic designation only.

2.:
25_ 1.1
1_
2 Standard.3:
It

f,-
a 1.29:
lO_
u_
12_ •
13_1._
1~
10_
11_
18
19:
20_
21_
22
23­
21&-
25_•

•

•

•

•

Ii.
.".'

••
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ZE..
~-2

s •

shall

Bituminous Mixtures Using

Marshall Apparatus

Coarse Aggregates

Mixtures

Materials

Sieve or Screen Analaysis of Fine and

Resistance to Plastic Flow of

Test Methods for Bituminous Pav~ng

Mineral Filler for Bituminous Paving

Asphalt concrete indicated as "A.C." .. "r.HiS.'

...

C1367'l"'40.

KIL-STJr620A

D 242-70 .,

(~-I'IPI

.D 1559~

. "-'

• Notice 1.. :-... _. .. -,. -

DESCRIPTION.

.:
21..;.
22
23:
2-'_
25_
1_
2_
3_
~

f,-
a­,:
lO_
u_
12_
13_1.
1~ 1.3 ~!!i"1ita~r, ~tandard (Mil. Std.).
10_1'_
18_
19_
20_ ..
21_
22
23-' 2.
24~
2~ consist of fine and coarse aggregates and mineral filler, if required,
1__
2 Ul1.iformly mixed with hot bituminous material, and placed and compacted on a

~ prepared base course subgrade.-i-.
,-- 3. AGGREGATES _~~11: consist of crushed stone, crushed slag, crushed or
8- ,-
, - uncrushed $nvel, scr,eenings, sand, and mineral filler. Aggregates shall have- . . \ ~

10_ " f • d" b" ~ " Ttl11 a sat1s actory serv1Ce. recor 1n 1tum1nous pavement construct1OU. e source- . '~

~~-seleeted sball be app~oved by the Contracting Officer. Material passing tbe

~~:Ro. 200 sieve shall be known as mineral filler. Mineral filler sball conform

~fto AS~ D 242. The combi~ed a~regates and mineral fill~r sball meet tbe
18-' . ";.0

19-requirements of subsequent paragraphs entitled AGGREGATE GRADATION and
20-
~COMPOSITION OF MIXTURE.

22
232._
25_

.'

..

..

.•

•

•

•

•

•

••
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II. BITUMINOUS MAi&IIAL i . '/

4.1 Bituminous material to be mixed with tbe aineral aggregates shall be asphal\
>1 Cement confol"ll1q to ,A.l.!fBTO M 226-80" viscosity grade AI-ItO or AI-80, Table 3.

11.2 Bittainous ate'rial used tor the tack ooat sball be uphalt emulsion
conforming to the requirements of ASTM D 977, Type SS-1. The Contractor shall
t'urnish a certified st~tement from the emulsion manUfacturer giving an analysis or
tbe base uphalt used in the manufacturer of the emulsion and attesting to
conformity to the applicable requirements above.

,
5. SAMPLING JRD TESTING.

5.1 SUplins. samples of bituminous uterial, Wlless otherwise specified, shall
be in accordance with ASTM D 1110. . 1

I,

.. 5.2 Testing shall be the responsibility of the Contractor. Testing shall be,
performed by an acceptable co_ercial testing laboratory or by the Contractor on
approval of the Contracting Officer. Materials shall be tested to establish
compliance with the specified requirements. Certificates of compliance shall be
furnished •

•
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shl be
v­
(AR-80)

be .ubmitted by tbeContractor, and uo bituminous

100

b

Percentage by Weight, Passing

,71d-lOO

V-I.
70-~'~

50-Jl!7S'

,r~~

.';1--"
'''-8

-. --

a

./ .
COMPOSITION OF MiltTURE.

-&.".. ".'Jo~ix Formula sball

No. 200

No. 8
S~

No • .Mr

No. 4

3/4 inch

1/2 incb

1 incb

Sieve Openings

l _

40S _
1

."

•

•

•

•

.'

'..,.. 2l. -
~2_

23_2"_
25_
1_
2_
3_..
E

.~
11_
12
13:
116-1}-1_
IT_
18_
19_
20_
21_
22_
232":
25_
1_
2
~
16

f1:
8
9:110_ •
11_
12 .13.111.­1'- .ixture .ball be manufactured until· it bas been approved. The formula will

llC. .11 11ld1cate the percentage of eacb .ieve fraction of aggrega·te, percentage of

18- .
19- aspbalt, and temperature of tbe mixture as discbarged from tbe mixer. The

5~~rentage nf ..phalt in the job~x formula will be between~percent and

23 '1if percent. Samples of the aggregates and asphalt shall be submitted for

21&-
25: approval with the job-mix formula.
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total mix and voids filled with bitumen, and the mixture shall meet the

•..

2£-5
.&;;4

20

500

75-85

• 3-5

50-Blow Compaction

The apparent specific gravity,

If the index of retained stability of the

Stability, minimum, pounds

Test Property

..
Flow, maximum, l/lOO-inch

Voids total mix, percent

Addition of heat-stable additives to bitumen.

Voids filled with bitumen, percent

Test Properties of Bituminous Mixtures.

Stripping of Aggregates.

(1)

following requirements as determined by ASTM D 1559.

21_
22
23:·12
2~_

25_ as determined by ASTM C 127 and C 128. shall be used in computing the voids
1_
2_
3_..
f1:
8_

'­lO_
ll_
12_
13_1"_
1~
10_
11_
18_

::i.
21_
22_ job-mix formula is less than 75 tested in accordance with Method 104 of
232": MIL-STD-620, the aggregates shall be rejected or treated by one of the
25_
1_ following procedures:
23:
II

fT: . (2) AdditiC?!\..9 f bydrated lime, or other cementitious material containing
8 ~

9- free lime ,,.as a pordon 0f the minera1 fi ller •
~, ;
U~ ~·:f'
12:,. .MIXIBC PLANT 8halt be a weigh-batch or continou8-mixing type approved by

13_ . f' -.1-'_ the Contract1ng 0 hcer and operated 80 as to produce a mixture w1thin the

~t- job-mix formula •.
11- -
8--

~9:J'. OTHER EQUIPMENT •.
20_

~:JI.1 Bituminous~terial Spreaders Ihall be lelf-pr~pel1edt capable of
23
2~: producing a finished surface conforming to the smoothness requirements
25_

•

..

•

•

•

•

••

•

e ,.'
..-

•

•
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The use of a spreader that leaves indentations or

Tires shall be smooth and capable of being inflated to

Saw sball be of the power type, capable of rapidly cutting pavement and

Steel-Wheel Rollers shall be self-propelled, 3-wheel (tricycle) and/or

freshly-laid mix will not bein the

Blowers and Brooms shall be of the power type suitable for cleaning the

smalt Tools'available on'the work shall consist of the following: rakes.

other objectionable' irregUlarities

- 21_
22_
23_
216_ spec ifi ed here ina fter •
25_
1_
2_
3_ permitted •
~

f ,'.2T:
8_ surface to be paved.
9_
1011:1_.3
12_
13_ trimming joints and edges of pavement.
1. '1'­
1~1·4
11_
18_ lutes, shovels, tampers, smoothing irons, pavement cutters. portable heater
19_
20_ for heating 'small tools, wood sandals and stilt sandals of standard type, and
21_
22 other small tools as may be required.
23:
24
25]1.5
1_
2_ tandem type, weighing not less than 20,000 pounds each. The rollers shall
3_
k_ have adjustable Wheel scrapers, water tanks, and sprinkling apparatus to keep

~. the wheels sufficiently wet to prevent the bituminous mixture fram sticking to,- -,' - .
8:: the Wheels. ~1lers shall be capable of reversing without backlash and shall
~ t ;
10 be free from worn partie Roller wheels shall not have flat or pitted areas or

- 4U_ '}',.
12 projections that will leave marks in the pavement.
13::

~6~ewoatic-Tired Rollers shall be self"propelled aed oholl conoiot of two

IT::axles on Which are mount~d multiple pneumatic-tired wheels in such manner that
18
19the rear group of wheels will not follow in the tracks of the forward group
2c[
21~ut spaced to give essentially uniform coverage with each pass. Axles shall
22
23be mounted in a rigid frame provided with a loading platform or body suitable
211-
25}or ballast loading.

.'
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Construction of roller shall be such that each wheel can be

loaded to a minUDum of 4,500 pounds.

Prior to laying a bituminous course, the

underlying 8urface shall be cleaned of loose and foreign matter by sweeping

•

•

e:

with power sweepers, power brooms, and hand brooms, as directed.

..

The surface

•

•

.'e,

•

e

0 •

Mixtures having temperatures greater

than 350 degrees, mixtures having temperatures less than 235 degrees. or

The course will be of 8uch depth that after compaction, the

Unless otherwise directed, placing shall begin on the high side of
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COMPACTION OF MIXTURE shall be accomplished by steel-wheel and pneumatic

work shall be constructed so as to insure uniform bond, texture, density, and

the mixture shall be.as c~ntinuous as possible, and the speed of placing shall

Placing of

Edges of existing p4vement

All contact surfaces of existing

The straightedge shall be furnished by the

-
After ftnal rolling, no vehicular traffic shall

for at least 6 hours after rolling.

The finisbed surface aball aot vary more than 1/4

In areas not accessible to the roller, the mixture

The wheels of the roller shall be moistened to prevent

Rolling shall begin as soon after placing as the mixture will

Defective areas shall be corrected by tbe Contractor at no

as directed, to permit proper rolling.

section and shall be in the direction of the main traffic flow.

smoothness as in other sections of the course.

shall be cut to straight, vertical surfaces.

be ad justed,

I~
~.

. \
... 21_

22_
23_
2~_

25_
1_
2-3_
~

f
t: tired rollers.8_

~o_ support the roller without undue displacement. Rolling of the course shall be

11_ continued until all roller marks are eliminated and at least 95 percent of the12_
~:: density of a laboratory specimen of the same mixture has been obtained. The

1!- speed of the ro llers at all times shall be slow enough to avoid displacement1_

tl: of the hot mixture.

~: adhesion of the mixture.

~- :.bal1 be eoopat;teiJiJ"ot ba"" tampers.

