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602.11-PAY ITEMS:
ITEM DESCRIPTION UNIT

602001-* REINFORCING STEEL BAR POUND
(KILOGRAM)

602002-* EPOXY COATED REINFORCING STEEL BAR POUND
(KILOGRAM)

* Sequence Number

SECTION 603
PRESTRESSED CONCRETE MEMBERS

603.1 DESCRIPTION:
This work consists of the construction of precast/prestressed concrete

members, pretensioned in accordance with these specifications and in
conformity with the plan details and notes. This work shall include
manufacturing, inspection, handling, storing, transporting and erecting of
structural members of precast/prestressed concrete, and, when specified, shall
also include precast concrete members which do not contain pretensioning steel
components.
 Concrete floors, curbs, parapets, curtain walls, and diaphragms shall be
cast in place on the project unless otherwise provided for on the plans. When
the above elements are specified as precast members, they shall be
manufactured in accordance with this specification.

603.2 MATERIALS

603.2.1 Materials Details: Materials shall meet the requirements
specified in the following Sections/Subsections:

Precast / Prestressed Concrete Materials Sections / Subsections

Cement ....................................................................... 701.1, 701.3
#Fine Aggregates....................................................... 702.1
*Coarse Aggregates................................................... 703.1, 703.2, & 703.3
+Admixtures:

Air Entraining Admixtures................................ 707.1
Retarding Admixtures....................................... 707.2
Water Reducing Admixtures............................. 707.3
**Pozzolonic Additives..................................... 707.4

Mixing Water............................................................. 715.7
Reinforcing Steel ....................................................... 709.1
Prestressing Steel....................................................... 709.2
Hot-Poured Elastic Type Concrete Joint Sealer........ 708.3
Preformed Expansion Joint Filler.............................. 708.1
Elastomeric Bearing Pads.......................................... 715.14
Welded Wire Fabric................................................... 709.4
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Steel Bolts and Nuts................................................... 709.23
Concrete Sealant ........................................................ 707.12
Shear-Key Grout........................................................ 715.5

#Fine aggregate shall be natural sand.

*The maximum size of coarse aggregate shall not exceed the minimum
horizontal or vertical clear spacing between pretensioned or reinforcing steel
elements divided by 1.33.

Lightweight aggregates shall not be used unless their use is permitted by
the Engineer in writing.
**The use of a pozzolonic additive is not permitted when a blended hydraulic
cement is used. Unless otherwise permitted by the Engineer, only one source
of a pozzolonic additive shall be used.
+ Calcium chloride or any admixture containing chloride ion in excess of 0.1
percent by weight shall not be used in prestressed concrete members.

603.2.2 Inspection and Testing: A representative of the Engineer shall
have free entry at all times, while the work on the Contract is being performed,
to all parts of the manufacturer’s works which concern the manufacture of the
materials ordered. The manufacturer shall afford the representative of the
Engineer, without charge, all reasonable facilities to satisfy themselves that the
material is being furnished in accordance with these specifications.

603.3 PLANT REQUIREMENTS AND APPROVAL:

603.3.1 Plant Approval: All fabricators of prestressed concrete
members shall be certified in the appropriate Group and Category in
accordance with the Precast/Prestressed Concrete Institute (PCI) Plant
Certification Program. Fabricators shall be certified in Group B3 or B4 for
manufacture of prestressed straight strand bridge members. For prestressed
draped strand bridge members, the fabricator shall be certified in Group B4.
The Engineer or his authorized representative shall approve all plants
manufacturing prestressed and precast reinforced concrete bridge members
before manufacture of the members may be started. Requests for such
approvals shall be submitted to the Engineer at least three weeks prior to the
date of manufacture of the members. Requests shall include details of the plant
facilities, materials, and the production methods the manufacturer intends to
use.

The manufacturer shall have an established quality control program in
effective operation at the plant. This program shall be submitted to the Engineer
for approval at least 30 days prior to the start of the production.

If a contractor/fabricator is found to consistently deviate from PCI
guidelines, the contractor/fabricator will be required to use independent
laboratory quality control testing and inspection until it can be shown that
conformity with PCI guidelines has been reestablished.  The laboratory used is
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subject to the approval by the Engineer. The cost of the independent laboratory
is to be borne by the contractor/fabricator.

603.3.2 Supervision: The contractor/fabricator shall provide a PCI
Level II certified technician, skilled in the use of the system of prestressing to
be used, who shall supervise the work and give the Engineer or his
representative such assistance as may be considered necessary.

603.3.3 Equipment and Tools:

603.3.3.1 General: All equipment, tools and machinery used in the
work shall be adequate for the purpose for which it is to be used and shall be
maintained in a satisfactory working condition. The use of portable
pretensioning beds for the manufacture of prestressed concrete members is not
acceptable.

The contractor/fabricator shall provide all other equipment and tools
necessary for the construction and the prestressing.

603.3.3.2 Equipment: The jacks shall be equipped with instruments for
monitoring the hydraulic pressure. Electronic pressure transducers with digital
indicators may be used. All pressure gauges or electronic pressure indicators
shall indicate the load directly to one (1) percent of the maximum gauge or
sensor/indicator capacity or (2) two percent of the maximum load applied,
whichever is smaller.

Each jack and its gauge shall be calibrated as a unit with the cylinder
extension in the approximate position that it will be at final jacking force. The
calibration of the jack and gauge shall be done while the jack is in the identical
configuration as will be used on the site, e.g., same length hydraulic lines. An
independent laboratory shall furnish certified calibration charts with each jack
and gauge used in the work. Certified calibration of each ram shall be made
prior to the start of stressing operations and every six (6) months thereafter, or
as requested by the Engineer. Any repair of the rams, such as replacing seals,
changing length of hydraulic lines, changing type of pump or using gauges
which have not been calibrated with the ram, shall be cause for recalibration of
the jack and gauge with a load cell. No extra compensation will be allowed for
the initial or subsequent ram calibrations.

603.3.3.3 Forms and Casting Beds: Forms and casting beds shall be
subject to the approval of the Engineer. Unless otherwise approved, only metal
forms on concrete founded casting beds shall be used. The forms and casting
beds shall be well constructed, carefully aligned, substantial and firm, securely
braced and fastened together, sufficiently tight to prevent leakage of mortar and
strong enough to withstand the action of mechanical vibrators. The forms shall
be constructed to permit movement of the members without damage during
release of the prestressing force or movement caused by thermal expansion
during curing. The casting beds and all form work will be approved before any



603.4

274

concrete is placed, but such approval shall not relieve the contractor/fabricator
of responsibility for the results obtained.

603.4 WORKING DRAWINGS:
603.4.1 General: The contractor/fabricator shall expressly understand

that the Engineer's approval of the working drawings submitted by the
contractor/fabricator covers the requirements for "strength and detail," and that
the Engineer assumes no responsibility for errors in dimensions.

Working drawings must be approved prior to performance of the work
involved and such approval shall not relieve the contractor/fabricator of any
responsibility under the contract for the successful completion of the work.

All working drawings shall be in English units. Use of dual (metric and
English) units is not allowed.

603.4.2 Shop Drawings: The contractor/fabricator shall submit copies
of the detailed shop drawings to the Engineer for approval. Shop drawings shall
be submitted sufficiently in advance of the start of the work to allow time for
review by the Engineer and corrections by the contractor/fabricator without
delaying the work. The size of the original drawings shall be 22 in. x 34 in.
(559 mm x 864 mm) including margins, unless otherwise permitted. The shop
drawings submitted for approval may be reduced.

Shop drawings for concrete structures shall give full detailed dimensions
and sizes of component parts of the structure and details of all miscellaneous
parts.

603.4.3 Erection Drawings: The contractor shall submit drawings
illustrating fully their proposed method of erection. The drawings shall show
details of all falsework bents, bracing, guys, dead-men, lifting devices, and
attachments to the bridge members: sequence of erection, location of cranes and
barges, crane capacities, location of lifting points on the bridge members, and
weights of the members. The plan and drawings shall be complete in detail for
all anticipated phases and conditions during erection. Design calculations,
sealed by a Registered Professional Engineer, shall be submitted by the
contractor/fabricator to the Engineer for approval which will demonstrate that
allowable stresses for falsework and concrete members being erected are not
exceeded and that member capacities and final geometry shall be correct.

When the designated concrete deck overhang exceeds 30 inches (760
mm) , the erection drawings submitted by the contractor/fabricator shall include
complete details of the forming and bracing for the overhang and shall transmit
the concrete deck dead load to an area of the beam or stringer which will
prevent distortion. All forming and bracing procedures are subject to approval
of the Engineer.

603.5 REINFORCEMENT:
All reinforcing bars and welded wire fabric shall meet all requirements

of Section 602 and shall be free of frost, loose rust, grease, dirt, oil, paint, mill
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scale, corrosion or other deleterious substances. Any steel which can not be
satisfactorily cleaned shall not be used.