23:IS. ~ MIa LZ£-Cf; to)
~~~~. JOINTS. The joints between old and new pavements or between lanes of new

1_
23:
4-}-
1: pavement shal~ beliainl:ed with a thin, uniform coat of asphalt.
8_ ./

~~-Lf: PROTECTION OF ~~NT.
l~r· ~·;I,....
12_ be permitted on the t'Avement
131.-
~~ SUIlFACE. REQUIREMENTS.

~X- inch from a lO-foot straightedge.

19- Contrac tor.20-

~: additional cost to the Coverment.

23-
2~_

25_

•

•

•

e

e.

•

•
....•

•

•



• 15. TACK COAT.

Quanti ties to be Applied. Bituminous material for the tack coat shall be
~:~~ied in quantities of not le•• than 0.05 gallon nor more than 0.1~ gall~n/:::,
square yard. The exact quantities within the range specified _lIlay var e _I

_____ __ '8Uit field conditi-on., ahall_be determined by the Contractor and approved. !
• _ ~5.2 Ilquipment. All equipment, toola , and aachine\u.e: i~ hr~"::~~~e:'~
------ required by this section shall be subject to approva an s a

satisfactory WO~k1_~_~O~n~d~i_ti_o_n--,-. . ~--------_-_--~_- 0 _- _

•--- --------,.1:'
"- WEATHER LUlITATIONS.

. . 0- __ .-__

Tack coat shall be applied only when the

•

e.

e

•

.'

.'
•

e

surface to be treated is dry and the temperature shall not have been lower

than 35 degrees F.for 12 hours immediately prior to application. It shall

r not be applied when the atmospheric temperature in the shade is lower than
- ¥

50 degrees F.
II

~r:4
.-. PREPAIATION OF SURFACE. Immediately before applying the tack coat,

if surface is sufficiently bonded, all loose material, dirt, clay, or other

objectionable material, shall be removed from the surface to be treated with

a power broom or blower supplemented with hand brooms. After the cleaning

operation, and prior to application of the tack coat, an inspection of the

area to be treated will be made by the Contracting Officer to determine

fitness of the area to receive the bituminous coating. That portion of'

surface prepared for immediate treatment shall be dry and in a satisfactory

] <endicion.

-'r.f
-, APPLICATIOU OF BITh~aNOUS ~~TI:;RIAL. Immediately follOWing preparation

of surface, the bituminous material shall be applied by a bituminous

distributor at a temperature determined by the Contractin~ Officer, within

the r~~e of 75 to 130 degrees F~ Under no circumstances shall emulsion be

heated to a· temperature greater l;h!n 140 degrees F. or exposed to a temperature ... - ,.0- 0,

of less than

~,.
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e----- ----- 40 degrees F. The bituminous material shall be applied so uniforn

distribution is obtained over all points of the surface to be treated. unless

the distributor is equipped to obtain satisfactory results at the junction

.-_~-~__-= Jof previous 8D<I subSequent applications, building paper ahall be spread on I
the surface for a sufficient distance back from the ends of each application

-- 1" of bituminous material. to effectively blot up and cure the eXceF:R when

•

•

e

so that flow through the sprays may be started and stopped on the paper, and

all sprays operate at full force on the surface to be treated. Immediately

after application, the building paper shall be removed and destroyed.

Lightly coated areas and spots missed by the distributor shall be properly

treated with bituminous material. Following application of bituminous

material, the surface shall be allowed to dry to a proper condition of

tackiness to receive surfacing. The period of time shall be as d~termined

by the Contracting Officer. The Contractor shall furnish and spread a

sufficient quantity of clean, dry sand on all areas that show an excess

r
I
j

: directed by the Contracting Officer. The treated surface shall be maintained
~

by the Contractor until the succeeding layer of pavement has been placed.

During this interval the Contractor shall protect the treateo surface a~ainst

'- -------

• ------ - damage and shall repair all damaged spots at no additional cost to the

Government.

----------------------·..----------
-------- _.-

--~-----------

------ -------

· - -------------- - ------------
----------- - -------- ------------------

--r --'- -~---- .-
--------- - -

----------
----------~--

- ---- -------

-------------------._--"-" - - ­------
----------

e_--------
----------
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necessary to deteraine conformance with theepecified requirements will be

perfcmaed by the Contracting Officer without cost to tbe Contractor.

-.

~ ...... - :.~ ..

All tests

samples. at:e removed at hi,

..
"

tE: -\ \
~

*****
.; :-- ..

Sampling for the determination of thickness and density of the

-- .-

No payment will be .ade for areas of pavement deficient in

./

··"'r.

Contractor ehall ..t:eplace tbe pavement. ~ere

completed pavements ·will be performed by the Contracting Officer.

.'

•

•

•

•

•

•

•

I·
I

!

.'

••
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SECTION 2F

AGGREGATE BASE

Index

1. APPLICABLE PUBLICATIONS. The American Society tor Testing and Materials
(ASTM) Standards listed below form a part of this speoification to the extent
referenced. The publications are referred to in the text by the basiodesignation
only.

•

•

•

•

•

•

•

•

•

...

1. Applicable Publications
2. Materials
3. Sampling and Testing
II. Equipment
5. Operation of Pits or Quarries
6. Weather Limitations
7. Preparation of Underlying SUrface
8. Grade Control

C 117-811

C 127-84

C 128-8Il

C 131-81

C 136-84

D 75-82

D 1&22-63
(R 1972)

D 1556-82

D 1557-78

D !l318-84

! 11-81

9. Mixing and Placing Materials
10. Layer Thickness
11. Compaction
12. Idges 01' Base Course
13. Smoothness Test
111. Thickness Control
15. Maintenance
16. Waybills and Delivery Tickets

Materials Finer than No. 200 (75-M)
Sieve in Mineral Aggregates by Washing

Resistanoe to Abrasion of Small Size Coarse
Aggregate by Use of the Los Angeles
Machine

Sieve or Screen Analysis of Fine and
Coarse Aggregates

Sampling Aggregates

Particle-Size Analysis of Soils

·Density 01' Soil In Place by the
Band-COne Method

Moiature-Denaity Relations 01' Soils,
Using 10-lb. (1&.5-kg) Rammer and
18-in. (1&57-mm> Drop

Test Method tor Liquid Limit, Plastic
Limit, and Plasticity Index of Soils

Sieves tor Testing Purposes

2F-1
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2. MATERIALS. Aggregates shall consist of crushed stone, crushed gravel, angular
aand, al)il, or other sound, durable, approved materials processed and blended or

• -naturally combined. Aggregates shall be durabl,e and so~d '. free from lumps and
balls of clay, organic matter, objectionable coatings, and other foreign
aterial. It shall be the responsibility of the Contractor to obtain materials

( that will .eet the requirements specified berein and that can be constructed to
..t the vade and amootbness requirements apeC'lfied herein after -all compaction

. requ1rements have been coapleted. The uterial retained on a 10. .. aieve shall be
• known as coarse aagrepte, and the material passing· the Ho... sieve ahall be known

~ as binder aaterial.

2.1 Coarse Aggregate conforming to the Nquireaents specified above liball have a
percentage or wear Dot to exceed 50 peroent after 500 revolutions. Slag ahall be
an air-cooled blast-furnace product having a dry weight of DOt less than 65 pounds

• per oubic foot. Coarae aggregate shall oonsist of angUlar fragments reasonably
uniform in density and quality. The amount of nat and elongated particles shall
not exceed 30 percent. A nat particle is one bav1!l& a ratio or width to
thi~ess sreater than 3, and an elongated particle is one having a ratio of
lengtb to width greater than 3.

• 2.1.1 Coarse aggregate retained on each sieve specified shall contain at least 50
peroent by weight of crushed pieces having two or lIore freshly fractured faces
If1th the ..ea of each face being at least equal to 75 percent ot tbe smallest
II1dseotional areaot the piece. When two fractures are adjacent, the angle
between .the planes of the fraotures must be at least 30 degrees to count as two
tractured faces.•

•

•

2.2 Binder Material shall consist of screenings, angular sand, soil, or other
1'1nely divided aineral matter processed or naturally oombined with the coarse
aggregate. Liquid-lill1t and plasticity-index requirements stated herein shall
apply to any component that is blended to .eet the required gradation and shall
also apply to the completed course. The portion of any component or of the
completed course passing the Ho. "0 sieve shall be either nonplastic or shall have
a liquid limit not greater than 25 and a plasticity index not greater than 5.

2.3 Gradation requirements specified herein shall apply to the completed base
course, and it shall be the responsibility of the Contraotor to obtain materials
that will aeet the gradation requirements after mixing, placing, compacting, and
other operations. The aggregates shall have a maxiaum size of one lncb and sball
be continuously graded within the 11111ts apecified below:

The values are based on aggregates of uniform specific gravity, and the
peroentages passing the various sieves ..e subject to appropriate correction by
the Contracting Officer when aggregates of varying specific Iravities are used.

.'•
•

Sieve Dea1gnation

1-118 inch
10. ..
10. 8
10. 30
10. 200

Percentage by Weipt Passing
Square-Meah Sieve

100
38-65
25-60
10-110
3-12

• 2F-2
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3. SAMPUNG AND TESTING shall be by and at the expens.e of the Contractor •.
3.1 Samples shall be the size required and shall be taken by the Contractor.
Copies of test results shall be submitted for approval 7 days prior to starting
the work, and thereafter at regular intervals during production as specified
hereinafter. These samples shall be obtained at the source, from test pits,
borings, trucks, stockpiles, or trom other designated locations. samples for
uterial vadation, liquid-limit determination, aDd plasticity-index tests sball
be taken in Conformance with 1STM D 15. After the aaterial has been placed aDd
compacted, ...plea tor density tests shall be taken as specified in AS'l'K D 1556,
aDd additional samples for gradation, liquid-llllit, and plasticity-index tests
shall be taken by an appropriate aethod. Where deemed necessary, the sampling
will be supervised by the Contracting Officer. The Contractor shall arrange his
work so that sampling and testing may be performed without interruption.

3.2 Tests.

3.2.1 Aggregate Gradation. Aggregate gradation shall be determined in accordance
with ASTM C 117, C 127, C 128, C 136, aDd D _22. Sieves shall conform to ASTM
E 11.

3.2.2 LiquidL1ID1t shall be determined inaoaordance withlSTMD J&318.

3.2.3 Plasticity Index shall be determined in accordanoe with ASTMD -318 •

3.2.11 Wear Test shall be made in conformance with ASTM C 131.

3.2.5 Field-In Place Density shall be determined in accordance with lSTM
D 1556. Moisture-density relations shall be established in the laboratory in
accordance with 15TH D 1557, method D, or AJSHTO T 190, Method D, Correction tor
oversize material shall be applied in accordance with !ASHTO T-2211.

3.3 Testing Frequency. Results of tests to determine particle shape, presence ot
objectionable and foreign matter, percentage of wear, fracture count, gradation,
liquid-limit, plasticity-index, specific gravity, and other specifioation
requirements for determination of the acceptability of the source shall be
submitted tor approval at least ., days prior to startiD8 of aanufacture of the
base course material. Production testing tor uterial gradation, liquid limit,
and plasticity index shall be performed at regular intervals with at least one
test being aade for each 500 oubic yards or traction thereof, of uterial produced
and results.hall be sublll1tted en a daily basis. Deviations trom specifioation
requirements aball be corrected illlllediately upon discovery. Arter the material
bas been placed and oompacted, one tield density test for eaob 1,000 square 7ards
or traction thereof of tinished base course _d one additionalsradation, liquid­
limit, and plasticity index test tor eaob3,OOO square yards ot bue oourse or
traction thereof shall be performed. Maxiaum-density aoisture relations sball be
established for each 5,000 square yards of base course uterial. The location of
the after-placement tests shall be as directed. ODe oopy of density data (less
dry weight determinatiolns) shall be provided on the day each test is taken. The
oompleted test report shall be provided with the Contractor Quality Control Report
on the follow1ng work day. Results or all tests _de shall be submitted tor
approval on a daily basis and subsequent paving operations shall not oo_enoe
until final approval bas been obtained. Failure of any test shall be reported
verbally, by the most expeditious means and tollowed prClDptly by written report.

2F-3
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Contractor field o~rations ahall 1IIImediately reflect oorrect!ve measures. . For
every failing test, retesting after cOlllpl~tion of correct!ve measures have been
taken w11l be required. .

«3.11 Approval or Materials. The aource or the material ahall be seleoted 7 days
in advance ot tbe time materials will be required in the work. Tentative approval
of the preliminary reports submitted by theContraotor and the source w11l be.< based on an inspection by the Contracting Officer. Tentative a~~roval or the

. aterials 11111 be baaed on test samples as specified herein. Final approval of
both the souroe and. the materials will be based on .pecified t.ests performed on
_ples taken trom the oompleted and compacted base oourse.

II. EQUIPMENT. All plant, equipment, and tools used in the performance of the
work GO.red by this Mctionnll be aUbject to approval by the Contracting
Oft1oer before tbe work is started and shall be maintained in satisracto~y working
oondition at all U.es. 'fbeequlpllentahall be adequate and have the capability
Of producins the required compaction, meeting grade controls, thickness contrOlS,
and 8IDoothness requirements as set forth herein and wi thin the specified time
l1J11ta.

5. OPERATION OF prrs OR QUARRIES. 111 work involved in clearing, stripping, and
excavating in opening or operation of pits or quarriesahall be performed by the
Contractor. Pita or quarries shall be opened to expose vertical faces of deposit
to depths suitable for working. Materials exoavated trOll pits shall be obtained
insvocessive vertical outs extending throUlh all exposed strata. 111 pockets or
etrata of unsuitable materials overlying or occurring within the deposit shall be
wasted as directed. The methods ot operating pits or quarries and the prooessing
and blending of the material say be changed or modified by the Contraoting Offioe
when necessary to obtain material oontorming to the specified requirements.
Quarries shall be conditioned in agreement with the local laws or authorities.

,6. VElTRER LIMITATIClfS. Aggregate base oourses shall be oonstructed when the
ataospheric temperature is above 35 degrees F. When the temperature falls below
35 degrees r., the oontractor shall protect all areas of the oompleted aggregate
base course, by approved aethods,against any detrimental erfeots of freezing.
Areas ot oompleted aggregate base oourse damaged by freeZing, rainfall, or other
weather conditions shall be corrected to meet specitied requirements.

•

•

•

•

• 1. PREPARATION (F UNDERLYING SURFACE. Prior to oonstructing the aggregate base
oourae, the previously oonstructed subarade sball be cleaned of all toreign
substances. The surtace of the subgrade sballbe inspected by the Contractor for
adequate oClllpactian and surface tolerances. 1"be subgrade sball conform to
SECTION: PILLS JRDSUBGRlDE PREPARATION. Ruts or soft, yielding spots that say

• , appear in the sUbgrade ....as having inadequate ecapaction, and deviations of the
.. .urtaoe tJ'Oll the requirements set torth thereinsball beoorrected to line and

srade and to aU apecit1oation requir.ents. The tinished sublrade shall not be
disturbed by traffic or other operations and aball be ..intained by the Contractor
ina satisfactory oondition until the base oourse is placed.

• 8. GRADE OONTROL. During oonstruction, the lines and vades, InclucUng crown and
cross slope indioated tor the aggregate base course, sball be ..intained by means
Or line and grade stakes placed by the Contractor at the worksi te in accordance
with paragraph: LAYOUT OF WORK of the SPECIAL CLlUSI!'S.

• 2F-4
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._. 9. MIXING AND PLACING MATERIALS. The materials shall be mixed by the stationary­
plant, traveling-plant or road-mix method. and placed ~n such a manner as to obtain
uniformity of the aggregate base course material and at a uniform optimum moisture
content for compaction. The Contraotor shall make suoh adjustments in mixing or
placing prooedures or in equipment as may be directed to obtain the true grades,
to 8inim1ze segregation and degradation, to reduce to acoelerate loss or increase
of vater, and to insure a satisfactory aggreaate base course aeeting all the
requirements of this speoification•

•

•

•

•

..
•

10. LAYER THICKNESS. The compacted thiokness of the aggregate base cours£' shall
be as indicated on the drawings and shall be placed in a single layer•

11. COMPACTION. Each layer of the aaregate base course (including shoulders)
shall be compaoted with approved compaction equiplDent. Vater content shall be
maintained at optimum plus or III1nus 2 percent. In places not accessible to the
rollers, the mixture shall be compacted with mechanical tampers. Compaction shall
continue until each layer throuah the full depth is oompacted to at least 100
percent of ma.ximum density. The Contractor shall make such adjustments in roll1ng
or finishing procedures as _, be required to obtain true grades, to a1n1l11ze
segregation and degradation, to reduce or accelerate loss or gain of water, and to
insure a satisfactory aggregate base course. Unsatisfactory placed aaterials
shall be reworked untU they area satisfactory aaterial.Vben.aterialsbecc:ae
dauged during placing they shall be NIIoYed trom the work and disposed of as
directed bf the Contracting Ofticer.

12. EDGES CF BASE OOORSE. Where the course is not placed between curbs or
simUar construction, approved material shall be placed along the edges of the
aggregate base course in suoh quantities as will compaot to the thickness of the
course being considered, or when the course is being constructed in two layers, to
the thickness of each layer of the course. Allow in each operation at least a
1-toot width of the shoulder to be rolled and compacted simultaneously with the
rolling and compacting of eaoh layer of the base course, as directed.

•

.".
•

•

•

•

13. SMOOTHNESS TEST. The surface of each layer shall not show any deviations in
excess of 3/8 inch when, tested With either a 10- or 12-foot straightedge applied
both parallel with and at right angles to the centerline of the paved area.
Deviations exceeding this amount shall be corrected by removing material and
replac1ns with new .aterial, or by reworking existiq nterial and coapacting, as
directed.

1.. TBICINESS CONTROL. Tbe completed thickDess ot the hase course shall be
within 1/2 ueh, plus or II1nus, of the thiokness indicated. Thickness test shall
be aade 8Ddrecorded by the Contractor. The thiokness of the base course shall be .
aeasuredat latervals in suCh .anner that tberevill be .a thickness aeasui'ement
tor at least _ch SOO square prds of bueoourse. 'l'be thicleness measurement
aball be _de by test boles atleaat 3 bobes 1ft diueter tbrough thebaae
course. Where the aeasured thicmess of the base course 1s aore than 1/2 inch
deficient in thickness, tbeContractor, at DO additional expense to the
GoverDlDent, ahall correct such areas by scarityiDl, adding aixture of proper
aradation, reblading, and recompactina, as directed. Vhere the aeasured thicleness
of the base course is aore than 1/2 inch thicker than that indicated, it shall be
considered as conformins with the specified thickness requirements plus 1/2 inch.
The average job thickness shall be the average of the job aeasurements deteJ'll1ned
as specified above, but shall be within 1/4 inch of the thickness indicated•

2F-5
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15. MAIHTENAtiCE. The Contractor shall aaintain the aggregate base course in a

• satisfactory condition until the completed work ~s accepted.

16. VAIBnLS.AND DELIVERY TICtETS. COpies of waybills or delivery tickets shall
be attached to the Daily Contractor Quality Control Report tor the day of
deliwry. Betore the tinal statement is allowed, the Contractor shall tile with
the Contracting Officer waybills and/or certified delivery tickets for all

• aareptes actually used in the construction covered by the contract.

• • • • •

•

•

•

•

•

· ~..

•
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SECTION'-

MISCELLANEOUS AGGREGATES

1. APPLICABLE PUBLICATIONS. The American Society for Testing and Materials
... (ASTM) Standards listed below forll. a part or this specification to the extent

• referenced. The publications are referred to in the text by the basic designation
only.

•
~. C 33-82

C 131-81

C 144-81

Concrete Aggregates ,.

Resistance to Degradation of 8mall Si~e

Coarse Aggrepte by Abrasi~n and Impact
in the Los qeles Machine

Aggregate for Masonry Mortar

•

•

•

2. GRAVEL PLACEMENT AND MATERIAL. Gravel ahall be placed as shown on the
drawings in accordance with the following requirements: Gravel ahall be clean,
bard. sound, durable, uniform in quality. and free of any detrimental quantity of
sort. friable. thin. elongated, or laminated pieces, disintegrated material,
organic matter. oil. alkali, or other deleterious substance.

2.1 Abrasion. The loss of abrasion in .the Los Angeles abrasion machine•
determined as prescribed in ASTM C 131. Grading A, sball not exceed 10 percent, by
weight. after 100 revolutions nor 40 percent after 500 revolutions.

2.2 Gravel Composition. Gravel shall be composed entirely of particles that are
either fUlly or partially rounded and water-worn. Crushed rock may be combined
provided it is uniformly distributed throughout and blended with the gravel. The
quality and gradation requirements shall be as follows: ASTM C 33, 1I2-inch
maximum size as indicated in Grading Table for coarse aggregates.

r.....---

•

. ..

i
I
;
I

/

3. DESERT GRAVEL. Desert gravel shall be placed on the area as shown on the
drawings 4ft aeeOI dance wit.h the fel~wi.ns-requ i reme"1!t!l.. .TO MATc..H DfC~~((L{U~r;..L-;1
W"JIf1tA"'A1J~Y c.f\.1..5 (~ ('':'t;.IJ,r--.( K~A..z..t; ~A ~K~....~~:+\. !AV£,. 0 A.1 UL ~'!E

3:1 ~~rtT ~ff ~1'~h~~lV~E>an'JNb-inift-JifhtBfcMf'~~i~&-c - U:b~ f\kf
weathered in place and which has as principal constituents granular fragments or=
quartz and feldspar. It may also contain fragments of granite rock not yet broken ~ ~

down into the component minerals. The material shall remain stable when saturated~
with water. ~

3.2 Material ahall be free from all foreign objects. lumps. irregularities and vJ\t41
shall be consistent in color.

3.3 Desert gravel shall bave a maximum size of not more than '1/2 inch. have not
more than 30 percent of the material passing the No. 200 sieve, and shall have a
plasticity index or less than 10 for the materials passing the No. 40 sieve.

3.4 Subgrade shall be throughly compacted prior to application. Weed barrier
fabric shall be laid on the subgrade under all desert gravel •

•
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3.5 Coloration ahall conform to the -Munsell" soii chart (1975 edition; published
by the Knoll Morgen Corp., 2441 North Calvert Street, Baltimore, Maryland 21218),
.IS follow_ Hu~ 7.s? 'iF?- J VA\...U f\- / CA noMA ft, /4.

~•.~i8ftat-ed:"~t'.Ros~".. "hue m, "'ftlue{e~rOjIML§f3.­

-.~~~ea 1CM.1·~/llPe\lDB.\ .a1iie.J'lhrNna~1il6.-

d;"

3.6 Material shall be obtained from commeroial sources.

3.7 Contractor sball submit color samples (minimum of 3) and gradations and
abrasion test results of D.G. to the Contraoting Officer or bis representative for
approval prior to installation.

3.8 D.G. shall be spread to a depth of 2 inches thick, raked, dampened, and
rolled with a 901 roller.

b.v" .JI. WEED BAMIER FABRIC shall be a permeable polypropylene fabric with a minimum
thickness of 2 m11 and sball be a produce oODlDercially manufactured as weed
barrier fabric.

b \c, .5. LANDSCAPE I«)UNDING. FUI _terial for use in landscape mounding shall be
. representative of existiDg site soil and be free or all foreign material, caliche,

and all organic material and stones larger than 2 inches in diameter. The source
\ oflandacape fill sball be from excavation areas as directed by the Contracting
~ricer.

6. PEA GRAVEL. Aggregate for "pea gravel" material shall be of clean sand,
gravel or crushed rock and shall be free from lumps or balls of clay and shall not
contain calcareous or clay coatings, calicbe, syntbetic materials, organic matter
of foreign substances. The gradation shall meet the following requirements when
tested in accordance with the requirements of Arizona Test Method No. 201.

Sieve Size

3/8 incb
No. 4
No. 8
Ro. 200

•

Percent Passing

100
0-25
0-5
0-2.0

• ••• •
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TREES, SHRUBS, AND GROUND COVERS

Index

1. APPUCABLE PUBLICATIONS. The publications listed below fol'll a part of this
specification to the extent referenced. The publications are referred to in the
~ext by the basic designation only.

•• •

•

•

•

1. Applicable Publications
2. Source Inspections
3. Submittals
4. Deliwry, Storage, and Handli:.g
5. Envirem.ental Protection

1.1 Federal Specification (Fed. Specs.).
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2. SOURCE INSPECTIONS.

2.1 Plant Materials. Plant materials will. be inspected by the Contracting
Officer at the growing site and tagged or otherwise approved tor delivery. Such
inspection does not preclude right of rejection at the project site.

2.2 Topsoil. The source of topsoil will be inspected by the Contracting Officer
to determine . the acceptabillty of the topsoil and the depth to which it is to be .
stripped•

3. SUBMITTALS•

3.1 samples. The following samples shall be subll1tted tor approval before work is
started•

a. Topsoil--representative samples shall be taken trom several locations on
the area under consideration•
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3.2 Certificates of Conformance or Compliance. Before delivery, notarized
cert:Sicates attesting that the ·following materials meet the requirements
specified, shall be submitted in triplicate for approval.

a. Plant Materials.

3.3 Maintenance Instruction. Prior to the end of the contract maintenance
period, 3 copies of written instructions tor year round maintenance and care of
installed plants st8l1 be furnished to the Contracting Officer.

4. DELIVERY, srORAGE, UD RODLING.

4.1 Delivery.

4.1.1 Too Contractor shall notify the Contracting Officer of the delivery
achedule 1n adnnce so the plant material may be inspected upon arrival at the
jobsite by the Cootracting Otficer. Unacceptable plant material shall be removed
from the jobsite immediately.

4. 1.2 Plants shall be protected during delivery to prevent damage to the root
balls or desiccation of leaves. Trees shall be protected during transportation by
tying in the branches and covering all exposed branches.

4.1.3 Fertilizer shall be delivered to the site in the original, unopened
containers bearing the manufacturer's guaranteed chemical analysis, name, trade
name or trademark, and in conformance to state and Federal law. In lieu of
containers, fertilizer may be furnished in bulk and a certificate indicating the
above information shall accompany each delivery.

4.1.4 All pesticide material, including soil fumigants, shall be delivered to the
site in the original unopened containers. Containers that do not have a legible
label that identifies the Environmental Protection Agency registration number and
the manufacturer's registered uses will be rejected.

4.2 Storage.

4.2.1 Plant Storage. Plants not installed on the day of arrival at the site
shall be stored and protected. Outside storage locations shall be continually
sbadedJlftd protected from the wind. Plants stored on the project shall be
protected from any drying at all times. Plants in containers, shall be kept in a
moist condition until planted by routine watering.

4.2.2 Storage of Other Materials. Pesticide material shall be kept in dry
atorage and shall not contaminate adjacent material, and shall be handled and
stored following manufacturer's directions. Storage of materials shall be in
areas designated or as approved by the Contra,ctlng Officer.

4.3 Bandling. Care shall be taken to avoid damaging plants being aoved from the
nursery or storage area to the planting 8i1;e. Plants shall be protected from
freeZing or drying out by covering with burlap, tarpaulin or mulching material
during transporation to planting site. Plants shall not be handled by the trunk
or stems. Damaged plants will be rejected and shall be removed from the site.
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5. ENVIRONMENTAL PROTECTION. All work· and Contractor operations shall comply
with the requirements of SECTION: ENVIRONMENTAL PROTECTION.

6. MATERIALS.

6.1 Plants •

6.1.1 Plants shall conform to the varieties specified in the plant list and be
true to botanical names as listed in AJCHN Standarized Plant Names. Plants shall
be in accordance witb ANSI Z60.1 except as otberwise stated in tbe specifications
or shown on the plans. Where the drawings or specifications are in confiict l4~~
ANSI Z60.1, the drawings and specifications shall prevail. '.,:

6.1.2 Planting stock shall be well-brancbed and well-formed, sound, vigorous,
heal thy, and free from disease, sun-scald, windburn, abrasion, and harmful insects
or insects ega and shall have healthy,' normal and unbroken root systems.
DecidUOUS trees and shrubs shall be symmetrically developed, of uniform habit of

··crowth, and free 'fran objectionable disfigurements. Plants sball have been crown
under climatic conditions similar to those in the locality of the project.

6.1.3 The minimum acceptable sizes of all plants, measured before pruning and
with branches in normal position, shall conform totbe measurements indicated.
Plants larger in size than specified maybe used withtbe approval of .the

. CClIltracting Officerwitb ~o ebange in the oontractprice. If larger plants are
_ed, the ball of earth or spread of roots shall be1nor.-sed in accordanoevith
ANSI Z60.1.

6.1.4 Tbe'Contractor shall facilitate inspection and identifications by labeling
trees and bundles or containers of the same shrub, with a durable waterproof label
and weatber-resistant ink. Labels shall state tbe correct plant name and size as
specified in tbe list of required plants. Labels shall be securely attached to
plants, bundles, and containers of plants and shall be legible for 60 daysatter
delivery to tbe planting site.

6.1.5 Plant material shall be nursery grown unless otherwise indicated and shall
oonform to the requirements and recommendations of ANSI Z60. 1. Plants shall be
dug and prepared tor shipment in a l18DDer tbat will DOt cause damage to branches,
sbape, and future development after planting.

6~ 1.5.1 Container grown plants shall bave sufficient root growth to hold the
eartb intact when removed frCID containers but ahall DOt be root bound.

6.1.6 Substitutions shall be _de 0Il1y when a plant (or its alternates as
specified) 1s not obtainable and the Contracting Otfioer authoriZes a change order

'providing tor use of the nearest equivalent obtainable size Dr variety ot plant
baving the same essential charateristicswith an 'equitable adjustment of the
contract price.

6.2 Topsoil •

6.2.1 Topsoil shall be the existing surrace soil stripped and stockpiled on the
site.

• 2~.-3



6.2.2 If additional topsoil is required,it shall be furnished by the Contractor
from borrow are;lS approved by Contracting Officer.

6.3 Soil Conditioners and Amendments.

6.3.1 Rotted sawdust shall have 7.5 pounds of nitrogen added uniformly to each
cubic yar and shall be free of chips, stones, sticks, soil, and toxic substances •

•2 . lan.ti Soil ~xture.\ Th~ pl.ant~ng .soi; .~xture.shal1 be aomposed of two
r s 0 011 1 a~pe "e./rot-ted ~~w~,~st,-/'-/ '--

6.3.~~ Fertilizer. Fertilizer shall be. commercial grade and uniform in
composi tion,!

~ ~

6.3.' J Granular fertilizer shall conform to Fed. Spec. o-F-241, Type I, Level B,
and shall bear the manufacturer's guaranteed statement of analysis. Granular
fertilizer shall contain a minimum percentage by weight of: 14 nitrogen, 14
available phosphoric acid, and 14 potash. 1

• 5 After.~stablis~ent of (inished.~de arD~nd plapts, all~i~'~ea~'~allbe
dre ed i* fer\i1lile.r at t~e ra~ ot\ o.ne/p~nd per \100/'8quaie feet ot:..~:

F tiliz adhe).~/to plC!:9~'S sha~~e flushe'd off~·./

6.4 Staking Material.

6.4.1 Stakes for support if required shall be lodge pole pine. free trom knots,
rot,eross srain, or other defects that would impair the strength. Standard
~takeasballbe a minimum of 2-1/2 inches in diameter, and pointed at one end, and
of length indicated on the drawings.

6.5 Water. Water shall not contain elements toxic to plant life.

7. INSTALLATION.

7.1 Planting Seasons and Conditions. Planting shall be done when the ground is
not frozen, water logged or in an otherwise unsuitable condition for planting.
Planting shall be done within the following dates:

a. Deciduous material from 1 February to 1 May for spring planting and from
. 1 OCtober to 15 November for tall planting.

b. Evergreen material from 1 February to 1 May tor spring planting and from
, October to 15 November for fall planting.

7.2 Setting Plants. Container-grown plants shall be handled and moved only by
the container. Plants shall be set plumb and held in position until sufficient
80Ubu been tirmly placed around roots or ball. Plants ahall be set in relation
to surrounding grade so that tbey are even with the depth at which they were grown
in tbe nursery container.

1.2.1 Planting shall be done with the approval of the Contracting Officer only
when the ground is in suitable conditiOD for planting. If special conditions
exist that may warrant a variance in the above planting conditions, a written
request shall be submitted to the Contracting Officer stating the special
conditions and proposed variance.

- -r- -,--.. -~, --- ._ . .----------------------~---__m----- - --··-----------1--------- -----1-·I----~------------------------------·--
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7.2.2 Layout. Plant material locations.and bed outlines shall be staked on the
project site by the Contractor and approved by the Contracting Officer before any
plant pits or beds are dug. The Contracting Officer .may adjust plant material
locations to meet field conditions.

1.3 Excavation for Planting•

7.3.1 Prior to excavating for plant pits the area shall conform to the lines and
grades shown on the plans and the locations of any underground utilities shall be
verified by the Contractor and the Contracting Officer.. Damage to utility lines
shall be repaired at the Contractor's expense. EXisting trees, shrubbery, and
beds that are to be preserved shall be barricaded in a manner that will
effectively protect them during planting operations •

7.3.2 ROQks and other underground obstructions shall be removed to a depth
necessary to permit proper planting according to plana and specifications. If
underground utilities, construction, or solid rock ledges are encountered, other
locations may be selected by the Contracting Ofricer•

1.3. 3 Plant pits may be dug by any method approved by the Contracting Ofricer
. provided that the pits have vertical sides and flat bottoms. When pits are dug
. with an auger and the sides of the pits become glazed, the &lazed surface shall be
scarified. The size of plant pits shall beaa shown on the plans.

7.11 Container srown stock shall be removed from containers in such a way so as to
prevent damage to plant or root system. Planting shall be completed as specified
above.

1.4.1 Container stock shall be backfilled with topsoil to approximately half the
depth of the ball and then tampered and watered. The remainder of backfill of
topsoil shall be tamped and watered. Earth saucers or water basins shall then be
formed around isolated plants. Water holding basins shall be ample enough in size
and height to hold at least 2-1/2 gallons for shrubs or 5 gallons for trees. . .

7.5 Watering. Depressed water basins shall be used around all plants. All
watering sball be done in a manner which will provide deep penetration, but which
will Dot cause erosion or damage to the finished surface. Sufficient water shall
be applied to penetrate the planting bed to a depth of 211 inches. Frequent
watering may be necessary during periods of hot weather.

7.6 Inspection. The trunks of the trees shall be inspected for physical damage
or insect infestation and reqUired treatment or rejection shall be determined•

tted wdust sha~l ha_ve ~? pounds.-9t n1trogen...._.Add~d uniformly to._~ach

ads e fr~ps~, a~il, an~oxic ''BUbstances.

7••1 Planting Soil Mixture. The planting soil m1xture shall be composed of two
parts topsoil, and one part rotted sawdust•

2-\4­
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.9l1'\ Gr~,~lar.. f.er..ti:~izer·sball ';~rorll to .Fed. S c. o-F-
ndt ~all: b~ar the' m uf.' rer'.s au a ed s te nt
e il~z~t shall 9bntai a .D1nimum percenta . y we

a 1la~hOSPhOPtb acid, and 14 potash. .
~

7. t.t! After establishment of finished grade around plants, all pi t areas shall be
topdressed with fertilizer at the rate of one pound per 100 square feet of area.
Fertilizer adhering to plants shall be flushed otf.

8. PRUNING.

8.1 New plant material shall be pruned in the following.manner. Dead and broken
branches shall be removed. Trees andahrubs shall be pruned to reduce total
amount of anticipated foliage by one fourth. Typical growth habit of individual
plants ahall be retained with as much height and spread as is practicable. Cuts
shall be made with sharp instruments, and shall be flush with trunk or adjacent
branch to insure elimination of stubs. "Headbackw cuts at right angles to line of
growth shall not be permitted. Trees shall not be poled or the leader removed.
Trimmings shall be removed .from the site. Cuts 1/2 inch in diameter and larger
shall be painted with the specified tree wound dressing.

8.2 Restoration and Clean-Up. Excess and waste material shall be removed daily.
-When planting in an area has been completed, they shall be cleared of all debris,
apoil piles, and containers.

8.3 Maintenance During Installation. Maintenance operations ahall begin
immediately after each plant is planted and shall continue as reqUired until final
acceptance. Plants ahall be kept in a healthy, growing oe>nditiQn by watering,
pruning, spraying, weeding, and any other necessary operations of maintenance.
Plant saucers and beds shall be kept free of weeds, grass, and other \D'ldeslred
vegetation. Plants shall be inspected at least once per week by the Contractor
during the installation period and needed maintenance performed promptly.

9. PLANT ESTABLISHMENT PERIOD. Final acceptance of all work and materials under
this section shall be at the end of a period of establishment to be determined as
follows.

9.1 Beginning of the Plant Establishment Period. The period of establishment
ahall begin on the date that an inspection by the Contracting Officer shows that
all Plants are in place and have been installed in accordan~e with the
specifications and plans. Replacement of plants that were not supplied by the
Contractor but were relocated under this contract and that die for any reason
other than lIlproper handling during transplanting and/or lack of proper care will
Dot be required. Loss through contraotor negligenoe, however, shall require
~plaoement in kind and size per speoification and shall be at the Contractor's
expense.

"9;2 During the Piant Establishment Period.

9.2 .. 1 . During the plant establishment period, the Contractor shall water all
plants as neoessary to maintain an adequate supply of moisture within the root
.sone.. Water shall not be applied so quiokly that it oannot be absorbed by the
plants •

.~ --------,-~-- ----,----
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9.2.2 Plants shall be pruned as required•.

9.2.3 Stakes and eroded plant saucers shall be replaced as required.

9.2.4 Other work, such as spraying with approved insecticides and fungicides to
control pests, shall be done (each day if necessary) to ensure plant survival in a
healthy growing condition.

9.2.5 Dead plants shall be removed immediately at the Contractor's expense and
replaced within seven (7) days. The Contractor will not be responsible for theft
or damage to plants by vehicles or vandalism following completion and approval of
the installation portion of the planting contract.

9.3 Termination of the Plant Establishment Period.

9.3.1 A preliminary inspection by the Contraotor and the Contraoting Officer will
be held 120 days from the date of the beginning of the plant establishment period
to determine plant acceptability and the number of replaoements. Alternate or
substituted varieties of plants shall be used only if approved by the Contracting
Offioer.

9.3.2 A final inspection of all plants will be held after the replaoement
planting has been oompleted. No additional plant establishment period will be
required for replaoement plants. The establishment period will end on the date of
this inspection and said inspeotion will be considered final aoceptance provided
the Contractor has complied with the following requirements.

a. Dead, missing, and defective plant material shall have been replaoed as
directed by the Contracting Offioer otherwise, final acceptanoe will be delayed
until such replacements have been satisfactorily aooomplished.

b. Plant saucers shall be free of weeds.

o. Stakes and guys shall be in good oondition.

d. Remedial measures directed by the Contraoting Offioer to ensure plant
survival shall have been oarried out.

e. Plant material shall have been fertilized as required prior to aooeptanoe.

9.4 Replaoement. At the end of the guarantee period the Contraoting Officer will"
make another inspection to determine the condition of plants. Plants not in
healthy growing condition, as determined by the Contraoting Offioer will be noted
and as soon as seasonal conditions permit shall be removed from the site and
replaoed with plants of the same species and sizes as originally speoified. Suoh
replaoements shall be made in the same manner as specified for the original
plantings, and at no oost to the Government. The guarantee on plants will be
limited to one replaoement •

•
• • • • •
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1. APPLICABLE PUBLICATl:ONS. 'l'he publioations listed below form a part or this
specification to. the extent referenced. The publications are refel"l"ed to in the
text by the bas1-c designation only.

1.1 Federal Specification (Fed. Spec.).

1.3 American National Standards Institute, Inc. 'CANSI).

•

•

•

•

•

•

•

1. Applicable Publications
2. General
3. Excavation
4. Backfilling
5. Materials
6. Installation
7. Tests

WW-U-531E

WW-V-51F

WW-V-54D
&Int. AJIl-3

1.2 Military Standard (M11. Std.).

MIL-STD-621A
Notices 1, ?

B16.3-1977

8. Disinfection
9. Tools

10. Cleanup
11. Variation in Arrangement

of Sprinklers
12. Guarantee
13. Submittals

. Unions, 'Pipe, Steel or Malleable Iron,
Threaded Connection, 150 lbs and 250 lbs

Valve, Angle, Check, and Globe, Bronze,
(125, 150 and 200 Pound, Threaded
End, Flanged Ends, Solder Ends, and
Brazed Ends, for Land Use)

Valve, Gate, Bronze (125, 150 and 200
Pound, TbreadedEnds, Flange Ends, Solder
End and Brazed Ends, tor Land Use)

Test Method for Pavement Subgrade, Sub­
bas'e, and Base-Course Materials

Malleable Iron Threaded Fittings Class 150
and 300

• • . 1.4 American Society for Testing and Materials (ASTM) Standards.

•

•

A 120-79

D 1785-82

D 2241-82

Pipe, Steel, Black and Bot-Dipped Zinc­
Coated (Galvanized) Welded and Seamless,
for Ordinary Uses

Poly (Vinyl Chloride) (PVC) Plastic Pipe,
Schedules 40. 80, and 120

Poly (Vinyl Chlol"ide) (PVC) ,Plastio Pipe
(DDR-PR)

21
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D 2464-76 Threaded P~ly (Vinyl Chloride) (PVC)
Plastic Pipe Fittinga, Schedule 60

D 2564-80

D 2466-78 Poly (Vinyl Chloride) (PVC) Plastic Pipe
Fittings, Schedule 40

Solvent Cements for Poly (Vinyl Chloride)
(PVC) Plastic Pipe and Fittings

1.5 American Water Works Association (AWA) Standards.

2.2 Below Ground Piping. Pipe smaller than 2-inch shall be plastic. Pipe for
aleeving shall be plastic. The minimum cover for laterals and branches shall be
12 inches and 8 inches for polyethylene, unless otherwise indicated on drawings.
The IIl1nimum cover for pressure lines shall be 2.5 feet except under roadways,
parking and paved areas where the minimum cover shall be 3 feet.

Above ground piping shall be salvanized steel.2.1

, 1_ C 601-81
•v$E.~

(
I 2. GENERAL. This section

of water supply, complete.
i

)
I

Disinfecting Water Mains .

covers irrigation piping including connection to source

2.3 Electrical Work shall conform to the applicable requirements of SECTION:
ELECTRICAL DISTRIBUTION SYSTEM, UNDERGROUND.

3. EXCAVATION.

3.1 General. 'All excavation of every description and of whatever substances
encountered shall be performed to the depths indicated or as otherwise
specified. During excavation, material suitable for baokfilling shall be piled in
an orderly manner a sufficient distance from the banks of the trench to avoid
overloading and to prevent slides or cave-ins. All excavated materials not
required or suitable for backfill shall be removed and wasted as indicated or as
directed. Grading shall be done as may be necessary to prevent surface water from
flowing into trenches or other exavations, and any water accumulating therein
shall be removed by pumping or by other approved methods. Sheeting and shoring
aball be done as may be necessary for the protection of tbe work and for the
satety of personnel. Earth excavation shall comprise all materials not classified
as rock excavation. Rock exeawa'bi,Of1 shaH. _.mprj'8 tbe following: boy} dera
••asue' as 113 cubic ped or moce :i a ¥oJ !JIle; rock mat_pial i" iedsea, _eddett'
deposi h, nnstelUf~ m....., and omi1m.nata....po.l'. e0'"'f1N1T"<"'..enbed'... .eto
possess the charactec' sti Os Qf .011-' rock that cannot Ite p"mov.CS wi thQut,

';.~..aUe --.i1l1RS &ad ._;);u""S,· and UWiCi ek ep m••OD,., atnlctu.r.ea .••eept
..i e&ew,1 1<3 enet paY1 PI- '

3.2 Trench Excavation. Trenches shall be of the necessary width tor proper
laying of pipe. The banks of pipe trencbes' shall be as nearly vertical as
practicable. Care shall be taken not to overexcavate. The bottom of the trenches
shall be accurately graded to provide uniform bearing and support for each section
of the pipe on undisturbed soil at every point along entire length, except for the
portions of the pipe sections where it is necessary to excavate for bell holes and
tor the proper sealing of pipe joints, and as hereinafter specified. Stones shall

z:r -2-
"" "-" -" -- "---~

Pipe Bansers aDd aapporta-S81eotion aDd
" "- -" --"-"--,"11-- _·__T"·~A1L>·H""-I-'-~"'fD_" ...--~"- ---- "".SP-69

""-T--"--"""- I"

Sf-58

1.6 Manutaoturer. StaDdardiAUon Society ot tbe 'al.e aDd PitUnss Indu.tl'J' Inc. (MSS) Standards.

Pipe Hanser. and SUpport.-Materials.
Design and Manutaoture (1975)
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be removed as necessary to avoid point bearing. Whet e rbc~ IxcavatIon, as "ef1ned
hareiftbafoz a, is I &quiz ed-in tz enches tOl pipe, _ha lodt sha:tl be e!Cel!tw8~ad to.-.e.
m1ftlmum Ovel depth of '5 inches below the ti euch depths 1:M-i."~t '8peeifnd--or-as
detined hal e:i:nbetC'Ie:e. Except as hereinafter specified for wet or otherwise
unstable material, overdepth excavation shall be baokfilled as and with materials
specified for backfilling the lower portion of trenohes. Whenever wet or
otherwise unstable material that is incapable of properly supporting the pipe is
enoountered in the botten of the trench, and overdepth is not indicated on the
drawings, such material shall be overexcavated toa depth to allow !"r
construction of a stable pipe bedding. The trench shall be baokfilled to the
proper grade with approved materials •

~. BACKFILLING. The trenches shall not be backfilled until all required pressure
testa are performed and until the irrigation systems as installed conform to the
requirements specified. Except as otherwise speoirted for special conditions,
trenches shall be backfilled to the ground surface with selected material that 15
suitable for the specified compaction and as hereinafter specified. Trenches
improperly backfilled shall' be reopened to the depth reqUired for proper
compaction, then refilled and compacted as specified, or the condition shall be
otherwise corrected as approved. TRe .aulas .f "'susiL, ot the a'-jaee..' eeil"
VbeR 'he .li~nt-·~«'IIIat1'tm1s·-roCiK·anal1."4r"~el'jh.tettas"~'deiisit, "1.n
1OOepdaaoe.......ftt:h-Mn.-sT~r;-MitllOd-=1-eej QB 55. The surfaoe shall be restored to
its original condition as near as practicable and as hereinafter specified•

5. MATERIALS .shall conform to the respective specifioations and ~ther

requirements specified below.

5.1 J?ipe.

5.1.1 Galvanized Steel Pipe shall conform to 15TMA 120, standard weight •

5.1.2 Plastic Pipe shall conform to ASTM D 1785. sohedule ~O for pipe -with
solvent welded joints and schedule 80 for pipe with threaded joints, or to ASTM
D 22~1, Type 1, grade 1, 315 psi for pressure lines and 200 psi_for other lines
for pipe with solvent welded joints. Pipe and fittings shall bear the seal of
approval (nsf mark) of the National Sanitation Foundation's standard for plastic
pipe and fittings for potable water servioe.

5.1.3 Polyethylene pipe shall be 100 percent polyethylene as follows:

Van 'Ib1ct1al1ua .050- to .062­

Mel tiiig point- .065 grams per 10 ainutes
Plastic Recovery- 30S
Tensile strength at break- 1665 pounds per square inch
Elpngation-· 65S
Brittleness at 760C- zero failures from 10 samples
Stress crack in 100S 1gepol solution- zero failures from 10 samples

5.1.~ Polyethylene pipe (dripline) shall have a maximum length of 500 feet if the