When splicing is required, all reinforcing bars shall be lapped for a
length of at least 30 bar diameters.   

Reinforcing bars, welded wire fabric and other embedded fixtures shall
be accurately placed as indicated on the Plans and shall be maintained in their
correct position during the manufacture of the unit. Reinforcement shall not be
held in position by tack welding.

The minimum concrete cover for reinforcing steel shall be as follows,
unless otherwise shown on the Plans:
Main Reinforcement .............................................1 ½ in.(40 mm)
Slab Reinforcement, top of slab ...........................1 ½ in. (40 mm)
Slab Reinforcement, bottom of slab.....................1 in  (25 mm)
Stirrups and Ties...................................................1 in. (25 mm)

The longitudinal or main wires of welded wire fabric shall be placed
transverse to the longitudinal axis of the unit. Laps of welded wire fabric shall
be a minimum of 6 inches (150 mm) unless otherwise approved by the
Engineer.

603.6 CONCRETE:
603.6.1 General: The composition, proportioning, and mixing of

concrete shall be such so as to produce a homogeneous concrete mixture of a
quality that will conform to the test and design requirements specified and as
noted on the Plans. Concrete for all prestressed members shall have a minimum
compressive strength as may be specified on the plans or in the special
provisions. Materials used to form voids in the members shall be fabricated
from form material acceptable to the Engineer or from cardboard, which has
been treated with a waterproofing agent. Any void made from more than one
piece of material shall be glued and banded to prevent separation during
concreting operations. Any evidence of separation will be cause for rejection.
All concrete materials including admixtures shall meet requirements specified
in subsection 603.2 and/or as indicated in the plans.

603.6.2 Mix Design: Concrete mixtures must be established initially by
methods in accordance with ACI 318, Chapter 4. Mixes may be designed either
by a commercial laboratory or by PCI certified concrete plant personnel. Prior
to adoption of a mix design as a plant standard, it shall be field tested by use of
the production plant batching and mixing equipment, construction methods, and
curing to be used in production of the members. The use of a previous mix
design can be approved for a project if sufficient test data (30 or more tests) are
available from the past year for evaluation (ACI 301, Chapter 3, method).

All design mixes shall be developed using the type of cement, the type
and gradation of aggregates, and admixtures proposed for use in plant mixes.
When any of these variables are changed, the proposed mix shall be
reevaluated. The mix design shall be approved by the Engineer.
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603.6.3 Proportioning of Concrete: Materials shall be proportioned
by weight, unless otherwise authorized by the Engineer. The concrete shall
contain the minimum amount of water per sack of cement required to obtain
satisfactory workability and the specified minimum strength, but in no case
shall this amount exceed five gallons per sack (0.44 liter per kg) of cement,
including the free water in the aggregate, and /or admixtures. The minimum
cement factor shall be seven bags per cubic yard (390 kg per m3) of concrete.
Concrete for all members shall be air-entrained with a target air content of
seven percent. A working tolerance of plus or minus two percentage points will
be allowed. When the ambient temperature is 90 °F (32° C) or higher, a
retarding admixture shall be added to the concrete mixture. The Engineer may
permit the use of retarding or water-reducing admixture when necessary. Slump
shall not exceed 8 inches (200 mm) with the use of high range water reducers

603.6.4 Sampling and Test Methods:
Sampling Freshly Mixed Concrete AASHTO T 141

Slump of Hydraulic Cement Concrete........................................AASHTO T 119
Air Content of Freshly Mixed Concrete.....................................AASHTO T 121
        
                                                   AASHTO T 152

or ASTM C
173

Compressive Strength of Cylindrical Concrete Specimens .......AASHTO T 22
*Making and Curing Concrete Test Specimens in the Field......AASHTO T 23

*Cylinders shall be manipulated and cured by methods identical to those
used in curing the concrete members.

603.6.5 Strength of Concrete:  A strength test shall consist of the
average strength of three compressive strength test cylinders fabricated from
a single randomly selected batch of concrete, as it is being placed in the forms
except that, if any cylinder should show evidence of improper sampling,
molding or testing, said cylinder shall be discarded and the strength test shall
consist of the strength of the remaining cylinder. At least one set of cylinders
shall be tested for each member cast in a form. Each set shall be from a separate
batch of concrete.

603.6.6 Batching and Mixing: Concrete batching plants and their
operation shall be in conformance with ASTM C 94, “Specifications for
Ready-Mix Concrete”. Concrete batch plants shall be capable of producing
concrete of the quality required and they shall be adequately equipped and
properly operated. Concrete supplied to the plant by an outside batch plant shall
meet the same requirements of batch plant facilities. Evidence of conformance
will be certification of the outside plant by the National Ready-Mix Concrete
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Association (NRMCA).
Fine and coarse aggregates and cement shall be measured by weight.

Water and liquid admixture may be measured by either weight or volume.
Measurement of the various components of concrete, and measuring equipment
shall be in accordance with ASTM C 94.

Concrete shall be mixed by one of the following methods:
1.  Central mixed concrete - concrete mixed in a central stationary mixer

and delivered to the casting area by appropriate methods.
2.  Shrink mixed concrete - concrete that is partially mixed in a

stationery mixer, then mixed completely and delivered to the casting
site in a truck mixer.

3.  Truck mixed concrete - concrete that is completely mixed in a truck
mixer as it is delivered to the casting site.

Mixing times shall be established by uniformity tests in accordance with
procedures in ASTM C 94.

603.6.7 Placing Concrete: Suitable means shall be used for placing
concrete without segregation. The concrete mixture shall not be dropped from
a distance of more than 4 feet (1.2 meters), relative to the top of the form or the
reinforcement. Special care shall be taken to deposit the concrete in its final
position in each part of the form. Working of flowing concrete along the forms
from the point of deposit will not be permitted. Care must be taken to work the
concrete under and around the prestressing strands and reinforcement. The
plastic concrete shall be consolidated in place by either external or internal
vibration, or both when necessary. The vibrators shall be of a type and design
approved by the Engineer, and the size of the vibrating head will be governed
by the spacing of the prestressing cables and reinforcement. Vibrators may be
used only to consolidate the concrete after it has been properly placed.

Internal vibrators shall be operated vertically and shall be slowly pushed
into and pulled out of the concrete and shall not be held in one spot long enough
to cause segregation. Concrete segregated by the vibrator shall be removed and
discarded. Partially hardened layers of concrete shall not be penetrated or
disturbed by the vibrator. Transmission of vibration into prestressing cable or
reinforcement embedded in partially hardened concrete by the vibrating
equipment will not be permitted.  

 603.6.8 Cold Weather Production: In addition to the requirements of
Subsection 601.9.1, the following requirements shall apply to outdoor casting
operations. When ambient temperatures below 40° F (4° C) are anticipated, the
following shall be used as necessary to keep the temperature of concrete within
the prescribed limits:

1.  Minimum concrete temperature shall be 50º F (10° C) after
placement.

2.  Concrete shall not be placed on cold forms, steel, or appurtenances.
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When the temperature of these facilities are below 40º F (4° C),
steam heat or other means shall be provided to maintain the
temperature to at least 50° F (10° C) unless concrete is delivered
above 60º F (15° C) and no frost, snow or ice is present in the form.

3.  Placing concrete under covers or in suitable enclosures.
4.  Use of heated mixing water.
5.  Avoidance of the use of frozen aggregate or aggregate containing

frost, snow or ice.
6.  Use of insulated forms.

603.6.9 Hot Weather Production: In addition to the requirements of
Subsection 601.9.2, the following requirements shall apply to outdoor casting
operations:

When the ambient temperature is above 100° F (38° C), or other adverse
weather conditions are present, it is recognized that plastic shrinkage of
concrete, or loss of strength below specification requirements, or both may
occur. If such conditions do occur, the following procedures or combination of
procedures shall be used as necessary to correct these deficiencies:

1.  Water fog spraying of forms, prior to placement of concrete. Forms
exposed to direct sunlight can be misted for cooling prior to
placement of concrete.

2.  Shaded storage for aggregates.
3.  Burying, insulating or shading water supply facilities.
4.  Sprinkling or fog spraying of aggregates.
5.  Use of shaved or crushed ice for a portion of the mixing water. Only

so much ice shall be used as will be entirely melted at the completion
of the mixing period.

6.  Use of cold water in batching. Water can be chilled and stored in an
insulated tank or pulled from a source if temperatures are low
enough to aid mix temperature reduction.

7.  Application of wet burlap or mats or fog spraying as soon as the
water sheen disappears from the concrete. This is especially
important for hot, windy, exposed locations.

8.  Use of white pigmented curing compound for its heat-reflective
properties except on composite surfaces.

9.  Use of self-retarding admixtures.
10.  Avoidance of the use of cement with temperatures over 170° F (77°

C).
11.  Shading of product surface during and after casting to avoid heat

buildup in direct sunlight.

Concreting operations shall be discontinued when concrete temperatures
exceed 100° F (38° C) at the time of placing.