line returns to the PVC lateral, or a maximum length of 300 feet if the line dead
ends. Maximum now (gpm) shall not exoeed thellanufaoturer'a reoommendat1oD! tor
pipe size indicated•



5.2 Joints.

5.2.1 Plaetic Pipe Joint:s :shall be solvent welded or threaded. Solvent for
welded joints shall conform to A8TH D 2564. Use of pipe dope or solvents on
threaded joints will not be permitted. Polyethylene shall have compression
joints.

5.3 Fittings and Specials.

5.3.1 For Galvanized Steel Pipe. Steel fittings shall be galvanized. Threaded
fittings shall conform to ANSI B 16.3.

5.3.2 For Plastic Pipe. Fittings shall conform to 18TM D 2464 or D 2466.

5.4 Gate Valves shall be designed for a working pressure of not less than
'50 psi. Valve connections shall be as required for the piping in which they are
installed. Valves shall have a clear waterway equal to the full nominal diameter
of the valve, and shall be opened by turning counterclockwise. The operating nut
or wheel sball have an arrow, cast in the metal, indicating the direction of the
opening. Valves smaller than 3 inches shall be all bronze ·and shall conform to
Fed. Spec. W-V-54, type I.

S.5Backf'low Prevention Units.

5.5.1 General. Backflow prevention units of the types indicated shall be
installed at the locations shown on the drawings. Where union connections are not
provided as part of the unit, the Contractor shall provide and install a union or
sleeve type coupling between the control valve and the inlet side of the unit.
Pipe and fittings for backflow prevention units shall be galvanized steel.

5.5.2 Reduced Pressure Backflow Prevention Unit. The reduced pressure backflow
prevention unit shall be a factory assembled unit consisting of two independently
acting spring-loaded check valves with a differential pressure relief valve
controlled-reduced-pressure zone in between and shall be complete with test cocks
and drain. The first check valve shall reduce the supply pressure a predetermined
amount so that during normal flow and the cessation of normal flow the pressure
between the checks is less than the 8upply pressure. The pressure differential
relief valve shall automatically discharge tf atmOSPhere. to maintain the pressure
in the reduced pressure zone below the suPPly pressure. All parts shall be
NIIoveable or replaceable without removal of ·the unit from the line. The unit
shall be suitable for a working pressure of 125 pounds per square inch and shall
be the product of a manufacturer regularly engaged 'In the production of backflow
prevention units of the reduced pressure type.

,

t

5.6 Bm1tters.. BIlitters aball be independent pressure OOIlpensatlng plastic ln­
lloe emitters. capable of providlna "2 d .. 'tSl.....se.....)i:~.,,"~l_·1*'
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5.7 Remote Control Valves and Valve Accessories.

5.7.1 The remote control valves shall be an electrically actuated single-chamber
hydraulic valve. Ifbe;.>e F so ""apl'llligHI 1s &it 1nbe8Nl.:: pa!"-t--of-the.'l.~1MLt.b. The
valve shall have no moving parts except the diaphrap and the spring. The valve
shall have a removable obamber cover for easy inl1ne.maintenance. It"':. V'-"l-\I·:....1.(J">"t
~. ~ ~~T'C- ;, .

Mat8Pi;:De:-._~ - ..ca18t-~~rD'~~~~..;4w.

dJd!\l'aem-- 2"~--~'~.s . he
. c Dino . a o.~·-·"''''''''.rdr-'",Ull6l\!:)ll'~''~fP•

.,=1ug nl' s eel SE 302.

The valve pressure rating shall be no less than 150 PSI.

The solenoid actuator shall be 24 volt A.C. 50/60 HZ, 3-way type w1th manual over­
ride and 150 PSI pressure rating. or' £j ce size ,hall ~e -M-l.....-.tMn-O.-o63".
Ior.ill!lb and~l~i~urrent-shallbe -ftG-iIeI'e·.,-t,Mn-650mA·-:-amt~·JiA-respectivelT.--.
~d -'8t)tua"tor·ahall---be --Il· universal-.-.typ., .,ebh-of-tunot.1mlng ·-ea···
nor:mally open ...(.H-.-()".1-·or'normil1.y closed ..(N.C. l.

5.1.2 Quiok Coupling Valves shall be two pieoe, spring-loaded, ~ompression type,
normally olosed, opening against line pressure, and actuated by downward thrust
against the valve. Body shall be of cast red bronze. Machined parts shall be
fabricated from red brass. Valve washers and sealerator key stems ahall be ot a
semi-rigid, non-metallic, material and shall be easily replaceable. Inlets shall
be tapped for National Standard pipe thread of the pipe riser size or sizes shown
on the drawings. Valves shall be suitable for a maximum operating pressure of
150 psi and shall be the standard product of a reputable manufaoturer of quick
coupling valves for lawn sprinkling systems. The Contractor shall furnish coupler
keys for operating the valves with hose swivels. Rubber sleeves shall be the
standard product of the manufacturer of quick coupling valves and when required
they shall replace hinged cover as regularly furnished. Each sleeve shall have a ­
oover.

5.8 Unions shall conform to the requirements of Fed. Spec. W-U-531, Type B.

5.9 Autaaatic Controllers. Controllers shall be the produot of a manufacturer
regularly engaged in the production of turf sprinkler systems and shall be
specifically designed for use on a drip· system. Controllers shall be suitable tor
operation on the available electrioal supply and ahall be capable of complete
automatic and .•anual operation. Control circuit voltage sballbe less than 30
volUs. Each controller shall have a IlUter swltoh to disconnect controller from
supply lines.

5.9.1 Sousing. Where more than one controller is installed in an irrigation
system a single key shall open all cabinets. Two keys tor each system shall be
turnished•

5.9.2 The irrigation system automatic contrOllers (field satellite) shall be
Motorola MIR 5000F, minimllD station capacity as indicated on the project plans,
mounted in .etal enclosures as speoified, detailed and looated on the projeot
plans.

5.9.3 Charts. A ohart, encased in plastic, showing olearly the areas servioed by
each remote control valve shall be provided at each oontroller.



5.9.4 Eleotrical Work shall oonform to the requirements of SECTION: ELECTRICAL
DISTRIBUTION SYSTEM, UNDERGROUND. Eleotrioal wiring from controller to oontrol
valve.~ shall be solid, single oonduot.or,oopper wire, type UF, size reoommended by
the controller manufacturer except that minimum wire size shall be No. 14. Common
wire shall be different color from all others and be minimUIII wire size of No. 12.
Regardless of the nUlllber of looation of valves oonneoted to a single oontroller
station, separate oontrol wires shall be run from the controller station to each
valve. Wiring from oontrollers to panel shall be installed in rigid oonduit.

5.10 Gravel shall be crushed or natural materials washed and uniformly graded
between 3/8 and one-inch size.

5.11 Pipe Bedding and Backf~ll Materials. Sand bedding material not less than
2 inches thick shall be placed under pipe where trenoh exeavation is in rook.
Where sand bedding is not required, the bottom of trenohes shall be aoourately
graded to provide uniform bearing and support for each seotion of pipe on
undisturbed soil at every point along its entire length. Backfill material shall
be suitable for the required compaotion and free from stones larger than one-inoh
in any dimens+on.,. Y"l~~,,,,,,,,,~

N~tJL.i~ tr~~f'€- ,~~ V"'~
~ \ .r.

5.12 2tle ,paeau,.e re8UJya~er shall be multiple spring-loaded piston type, and
shall maintain constant downstream pressure regardless of upstr~ fluctuations.
Output pressure shall be determined by the type of springs .that are being
utilized. The different springs, tor different output pressures, shall be color
oocled and tield interchangeable. The pressure regulator shall be installed above
around and shall have a built-in indioator to show proper functioning, and
removable caps tor easy inline maintenance.

Materials Housing - Brass.
caps - Chemical resistant plastic.
Pistons - Chemioal resistant plastic.
Guides - Chemical resistant plastic.
Seals - Teflon.
Springs - Stainless steel.

The pressure regulator's pressure rating shall be no less than 150 PSI.

The pressure regulator shall, have a device enabling the user to neutralize the
regulator (for flushing purposes) without disassembling the unit ••. , .

5.13 Plastic Dpk Filter shall be designed to permit cleaning without removal
trcm'the water supply line. The filter head is made of plastio or metal, while
the parts subjected to high pressures are _de of reinforced plastio. The
tiltering element1s made of grooved plastic rings which are aligned to torm a
C~l~ndrical body. The recommended working pressure shall be up to 10 atmospheres.

5.>14 Enclosure bOx shall. be a REMA 4, 12 Sauge steel, all welded enolosure
36"(11) x 18"(D) x 48"(H) in beight, having atull-psketed hinged door, 3-point
dead bolt latch mechanism, padlockable handle, and integral mounting raoks
compatible with specified contrOller, power supply and ancillary eqUipment. The
preferred box is manufaotured by Cross Brothers, Ino. and is known as a La Max
Enclosure, specifically the "Arizona Box" which has additional louvers.

2.L
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5.15 The fertilizer injector shall be venturi-type injector with no moving parts,
to be used inline or in parallel to a pressure differential source. The injector
shall come with a 3/4 inch HIPT inlet and outlet, and shall have a built-in union
joint for portability and easy maintenance. The injector shall be equipped with
an inline strainer to protect the converging nozzle and a bull t-in vacuum
indicator. The suction port of the injector shall consist of a suction flow
control valve, a non return valve and a suction hose with a st"C'.':ner at the
fertilizer intake.

body
nozzle
nozzle strainer
nozzle seal
flow control valve

·non-return Yalve

Materials

6.1 General. Unless otherwise specified, installation of emitters, backflow
prevention units, control valves, meters and 'boxes shall conform to the standard
details shown on drawing.

6.2 Handling. Pipe and accessories shall be handled so as to insure delivery to
the trench in sound, undamaged condition. 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
at no additional cost to the Government.

Fiberglass reinforced .plastic.
- Chemical resistant plastic.
- Chemical resistant plastic.
- Viton
- Polypropylene body with Viton sea:.;
- Chemical resistant plastic with Viton seals

and stainless steel spring.
t'ert. 1ntake strainer - Stainless Iteel.

S.I<P To S.i e :5eL. J 'P~e. ZI4
6. INSTALLATION. ~
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6.3 Cutting of pipe shall be done in a neat and workmanlike manner without damage
to the pipe. Unless otherwise recoDIDended by the manutacturerand authorized by
the Contracting Officer, cutting shall be done with an approved type mechanical
cutter. Wheel cutters shall be used when practicable.

6.3.1 Plastic Pipe shall be cut square and all burrs, particles aDd curls shall
be removed.

e,

•

6.4 Placing aDd Laying. Pipe and accessories shall be carefully lowered in to.
the trench. Under no circumstances shall aDy of the materials be dropped or
dumped into tbe trench. The full length of uch section of pipe shall rest
solidly upon the pipe bed, with recesses excavated to accoDllloc1ate joints. Pipe
that has the grade or joint disturbed after laying shall be taken up aDd relaid.
Pipe shall not be laid in water or' When trench conditions are'unsuitable tor the
wOrk. Water shall be kept out of the trench until jointing is completed. When
work is not in progress, open ends of pipe, fitting, and valves shall be securely
closed so that DO trench vater, urth, or other subs~ce will enter the pipes of
fittings.

6.4.1 Plastic Pipe shall be installed in accordance with the procedures
recommended in ASTH D 2774 and as herein specified•

•



6.4.2 Tracer wire or tracer tape shall follow the main line pipe lines and
terminate in the yard box with the gate valve that controls these main irrigatio~
lines. Provide enough length of wire or tape;:o make a loop and attach a plastic
label with the designation "Tracer Wire."

6.5 Jointing.

6.5.1 Galvanized Steel Pipe. Threaded joints shall be made tight with a stiff
mixture of graphite and oil, inert filler and oil, or with an approved graphite
compound, applied with a brush to the male threads only. Compounds shall not
contain lead.

6.5.2 Insulation Joints shall be installed in accordance with 'recommendations of
the manufacturer.

6.5.3 Connections between different types of pipe and accessories shall be made
with transition fittings approved by the Contracting Officer.

6.6 Pipe Sleeves shall be installed with a minimum of off-set at the joints to
permit easy installation and removal of the irrigation lines. All plastic lines
shall be installed in sleeves under paved areas. Sleeves shall extend at least
12 inches beyond the edges of the pavement. Sizes of sleeves shall be as follows:

Pipe Size
(inches)

1/2
3/4
1,1-1/4 and 1-1/2
2 and 2-1/2
3 and 4

Minimum Sleeve Size
(inches)

2
2-1/2
3
4
6

6.7 Setting of Valves, ·and Boxes. Valves and valve boxes shall be installed
where shown or directed, and. shall be set plumb. Valve boxes shall be centered on
the valves. Valves shall be located outside the area of roads and streets.
Earthfill shall be carefully tamped around each valve or meter box to a distance
of 4 feet on all sides of the box, or to the undisturbed trench face if less than
4 feet. Valves shall have the interiors cleaned of all foreign matter before
installation. Stuffing boxes shall be tightened and th6 valve shall be inspected
in open and closed positions to insure that all parts are in working condition.

6.8 Reaction Backing.

6.8.1 Thrust blocks shall be concrete mixed not leaner than one cement: 2-1/2
sand: 5 gravel.. Blocks shall be placed between solid ground and the fitting to
be anchored. The area of bearing shali be as indicated or as approved.

6.9 Remote Control Valves.

6.9.1 Install remote control valves in locations as shown on the drawings.
Install a union on downstream side of all valves not provided with a union type
connection. Fit with concrete valve box and cover. Top of valve box shall be
1/2-inch above finish grade.

U
1ft-8
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5.16 Pipe straps sball confoN to tbl applicable requiNlleuta of MSS SP 58 and SP 69.

5.17 Drip System Accessories.

5.17.' Fillers shall be plastic "y" type 150 mesh or finer, with flush valve, at the sizes indicated on
the dravines.

5.17.2 Regulators shall be plastio with an opening pressure between 10 to 80 psi and with an outlet
pressure between '5 to 30 psi, as indicated on the drawings.

5.17.3 Self flushing end caps vith concrete or plastic boxes vith 10ck1ng lids, shall be prov1ded at
dead ends of all lateral 11nes and drip tub1ng runs.

5.17.4 Holder stakes for p1pe (tub1ng) are to be salvanized steel at least 14-1/2 inches 1n length (7
incbes vhan bent double as a staple).

5.17.5 All drip system accessor1es 1nclud1ng p1pe (tub1ng) and emitters, sball be the product of a
8&Dufacturer resularly and cont1nually engaged 1n 8&Dufactur1ng of dr1p irrigation products for at least
tile pest 5 years, as approved by the Contracting Off1cer. Polyetbelene tubing and emitters shall be

8&Dufactured for underground 1nstallation.

5.18 Val". Boxes (Val". and Drip System Components). All boxes shall be concrete or plastic and shall
be 1nstalled only 1n location; not SUbjected to vehicular traffic. Boxes shall be the standard product
of the manufacturer of valve box equipment and shall have lockal:.le ...tal covers. The boxes shall be of
sufficient dimensions to allow easy ..intenance and replacement of components. The boxes shall be of
"-lCh length as will be adapted, without full extens10n, to the depth of cover required over the pipe at
'A1ve location.

ZL-1
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6.10 Remote Control Wiring. Connections of wiring, other than in the controller
housing, shall be made with epoxy encapsulated connectors. Where more than one
wire is placed in a trench, the wiring shall be taped together at maximum
intervals of 10 feet.

6.11 Automatic Sprinkler Controller. Controller shall be mounted on oonorete
with expansion shield type anchors or embedded anohor bolts. Connect electrical
panel as shown on the drawings. Connection to control wiring shall be made within
the pedestal or head of the oontroller. Eleotrical wiring shall be in a rigid
conduit from oontrollers to panel provided under SECTION: ELECTRICAL DISTRIBUTION
SYSTEM, UNDERGROUND. The work under this section shall include all wiring to the
panels or elsewhere as required, in order to complete the installation of the
oontrol system.

7. TESTS.

7.1 After completion of the piping system and prior to backfilling and the
installation of the sprinkler heads, the entire system shall be tested for leaks
and thoroughly flushed under pressure to remove any dirt, scale or other
material. Lines shall be tested at 100 psi fora minimum of one hour duration.
Craoked or defeotive pipe, fittings, or acoessories disclosed in the pressure
tests shall be replaced by the Contractor with sound material at no additional
cost to the Government, and the test shall be repeated until results are
satisfaotory to the Contracting Offioer•

7.1.1 No line shall be oovered until inspeotion and approval has been given by
the Contracting Officer.

7.1.2 Testing of plastic pipe shall not be done until all joints have had at
least 24 hours to set and cure. During cold weather, 48 hours elapsed time shall
be allowed for setting prior to testing. No water under pressure shall come in
contact with any joint during the specified ouring period. In hot weather, water
shall not be permitted to stand in pipes until after baokfilling is completed.
Water used in testing shall be drained from pipes after completion of testing. .

7.2 Coverage Test. When the irrigation system is completed the entire system
shall be adjusted and operated to demonstrate th~ water coverage is oomplete and
adequate and that the system oonforms to the requirements of the plans and
speoifioations. All deficiencies and inadequacies resulting from defeotive or
inadequate materials and/or workmanship shall be oorrected at no additional oost
to the Government. In the event any modifioations to the system or deviation from
the approved plans and speoifications are direoted, an adjustment in contract
prioe will be aade•

8. DISINFECTION. The completed line from the baokflow prevention un!t to the
connection to the existing waterline shall be disinfected "as presoribed by
AWA C 601 •

9. TOOLS. Three sets of special wrenohs tor removal and/or installation or
sprinkler heads shall be provided at looations designated by the Contraoting
Offioer.

10. CLEANUP. Upon oompletion of the installation of the irrigation system and
appurtenances, all debris and surplus materials resulting from the work shall be
removed.

ZJ:-lb



11. VARIATION IN ARRANGEMENT OF SPRINKLERS from those shown on drawings will be
permitted~ The Contractor shall submit a shop drawing for approval in accordance
with the ·SPECIAL CLAUSES. If any conflicts occur necessitating departures from
the oontraot drawings, details of departures, hydraulic calculation and reasons
sbal~ be submitted as soon as practicable for written approval of the Contracting
Officer. Hydraulic calculations shall include application rate per hour, maximum
triangular spacing of heads for design flow rate and pressure, overlap including
wind loss allowance and friction loss through pipe fittings, valves and
accessories.

12. GUARANTEE. The follOliing equipment to be furnished mder this specification
shall be guaranteed for a period of one year from the date of,acceptance thereof,
either for beneficial use or final acceptance, whichever is earlier, against
defective materials, design, and workmanship:

BaokflOli prevention units
Quick coupling valves and keys_to.- aet •
Control valves
Automatic controller ) A~P ~a~""6D J:: Q)tf>M~T
Emitters
Filters
Pressure regulator~

~reti\..\~\p.1~ec.1b12MO 6~~K.~~ Pum,p
13. SUBMITTALS. Manufacturer's literature on the following materials shall be
submitted for approval:

BackflOli prevention mits
Quick coupling valves and keys
Control valves
Automatic controller and enclosure
Pressure regulator~

Filters
Fertilizer injector and Berkely Pump

111. COIIECTIOII TO IXISTIlIG VATER LIlES.

1 II 1 Tbe Contractor shall uke all necessary arrangelHnts as apecified in SBCTION: ~~ER~
~UIRBMDTS. Vat.er aeters and taps to the City of Pboenix (COP) vater a1r:.l~ 1Datal~
pro.,ideCS/iDatalled bJ- the oity. Coata &ball be paiel bJ Ule CoDtractor•. !be CoDtnctor
..tal _lilt .. par COP apecification.. POe: Mr. Je"'7 Arakaki, COP•

. .
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SECTION tt

CONCRETE SIDEWALKS) Mit' CURBS)Mffl GUTTERS AtJD OY-4VL >'1',.,'.( tJJj\.At.}' ~<.

Index

1. APPLICABLE PUBLICATIONS. The publications listed below form a part of this
specification to the extent referenced. The publicatic!'lS are referred to in the
text by the basie designation only •

••
•

•

1. Applicable publications
2. Field Control Tests
3. Materials
~. Concrete Strength and Usage
5. Forms

6. Subgrade Preparation
"7. Form Setting
8. Concrete Placement arid Finishing
9. Curiri:: and Protection

10. Se~ling ~oints

•1.1 Federal Specification (Fed. Spec.).

Burlap Cloth Made From Jute or lenafM 182-60
(R 1974)

SS-S-1~01C
Sealing, Joint, Hon-Jet-Fuel­

Resistant, Hot Applied, for Portland
Cement and Asphalt Pavements

1.2 American Association of State Highway and Transportation Officials (AASBTO)
Publication.

•

•
1.3 American Society for Testing and Materials (15TM) Standards.

•

•

C 94-84

C 171-69
(R 1980)

C 173-78

C 231-82

Ready-Mixed Concrete

Sheet Materials for Curing Concrete

Air Content of Freshly Mixed Concrete
b.Y the Volumetric Method

Air Content of Freshly Mixed Concrete
by the Pressure Method .

• ..

•

C 309-81

D 1751-83

D 1752-84

Liquid Membrane-Forming Compounds for
Curing Concrete

Preformed Expansion Joint Fillers for
Concrete Paving and Structural
Construction (Honextruding and
Resilient Bituminous Types)

Preformed Sponge Rubber and Cork
Expansion Joint Fillers for Concrete
Paving and Struotural Construction

• z.:r
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D 1850-74
(R 1979)

Concrete Joint Sealer, Cold­
Application Type

2. FIELD-CONTROL TESTS. Preparation of f1eld-.control samples and testing of
samples shall be by the Contractor at no additional cost to the Government. The
taking of samples, the making of test speoimens, and the testing thereof shall be
performed under the supervision of the Contracting Officer.

3. MATERIALS. Materials shall conform to the respective publications and other
requirements specified herein.

3.1 Concrete Curing Materials.

3.1.1 Burlap. AASHTO M 182 having a weight of 1~ ounces or more per square yard
when dry.

3.1.2 Impervious Sheeting. ASTH C 171.

3.1.3 Liquid Membrane Curing Compound. ASTH C 309 Type 1D. Compound shall be
free of paraffin or petroleum.

3.2 Concrete Protection Materials. Linseed oil mixture shall be equal parts, by
volume, of linseed oil and either mineral spirits, naphtha, or turpentine. At the
option of the Contraotor, commercially prepared linseed 011 mixtures formulated
specifically for application to ooncrete to prOVide protection against the action
of deicing ohemicals may be used except that emulsified mixtures are not
acceptable.

3.3 Joint Materials.

3.3.1 Expansion Joint Fillers. ASTM D 1751 or ASTM D 1752 or shall be resin
impregnated fiberboard oonforming to the physical requirements of ASTH D 1752.

3.3.2 Joint Sealers. ASTM D 1850 or Fed. Spec. SS-S-1401.

II. CONCRETE STRENGTH AND USAGE.

!I.1 Sidewalk Concrete. Conorete and materials therefore shall conform to the
applicable requirements of SECTION: CONCRETE and ASTM C 94, Al ternative No. 2
exoept as specified below. Concrete shall have a minimum compressive strength of
2,500 psi. The maximum size of aggregate shall be one inch. Concrete shall have
a alump of not more than 3 inohes. The concrete mixtures shall have air content
by volume of concrete of 5 to 7 percent, based on measurements made immediately
as the concrete 1s placed in the forms, except in those situations in which
concrete is placed by use of pumps. Where conorete is plaoed pumps, air content
measurements will be taken in the forms after pumping. Air content shall be
determined in. accordance with ASTH C 173 or 1STH C 231. 15TH C 231 shall be used
with concretes and mortars made with relatively dense natural aggregates.

hJO ~,,~ ~C€...

4.2 Curb,.....w. Guttelj'V Concrete. Concrete and the equipment, workmanship and
materials therefor shall conform to the applicable reqUirements of SECTION:
CONCRETE and 1STM C 94, except as specified below. Concrete shall have a minimum
compressive strength of 3,000 psi. The maximum size of aggregate shall be 1-1/2
inc~es. Concrete shall have a slump of not more than 3 inches. The concrete

zr
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41 mixtures shall have air content by volume of concrete of 5 to 7 percent, based on
measurements made immediately as the concrete is placed in the forms, except In
those situations in which concrete 115 placed by use of pumps. Where concrete is
placed pumps, air content measurements will be taken in the forms after pumping.

11.3 Color. An integral color admixture shall be added to the concrete. TheI. · colors shall conform to the requirements of the SECTION: CONCRETE. Exceptions
are as indicated on the drawings.

5. 'OHMS•

•

41

•

•

•

41·
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•

•

• 5.1 Sidewalk. Sidewalk forms shall be of wood or steel, straight of sufficient
strength to resist springing during depositing and consolidating concrete, and of
a height equal to the full depth of the finished sidewalk. Wood forms shall be
surfaced plank, 2-1nch nominal thickness, straight and free from warp, twist,
loose knots, split! or other defects. Wood forms shall have a nominal length of
10 feet, with a minimum of three stakes per form, at maximum spacing of 11 teet.
Corners, deep sections, and radius bends shall have additional stakes and braces,
as required. Radius bends may be formed with 3/11-inch boards, laminated to the
required thickness. Steel forms shall be channel-formed sections with a flattop
surface and with welded braces at each end and at not less than two intermediate
points. Form ends shall be interlocked and self-aligning. Forms shall include
fiexib1e forms for radius forming, corner forms, form spreaders, and fillers.
'ormssball have a nominal length of 10 feet, with a minimum of two welded ~take

pockets per form. Stake pins shall be solid steel rods with chamfered heads and
pointed tips, designed for use with steel forms.

}tiJc D<-\~~ €~E:-_
5.2 Curb...aM GutterJ ' Curb and gutter forms sball be of wood or steel, straight,
and of sufficient strength to resist springing during depositing and consolidating
the concrete. The outside forms shall have a height equal to the rull 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. Straight forms
of wood shall be surfaced plank, 2-inch nominal thickness, straight and free from
warp, twist, loose knots, splits, or other defects. Wood forms shall have a
nominal length of 10 feet, with a minimum of three stakes per form, at maximum
spacing of 11 feet. Corners, deep sections, and radius bends shall have additional
stakes and braces, as required. Radius bends ..y'be formed with 3/11-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. Form ends shall be interlocked and self-aligning. Forms
shall include flexible forms for radius forming, corner forms, form spreaders, and
fillers. Forms aha11 have a nominal length of 10 feet, with minimum of two welded
stake pockets per form. Stake pins shall be solid steel rods with chamfered heads
and pointed tips, designed for use with steel forms. Rigid forms shall be
provided for curb returns, except that benders of thin plank forms ..y be used for
curb or curb returns with a radius of 10 feet or mo~, 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 foras for curb returns _y be made of
1-1/2 inch benders, tor the full height of the ourb, cleated together •



6. SUBGRADE PREPARATION. ;rhe subgrade shall be constructed to grade and cross
section.

6.1 Sidewalk Subgrade. ·The subgrade shall be thoroughly wetted and then
compaoted with two passes of a 500-pound roller. Yielding material deflecting
more than 1/2 inch under the speoified roller shall be removed to a depth of not
less than 4 inches below subgrade elevation and replaced with an approved granular
material. The IDaterial shall then be compacted as described above. The completed
subgrade shall be tested tor grade and cross section with a template extending the
full width of the sidewalk and supported between side torms.

A;Wo Z;CIV~ fA'J~\tJCC-

6.2 CU~b/.aM Gutter/Subgrade. The subgrade shall be of -materials equal in
bearing quality to the subgrade under the adjacent pavement and shall be placed
and compacted to conform with applicable requirements of SECTION: FILLS AND
SUBGRADE PREPARATION. The subgrade shall be tested for grade and cross section by
means of a template extending the full width of the curb and gutter. .

6.3 Maintenance of Subgrade. The subgrade shall be maintained in a smooth,
compaoted 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 so as to produce
asubgrade tree from frost when the concrete is deposited.

7. FORM SETTING.

7.1 Sidewalk. Forms tor sidewalks shall be set with the upper edge true to line
and grade and shall be held rigidly in place by stakes placed at intervals not to
exceed 4 teet. After torms are set, grade and al1nement shall be checked with a
10-foot straightedge. Forms shall conform to line and grade with an allowable
tolerance of 1/8 inch in any 10-foot long section. Forms shall have a transverse
slope of 1/4 inch per foot with the low side adjacent to the roadway. Forms shall
be coated with torm oil each time before concrete is placed. Wood forms may,
instead, be thoroughly wetted with water betore concrete is placed, except that
with probable freezing temperatures, oiling is mandatory. Side torms shall not be
removed for less than 12 hours after finishing has been completed.

7.2 Curbs. Forms tor curbs shall be carefully set to alinement and grade and to
contorm to the dimensions of the curb. Forms shall be held rigidly in place by
the use of stakes placed at .intervals not to exceed 4 feet. Clamps, spreaders,
and braces shall be used where required to insure rigidity in the torms. The
forms on 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 tinished as specified for
co~c~ete finishing. Gutter forms shall not be removed while the concrete is
suttic1entlyplastlc to slump in any direction. Forms shall be cleaned and coated
,with torm oil each time before concrete is placed. Wood torms may, instead, be
thoroughly wetted with water before concrete is placed, except that with probable
freeZing temperatures, oiling 1s .andatory.

•



•

•

•

•

•

•

8. CONCRETE PLACEMENT AND FINISHING.

8. 1 Sidewalk Concrete. Concrete shall be placed in the forms in one layer of
such thickness that vhen compacted and finished the s~~ewalk viII be of the
thickness indicated. After concrete has been placed 1n the forms, a strike-ofr
gUided by side forms shall be used to bring the surface to proper section to be
compacted. The concrete shall be tamped and consolidated with a SUitable wood or
metal tamping bar, and the surface shall be finished to grade with a wood float.
Finished surface of the walk shall not vary more than 3/16 inch from the testing
edge of a 10 foot-straightedge. Irregularities exceeding the above shall be
satisfactorily corrected, The surface shall be divided into rectangular areas by
lDeans of cont.raction jC'i ;~:. ~ spaced at not more than 5 feet on centers.

8.1.1 Concrete Fin! ~."ing. After straightedging, when most of the water sheen has
disappeared, and jt~':., before the concrete hardens, the surface shall be finished
to a smooth an~; uniforltly fine granular or sandy texture free of waves,
irregularities, 0:- tool .arks.. A scored surface shall be produced by brooming
with a fiber-bristle brush in a direction transverse to that of the traffic.

B.1.1.1 Colored and Textured Finish. Contractor shall submit installation
procedures for colored concrete to the Contracting Officer for approval. Finishes
shall conform to the requirements for Concrete Slab Finishes, and as specified
herein. At locations indicated, on the drawings, the concrete will be colored
with an integral color as decribed in the SECTION: CONCRETE. All sidewalk
surfaces shall be given a rough texture by brooming with a fibre-bristle broom in
a direction transverse to that of the main traffic f~ow. The rough texture finish
shall also be applied to adjacent surfaQes a sufficient distance in all directions
to prOVide adequate texture for traction in turning areas.

•
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8.1.2 . Edge and Joint Finishing. All slab edges, including those at formed
joints, shall be finished carefully with an edger having a radius of 1/8 inch.
Transverse joints shall be edged before brooming, and the brooming shall eliminate
the flat surface left by the surface face of the edger. Corner 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.

8.1.3 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 liB-inch blade to the depth indi'cated.The time of sawing shall
be varied, depending on existing and anticipated weather conditions, and such
sawing shall be at the required rate. An ample supply of saw blades shall be
available on the job before concrete placement is started, and at least one
standby saving unit 1n good working order shall be available at the jobsite at all
times during the sawing operations •

8.1.11 Expansion Joints. 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. Transverse expansion joints shall be tilled with 1I2-inch
joint filler strips. Joint filler shall be placed ·with top edge 114 inch below
the surface and shall be held in place with steel pias 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 tiller shall be removed.
Expansion joints shall be ·formed about structures and features that project



through or into the sidewalk pavement, using joint filler of the type, thickness,
and width indioated. The filler shall be installed in such manner as to foMI:. a
oomplete, uniform separation between the structure and sidewalk pavement. At the
end of the curing period, expansion joints shall be oarefully oleaned and filled
with joint sealer. Conorete at the joint shall be Surface dry, and the
atmospheric and pavement temperatures shall be above 50 degrees F. at the time of
application of joint-sealing materials. Joints shall be filled flush with the
concrete surface in .such Danner as to minimize spilling on the walk surface.
Spilled sealing material shall be removed immediately and the surface of the walk
Cleaned. D~ groove joints shall not be sealed.

8.1.5 Surfaoe Uniform! ty. The completed surface shall be uniform in color and
tree of surface blemishes and tool marks.

AVo pk.-\VE-WAq~
8.2 Curb IIH'tC! Gutter;' Concrete. Concrete shall be placed in layers not to exceed
6 inches. Concrete shall be thoroughly consolidated by tamping and· spading or
with approved mechanical vibrators.

8.2.1 Concrete Finishing. The edges of the gutter and top of the curb shall be
rounded with an edging tool to a radius of 1/2-1nch and the surfaces shall be
floated and finished with a smooth wood float until true to grade and section and
uniform!n texture. Floated surfaces shall then be brushed with a fine-hair brush
with longitudinal strokes. 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 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.
Except at grade ohanges or curves, finished surfaces shall not vary, from the
testing edge of1 O-foot straightedge, more than 1/8 inch for gutter and entrance
and 1/4 inch for top and face of curb. Irregularities exceeding the above shall
be satisfactorily corrected. Visible surfaces and edges of finished curb and
gutter shall be free of blemishes and form and tool markS, and shall be uniform in
color, shape, and appearance.

8.2.2 Joints. Expansion joints and contraction joints shall be constructed at
right angles to the line of curb and gutter.

8.2.2.1 Contraction Joints. Contraction joints shall be constructed by means of
1/S-inch thick separators, of a section conforming to the cross section of the
curb and gutter. Contraction joints shall be constructed directly opposite
contraction joints 1n abutting port1and-cement-concrete pavement. Where curb and
gutter do not abut portland-cement-conerete pavements, contraction joints shall be
80 placed that monolithic sections between curb returns will not be less than
5 feet nor greater than 15 feet in length. Separators shall be removed as soon as
practicable after concrete has set SUfficiently to preserve the width and shape of
-the Joint. separators shall be removed prior to finishing.

8.2.2.2 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 at the end of all returns.
Expansion joints shall be provided in curb and gutter directly opposite expansion
joints of abutting portland-cement-eoncrete pavement and shall be of the same type
and thickness as joints in the pavement. Where curb and gutter do not abut
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portland-cement-concrete pavement, expansion joints at least 1/2-inch in width
shall be provided at intervals not exceeding 25 feet. Expansion joints shall be
provided in non-reinforced concrete gutter at locations indicated.

9. CURING AND PROTECTION.

9.1 Curing. Immediately after the finishing operations, exposed concrete
surfaces shall be cured by one of the following methods as the Contractor lIay
elect.

9.1.1 Mat Method. The entire exposed surface shall be covered with two 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.

9.1.2 Impervious Sheeting Method. The entire exposed surface hall 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 by placing a bank of moist
earth 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.

9.1.3 Membrane-Curing Method. The entire exposed surface shall be covered with a
membrane-forming curing compound. Where type 1 curing compound is used, the
concrete surface shall be shaded from the direct rays of the sun during the curing
period. Curing compound shall be appplied in two coats by hand-operated pressure
sprayers at a coverage of approximately 200 square feet per gallon for 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 fl1m that will not check, crack, or peel and shall
be free from pinholes or other imperfections. Apply an addi tiona1 coat to all
surfaces showing dlscor.tlnuity, pinholes or other defects. Concrete surfaces that
are subjected to heavy rainfall within 3 hours after curing compound has been
applied shall be resprayed by the above method and at the above coverage at no
additional cost to the Government. Expansion-joint openings shall be sealed at
the top by inserting moistened paper or fiber rope or covering with strips of
waterproof paper prior to application of the curing compound, in a manner to­
prevent the curing compound entering the joint. Concrete surfaces to which
membrane-curing compounds have been applied shall be adequately protected· for
7 days trom pedestrian and vehicular traffic and trom any other action that might
disrupt the continuity of the membrane. Any area covered with~uring compound and
damaged by subsequent construction operations within the T-day curing period shall
be resprayed as specified above at no additional expense to the Government.

9.2 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 •

z.:r
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9.3 Protection. Completed concrete shall be protected from damage until
accepted • The Contractor shall repair damaged concrete and clean concrete
discolored duri-ng 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.

10. SEALING JOINTS. The approximately horizontal sections of expansion joints
and the top 1-inoh depth of oontraction-joint openings of gutter shall be sealed
With joint sealer. The joint opening shall be thoroughly cleaned before the
sealing material is placed. Sealing shall be done so that the mateial will not be
spilled on exposed surfaces of the concrete. Concrete a ·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 materials. Excess material on exposed
surfaces or the concrete shall be removed immediately and expos~d concrete
surfaces oleaned.

• • • • •
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1. Applicable Publications
2. SUbmittals
3. Certification
11. Delivery, Storage, and Handling

of Materials
5. Pipe for Qylftptll and Storm Drains
6. Drainage Structures
7. Materials for Drainage Structures
8. Joints

9. Excavation and Trenching for
CIl}",._., Storm Drains, and
Drainage Structures

10. Materials tor Bedding and
Backfilling

11 • Bedding·
12. Placing Pipe
12. Backflling

•

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

1.1 Federal Specification (Fed. Specs.).

1.3 American Association of State Highway and Transportation Officials (AASHTO)
Publications.

Standard Specifications for Highway Bridges (1983) & Interim
Specifications (19811)

•

•

•

••..

•

HH-P-117

SS-S-210A

1.2 Federal Standard (Fed. Std.).

110. 601 and change
Notices 1 thru 7

M33-81

M.170-841

M 198-75
(R 1982)

M 199-841

Packing; Jute I Twisted

Sealing Compound. Preformed for
Expansion Joints and Pipe Joints

Rubber: sampling and Testing

Preformed Expansion Joint Filler
tor Concrete (Bituminous Type)

Reinforced Concrete Culvert. StOrll
Drain. and Sewer Pipe

Joints for Circular Concrete sever
Culvert Pipe Uaina Flexible
Watertight Gaskets

Precast Reinforced Concrete Manhole
sections

1.4 American Rational Standards Institute (ABSI) Publications.

•
A 14.3-7!l

2K
11\-,

American National Standard safety
Requirements for Fixed Ladders



1.5 American Society for Testing and Materials (ASTM) Publications.

A 36-84a

C 76-811a

C 270-82

C Jf43-79

C 478-811

D 1556-82

D 1557-78

D 1751-83

D 1752-84

2. SUBMITTALS.

Structural Steel

Reinforced Concrete Culvert, Storm
Drain, and Sewer Pipe

Mortar for Unit Masonry

Joints tor Circular Concrete Sewer
and Culvert Pipe, Using Rubber
Gaskets

Precast Reinforced Concrete Manhole
Sections

Density of Soil in Place by the Sand­
Cone Method

Moisture-Density Relations of Soils
and Soil Aggregate Mixtures Using
10-lb (Jf.54-kg) Rammer and 18-in.
(457-mm) Drop

Preformed Expansion Joint Fillers
for Concrete Paving and Structural
Construction (Nonextruding and
Resilient Bituminous Types)

Preformed Sponge Rubber and Cork .
Expansion Joint Fillers for
Concrete Paving and Structural
Construction

2.1 Manufacturers Recommendations. Where installation procedures or any part
thereof are required to be in accordance with the recommendations of the
manufacturer of the material being installed,' printed copies of these
Nco-endations shall be furnished to the Contracting Officer prior to
installation. Installation of the item will not be allowed until the
reco..endations are received. Failure to furnish the recommendations can be cause
1'01" rejection of the material. .

3. CERTIFICATIOi. Certified copies of test reports demonstrating comformance to
aj)plcable pipe specifications shall be delivered to the Contracting Officer before
pipe ia installed.

'&. DELIVERY, STORAGE, AND HANDLING OF MATERIALS.

Jf.1 Delivery and Storage. Materials delivered to site shall be inspected for
damage, unloaded, and stored with the minimum of handling. Do not store materials
directly on the ground. Inside of pipes and fittings shall be kept free of dirt
and debris.

ZK
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4.2 Handling. Materials shall be handled in such a manner as to insure delivery
to the trench in sound undamaged condition. Pipe shall be· carried to the trench
not dragged. Gasket materials and plastic materials that are not to be installed
immediately shall not be stored in the direct sunlight.

5. PIPE FOR SIDE DRAINS AND :;~ CI,-:!'1 DRAINS shall be of the sizes indicated and
shall be reinforced concrete pipe conforming to requirements for the following
pertinent types. Reinforced Concrete Pipe. ASTM C 76 or AASHTO M 170, Class as
indicated on the drawings.

•
6. DRAINAGE STRUCTURES.

T~c:ne»{ S'Tl!.lJc\'V~ C~ 6AO\N'5.
6.1 '-.abol.s and Drep Inlet»e. Construction
complete with frames and covers or gratings.

CI<;:f'\N~
shall be ~p'8aet reinforced concrete

•

•

•
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-6.2 WaU•• d IIndwaUe. Qefte~PWeU8ft eMil De as 'tfJdiea"ed,-

6..1 z"Ladders. Ladders shall be steel individual rung ladders in accordance to
ANSI A14.3 or MAG Specs. Rungs shall be galvanized, solid-section rods imbedded
into concrete as indicated on the drawings.

7. MATERIALS FOR DRAINAGE STRUCTURES.

1.1 Concrete. Unless otherwise specified, concrete and reinforced ooncrete .sba1l
conform to the requirements for. 3000 psi concrete under SECTION: Cc.CRETE.
Expansion-joint filler material shall conform toiSTM D 1751, ASTM D1752, or
lASHTO M 33, or shall be resin-impregnated fiberboard conforming to the physical
requirements of ASTH D 1752. Color admixture shall be excluded for this item.

h'D7.2 Mortar. Mortar for pipe joints. connections to other drainage structures,
aB4 ~dQk 8P Iileek eeft8~rlieUen shall conform to ASTH C 270, Type M, except the
maximum placement time shall be 1 hour. Color admixture shall be excluded tor
this item.

7.2.1 The quantity of water in the mixture shall be only that 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 llinutes
after the ingredients are mixed with water.

7.2.2 The inside of the joint sball be wiped clean and finished smooth. In bead
. on the outside sball be protected from air and sun with a proper covering until

satisfactorily cured.

~; AS~
Mortar tor

r t""--e.ring shall consist of one part pg cement and two parts
added to the mortar in titynot .are than 25 percent

e joints be tilled oompletely and shall be
III!t:I:01i!1tr on the inside of the structure • Brick

nch of .c>rtar over the entire outside
r square or rect r structures, brick shall be laid

in stretcber ses with a header oourse ev sixth oourse. For round
rick shall be laid radically with every~h course a stretcher

aoUl~. ~
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~n orced concrete manholes
Joints between precast concrete

1 be smoothed to a

7•~ Preca Concrete Hanhol
SMll conform to ASTM _
risers and t be full-bedded in cement
un urface on both interior and exterior of the

7.,17 Frame and Cover or Gratings. Frame and cover or gratings shall be as shown
on the drawings. .Reinforced concrete ahall conform to the reqUirements of
SECTION: CONCRETE. Gratings ahall be of the type and size as specified or shown
on the drawings and shall be fabricated to accurately fit the supporting member.
Openings shall be provided as shown on the drawings or as required. Steel
gratings shall be plvanized atter fabrication. Gratings shall be fabricated of
steel conforming to 15TH A 36. proor load test., test bars, and certification
shall be provided for any component which must support a structural live load.

8. JOINTS FOR CONCRETE PIPE.

8.1 Cement-Mortar Bell-and-SpilOt Joint. The first pipe shall be bedded to the
established gradeline , with the bell end placed upstream. The interior surface of
the bell shall be carefully cleaned with a wet brush and the lower portion of the
bell filled With mortar to such depth as to bring inner surfaces of abutting pipes
flush and even. The spigot end of -each subsequent pipe shall be cleaned with a
wet brush and uniformly matched into the bell so that sections are closely fitted.
After each section is laid, remainder of the Joint shall be filled with mortar,
and a bead shall be fOJ"'IDed around the outside of the Joint with sufficient
additional .,rtar. Cement mortar ,finish, and protection of joints shall be as
specified in paragraph MATE.RIALS FOR DRAINAGE STRUCTURES. If mortar is not
sufficiently stiff to prevent appreciable slump before setting, the outside of the
joint shall be ~pped or bandaged With cheesecloth to hold mortar in place.

8.2 Cement-Mortar oakum Joint for Bell-and-Spigot Pipe. A closely twisted gasket
shall' be made of jute or oakum in accordance to Fed. Spec. HH-P-117, of the
diameter required to sUpport the spigot end of the pipe at the proper grade and to
Eke the joint concentric. Joint packing shall be in one piece of sufficient
length to pass around the pipe and lap at top. This gasket shall be thoroughly
saturated with neat cement grout. The bell of the pipe shall be thoroughly
cleaned with a wet brush, and 'the 'gasket shall be laid in ·the bell for the lower
third -of the circumference and covered with mortar. The spigot of the pipe shall
be thoroughly cleaned with ·8 ~t brush, inserted in the bell, and carefUlly driven
home.· A small amount or mortar ahall be inserted in the annular space for the
upper two-thirds of the circumference. The gasket then shall be lapped at the top
of 'the pipe and driv«'l home in ·the annular apace with a calking tool. The
NEliDder of the annular space then ahall be filled completely with mortar and
beveled at an anale of approximately 115 degrees with the outside of the bell. If
IIOrtar is not sufficiently stifttoprevent appreoiable slump before setting, the
outside ofthe joint thus ·..de shall be ~rapped with cheese-cloth. Placing of this
type joint shall be "kept at least f1 ve joints behind laying operations. The
-cement Ilortar, finiah, and -protection of joints ahall be as specified in paragraph
MATERIALS PO.R DRAINAGE STRUCTURES.

8.3 Cement-Mortar Diaper Joint tor Bell-and-Spigot Pipe. The pipe shall be
centered so that the annular apace is uniform. The annular space shall be calked
with jute or oakum. Beforeoalking, the inside of the bell and outside of spigot
ahall be cleaned.

ZK.
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8.3.1 D~aper bands shall consist of heavy cloth fabric to hold grout in place at
joints and shall be cut into such lengths that they will extend one-oighth of the
circumference of pipe above the spring line on one side of the pipe and up to the
spring line on the other side of the pipe. Longitudinal edges of fabric bands
shall be rolled and stitched around two pieces of wire. Width of fabriC bands
shall be such that after fabric has been securely stitched around both edges on