603.7 PRESTRESSING:
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603.7.1 Protection of Prestressing Steel: All prestressing steel shall
be protected against physical damage and rust at all times during storage and
manufacturing.  Prestressing steel shall also be free of deleterious material such
as grease, oil, wax, or paint, except where called for on the plans. Prestressing
steel that has sustained physical damage at any time shall be rejected. The use
of prestressing reinforcement having kinks, bends, nicks, or other defects will
not be permitted. The development of pitting, other than slight rusting shall be
cause for rejection.

Prestressing steel shall be packaged in containers or shipping forms for
the protection of the strand against physical damage and corrosion during
shipping and storage. A corrosion inhibitor which prevents rust or other results
of corrosion shall be incorporated in a corrosion inhibitor carrier type
packaging material, or when permitted by the Engineer, may be applied directly
to the steel. The corrosion inhibitor shall have no deleterious effect on the steel
or concrete or bond strength of steel to concrete.

The shipping package or form shall be clearly marked with a statement
that the package contains high strength prestressing steel, and the type of
corrosion inhibitor used, including the date packaged.

All anchorages, end fittings, couplers, and exposed strands, which will
not be encased in concrete or grout in the completed work, shall be permanently
protected against corrosion.

If an anti-bonding agent is used on the forms to facilitate member
removal, every precaution shall be taken to protect the prestressing strands
against any degree of coating by the anti-bonding agent.

603.7.2 Storing of Prestressing Steel: Prestressing steel shall be stored
in a protected area which includes a roof (and sides if necessary) to keep
moisture off the strand. In addition the cover must have a floor or at least the
strand must be placed on supports to keep it out of mud and water until it is to
be used. It shall not be removed from its protective packaging until immediately
prior to installation in the forms and placement of concrete. Openings in the
packaging shall be resealed as necessary to protect the unused steel. While
exposed, the steel shall be protected to prevent corrosion.

603.7.3 Placement of Prestressing Steel: Prestressing shall be
accurately installed in the forms and held in place by the stressing jack or
temporary anchors and, when tendons are to be draped, by hold-down devices.
The hold down devices used at all points of change in slope of tendon trajectory
shall be of a low-friction type.

603.7.4 Safety Measures: Effective safety measures shall be taken to
prevent injuries to personnel due to the breakage of strands or failure of
anchorage devices during the tensioning operations. The protection provided
shall be adequate and shall permit the inspector to perform his normal duties.
When the safety precautions, in the opinion of the Engineer, are inadequate the
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contractor will revise the procedures or equipment to the satisfaction of the
Engineer. The inspector will abide by the safety rules established by the
producer.

603.7.5 Stressing Requirements:

603.7.5.1 General: The provisions set forth in this section refer to the
application and measurement of stresses to prestressed concrete members
manufactured by the process of pretensioning. Prestressing forces shall not be
transferred to any member nor shall end anchors be released before the concrete
has attained a minimum compressive strength as specified on the plans or in the
special provisions as determined by tests of standard cylinders cured identically
as the member.

An initial force shall be applied to each strand such as to develop a load
of approximately 10% of the final prestressing load as shown on the plans. A
record shall be maintained of the jacking force and elongations thereby. Several
prestressed members may be cast in one continuous line and stressed at one
time.

  Forms shall be removed and members detensioned immediately after
steam curing or heat curing is discontinued while the concrete is still warm and
moist. The elements shall be cut or released in an order such that lateral
eccentricity of prestress forces will be a minimum.
 

603.7.5.2 Tensioning of Strands: In all methods of tensioning, stress
induced in the strands shall be determined by monitoring applied force and
independently by measurement of elongation. Applied force may be monitored
by direct measurement using a pressure gauge piped into the hydraulic pump
and jack system. The elongation measurements shall agree with their computed
theoretical values within a tolerance of ±5 %. If discrepancies are in excess of
5 % between the calculated forces, determined by elongation measurement and
gauge reading, the tensioning operation shall be suspended and the source of
error determined, evaluated, and corrected by qualified personnel before
proceeding.

Calculations for elongation and gauge readings must include appropriate
allowances for friction in the jacking system, strand seating, movement of
bulkheads, bed shortening if under load, thermal corrections, and any other
compensation for the setup.

603.7.5.3 Methods of Stress Measurement: Methods of measurement
of the stressing force consist of pressure gauges to measure force from the
pressure applied to hydraulic jacks or any other method approved by the
Engineer.

 
603.7.5.4 Gauging Systems: Hydraulic gauges shall conform to the

provisions set forth in Section 603.3.3. All gauges measuring the stressing load
shall be graduated so they can be read within a tolerance of ±2 %.
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Tensioning methods employing hydraulic gauges shall have appropriate
bypass valve snubbers and fittings so that the gauge pointer will not fluctuate
but will remain steady until the jacking load is released.

603.7.5.5 Control of Jacking Force: Pressure bypass valves may be
used for stopping the jack at the required load or for manually stopping the load
with the valve. The accuracy of setting of automatic cutoff valves shall be
verified by running to the desired cutoff load whenever there is reason to
suspect improper results, and at a minimum, at the beginning of the operation
each day.

603.7.5.6 Wire Failure in Strands: Failure of wires in a pretensioning
strand is acceptable provided the total area of wire failure is not more than 2 %
of the total area of strands in a member, and providing the breakage is not
symptomatic of a more extensive distress condition. Failure of any individual
wire prior to placing concrete will require replacement of the strand.

603.7.5.7 Calibration Records For Jacking Equipment: All jacking
and load measuring equipment shall be calibrated as specified in Section
603.3.3. Calibration records should show the following data.

1.  Date of calibration.
2.  Agency, laboratory or registered Professional Engineer (PE)

supervising the calibration.
3.  Method of calibration; i.e. proving ring, load cell, testing machine,

etc., and its calibration reference.
4.  The full range of calibration with gauge readings indicated against

actual load.

Calibration records for all tensioning systems being used shall be
available for preparing theoretical tensioning values. Personnel involved in
preparing tensioning calculations shall have a copy of these records for
reference.

603.7.6 Pretensioning and Strand Debonding: Pretensioning shall
conform to the provisions set forth in Article 2.2, “Pretensioning” of the latest
edition of the PCI Quality Control Manual  MNL - 116.

 Plastic sheathing shall be used for strand debonding and shall be
approved by the Engineer prior to use. Items such as animal fat, reactive
greases, or PVC pipes shall not be used.  Any other material shall be approved
by the Engineer prior to use.

603.7.7 Detensioning: Detensioning shall conform to the provisions set
forth in Article 2.3, “Detensioning” of the latest edition of the PCI Quality
Control Manual MNL - 116.
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603.7.8 Concrete Cover: Minimum concrete cover for prestressing
steel shall be 1 ½ inches (40 mm) unless otherwise shown on the plans.

603.8 CURING

603.8.1 General: Careful attention shall be given to the proper curing
of concrete. Prior to placing of concrete, the contractor shall submit the
proposed curing methods and procedures to the Engineer for approval. Elevated
temperature curing facilities shall be tested prior to approval. Approved
equipment and materials for curing shall be available for use prior to casting.

Inadequate curing facilities or lack of attention to the proper curing of
concrete shall be sufficient cause for the Engineer to stop all concrete
placement until approved curing is provided. Inadequate curing may be cause
for rejection of the member. All test cylinders shall be cured in the same
environment as the precast/prestressed concrete members.

Curing shall be commenced prior to the formation of surface shrinkage
cracks. The curing mats, sheets, or blankets shall be carefully placed in contact
with the concrete member to avoid damage to the freshly finished concrete.

The following curing requirements shall apply for precast/prestressed
members. Any other special method of curing shall meet with the approval of
the Engineer. Concrete shall not be exposed to temperatures below freezing
until the specified minimum strength as shown in plan notes has been attained.

All concrete shall be cured by water curing, accelerated temperature
curing, or any other method approved by the Engineer.

603.8.2 Water Curing: All exposed surfaces of the concrete shall be
kept wet continuously for the required curing time. The water used for curing
shall meet the requirements of 603.2. Water curing shall be permitted as
follows:

603.8.2.1 Wet Mat Method: For water curing by the mat method,
cotton mats, polyethylene sheeting, or polyethylene burlap blankets may be
used. The mats, sheets or blankets shall be adequately anchored and weighted
to provide continuous contact with all concrete surfaces. Any concrete surfaces
which can not be cured by contact shall be enclosed by mats, adequately
anchored, so that outside air cannot enter the enclosure. Sufficient moisture
shall be provided inside the enclosure to keep all of the surfaces of the concrete
wet for the required curing time, but in no case less than 36 hours.

603.8.2.2 Saturated Cover Curing: The member, covered as specified
for the initial phase of curing, shall be maintained on the casting bed in an
approved enclosure designed and equipped to insure complete saturation of the
covering. The temperature within the enclosure and that of the covering
material shall be maintained to provide a uniform curing temperature at the
surface of the member, within the limits of 80 °F to 130 °F (27° C) to (54° C),
until the specified strength is attained, but in no case less than 36 hours. The
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covering shall be kept thoroughly saturated throughout the entire curing period
and the temperature of the water used shall be controlled uniformly to maintain
the selected curing temperature of the surface of the member.