wires, the wires vill be uniforaly spaced not less than 8 inches apart. Wires
shall be cut into lengths to pass around pipe with sufficient extra length for
ends to be twisted at top of pipe to hold band securely in place; bands shall be
accurately centered around lower portion of joint.

8.3.2 Grout shall be poured between band and pipe from only the high side of
band, until grout rises to the top of band at the spring line of pipe, or as
nearly so as possible, on the opposite side of pipe, to insure a thorough sealing
of Joint around the portion of pipe covered by the band. Silt, slush, water, or
polluted mortar grout forced up on the lower side shall be carefully forced out by
pouring and remqved.

8.3.3 The remaining unfilled upper portion of the joint shall then be filled with
mortar and a bead formed around outside of this upper portion of joint with
sufficient amount of additional mortar. The diaper shall be left in place.
Placing of this type of joint shall be kept at least five joints behind actual
laying of pipe. No backfilling around joints shall be done until joints have been
fully inspected and approved. The cement mortar, finish, and protection of joints
shall be as specified in paragraph MATERIALS FOR DRAINAGE STRUCTURES.

8.3• .11 The inside of the joint and the annular space shall be cleaned by brooming
or other approved methods. The inside of the joint and the annular space shall
then be dry packed 80 as to supply an unbroken flow line between adjacent pipe
segments.

8• .11 Cement-Mortar Tongue-and-Groove Joint: The first pipe shall be bedded
carefully to the established gradeline with the groove upstream. A shallow
excavation shall be made underneath the pipe at the joint and filled with aortal"
to provide a bed for the· pipe. The groove end of the first pipe shall be
carefully cleaned with a wet brush, and a layer of soft mortar applied to the
lower half of t.he groove. The tongue of the second pipe shall be cleaned
carefully wit.h a wet brushj while in horizontal position, a layer of soft mortar
shall be applied to the upper half of the tongue. The tongue end of the second
pipe tben shall be inserted in the groove end of the first pipe until mortar is
squeezed out on interior and exterior surfaces. SUfficient mortar shall be usedto
fill the joint completely and to form a bead on tbe outside. Tbe cement mortar,
finish, and protection of joints sball be as specified in tbe paragrapb MATERIALS
FOR DRAINAGE STRUCTURES.

8.5 Cement-Mortar Diaper Joint for Tongue-and-Groove Pipe. The joint shall be of
.the type described for Cement-Mortar Tongue-and-Groove Joint, in tbisparagrapb,
except that the shallow excavation directly beneath the joint shall not be filled
with mortar until after a gauze or cheesecloth band dipped in cement mortar bas
been wrapped around the outside of the joint. Tbe cement-mortar bead at the joint
shall be at least l/2-inch thick, and the width of the diaper band shall be at
least 8 incbes. The diaper shall be left in place. Placing of this type of joint
shall be kept at least five joints behind the actual laying of the pipe. No
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backfilling around the joints shall be done until the joints have been fully
inspected and approved. The cement mortar, finish, and protection of joints shall
be as apecif1ed 1n the paragraph MATERIALS FOR DRAINAGE STRUCTURES.

8.6 'Self-eentering Tongue and :Groove Pipe. "Self-centering" tongue and groove
pipe 36 inches or greater in diameter will not require outside grouting except
wbere the pipe is used O!"; curves or angle points. All joints shall be butted
together. The over!at..' .ne tongue and the groove portion of the joint shall not
be less than 50 p.,,"'- the overlap lle8Sured ·from the manufacturer's designed
tull seat positio~ material and layout drawings shall specify the maximum
inside annular e .:oat satisfies this specifications. Non-conforming joi~;:'s

shall require ..;. grouting or Ii eXH.cret.e collar as determined by t -.?

Contracting Off

8.6.1 The ~ .""~ ..'" a."1nular space between pipe sections shall be completely filled
with mortar a~ .nished smooth with the inside pipe surface. All joints shall be
cleaned wit':' " wire brush and wetted before mortaring. Joints shall not be
.aortared be i ore the next two joints in advance are laid. The entire depth of the
finished inside joint shall be filled with mortar in such a manner as to insure c
strong tight joint.

8.6.2 Tongue and groove joints will not be permitted for pipe W'1der 36 inches in
41U1eter.

8.7 Rubber Gasket Joint. Design of joints and physical requirements for rubber­
t,pe gaskets shall conform to ASTM C 443 or AASHTO M 198. Gaskets shall have not
~re than one- factory-fabricated splice, except that two factory-fabricated
splices of the rubber gasket type are permitted if nominal diameter of pipe being
gasketed exceeds 54 inches. Material conforming to Fed. Spec. 55-5-210 is
acceptable as an alternate to ASTH C 443 provided the necessary installation
instructions are furnished. Gaskets or jointing materials shall not swell more
than 100 percent be volume by volume immersed in accordance with Method 6211 of
Pede Std. 601, in immersion medium No.3 for 70 hours at 212 degrees F. Certified
o:>pies of test results shall be delivered to the Contracting Officer before
gaskets or jointing materials are installed. Alternate t,pes of watertight joint
.y be furnished if specifically approved. Gaskets and jointing materials shall
be as recommended by the particular manufacturer in regard to use of lubricants,
oeaents, adhesives, and other special installation reqUirements. Surfaces to
receive lubricants, cements, or adhesives shall be clean and dr1. Gaskets and
jointing .aterials shall be affixed to the pipe not more than 24 hours prior to
tile installation of the pipe, and shall be protected from the SW'1, blOWing dust.
ad other deleterious agents at all times. Gaskets and jointing materials shall
be .inspected before installing the pipe; any loose or improperly affixed gaskets
and jointing materials shall be removed and replaced. The pipe shall be aligned
with the previous11 installed pipe, and the joint pulled together. If, while
.-king the Joint, the gasket or jointing material becomes loose and can be seen
throuah the exterior joint recess when joint is pulled up to within one inch of
Closure, the pipe shall be removed and the joint remade.

ZK
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9. EXCAVATION AND TRENCHING FOR SIDE DRAINS AND STORM DRAINS. Excavation of
trenches side drains, storm drains and appurtenances,-exc~pt tOI the 96 ineh etepa
dr..aiu, the J&!-inch and 12-l:nch we\ep lines at '5th AvenGe, the '!-lneh watel 11ne
a~tn AVEnGe Me the a-inch water Une it ~1st 'Y_RGe, shall be in accordance
the following requirements. EMa'",UQR fer the BEo. ementioned s\ep. ~~ajn 'P~

w.tap lines shell 8_ 1a 'ccordaQO· to ,. dlawingS.'

9.1 Trenching. All excavations shall be made by open cut unless otherwise
specified. The banks of trenches shall be kept as nearly vertical as practicable.
Unless otherwise indicated, the banks of trenches below the level of the top of
the pipe shall be not less than 12 inches wider nor more than 16 inches wider than
the outside diameter of the pipe to be laid therein. and shall be excavated true
to line, so that a clear space not less than 6 inches nor more than 8 inches in
width is provided on each side of the pipe. The maXimum width of' trench specified
app11e=s to the width at any point below the top of' the pipe; the width of the
trench above the top of the pipe Ilay be made as wide as necessary for sheathing
and bracing; and the proper installation of the work. Care shall be taken not to
overexcavate. Where trench widths are exceeded. redesign with a resultant
increase in cost of stronger pipe or special installation procedures shall be
necessary. Cost of this redesign and increased oost ot pipe or installation ahall
be borne by the Contractor without additional cost to the Government. The bottom
of trenches shall be accurately graded to provide unitorm tNtariDg and support for
each section of the pipe at every point along its entire length. except tor
portions of the pipe sections where it is necessary to excavate tor the proper
sealing of pipe joints.

9.2 Removal of Unstable Material. Where wet or otherwise unstable soil incapable
- of properly supporting the pi pe, as determined by the Contracting Officer. is

unexpectedly encountered in bottom of trench. such material shall be removed to
depth required and replaced to the proper grade with selected material. compacted
as provided in paragraph BACKFILLING. When removal of unstable uterial is due to
the fault or neglect of the Contractor in his performance of shoring and sheeting.
water removal, or other specified requirements, resulting aterial shall be
excavated and replaced. Removal of unstable aaterial shall be done at no
additional cost of the Government.

~;~~~11<-J(.'JL£5 ,A4·JO
9.3 Excavation for Drainage Structures. Excavation for ~ catch basins.
.drop inlets SP 8ian_1' .tP...\liiPe8 shall be of surficient size to permit the
placement and removal of forms for the tUll length and width of structure footings
and foundations as indicated on tbedrawings. Removal of unstable material ahall
be specified hereinbefore. When ooncrete or ..onry is to be placed in an
excavated area, special care shall be taken not to disturb the bottom or the
excavation. Excavation to the final grade shall not be ..de until just betore the
ooncrete or ..soory is to be placed.

10. MATERIALS FOR BEDDING AND BACKFILLING.

•

•

~ 10.1 General. Bedding for side drains shall consist of sand fill placed around
~~.. in accordance with paragraph: BACKFILLING. Compacted fill above the

~f\u..~.S~l. placed in accordance with the paragraph: BACKFILLING. Material
for the t-\ . for the siele drain shall be clean sand, tree of trash, organic
materials, e ~s and with 100 percent passing No. II sieve and not lIore than
10 percent passing the No. 100 sieve •
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10.2 Material for compacted fill above the beCilii"g shall not contain any stone

'larger 'than 3/~ inch and may consist of sand, gravelly sands, silty sands and
cl~ey sands. Organic material, trash debris, silt, sandy silt, clay, sandy clay,
broken concrete or pavement and qt~r objectionable material shall not be used.

5~w h"n
11. BEDDING. The bedding surface for the pipe shall provide a firm foundation of
1miform density throughout he entire length of the pipe. Pipe shall be bedded
carefully in a l~er of material accurately shaped and rounded to conform
to the lowest one-fourth of the outside portion of circular pipe for the entire
length of pipe. The layer of Wdd 1QS material shall be at least JI inches 8Jleept
rep the. 96-incn storm drain i the liz-inch and 12-InCh water lineS &tlj5;:h Av:nve,

).be 1~&ch wahr line at 39th AVenGe, and filii BiRon Hh. lille at-jl-t, A'fen';,
wh1 cb shell l!Ie :tn accordance wltn the dpauiRl6. When necessary, the bedding shall
be tamped. Bell holes and depressions for joints shall be only of such length,
depth, and width as required for properly making the particUlar type of-joint.

12. PLACING PIPE. Each pipe shall be carefully examined before being laid, and
defecti ve or damaged pipe shall not be used. Pipelines shall be laid to the
gades andalinement indicated. Proper facilities shall be provided for lowering
sections of pipe into trenches. Under no circumstances shall pipe be laid in
_teri and no pipe shall 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. All pipe in place shall be inspected
before backfilling, and those damaged during placement shall be removed and
replaced at no additional cost to the Government. Laying shall proceed upgrade
with spigot ends of bell-spigot pipe and tongue ends of tongue-and-groove pipe
painting in the direction of flow.

13. BACKFILLING.

13.1 Backfilli After the bedding has been prepared and the
pipe installed, (~ICCe¢--t'1~'""ttIfr"*-4.I~i-Sot.oJaD......d.r::aio-...tJ:ae...~-4:t~t--aM---t1rie"'"nch
...,.l.te::-~MEt-1!Itt-~t&-~MH;I.ue..-,:~Wl2-~eh-"'1tt~t9ttr1\'V1mtre-1mtt-tmH~:ntS'rwWiaite-r nne
,!1 31.\ A,eDoe, sand fill material shall be placed ,along both sides of pipe in a
aingle lift to the spriB!ng line (maximum horizontal dimension of a pipe). The
sandfill shall be brOUght up evenly on both sides of pipe for the full length of
pipe. Water shall be applied to the sand fill by jetting in a manner quantity,
and at a rate SUfficient to throughly saturate tbe entire lift. Vibrating
compacting equipment shall be used to obtain not less than go percent of aaximum
density. Care shall be taken to insure thorough compaction of the sand fill under
the baunches of the pipe. Above the springing line, the trench shall be tilled
with material conforming to paragraph: Materials for Bedding and Backfill. The
COJIpleted till material, shall be placed along both sides of pipe in layers not
exceeding " inches in comP"S;~~Jlp~h of pipe at a moisture content that will
facilitate compaotion. TheC6~1;iHI till shall be brought up evenly on both sides
of pipe tor tbe full length of pipe. Each layer shall be tboroughly compacted
with mechanical opers or Vibrators to not less than go pecent of maximum
density. This method of filling and compacting shall continue until the fill has
reached an elevation of at least 2~ inohes above the top of the pipe or to the
bottom of tbe Aggregate Base Course. The remainder of the trench shall be
baokfilled and oollpacted by spreading and rolling parallel with"the pipe in layers
not exoeedlng 6 inches or by mechanical tampers or Vibrators in layers not
exceeding 6 inches compacted to 90 percent to maximum density. Where it is
necessary in the opinion of the Contracting Offioer, and sheeting and/or portions
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of bracing used shall be left in place, and the contract will be adjusted
accordingly. Untreated sheeting shall not be left in place beneath structures or
pavements.

13. ckfilling Pipe Trenches 96-inch storm drain, the 42-inch e
12-inch water lines a h w venue, and the
8-inch water line at 31st Avenue. place 1st 35th,
and 39th Avenues, the bac erial shall be in accordance with the details 0
the draw e placement and compaction procedures shall be as specified
h nabove.

13.2 Backfilling Pipe in Fill sections. For pipe placed in fill sections,
backfill material and the placement and compaction procedures shall be as
specified above. The fill material above the springing line shall be uniformly
spread in layers longitudinally on both sides of the pipe, not exceeding 4 inches
in compacted depth, and shall be compacted by rolling parallel with pipe or by
mechanical tampir16 or vibrating to obtain not less than 90 percent of max1lDWIl
densi ty. Prior to commencing normal filling operations, the crown width of the
fill at a height of 24 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 teet,
Whichever is less. After the backfill has reached at least 24 inches above the
top of the pipe, the remainder of the fill shall be placed and .thoroughly
compacted in layers not exceedir16 6 inches.

13.3 Movement of Construction Machinery • In compacting by rolling or operating
heavy equipment parallel with the pipe, displacement of or injJl\~- ..t~f-~~ pipe
shall be avoided. Movement of construction machinery over a <i'y'}.li.'e:P' 8P storm
drain at any stage of construction shall be at the Contractor's risk. Any pipe
damaged thereby shall be repaired or replaced at no additional cost to the
Government.

11l. '30NC:.DN ~tJC.TJr~OI2-

13.4 Backfilling for Drainage Structures. After IlBAhel..," catch basin.... d~Qp inlet
-er similar struQtuPe has been constructed, backfill shall be placed in accordance

to the requirements of paragraph: BACKFILLS of SECTION: FILLS AND SUBGRADE
PREPARATION and as specified herein.

13.4.1 The structures shall nofbe damaged by the shock of falling earth and the
backfill shall be placed in such a manner as to prevent eccentric loading and
excessive stress on the structureS~ Any damaged structure t ..... ·@ " shall be
repaired or replaced at no cost to the Government. ~rt.b <6-

13.5 Compaction.

13.5.1 Laboratory Control. The moisture-density relationships shall be
determined 10 a laboratory in accordance with .AS1'M D 1557.

13.5.~~e.Field Control. Tests shall be well distributed and shall average not less
than ~ test for each 200 lineal feet of trench for each 2 feet or less of
backfill. At least one test shall be made in each trench. Field in-place density
shall be determined in accordance with ASTM D 1556•

• • • • •
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SECTION 2L

K1va-Rv.J STONE PROIECTION

Index

•
1. Applicable Publications
2. Materials
3. Foundation Preparation and Stone Placement

4. Scales
5. Waybills and Delivery Tickets

•

1. APPLICABLE PUBLICATIONS. The American Society for Testing and Materials
(ASTH) Standards listed below form ;; ;-";' t of this specification to the extent
referenced. The pUblications are refern;Q to in the text by the basic designation
only.

•

•

•

C 88-83

C 127-84

C 295-85

C 535-81

D 1141-75
(R 1980)

2. MATERIALS.

Soundness of Aggregates by Use of
Sodium Sulfate or Magnesium Sulfate

Specific GraVity and Absorption of
Coarse Aggregate

Petrographic Examination of Aggregates
for Concrete

Resistance to Abrasion of Large Size
Coarse Aggregate by Use of the
Los Angeles Machine

Substitute Ocean Water

•

••

•

•

2.1 Definitions.

au Cobble&~eR8u StORe wRio~ ie 8~'8iRed frem allu;ial 48'881&8 ene i8 R.a~

spheri cal .Ad well rO'lQded • raAg1Ag '1 ow fJ to '2 inches'" -ei1te.
$~~Mf.) \N~U- ~tJoe.o(~'1~~ 4~ 12,.

Q,. ~. Stone. Sound, durable;f weather-resistant rock e¥ef' IJ inches in diameter
resulting from alluvial deposits. R<oM

2.2 Source and Material Approval. No stone shall be placed without prior written
acceptance of stone from the source by the Contracting Officer. The Contractor
shall Eke all arrangements, pay all royalties, and secure all permits for the
procurement, furnishing and transporting of stone. The source (s) from which the
Contractor proposes to obtain the _terial shall be selected and a sample
submitted a minimum of 145 days in advance of the time when the _terial will be
required in the work. Stone from a proposed source or sources viII be tested by
the Government for quality compliance. The Government viII test one sample at its
expense. If the stone sample fails the tests ,or if the Contractor desires to

One.
utilize more than 'In c& source•• additional testing will be accomplished by the
Government for the sum of $1600 for each additional sample tested. The costs of

2L-1



such additional tests will be deducted from payment due the Contractor. All test
samples (500 pounds minimum) shall be representative of the stone source and shall
be obtained by the Contractor under the supervision of the Contracting Officer and
delivered at the Contractor's expense to the South Pacific Division Laboratory,
U.S. Army Engineer Division, South Pacific, Sausalito, California. The Contractor
shall vary the quarrying, processing, loading and placing operations to secure the
type and quality of stone protection specified. If the stone being furnished by
the Contractor does not fUlly meet all the requirements of these specifications,
the Contractor shall furnish, at no additional cost to the Government, other stone
meeting the requirements of these specifications. . Approval of a source shall not
be construed as a waiver of the right of the Government to require the Contractor
to furnish stone which complies with these specifications.· Materials produced
from localized areas, zones or strata will be rejected when such stone does not
comply with the specifications.

2.2.1 It is anticipated that significant amounts of acceptable stone will not be
available from the required excavation. The required stone will need to be
obtained from offsite commercial sources. I! ie-e1ee aAtieipate4 that aee&p~bie

SteR8 fpBIB _eps ..haft efta SOUl os wHl R88Q h ee u tiliJSed be ot t.:l..=4he "4'4iJqtl1nxj
" ••AUty tor Mae project. If sufficient amounts of stone conforming to these
specifications are not available from a source or sources used in the work, the

~ Contractor shall submit stone from another source for approval.
L~-J ffl.2.()~ ~I 2L-3

2.3 Quality Compliance. ·Test results and/or service records will be used by the
Contracting Officer to determine the acceptability of the stone protection
materials. In the event complete or current compliance test reports and/or
service records are not available, the material shall be SUbjected to the tests
outlined in these specifications to determine its acceptability for use in the
work. In the event stone is accepted based on service records, samples of the
actual stone to be used for construction shall be taken and shall be subjected to
the tests outlined in these specifications. Before a proposed source or sources
of cobblestone will be considered for sampling and testing the Contractor must
demonstrate that the gravel plant(s) has sufficiently stockpiled cobblestone and
results of sufficient explorations must be made available to the Government to·
demonstrate that an adequate quantity of cobblestone is available to fulfill the
contract requirements.

2.3.1 service records are considered to be acceptable if stone from a proposed
souroe has remained sound with no significant deterioration after 10 or more years
of exposure.

2.~ Quality Compliance Tests for Stone Protection.
following test requirements.

Stone shall meet the

Test

Specific Gravity (Bulk SSO)
Absorption
Wetting &Drying
Magnesium Sulfate
Abrasion Loss

Test Method

18TM C 127
ASTM C 127
SPD Test f2~cedure(1)
18TM C 88
18TH C 535

2L-2

Requirement

2.50 minimum
2.0S maximum
No fracturing(3)
10S max. loss
50S max. loss
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2.2.2 Potential Stone Sourcea. The Contractor ..y elect to obtain cobbleatone ..terials frOID the
following potential lources in the Phoenix metropolitan area which have e1~her undergone recent quality
compliance testing for use on Corps of Engineers projects or have acceptable service records:

Arizona Crushe:s. Inc. POC: Damon Defriates (602) 242-5143
(9-'::= R\\Je..;..')

Johnson-Stewart-JohnsonVpOC: Dan James (602) 834-1044

Kilauea Crushers POC: Bill Nichols (602) 843-1888

Sunstate Rock and Katerials POC: Larry Walker (602) 848-8911

Stone uy be furnished frolll the sources listed above. or at the option of the Contractor. uy be
furnished from other lources designated by the Contractor and approved by the Contracting Officer
subject to the conditions stated herein. List1ng of a Itone lource il Dot to be conltrued as approval
of all ute rials from the source. nor as a waiver of inlpection and.telting of a designated lource.
Stone produced from a lilted potential lource IIIllt Met all the require_ntl let forth i"t this
lection. Listing of a Itone lource il also not to be conatrued aa an indication that an inch.vidual
potential lource can produce the total quantity of Itone required for the project.

Z-L -3
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In addition to the above tests, the stone shall be sUbjected to a petrographic and
X-ray diffraction analysis in accordance with A5TM C 295. The stone must not
contain any swelling type clay (illite or montmorillonite).

NOTE: (1): Test procedure wetting-and-drying tests. The initial step of the test
is the careful examination of the entire sample and the selection of
representative test specimens. The piece ·should be large enough to produce two
cut slabs, one inch thick (t 1/4 inch) with a minimum surface area of 30 square
inches on one side. Two chunks approximately three by four inches are also
chosen. The slabs and chunks are carefully examined under a low-power microscope
and all visible surface features are noted and recorded. The specimens are then
oven dried at 140 degrees F., for eight hours, cooled and weighed to the nearest
tenth of a gram. The test specimens are photographed to show all surface features
before the test. The chunks and slabs are then subjected to' fifteen cycles of
wetting and drying. One :slab and one chunk are soaked in fresh tap water. the
other slab and chunk are soaked in salt water prepared in accordance with lSTH
D 1141. Each cycle consists of soaking for sixteen hours at room temperature and
then drying in an oven for eight hours at 140 degrees F• After each cycle the
specimens are examined wi th the low-power microscope to check for opening or
movement of fractures, flaking along edges, swelling of clays, softening of rock
surfaces, heaving of micaceous minerals, breakdown of matrix material and· any
other evidence of weakness developing in the rock. The cycle in which an)' of
these action occurs is recorded. After fifteen cycles, the slabs and chunks are
again carefully examined and all changes in the rocks are noted and recorded. The
test specimens together with all flakes or particles which come off during the
test are oven dried, weighed and photographed.

NOTE: (2): The test shall be made on 50 particles each weighing 100 grams, ~25

grams, in lieu of the gradation given in C 88.

NOTE: (3): Weakening and loss of individual surface particles is permissible
unless bond of the surface grains softens and causes general disintegration of the
surface material.

2.4.1 Stone to be used in the work shall be of the same lithology as the stone
sampled for testing and for which service records are provided as a basis for
approval. All stone shall be rounded smooth. cobble stone, and shall be sound,
durable, hard, and free from laminations, weak cleavages or undesirable
weathering. Stone shall be of such character that it will not disintegrate from
the action of air, water, or the conditions of handling and placing. All stone
shall be clean and free from earth, clay, refuse, and adherent coatings.

2.5 Gradation sampling and Testing for Stone Protection performed by an approved
testing laboratory on samples selected by the Contracting Officer. The Government
reserves the right to perform check tests and to use the Contractor's sampling and
testing facilities to make the tests. Each sample sball consist of not less than
five tons of materials and shall be selected at random from the production run.
One gradation test is required at the beginning of production prior to delivery of
stone to the project and a minimum of one additional test for each (10,000) tons
of material placed. All sampling and gradation tests performed by the Contractor
shall be under the supervision of the Contracting Officer.

2L-4­
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2.6 Gradation.

2.6.1 General. All points on individual grading curves shall be between the
boundary limits as defined by smooth curves drawn through specified grading limits
plotted on a mechanical analysis diagram. The individual grading curves shall not
exhibit abrupt changes in slope denoting· skip grading or scalping of certain
sizes. Specified grading of all material shall be met both at the source and as ~

delivered to the project. In addition, material not meeting the required grading
due toeegregation or degradati'on during placement shall be rejected. If best
results show that atone does not meet the required grading, the hauling operation
w11l be stopped lmediately and will not resume until processing procedures are
adjusted and a gradation test is completed showing gradation reqUirements are met.
All gradation tests shall be at the expense of the Contractor.

2.6.2 Stone may be obtained from any source approved by the Contracting Officer
and shall be reasonably well graded betveen~ and 12 inches with not less than 40
nor more than 70 percent I!inches in size. 4

ft;
3. FOUNDATION PREPARATION AND STONE PLACEMENT.

3.1 Prior to placing stone, the subgrade shall have been compacted in accordance
with the requirements of SECTION: FILLS AND SUBGRADE PREPARATION, and shall be
inspected, in sufficient time prior to each stone placement by the Contractor in
order to certify to the Contracting Officer that it is ready to Nceive stone.
The results of each inspection shall be reported in writing.

3.2 Stone shall be placed to produce a surface in which the tops of the
individual stones have a tolerance of plus 2 inches to 0 inches from true grade.
Double decking of the flat stones to bring the surface up to the required grade
viII not be permitted.

Ji. SCALES shall be standard truck scales of the beam type. The scales shall be
of sufficient size and capacity to accommodate all trucks used in hauling the
material. Scales shall be tested, approved, and sealed by an inspector of the
State Inspection Bureau charged with scales inspection within the state in which
the project is located. Scales shall be calibrated and resealed as often as
necessary to insure continuous accuracy. The necessary number of standard weights
tor testing the scales shall be on hand at all times and, if an official
inspection bureau of the state is not available, the scales will be tested by the
Contracting Officer.

5. WAYBILLS!ND DELIVERY TICKETS. Copies of waybills or delivery tickets shall
be submitted to the Contracting Officer within 24 hours of delivery of stone.
Betore the final statement is allowed, the Contractor shall file with the
Contracting Otficer aertified waybills and/or certified delivery tickets for all
stone actually used in the construction covered by the contract.

• • • • •
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.. 1. Applicable Publications

2. Materials
3. Mixing
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SECTION ~

~~a-~UN

GROUT~STONE PROTECTION
E.o

Index

4. Placing
5. ' Curing and Protection
6. Test Panel

•
1. APPLICABLE PUBLICATIONS. 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.

1.1 American Society for Testing and Materials (ASTM) , Publications.

1.2 U.S.' Department of the Army, Corps of Engineers, Handbook for Concrete and
C.ent.

•

•

C33-&tr 8<P

C150...llt' e:6o"

CRD-C 300-77

2. MATERIALS.

Concrete Aggregates

Portland Cement

Membrane-Forming Coapounds for Curing
Concrete

•

•

••

•

•

2.1 Aggregate shall conform to the requirements specified for fine aggregate of
the SECTION: C~CRETE.

2.2 Portland Cement shall conform to the requirements or ASTM C150, Type II. The
alkali content of the cement shall not exceed 0.6 percent. .

2.3 Water shall be fresh, clean, and potable.

2.4 Color Admixture. The color admixture shall conform to the requirements of
the color admixture specified in the SECTION: CONCRETE. .~ /_

__ lO'Yr-5 :.--
3. MIXING. Grout shall be composed of cement ,,/i&nd, and water mixed in the
proportions as directed. The Contractor shall add color admixture to all grout
(except grout used in grouted stone toe below 2 teet vertically under the channel
invert). Color of colored groute shall beCO;£1nSiered satisfactory based on ,the
oomparative analysis of color produced from tes panel(s) in accordance with the
paragraph: TEST PANEL, and Munsell color, samples in accordance with U.S.
Department of Agriculture Handbook 18 - Soil (survey Manual. Color or test panel
shall conform to MUnsell color number .'UR'~with respect to hue, value, and
chroma. Evaluation of color shall be made within the time limits prescribed in
paragraph: TEST PANEL. The estimated cement content requirement per cubic yard
of' grout shall be 1-1/2 sacks. The water content or the mix shall not exceed
8-112 gallons per sack of cement. In calCUlating total water content of the mix,
the amount of moisture carried on the surfaces of aggregate particles shall be
included. Slump of grout mix shall be between 9 and 10 inches tor the first
course and between 7 and 8 inches for the second course or where one course is



placed. The grout shall be mixed in a concrete mixer in the manner specified for
concrete, except that time of mixing ~hall be as long as is required to produce a
satisi'lictory mixture, and the grout shall be used in the work wi thin a period of
30 minutes after mixing. Retempering of grout will not be permitted. The
consistency of the grout shall be such as to permit gravity flow into the
interstices of the stones with the help of spading, rodding, and brooming. Grout
batches in the same course shall be uniform in mix, size, and consistency. The
color admixture shall be batched in a manner that will assure that the admixture
is completely and thoroughly mixed throughout the batch.

!I. PLACING.

!I. 1 Prior to grouting, the stone shall be thoroughly washed with water to wash ~

down the fines and to prevent absorption of water from the grout. The stone shall
be kept wet just ahead of the actual placing of grout.

4.2 The grout shall be placed in one oourse in flat areas and in 2 oourses in
side slopes. Each course shall be placed full width or in successive lateral
strips approximately 10 feet in width, as applicable, extending from toe of slope
to top of side slopes. The grout shall be brought to the place of final deposi t
by approved means and disoharged direotly on the stone. A splash plate of metal
or wood shall be used where neoessary to prevent displaoement of stone directly
under disoharge. The flow of grout shall be direoted with brooms or other
approved baffles to cover the entire area and to assure that all orevioes are
filled. SUfficient barring shall be done to loosen tight pockets of stone and
otherwise aid the penetration of grout. The first course shall fully penetrate
the stone blanket. The second course shall be plaoed as soon as the first course
bas sufficiently stiffened so that it will not flow when additional grout is
added. On side slopes, all brooming shall be uphill.

4.3 Placement and brooming of the grouted surface shall be such that the outer
layer of rock projeots 1/3 to 1/4 their diameter above the grouted surface. After
the top course has stiffened the entire surface shall be rebroomed to eliminate
runs in the top course and to fill voids caused by sloughing of the layers of
grout.

4.4 All surfaces of grouted stone, above the embedment depth speoified, shall be
cleane~ by air-water blasting, sandblasting or a combination thereof.

!I.!I.1 Air-water Blasting.

'&.!I.1.1 Equipment used for air-water blasting shall be capable of producing a
ll1nimum . pressure of 150 psi and shall be of usoh nature as to adequately perform
the work re~ired.

'&.!I.1.2 The grout will be allClllled to set for a Ilin1Jlwll of ·one hour. or other
lenatti of time as direct by the Contracting Offioer before air-water blasting is .. '
OOIIIIenoed. the air-water blasting shall be at right angles to the surfaoe of the
grout.

!I.4.2 Sandblasting. All grouted stone surfaoes to which grout bas been applied
and cannot be cleaned adequately by air-water blasing will be sandblasted, in
order to remove grout paste remaining on the surfaoe. sandblasting will not
co_ence at least 14 days after plaoement of the grout.

Zftt.-2
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protected from rain,

4.5 After completion of any strip
other load shall be permitted on the

•

•

••

5. CURING AND PROTECTION.

•

•

•

•

• <.'

•

5.1 Hoist curing shall consist of covering the grout with a uniform thickness of 2
inches of sand which shall be kept continuously saturated for a period of 14 days.

5.2 Curing compounds shall be applied as soon as the free water disappears and
shall be applied in a 2-coat continuous operation by approved power-spraying
equipment at a rate of not to exceed 200 square feet per PIlon for the combined
coats. The second coat shall be applied to overlap the first coat in a direotion
approximately at right angles to the direction of the first application.

6. TEST PANEL. The Contractor shall place a test panel for colored grout with a
dimension of 20 feet by 20 feet by 12 inches thick. The test panel shall be placed
in the presence of the Contracting Officer, and the stone and grout mix design shall
conform in all respects to those proposed for use in the project. The grouted stone
shall be finished, protected, and cured on a 2H to 1V slope on the site of proposed
construction using methods proposed for use by the Contractor on the features of the
project which shall recei ve colored grout. The test panel shall not be protected
from the effects of the sun while curing. COlor comparisons as a basis for
acceptance of color shall not be made in less than 17 days after placement of grout
for the test panel. Wetting of the grouted stone shall not be permitted within a
period of 3 days prior to making color comparisons. No grouting of stone shall be
scheduled for placement wi thin 30 days of construction of test panel, and no grout­
shall be placed prior to demonstrating compliance with finishing and color
requirements herein. In the event that the test panel color does not conform to the
color requirements of these specifications, the Contractor shall be required to
place additional test panels for grout similar to the panels required for concrete
under the SECTION: C~CRETE until a final mix design has been approved which
supplies colored grout conforming to the requirements specified above • Approval of
test panel color and mix design shall not relieve the Contractor of the requirements
of these specifications. The Contractor shall not remove the test panel until all
grouting stone work has been completed. At completion of grouting stone work, the
test panel shall be considered scrap materials.

•
• • • • •

z.m.-3
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SECTION 2 JJ.
STEEL SHEET PILING

..2. RELATED WORK SPECIFIED ELSEWHERE. Section 5 , METALWORK-
specifications and applicable drawings •

the insta11 ation ~adU UIiAIlU.I'l of stee1 sheet p11 I ng in accordance wi t h these

1. SCOPE. The work covered by this section consists of furnishing all

plant, equipment, labor and ~aterla1s ~cept m.te, I.ls specified to be

'furnished b1 'be Go~oma~ and performing all operations in connection with

..

•

•

•

•

FABRICATION, MACHINE WORK, AND MISCELLANEOUS PROVISIONS.

3. APPL1CABLE PUBL1CAT10NS. The following American Society for Testing

and Materials (ASTM) standards of the issues listed below and referred to

thereafter by basic designation only form a part of this specification to the

extent indicated by the references thereto:

High-Yield Strength, Quenched and Tempered Alloy Steel
Plate, suitable for Welding

High-Strength Low-Alloy Columbium-Vanadium Steels of
Structural Quality
High-Strength Low-Alloy Structural Steel with 50 ksi
[345 MPa] Minimum Yield Point to 4 in. L100 mm] Thick

Steel Structural Rivets

Carbon Steel Externally Threaded Standard Fasteners

High-Strength Bolts for Structural Steel Joints

Steel Sheet Piling

Quenched and Tempered Alloy Steel Bolts for
Structural Steel Joints

Structural Steel
A 36- ~l"

*A 307- Bt
*A 325-'~

*A 328-fi

*A 490- t!
A 502- BSQ
A 514- I'"

*A 572-'~

A 588-1f."

••

•

•

•

•
~
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4.1 Materials Tests. Sheet piling and appurtenant materials shall be

tested and certified by the manufacturer to meet the specified chemical,

41 mechanical and section property requirements prior to delivery to the site.

~4.2 Interlock Tension Strength Test. The interlock tension strength test

shall conform generally to the piling manufacturer's standard test, include

•

•
•

•

4. QUALITY ASSURANCE. Requirements for material tests, workmanship and

other measures for quality assurance shall be as specified herein and in

Section 5 , METALWORK FABRICATION, MACHINE WORK, AND MISCELLANEOUS

PROVISIONS •

testing at least two 3-inch long coupons taken randomly from different as­

produced pilings of each heat and must be approved by the Contracting Officer.

5. SUBMITTALS. The Contractor shall submit descriptions of sheet piling

r
'.J

o
• driving equipment, shop drawings, test procedures, test reports and

certificates, sheet piling driving records and other required submittals to

the Contracting Officer for approval as required. Submittals and associated

.. work not satisfactory to the Contracting Officer will be rejected.

5.1 Equipment Descriptions. Complete descriptions of sheet piling

••
..

•

•

driving equipment including hammers, ~~~O&~~~~~, extractors,

protection caps and other installation appurtenances shall be submitted for

approval prior to commencement of work •

~

2"-'-4
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5.2 Shop Drawings. Shop drawings for sheet piling including fabricated

sections shall show complete dimensions and details of piling and the driving

sequence and location of piling. Shop drawings shall include details and

dimensions of templates and other temporary guide structures for installing

the piling. Shop drawings shall provide details of the method of handling

piling to prevent permanent deflection, distortion or damage to piling

; nterl ocks.

5.3 Materials Test Certificates shall be submitted for each shipment and

identified with specific lots prior to installing piling. Identification data

should include piling type, dimensions, chemical composition, mechanical

properties, section properties, heat number and mill identification mark.

i'5.4 Interlock Tension Strength Test Procedure. The procedure for testing

the tension strength of piling interlocks as required herein 4.2 must be

submitted and approved prior to testing sheet piling.

5.5 Driving Records. Records of the sheet piling driving operations

shall be submitted after driving is completed. These records shall provide ~

system of identification which shows the disposition of approved piling in the

work, driving equipment performance data, piling penetration rate data, piling

dimensions and top and bottom elevations. *(The format for driving records

shall be as directed by the Contracting Officer.)

6. DELIVERY, STORAGE AND HANDLING. Materials delivered to the site shall

be in a new and undamaged condition and shall be accompanied by certified test

reports. The manufacturer's logo and mill identification mark shall be

provided on the sheet piling as required by the referenced specifications •
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Sheet piling shall be stored and handled in the manner recommended by the

manufacturer to prevent permanent deflection, distortion or damage to the

4t interlocks. Storage of sheet piling should also facilitate required

inspection activities. *(She@t piljng-G¥er-~ feet in length shallb~-fta~ .

•

•

•

•

•

••

•

•

llsiflg a minimum of two pickup point'S-;}

7. MATERIALS.

7.1. Stee1 Sheet Pi ling. Stee1 sheet pH i n9 shall be of the type and
•

meet the requirements specified herein and shown on the drawings. *(t:dylit •

~~lig-~ BPi 81a~) -¥teavy gage hot­

rolled sheet pil ing shall conform to ASTM • i28)=(A ige'tiA 572, Grade SO•

The minimum section properties of .

sheet piling shall be as shown on the drawings. The interlocks of sheet

piling shall be free-Sliding, allow a swing angle of at least 5 degrees when

threaded and maintain continuous interlocking when installed. Sheet piling
, , .. '~-r

;~spft\l!Jl:JiDriWW~!r shall be trtfi''=le''g!l~ sections of

the dimensions shown on the drawings •

c
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ma,DufactuPe'. )

requirements of Section 5__, METALWORK FABRICATION, MACHINE WORK, AND

MISCELLANEOUS PROVISIONS •

NOTE 2: HEAVY GAGE HOT-ROLLED STEEL SHEET PILING ONLY SHOULD
HE USED FOR APPLICATIONS OF WHICH INTERLOCK TENSION STRENGTH
AND SECTION STABILITY ARE PRIMARY DESIGN REQUIREMENTS •
SECTION STABILITY (BIAXIAL STRESS) IS A CONSIDERATION IN
HIGHLY STRESSED APPLICATIONS ONLY •

..~ .......

NOTE 5; NSIDERATION SHOULD BE GIVEN IN DESIGN TO·.-:rflE USE
OF A 572 HIG - NGTH STEEL SHEET PILING Jll:lER£···ECrnlQM'f"e1ri!t...
IN FLOODWALL APPLIC~~,~~~

NOT • Ey(~~~~~~~~~~AP ICATIONS THE ~LE KING STRESS
0.6 OF THE-.--¥-fE(D STRENGTH OF THE STEEL.

....-.......
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c
MINIMUM
INTERLOCK
STRENGTH
IN TENSION

(LBS PER LIN IN)

WEIGHT
PER LIN FT
OF PILING

(LBS)

WEIGHT
PER SQ FT

OF WALL
(LBS)

HEAVY GAGE HOT-ROLLED SECTIONS

SECTION
MODULUS
PER LIN FT
OF W~LL

(IN )

NOMINAL WEB
THICKNESS

(IN)
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SECTION
•

•

•

•



•
/-:'.
c! \

•.. 1
./

CW-02411
Jun 86

8
8
7
7
7
7
5
5
5

~ 3
3

•

•

•

•

•

0~1644 19.00 2.60 8.70 13.80
0.1644 19.67 2.65 9.30 15.20
0.1793 18.00 2.60 9.20 13.61
0.1793' 18.00 2.67 9.60 / 14.40
0.1793 16.00 2.82 10.90 ./,,/ 14.50
0.1793 19.67 2.87 10.qO" 16.40
0.2093 .37 2.72 11-;10 13.20
0.2093 16. 0 3.26 ......{2.71 16.90
0.2093 19.6~ 3.36 // 11.60 19.10
0.2391 16.0~ ~ 3.69 // 14.54 19.40
0.2391 19.00 ~.O~~ 12.60 20.00

NOTE 1: Z-SECTIONS~~N9~S~CTIONS ARE PA.RTICULARLY ADAPTED
TO CANTILEVER AND AN RED~'tYPE RETAINING WALLS IN THAT THEY
DEVE~OP AMAXIMUM~ SISTANCE~ BENDING PER UNIT WEIGHT.

r"," "-".

NOTE 2. SH ~tiW-ARCH (SA) SECTIO ARE MULTIPLE PURPOSE
SECTIONS CH HAVE SOME RESISTANCE BENDING AND CONSIDERABLE
INTERLQ FLEXIBI~ITY AND TIGHTNESS.

N 3: STRAIGHT-WEB (S) SECTIONS HAVE THElilINTERLOCKS
ESIGNED FOR MAXIMUM FLEXIBILITY AND TENSILE ~NGTH AND ARE

PARTICULARLY ADAPTED TO CELLULAR RETAINING WALLS"~~D CELLULAR
• COFFERDAM CONSTRUCTION. ~

•

•

. ..

••

7.2 Plates. Structural steel plates for

(A 572,

7.3

7.4

Type pe ).

8. INSTALLATION.

8.1 Piling Driving Equipment.

8.1.1 Driving Hammers. Hammers shall be steam, air, or diesel drop,

single-acting, double-acting, differential-acting *(, or vibratory) type. The

driving energy of the hammers shall be betweeniJ?ff _an9--f~~O V,- foot­

pounds as recommended by the manufacturer for the piling weights and

subsurface materials to be encountered •

•
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8.1.2 Jettin E j ment shall have not less than two

•
j

material

e water or combination air-water type. Water jets shall

ra.-¥alume and pressure are suffic~··~~~

•

•

•

•

•

. -

8'.2 Pl ad ng and Dri vi ng •

8.2.1 Placing. Any excavation required within the area where s~eet

pilings are to be installed shall be completed prior to placing sheet

pilings •

N'emdi1\;(11'ate--t1'rat- they 51 ide freety···tn

Pilings shall be carefully located as ~shown on the drawingsl

~~ntr~~~~~~nll~~~~~.w. Pilings shall be placed plumb

with out-of-plumbness not exceeding 1/8 inch per foot of length and as true to

line as possible. Temporary wales, templates, *(master pilings,) (current

deflectors) or guide structures shall be provided to insure that the pilings

are placed and driven to the correct alignment. At least two templates shall

be used in placing each piling and the maximum spacing of templates shall not

properly placed and driven shall be interlocked throughout their length with

o

•

~ adjacent pilings to form a continuous diaphragm throughout the length or run

of pil ing wall •

•

•
~

"2tJ-IO
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~~~HrtT;mi's-wf-;,)~~~H~!H-fi~iH'@as'-w;-H-'be-i nttfted '-by abrupt

Pilings shall be driven with the proper size

~ hammer and by approved methods so as not to subject the pilings to damage and

to insure proper interlocking throughout their lengths. Driving hammers shall

be maintained in proper alignment during driving operations by use of leads or

guides attached to the hammer. ~Caution should be taken in the sustained use

of vibratory hammers when a hard driving condition is encountered to avoid

interlock melt or damages. The use of vibratory hammers should be

discontinued and impact hammers employed when the penetration rate due to

vibratory loading 1s one foot or less per minute:) Aprotecting cap shall be

employed in driving when using impact hammers to prevent damage to the tops

of pilings. Pilings damaged during driving or driven out of interlock shall

be removed and repl aced at the Contractor's expense. ~.eNW1ii'At-~

pN1R!s da~g dl ;ring-MulH"e s~t tAe.:s:i:te....as.-::Sireckd.) =-

~. +-(llidcnul ned j@LL;,,!~ pel fOlllied on botft siite$ Qf-iae:---'

...pi:-1i:Rg Jtu;Yt:!!::h!d at lea!J~fo,e Hm!"1 .

~~ff'Rg!.) Adequate precautions shall be taken to insure that

pilings are driven plumb. If at any time the forward or leading edge of the

piling wall is found to be out of plumb in the plane of the wall the partly

driven pilings shall be driven to full depth and tapered pilings shall be

provided and driven to interlock with the out of plumb
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leading edge or other approved corrective measures shall be' taken to insure

the plumbness of succeeding pilings. The maximum permissible taper for any

('
'- ..../-.

• tapered piling will be 1/8 inch per foot of length. Pilings in each run or

continuous length of piling wall shall be driven alternately in increments of

depth to the required depth or elevation. No piling shall be driven to a

•

•

•

•

•

•

•

•

•

lower elevation than those behind it in the same run except when the pilings

behind it cannot be. driven deeper• • (FfJr Hff~ ~Ae d1"~my­

ilKCemQAt&~ iuCI:l ~Q.::JtH.i:AgJ~e:nt.p:tU1\9·by-lReFe-··------_..

"tAiA ;::1'iR::::aae.:::tne ..=d:t:t:ecttQ1I.~)(ancj Agt-lle ,ElP.iM.iA9 ,t.}aiWhEY . shaH·~

T~ieF SaGA piiS=epe~~ If the piling next to the one

being driven tends to follow below final elevation it may be pinned to the

next adjacent pil i ng. Shoul d obstructi ons restri ct dri vi ng a pil i ng to the

specified penetration the obstructions should be removed or penetrated with a

chisel beam. If the Contractor demonstrat~that removal or penetration is

impractical the Contractor shall make changes in the design alignment of the

piling structure as directed by the Contracting Officer to insure the adequacy

and stability of the structure. Pilings shall be driven to depths shown on

the drawings and shall extend up to the elevation indicated on the drawings

for the top of pilings. ~pn iri!FQpi"en te rna IAI~+~e ~d iildi I;chs.ll~

~ A tolerance of _ inches above the indicated top elevation

'will be permitted. 't{J.be :fto$:cmeet piling I)f COftne@t.'iIQ af" !thall &ae

~ t11'R4!gh I he wyes 1n cufhrsaJll e8rl::1:§ prinr YL!~11 WJJ tbe;.eetl s..:)

Pilings shall not be driven within 100 feet of concrete less than 7 days old•

ij.3 Cutting and Splicing. Pilings driven to refusal or to the point

where additional penetration cannot be attained and are extending above the

c