603.8.2.3 Water Spray Curing: The member, covered as specified for
the initial phase of curing, shall be maintained in the casting bed in an approved
enclosure. When the concrete is sufficiently hardened to resist damage, the
covering shall be removed and the exposed surfaces of the unit shall be
subjected to a continuous fine spray of water. The temperature within the
enclosure and that of the water used shall be controlled to provide a uniform
curing temperature at the surface of the member, within the limits of 80 °F and
130 °F (27° C) to (54° C) until the specified member strength is attained, but
in no case less than 36 hours.

603.8.3 Accelerated Curing: Accelerated curing of the concrete shall
be done by low pressure steam curing, or radiant heat curing. Transfer of stress
shall be accomplished immediately after the heat curing has been discontinued.
Accelerated curing shall be applied at a controlled rate following initial set of
the concrete as per ASTM C403. Accelerated curing shall be done under
suitable enclosures which minimize all heat losses and maintain uniform cure
conditions within the enclosed area. Members must be maintained wet during
accelerated curing time.

If accelerated curing is used, the contractor/fabricator shall furnish
recording thermometers showing the time-temperature relationship of the
concrete throughout the entire curing period. Recording thermometers shall be
kept in proper calibration and recalibrated at least annually. 

603.8.3.1 Low-Pressure Steam Curing: Low-pressure steam curing
shall be done under a suitable enclosure to contain the live steam and minimize
moisture and heat losses. The concrete shall be allowed to attain its initial set
before application of the live steam.

Application of live steam shall not be directed on the concrete or forms
such as to cause localized high temperatures. During the initial application of
live steam, the concrete temperature shall be raised at an average rate not
exceeding 80 °F(27° C)/per hour, until the curing temperature is reached. The
maximum sustained concrete temperature during the curing cycle shall not
exceed 160° F (70° C). The maximum temperature shall be held until the
concrete has reached the required release strength.  The maximum peak
concrete temperature during the curing cycle shall be 190 °F (88° C). The
concrete temperature shall be maintained uniformly throughout the extremities
of the prestressed member. At the end of curing, the concrete temperature shall
be reduced at an average rate not exceeding 50° F (10° C)/per hour.

603.8.3.2 Radiant Heat Curing: Radiant heat may be applied by
means of pipes circulating steam, hot oil or hot water, or by electric heating
elements. Radiant heat curing shall be done under a suitable enclosure to
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contain the heat, and moisture loss shall be minimized by covering all exposed
concrete surfaces with a plastic sheeting or by applying an approved liquid
membrane curing compound to all exposed concrete surfaces. The heat
application shall be maintained to create a uniform concrete temperature
throughout the extremities of the member.

After the waiting period prior to application of the heat, the concrete
temperature shall increase at an average rate not exceeding 80° F (27° C)/per hour
until the curing temperature is reached. The maximum sustained concrete temperature
within the curing cycle shall not exceed 160° F (70° C). The maximum temperature
shall be held until the concrete has reached the required release strength as shown in
plan notes. The maximum peak concrete temperature during the curing cycle shall be
190° F (88° C). The maximum cooling rate from sustained concrete curing
temperature shall be 50° F (10° C)/per hour.

603.9 - FINISHING

To assure the production of well formed matching members, all surfaces
of the concrete shall be finished, shall be true and even, and shall be free from
rough, open, or honeycombed areas, depressions or projections. The edges shall
be finished or chamfered, or both. Care shall be exercised in removing forms
to avoid spalling or otherwise damaging the concrete.

Top surfaces of prestressed members shall be screeded or rough floated
to bring mortar to the surface and cover all aggregate. The surface of members
which will receive cast-in-place concrete on the project site shall have a rough
wood float or stiff broom finish. Aggregate shall not be loosened when
roughening the surface. The fascia surfaces of bridge members shall be finished
with a “Class 2, rubbed finish” conforming to Section 601.11.2. Concrete on
exposed reinforcing steel and loose laitance on concrete surfaces to be in
contact with cast-in-place concrete shall be removed from all members.

Fabrication holes, except box beam vent holes, in the bottom of all
beams, shall be filled with nonshrink mortar and made flush with the
surrounding surface. Care shall be taken in final cutting ends of strands to
avoid damaging the concrete surface.