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required top elevation in excess of the specified tolerance shall be cut off

to the required elevation. Pilings driven below the required top elevation

and pi 1i ngs damaged by dri vi ng and cut off to permi t further dri vi ng shall be

extended as required to reach the top elevation by splicing when directed by

~ the Contracting Officer at no additional cost to the Government. ~If

directed by the Contracting Officer pilings shall be spliced as required to

drive them to depths greater than shown on the drawings and extend them up to

the required top elevationf. Pilings adjoining spliced pilings shall be full

length unless otherwise approved. ~If splices are allowed in adjoining

pilings the splices ~ust be spaced at least _ feet apart in elevation~

St=»Hc-;lig of piliA§S sRaH 98 a& iAsieated-vjj th@ 8Pawt~. Welding of splices

shall conform to the requirements of Section 5 ' METALWORK FABRICATION,

MACHINE WORK, AND MISCELLANEOUS PROVISIONS. Ekds:of --p; HAgS to be sl3liee~

sJ:aill at 5q~ore -Sp1~~1fi9 to 811mi "ate <:li I3ser eamber. Pi 1i ngs shall

be spliced together with concentric alignment of the interlocKs so that there

are no discontinuities, dips or camber at the abutting interlocks. Spliced

pilings shall be free sliding and able to obtain the maximum swing with

contiguous pilings. The tops of pilings excessively battered during driving

shall be trimmed when directed at no cost to the Government. Piling cut-offs

*(.~",1i fop ~eiiL tl:lr"lsAed pH;,~!") shall become the property of the

Contractor and shall be removed from the site. The Contractor shall cut holes

in pilings for bolts, rods, drains or utilities ti 8"""11 Olll tAl d:aifiiigs at- a-s

directed. All cutting shall be done in a neat and workmanlike manner. A

straight edge shall be used in cuts made by burning to avoid abrupt nicks •

Bolt holes shall be drilled or may be burned and reamed by approved methods
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which will not damage the surrounding metal. Holes other than bolt holes

shall be reasonably smooth and the proper size for rods or other items to be..
inserted. *"tAll hale! iii pi-HAg;i=OQthe=wt -s4cHt=1)f~"e&ff-e~Clills shall be made'

watert 1gAt 9;' uel d i"9 -:steel-·pl ites-oyer..-t-ne-ftoles-~ill.er...::ttte1J111 n9

; nstiinatMJA" is ,GRip Ieted.)

8.4 Inspection of Driven Piling. The' Contractor shall inspect the

interlocks of the portion of driven pilings that extend above ground. Pilings

•

found to be out of interlock shall be removed and replaced at the Contractor's

• expense. *-(lbe Ge..tl accor=-shall=--use.dher, tQ.J"-ispect_:ttte:::.lltlflerwatar portioR&-'

oke.fferdam 5Reet=:pil:ffly"::ft'tter1 eeks. ~·iePAlReALd:i::te:r:s,..::may..als.e inspeet tAe

i.aterlocks_ The inspecti'oQofcefferEiams '~e=perfwlRe" after::drffi.A.g-i-&--

Com~l ete.E4:::p.E:i:ef:_te4il 14 ng eactl.• .aU....aM, 6eR~ecU1tg ....r-c. aA" wi't~in.::48:.::boQ,.,..,-­

after £iJiRg ~dl~l·~nd arc.)

8.5 Pulling and Redriving. The Contractor may be required to pull

.. selected pilings after driving to determine the condition of the underground

c

•

· "

•

•

portions of pilings. The method of pulling pilings must be approved by the

Contracting Officer. Any piling so pulled and found to be damaged to the

extent that its usefulness in the structure is impaired shall be removed and

rep1aced at the Contracto r I s expense. Pil i ngs pulled and found to be in

satisfactory condition shall be redriven. ~89~AIle't fuuR=slied pl1lt~

p~ lAd hot ledt:i:¥en shall be steF8d·.at·thelocat-lQDd'pdsJp tAe maR~r

directed 9y the CQfr1:r:aG;iRg Qffieep04-·

~9 REMO\lAI,_ TR_eh._r~~.sAeet.~i 1 ing.s==£hall CQastst.:ef::iul) j nSl, ;..

sor..t.:mg, ,leiRiA! the iJit'etlocks, ;lIYentorirnl:=i'f'dstpring previoo-sly
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i Rst:i-1-1 ea .!heet-p; 11 ngs -as - shown on the draw, ngs and d; j eeted---by---ttle

GiAtlraeti 119 Oftrcer. -

be required to repair this

has

as

Care shall be

of pilings to av ~ damaging the interlocks and

be separated

onstrates to the satisfaction of the Contracti

adjacent work.

the pil· gs cannot be separated. The Contractor will not be paid

beyond structural use due to care not being

,.•

•

•

• ,or

•

•

exercised during pulling.

*!h2 Sorting, CleaRiRg,"I,FleMerj'fng, and Stet ;ng. Pulred·"PiHnys=:snaTl

be sorted,=cleaned, IrtvelrtO,.'"€d-·aWifs'f:6Fed oy "type 1fTto-=groaps "8s"(I"-plHrrg-­

~able w;thotlt FeCQAditteft'ing, (2) plHng reqa;r;ng--,econcHt;on;ng and (3)

p4ling dAmaged be,ond stltlcttlrel y&e. -

••

•

10. QUANTITIES. The estimated quantities of sheet piling listed in the

unit price schedule of the contract as to be furnished by the Contractor are

yiven for bidding purposes only. Sheet piling quantities for payment shall

consist of the linear feet of piling acceptably installed ·(a"8 peIR9ved-) •.

Installed quantities shall consist of all piling including fabricated sections

driven between the required top and bottom elevations of pilings plus any

•
·2N-\S
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additions thereto resulting from changes in design or alignment as provided

herein 8.2.2. ~eAl8Yea"uaAtitj.es'Shall cOllslst Of tne leilgtlls'of piH1tg····

p{ftled flom B@lw=t;fte-:groofld level.-)

11. MEASUREMENT AND PAYMENT.

~'.l Measurement. The length of sheet piling' installey(and removed)

will be~asured to the nearest tenth of a linear foot;;F.~ installe~ pilings
~ .

directe,d to"~,-~ut off before reaching the penetration epth shown on drawings

the portion cut off will be measured for payment as the difference between the
, /

total length of piling"shown on th~ plans for thayocation and the length of

piling installed below the·.point of cut-off. /

11.2 payment.'\,\ /

11.2.1 Furnished and Insta';\te,d Sheet Pi6ng. Payment for steel sheet
. i,-

piling quantities will be made at the app11'cable contract price per linear
r

. /
foot for *(Item No. , "Steel Sheet/Piling, Type ,") (Item-- /

Sheet Piling - Fab~icated Sections, Type{s) ,")---
i

(Item No. __' IISteel Sheet Pil i n~' - Government Funi shed II ). Payment shall

cover all cost of furnishing, handiing, storing and installing piling

including placing, driving, cut~ng holes and othe~~aterials and work
I ,

• I '.

incident thereto *(except the ,cost of furnishing piling_.shall not be included

in the contract price for G~~rnment furnished piling). \~
; ,

11.2.2 Cut-Offs. Whe,f pilings which have not been driv~ to penetration

depths shown on draWingS;'re directed to be cut off except for\~ut~offS due to

excessive battering a vGmp sum payment of $ will be made \for cutting
I,

off each piling. An;kdditional sum will be paid for each linear foot of the

iii £~

r

c
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DEPARTMENT OF THE ARMY
OFFICE OF THE CHIEF OF ENGINEERS

CORPS OF ENGINEERS GUIDE SPECIFICATION
MILITARY CONSTRUCTION

(!)

SECTION 1:#:
FENCE, CHAIN-LINK

PART 1 - GENERAL

CEGS-02444
September 1986
SupeI'Seding
.CEGS-02444
November 1981

(B)

(A)

•
(C)

1. APPLICABLE PUBLICATIONS: 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.

1.1 Federal Specifications (Fed. Spec.):

•
"t'P P lOU'

RR-F-191J/GEN Fencing, Wire and Post Metal -(And Gates,
Chain-Link Fence Fabric, and Accessories)
(General Specification)

Fencing, Wire and Post, Metal (Chain-Link
Fence Fabric) (Detail Specification)

Fencing, Wire and Post, Metal (Chain-Link
Fence Gates) (Detail Specification)

. ~

Fencing, Wire and Post, Metal (Chain-Link
Fence Posts, Top Rails and Braces) (Detail
Specification)'

Fencing, Wire and Post, Metal (Chain-Link
Fence Accessories Detail Specification)

1.2 American Society for Testing and Materials (ASTM) Publication:

C 94-84 Ready-Mixed. Concrete

•

•

2. SHOP DRAWINGS shall be submitted in accordance with the SPECIAL
CLAUSES. Drawings shall show post sizes and sections; post setting and
bracing, gate details, barbed wire support arms; details of attachment of
fabric and barbed wire to support members; and any other details required
to erect the fence along the lines indicated.

20- 1
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PART 2 - PRODUCTS

3. MATERIALS shall conform to the following:

•

•

•

•

•

•

3.1 Chain Link Fence: Fed. Spec. RR-F-191 and detailed specifications
forming the various parts thereto•

(D)
3.1.1 Fabric: Fed. Spec. RR-F-19l/1, Type 1 or Type II, with 9-gage

wire woven in 2-inch mesh; heightt t6 feetl.[ ••••• feet] [a. BklVA}_

(E)
.2 Gates: Fed. Spec RR-F-191/2. Gate shall be the type and swing

frames shall be constructed of Class 1, size SP2,
as specified -F-191/3. Gate fabric shall be as spe ed for
chain-link fab~c. ch end member of gate frames 1 be extended
sufficiently above the to ember to carry thr trands of barbed wire in
horizontal alinement with bar wire str on the fence.] Vertical
members of gate leaves shall be spa 0 that no members are more than 8
feet apart. Gates over 10 feet s~ be additionally braced with a
5/16-inch, minimum thickness, agonal truS)' ode Gate fabric shall be
attached to the gate fram method standard the manufacturer except
that welding will not permitted. Latches, hinges, ops, ~eepers,

rollers, and other rdware items shall be furnished as r ired for the
operation of tjl.e' gate. Latches shall be arranged for padlock. so that
padlock will~e accessible from both sides of the gate regardless~f the
latchiqg,arrangement.

3.1.4~osts: Fed. Spec. RR-F-191/3, zinc-coated; Class 1, steel pipe;
Class 3, formed steel sections; or-Gl:asr6-, steel a41WiH eeethM. ~

.!t-.tael-.II-aac-U.oJ:l..-ay..M.uae.d ...£or.~ine-P08t8 4n .lie,"\,,~ca~ (~t~e P~l\t~~p~~.l'if'.<. ~
~r-~he-~ber"1:'lasse8. Sizes shall be as speelHe3 iii Pede Spec. '­
Ilft PUll' fOf the ClaSS~t(.e~. , Line posts shall be of the SaJDe class
throughout the fence. ~N.f1\ii=(eeE'An'i .eu, and ptdi) posts selected
shall be of the same class throughout the fence. Gate put 811aH lie ahher
HlSnd O~ 8'1""1"8, subject to-..the. J imitation sp.elltie.d_.1A-¥e<l~C.

ail F 19ita •

(F,G)
Fed. Spec. IlR-F-191/3, zinc-coated; Class

form steel sections, size FS1, conforming
used as ., &I es ['iid top railst if Class 3. ~

3
3.1AJh5e II (RBd Top Railw.J:

1, steel pipe, size SP1 Class 3,
to Fed. Spec. RR-F-191/3, may be
line posts are furnished •

3.1.,4Accessories: Fed. Spec. RR-F-191/4.
zinc- or aluminum-coated.

Ferrous accessories shall be

•

•

rods shall be

adju ...~

al.!__~e furnis~-..ech4enaift8'-, --t'~U8S

.... _._ .._ valent provisions for
~~.... - -

8-0- 2



•

•

•

•

•

•

•

•

• •

•

•

CEGS-02444
September 1986

A-,. \
3.1.~ Barbed wire shall be zinc- or aluminum-coated steel wire.

A.lI 6
3.1.~ Barbed wire support arms shall be the~single~ -arm type

and of the design required for the post furnished.

3.2 Concrete: ASTM C 94, using3/4-inch maximum-size aggregate, and
having minimum compressive strength of 2000 psi at 28 days. Grout shall
consist of one part portland cement to three parts clean, well-graded sand
and the minimum amount of water to produce a workable mix.

3 3 Itadlaelts: FF-P491·, Type -£PB, Size, 1 3/4 iuel.. la,Hocks shall "be-­
ke,ecl alike aftd-eeeb leck"'1!lhaH-be-·f1Snrl:sbed·..n.~h...Qlo-.keys.

PART 3 - EXECUTION

(H)

(F)
6. TOP RAIL shall be supported at each post in a manner that a

continuous brace bacuaag terminal posts 1s formed. Where required,
ft"r~ If'\..( c ..:Lrt ~r\:A ~" of re,,, +«.-r..:.e
U'i''.",;;-\i u c+\~1"\ ,
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s2ctions of top rail shall be joined using sleeves or couplings that will
allow expansion or contraction of the rail.

(G)
7. BRA as require nd in

conformance with tandard practice for the fen urnished. Horizontal
(cQIIlpression) braces an nal truss (te rods shall be installed
on fences over 6 feet in height. brace or two diagonal truss rods
shall be installed on 12-foot es. and truss rods shall extend
from teDDinal posts to.~-n:e posts. Diagonal bra ~fll form an angle of
approximately ..40 ""tc>50 degrees with the horizontal. No bracing is required
on fences~ feet high or less if a top rail is installed.

(F)

7.~ TENSION WIRES shall be 1n"'~~b~._along the ('8p elld] bottom.p,fS~,y,..
fence l1ne and attached to the ~mhaat posts of each stretch of ihl!' 'felt~t~

, ,/.....,-( . \,. ........, , [:rOD tend.QD wine shall be iftstalleel within the ten 1 fQQt -of-thet.--1:\" .... I""'J{,,-il\·....... -- r
i&aaul1•• fabde.i Bottom tension wire shall be installed within the
bottom 6 inches of the installed fabric. Tension wire shall be pulled taut
and shall be free of sag.

c~~v (H,J)
~~. CHAIN-LINK FABRIC s,hall be installe~~p_~heVside of the post5 ..
~~. Fabric shall be attached to ~rmlft41 posts with stretcher bars
and tension bands. Bands shall be spaced at approximately 1S-inch
intervals. Fabric shall be pulled taut to provide a smooth uniform
appearance free from sag. Fabric shall be fas~ned to l1ne posts at
approximately 1S-inch intervals and fastened td~ttoP rai14 and~ tension
wire, at approximately 24-inch intervals. Fabric shall be cut by
untwisting and removing pickets. Splicing shall be accomplished by weaving
a single picket into the ends of the rolls to be joined. The bottom of the
installed fabric shall be 2 inches (plus or JDinus 112 inch) above the' l' {
ar,ound.""'- (.t>I'Y~'r~c+orSh4.ll ~,i'V.t... ~1~t"I'Wl +ctc{'"\C )\, li'\ +w:... tit.' Y\\( 1\ c-+ '-'-
~.cr\'·H-"C.+'1")~ c-4:ccl'"j T1v ~IC<I'- IS, ~-t\1 "1 ~~+r....b\(' qV-(l.(IT(;!' ..

~. W. BARBED WIRE SUPPORTING ARMS AND BARBED WIRE shall be installed as
indicated and as recommended by the manufacturer. ~supporting arms shall
be anchored to the posts in such a manner to prevent easy removal with hand
tools.f Barbed wire shall be pulled taut and attached to the arms with
clips or other means that will prevent easy removal.

•

•

•

...
..

11. GATES sna:r.l:-8lL.1'

be mounted to swing as
installed as required.
recommended by the ~~~:EU.

gate posts ains

(E)
at the locations sho ates shall

Latche , and keepers shall be
all be installed as

Padlocks shall ed to gates or
padlock removal.

•

•

(K)
12. GROUNDING: ed by overhead pol!w~H1lees in excess of 600

volts shall be grounded as specified ING PROTECTION----... _-- ".
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SECTION~
SCOUR GAGES

1. GENERAL. The ~cour gages ~hall be of the dimensions shown on the drawing and
in~talled at the locations indicated •

2. MATERIAL •

2.1 Concrete. SCour gages shall be integrally colored precast concrete.
Concrete shall conform to the requirements of SECTION: CONCRETE for Mix Design.
The maximum aggregate size may be reduced to 3/8". The finish surface of the
concrete shall be finished smooth and without blemish•

2.2 Color Additive shall be manufacturers' standard black pigmented color
additive. Additive shall be mixed in accordance with manufacturers' written
instructions and in sufficient quantitle~ to provide vivid coloration or the.
concrete.

..

•

• 3. INSTALLATION•
finish surfaces.

Scour gages shall be installed perpendicular and flush to

•

•

•

. '
•

•

o

o

• • • • •

~P-J
~
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SECTION IQ

PEDESTRIAN BRIDGES

------- _.---_.- -----_._----

2- P6{)£S~A1-1 ~~~l UCS\G;tJS() 13\.f
f'/)M-1~fA- tv0NT\{ FLooD ~N1T~~ DlSTf'0
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SECTION 3~

CAST-IN-PLACE STRUCTURAL CONCRETE

PART 1 - GENERAL

1. RELATED WORK SPECIFIED ELSEWHERE •

1.1 Expansion, Contraction and Construction Joints in Concrete - Section 3 •

*(03150)

1.2 Steel Bars, Welded Wire Fabric, and Accessories for Concrete

Reinforcement - Section 3. *(03210)

1.3 Formwork for Concrete - Section 3. {03101}

1.4 Stressing Tendons and Accessories for Prestressed Concrete ­

Section 3. *(03230)-
2. REFERENCE STANDARDS.

2.1 American Concrete Institute (ACI) Standards •

2.2 American Society for Testing and Materials (ASTM with Corresponding

CRD Standard Indicated Where Available.

C 31-~~CRD-C 11) Making and Curing Concrete Test

Specimens in the Fiel d

•

•

•

••

•

•

ACI 211.1­

(CRD-C99)

ACI 214-

ACI 305

C 33-jJ~CRD-C 133}

C 39t~ CRD-C 14)

Standard Practice for Selecting Proportions

for Nonnal, Heavyweight and Mass Concrete

Recommended Practice for Evaluation of

Strength Test Results of Concrete

Hot Weather Concreting

Concrete Aggregates

Compressive Strength of Cyli ndri cal

Concrete Specimens
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C 70-1t (C~C,~1
C 94-~jp(CRD-C 31)

C 125-!i( CRD-C 43)

C 136-~RD-C 103)

Surface Moisture of Fine Aggregate

Ready-Mixed Concrete

Terms Relating to Concrete and Concrete

Aggregates

Sieve Analysis of Fine and Coarse

Aggregates

C 143~(CRD-C 5) Slump of Portland Cement Concrete

C 150~(CRD-C 201) Portland Cement

C 171--"2~RD-C 31~~ ,,$C; Sheet Materials for Curing Concrete

C 172-8~RD-C 4) Sampl i n9 Fresh Concrete

C 192-S!( CRD-C 10) Maki n9 and Curi ng Concrete Test

Specimens in the Laboratory

C 231-~~RD-C 41)

C 260-~"CRD-C 13)

C 494-8~ CRD-C 87)

C 566-~RD-C 113)

C 595-~~D-C 2031

C618~ CRD-C 255)

C 989~~CRD-C 205)

o 75~RD-C 155)

Air Content of Freshly Mixed Concrete

by the Pressure Method

Air-Entraining Admixtures for Concrete

Chemical Admixtures for Concrete

Total Moisture Content of Aggregate by

Drying

Blended Hydraulic Cements

Fly Ash and Raw or Calcined Natural

Pozzolan for Use as a Mineral

Admixture 1n Portland Cement Concrete

Ground Iron Blast-Furnance Slag for

Use 1n Concrete and Mortars

Sampling Aggregates

,------ I - - - -- - -----;- --n- ----- -,------ --
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2.3 Concrete Plant ~~
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Inspecticn and Testing Agencies for

Concrete, Steel and Bituminous

Materials as Used in Construction

eras Bureau (CPMB).

oncrete Plant Standards

•

•

2.4 Nationa1 ~tandards (NBS) Handbook.
..; -~ .._-~,~-

4 .:' ·~~tlons, Tolerance and Other Technical Requirements

.r CJ Commerci a1 Wei ghi n9 and Measuri ng Dev;ces (4th Edi t1 on

1971 with Replacement Sheets)

2.5 U.S. Army Corps of Engineers Handbook for Cement and Concrete (CRD).

3.1 Preconstruction Sampling and Testing.

•

•

•

e.

•

CRD-C 55­

CRD-C 100-

CRD-C 112-

*(CRD-C 143-__

CRD-C 300-

~
CRD-C 400-

CRD-C 621-

3. QUALITY ASSURANCE

Concrete Mixer Performance

Concrete Aggregate and Aggregate Sources

and Selection of Material for Testing

Surface Moisture in Aggregate by Water

Di spl acement

Meters for Automatic Indication of

Moisture in Fine Aggregate)

Membrane-Forming Compounds for Curing

Concrete

Water for Use in Mixing or Curing Concrete

Non-Shrink Grout

•

1;1-
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3.1.1 Aggregates. The aggregate sources 1i ster.l {n SP _~ have been

determined to be capable of producing materials of a qlia'iity acceptable for

this project. Proposed materials produced from similar strata, or of similar

quall ty, win be approved. If the Contractor proposes to furni sh aggregates

from a source not 1i sted in SP-__, samples consisting of not less than

pounds of each size coarse aggregate and pounds of fine aggregate taken

under the supervision of the Contracting Officer in accordance with CRD-C 100

shall be delfvered to within 15 days after notice to

proceed. sa",,11ng and shipment of samples shall be at the Contractor's

expense. From to __ days will be required to complete evaluation

of the aggregates. Testing by and at the expense of the Government will be in

accordance with the applicable CRO or ASTM test method. Tests to which

aggregate may be subjected are specific gravity, absorption, freezing-and­

thawing in concrete, alkali-aggregate reaction, organic impurities and any

other test necessary to demonstrate that the aggregate is of a quality which

is at least equivalent to those sources listed in SP •

3.1.2 Cementitious Materials, Admixtures, Curing Compound. At least 60

days in advance of concrete placement the contractor will notify the

Contracting Officer of the source of materials, along with sampling location,

brand name, type and quantity to be used in the manufacture and/or curing of

the concrete. *(Sampling and testing will be performed by and at the expense

of the Government except as otherwise specified. No material shall be used

until notice has been given by the Contracting Officer that test results are

satisfactor,y and al' movement of materials after sampling shall be as

directed. The Government will sa~ple and test the following:)

-r---
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*(Air-entraining admixture)

*(Chemical admixture)

*(Curing compound)

*(Cementitious materials)

NOTE: ONLY WHEN ANY OF THE ABOVE OPTIONS ARE DELETED WILL THE
CORRESPONDING MANUFACTURER'S CERTIFICATION DESCRIBED IN
PARAGRAPH 5.1 OR 5.2 BE USED AND THE CORRESPONDING

SUBPARAGRAPHS 3.1.2.1, 3.1.2.2, 3.1.2.3, 3.1.2.3.1,

3.1.2.3.2 AND/OR 3.1.2.4 WILL BE DELETED.

*(3.1.2.1 Atr-entraining admixture or other chemica' admixtures which has

been in storage at the project site for longer than 6 months or which has been

subjected to freeZing will be retested at the expense of the Contractor when

directed by the Contracting Officer and shall be rejected if test results are

not satisfactory.)

*(3.1.2.2 Air-entraining or other chemical admixtures will be accepted

based on compliance with applicable specification, except that 6-month and

1-year compressive strength requirements are waived.)

*(3.1.2.3 Cement and Pozzolan. If cement or pozzolan is to be obtained

from more than one source, the initial notification shall state the estimated

amount to be obtained from each source and the proposed schedule of

shipments.)

*(3.1.2.3.1 PregualifiedCement Sources. Cement shall be delivered and

used directly from a mill of a producer designated as a qualified source •

Samples of cement for check testing will be taken at the project site or

concrete producing plant by a representative of the Contracting Officer for
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testing at the expense of the Government. Alist of prequalified cement

sources is available from Commander and Director, U.S. Army Engineer Waterways

Experiment Station, P.O. Box 631, VicKsburg, Mississippi 39180.)

*(3.1.2.3.2 Prequalified Pozzolan Sources. Pozzolan shall be delivered

and used directly from a producer designated as a qualified source. Samples

of pozzolan for check testing will be taken at the project site by a

representative of the Contracting Officer for testing at the expense of the

Government. A list of prequalified pozzolan sources is available from the

Commander and Director, U.S. Army Engineer Waterways Experiment Station, P.O.

Box 631, Vicksburg, MS 39180.)

*{3.1.2.3.3. Cement, if not from a prequalified source will be sampled at

the source and stored in sealed bins pending completion of certain tests.

Sampling, testing and the shipping inspection from the point of sampling, when

the point is other than at the site of the work, will be made by, or under the

supervision of the government and at its expense. No cement shall be used

until notice has been given by the Contracting Officer that test results are

satisfactory. In the event of failure, the cement may be resampled and tested

at the request of the Contractor, at his expense. When the point of sampling

is other than at the site of the work, the fill gates of the sampled bin and

conveyances used in shipment will be sealed under Government supervision and

kept sealed until shipment from the hin has been completed. If tested cement

is rehandled at transfer points the extra cost of inspection will be at the

Contractor's expense. The cost of testing cement excess to the project

reqUirements will also be at the expense of the Contractor. The charges for

testing cement at the expense of the Contractor will be deducted from the

r - .. -- --1·_·



•

•

•

•

•

•

•

•

e·
•

•

•

CW-03301
Dec 84

paYlllents due the Contractor at a rate of dollars per ton of cement--
represented by the tests.}

*{3.1.2.3.4 Pozzolan, if not from a prequalified source, will be sampled

at the source and stored in sealed bins pending completion of certain tests •

Pozzolan will also be sampled at the site when detennined necessary. All

sampli ng and testing will be by and at the expense of the Government. Release

for shipment and approval for use will be based on compliance with 7-day l1me­

pozzolan strength requirements and other physical and chemical and. uniformity

requirements for which tests can be completed by the time the 7-day lime­

pozzolan strength test is completed. Release for shipment and approval for

use on the above basis will be contingent on continuing compliance with the

other requirements of the specifications. If a bin fails, the contents may be

resampled and tested at the Contractor's expense. In this event the pozzolan

may be sampled as it is loaded into cars, trucks or barges provided they are

kept at the source until released for shipment. Unsealing and resealing of

bins and sealing of shipping conveyances will be done by or under the

supervision of the Government. Shipping conveyances will not be accepted at .

the site of the work unless received with all seals intact. If pozzolan 1s

damaged 1n Shipment, handling, or storage, it shall be promptly removed from

the site of the work. Pozzolan which has not been used within six months

after test will be retested at the expense of the Contractor When directed by

the Contracting Officer and shall be rejected if the test results are not

satisfactory. If tested pozzolan is rehandled at transfer points, t~e extra

cost of inspection will be at the Contractor's expense. The cost of testing

excess pozzolan will be at the Contractor's expense at a rate of __ cents per

ton. The amount will be deducted from paYment to the Contractor.'

•3A--~O



\,W-UJJUl
Dec 84

3.2 Construction Testing By Government. The Government will sample and

test aggregates and concrete to detennine compliance with the specifications.

The Contractor shall provide facilities and labor as may be necessary for

procurement of representative test samples. Samples of aggregates will be

obtained at the point of batching in accordance with ASTM D 75. Concrete will

be sampled in accordance with ASTM C 172. Slump and air content will be deter­

mined in accordance with ASTM C 143 and ASTM.C 231, respectively. Compression

test specimens will be made and laboratory cured in accordance with ASTM C 31

and compression test specimens tested in accordance with ASTM C 39.

4. EVALUATION AND ACCEPTANCE.

4.1 Concrete Strength. The strength of the concrete will be considered

satisfactory so long as the average of all sets of three consecutive test

results equal or exceed the required specified strength ftc and no individual

test result falls below the specified strength ftc by more than 500 pounds per

square inch. Additional analysis or testing may be required at the

Contractor's expense when the strength of the concrete in the structure is

considered potentially deficient. Concrete work judged inadequate shall be

reinforced with additional construction as directed by the Contracting Officer

or shall be replaced at the Contractor's expense.

4.2 Construction Tolerances. Variation in alignment, grade and

dimensions of the structures from the established alignment, grade and

di mensi ons' shown on the drawi ngs sha11 be wi thi n the tolerances speci fi ed in

the folloWing tables:

r---- -- ,---- -- ,------'--- --- -- -- -------,-. '----------_ ..--
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o
liB-inch

1/4-inch

........

Rise •••••••••••••••••••••••• 1/16-inch
Tread ••••••••••••••••••••••••• lIB-inch

2 percent of the footing width in the
direction of . lacement but not more
than •••• ~ •••••••••••• •,r· .... 2-i nches

••••••••••• 5 percent
of speci fi ed

thickness

(B) Variation in steps:

a. In a flight of stairs

b. In consecutive steps

b. Misplacement of
entricity

•

•

• TABLE II

CONSTRUCTION TOLERAUCES FOR TUNNEL LININGS AND CONDUITS

•
(1) Departure from established

alignment or from established
grade

Free-flow tunnels
and conduits •••••••••••••••• •••• 1-inch
High-velocity tunnels
and conduits ••••••••••••••• ••• 1/2-inch
Railroad tunnels •••••••••••• •••• 1-inch

•

•

(2) Variation in thickness,
at any point

Tunnel lining•••••••••••••••• •• minus 0
Conduits ••••••••••••••••••• m; nus 2-1/2

percent or
1/4-; nch,
whichever
1s greater

Conduits ••••••••••••••••••• plus 5
percent or
1/2-inch,
whichever
is greater

CD

TABLE III

TOLERANCES FOR CONCRETE CANAL LINING

•
(3) Variation from inside

dimensions
........................... 1/2 of

1 percent

••

•

(1) Departure from established
alignment

(2) Departure from established
profile grade

•••••••••••••••••••2-inches on tangents
•••••••••••••••••• 4-inches o~ curves

•••••••••••••••••• 1-inch

•



•
CW-03301

Dec 84

• (3) Reduction in thickness in lining ••••••••••••• 10 percent of specified
thickness: provided that
average thickness is
maintained as determined
by daily batch volumes

•••••••••••••

••••••••••••••

•

(4) Variation from specified
width of section at any height

(5) Variation from established
height of 11 ni ng

(6) Variations in surfaces ....•.•..•.
•••••••••••

1/4 of 1 percent plus
1-inch

1/2 of 1 percent plus·
i-inch

Invert 1/4-inch in 10 feet
Si de slopes 1/2-i nch in
10 feet

•
TABLE IV

TOLERANCES FOR BRIDGES, EROSION PROTECTION
STRUCTURES AND SMALL HYDRAULIC STROcTORE~

Exposed, in 10 feet •••••••••• • 1/2-inch
Backfilled, in 10 feet •••••••••• i-inch

•

•

(1) Departure from established
alignment

(2) Departure from establi shed
grades

(3) Variation from the plumb or
the specified batter in the
lines and surfaces of columns,
piers, walls, and in arrises

..................•.............

••••••••••••••••••••••••••••••••

i-inch

i-inch

l/2-inch

VAf-.-'! Pm t t-J ~ M 1l'tE- PLlJ tY; 6 oR...
Lr:0eL--- __ "\ __ ~, tJoT ~J l{'·:rF-L

I~ Yb INUA. \lJ \ D fCf':"';

••••••••••••••••••••••••••••••

same as footings for buildings

Minus ••••••••••••••••••••••••• 1/8-inch
Plus •••••••••••••••••••••••••• 1/4-1nch

Minus••••••••••••••••••••••••• 1/4-inch
Plus •••••••••••••••••••••••••• 1/2-inch

Footings:

Variation in the sizes and
locations of slab and wall
openings
~\~S ~JO ~\~IJ~\"~ f=Dr2­
~IPC__ r-MT~ ~ li,1 J() '6IYt1JtA-L
W~-T7~P."i ~:n:jJ~1V.~~ .

(7)

(8)

(6) Variation in thickness of
bridge slabs

(4) Variation from the level or
from the grades indicated on Exposed, in 10 feet •••••••• ••• 1/2-inch
the drawings in slabs, beams, Backfilled, in 10 feet •••••••• i-inch
horizontal grooves, and railing
offsets

(5) Variation in cross-sectional
dimensions of columns, piers
slabs, walls, beams, and
similar parts

•

•

••



~ Colors. Colors of pigmented concrete shall be considered satisfactory based
on the comparitive analysis of color produced t'rom test panel (s) in accordance
with paragraph: TEST PANEL, and Munsell color samples in accordance with U. S.
Department ot' Agriculture Handbook 18 - So11 Survey Manual. Color of concrete
shall oonfoMl to Mun&ell oolor number 10YR5/3 with respect to hue. value, and
chroma. Evaluation ot' color shall be made within the time limits prescribed 1n
paragraph: TEST PAHEL.

4.3 Surface Requirements. The surface requirements for the classes of

finish required by Section 3 , FOnRWOrk for Concrete, paragraph 5.1, shall be

as hereinafter specified. Allowable irregularities are designated "abrupt" or

-gradual· for purposes of providing for surface varitions. Offsets resulting

from displaced, misplaced or mismatched forms, or sheathing, or by loose knots

in sheathing, or other similar form defects, shall be considered "abrupt"

irregularities. Irregularities resulting from warping, unplaneness or similar

uniform variations from planeness, or true curvature, shall be considered

"gradual" irregularities. IlGradual ll irregularities will be checked for

compliance with the prescribed limits with a 5-ft tenplate, consisting of a

straightedge for plane surfaces and a shaped template for curved or warped

surfaces. In measuring irregularities, the straight edge or template may be

placed anyWhere on the surface in any direction, with the testing edge held

parallel to the intended surface.

Class of Finish

A
B
C
o
F

1
1/8

Irregularities
inches Gradual,

174
1/2
1/4
1

1/4

inches

*Yariation for Class C finish shall not exceed zero positive and lIS-inch

negative in the direction of flow of the water.

4.4 Appearance. Pennanently exposed surfaces shall be cleaned, if

stained or otherwise discolored, by a method which does not harm the concrete

and which is approved by the Contracting Officer.

5. SUBMITTALS.

3A-l~
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•

•

•

•

•

•

•

••

•

5.1 Test Reports •

5.1.1 Concrete mixture proportions shall be determined by the contractor

and submitted for approval. The proportions of all ingredients and nominal

maximum coarse aggregate size that will be used in the manufacture of each

quality of concrete shall be stated. Proportions shall indicate weight of

cement and water and weights of aggregates in a saturated surface-dry

condition. The submission shall be accompanied by test reports from a

laboratory complying with ASTM E 329 which show that proportions thus selected

will produce concrete of the qualities indicated. No substitution shall be

made in the source or type of materials used in the work without additional

tests to show that the new materials and quality of concrete are satisfactory.

*(5.1.2 Cement and pozzolan will be accepted on the basis of

manufacturer's certification of compliance, accompanied by mill test reports

that materi al s meet the requi rements of the speci fication under which it is

furnished. Certification and mill test reports shall identify the particular

lot furnished. No cement or pozzolan shall be used until notice of acceptance

has been given by the Contracting Officer. Cement and pozzolan will be

subject to check testing from samples obtained at the mill, at transfer points

or at the project site, as scheduled by the Contracting Officer, and such

sampling will be by or under the supervision of the Government at its

expense. Material not meeting specifications shall be promptly removed from

the site of work) •

that

I.

I-----------------
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used

and mill

u til notice 0

pa ti cul ar lo.t

; s furni shed.

i on blast fu nace slag will be s

5.1.4 Non-shrink Grout.

5.1.4.1 General. Descriptive literature of the grout proposed for use

shall be furnished together with a certi ficate from the manufacturer stating

that it is suitable for the application or exposure for which it is being

considered. In addition, a detailed plan shall be submitted for approval,

showing equipment and procedures proposed for use in mixing and placing the

grout.

5.1.4.2 Prepackaged material requiring only the addition of water will be

accepted on the basis of certified laboratory test results showing that the

material meets the requirements of CRO-C 621. When fine aggregate is to be

added, the Contractor shall also furnish for approval the design mix

proportions together with certified copies of laboratory test results

indicating that the mix is in conformance with the requirements of CRD-C 621.

5.1.4.3 Mixture proportions using a volume-change controlling ingredient

shall be submitted for approval. The submittal shall include the design mix

proportions of all ingredients and certified copies of laboratory test results

indicating that the materials and the mix is in conformance with the

requirements of CRD-C 621.

----1---- -----T - ----,--- ----.
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5.2 Manufacturers' Certificate •

5.2.1 Accelerating admixture shall be certified for compliance with all

specification requirements.

5.2.2 impervious sheet curing materials shall be certified for c()rllpHance

with all specification requirements.

~5.2.3 Air-entraining admixture shall be certified for compliance with

all specification requirements •

~5.2.4 Water-rerlucing admixture shall be certified for compliance with

all specification requirementsl.

~5.2.5 Curing compound shall be certified for compliance with all

specification requirements~.

5.3 Review of Plant, Equipment and Methods.

5.3.1 Batch Plant. Details of the data on concrete plant shall be

submitted for review by the Contracting Officer for confonmance with

para. 8.2.

5.3.2 Mixers. The make, type and capacity of concrete mixers proposed

for mixing concrete shall be submitted for review by the Contracting Officer

for confonmance with paragraph 8.3. The results of the initial mixer-
uniformity tests as required in paragraph 15.2.12 shall be submitted with,n

...... ~

five days of the initiation of placing.

5.3.3 Conveying Equipment. The methods and equipment for transporting,

handling, and depositing the concrete shall be sUbmitted for review by the

Contracting Officer for conformance with paragraph 9.

5.3.4 Placing~ All placing equipment and methods shall be submitted for

review by the Contracting Officer for conformance with paragraph 11•

•

• 2A-)1
/
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5.3.5 )0'1 ntClean-up. The method and equipment proposed for joi nt clean-

up and waste disposal shall be submitted for review by the Contracting Officer

for conformance with paragraph 10.4.

5.3.6 Curing. The curing medium and methods to be used shall be

submitted for review by the Contracting Officer for conformance with paragraph

13.

5.3.7 Cold-weather Requirements. If concrete is to be placed under cold

weather conditions, the proposed materials, methods and protection shall be in

accordance with the requirements of paragraph 11.3 and 13.5 for approval by

the Contracting Officer.

5.3.8 Hot-weather Reguirements. If concrete is to be placed under hot

weather conditions, the proposed materials and methods shall be in accordance

with the requirements of paragraph 11.4 and 13.6 for approval by the

Contracting Officer.

1 16-
3A-18
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shall be restricted to one color and one type •

6.1.1 Portland Cement. ASTM C 150.l,rype~ n.xcept tAit the ",a:)dm~m..

...
..r,

~ARTl1 ~ PRODUCTSr-:;:...."... -­
f 6. ~ATERIALS.

..... "'.:>'0. .... ~ .. -.,.. - . ..

¥:~-".'~"'.'" .,.,
. ./-.. ,

.i" ~

/ i
~ 6.1 Ce-entitious Materials shall be portland c~nt, '01 ~i8"i .118' ~

; .
fbi."dC@ slay celllell8\ port'and-~~'Z.zolan cement or ~rtland c~nt in t
ct.i"~tion with poZZO.lan .1§I8Ulilt inA ~h$i fu nut. ~~, and Shallconfonn~ i
to appropriate specifications listed below. Usage' for architectual concret~~1

•

•

•

•

•

•

•

'11100" t Of C3A ; A Type ! cemelit ~a" be 15 pe"e@nt 'C.( i ncl udi ng fal se set}

reqUirements) "'*1Low alkali. wtteR ...sed WitA agg..egates listed tv peltti4,e it in

..&P-__, ~including heat of hydration requirement at 7 days~.

6.1.2 High-Early-Strength Portland Cement. ASTM C 150, TypeIII~with

tricalcium aluminate l1mited to ~~ percentryow alkal1J, used only when

specifically approved in writing.

Por~ Bl"

Portl and-Pozzola" Cement - ASTM C 595 Type IP--fMs+ (1111)). '*'t~he

portland cement or clinkers shall meet the requirements of ASTM C 150 for low

e.

alkali cement; the pozzolan shall meet the requirements of ASTM C 618 Table

lA, available alkali.'

6.1.5 Pozzolan. Pozzolan shall confonn to ASTM C 618 Class~~~ ,

•

with the optional requirements of Table lA for ~a9nesium oxide and Table 2A •
. TIv. IDe,~ ~ ijt4if/~ of- f1..A ~~~/..- .4.// • II",,'/e..,f 1"b ~~",.;:(.

(~MOd~d P~C_ftt. ~~J9.i-1'ffotY'mpe~IH(PJMr~1T1"""·'11~I9r.')

•
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6.2 Aggregates shall be produced from the sources and under the

conditions described in para 3.1.1. Fine and coarse aggregates shall conform

to the grading requirements of ASTM C-33. The nominal maximum size shall be

as 1'1 sted ; n paragraph 7.2. Where the tlse of hi 9Rway Elel'artmelit 91 adati ons ­

ape permitted, proposed gradatioDs ,ba~l ~e ,y~itte4 for al'preva~

6.3 Admixtures to be used, when required or permitted shall conform to

the appropriate specification listed below:

6.3.1 Air-entraining admixture. ASTM C 260.

6.3.2 Accelerating admixture. calci~oride

• en ~p rovenr Aec71h7·~tor\hal use not

percent o· ca cjtm L.~ Ori~. by 't'";ght. of the V"'ent. adde

1~~ ~ !ccelerators shall meet the
:::

requirements of ASTM C 494 type C *(01 E+.

6.3.3 Water-reducing or retarding admixtures ASTM C 494, Type A, B or D.

6.3.4 High Range Water-Reducer. ASTM C 494 Type F *(or G). The

admixture may be used only when approved by the Contracting Officer, such

approval being contingent upon particular mixture control as described in the

contractors' Quality Control Plan.

6.4 Curing Materials.

30 13

21\-20
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6.4.1 Impervious sheet materials ASTM C 171, t,ype optional except

polyethylene film, if used, shall be white opaque.

6.4.2 Membrane-forming curing compound CRD-C 300, pigmented~

~. .19" pi glQiQted cOlllpoYAd ,t:liI~ 1 eSFI'aiFi a f.y,i ''hoe Ely!.

6.5 Water for mixing and curing shall b~ fresh, clean, drinkable, and.

free of injurious amounts of oil, acid, salt, and alkali, except that

undrinkable water may be used if it meets the requirements of CRD-C 400.

6.6 Non-Shrink Grout shall confonm to CRD-C 621. The type shall be

*(Gas-Li~erating) (Metal-Oxidizing) (Gypsum-Forming) (Expansive-Cement).

7. MIXTURE PROPORTIONING.

• "

Compressive Strength @28 days, psi

5000 @*( 28) (90) ( ) days
4000@*(28}(9O} (i---) days
3000 @*(28) (90) ( ) days
2500 @*(28) (90) ( ) days

Structure or Portion of Structure ,
\,,

•
7.1.2 Maximum Water - Cement Ratio. Maximum water cement ratio shall be

as follows:

••
}
)

Water-Cement Ratio, by wt
0.45
0.50
0.55
0.60
0.65

Structure or Portion of Structure

•

•

7.2 Nominal Maximum size coarse aggregate shall be *(1-1/2)(1) inches

except 3/4-inch nominal maxi~um size coarse aggregate shall be used when any

2A-Z(
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•
of the following conditions exist: the narrowest dimension between sides of

forms is less than 7-1/2 inches, the depth of the slab is less than 4-1/2

inches or when the minimum clear spacing between reinforcing is less than

2 inches.

. -- _~-_- ....... ~a"lnq

3 -20. ..J.
- .t'/~~I

~"!#/1th;'-~ -$

No ~"-'P.'."J
..v","V_~I "d-

-,~-

'?"5 C~n~r·e~~ ;~opori~nni ~~S for
I various qualities of 0 ng. Trial design batches and testing require ;r t"e
1 Contractor. Samples ofconcrete speoified shall be the responsibilitlanoe wil:.h

the reqUirements of ASTM ~pproved aggregates shall be obtained in aooo~e shall :be
15. Samples of materials other than aggrega t

7.3 Air Content as determined by ASTM C 231 shall be between 4 and 7

percent except that when the nominal maximum size coarse aggregate is 3/4-inch

it shall be between 5 and 7 percent.

7.4 Slump. The slump shall be determined in accordance with ASTM C-143

and shall be within the range of 1°.4". Where placement by pump is approved,

the slump shall not exceed 6 inches and shall remain within a 3" band.

Where the use of chemical admixtures conforming to ASTM C 494, Type F or G is

approved, the sl ump shall not exceed 8 inches.

representative or those proposed for the projeot and shall be aooompanied by
manufaoturer's test reports indioating complianoe with applicable speoified
requirements. Trial mixtw-es havins proportions, consistenoies and air oontent
Auitable for the work shall be made based on ACI Standard 211.1. Thewater~oement

ratios required in paragraph: HAXIKJM WATER-CEMENT BATIO will be converted to a t
l~weight ratio of water to cement plus pozzolan or by weight equivalenoy as \

described in ACI Standard 211.1 to determine the maximum allowable water. Trial.
mixtures shall be designed for maximum permitted slump and air oontent. The
temperature of concrete in each trail batch shall be reported. For eaoh maximaum
'lggregate size selected at each water-cement ratio at least three test cylinders
·oreaoh test age shall be maeSe and cured in accorclance with ISTM C 192. They
hall be testeeS at 7 and 28 days in ftccordance with ASTM C 39. From these test
",sul ts a ourve shall be plotted showing the relationship between water-oement
tio and strength.

."

e

•

e

e

e.

e
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•

•

•

•

e·

..

•

•

1 ~elatieAs~ig bptW,~~ .At=~.·••••+ • 4 __~~

t
~. Average Strength. In ~eeting tbe water-cement ratio and strength

.. requirements specified in paragraph: QUALITY AND LOCATION above,the selected
mixture proportion shall produce an average strength (fer) exceeding the specified
strength ftc by the amount indicated below with a water-cement ratio at or below
that specified above. Where a concrete production facility has a large amount of i
test records, ver1fying that concrete of the strengths and water-cement ratios I
apecified are being produced, a standar~ deviation shall be established. Test f

records fram which a standard deviation 1s calculated shall represent mater1als,
including admixtures and colors, quality control procedures, and conditions
similar to those expected. Changes in materials and proportions within the test t

records shall not bave been more restricted than those for the proposed wOl"k and·

j
shall represent concrete pl"oduced to meet a specified strength or strengths fiC.
meeting or exceeding that specified for proposed WOl"k at or below water-cement.
ratio specified; and shall consist of at least 30 consecutive tests or two groups
of consecutive tests totalling at least 30 tests. A strength test shall be the
average of the strengths of two cylinders made from the same sample of concrete
and tested at 28 days or at other test age designated for determination of f'c­

~.~~u~co ~ met a

gths fie within 100 psi 0 that specif; for

t of at least 30 onsecutiv tests or t groups of

nsecutive test totalling

rage of the
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..
I

~

•Use table in 7.6.3
1.16
1.08
1.03
1.00

Modification factor
for standard deviation

No. of tests*

* Interpolate for intermediate numbers of tests.

less than 15
15
20
25
30 or more

table:

7.6.1 Required average compressive strength fcr used as the basis for

selection of concrete proportinns shall be the larger of the equations which

follow using the standard deviation as determined above:

fcr = f'c + 1.34$ where $ = standard deviation

fcr =f'c + 2.33S - 500

7.6.2 Where a concrete production facility does not have test records

meeting requirements above but does have a record based on 15 to 29

consecuthe tests, a standard devi at10n may be establi shed as the product of

the calculated standard deviation and a modification factor from the following

,
J,
;

'\
I,
;

..

•

•

•

•

•

• 7.6.3 When a concrete production facility does not have field strength

test records for cal culation of standard devi ation the requi red average

strength fcr shall be determined as follows:

.. If the specified compressive strength f'c is less than 3000 psi,

fcr • f'c + 1000.

If the specified compressive strength f'c is 3000 to 5000 psi,

• ~ f cr • f'c + 1200•
..

If the specified compressive strength f'c is over 5000 psi,

fcr • f'c + 1400•

•

•
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PART III - EXECUTION

8. PRODUCTION EQUIPMENT.

8.1 Capacity. The batching and mixing equipment shall have a capacity of

at leastllDcubic yards per hour.

8.2 Batching Plant shall conform to the requirements of the Concrete­

Plant Standards of CPMB and as specified; however, rating plates attached to

batch plant equipment are not required.

8.2.1 Equipment. The batching controls shall be "(partially 5tttomatfc',

~emi-automatic4-for~automaticT. ~The semi-automatic batching system shall

be provided with interlocks such that the discharge device cannot be actuated

until the indicated materi al is within the applicable tolerance.t ~The semi­

automatic or automatic batching system shall be equipped with an accurate

recorder or recorders Which meet the requirement of the Concrete Plant

Standards of CPM~. Separate bins or compartments shall be prOVided for each

size group of aggregate and cement, pozzolanand slag. Aggregates shall be

weighed either in separate weigh batchers with individual scales or
-'

cumulatively in one weigh batcher on one scale. Aggregate shall not be

weighed in the same batcher with cement, pozzolan, or slag. If both cement

and pozzolan or slag are used they may be batched cumulatively provided

portland cement is batched first. If measured by weight, water shall not be

weighed cumulatively with another ingredient. Water batcher filling and

di schargi ng val ves shall be so interlocked that the di scharge val ve cannot be

opened before the filling valve is fUlly closed. An accurate mecha~ical

device for measuring and dispensing each admixture shall be prOVided. Each

dispenser shall be interlocked with the batching and discharging operation of
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the water so that each ad"d; i:'lr::'.;,. separate1y batched and di scharged

automatically in a manner to obtain uniform distribution throughout the batch

in the specified mixing period. Where use of truck mixers make this

requirement impracticable, the admixture dispensers shall be interlocked with

the sand batcher. Admixtures will not be combined prior to introduction in

water or sand. The plant shall be arranged so as to facilitate the inspection

of all operations at all times. Suitable facilities shall be provided for

obtaining representative samples of aggregates from each bin or compartment.

8.2.2 SCales. The weighing equipment shall confonn to the applicable

requirements of NBS Handbook 44, except that the accuracy shall be plus or

minus 0.2 percent of scale capacity. The Contractor shall provide standard

test weights and any other auxiliary equipment required for checking the

operati ng perfonnance of each seal e or other measuri ng devices. The tests

shall be made at the frequency required in paragraph 15.2.4 and in the

presence of a Government inspector.

8.2.3 Batching Tolerances.

8.2.3.1 Weighing Tolerances. Whichever of the following tolerances is

greater shall apply, based on required scale reading.

Material

Cementitious Materials
Aggregate
Water
Admixture .

Percent of Required
Weight

+1
+2
+1
+3

Percent of Scale
Capacity

+0.3
+0.3
+0.3
+0.3

8.2.3.2 Volumetric Tolerances. For volumetric batching equipment the

following ~olerances shall apply to the required volume of material being

batched:

Water: Plus or minus 1 percent.

Admixtures: Plus or minus 3 percent.
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8.2.4 Moisture Control. The plant shall be capable of ready adjustment

to compensate for the varying moisture contents of the aggregates, and to

change the weights of the materials being batched. ~An electric moisture

meter complying with the provisi ons of CRD-C 143 shall be provi ded for

measuring of moisture in the fine aggregate. The sensing element shall be

arranged so that measurement is made near the batcher charging gate of the

sand bin or in the sand batcher.~

8.3 Mixers:

8.3.1 General. The mixers shall not be charged in excess of the capacity

recommended by the manufacturer. The mixers shall be operated at the drum or

mixing blade speed designated by the manufacturer. The mixers shall be

maintained in satisfactory operating condition, and the mixer drums shall be

kept free of hardened concrete. Should any mixer at any time produce

unsatisfactory results, its use shall be promptly discontinued until it is

repaired•

8.3.2 Concrete plant mixers shall be tilting, non-tilting, horizontal

shaft or vp.rtical-shaft type and shall be provided with an acceptable device

to lock the discharge mechanism until the required mixing time has elapsed •

The mixing time and uniformity shall confoMn to all the paragraphs in AS~

C-94 applicable to central-mixed concrete.

8.3.3 Truck Mixers. Truck mixers, the mixing of concrete therein, and

concrete uni fonni ty. shall confonn to the requi rements of ASlJ.1 C-94. A truck

mixer may be used either for complete mixing (transit-mixed) or to finish the

partial mixing done in a stationary mixer (shrink-mixed). Each truck shall be

45[3
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equipped with two counters from which it will be possible to detennine the

number of revolutions at mixing speed and the number of revolutions at

agitating speed.

9. CONVEYING EQUIPMENT.

9.1 General. Concrete shall be conveyed from mixer to forms as rapidly

as practicable and within the time interval in paragraph 11.2 by methods which

will prevent segregation or loss of ingredients. Any concrete transferred

from one conveying device to another shall be passed through a hopper which is

conical in shape and shall not be dropped vertically more than eight feet,

except where suitable equipment is provided to prevent segregation and where

specifically authorized. Telephonic or other satisfactory means of rapid

communication between the mixing plant and the forms in which concrete is

being placed shall be provided and available for use by Government inspectors.

9.2 Buckets. The interior hopper slope shall be not less than 50 degrees

from the horizontal, the minimum dimension of the clear gate opening shall be

at least 5 times the nominal maximum size aggregate and the area of the gate

opening shall be not less than two-square feet. The maximum dimension of the

gate opening shall not be greater than twice the minimum dimension. The

bucket gates shall be essentially grout tight when closed and may be manually,

pneumatically or hydraulically operated except for buckets larger than 2 cubic

yards shall not be manually operated. The design of the bucket shall provide

means for positive regulation of the amount and rate of deposit of concrete in

each dumping position.

9.3 Transfer Hoppers. Concrete may be charged into non-agitating hoppers

for transfer to other conveying devices. Transfer hoppers shall be capable of

z;g§i€
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receiving concrete directly from delivery vehicles, and have conical-shaped

discharge features. The machine shall be equipped with a hydraulically­

operated gate and with a means of external vibration to effect complete and

facile discharge. Concrete shall not be held in non-agitating transfer

hoppers more than 30 minutes.

9.4 Trucks. Truck mixers operating at agitating speed or truck agitators

used for transporting plant-mixed concrete shall conform to the r~quirements

of ASTM C-94. Non-agitating equipment ~y be used for transporting plant

mixed concrete over a smooth road when hauling time is less that 15 minutes •

Bodies of non-agitaUng equipment shall be smooth, watertight, metal

containers equipped with gates that will pennit the discharge of the concrete.

9.5 Chutes. When concrete can be placed directly from a truck mixer,

agitator or non-agitating equipment, the chutes attached to this equipment may

be used. A discharge deflector shall be used when required by the Contracting

Officer. Separate chutes and other similar equipment will not be permitted

for conveying concrete except when specifically approved.

9.6 Belt Conveyors. Belt conveyors may be used when approved. Such

conveyors shall be designed and operated to assure unifonm flow of concrete

from mixer to final place of deposit without segregation of ingredients or

loss of mortar and shall be provided with positive means for preventing

segregation of the concrete at the transfer points and the point of placing.

Belt conveyors shall meet the addi tional requirements as follows: The idler

spacing shall not exceed 36 inches. If concrete is to be placed through

installed horizontal or sloping reinforcing bars the conveyor will discharge

concrete into a pipe or elephant trunk which is long enough to extend through

3A-Z5j
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the reinforcing bars. In no case will concrete be discharged to free fall

through the reinforcing bars.
~

9.7 Pump Placement. Concrete may be conveyed by positive displacement

pump when approved. c.:e pjlmping equipment shall be piston~.:squeefe pressure
J)t~ ~"1."" ".-c~ w" .. it. b..P""'I"r( .

type. The pipeline shall be rigid steel pipe or heavy duty flexible hose. • 0

The inside diameter of the pipe shall be at least three times the nominal

maximum size coarse aggregate in the concrete mixture to be pumped but not

l.ess than 4 inches. The maximum size coarse aggregate will not be reduced to

accommodate the pumps. The distance to be pumped shall not exceed limits

recommended by the pump manufacturer. The concrete shall be supplied to the

concrete pump continuously. When pumping is completed, concrete remaining in

the pipeline shall be ejected without contamination of concrete in place.

After each operation, equipment shall be thoroughly cleaned, and flushing

water shall be wasted outside of the forms.

10. PREPARATION FOR PLACING.

10.1 Embedded Items. Before placing concrete, care shall be taken to

determine that all embedded items are firmly and securely fastened in place as

indicated on the drawings, or required. Embedded items shall be free of oil

and other foreign matter such as loose coatings or rust, paint and scale. The

embedding of wood in co~crete will be permitted only when specifically

authorized or directed. Voids in Sleeves, inserts and anchor slots shall be

filled temporarily with readily removable materials to prevent the entry of

concrete into voids.

10.2 Concrete on Earth Foundations. Earth surfaces upon which concrete

is to be placed shall be clan, damp, and free from frost, ice, and standing

~
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or runni ng water. Pri or to pl aci ng concrete the earth foundati on shall ha\'e

been sat; sfactor; 1y compacted in accordance wi th the provi sions of Sect;on _ •

10.3 Concrete on Rock Fou'" ~''ltio~~. Rock surfaces upon -which concrete is

to be placed shall be clean. t oc from oil,' st~~ding or running water. ice.

mUd. drumy rock, coatings, debris and loose f semi-detached or unsound

fragments. Faults or seams shall be cleaned to a satisfactory depth and to

fin. rock on the sides. Immediately before concrete is placed, a'l rock

surfaces shall be cleaned thoroughly by the use of air-water jets,

sandblasting or other approved methods. All rock surfaces shall be kept

continuously wet for at least 24 hours immediately prior to placing concrete

thereon. All approximately horizontal surfacesshal 1 be covered • immediately

before the concrete ;s placed, with a layer of mortar approximately similar to

that in the concrete mixture.

10.4 Construction Joint Treatment.

10.4.1 General. Concrete surfaces to which other concrete is to be

bonded shall be prepared for receiving the next lift or adjacent concrete by

cleaning with either air-water' cutting, sandblasting, high pressure water jet.

or other approved method•

10.4.2 Cleaning.

10.4.2.1 Air-Water Cutting. Air-water cutting of a construction joint

shall be performed at the proper time and only on horizontal construction

joints. The surface shall be cut with an a1r-water jet to remove all laftance

and to expose clean, sound fine aggregate, but not so as to undercut the edges

of the larger particles of aggregate. The air pressure used in the jet shall

be 100 psi or minus 10 psi and the water pressure shall be just sufficient to

s_
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bri n9 the water into effect; ve i nfi uence of the ai r pi ~ssure. ~Tleii apD' und

, 94 wi;' "e app~ ied M 'Ai cu ..face of the Hit h "'ie' ~o Pi 010h9 l:lie pei tbd

'Ipp, 0081, tills eo::', Istar GAi~ 1 ,,-.,'"1311 samples Of the material
,

to be used ano

....11 4eilzilst, .'1 'A8 IIQtAod to lag .,&88 ia _"ai..".,,!); After cutting, the

surface shall be washed and rinsed as long as there is any trace of cloudiness

of the wash water. The surface shall again be washed just prior to placing

the succeeding lift. Where necessary to remove accumulated 1aitance,

coatings, stains, debris, and other foreign material, sandblasting will be

required as the last operation before placing the next lift.

10.4.2.2 High-Pressure Water Jet. A stream of water under a pressure of

not less than 3000 psi may be used for cleaning. Its use shall be delayed

until the concrete is sufficiently hard so that only the surface skin or

mortar is removed and there is no undercutting of coarse aggregate particles

Where the cleaning occurs more than two days prior to placing the next lift or

where work in the area sUbsequent to the cleaning causes dirt or debris to be

deposited on the surface, the surface shall be cleaned again as the last

operation prior to placing the next lift. If the water jet is incapable of a

satisfactory cleaning, the surface shall be cleaned by sandblasting.

10.4.2.3 Sandblasting. When employed in the preparation of construction

joints, sandbl asting shall be perfonned as the final operation completed

before placi ng the following 11 ft. The operation shall be continued until all

accumulated laitance, coatings, stains, debris, and other foreign materials

are removed. The surface of the concrete shall then be washed thoroughly to
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remove all loose material s. The surface shall again be washed just prior to

placing the succeeding lift.

10.4.2.4 Waste Disposal. The method used in disposing of waste water

employed in cutting, washing and rinsing of concrete surfaces shall be such

that the waste water does not stain, discolor, __ ·iect exposed sUl-faces of

the structures, or damage the environment of th~ ~-t area. Method of

disposal shall be subject to approval.

11. PLACI~G.

11.1 General. Concrete placement will not be permitted when, in the

opinion of the Contracting Officer, weather conditions prevent proper

placement and consolidation. Concrete shall be deposited as close as possible

to its final position in the forms, and in so depositing there shall be no

vertical drop greater than eight feet except where suitable equipment is

provided to prevent segregation and where specifically authorized. Depositing

of the concrete shall be so regUlated that it may be effectively consolidated

in horizontal layers 1-1/2 feet or less in thickness with a minimum of lateral

movement. The amount deposited in each location shall be that which can be

readily a~d thoroughly consolidated. The surfaces of construction joints

shall be kept continuously wet for the first twelve hours during the twenty-.
four hour period prior to placing concrete. Free water shall be removed prior

to placement of concrete. Sufficient placing capacity shall be provided so

that concrete placement can be kept plastic and free of cold joints while

concrete is being placed.

11.2 Time Interval Between Mixing and Placing. Concrete shall be placed

within thirty minutes after discharge into non-agitating equipment. When
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concrete is truck mixed or when a truck mixer or agitator is used for

transporting concrete mixed by a concrete plant mixer, the concrete shall be

delivered to the site of the work and discharge shall be completed within 1­

1/2 hours after introduction of the cement to the aggregates. When the length

of haul makes it impossible to deliver truck mixed concrete within these time

limits, batching of cement and a portion of the mixing water shall be delayed

until the truck mixer is at or near the construction site. Not more'than 80

percent of the water and all other materials except cement shall be batched at

the distant batch plant and transported to the cement batcher without mixing.

11.3 Cold-Weather Placing. Concrete shall not be placed without a

procedure approved in accordance with paragraph 5.3.7 when the concrete is

likely to be subjected to freezing temperatures before the expiration of the

curing period. The ambient temperature of the space adjacent to the concrete

placement and surfaces to receive concrete shall be above 320F. The placing

temperature of the concrete having a minimum dimension less than 12 inches

shall be between 600F and 750F. The placing temperature of the concrete

having a minimum dimension greater than 12 inches shall be between 500 and

750F. Heating of the miXing water or aggregates will be required to regulate

the concrete placing temperatures. Materials entering the mixer shall be free.
from ice. snow or frozen lumps. Salt. chemicals or other materials shall not

be mixed with the concrete to prevent freezing. except that ~alei~M ehlo,1de;.

-er a chemical accelerator m~ be used.

11.4 Hot-Weather Placing. Concrete shall be properly placed and finished

with approved procedures in accordance with paragraph 5.3.8. The concrete

placing temperature shall not exceed OF. Cooling of the mixing water

I I II
--- ~-_.------------
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and/or aggregates will be required to obtain an adequate placing

temperature. An approved retarder may be used to facilitate placing and

finishing. Steel forms and reinforcement shall be cooled prior to concrete

placement when steel temperatures are greater than 120oF. Conveying and

placing equipment shall be cooled if necessary to maintain proper concrete

placing temperature •

11.5 Consolidation. Immediately after placing, each layer of' concrete

shall be consolidated by internal vibrating equipment. Vibrators will not be

used to transport concrete within the forms. Hand spading may be required if

necessary with internal vibrating along formed surfaces permanently exposed to

view. Form or surface vibrators shall not be used unless specifically

approved. Vibrators of the proper size, frequency and amplitude shall be used

for the type of work being performed in conformance with the following

requirements:

•
Application

Thin walls, beams, etc.
General construction

Head Diameter
(inches)

1-1/4 - 2-1/2
2 - 3-1/2

Frequency
VPM

9000 - 13500
8000 - 12000

Amplitude
(inches)

0.02 - 0.04
0.025 - 0.05

•

.4

•

•

The frequency and amplitude shall be within the range indicated in the table

above as determined in accordance with paragraph 15.2.9. The vibrator shall

be inserted vertically at uniform spacing over the entire area of placement.

The distance between insertions shall be approximately 1-1/2 times the radius

of action of the vibrator. The vibrator shall penetrate rapidly to the bottom

of the layer and at least 6 inches into the preceding layer 1fsuch exists.

It shall be held stationary until the concrete is consolidated and then

withdrawn slowly•

, >
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*(11.6 Placing Concrete in Spillway Weir. The unformed portion of th~

ogee crest and spillway bucket shall be finished by placing concrete slightly

above grade and striking off to grade by accurate screeding. SCreeding may be

accomplished by semi-mechanical devices or by a mechanical screed which

consolidates and screeds the surface in one operation. Ribs embedded in the

fresh concrete as guides for screeds will not be permitted).

*{11.7 Placing Concrete Underwater. Concrete, described 1n Bid Item

, shall be deposited in water by a tremie. The methods a
---~

used shall "Qe subject to approval. Concrete buckets will t be penni tted for j

nderwater p~~c~ent of concrete except to deliver ncrete to the tremie. /

~e tremle shall .be wa.:ertlght and SUff~.e ly large to pennlt a free flow of I
ctncrete. The tremle s;o, -$,hall /ffected In a manner which will not I

produce undue turbulence in t~r around the pipe. The discharge end (

shall be k.ept SUbmerged con~OUS1Y"ln, the concrete and the shaft kept full
" . / ~
of concrete to a point well above the water Placement shall proceed

without interr.u~until the concrete has been br

height. he tremie shall not be moved horizontally durin

eration, and a sufficient number of tremies shall be provided s

maxi mum hori zontal f1 ow will be 11 mi ted to 15 feet).

12. FINISHING.

12.1 Unformed Surfaces.

12.1.1 General. The ambient temperature of spaces adjacent to surfaces

be~ng finished shall not be less than 50oF. In hot weather when the rate of

evaporation of surface moisture, as determined by use of Figure 2.1.5 of ACI

305, may reasonably be expected to exceed 0.2 pounds per square feet per hour,

~Il

9A-3~

-----------.--,~, ir-------- - -r ------------,---



•
CW-03301

Dec 84

•. provision for windbreaks, shading, fog spraying, or wet covering with a light

colored material shall be made in advance of placement, and such protective

measures shall be taken as quickly as finishing operations will allow •

•

•

•

.,-...

•

•

. ."

•

12.1.2 General. The ambient temperature of spaces adjacent to surfaces

being finished shall be not less than 50oF. All unfonned surfaces that are

not to be covered by additional concrete or backfill shall have a float

finish, unless a steel trowel finish is specified, and shall be true to the

elevation shown on the drawings. Surfaces to receive additional concrete or

backfill shall be Qrought to elevation shown on the drawings and left true and

regular. Exterior surfaces shall be sloped for drainage unless otherwise

shown on the drawing or as directed. Joints shall be carefully made with a

jointing or edging tool. The finished surfaces shall be protected from stains

or abrasions.

12.1.3 Float Finish. Surfaces shall be screeded and darbied or bull-

~6

31\-37



• CW-03301
Dec 84

•
•

Concrete surfaces shall be finished with a float finish and after surface

moisture has disappeared, the surface shall be steel-troweled to a smooth,

even, dense finish free fran blemishes including trowel marks. Tolerance

shall be true planes within 5/16-inch in ten feet as detennined by a 10-foot

• straightedge placed anywhere on the slab in any direction.

og, rubbing with

parti es.

12.1-1?BroOOl finish shall be applied to the following surfaces: __

.-----------_._-----------------_._-------

• The concrete surface s 11 be finished with a float f1 ish. Abr. -sin"~__

sprinkled ove.!'_the .f..1 s rfac~ rate of

- --------not 1ess th. 1/4-pound per sq r'e foot. The surface shall

• smoo ,ev~h th~t i unifonn rance and free
/,

from 1e i shes inc1 udi ngtrowe1 marks.

t ' l' . I,coa 1 g or a1tance cover1ng

•

•
The concrete surface shall be finished with a float finish and trowel finish.

•
The troweled surface shall be broomed with a fiber-bristle brush in a

••

direction transverse to that of the main traffic.
V -

12.1'" Bonded two-course fl60r shall be constructed by placing a bonded

topping on thoroughly hardened concrete slab left a distance below final grade

as shown on the drawi ngs. The fl oar toppi ng mixture shall have a sped fi ed

conpressive strength of 6000 pounds per square inch at 28 days, a 1-1 nch

f maximum slump, I/2-inch maximum size coarse aggregate and shall be propar-•

•
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The surface of the base sl ab shall

- "•
-..

•

•

•
----

•

e

e.

•

•

be thoroughly cleaned by sandblasting in accordance with paragraph 10.4.2.2.

The base slab shall be kept continuously wet for the first 12 hours during the

24 hour period immediately prior to placing the finished floor. After all

free water has evaporated or has been removed from the surface, a grout shall

be scrubbed in. The grout shall be a 1:1 mixture of portland cement and sand

passing the No.8 sieve mixed to a cream-like consistency. The grout shall be

applied just ahead of the concrete placing operation. While grout is 5t1l1

damp, reinforcement shall be placed as shown on the drawings, and the top

course spread and screeded by the use of disc-type power floats or equivalent,

f~llowed by a minimum of two power trowelings. Trowel marks left by the

machine shall be removed by final, hard steel troweling done by hand. The

finished floor shall be moist cured in accordance with paragraph 13.2.

12.2. Formed Surfaces. After form removal, all fins and loose materials

shall be removed. All voids, and honeycombs exceeding 1/2 inch in diameter

and all tie rod holes permanently exposed to view shall be reamed or chipped

and filled with dry pack mortar. Defective areas larger than 36 square inches

in any surface, permanently exposed or not shall be delineated in a

rectangular shape by a saw cu~ a minimum depth of I-inch and repaired with

concrete replacement. The cement used in the mortar or concrete for all

surfaces permanently exposed to view shall be a blend of portland cement and

White cement properly proportioned so that the final color when cured will be

the same as adjacent concrete. Temperature of the concrete, ambient air,

replacement concrete or mortar during remedial work including curing shall be

above 50°F. The prepared area shall be dampened, brush-coated with a neat
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cement grout or with an approved epoxy resin, and filled with mortar or

concrete. The mortar shall consist of 1 part cement to 2-1/2 parts fine

aggregate. The quantity of mixing water shall be the minimum necessary to

obtain a uniform mixture and permit placing. Mortar shall be thoroughly

compacted in place and struck off to adjacent concrete. Replacement concrete

shall be drier than the usual mixture and thoroughly tamped into place and

finished. Forms shall be used if required. Metal tools shall not be used to

finish permanently exposed surfaces. The patched areas shall be cured for

seven days.

12.2.1 General. Surfaces, unless other type of finish is specified,

shall be left with the texture imparted by the forms except defective surfaces

shall be repaired as described above. Other type of finishes shall be applied

to the following structures or portions of structures:

Structure or Portion
of Structure

Sack-rubbed
Textured
Exposed aggregate

Unless painting of surfaces is required, uniform color shall be maintained by

use of only one mixture without changes in materials or proportions for any

structure or portion of structure which 1s exposed to view or on which a

special finish is required. The form panels used to produce the finish shall

be orderly in arrangement, with joints between panels planned in approved

rel ation to openings, buil df ng corners and other architectural features. The

finished surface of sack-rubbed, textured, and exposed aggregate fini.shes

shall duplicate the pre-approved sample panel, prepared in accordance with

Section 3__, Formwork for Concrete, paragraph 3.3. Forms shall not be reused

if there is any evidence of surface wear or defects which would impair the

quality of the surface •

c
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12.2.2 Sack-rubbed Finish. This type of finish shall be applied where

specified or shown on the drawings. As approved by the Contracting Officer

and after all required patching, cleaning, and correction of major imperfec­

tions have been completed, the concrete surface shall be given a sack-rubbed

finish as hereinafter described. In order to achieve uniformity of appearance

and reduce the chance of discoloring caused by subsequent construction opera­

tions, sack-rubbing will be delayed until near the end of construction on all..
surfaces not to be painted. The temperature of the air adjacent to the

surface shall be not less than SoPF for 24 hours prior to and 48 hours

following the application of the finish. The finish for any area shall be

made at natural breaks in the finished surface. The sack-rubbed finish shall

•

•

•

•

consist of thoroughly wetting the surface to prevent absorption of water from

the mortar and then coating the surface with mortar. The mortar shall be

applied as soon as the surface of the concrete approaches surface dryness and

shall be vigorously and thoroughly rubbed over the area with clean burlap pads

so as to fill all voids. The mortar shall be composed of one part portland

cement to two parts by volume of well-graded sand passing a No. 30 sieve mixed

with water to the consistency of thick paint. White cement shall be used for

all or part of the cement as approved by the Contracting Officer to give the

desired color. The applied coating shall be uniform, completely filling all

• ~ pits, air bubbles, and surface voidS. While the fIOrtar 1s still plastic,

•
..

excess 1IIOrtar shall be scraped off with a trowel and the surface· shall be

sack-rubbed with a dry mix of the same proportions and materials specified

above, except that no water will be used. The burl ap pads used for thi s

operation shall be stretched tightly around aboard to prevent dishing the

• .. it
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mortar in the voids. No material shall remain on the surface except that

within the voids. The sack-rubbing with a dry mix shall be performed at a

time when the mortar will not be pulled from the voids or depressions. In

hot, dry weather the sack-rubbed finish treatment shall be made in shaded

areas. If it is absolutely necessary to perform sack-rubbed finishing in

areas subject to direct rays of the sun, the concrete surfaces shall be

covered with damp burlap, or a continuous fog spray applied, or some other

suitable method used to moisten the concrete surface for a minimum of one hour

before finishing operations are begun. Immediately after the sack-rubbed

treatment is completed, the surface shall be continuously moist cured for 48

hours.

12.2.3 Textured Finish. This ~pe of finish shall be applied where

specified to conform to details shown on the drawings by use of approved

textured form liners. Liner panels shall be secured in the forms by cementing

or stapling, but not by methods which wnl permit impressions or nan heads,

screw heads, washers or the like to be imparted to the surface of the

concrete. Edges of textured panels shall be sealed to each other to prevent

grout leakage. The sealant used shall be non-staining to the surface.

12.2.4. Exposed Coarse Aggregate Finish. Coarse aggregate shall be

exposed by a method pre-approved by the Contracting Officer.

12.2.5 Abrasive-blast Finish. The concrete surface shall be blasted to

obtain a *(brush) (light) (medium) (heavy) uniform finish.

12.2.6 Tooled finish. The thoroughly cured concrete shall ·be dressed

with electric, air, or hand tools to a uniform texture, and shall be given a

*(hand tooled) (rough) (or) (fine pointed) (crandalled) (or) (bush-hammered)

surface texture.

.34--42-
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13. CURING AND PROTECTION.

13.1 General. All concrete shall be ,cured by an approved method for a

peri od of 7 days. Immedi ately after placement, concrete shall be protected

from premature drying, extremes in temperatures, rapid temperature change, and

mechanical injury. All materials and equipment needed for adequate curing and

protection shall be available and at the placement site prior to start of

concrete placement. Concrete shall be prote~ted from the damaging effects of

rain for 12 hours, flowing water for 14 days (7 days with type III' cement).

*(Concrete shall be shielded from direct rays of the sun for 3 days). No fire

or excessive heat shall be permitted near or in direct contact ~th concrete
, : ...-

13.2 Moist Curing: ~C~~~~ete moist-cured shall be maintained continuously
''; .. , .,;-;".. fI:.. t' .".,. ~'.. •

(not periodically) wet for the entire curing period. If water or curing
I".~-.·'~';' .:~ ,~ •. : ~'''J,,:- ,"'.. ~. '.'

materi al s stai n or di scol or concrete surfaces which are to be permanently
-' •• •••• " ... ..:..,,, '" ~. - • ":', • j~ ~.

exposed, they shall be cleaned as required in paragraph 4.4. When wooden form
" ..,

sheathing is left in place' during curing, the sheathing shall be kept wet at

all times. Horizontal surfaces shall be cured by ponding, by covering with a
-. '. _ .... r ...:':~ t~·

minimum uniform thickness of 2 inches continuously saturated sand, or by

, .

- ..
•

. !.- • "~ ••' ~ ~ ... ~- J~:.. i:J."f t .'T' <·r:r- ~ . . :~. . .
covering with saturated non-staining burlap or cotton mats IF sealed

pennitteci' on any surfac~' to which sack rubbed fini"sh i;'to"b~:~PPlied~ or any
. . . tfVi'ift,~:;~. \,r~.:'.~. ' .

surface containing protruding steel reinforcement, or on abrasive aggregate

finish •

!.~ ..... ", .~ (,'!-~~.I~ -~~ ~~ ... ~i~ .~~ r"~ h.~ , ~ . ... .,. ." ."'" ,~-

__ iMper,ioas sheet M8'efial~. Horizontal construction joints ~ be allowed to
_.. ~,~ ; f~ ~:~.: t-,;,~- ~;"l;!:,_-... 4;~.A -; . - . - ". -:- ~

dry for ~welve hours immediately prior to placing of the following lift.
- ~~.. ~. - - . '- -::- ~-~.'" -.. .' ~ ': . . ~

13.3 Membrane Curing~, Concrete may be cured with an approved curing
,'~'.' ''-:'~~'',,,.;;- 'r,nt·H.tl:~\·;:'" i:"" ~ .. , -, :.•.. ~ '~:;" .. _<t,:' ..... -

compound in lieu of moist curing except that membrane curing will not be. .

e.

•

•
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13.3.1 A pigmented type curing compound conforming to CRD-C 300 may be

used on surfaces which will not be exposed to view when the project is '

completed, or on surfaces that are to be painted. ~Aly 8 eR~oriRa~a rw~

• >a~ Ettfl'i R§ SgIQPO'lRd sa" FOi1lliiig, to CRD-C 317 i1iay be ased o~rfaces-tMt a..a

-tQ be ~Q I iitedh -A Ron_pi gmeAted type SYriRg CompgYR8, couts i" i "9 a FtJg; ~i¥i7

d,e, eon to Hti1 fig t6 CRD-C 300 Wl th the , eFI eethe I eqtt; relfteli ts wa' ved may-;,e.

• -use.d on syrfaces ,"lieh wlll De exposed te vi&k,. 'MleR the project is comp1eted.)

•

•

•

•

•

•

•
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13.3.2 The cur; ng compound shall be applied to fonned surfaces

immediately after the forms are removed and prior to any patching or other
. .. .

surface treatment except the cleaning of loose sand, mortar, and debris from

the surface. The surfaces shall be thoroughly moistened with water and the

curing compound applied as soon as free water disappears. The curing compound
~. • ~. . , : • .,. . • i.... • .~, ~ .

..=:.- *.-- -. - -- .- . _.
shall be applied to unformed surfaces as soon as free water has disappeared.

~ ~, .... ~- .. ::'. ht' -;. . .··")i ", _,:.. .'''' ~ ~ !~".::..:" 1 " :: ::-..... • •

The curing compound shall be applied in a 2-coat continuous operation by- '\,~ , ,

approved motorized power-spraying equipment and at a uniform coverage of not

more than 400 square feet per gallon for each coat. Concrete surfaces which
,- .' -. :" '.....

have been sUbj~c:ted ,to, ra~ nf.a1l, wi thi n 3 hours after curi ng compound has been
" . I \ l~" .... ". ...-,

applied shall be resprayed by the method and at the coverage herein specified.
'.,' ~ .....~;; ,t,-':"';.L.~! ...,. ~( ~, ;' -r ... ~- .: _ ~ ." ;.. • -. .' ,

All concrete surfaces on which the curing compound has been applied shall be
• --·---e-+e-~.l~~. ~;':'i .:: (;.~ .:, '.,;', .' .' " ~ c' .

adequately protected for the duration of the entire curing period from
;;,~·4v.~~~t Ii;~.L . '.' ... ~ .' ..' " ':':'

pedestrian andveh1~~1~r'traffic and from any other cause which will disrupt
: .' ,::".r~~~J'..ai '. ~f~;~.I:-..:~·~. . . '. ." - .. .'. ,.', . -

the continuity of the cur~ng membrane.
-'. '~J.~~:~;1!1J;'~_!~~" : 'r .

13.~ Impervious-Sheet Curing. The following concrete surfaces may be
'. ~. -~::~l;.~.~:~.."J!.::~.t~~~ t:... . .. - .:... '

cured using impervious sheets: All
. ~ "t~·,~~"··" ·to -:. -,-.---------------- .. -.~ .,";:~,.-.-~.~~~".i.r!'- :\.-;-:.. _

surfaces shall be thoroughly wetted and be completely covered with waterproof
. ;~~1~'~:~;;.~ ,'~;. c.!(..~·.-· ' " .

:JE?Z' .
3A -44-

, .

C',:'
.' ,

./

~
';''z.;'"..,:~:

: ••••o.J••• -••



•

•

•

CW-03301
Dec 84

paper, p9lyethylene film or with polythylene-coated burlap having the burlap

thoroughly water-saturated before placing. Covering shall be laid with light

colored side up. Covering shall be lapped not less than 12 inches and

securely weighted down or shall be lapped not less than 4 inches and taped to

fonn a continuous cover with completely closed joints. The sheet shall be

• weighted to prevent displacement so that it remains in contact with the

concrete during the specified length of curing. Coverings sha11 be fo1ded
•

•

•

•

•

•

•

•

down over exposed edges of slabs and secured by approved means. Sheets shall

be immediately repaired or replaced if tears or holes appears during the

curing period.

NOTE: THE CONCRETE THAT MAY BE CURED USING IMPERVIOUS
SHEET SHOULD BE HORIZONTAL OR NEAR HORIZONTAL FINISHED
SURFACES SUCH AS ROOF SLABS, UNCOLORED FLOORS OR THE
FIRST COURSE OF TWO COURSE FLOORS, OR FLOORS THAT ARE TO
BE COVERED WITH TILE OR RESILIENT FLOORING •

13.5 Cold Weather. When the daily outdoor low temperature is less than

320F, the temperature of the concrete shall be maintained above 400F for at

least the first three days and above 400F for the remainder of the required

curing period. In addition, during the period of protection removal, the air

temperature adjacent to the concrete surfaces shall be controlled so that

concrete near the surface will not be subjected to a temperature differential

of more than 2SOF as dete~ined by observation of ambient and concrete

temperatures *(indicated by suitable thennometers furnished by the Government

as reqUired and installed adjacent to the concrete surface and 2 i~ches inside

the surface of the concrete. The installation of the thermometers shall be

made by the Contractor at such locations as may be directed.) Curing

T2Zti
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compounds shall not be used on concrete surfaces which are maintained at

curing temperature by use of free steam.

*(14. SETTING OF BASE PLATES AND BEARING PLATES.

14.1 General. After being plumbed and properly positioned, column base

plates, bearing plates for beams and simHar structural members, and machinery

and equipment base plates shall be provided wah full bearing with damp-pack

bedding mortar except where non-shrink grout is approved or required. The

space between the top of concrete or masonry bearing surface and the bottom of

the plate shall be approximately 1/24 of the width of the plate, but not less

than 1/2 inch for plates less than 12 inches wide. Concrete surfaces shall be

rough, clean, free of oil, grease, and laitance, and shall be damp. Metal

surfaces shall be clean and free of oil, grease, and rust.

14.2 Damp-pack bedding mortar shall consist of 1 part type I portland

cement and 2-1/2 parts of fine aggregate conforming to ASTM C 33, proportioned

by weight, and not more than 4-1/2 gallons of water per bag of cement. The

space between the top of the concrete or masonry bearing surface and the

bottom of the plate shall be packed with the bedding mortar by tamping or

ramming with a bar or rod until the voids are completely filled.

14.3 Non-shrink grout shall conform to the requirements of paragraphs

5.2.6 and 6.6. For clearance of two inches or more, the mix shall include by

weight 1-1/2 parts of sound, clean uncrushed gravel conforming to size No.8

Table 2 ASTM C-33 in combination with fine aggregate conforming to ASTM C-33,

to one part portland cement unless otherwise recommended by the material

manufacturer. Water content shall be the minimum that will provide a flowable

mixture and completely fil' the space to be grouted without segregation,

bleeding, or reduction of strength.

- 1- --r------- --,----- - - -------,-------
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14.3.1 Mixing and placing shall be in conformance with the material

manufacurer's instructions and as specified therein. Ingredients shall be

thoroughly dry~ixed before adding water. After adding water. the batch shall

be mixed for 3 minutes. Batches shall be of size to allow continuous

placement of freshly mixed grout. Grout not used within 30 minutes after

mixing shall be discarded. The space between the top of the concrete or

masonry bearing surface and the plate shall be filled.solid with the grout.

Forms shall be of wood or other equally suitable material for retaining the

grout and shall be removed after the grout has set. The placed grout shall be

worked to eliminate voids; however. overworking and breakdown of the initial

s-!t shall be avoided. Grout shall not be retempered or sUbjected to vibration

from any source. Where clearances are unusually small. placement shall be

under pressure with a grout pump. Temperature of the grout. and of surfaces

receiving the grout. shall be maintained at 650 to 850 F. until after setting.

14.3.2 Treatment of Exposed Surfaces. Those types containing metallic

aggregate shall have. after the grout has set. the exposed surfaces cut back

one-inch and immediately covered with a parge coat of mortar proportioned by

weight of one part portland cement. two parts sand. and sufficient water to

make the mixture placeable. The parge coat shall have a smooth. dense

finish. The exposed surface of other types of non-shrink grout shall have a

smooth, dense finiSh •

14.3.3 Curing. Grout and parge coats shall be cured in conformance with

paragraph 13).

15. CONTRACTOR QUALITY CONTROL •

it 45

3A-47
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15.1 General. fhe Contr~ccor shall perform the inspection and tests

described in paragraph 15.2, and based upon the results of these inspections

and tests he shall take the action required in paragraph 15.3 and submit

reports as required in paragraphs 15.3 and 15.4. The laboratory performing

the tests shall conform to ASTM E 329. The individuals who sample and test

concrete or the constituents of concrete as required in this specification

shall have demonstrated a knowledge and ability to perform the necessary test

procedures equivalent to the ACI minimum guidelines for certification of

concrete Field Testinq Technicians, Grade I.

3A-48
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shown to be out of control or excessive variation in workability is reported

by the placing foreman. *(When the electric moisture meter is operating

satisfactorily, at least two direct measurements of moisture content shall be

made per week to check the calibration of the meter).

15.2.2 Coarse Aggregate.

15.2.2.1 Grading. At least once during each shift concrete is being

delivered, there shall be a sieve analysis in accordance with ASTM C 136 for

each size group of coarse aggregate. The location at which samples are taken

may be selected by the Contractor as the most advantageous for production

control. However, the Contractor is responsible for delivering the aggregate

to the mixer within specification limits. A test record of samples of

aggregate taken shall show the results of the 5 most recent tests including

the current test. The Contractor may adopt limits for control coarser than

the specification limits for samples taken other than at the batch plant bins

to allow for degradation during handling.

15.2.2.2 Moisture Content. Atest for moisture content of each size of

•
coarse aggregate in accordance with ASTM C 566 or CRD-C 112 shall be made at

least once a shift. When two consecutive readings for smallest size coarse

aggregate differ by more than 1.0 percent, frequency of testing shall be

increased to that specified for fine aggregate in paragraph 15.2.1.2. These

• 4 results shall be used to adjust the added water in the control of the batch

•

•

plant.

15.2.3 Deleterious Substances. When in the opinion of the C9ntracting

Officer, a problem exists in connection with deleterious substances in fine or

coarse aggegates, tests shall be made in accordance with ASTM C33. Testing

frequency shall be not less than one per week.
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15.2.4 SCales.

15.2.4.1 Weighing Accuracy. The accuracy of the scales shall be checked

by test weights at least once a month for conformance with the applicable

requirement of paragraph 8.2.2. Such tests shall also be made whenever there

are variations in properties of the fresh concrete which could result from

batching errors.

15.2.4.2 Batching *(and Recording) Accuracy. Once a week the accuracy of

each batching *(and recording) device shall be checked during a weighing

operation by noting and recording the required weight, *(recorded weight) and

the actual weight batched. The contractor shall provide the necessary

cl1ibration devices and confirm that the admixture dispensers described in

paragraph 8.2.1 are operating properly.

15.2.5 Batch-Plant Control. When the concrete plant is operating the

measurement of all constituent materials including cement, pozzo1an, slag each

size of aggregate, water and admixtures shall be continuously controlled. The

aggregate weights and amount of added water to compensate for free moisture in

the aggregates shall be adjusted as necessary. The amount of air-entraining

admixture shall be adjusted to control air content within specified limits. A

report shall be prepared indicating ~pe and source of cement used, type and

source of pozzolan or slag used, amount and source of admixtures used,

aggregate source, the required aggregate and water weights per cUbic yard,

amount of water as free moisture in each size of aggregate, and the batched

aggregate and water weights per cubic yard for each class of concrete batched

during plant operation.

15.2.6 Concrete.
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15.2.6.1 Air Content. At least two tests for air content shall be made

•

•

,.

..

on randomly selected batches of each class of concrete during each 8-hour

period of concrete production. Additional tests shall be made when excessive

variation in workability is reported b~ the placing foreman or Government

inspector. Tests shall be made in accordance with ASlM C 231. The average of

each set of two tests shall be plotted on a control chart on which the average

is set at 5.5 percent and the upper and lower control limits at 6.5 and 4.5.

•

•

•

•
percent respectively. The range shall be plotted on a control chart on which

the upper controi limit is 2.0 percent. For concrete having a nominal maximum

aggregate size of 3/4-inch, the average shall be set at 6.0 percent and the

lower and upper control limits at 5.0 and 7.0 percent respectively.

15.2.6.2 Slump. At least two slump tests shall be made on randomly

selected batches of each mixture of concrete during each day's concrete

production in accordance with ASTM C 143. Additional tests shall be made when

excessive variation in workability is reported by the placing foreman or

Government inspector. The average of each set of two tests shall be plotted

on a control chart on which the upper and lower limits are set 1.5 inch above

and below the mid-range value. The range shall be plotted on a control chart

on which the upper control limit is 3.0 inches.

15.2.7 Preparation for Placing. Foundation or construction joints, forms

• ~ and embedded items shall be inspected in sufficient time prior to each

concrete pl acement by the Contractor in order to certify to the Contracti ng
. .

...•
Officer it is ready to receive concrete. The results of each inspection shall

be reported in writing •

• .. "
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15.2.8 Placing. The placing foreman shall supervise all placing

operations, shall determine that the correct quality of concrete Or grout is

placed in each location as directed by the Contracting Officer and shall be

responsible for Measuring and recording concrete temperatures, ambient

tellll>erature, weather conditions, time of placement, yardage placed, and method

of placement.

15.2.9 Vibrators. The frequency and amplitude of each vibrator shall be

determined in accordance with CRD-C 521 prior to initial use and at least once

a month when concrete is being placed. Additional tests shall be made when a

vibrator does not appear to be adequately consolidating the concrete. The

frequency shall be determined While the vibrator is operating in concrete

holding the tachometer against the upper end of the vibrator while almost

sUbmerged and just before the vibrator is withdrawn from the concrete. The

amplitude shall be determined with the head vibrating in air. Two measure­

ments shall be taken, one near the tip and another near the upper end of the

vibrator head, and these results averaged. The make, model, type and size of

the vibrator and frequency and amplitude results shall be reported in writing.

15.2.10 Curing.

15.2.10.1 Moist Curing. At least once each shift an inspection shall be

made of all areas subject to moist curing. The surface moisture condition

shall be noted and recorded.

15.2.10.2 Curing Compound. No curing compound shall be applied until it

has been verified that the compound is properly mixed and ready for spraying.

At the end of each operation the quantity of compound used and the area of

~

3A-52-
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•. concrete surface covered shall be reported and the rate of coverage in square

feet per gallon shall be computed. The report shall state whether coverage is

• .. uniform.

•

15.2.10.3 Impervious Sheet Curing. At least once each shift an

inspection shall be made of all areas beine cored using impervious sheet~.

The cond1tionof the covering and tbe tightness of the laps and tapes shall ~e

noted and recorded.

•

•

•

•

15.2.11 Protection. At least once each \hift an inspection shall be made

of all areas subject to cold weather protection. Deficiencies shall be noted •

During removal of protection, measurment of concrete and ambient temperature

shall be made at least hourly.

15.2.12 Mixer Uniformity •

15.2.12.1 Concrete Plant Mixer. At the start of concrete placing, and at

least once every six months when concrete is being placed, uniformity of

concrete shall be determined. The tests shall be performed in accordance with

ASTM C 94. Whenever adjustments in mixer or increased mixing times are

necessary because of fail ure of any mixer to comply, the mixer shall be

retested after adjustment. Results of tests shall be reported in writing •

15.2.12.2 Truck Mixers. At the start of concrete placing and at least

once every three months when concrete is being placed, uniformity of concrete

• " shall be detenn1ned 1n accordance with ASTM C 94. The truck mixers shall be

• •

selected randomly for testing. When satisfactory performance 15 found in one

truck mixer, the performance of mixers of SUbstantially the same d~sign and

condition of blades may be regarded as satisfactory. Results of tests shall

be reported in writing •

• ail 81
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15.3 Action Required.

15.3.1 Fine Aggregate.

15.3.1.1 Grading. When the amount passing any sieve is outside the

specification limits, the fine aggregate shall immediately be resampled and

retested. If there is another failure on any sieve, the fact shall

immediately be reported to the Contracting Officer, and immediate steps shall

be taken to rectify the situation.

15.3.1.2 Moisture. Whenever the moisture content of the fine aggregate

changes by 0.5 percent or more, the scale settings for the fine aggregate

batcher and water batcher shall be adjusted directly or by means of a moisture

compensation device.

15.3.2 Coarse Aggregate.

15.3.2.1 Grading. When the amount passing any sieve is outside the

specification limits, the coarse aggregate shall immediately be resampled and

retested. If the second sample fails on any sieve, that fact shall be

reported to the Contracting Officer. When two consecutive averages of 5 test

are outside of specification Hmits, that fact shall be reported to the

Contracting Officer and immediate steps shall be taken to correct the grading.

15.3.2 Deleterious Substances. When the results for a deleterious

substance is outside the specification limit, the aggregate shall be resampled

and retested for the deleterious substance that failed. If the second sample

fails, that fact shall be reported to the Contracting Officer. When material

finer than No. 200 sieve for coarse aggregate exce~s the specif~cation limit, .

immediate steps, such as washing or other corrective actions, shall be

initiated.

--- --- ---:-------- r-----I- ----------------,----:-;~--____________r------.-------
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15.3.4 SCales. Whenever either the weighing accuracy or batching

accuracy is found not to comply with specification requirements, the plant

shall not be operated until necessary adjustments or repairs have been made •

Discrepancies in recording accuracies shall be corrected immediately.

15.3.5 Concrete.

15.3.5.1 Air Content. Whenever points on the control chart approach the

upper or lower control limits an adjustment should be made in the amount of

air-entraining admixture batched. If a single test result is outside the

specification limit such adjustment is mandatory. As soon as practical after

each adjustment another test shall be made to verify the correctness of the

adjustment. Whenever a point falls above the upper control limit for range,

the dispenser shall be calibrated to insure that it is operating correctly and

with good reproducibility. Whenever two consecutive points either for average

or range are outside the control limits, the Contracting Officer shall be

notified. Whenever the air content departs from the specified range, the

concrete shall not be delivered to the forms.

15.3.5.2 Slump. Whenever, points on the control chart approach the upper

or lower control limits an adjustment should be made in the batch weights of

water and fine aggregate. The adjustments are to be made so that the total

free water does not exceed that amount specified in the approved mixture

proportionshased on the free water available with the fine aggregate and that

lI'Iount·of water batched. If the adjustments to the batch weights or water and

fine aggregate do not satisfactorily produce the required slumP the mixture

shall be re-proportioned to meet the specified criteria and re-submitted to

the contracting officer for approval. When a single slump is outside the

1
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control limits such adjustment is mandatory. As soon as practical aftereath

adjustment another test shall be made to verify the correctness of the

adjustment. Whenever the slump exceeds the upper limit stipulated in

paragraph 7.4 the concrete shall not be delivered to the forms. Whenever two

consecutive slump tests, made during a period when there was no adjustment of

batch weights, produce a point on the control chart for range above the upper

control limit, the slump shall be considered to be out of control and the

additional testing for aggregate moisture content required in paragraph 15.2

shall be undertaken.

~
15.3.A.3Tut 'anel. The Contraotor shall plaoe a test panel for _oh colored
oonorete speoified with a ainimum. dimension of 6 feet by 6 feet by 6 inohes
thick.' The test panel shall be plaoed in the presenoe of the Contraoting Offioer,
~d the II1x design shall conform in all respeots to the mix proposed for use in
the project. The Contraotor shall also overlay on an area of the test panel not1.. than 12 inohes square a dry-paok mortar sample using the same mix intended
for use in setting of base plates forconorete fenoe posts. The conorete and
aortar shall be finished, protected, and oured adjaoent to the site of proposed
construction using methods proposed for use by the Contraotor on the features of
the projeot whioh shall reoeive oolored oonorete. Only one half of the panel area
will be cured with curing compound. The remaining portion will not be oured. The
test panel shall not be proteoted freD the effeots of the sun while ouring. Color
OO1Ilparisons as a basis for aooeptanoe of color shall not be made in less than
14 days after plaoement of oonorete for the test panel. Wetting of the oonorete
shall not be permitted within a period of 7 days prior to making oolor
cClllparisons. No oonorete shall be soheduled for plaoement within· 30 days of
construotion of the test panel, and no conorete shall be plaoed prior to
demonstrated oClllpliance with the color requirements of these speoifioations.
When. in the opinion of the Contraoting Offioer, the test panel do not conform to
oolor requirements herein, the Contraotor shall continue place additional test
panel at DO additional cost to the GoveMlllet until a final mix design has been
developed that produces concrete conforming to color requirements herein.
Approval of testJ)8Del color and II1x design shall not relieve the Contraotor from
~be requirements of these speoifications. The Contraotor shall not remove the
teat panel until conorete work is complete. At completion of concrete work, the
test panel shall be considered to be sorap llaterials and disposed of in aooordanoe
with SECTION: GENERAL REQUIREMENTS. Additionally, test panels vill be
oonstructed to document the quality of the color of the tinted ouring oompound.
The test panel will be construoted of anJ of the proposed colored conorete mixes
to be supplied by the Contraotor. The curing oompound will be applied to the
panels in conformance with the Paragraph: Curing and Prot.eotion. After a period
of 3 days, the oolor of the exposed conorete surfaoes will be evaluated to assure
that the color or the curing compound as applied to the oonorete oonforms to the
requirments of the paragraph: Color.

)
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• 15.3.6 Placing. The placing foreman shall not permit placing to begin

until he has verified that an adequate number of acceptable vibrators in

working order and with competent operators are available. Placing shall not

4t be continued if any pile is inadequately consolidated. If any batch of

concrete fails to meet the temoerature requirements, immediate steps $hall be..
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closed, and the required curing period for those areas shall be extended by

one day.

15.3.8 Protection. When any concrete temperature during the period of

protection or protection removal fails to comply with the specifications, that

fact shall be reported to the Contracti ng Officer and innedi ate steps shoul d

be taken to correct the situation •

15.3.9 Mixer Uniformity. When a mixer fa~·!s to meet mixer un1fonn1ty

requirements, either the mixing time shall be increased or adjustments shall

be ma~e to the mixer until compli ance 1.s achieved.

15.4 Reports. All results of tests conducted at the project site shall

be reported as required. Each report shall include the updating of control

charts covering the entire period from the start of the construction season

through the current week. During periods of cold weather protection, reports

of pertinent temperatures shall be made daily. These requirements do not

rel1 eve the Contractor of the obli gation to report certain fail ures

immediately as required in preceding paragraphs. Such reports of failures and

the action taken shall be confinned in writing in the routine reports. The

Contracting Offic~r has the right to examine all Contractor quality control

records.

16. PAYMENT.

16.1 Concrete. Measurement of concrete will be made on the basis of the

actual volume of concrete within the paylines of the structures as indicated

on the drawings. Measur~ent of concrete placed against the side~ of any

• • excavation without the use of intervening forms will be made only within the

pay lines of the structure. No deductions will be made for rounded or beveled

• .~
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edge or space occupied by metal works electrical conduits or timbers nor for

voids or embedded items which are either less than 5 cubic feet in volume or

one square foot in cross section. Unless otherwise specified s payment for

concrete w111 be made at the respective contract prices per cubic yard for the"

various items of the schedules which price shall include the cost of all

labor, materials, and the use of all equipment and tools required to complete

the concrete work; except reinforcement and embedded parts which are specified

to be paid for separately. No payment will be made for concrete, as such,

which is placed in structures for which payment is made as a lump sum.

Bidding schedule items for concrete under this contract are as follows:

Item No. Concrete in • This item includes all concrete

placed in the as indicated on the drawings. Payment therefore will be

made at the contract uni t price per cubic yard for Item No. ' "Concrete

1n ..
•
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SECTION 3-6..­

SHOTCRETE

PART I - GENERAL

1. SCOPE. This section covers the requirements for materials. proportioning.
application. and curing of shotcrete •

2. RELATED WORK SPECIFIED ELSEWHERE.

*(2.1 Steel Bars, Welded Wire Fabric and Accessorie's for Concrete
Reinforcement. Section 3 • *(CW-03210,)

*(2.2 Formwork for Concrete. Section 3 • *(CW-03101»

3. REFERENCE STANDARDS.

u.s.
cated Where Ava1 a e.

C 33 - ..85'- (CRD-C 133) Concrete Aggregates

C 42 -~ (CRD-C 27) Obtaining and Testing Drilled Cores
and Sawed 8ellllSofConcrete

. C 94 - ...B4.- (CRD-C 31) Ready-Mixed Concrete

C 150 - H_ (CRD-C 201) Portland Cement

C 171 -6d(J~~CRD-C 310) Sheet Materials for Curing Concrete

C 260 -71- (CRD-C 13) Air Entraining Admixtures
for Concrete

C 266 - 77 (CRD-C 223) Tillie of Setting

" "to. -~ . ~:t;::: ,Enmine CCRPP"pds fl'

C 494 -..JZ._ (CRD-C 87) Chenl1cal Adnixtures for Concrete

C 595 - .15'- (CRD - C 203) Blended Hydrauljc Cements

C 618 - 65_ (CRD - C 255) Fly Ash and Raw or Calcined
Natural Pozzolan for Use as a
Mineral Admixture in Portland
Cement Concrete
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C 685 -~ (CRD - C 98) Volumetric Batching
and Continuous Mixing

'~~9BB--.........~(~C~R~b~-~C~~3~lciumChloride
•

3.2 U.S. Amy Corps of Engineers Handbook for Cement and Concrete (CRO).

CRO-C 400 - ~~ Water for Use in Mixing or Curing
~~ Concrete ..~

e«P-e, 'IH -, , /f'..w-.·FtJtWttJ ~...,,~ ~, ("titt; ('..,.~
4. QUALITY ASSURANCE. The Government will test sho~rete'to determine
compliance with this specification. The Contractor shall provide facilities
and labor as may be necessary for obtaining representative test samples.
Shotcrete will be sampled and tested by the method given in Paragraph 4.1.

5. EVALUATION AND ACCEPTANCE. The average compressive strength of three
cores taken from the ~st,uctai!1 .~test~a(e!f' representing a shift or 50
cubic yards of shotcrete, tested 'at ~28 .. days of age shall equal or
exceed the required compre . e strength specified in Paragraph 7.6 with no
individual core less than ~ ercent of the required compressive strength.
When the length of a core ess than twice the diameter, the correction
factors given in ASTM C 42 wi 1 be applied to obtain the compressive strength
of individ,ual cores. Final ae eptance of the shotcrete will be based on
results obtained from cores.

.',

6. SUBMITTALS.

"6.1 Test Reports.

6.1.1 Cement and Pozzolanic Materials will be accepted on the basis of a
manufacturer's certificate of compliance.

6.1.2. Aggregates will be accepted on the basis of test reports that show the
material meeting the requirements of this .specification.

6.2· Manufacturers literature. literature from suppliers which demonstrates,
compliance with applicable specifications for the following materials:

38
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~Curing materialsi

. *(f:eoe1el _'iPS agents'

..

~

( \
., . j..

· '

•

•

•

•

•

••

6.3 Mixture proportions and test data from prior experience if available may
be submitted for approval. If test data from prior experience are not
available or accepted, specimens shall be made and tested from three or more
different mixture proportions in accordance with paragraph 6.4.2. The
recommended mixture proportions, sources of materials, and all test results
sh~ll be submitted for acceptance. Mixture proportions shall be selected on
the basis of compressive strength tests of specimens continuously moist cured
until testing at -f28T- t ( ) days. For mixture acceptance purposes, average
core compressive strength shall be at least equal to 1.2 times the required
compressive strength specified in Paragraph 7.6. ."

6.4 Preconstruction Testing.

,6.4.1 General Requirement. Test specimens' shan be made by each application
crew using the equipment, materials, mixture proportions and procedures .
proposed for the job. '..

6.4.2 Test Panel. Atest panel at least 30 X 30 inches shall be made for
each mixture being considered, and for each shooting position to be
encountered in the job. ~The same reinforcement as in the structure shall be
provided """"'841 leut half If 'lie "IRQ] to 'lit (IF "II,,!; unbe<beiit Or"

4ftoIi1i~1 Cmy stale f The test panels shall be fabrica~ed to the same thickness
as the structure, but not less than three inches. At least five three inch
diameter cores from each panel shall be taken for testing as per ASTM C 42.

6.4.3 Alternate topreconstruction testing. When accepted by the Contracting
Officer, preconstruction testing may be eliminated if it has been shown that
mixture, materials, equipment, and personnel have given satisfactory results
in similar work. In such case, test panels shall be made concurrently with
the first shotcrete placed in the structure.

6.5 Operator Qualifications. The names and qualifications of the nozzlemen
shall be submitted for approval. Any additional nozzlemen added to the job
throughout the project shall be similarily submitted for approval •

•·"

• ~3
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PART II - PRODUCTS ... -) .•..~ ".-.-,.

7.1 Cement shall be portland cement~r blended hydrauliccement\ and shall
conform to appropriate specifications listed below: .

7.1.1 . Portland Cement. ASTM C 150 Type ·(1), *(fA), ~II), *(IfA), *(11')1
~IIIA}~kali) *(uilit blJ«;AJ,jum ,llsha•• limited to '(3) '(8, .",

-retreat ;f To), e II I 61 Type II II: eMeli tis ased.)· .' ....

•
"

•

7. MATERIALS. J • ~ : ... !_:' •
. ..
r'..•,

~7.1.2 Blended Hydraulic Cement. ASTM C 595 Type IE; l&rll,I£. 51 I'M
~S)-t •

•
.

7.2 Aggregates shall conform to ASTM C 33, with the ..c::,btae~ 'gradation-__
"IP" lf4d f iitt &99' egates ,0itrOl11h! to *tlo Iw.llatit", shown below. ..,

7.3 Water. Fresh, clean, and potable mixing water or nonpotable water which
meets the requirements of CRD-C 400 shall 'be used.

o

""i" ,e" eyaL Ibi'.

100
'.~" .. ,.

95-100

SO-100

50-85

25-60

10-30

2-10

Percent b~assin~,1dual Sieves
_...;;S;.;.i..;;.ev.;.;;e;..·..;;.S'.;.;:·z:;.;;;e~ __----ma61t'§ NO. £)~ NO.~8' adir,y No. 3)A D

19.0 mm (3/4 inch)

12.5 mm (1/2 inch)

9.5 mm(3/8 inch)

4.75 mm (No.4)

2.36 mm (No.8)

, 1.18 mm (No. 16)

600. urn (No. 30)

300. um (No. 50)

•

•

•

. ..

.~

..

•
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~T.4.4 F1; as" SA" !8uslarJie m6tEi 1615. A!:rP'I e 818.'

97.5 Curing Materials.}.

~7.5.1 Impervious sheet materials ASTM C 171, tJe optional except
polyethylene film, if used, shall be white opaque.

,,~ t: • :I.n>.-tJ .5.2 .Membrane- fonning curing compound !J&Tft Gagg, lS'! 1 8 81 ',pc fA

7•.6Shotcrete 2ua1i~. The shotcrete shall beproduc;rrby l(dljSiiif. pi sees'"
.(••• MiA ~v8ee 5) , ither dry-mix or wet-mixprocessi. Therequired
compressive strength shall be-;3,O~ ( ) pounds per square inch at -t2&r

ttfu ., days. .. . .

PART III - EXECUTION

8. Production of Shotcrete.

~.1 Dry mix proces§(•

~.1.1 Batchin~ and Mixing. Aggregate and cement may be batched by weight
or by volume. I volumetric batching is used, a minimum of one weight
batching check shall be made every four hours for control purposes to insure
that the specified mixture design is being achieved. Weighing equipment shall
be ~apable of batching with the accuracy specified in ASTM C 94. Volumetric
equipment shall be capable of batching with the accuracy specified in ASTM C
685. The mixing equipment. shall be capable of thoroughly mixing the materials
in sufficient quantity to maintain placing continyity an~ be capable of
discharging all mixed material without any carryover from one batch to the
next.),~ . ..

4es.l.2 Delivery equirnnt. The equipment shall be capable of discharging
the aggregate-cement mx ure into the delivery hose and delivering a
continuous smooth stream of uniformly .ixed material to the discharge
nozzle. The discharge nozzle shall be equipped with a manually operated water
injection system (water ring) for directing an even distribution of water
through the aggregate-cement mixture. The water valve shall be capable of
ready adjustment to vary the quantity of water. and shall be convenient to the
nozzleman. The water pressure at the discharge nozzle shall be sufficiently
greater than the operating air pressure to assure that the water is
initimately mixed with the other materials. If the line water pressure is
inadequate a water pump shall be introduced into the line. The water pressure
shall be uniformly steady (nonpulsating). The delivery equipment shall be

313'-5
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thoroughly cleaned at the end of each shift. Equipment parts, especially the
nozzle liner and water ring, shall be regularly inspected and replaced as
required. )

'8.2 Wet mix process~

1l8.2.1 Batching and miXin~ shall be accomplished in accordance with the
applicable provisions of A TM C 94. If volumetric batching and mixing are
used, the materials shall be batched and mixed in accordance with the
applicable provisions of ASTM C 685. The mixing equipment shall be capable of
thoroughly mixing the specified materials in sufficient quantity to maintain
continuous placing. Ready-mix shotcrete complying with ASTMC 94 may be
used.'

~.2.2 Delivery equipment. The equipment shall be capable of delivering the
premixed materials accurately, uniformly, and continuously through the
delivery hose. Recommendations of the equipment manufacturer shall be
followed on the type and size of nozzle to be used, and on cleaning,
inspection, and maintenance of the equipment~

8.3 Air supely. Contractor shall provide a supply of clean, dry air adequate
for maintainlng sufficient nozzle velocity for all parts of the work and, if
required, for simultaneous operation of a suitable blow pipe for clearing away
rebound.

9. PREPARATION OF SURFACES.

~.1 Earth. Earth shall be compacted and trimed to line and graded before
placing shotcrete. Surfaces to receive shotcrete shall be dampened.) .

~9.2 Existing concrete. All unsound and loose materials shall be removed by
sandblasting, grinding, or high-pressure water jets before applying
shotcrete. Any area to be repaired shall be chipped off or scarified to
remove offsets which would cause an abrupt change in thickness without
suitable reinforcement. Edges ·shall be tapered to leave no square shoulders
at the perimeter of a cavity. The surface shall be dampened but without
visibl~ free water.Jr

""-:ww Ro •

q ? ...". Shotcrete. When a layer of shotcrete is to be cover.ecl by a succeeding
• ~~er at a later time, it shall first be allowed to develop its initial set.

Then all laftanee, loose material, and rebound shall be removed by brooming or
scraping. Laitance whieh has been allowed to take final set shall be reIIIOved
by sandblasting and the surface thoroughly cleaned.'

10. PLACEMENT OF Sf«>TCRETE.

10.1 General. Shotcrete shall be placed using suitable delivery equipment
and procedures. The temperature of surfaces to receive shoterete shall not be
less than 35 degrees Fahrenheit.

08'-6
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10.2 Placement Techniques •

10.2.1 Placement Control. Thickness, method of support, air pressure, and
water content of shotcrete shall be controlled to preclude sagging or
sloughing off. Shotcreting shall be discontinued or suitable means shall be
provided to screen the nozzle stream if wind or air currents cause separation
of the nozzle stream during placement •

10.2.2 Corners. Horizontal and vertical corners and any area where rebound
cannot escape or be blown free shall be filled first.

~0.3 Placement Around Reinforcement. The nozzle shall be held at such
distance and angle to place material behind reinforcement before any material
is allowed to accumulate on its face. In the dry-mix process, additional
water .ay be added to the mix when encasing reinforcement to facilitate a
smooth flow of material behind the bars. Shotcrete shall not be placed
through more than one layer of reinforcing steel rods or mesh in one
application unless demonstrated by preconstruction tests that steel is
properly encased•

10.5 Line and Thickness Control. Adequate ground wires or other accepted
means shall be used-to esta6.lish the thickness, surface planes, and finish
lines of the shotcrete. The surfaces shall be within a tolerance of + 3/8
inch as determined by a 10 feet long straightedge placed on the surfaC:es •

10.6· Placement precautions. The following precautions shall be taken during
placement.

(a). Do not place shotcrete if drying or stiffening of the mix takes place
at any time prior to delivery to the nozzle.

-
(b) Do not use rebound or previously expended .aterial in the shotcrete.b.
(c) The area to which shotcrete is to be applied shall be clean and free

of rebound or overspray•

11. REPAIR OF SURFACE DEFECTS.

3B..7
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- ll..} _Surface Defects. Surface defect!,; shall be repaired as soon as possible.
~ __~'after-~n·;ti~l placement of the shotcrete. All shotcrete which lacks
c",-o";';:::'--'-utfiformity, which exhibits segregation, honeycombing, or lamination, or which

contains any dry patches, slugs, voids, or sand pockets Shall be removed in
accordance with paragraph 9.2 and replaced with fresh shotcrete.

11.2 Core Holes. Core holes shall not be repaired with shotcrete. Instead,
they shall be filled solid with patching mortar, after being cleaned and
thoroughly dampened.

12. FINISHING. : L .
• (1[.1 NStUI.'''' '~less otherwise SpeCif;ed. undisturbed final
layer of shotcrete as app ied from nozzle without hand finishing shall be
provided.) 0

13. CURING AND PROTECTION.

13.1 Initial Curing. Immediately after finishing, shotcrete shall be kept
continuously moist for at least 24 hours. One of the following materials or
methods shall be used:

Ponding or continuous sprinkling.(a)

(b)
wet.

Absorptive mat or fabric, sand, or other covering ~~t continuously ~I

lulll J-"wlA, ./~
(c) Curi ng compounds. • _ 1:e CJ,o~

application rate of 100 square feet per gal10 Curing compounds !hall not be
used on any surfaces against which additional shotcrete or other cementitious
finishing materials are to be bonded unless positive measures, such as
sandblasting, are taken to completely remove curing compounds prior to the
application of such additional materials.-

13.2 Final Curing. Additional curing shall be provided immediately following
the initial curing and before the shotcrete has drie~. One of the following
materials or methods shall be used:

38
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(a) Continue the method used in initial curing.

(b) Application of impervious sheet material conforming to ASTM C17l.

13.3 Formed Surface. If forms are to be removed during curing period, one of
the curing materials or methods listed in paragraPh:\:? shall be used
immediately. Such curing shall be continued for the remainder of the curing
period. . , I"ll-I,,/ C.,,./,,,,

13.4 Duration of Curing. Curing shall be continued for the first seven da~
after shotcreting or until the required strength is obtained. During the
curing period, shotcrete shall be maintained above 55 degrees Fahrenheit and
in a moist condition as specified .Mi Pa: SA: aPhJ2"'.1 :1 flY=- f.'.....

o&'~ -"" ,.4-.....&. 1 :";..r~.; e"r
14,. CONSTRUCTION JOINTS. Unless otherwlse specified, constru ion joints 4f
shall be tapered to a shallow edge form, about one inch thick. If nontapered
joints are specified, special care shall be taken to avoid or remove trapped
rebound at the joint. The entire joint shall be thoroughly cleaned and wetted
prior to the application of additional shotcrete•

?J6
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SECTION 3C-­
FORMWORK FOR (X)NCBETE

PArr 1 - GENERAL

1. RELATED WORK SPECIFIED ELSEWHERE.

1.1 Concrete. Section 3_•

1.2 Be1nforc1pi Steel. Sec~~on 3_.

2. REFERENCE STANDARDS •

2.1 American Concrete Institute (ACt) Standards.

ACt 347-__ Recommended Practice for Concrete Formwork

. 2.3 u.S. Department of Co1lllDerce I National Bureau of Standards (NBS)

2.2 American Society for Testing and Materials {AST!Q with Corresponding

CRD Standard Indicated where Available.•

•

•
.•,-

"...-.

'-.-- A446-J}

C 31-~1 (CRD-C 11)

C 39-jf (CRD-C 14)

Product Standard•

Steel Sheet, Fine-Coated (Galvanized) by
.Bot Dip Process, Physical (Structural)
Quality.

Making and Curing Concrete Test Specimens
in the Field.

Compressive Strength of Cylindrical Con­
crete Specimens •

. ~

PS 1-74

3. SUBMITTALS •

For Construction and Industrial Plywood

.... ...

•

3.1 Shop Drawings. . Drawings and ~utations for all fOl'DfOrk required

.hall be submitted at least. -1£days before either fabrication OIl

.ite or before delivery of prefabricated forms. The drawing and data

i'iii-
3c-- "3
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aub'lld.tted Ahall 1Ac:lade the type, aize. quaUty ad atrength of all

.'

i.,
- ..

J
1

• ( -.ter1.ala of which tbe f01."U ~e 1II&4e. the plan to"!' jo1Dtlq of t.c1Dg
';,.

panels, details affectin~ the appearance, and the 8s81aed deaip values

'dC1iJL11J..e...'e&f'"l5!dft\ed ,meQf~~~
~

•
and 108din& couditioDS. •

•

•

•

•

.~

•...

3.2 Manufacturers Literat~re shall be submitted for plywood.

concrete form hard board, form accessories, prefabricated forms, form

coating *(and fom 11D1q materials).

3.3 Sample Panels. After shop drawings have been approved,

aample= for ~Class A) (01) (81... P) finiah nth applied archi-

tectural treatment shall be built on the project site where directed.

Panels shall be of sufficient size to contain joints and shall be not

leas than 6 feet long and 4 feet wide. The panels shall be of typical

vall thickness and constructed containing the full allocation of

reinforcing steel that vill be used in the structure, with the forming

.yatea that c!uplicates in every detail the ODe that will be used in

coutnct1on of the structure. The a&me concrete m.x design and

aaterials • the aalD! placement techniques and equipment. and the same

finishing techniques and t1rzdng aball be used that are plSD11ed for the

etTUCtare. Cooatruetiooe~e A) (wI) caUi I) f1nteb 11111 ....t

be permitted until sample have been approved. Sample panels

~
~

"j
J

", ,

•
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shall be protected from construction operations in a sanner to protect

approved finish and are not to be removed until all "'Clas8 ~ ( )

• =s Pt f1D1sh c.oncrete ha!" been ac.apted.

4. DESIGN. The design and engineering of the foftlWDrlt, as well as

its construction, shall be the responsibility of the Contractor. The

formwork. shall be designed fer loads. lateral p-ressure and allowable

.tresses in accordance with Chapter 1 of ACI Standard 347. Forms shall

have sufficient strength to withstand the pressure resulting frem

placement and vibration of the concrete and shall have sufficient

rigidity to maintain specified tolerances. --E'er lelaBY If) (02) (BlaS!>

•_... ---

.(

•

•

• .J.

l........ "" f"lash, die design shall be ..de EO l1azh j.O 2n'os of f..tll!

_'ed'" kecueea studs as w211 • defleetieu ei slOds sud aa@n Eb-

'" .89i!5 limes tit••'.Il~ $

5. MATERIALS.

5.1 Forms shall be fabricated with facing materials that produce

the .~ecified ~nstruct1on tolerance requirements~

.. Eczepls _ '(8&nZIElW and the surface requirements of SesUon"':

~Concretet.

5.1.1 Class "AU Finish! Th1s class of finish shall apply to
. I .

'!'be form facing 1D&ter1al shall be composed of Dew. well-

•

t'

'.. 3C--S
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matched tongue and groove lumber; or new plywood panels conforming to NBS

....~~~ Product Standard PS-l grade B-B concrete form class I. * (High Density

(

.. • Overlay shall be used in ------
• "'~)a~ be used in ----- locations. >

locations.> *(Structural I shall

•

•

•

•

•

•

·...

•

5.1.2 Class "B"Finish. This class of finish shall apply to all

surfaces except those specified to receive ~Class At,-fltass e', (i1 ••
.. D) fl' g Zr)e .Pl 65 pl. The sheathing shall be composed of tongue-

and-groove or shiplap lumber, plywood conforming to NBS Product Standards

....~~ PS-l grade B-B concrete form, tempered concrete form hardboard, or

steel. Steel lining on wood sheathing will not be permitted.

his class

pI

'- ,

(
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S.2 'Form Accessories. "Ties' and other" similat" fOT1l accessories

to be partially ot' wholly embedded' in the concrete shall be of • com­

Mrcially manufactured type.' After the 'ends or end fasteners have been

-removed, the embedded portion' of metal ties shall tet'1l1nate llot less

than 2-inches from any concrete surface either exposed to view or

exposed to water. PlaStic snap ties may be used in locations where the

surface will not be exposed to view •. Form ties shall be constructed

so that the ends or end fasteners ean be removed without spalling the

concrete •

5:3 Form Coating shall be 'a'commerical formulation of satisfac­

tory and proven performance that will 'not bondvith, stain or adversely
. .

affect concrete surfaces and will nor impair subsequent treatment of

concrete surfaces depending: upon bond or adhesion nor impede the wetting

of sUrfaces to be ~ured"w1th water or curing compounds •

6. INSTALLAnON. Forms shall be lIOrtar tight. properly aligned. . . .
.. ". " ....

•

and ad:equately supporte:,d .to produce concrete surfaces meeting the sur-...., .. .



. .- _ _._ '_ "-~". __.. -_ _.- '-"---" ..

•
., ....

\~

•

•

•

•

•
(. ~

.-
•

0i-03l0l
liar 78

face requ1reaental At Sect'nn 3 ,'6'.".pI: '(;••••ce" ud
. --

c:onf01:'ll1aa to construction Coleraneesof Section~ ,.pl..pb~

"Coneres" • Where concrete ~riaees are to be permanently exposed to
t

tr

-new, johU in fora panels ahall be arranged Co provide a pleamg

appearance. Where forms for continuous aurfaces are placed in

.uceu.1ft units, care shall be taken to f1t the foms ove~ the COWl-

pleted surface ao .. to obtain accurate alignment of the .urface and

to prevent leakage of ..rtar. Forms ahall DOt be re-uaed if chere is

., evidence of .urfaee veal' Dd Cear or defecta which would impair

Cbe quality of the aurface. All aurfaces of forms md abedded

..terials shall be cleaned of any ~rtar from previous concretiug and

of all other foreign ..terial before concrete is placed in them.

7. QiAHFERING. All exposed joints. edges and atemal comers

ahall be chamfered by 80lding placed in the forms Uftless the drawings

.,ecifieally atate that chamferius is to be omitted or as otherwise

.pecified. Olafered joints ahall DOt be permitted where earth or

1:'OckfUl 18 placed in contact with concrete surfaces. ataafered

joiDts shan be cerminated a auffieient distance outsiele the lSa1t of

the earth or rockfi'-l ao that the end of tbe joitits vUl be clearly

riaible.

8. COATING. r01'lllS for exposed or paiuted aurfaees sball be

coated with fora 011 or a form-releue asent before tbe form or re1.11-

• •• "t ~ ..., ~

.. _."
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forcement is placed in final pos1t1on. The coating shall be used as

reco1llDended 1n the manufacturer' 8 printed or written instructions.

J'orms for unexposed surfaces 1Il&Y be wet with water 1n lieu of ·coating

:baDecl1ately befOTe plac1n& concrete. except that in cold weather with

probable freez1n& temperatures coating ahall be mandatorY. Surplus
I

coating on form surfaces and coat1ng on reinforcing steel and con-

atruction joints shall be removea before placiug concrete.

9. EK>VAL. Forms shall not be removed without approval and all

removal shall be accomplished 1n a sanner which will prevent injury to

the concrete. Forms shall not be removed before tbe expiration of the

~n1mum time indicated below. except as otherwise directed or speci-

• .'
(~:'

(

•

•

•

• ..

r-'
.....-

•

fically author'.zed. When conditions of the work are such as to

justify the requirement, foTmS will be reqUired to remain in place for

a longer period.

9.1 Unsupported Concrete. FOrDlliork for walls, coluams, sides of

beams. xravity structures and other vertical !:ype forms not supporting

the weight of concrete shall Dot be removed in less than 24 hours.

1.'he time depends OIl temperature, lift heights _d type and aount of
..

cementitioUil ..terial ill the ·concrete. Where forms for colUIIIDS, walls

-
Dd 814es of beaas also aupport forarork for alabs or beam Boffits.

the raaoval. time of the latter shall aoftrn.

9.2 SJ!Ppprted Concrete. .(Pan joist forM of the tYPe which can

be removed without disturbing shoring shall DOt be re1llOved in less than
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.(,
4 daya.) Supportins forms aDd ahonDs.hall Delt be. 1'~4 _til

a truetural members haveaequired ~fficient atrensth to aupport ~afelY

dleir own weight and any construction 10a4 to which concrete .y be

.abjected. ID DO case .hall forms and ahorillA be raoftd. smtll both

• lI1nimum t1me aDd auffieient strength have been attaiDed!·
•

•

Qonerete v1d\ 'T7!»e x
or II Portland Cement.
Portland Ilut
Purnace Slag Cement•.
or Portland Pozzolan
CemeDt

Concrete with Ifype
tv Portland Cement
or Ilends of Port­
land Cement with
Other Cementitious
Material

•

(e.

Archs. including saUery and con­
duit roofs

Joist. beams or girder aoffits
where clear struetural span
between aupport is
UDder 10 feet
10 to 20 feet
over 20 feet

7 clays

4
7

14

10 days

6
10
21

--.. " ..
•I

,;

1D accord8Dcewlth AlTH C-31 aDd C-39 will be uaed .. evlelence that

III addition to mn1Jlum times above. results of eontrol teata coDc!uctecl

eel protection as liven thoaeportions of the atructure they reprea.t •

concrete baa attaiDed sufficient strength to pemit removal of fons •

CoDcrete cylinelers shall b~.sto~ in "the atructure or, .. near .the atruc­

~ure ...poasible, shall receive iDsofar as posa1ble the a_ cur1111

5.,
.10

3
4
7

ftoor slab where clear a tructural
.pan between supports is
under 10 feet
10 to 20 feet
Oftr 20 feet ..__ ..
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{

•
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•
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,:' '~,' and shall be t-ested witilin 24 hours after relll)val from the structure.
: ."

Cy~1nders wi'll ~e tested by and at da.e expeDae of ue GoveTmDeDt.
. . " ~ ':'."" : .. .~. '. ~ - . ~. .. . .. ,

requirements of Section
. '

10. FIELD QUALITY CONTROL. "Forms and·.embeddeditems' sball be

in

required for the ~truc~ure in aCCOTdanee with quality and location
• 'II • i·'. . -., !,..

SuppDTtiul forms shall DOt be removed UDtil after 1I111imu11 t1JIe &r:ld
•• ' • ~ ~.. " '. '.. '. .•• •• ; , • ".' • - , ". '" , • - .",. .' ; • ~ '. .,• ; I • •

e01lt;ol,-tiUlt sp~ bave ~~ed at 1~t8Qp~ceut ~f strength
. ; '".' • . . ~: • '. I '_. ": " ...... ' 4 • ~ • ,. l ..... ' •. ....

•

•

•

inspected 1n sufficient time prior to each concrete placement by the

Con~ractor in order to certify to the Contracting Officer that they are

, -ready to receive concrete. The results of each inspection shall be

, -reported in writing •
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SECTION 3D

STEEL BARS, STEEL WELDED WIRE FABRIC, AND ACCESSORIES
FOR CONCRETE REINFORCEMENT

1. SCOPE. The work covered by this section consists of furnishing all

equipment, materials, and labor for providing and placing steel bars, steel

welded wire fabric, and accessories for concrete reinforcement *(except as

provided in the SPECIAL PROVISIONS).

2. RELATED WORK SPECIFIED ELSEWHERE.

*2.1 Formwork. Section 3__, FORMWORK FOR CONCRETE

*2.2 Joints. Section 3__, EXPANSION, CONTRACTION AND CONSTRUCTION

JOINTS IN CONCRETE.

2.3 Concrete. *'(Beet ibn 3 ,LA]' HI PlAeE gifR~Ei."ROb C9tIEiRETE)

, (8mI) -+Sect ion 3__, CONCRETEi":'

3. APPLICABLE PUBLICATIONS. The following pUblications of the issues

listed below, but referred to thereafter by basic desiqnation only, form a

part of this specification to the extent indicated by the references thereto:

3.1 American Concrete Institute (ACI) Standards.

3.2 American Society for Testing and Materials CASTM) Standards.

A 184-~tI Fabricated Deformed Steel Bar Mats for
" Concrete Reinforcement

•

•

• .J

•

ACI 315-

ACI 318-

A370-:7.7

Details and Detailing of Concrete
Reinforcement

Building Code Requirements for Reinforced
Concrete

Steel WeldesU'4.e P!ZItsjc Vain, ft n cppEiGEe ...
Po idOl EellMnt

Mechanical Testing of Steel Products

:!5ic
3D-3
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*A 497~

A 61S-J'L--

A 7~..sz·

~

~

< f 9Q.;. _

Welded Deformed Steel Wire Fabric for
Concrete Reinforcement

Deformed and Plain Billet-Steel Bars for
Concrete Reinforcement

Low-Alloy Steel Deformed Bars for Concrete
Rei nforcement

~ned Prictice fOC RiQig~Pi~~C

3.3 American Weldinq Society (AWS) Code.

D 1.4- Structural Welding Code - Reinforcing Steel

4. QUALITY ASSURANCE. The Contractor shall have required material tests

performed by an approved laboratory and certified to demonstrate that the

materials are in conformance with the specifications. Tests shall be

performed and certified at the Contractor's expense.

4.1 Reinforcement Steel Tests. Mechanical testing of steel shall be in

accordance with ASTM A 370 except as otherwise specified herein or required by

the material specifications. Tension tests shall be performed on full cross­

section specimens using a gage length that spans the extremities of specimens

with welds or sleeves included. The ladle analysis shall show the percentages

of carbon, phosphorous, manganese, and sulfur present in the steel.

~

30-4
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approval

The e test butt

be tension tes ed to

Te t results

services •

5. SUBMITTALS. The Contractor shall submit the following items to the

•

•

•

• .I

•

Contracting Officer for approval.

5.1 Shop Drawings shall be in accordance with specified requirements and

include the following:

(1) Reinforcement steel schedules showing quantity, size, shape,

dimensions, weight per foot and total weights, and bending details •

(2) Details of bar supports showing types, sizes, spacing, and sequence.

5.2 Test Reports. Certified tests reports of reinforcement steel showing

that the steel complies with the applicable specifications shall be furnished

for each steel shipment and identified with specific lots prior to

placement. Three copies of the ladle analysis shall be provided for each lot

of steel and the Contractor shall certify that the steel· furnished conforms to

the ladle analysis.

~
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vernment

5.I~DiSposition Records. A system of identification which shows the

disposition of specific lots of approved materials in the work shall be

established and submitted before completion of the contract.

6. MATERIALS.

6.1 Steel Bars shall conform to the grade. size. and length shown on

draw; ngs.

E OF
AWl

6.1.1 Billet-Steel Bars. ASTM A 615, deformed.'" ~If Grade 40 bars are

shown on the drawings but are unavailable the Contractor may substitute Grade

60 bars of the same size and spacing as indicated for Grade 40 bars when
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*6••

6.1.

E'ptQ~~
JlM~T RO I

6.1"~OW-A1l0Y Bars. ASTM A 706.

6.1..f~Fabricated Bar Mats. ASTM A 184, clipped or welded mats, billet-

6.3 Accessories.

6.3.1 Bar Supports. ACI 315. Supports for formed surfaces exposed to view

• or to be painted shall be plastic protected wire, stainless steel, or precast

concrete supports. Precast concrete supports shall be wedge-shaped, not

larger than 3-1/2 x 3-1/2 inches, of thickness equal to that indicated for

• concrete cover, and have an embedded hooked tie-wire for anchorage. If formed

•

...

•

surface is exposed to view precast concrete supports shall be the same

quality, texture, and color as the finish surface.

6.3.2 Wire Ties shall be l6-gage or heavier blac~ annealed wire. -(Ties

ft; trSK;) lilted bars t~ill lie !Jhyl ulted or epg~' cOltsd ,) *(Tj'e Pi I C! ht

81h!:: lied bars Shall be gultu;;;ecel:)

7. PLACEMENT. Reinforcement steel and accessories shall be 'placed as

specified and as shown on contract drawings and approved shop drawings.

~

30-7
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Placement details of steel and accessories not specified or shown on the

drawings shall be in accordance withACI 315 and ACI 318 or as directed by the

Contracting Officer. Steel shall be fabricated to shapes and dimensions

shown, placed where indicated within specified tolerances, and adequately

supported during concrete placement. At the time of concrete placement all

steel shall be free from loose, flaky rust, scale (except tight mill scale),

mud, oil, grease, or any other coating that might reduce the bond with the

concrete.

7.1 Hooks and Bends. Steel may be .il~ or field bent. All steel shall

be bent cold unless otherwise authorized. No steel bars.shall be bent after

being partially embedded in concrete unless indicated on the drawings or

otherwise authorized.

7.2 Welding of steel will be permitted only where indicated on the

drawings or as otherwise directed by the Contracting Officer. Welding shall

be performed in accordance with AWS 0 1.4 except where otherwise specified or

indjcated on the drawings.

7.3 Placing Tolerances.

7.3.1 Spacing. The spacing between adjacent bars and the distance

between layers of bars may not vary from the indicated position by more than

one bar diameter nor more than one inch.

7.3.2 Concrete Cover. The minimum concrete cover of main reinforcement

steel shall be as shown on the drawings. The allowable variation for minimum

cover shall be as follows:

[-,----------
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MINIMUM COVER

6"
411

311

2"
1-1/211

111

3/411

VARIATION

+ 1/2"
+ 3/811

+ 3/811

+ 1/411

+ 1/411

+ 1/811

+ 1/811
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ps or other devices shall be prov,

centerline of the bars to be~~.-r

7.4.2 Butt Splices shall be used only for splicing #14 and

rs to larger bars except where

gs or authorized y the Contracting Off· ere

butt w lds. Butt splices sh ll'develop 0 percent of. the specifie minimum

7.4 Splicing. Splices in steel shall be made only as required. Bars may

be spliced at alternate or additional locations at no additional cost to the

Government, subject to the approval of the Contracting Officer.

7.4.1 Lap Splices shall be used only for bars smaller than size #14 and

welded wire fabric. Lapped bars may be placed in contact and securely tied or

spaced transversely apart to permit the embedment of the entire surface of

each bar in concrete. Lapped bars shall not be spaced farther apart than one­

fifth the required length of lap or 6-inches.

ethod which develop splices suitable for tension,

stres reversal applicatio • Welded but splices shal

scale, an

sp1i ci ng.

•

•

•

•

•

•

•
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SECTION 3£'
EXPANS ION, CONTRACTION AND

CONSTRUCTION JOINTS IN CONCRETE

•

1. SCOPE. This section covers the materials, techniques and

workmanship requirements for forming expansion, contraction and

construction joints in concrete structures.

2. llEl..ATED WCltK SPECIFIED ELSEWHERE. Major requirements for

concrete work are specified in Section ~T-fN_PT~CONCRETE.

references thereto:

3. APPUCABlE PUBUCATIONS. The following publications of the

Steel, Carbon, Cold-llolled Strip

Stainless and Heat-Resisting Chromium-Nickel
Steel Plate, Sheet, and Strip

Hot-Rolled Carbon Steel Sheet and Strip,
Structural Quality

Preformed Expansion Joint Fillers for Con­
crete Paving and Structural Construction
(Non-extruding and Resilient Bituadnous
Types)

D 1751-"
(CllD-C 508)

A 109-8)'
A 167-'s-q.

A 570-64:4

3.1 American Society for Testing and Materials (ASTM) S~andards.

(With corresponding U.S. Army Corps of Engineers Handbook
for Concrete and Cement (CRD) Specifications where indicated.)

issues listed below, but referred to thereafter by basic designation

only, form a part of this specification to the extent indicated by the

...

•
30-3
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D l752-/J.4
(CRD-C Sc19)

?reforced Sponge Rubber and Cork
Expansion Joint Fillers and Concrete
Paving and Structural Construction

American Society of Mechanical Engineers (ASME) Boiler and

•

D 2628-.81
(CRD-C 531)

D 2835- :1'z...
(CRD-C-532) j
C, '9S"

3.2

Pressure Vessel Code.

Preformed PolychloropreneElastomeric
Joint Seals for Concrete Pavements

Lubricant for Installation of
Preformed Compression Seals in Concrete
Pavements

Federal S ecifications (Fed. Sec.).
With corresponding CRD atandarda where indicated)

I

.)~
- " .. ,;;

•

3.3

Sectic:a IX

QQ-C-576b

~
TT-S-2271 e

(CRD-C 506)

Welding and Brazing Qualifications
(Addenda: Summer 6 Winter 1977; Summer 6
Winter 1978)

Copper Flat Products With Slit, Slit and
Edge-Rolled, Sheared, Sawed, or Machined Edges
(Plate, Bar, Sheet and Strip)

Sealing Compound, Elastomeric Type,
Multi-Component (for Caulking, Sealing,
and Glazing in Buildings and Other
Structure.)

. ,
a w' ,.

...

•

3.4

4. QUALITY ASSURANCE.

4.1 Materials Tests.

4.1.1 Field-Molded Sealants. Samples of aealant and primer, when

use of primer is recommended by the manufacturer, a. required in '*2.1
S1-(""OtJ~ \Q6"t1Jl\\...~

,
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below shall be tested by and at the expense of the Government for

compli8Dce with Fed. Spec. TT·S-227. If the sample fails to meet

specification requirements, new samples shall be provided and the cost of

retesting will be deducted from payments due the Contractor at a rate of

type

the Contrac tor

sample fails to meet the

Government for

below shall be visually inspected

expense

4.

8 applicable.

4 Watersto s.

ew samples shall

qualifi

shall

.. 4 •• 1.

• i
a,
"~

. ,

•

·C.~~~·~··"··
:,. .

· ( .

waterstop.

• "\1

('

\...

•
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QB

ors for

.plicing

lified in accordance with the

Metal Waterstops. Procedure and performance qualifications

SUBMI'n'ALS.5.

the Contrac tor.
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4.2.2

for splicing metal watersto

and

XII

.pt dug copper

aanufacturer'. recommendation••

(Pe 1 Teste) and

(Br

•

,.;• .:..i•.~
.~

·-:

•
5.1 Test Reports. Certified manufacturer'. test':lPorts shall be

provided for premolded expansion-joint filler strips.'compression seals

and lubricant.,end met Ilie .~e£gEOpc to verify compliance with the

~• •
.--./

.
.. ..

•

applicable specification.

5.2 Samplu •

5.2.1 Field-Molded Sealant and Primer. One aallon of field-molded

.ealant and one quart of primer (when u.e of primer is recommended by the

lealant mmufacturer) shall be provided for teltina.

,
~ -...
~

• f

•
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iz furnished.

he

not less than

6. MATERIALS.

6.1 Expansion Joint Filler Strips, Premolded .hall conform ASTM D

1751 or ASTM D 1752, Type I or resin impregnated fiberboard conforming to

the physical requirements of ASTM D 1752.

6.2 Joint Sealants and Seals.

6.2.1 Field Molded Sealants .hall conform to Fed. Spec. TT-S-227,

Type II for vertical joint. and Type I for horizontal joints, Class A•

Bond breaker material .hall be polyethylene tape, coated paper, metal

foil or 'UDilar type materi.l.. The back-up material .hall be

compressible, nonabrink, 'DOnreactive with .ealant, and nonabsorptive

material type .uch as extruded butyl or polychloroprene foam- rubber.

<l!!lS:>
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6.2.2 COmpression Seals shall conform to ASTM D 2628; lubricant for

installation Ihall conform to ASTM D 2835.

7. INSTALLATION. Joint loeatiCXls and detaila, including materials

ateretops.
~:::X·~~4

.~~~. '~
~-":. ;

~ <;.1·
.,

.. ,.. -.---:..._.....

•

-8
..~-

•

Non-Metallic.

quivalent, a

6.3.2.2

2,

conform to Fed •

•heet. Steinle.

iniah or ASTM A 570, arade D.

;

•

• •

•

and method. of installation of joint fillers a.1 aate:stcpI, shall be as

specified, shown on the drawings and aa directed. In no case lhall any

fixed metal be continuous through an expansion or contraction joint.

7.1 Expansion Joints. Premolded filler strips .hall have oiled wood

strips .ecured to the top thereof and shall be accurately positioned and

secured again.t dilplacement to clean, smooth concrete .urfacel. The

wood .trips .hall be slightly tapered, dressed and of the .ize required I I
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to install filler strips at the desired level below the finished concrete

surface and to form the groove for the joint sealant or seals to the size

.hown on the drawings. Material used to .ecure premolded fillers and

wood .trip. to concrete shall not harm the concrete and shall be

compatible with the joint sealant or seals. The wood strips shall not be

removed until after the concrete curing period. The groove shall be

thoroughly cleaned of all laitence, curing compound, foreign materials,

protrusions of hardened concrete and any dust which .hall be blown out of

the groove with oil-free compressed air •

7.1.1 Joints With Field-Molded Sealant. Joints shall not be sealed

when the .ealant, air or concrete temperature is less than 400 F. Bond

breaker and back-up material .hall be installed where required. Joints

Ihall be primed and filled flush with joint sealant in accordance with

the manufacturer's recommendations.

-; .1.2 JV.LlltS WIth Preformed Compression Seals. The joint seals

shall be installed with equipment which shall be capable of installing

joint seals to the prescribed depth without cutting, nicking, twisting or

otherwise distorting or damaging the seal and with no more than five

percent stretching of the seal. The sides of the joint and, if

necessary, the .ides of the compression seal shall be covered with a

coating of lubricant, and the seal shall be installed to the depth

indicated with joint installation equipment. Butt joints shall be coated

with liberal applicatiClD8 of lubricant.
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7.2. Contraction Joints. Joints requiring a bond breaker shall be

coated with curing compound or with bituminous paint. Waterstops shall

at

be

joint

All waterstops

diaphragm in

a minimum of 6

protect exposed

vicinity of the

be spliced together by

waterstops from damage

to support and protect the

Any waterltop punctured or

at the Contractor's expense. The

;) ...

3E-\O

A miter guide and portable

Water.tops.

provision shall be

as to form

using the approved

rock or sealed to other cut-off

The bottom of each waterstop

a temporary shop provided at

cut the ends to be joined to insure IOod alignment

lation to eliminate faulty installation that may

7.3 ~aterstop. ahall be carefully and correctly positione

be protected during application of bond breaking material to prevent them

from being coated.

each joint.

damaged .hall be repla

projecting edges and

7.3.1

waterltop. Suitable

waters tops during

the

qualified

continuous

,
•. 1
~.:,-A

•

-..,..._-

- ;.~......-- .
.-.. .

•

'4T".~.• 01'...

• .~"i.

• 'i

•
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1. Applicable Publications
2. General
3. Materials

SECTION SA

MISCELLANEOUS METALS

Index

4. Fabrication
5. Installation
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Am-1

ft-E-489G

QQ-S-763D
(Hotioe 1, Am-2)

VV-G-632A

1.5 MUitarJ Specifications (MU. Spec.).

MIL-F-3541A

2. GENERAL.

Chains and Attaohrbents, Welded and
Veldless

Enamel, Alkyd, Gloas (for Exterior and
Interior Surfaces

Steel Bars, Vire, Shapes, and .
Forgings, Corrosion Resisting

Grease, Industrial, General Purpose

Fittings, Lubrioation

2.1 Sbop Drav1Dgs. Ccaplete shop drawings for fabrication of fenoe panels, fence
posts,' pipe gates, and outlet gates shall be submitted for approval in accordance
with the requirements of the SPECIAL a.AUSES.

2.2 Welding shall oontorm to the provisions of AWS D1.1. Welders who have not
been oertifiedwithin 2 JUrs of the date of OOIIIIlenoellent of WOrk under this
OODtract W1ll not be allowed to perform the work.

2.3 Bolt boles ahall be reamed or drUled nof'll&1 to the _.ber and shall be truly
crl1Ddrloalthrougbout. Cutting bolt holes with a torch will not be permitted
witbout the prior written approval of the Contracting Officer.

3. MATERIALS.

3.1 General. Materials indicated on the drawings or required in the work and not
covered elsewhere by detailed requirements shall oonform to the reqUirements of
this aection. In all cases vbere materials are not specifically covered in these
apecifications, the Contractor shall furnish approved highest grade cOlllDercial
.aterials or products.

3.2 StHI pipe shall be zino-coated (galvanized) steel pipe conforming to the
requirements of ASTM A 120, Standard Weight, Schedule 110.

3.3 Steel Shapes and Plates.

3.3.1 Steel bars and plates ahall conform to 13TH A 36. Galvanized -coating,
where required, shall oontOl"lDS to ASTM A 123.

3.3.2 Steel tUbing aball conform to ASTM A 500, Grade A for posts, and 13TH A 513
tOt' picket raUa.

3.JI Conorete, IDOrtar and grout shall conform to the requirements of SECTION:
COIfCRETE.

3.5 FOJ'IIWOrk shall confcrm to SECTION: FORHWORIC FOR COHCRETE.
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3.6 Ch&in shall be galvanized and sh&ll oonform to the requirements of Fed. Speo.
~R-(>·?-r1, T1pe 1, Grade C, Class 4. The ohain shall be attaohed with a galvanized
oonnecting link and shall acoommodate a 5/16-inohdiameter padlock shackle.

3.7 Bolts and anchor bolts shall conform to Fed. Spec. QQ-S-763, Class 304,
Condition A, or tbe applicable requirements of ASTM A 320, Grade BS. Nuts shall
be galvanized.

3.8 Expansion bolts shall conform to Fed. Speo. P'F-S-325.

3.9 Grease fittings shall conform to Hil. Speo. MIL-F-3541.

3.10 Signs. Refleotive aterial on pioket fenoe gate reneotors and unauthorized
vehioles prohibited signs on pipe gates shall oonfirm to the State Speoifioations
of the Department of Transportation, Highway Division of the State of Arizona.
Unauthorized vehioles prohibited signs on pipe gates shall be oonstruoted as
indicated on the drawings. Letters are to be hlaok rerleotive aterial, standard
2 inoh. Sign b;ckground shall be silver white. The rerleotors and signs shall be
oonstructed of heavy galvanized bonderized steel sheets having a minimum thiokness
of 16 p.uge.Sign markings shall be baked enamel.

3.11 Pipe caps shall conrorm to ANSI B 16.3.

... FABRICATION.

".1 Picket Fenoe Panels. Pickets shall be steel tubing with caps welded at the
top or the piokets. Fence panels shall be fabricated in the shop. Pickets,
rails, and braokets shall be finished to provide smooth, straight edges tree of
burrs. All surfaces of the fence panels and braokets shall be oleaned in the shop
to remove all rust, scale, dirt, and other foreign atter. "Tight" mill scale
that cannot be lifted by applying a sharp knife to any edge will be permitted.
The cleaning shall be aooomplished by scraping,wire brushing, and wiping or other
approved methods. The oleaning and painting operations shall be carried out 1n
suoh a manner that the time between cleaning and the application of paint will not
exceed 24 hours. Piokets, rails, and braokets sball be shop painted with 1 coat
of zino chromate primer and 2 ooats of flat blaok exterior oil paint conforming to
Fed. Speo. 'n-E-4S9, Class A. Any damage of tbe picket fence panels during
transportation and/or installation will be cause for rejeotion of the fence
panels. Any chipping of original color during transportation and/or installation
sball be repainted with original oolor.

".2 Conorete Fenoe Posts. Steel base plates for posts need not be galvanized.
Any cracking of the fence posts during installation of fence panel brackets will
be cause for rejeotion of the post, and the damaged post shall be replaoed at no
additiona! cost to the Government (the Contraotor will not be permitted to repair
damaged posts). . .

..·.3 Pipe Gate. Pipe gates shall be fabricated with steel pipe and shall be
fabricated in the shop. Care shall be taken to deform pipe without "breaking" the
steel. Any pipe deformations that demonstrate visible oracking or weakening _y
be cause for rejeotion the pipe gate or shall be repaired at no additional oost to
the Government. All metal gate components (exoept grease fittings) shall be
galvanized. Welded, out, damaged, and deformed areas of galvanizing metal shall
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be neatly coated with Grade 50B solder conforming to ASTM B 32. A minimum of two
bolts, each not le$$ than '/~-1nch in diameter, shall be used to fasten panels and
signs to the p1pe sates.

Il._ Gratings. Gratings shall be tabricated trom steel bars. Steel grating and
~UDting bars ahall be galvanized atter tabrication.

11.5 Ladders. Ladders ahall be steel tixed-rail contorming to ANSI A 14.3.
Ladders and accessories shall be galvanized. Rungs shall be solid-section rods t

titted into punch holes in rails, welded and ground 8IIlooth. All splices and
connections shall have a smooth transition with original members without
projeotiCll1s that are sharp or more extensive that required tor joint strength.
Bails shall be titted With rackets at the spacing indicated tor anchorage to
structure.

5. DSTALLATION.

5.1 General. Fence posts, both concrete and steel, and pipe gate posts shall be
IJl8talled plumb. Fence posts shall be installed. to provide a straight and even
al1gnaent. Fence panels shall be installed level and in a straight alinement trom
one side 01' the post to the other. All bolts and nuts shall be tight. Expansion
anchors shall be anug and shall not perm!t movement when tested by hand. Surtaces
01' plvanized metals that are abraded, cut, or welded during installation shall be
Deatly covered with grade SOB solder contorm1ng to ASTM B 32.

5.2 Wzoantion tor concrete-embedded i teu shall be 01' the dimensions indicated
on the drawings. Boles shall be cleared 01' loose materials prior to placement of
concrete.

5.3 Atter tence panels are tastened to the posts, the heads 01' anchoring bolts
and aDy painted areas that are damaged during installation shall be painted with
paint oontol"ll1ng the the requirements tor shop painting above. Paint shall be
applied with a brush (spray methods shall not be used). Any such paint that gets
on other than the surtaces specitied to be painted shall be removed by the
Contractor at DO additional cost to the Government.

5.II The Contractor sball use non-shrink arout contonDing to the requirements 01'
SCTIOH: COHCRITE to till the voida under and above the base plates tor tence
))Osts.

5.5 The Contraotor shall areaae pipe sates thoroughly with arease contorming to
Fed. Spec. VV-O-632 iDIIIediately atter installation 01' sate leaves-. The gates
aball be installed in such a tashion that they work treely. The Contractor shall
examine tbe operation 01' all pipe gates not sooner than 30 days atter installation
:rei' ease 01' operation. Any gates that cannot be operated by one person viII be
rePaired (including any required structural moditications) by the Contractor at no
additional oost to the Government, and requirements tor repair shall contorm to
the requirement tor installation above.

• • • • •
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SECTION 11A

STAT100 MARKING

• 1. APPLICABLE PUBLICATIONS. The publication listed below form a part of this
specification to the extent referenced • The publioations are referred to in the
text by the basic designation only.

1.1 Federal Specifioation (Fed. Speo.).

• • TT-P-115E Paint, Traffio, Highway, White and Yellow

2. MATERIALS.

.. 2.1 Paint •

• 2.1.1 Exterior Paint on Conorete shall conform to Fed. Speo. TT-P-115, except the
color shall be non-fading black.

3. STATION MARKING.

•
3.1 Preparation of Surfaoes. Conorete surfaoes shall be thoroughly cleaned of
all curing compound, efflorescence, dirt, 011 or other deleterious material by
approved methods. The surface preparation shall be accomplished in suoh manner
that paint will satisfaotorily adhere to the surface.

•

•

3.2 Application. Painting shall be done in a neat and workmanlike manner and may
be applied by brush, spray, roller or any combination of these methods. Painting
of numbers and letters shall be aocomplished with stencils and brush or spray
application. Color for letters and numbers shall be blaok. All markings on
concrete shall be in \U'liform capital block letters and numbers , 6 inches high, 3
inches wide, and 3/4-inch width of line. Markings on conorete walls shall be
horizontal with the bottom of the marking 5 feet above the bottom (invert at
walls) of the wall.

4. TABULATION OF STATION MARKING LOCATIONS.

STATION

'O~OP

20"'00

55"
1 SCo

.. 107

.. se­

.. $'1..
4
4
II ,
!I Z.
5
5
5

~

TEXT CF MARKINGM-J to IJIt. ('ffl.-VrJ.. "'*"t.
DI\IU':"IC'~(ttN.:t-,£L .

(left)

LMJE. C ~.(;n<.
c.~:,...tJN~

•

•

•

·..

• • • • •
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SECTION 16A

ELECTRICAL DISTRIBUTION SYSTEM,

Index

(' -.'

___ /.,:-v-

L ,t:.' ..> (v "-"
UNDE RGROUN}) .'

'.

I

• •

1. Applicable publications
2. General Requirements
3. Submittals
4. Materials and Components
5. General Installation Requirements
6. Cables, General Requirements
7. Low-Voltage Cables

8. Duct Lines
9. Lighting

10. Concrete pullboxes
11. Grounding
12. Meter Pedestals
13. Tests

•
1. APPLICABLE PUBLICATIONS. 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.

1.1 Federal Specifications (Fed. Spec.).

•

•

W-S-610C
& Am-I

FF-P-I01F

W-C-375

W-F-1814

Splice Conductor

Padlocks

Circuit Breakers, Molded Case; Branch
Circuit and Service

Fuse, Cartridge, High Interrupting
Capacity

•
1.2 American Association of State Highway and Transportation Officials (AASHTO)

publications.

Standard Specifications for Highway Bridges (1983, 13th Ed.; Interim
Specifications - Bridges 1984)

1.3 American National Standards Institute, Inc. (ANSI) Standards.

•

•
"

· '"

•

LTS-1

C2-1984

C78.380-1984

CSO.1-1983

C82.4-1985

Structural Supports for Highway Signs,
Luminaires, and Traffic Signals
(1975, 1st Ed.; with Revisions
contained in HB-12 Interim Specs
1978 & 1979)

NatiQnal Electrical Safety Code

Method for the Designation of
High-Intensity Discharge Lamps

Rigid Steel Conduit - Zinc Coated

Ballasts for High-Intenslty-Dischcrge
and Low-Pressure Sodium Lamps
(Multiple Supply Type)
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CU9.1-1974

C136.3-1984

CI36.6-1984

CI36.9-1984

C136.10-1979

C136.ll-l979

CI36.14-1980

C136.15-1980

Sealed Insulated Underground Connector
Systems Rated 600 Volts

Vol~age Classification of Luminaires
Used in Roadway Lighting Equipment

Luminaire Attachments Used in Roadway
Lighting Equipment

Interchangeability of Metal Heads and
Reflector Assemblies Used in Roadway
Lighting Equipment

Mechanical Interchangeability of
Socket Support Assemblies for Use in
Metal Heads Used in Roadway Lighting
Equipment

Physical and Electrical Inter­
changeability of Photocontrol
Devices, Plugs, and Mating
Receptacles Used in Roadway Lighting
Equipment

Multiple Sockets Used in Roadway
Lighting Equipment

Enclosed Side-Mounted Luminaires for
Horizontal-Burning High-Intensity
Discharge Lamps Used in Roadway
Lighting Equipment

Field Identification of High-Intensity
Discharge and Low-Pressure Sodium
Lamps in Luminaires Used in Roadway
Lighting Equipment

1.4 American Society for Testing and Materials (ASTM) Publications.

A 36-84a

A 48-83

A 123-84

A 153-82

B 8-81

Structural Steel

Gray Iron Castings

Zinc (Hot-Dip Galvanized) Coatings on
Iron and Steel Products

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

Concentric-Lay-Stranded Copper
Conductors, Hard, Medium-Hard, or
Soft

,-

1.5 Illumination Engineering Society (IES) Publication.

RP-a-1983 Roadway Lighting
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•
1.6 Institute of Electrical and Elect~onics Engineers (IEEE) Standards.

1.7 National Electrical Manufacturers Association (NEMA) Standards.

1.8 National Fire Protection Association (HFPA) Standard.

•

· ~

•

•

•

No. 142-1982

AB 1-1975
(R 1981)
Incl Rev lthru 3

FB 1-1983
(R 1984)

PB 1-1984

SH 5-1969
(R 1979)

TC 6

SG 3

70-1987

Recommended Practice for Grounding of
Industrial and Commercial Power
Systems

Molded Case Circuit Breakers

Fittings. Cast Metal Boxes, and
Conduit Bodies for Conduit and Cable
Assemblies

Panelboards

Tubular Steel. Aluminum and
Prestressed Concrete Roadway
Lighting Poles

Plastic Conduit Fitting

Low Voltage Circuit Breaker

National Electrical Code

Underwriters Laboratories Inc. (UL) Publications.

Electrical Construction Materials Directory (May 1986 with Quarterly
Supplements )

· "

•

•

•

•
•

UL 6

UL 198E

UL 467

UL 486A

UL 486B

Rigid Metal Conduit (Oct 23, 1981. 9th
Ed.; Rev Oct 10. 1983; Errata
Aug 29, 1986)

Class R Fuses (Apr 22. 1982, 3rd Ed.;
Rev thru Feb 19, 1985)

Grounding and Bonding Equipment
(Nov 22, 1984. 6th Ed.; Rev thru
Apr 30, 1985)

Wire Connectors and Soldering Lugs for
Use with Copper Conductors (Nov 24.
1980. 7th Ed.; Rev thru Feb 6, 1986)

Wire Connectors for Use with Aluminum
Conductors (Apr 13, 1982, 2nd Ed.;
Rev thru Feb 18. 1986)
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UL 489

UL 514

UL 854

UL 1242

UL 1571

UL 1572

Molded-Case Circuit Breakers and
Circuit-Breaker Enclosures (Oct 15,
1980, 6th Ed.; Rev thru Jan 2, 1986)

Outlet Boxes and Fittings (May 14,
1979, 6th Ed.; Rev thru Jun 1, 1982)

Service-Entrance Cables (Jun 15, 1979,
6th Ed.; Rev thru Jan 13, 1986)

Intermediate Metal Conduit
(Oct 10, 1983, 1st Ed.; Rev Apr 10,
1986)

Incandescent Lighting Fixtures (Feb 7,
1984, 2nd Ed.; Rev thru May 3, 1985)

High Intensity Discharge Lighting
Fixtures (Dec 10, 1984, 2nd Ed.; Rev
thru Sep 17, 1985)

2. GENERAL REQUIREMENTS. Items of the same classification shall be identical
including equipment, assemblies, parts, and components.

2.1 Code Compliance. The installation shall comply with the requirements and
recommendations of NFPA No. 70 and ANSI C2.

2.2 Standard Product. Material and equipment shall be a standard product of a
manufacturer regularly engaged in the manufacture of the product and shall
essentially duplicate items that have been in satisfactory use for at leas t 2
years prior to bid opening.

2.3 Nameplates. Each major component of equipment shall have as a minimum the
manufacturer's name,address, and catalog or style number on a nameplate securely
attached to the item of equipment. Nameplates for individual items of electrical
equipment shall be as specified in referenced publications and shall be provided
on each item of equipment.

2.4 Prevention of Corrosion.

2.4.1 Metallic materials shall be protected against corrosion as specified.
Aluminum shall not be used in contact with earth or concrete. Where aluminum
conductors are connected to dissimilar metal, fittings conforming to UL 486B shall
be used.

2.4.2 Perrous Betal hardware shall be hot-dip galvanized in accordance with ASTM
A 123 and A 153.

-2.4.3 Luminaires fabricated from ferrous metals, unless hot-dip galvanized or of
porcelain enamel finish, shall be factory finished with a weather-resistant finish
in accordance with paragraph PAINTING AND FINISHING, except exposure shall be 200
hours. Pinish color shall be the manufacturer's standard, unless otherwise
indicated.

16A-4

nn ----,-



•

'.

•

•

•

•

I•

•

• >(

•

2.5 Unusual Servi ce Conditions. Items furnished under this section shall be
specifically suitable for the following unusual service conditions.

2.6 Verification of Dimensions. The Contractor shall become familiar with
details of the work, shall verify dimensions in the field, and shall advise the
Contracting Officer of any discrepancy before performing any work.

3. SUBMITTALS.

3.1 Proof of Compliance. Where ma terials or equipment are specified to confo.rm
to the standards or publications, and requirements of AASHTO, ANSI, ASTM, AEIC,
FM, IEEE, IES,NEMA, NFPA, or UL, or to conform to a Fed. Spec., the Contractor
shall submit proof that the items furnished under this section of the specifi­
cations conform to the specified requirements. The label of, or listing in the
Electrical Construction Materials Directory of UL or listing in the Approval Guide
of FM or the manufacturer's certification or published catalog specification data
statement that. the items comply with applicable specifications, standards. or
publications and with the manufacturer's standards will be acceptable evidence of
such compliance •

3.2 Shop Drawings. After receiving complete material lists and before
installation of any of these items, the Contractor shall submit complete shop
drawings and such other descriptive data as the Contracting Officer may require to
demonstrate compliance with the contract documents as required by the CONTRACT-
CLAU"SES and the SPECIAL CLAUSES. Shop drawings shall be submitted for the
follotdng items and such other items as the Contracting Officer may direc~ •

a. Street-lighting luminaires, and mounting brackets.

b. Weatherproof pedestal with meter socket.

c. Lighting pole•

If departures from the contract drawings are deemed necessary by the Contractor,
complete details of such departures, including changes in related portions of the
project and the reasons therefore, shall be submitted with the shop drawings.
Approved departures shall be made at no additional cost to the Government.

3.3 List of Equipment and Materials. A complete itemized listing of equipment
and materials proposed for incorporation into the work shall be submitted. Each
such itemization shall include an item number, the quantity of items proposed, the
name of the manufacturer of each such item.

3.4 Instruction Manuals. Six copies of instruction manuals shall be furnished
within 7 calendar days following the completion of factory tests and shall include
assembly, installation, operation and maintenance instructions, spare parts data
which provides supplier name, current cost, catalog order number, and a
recommended list of spare parts to be stocked and all documents previously
submitted and approved. Manuals shall also include data outlining step-by-step
procedures for system startup and operation, and a troubleshooting guide which
lists possible operational problems and corrective action to be taken. A brief
description of all equipment and their basic operating features shall also be
included. Documents shall be bound in 8 suitable binder adequately marked or
identified on the spine and front cover. A table of contents page shall be
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included and marked with pertinent contract information contents of the manual.
Tabs shall be provided to separate different types of documents, such as catalog
ordering information, drawings, instructions, and spare parts data. Index sheets
shall be provided for each section of the manual when warranted by the quantity of
documents included under separate tabs or dividers. Three additional copies of
the instruction manuals shall be submitted within 30 calendar days following the
approval of the manuals.

3.5 Manufacturer's Certifications.

3.5.1 -Certificates of Compliance.
manufacturers when the manufacturer's
conformance with other requirements of

T

Certificates shall be prepared by the
published data or drawings do not indicate
these specifications.

Materials and equipment shall conform to the

3.5.2 Certified Factory Test Reports. Certified factory test reports shall be
submi tted when manufacturers perfonn routine factory tests normally perfonned by
the manufacturer, including tests required by standards listed in paragraph:
APPLICABLE PUBLICATIONS. Additional certification is required to verify each
transformer has passed ~a production line impulse test consisting of one reduced­
wave and one full-wave lightning impulse test on each fully-insulated high-voltage
terminal.

3.6 Contractor's Data. The Contractor shall submit the following types of data
to supplement the manufacturer's data and drawings and Contractor's drawings.

3.6.1 Certifications. Certifications shall be submitted when specified or
Tequired, including Certification of the Qualifications of Medium-Voltage Cable
Installers, Certified Factory and Field Test Reports, and Certificates of
Compliance submitted in lieu of other proofs of compliance with these contract
provisions.

3.6.2 Certified Field Test Reports. Field tests shall be made and test reports
shall be written and certified by the Contractor to the Contracting Officer.
Field tests shall include cable, operational, and resistance-to-ground tests.

3.7 Contractor's Drawings. The Contractor shall submit drawings as· required to
supplement contract drawings, manufacturer's data and drawings, and Contractor's
data to demonstrate compliance with applicable contract requirements. Drawings
shall be dimensioned or scaled to show the relative arrangement and mounting
details of the equipment or equipment assemblies.

4.. MATERIALS AND COMPONENTS.
following requirements.

4.1 Cables. Cables shall be of annealed copper, except that 1350 alloy aluminum
eonductors may be used as an equivalent for copper conductors of No. 6 AWG and
l.aTgeT. Intermixing of copper and aluminum conductors In these sizes is not
permitted, except at connections to conductors not prOVided under this contract.
Design 'is based on copper conductors and aluminum conductors shall have an
ampacity not less than that of the indicated copper conductors. Cables shall be
single-conductor type, unless otherwise indicated.

16A-6

Tlfl



•

I. "

.....

•

•

4.1.1 Low-Voltage Cables. Low-voltage cables shall conform to UL 854 for Type
USE service entrance cable and shall utilize either cross-linked, thermosetting­
polyethylene or ethylene-propylene-rubber insulation.

4.1.2 Grounding Cables. Grounding cables shall be bare, except where installed
in conduit with associated phase conductors. Insulated cable shall be of the same
material, green color-coded, and shall be insulated to match associated phase
conductors, except that cable need be rated no more than 600 volt. Bare cables
shall be ASTM B 8 soft-drawn unless otherwise indicated; aluminum is not
acceptable •

4.2 Cable Joints, Terminations, and Connectors •

4.2.1 Connectors for Low-Voltage Cables. Fed. Spec. W-S-610; UL 486A for copper
conductors and UL 48tB for aluminum conductors; and ANSI C119.1 for sealed
insulated connectors.

4.3 Cast Iron. ASTM A 48, Class 30B, minimum.

4.4 Concrete. Concrete shall be 2500 psi at 28 days as specified in SECTION:
CONCRETE. Duct liner shall be of monolithic construction. Where a connection is
made to an existing duct line, the concrete encasement shall be well bonded or
dweled to the existing encasement.

4.5 Conduit and Fittings, Steel •

• 4.5.1 Conduit, Intermediate Metal. UL 1242.

4~5.2 .Conduit, Rigid. ANSI C80.1 and UL 6.

4.5.3 Conduit Outlets and Fittings. NEMA FB 1, and UL 514.

•

•
•

•

. ...

•

4.6 Duct and Conduit Calking 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 not slump at a temperature of 300 degrees F., and shall
not harden materially when exposed to the air. Compounds shall readily calk or
adhere to clean surfaces of asbestos-cement, fiber, or plaEtic 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.

4.7 Duct and Fittings, Nonmetallic Type for Installation Underground. Wall
thicknesses and fi ttings shall be suitable for the application. Ducts shall be
single, round-bore type. Ducts shall be of the same _tedal when used for
applications requiring the same type of wall thickness.

4.7.1 Plastic. NEMA TC 6. Conduit fittings shall conform to the applicable NEHA
standards, except that where NEMA standards for conduit fittings do not exist for
the type of plastic installed, fittings shall be as recommended by the conduit
manufacturer.

4.8 Grounding and Bonding. Equipment, UL 467. Wire, ASTM B 8, softdrawn copper•
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11.9 Lamps and Ballasts, Bigh-Intensity-Discharge Type. Lamps shall be suitable
for the burning position utilized. Ballast;; shall cor.form to ANSI C82.4; shall be
coordinated to t.he lamp the ballast bUp~·".,:les: ~haJ...:. be i·L".te'1 for' the voltage
indicated; and shall have a power factor of not less than 90 percent, a crest
factor .of 2.0 or less, and a voltage range of not less than plus or minus 10
percent. Ballasts shall be sui table for operating at 5 degrees F. and above.

11.9.1 High-Pressure Sodium Lamps. ANSI C78.380, designations S50VA-250, S55SC­
150, or S54588-1oo, installed where indicated.

11.10 Luminaire CODpooents, Roadway Lighting.

11.10.1 Luminaires. Attachments, ANSI C136.3. Classification, ANSI C136.2.
Field identitication marking, ANSI C136.15. Interchangeability, ANSI C136.6 tor
metal heads and renectors, and ANSI C136.9 tor sockets. Luminaires, side­
.cunted, ANSIC136.14. Sockets, ANSI C136.11.

_.10.2 Photo-Control Devices. ANSI C136.10.

4.11 Luminaires, Floodlighting. U1.. 1571 and UL 1572.

1I.128a1leplates. Nameplates ahall be made of corrosion-resistantaetal with not
less "than lIJ&-inch tall raised or engraved characters. The nameplate shall be
mounted on the front of the enclosure.

11.13 Padlocks. Padlocks shall conform to FeeL. Spec. FF-P-101, type and size
determned by the Contracting Officer.

4.14 Poles. NEMA SH 5.

JI.14.1 Metal. Poles shall be steel or aluminum.

4.15 Protective Apparatus and Metering Devices.

4.15.1 Circuit Breakers, Low-Voltage. Power, NEHA sa 3; JIOlded-case, N&SA AB 1
andUL Jl89.

1&.15.2 FUses, Law-Voltage, Current-Limiting Types. Fed. Spec. 1I-F-1814, Class L
go UL 198E, Class R.

JI.15.3 Panelboards. BEMA PB 1.

5. GBlfERAL INSTALLATION REQUIRPJ4ENTS. Except
trenching, and backtilling shall contOI'll to
IRRIGATION SISTEM. Concrete work shallconforJII
CCllCiETE.

~ .. ~ ..,,- : ..

as covered berein, excavation,
the requirements of SECTION:
to the requirements of SECTION:

.6. CABLES, GENERAL REQUIREMENTS. The type of installation, aizes, and number of
oables shall be as indicated. Conductors larger than No. 8 AWG shall be
stranded. Each circuit shall be identitied by means ot tiber, laminated plastic,
or nanterrous-metal tags, or approved equal, in each manhole, each handhole, each
)mction box, and at each terminal. Loads shall be divided as evenly as
practicable an the various phases ot the system. Manufacturer's written
Nco_endations shall be furnished for each type of splice, and for fireproofing
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application methods, and shall be approved before any work is done. Compounds and
tapes shall be electrical grade suitable for the cable insulation provided and
shall use design materials and techniques recommended by the manufacturer.
Maximum length of cable pull and cable pulling tensions shall not exceed the cable
snufacturer's recommendations •

6. '\ Duct Line Installation. cables shall be installed 1n duct lines where
. indicated. Cable splices in low-voltage cables shall be made in manholes a~d

handholes only, except as otherwise noted. Neutral and ground con~uctors shall ~e

installed intbe sa.e duct with the1r associated phase conductors.

7• LOW-VOLTAGE CABLES. cable shall be rated 600 volts. Other parts of cable
SysteD such as splices and terminations shall be rated at not less tL::r. 600
Volts. Splices in wires No. 10 AVG and smaller shall be made with an insulated,
aolderless, pre:s:sure type connector, Type I. Class 1, Grade B. Style G, or Type
~II, Class 1 of Fed. Spec. W-S-610 and conforming to the applicable requirements of
UL 486A. Splices in wires No. 8 AVG and larger shall be made with noninsulated,
solderless, pressure type connector, Type II, Class 2 of Fed. Spec. W-S-610,
conforming to the applicable requirements ofUL '&86A and UL '&86B. They shall then
be covered with an insulation and jacket materialequivalerit to the conductor
insUlation and jacket. All splices below grade orin wet locations shall be
aea1edtypeconforming to ANSI C119.1 or shall be _terproofed 'by a sealant
filled, thi ck wa11, heat shrinkable, thermosetting tubing or 'by pouring a
tberaosetting resin into a mold that surrounds the joined conductors.

8. DUCT LINES. Low-voltage lines run elsewhere JIlay be nonencased direot-burial,
thick-wall type or as indicated.

8.1 Requirements. Numbers and sizes of ducts shall be as indicated. Duct lines
shall be laid with a minimum slope of II 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. 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 or more tban5 degrees, eitber horizontally >()r
vertically. Both curved and straight sections may be used to form long sweep
bends as required, 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
terJllinate in manholes or handholes. Duct line urkers shall be proVided as
indicated at the ends of long duct line stubouts or for other ducts whose
locations are indeterminate because of duct curvature or terminations at
completely below-grade structures. In lieu or markers, a 5-m11 brightly colored
plastic tape not less than 3 inches in width and auitablyinscribed at notaore '
than 10 feet on centers with a continuous metallic backing and a corrosion
resistant 1-mil metallic foil core to permit easy location or the duct line, ehall
be placed approximately 12 inches below finished grade levels or such lines.
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8.2 Treatment. Ducts shall be kept clean of concrete, dirt, or foreign
substances during const ruction. Field cuts requiring tapers st~a.ll be made with
proper tools and match factory topers. After a duct line is completed, a standard
flexible mandrel shall be used for cleaning followed by a brush with stiff
bristles. Mandrels shall be at least 12 inches long and have diameters 1/4 inch

. less than the inside diameter of the duct being cleaned. Pneumatic rodding may be
used to draw in lead wires. 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.

8.3 Concrete Encasement. Each single duct shall be completely encased 1n
concrete with a minimum of 3 inches of concrete around each duct, except that onlY
2 inches of concrete are required between adjacent electric power or adjacent
cOllllllunication ducts and 4 inches of concrete shall be provided between adjacent
electric power and communication ducts. Duct linee~casemeQts shall be aonolithic
construction. Where a connection isaade to a previously poured encasement, the
new encasement shall be well bonded or doweled to the existing encasement. At any
point, except railroad crossings, tops of concrete encasements shall be not less
'~han 18 inches below finished grade or paving. At Tai~road crossings, duct lines
shall be encased with concrete, reinforced as· indicsted, and tops of concrete
encasements shall be' not less than 5 feet below tops of rails, unless 'otherwise
indicated. Separators or spacing blocks shall be _de of steel, concrete,
plastic, or a combination of these materials placed not further apart than 4 feet
on centers. .Ducts shall be securely anchored to prevent movement during the
placement of concrete and joints shall be staggered at least 6 inches vertically.

8.4 Nonencased Direct-Burial. Top of duct lines shall be below frost line but
not less than 24 inches below finished grade. Ducts shall be buried below frost
line but in the earth and shall be installed with a minimum of 3 inches of earth

'around each duct, except that between adjacent electric power and communication
ducts, 12 inches of earth is required. Bottoms of trenches shall be graded toward
I18nholes or handholes and shall be smooth and free of stones, Boft spots, and
sharp objects. Where bottoms of trenches comprise materials other than sand or
Btone-free earth, 3-inch layers of sand or stone-free earth shall be laid first
and compacted to approximate densities of surrounding firm soil before installing
duetsln' direct-contact tiered fashion. Joints in adjacent tiers of duct shall be
vertically staggered at least 6 inches. The first 4-inch layer of backfill cover
shall be sand or stone-free earth compacted as previously specified. Duct banks
l18y be beld in alinement with earth. However, high-tiered banks shall use a

. wooden fr8lle or equivalent form to hold ducts in alinement prior to backfilling.
Selected earth at duct banks shall be thoroughly tamped 1n,4- .to 6-inch layers.

8.5 Installation of Couplings. Joints in each type o~ duct .hall be uade up in
accordance with the manufacturer's recommendations for the particular type of duct
and, coupling selected and as approved. In the absence of specific
recommendations, various types of duct joint couplings shall be made watertight as
spec~fied.
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8.5.1 Plastic Duct. Duct joints shall be made by brushing a Jjlastic solvent
cement on insides of plastic coupling fittings and on outsides of duct ends. Each
duct and fitting shall then be slipped together with a quick one-Quarter-turn
twist to set the joint tightly.

9. LIGHTING.

9.1 Roadway Lighting l.utr,inaires. Roadway luainaires shall be of the enclosed
type each consisting of a cast aluminum housing, a finished aluminum reflector for
corrosion protection, an enclosinfT 1.'.1';:5 refractor or globe providing the
indicated LES RP-8 type light distributions, and a slip-fitter capable of adapting
to 1-1/4 inch through 2-inch lDOunting brackets. Luminaire heads shall have
standard dimensions suitable for interchangeable, standard optical asse!!:bHes.
Heads shall be internally wired and rated 600 volts. Where indicated, luminaires
shall be equipped with weatherproof plug-in or twist-lock receptacles to receive
photo-control elements. Lamps shall be of the sizes and types indicated and
prOVided with appropriate ballasts.

9.2 Vandal-Resistant Construction. Where indicated, luminaires shall be provided
with vandal-resistant construction. Exposed diffusers, reflectors, or refractors
shall be of a polycarbonate resin, except that other material may be used if
protected by a polycarbonate resin shield or cast metal guard. Luminaires mounted
15 feet and less above grade shall have exposed screws of the tamper-resistant
type.

9.3 Photo-Control. Where indicated, luminaires shall be individually controlled
by a photo-control element mounted on the luminaire. Each photo-control element
shall have an adjustable operating range of approximately 0.5 to 5.0 foot candles
and shall be mounted in a replaceable, weatherproof, plug-in or twist-lock
assembly.

9.4 Time-Control. Where indicated, luminaires shall be group controlled by
astronomic, electrically wound time switches having 20-minute carry-over features
and automatic adjustment provisions to allow for- seasonal changes of sunset and
sunrise. Adjustable settings shall allow turning on either 20 or 40 minutes
before or after sunset, in addition to sunset, and adjustable off positions shall
allow turning off from 8.30 p.m. to 2.30 a.m., in addition to sunrise. Three­
position k.ey-operated control switches marked ON, OFF, and AuTOMATIC shall be
provided for override of time-control systems. Time switches may directly control
opening and closing of lighting circuits if switches provided have an adequate
rating. Where switches do not have such a rating, contactors of adequate rating
and of the required number of poles shall be provided. Each time-control
equipment assembly shall be mounted integrally in an enclosure suitable for
outdoor operation.

9.5 Poles. Lighting poles shall be a nominal 20 feet in length of alu1linua.
Poles shall be suitable for use with underground supply conductors. Poles shall
be designed for a wind velocity of 100 mph at the base of the pole, for a wind
gust factor of 1.3, and for the height and drag factors recommended by AASHTO
LTS-i. The effective projected area of luminaires and other pole-mounted devices
shall be taken into account in pole design. Poles' shall have grounding
provisions. Bases shall be of the anchor-bolt-mounted type. The type of pole
shaft material provided shall not be mixed on any project.
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9.5.1 Brackets. Brackets for area lighting shall be of the indicated types.
Brackets for floodlights shall have the num~er of tenons indicated. Slip-Utter
brackets shall be coordinated with the luminaires provided, and brackets USed wl':h
one type of luminaire shall be identical. Brackets shall be not less than 2-inch
galvanized steel pipe or equivalent aluminum. On metal poles, brackets shall be
of the same metal.

9.5.2 Aluminum Poles. Aluainum poles and alunnum brackets shall have a uniform
satin finish.

9.5.3 Pole Setting. Poles shall be mounted on cast-in-place or power-installed
screw foundations. Where indicated, concrete poles shall be embedded in
accordance with the details shown. Conduit ells Shall be provided for cable
entrances into pole interiors.

9.5.3.1 Cast-In-Place Foundations. Concrete foundations, sized as indicated,
shall have anchor bolts accurately set in foundations using templates supplied by
the pole manufacturer. After the concrete has cured, pole anchor bases shall be
set on foundations ancrleveled by shimming between anchor bases and foundations or
by setting ancborbases on level1ngnuts and grouting. Poles shall be set
plumb. Anchor bolts shall be the manufacturers t standard, but not less than
required by BEMA SH 5, and not less than necessary to meet the pole wind loading

.specified herein.and other design requirements.

9.5.3.2 Power-Installed Screw Foundations. Power-installed screw foundations
baving the required strength and 1Dounting-bolt~ top plate dimensions may be
utilized. Screw foundations shall be of at least 1/4-inch thick structural steel
eonfondng to ASTM A 36 and hot-dip galvanized in accordance withASTM A 123.
Conduit slots in screw foundation shafts shall be approximately 18 inches below
tops of shafts on opposite sides and top plates shall be marked to indicate
orientation. Design calculations indicating adequate strength shall be approved
before installation of any screw foundation is permitted.

10. CONCRETE PULLBOXES. Concrete pullboxes shall consist of precast reinforced
concrete boxes, extensions, bases, and covers. Concrete reinforcing shall be that
which is regularly used in the standard products of the manufacturer. Pullbox
tops shall be .flush with sidewalks or curbs or placed 1/2-inch above surrounding
grades when remote from curbed roadways or sidewalks. Covers shall be marked Low­
Voltage and provided with two lifting eyes and two hold-down bolts. Each box
shall have a suitable 'opening for a ground· rod. Conduit, cable, ground rod
entrances, and unused openings shall be sealed with mortar •

. ~

11., GROUNDING. Neutral conductors, cable shields, metallic cable sheaths and
armor,aetall1c conduits, cable terminations, junction boxes, poles, surge
arresters, fencing enclosing electrical equipment, and other noncurrent-carrying
aetallie parts of equipment shall be grounded.

..11.1 General Requirements. A resistance of not greater than 25 ohms shall be .
provided, unless otherwise specified. Ground resistances shall be measured in
normally dry conditions not less than 48 hours after rainfall. Resistances of
.ysteas requiring separate ground rods, rather than acounterpoise, shall be
..asured separately before bonding below grade. The combined ground resistance of
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separate systems bonded together below grade may be used to meet the specified
ground resistance, but the minimum number of rods indicated must still be
provided.

11.1.1 Ground Rods. Ground rods shall be copper-clad steel, and shall be not
less than 3/4 inch in diameter by a feet in length. Unless otherwise indicated,
ground rods shall be driven into the ground until tops of rods are approximately 1
foot below finished grade. In counterpoise systems,tops of ground rods shall be
approximately at elevations of counterpoises. Where the specified ground
resistance cannot be met with the indicated number of ground rods, additional
grounds rods, longer ground rods, or deep-driven sectional rods shall be installed
and connected until the specified resistance is obtained, except that not more
than three additional a-foot ground rods shall be required at anyone
installation. Ground rods shall be spaced as evenly as possible at least 6 feet
apart and connected 2 feet below grade.

11.1.2 Connections. Connections above grade shall be made with bolted solderless
connectors and th.ose below grade shall be made by a fusion-welding process. In
lieu of a fusion-welding process, a compression ground grid connector of a type
which uses a hydraulic compression tool to provide the correct circumferential
pressure may be used. Tools and dies shall be as recommended by the
manufacturer. An embossing die code or other standard method shall provide
visible indication that a connector has been adequately compressed on the ground
wire. Where ground wires are connected to aluminum-composition conductors t

specially treated or lined copper-to-aluminum connectors suitable for this purpose
shall be utilized.

11.2 Neutral Grounding. Neutral conductors shall be grounded where indicated.
Ground wires shall be not less than No. 1/0 AWG, except that where the rated phase
current exceeds 400 amperes, the size of neutral ground wires shall be increased
to not less than one-half the size of the cross-sectional area of the individual
phase conductors. Neutral ground wires shall be protected by conduit where such
wires run exposed above grade in nonfence-enclosed areas or are run through
concrete construction. Where concrete penetration is necessary, nonmetallic
conduit shall be cast flush with the points of concrete entrance and exit so as' to
provide an opening for the ground wire and the opening shall be sealed with a
suitable compound after installation of the ground wire. Bends greater than 45
degrees in ground wire connections to the ground rods or counterpoises are not
permitted.

11.3 Equipment Grounding. Equipment frames of metal-enclosed equipment, medium­
voltage cable shields at cable joints and terminations, metal splice boxes, chain-
link fencing, and other noncurrent-carrying metal items, shall be grounded unless
otherwise indicated. Connections to earth shall be made in the same manner as
required for neutral grounding. Equipment or devices operating at less than 750
volts may be connected to secondary neutral grounds. Equipment operating at more
than 750 volts to ground shall be provided with grounds separate from secondary
ne':1tral grounds, but both grounds shall be bonded together below· grade at the
ground rods or may utilize a common counterpoise.
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11.5 Manhole. Han hole. or ConcretePullbox Grounding. Ground rods i stalled in
electrical-distribu ion-system manholes.handholes. or concrete pull es shall be
properly connected 0 the cable shielding. met-allicsheath,and rmor at each
cable joint or splic by means of No.4 Awe or equivalent braid tinned copper
wire. Connections to metallic ca'blesheaths shall be by means 0 tinned terminals
soldered to ground wi s and to cable sheaths. Care shall be taken in soldering
not to damage Detallic cable sbeaths or shields. Ground ro shall be protected
9ith a double wrapping of presaure-seusltiveplaat1c ,:ta~ for ,a dis'tance of 2
inches abo\'e and 6incll s below concrete penetrations. Ground wires shall be
neatly and firmly attache ~o 1II8nhole or handhole 'walls d the amount of exposed
bare wire shall be held to minimum.

11.7 'Ketal Splice Box GrOll ding. Metal splice bo s for lEdium-voltage direct­
'burial cable shall be grounde by connection to a ound rod located within 2 feet
of each splice box using a g und wire having current-carrying capacity of at
least 20 percent of the indivi al phase condu ora in the associated splice box,
but not less than No. 6 AWG.

12. METER PEDESTALS.

:12.1 "General. Meter 1 beNEKA 3Rraint'ight andauitable for
,~.ervice equipment. Meterpedeatals hall' be of theconcrete-base-aountedtype •
.consisting ofa aeterseetlon a p nelboard section. assembled 8S s'single
integral unit in a .ubstantial atherp of and tamperproofmetal enclosure. The
:.tal enclosure shall have 10' ng provi ons and-shall be provided With 'B:2-inch
padlock. Exterior shall hay rust fnhibi ngprimer and two coats of dark green
8Da11eI.Interior fintshs II 'be white en Arrange1lent shall be as shown.
Hetiar i.'D8tallationshall aeet APS requlr nt..Panelboard 1JhaUbe circuit
breaker equipped. Type Circuit breaker i erruptingcapacities shall conform
,to Fed. Spec W-C-375 nless otherwise indicat Single-pole breakers shall be
full module size; t poles shall not be insta led in a single module. Plug-in
type circuit break s are not acceptable. Direc ries shall be typed to indicate
load served by e circuit and mounted in holder hind protective covering.

12.2 ation. Meter pedestals shall be concrete base,
refnfoTced s indicated. The top of the concrete approximately 3
inches a ve the finished grade. The base shall be f adequate size to project
beyond he equipment and sloped to drain. Concrete sh 11 be 3000 psi minimum at
28 d s. The metal enclosure shall be secured to the c ncrete base by a minimum
of -1/2inchgalvartized anchor bolts.

13. TESTS.

13.1 Operating -rest. After the installation is c01llpleted. the Contractor shall
conduct an operating test for approval. Equipment shall be d'emonstrated to
opeTate in accordance With the requirements herein. Tests shall be performed in
thepr-esence of the Contracting Officer. 1'he Contractor shall furnish instruments
.nd personnel required for the 'test and tbeGoveTnmentw11l 'furnish theneces8ary
electric power.

13.2 Ground-Resistance Measurements. Ground-resistance measurements of each
ground rod shall be taken and certified by the Contractor to the Contracting
Officer. No part of the electrical distribution system shall be energized prior
to the resistance testing of that system's ground rods and grounding system and
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submiusion of test results to the Contracting Officer. Test reports shall
indicate the location of the ground rod and grounding system and thE:! resistance
and the soil conditions at the time the test was performed. When the building
water service is used as a ground or part of the grounding system, ground­
resistance measurements shall also be made of this connection. Ground-resistance
ueasurements shall be made in normally dry weather, not less than 48 hours after
rainfall, and with the ground under test isolated from other grounds. The
resistance to ground shall be measured using the fall-of-potential method
described in IEEE No. 142.

* * * * *
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21. SECTION 16A, ELECTRICAL DISTRIBUTION SYSTEM, UNDElGROt1ND.

21.1 Page 16A-l, paragraph 1.1. To the list of rederal SpecificatioDs add:

21.3.1 Paragraph 1.4. Delete the publication entirely: Bll-81

CC-K-180

W-P-1l5

21.2 Pages 16A-} and 16A-2, paragraph 1.3.
inclusively.

21.3 Page 16A-2.

Motors, AC Fractional

Panel Boards

Delete standards C78.380-1984 through CI36.15-1980,

•
~ 21.3.2 Delete paragraph 1.5, entirely.

21.4 Page 16A-4, paragraph 1.9.

21.4.1 Delete the publications: UL 1571, UL1572

21.4.2 To the list of Underwriters Laboratories publications add:

21.5 Page 16A-5, paragraph 3.2. Delete subparagraphs a. through c. inclusive: and insert:•
UL 508 " 845

UL 943

Motor Control and Motor Control Centers

Ground Pault Circuit Interruptor

•

•

a. Electrical 'anel.

b. en Outlet, 20A.

c. IIDtor Starter.

21.6 Pages 16A-6 and 16A-7. Delete paragraphs 4.1 to 4.2.1, inclusive and insert:

4.1 Panel Board. Dead Front Construction Fed. Spec. W-P-115, NEMA PB-l.

4.1.1 Load Center Panel loard, Type I, Class 2.

4.2 Receptabl.s.

4.2.1 Ground 'ault Circuit Interrupter UL 943.

21.7 Page 16A-8.
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21.7.1 Delete paragraphs 4.9 to 4.14.1, inclusive and insert:

4.9 Motors, AC Fractional and Integral Horsepower, Fed. Spec. CC-M-180.

4.10 Motor Controls and Motor Control Centers, NEMA ICS I, ICS 2, ICS 4 and Ies 6, and UL 508 and 845.

21.7.2 Delete paragraph .4.15.3.

21.7.3 Paragraph 6.

21.7.3.1 Line 1. Delete ·CABLES" and insert: WIRES AND CABLES

21.7.3.2 Line 2. Delete ·cables" and insert: vires and cables

21.8 Page 16A-7. Delete paragraph 7, entirely.

21.9 Pages 16A-l1 and 16A-12. Delete paragraphs 9 through II, inclusive and insert:

9. DELETED.

10. DELETED.

11. GROUNDING. Neutral conductors, !letallic conduits, junctions boxes, fencing enclosing electrical
equipment, and other noncurrent-carrying metallic pars of equipment shall be grounded.

21.10 Page 16A-13, paragraph 11.1.1, line 2. Delete "8 feet· and insert: 10 feet

21.11 Page 16A-13 and 16A-14. Delete paragraphs 11.4 through 12.2, inclusively.
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