603.10 WORKMANSHIP

603.10.1 General: Holes and voids in the surface of concrete resulting
from bolts, ties, or large air pockets shall be wetted and filled with mortar
having the same proportion of fine aggregate and cement as in the concrete,
after which exposed mortar surfaces shall be finished smooth and even with a
wood float.

Surfaces to be repaired and finished shall be kept wet for at least
one hour before hydraulic cement mortar is applied. Immediately following
patching work, repaired areas shall be wet cured for at least 48 hours. The wet
cure may be accomplished by the use of steam, wet burlap or continuous spray
wetting. A liquid membrane-curing compound may be used on non-composite
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surfaces.
Beams or girders having honeycomb of such extent to affect their

strength or resistance to deterioration will not be accepted.

603.10.2 Defects and Breakage:
Defective or damaged members which cannot be satisfactorily repaired,

or which are not acceptable to the Engineer will not be incorporated into the
work. All other members that sustain damage during fabrication, handling,
storage or transportation shall be evaluated in accordance with Chapter three
of PCI Journal Vol. 30, # 3 entitled “Fabrication and Shipment Cracks in
Precast or Prestressed Beams and Columns”, hereinafter referred to as
“specification”. This specification is to be used to determine the severity of
cracks. All cracks with a width of 4 mils (0.1 mm) or less may be repaired by
silane treatment if the repair section of the specification allows repairs. All
cracks over 4 mils (0.1 mm)to and including 16 mils (0.4 mm) shall be repaired
by epoxy injection if allowed by the specification. Members with cracks over
16 mils (0.4 mm) shall not be incorporated into the work unless approved by
the Engineer.

603.11 DIMENSIONAL TOLERANCES

All tolerances shall be applied with respect to the theoretical positions
and dimensions shown in the plans. The tolerances listed in this article
represent the total allowable tolerance that will be accepted in the finished
product.
 The limits of tolerance do not necessarily represent fully acceptable
construction; they are the limits at which construction becomes unacceptable.
In general, workmanship shall be at a level of quality that will be well within
the tolerance limits.

 603.11.1 Prestressed Concrete I-Beams and Bulb Tee Beams:
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Characteristics Value
Depth (flanges) ±1/4 in. (± 6 mm)
Depth (Overall) +1/2 in., to -1/4 in (+15 to -6 mm)
Width (flanges) +3/8., to -1/4 in. (+10 to -6 mm)
Width (Web) +3/8., to -1/4 in. (+10 to -6 mm)
Length of Beam ±1/8 in. per 10 ft., ±1 in. max. (± 1

mm/m, 25 mm max)
Sweep (variation from straight
line parallel to centerline of
member)

± 1/8 in. per 10 ft (± 1 mm/m)

Camber variation from design
camber

± 1/8 in. per 10 ft.
± 1/2 in. max up to 80 ft. length
± 1 in. max. over 80 ft. length
(± 1 mm/m)
(± 13 mm max. up to 24 m length)
(± 25 mm max. over 24 m length)

Camber variation from design
camber

±3/16 in. per 12 in. ± 1 in.
(±15 mm/m, ± 5 mm max)

Position of plates ± 1 in. (± 25 mm)
Position of bearing plates ± 5/8 in. (± 16 mm)
Diaphragm Inserts (spacing
between centers of inserts and
from centers of inserts to the
ends of the beams.)

± 1/2 in (± 15 mm)

Stirrup bars ( Projection above
top of beam)

± 3/4 in. (± 20 mm)

Stirrup bars ( Longitudinal
spacing)

± 2 in. (± 50 mm)

Concrete Cover ± 1/4 in (± 6 mm)
Position of inserts for structural
connections

± 1/2 in (± 15 mm)

Position of hold-down points
for draped strands

± 5 in. (± 125 mm)

Position of Inserts ± 1/2 in (± 15 mm)
Position of handling devices:

Parallel to length
           Transverse to length

± 6 in. (± 150 mm)
± 1 in (± 25 mm)

Prestressing strand position
(vertical or horizontal).

± 1/4 in. (± 6 mm)
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603.11.2 Precast / Prestressed Concrete Box Beams and Plank Beams:
Characteristics Value
Depth (Overall) ±1/4 in. (± 6 mm)
Depth (top flange) +1/2 in (+15 mm)
Depth (bottom flange) +1/2 in., to -1/8 in (+15 to 3 mm)
Width (Overall) ±1/4 in. (±6 mm)
Width (Web) ±3/8 in. (±6 mm)
Length ± 3/4 in. (± 20 mm)
Sweep (variation from straight
line parallel to centerline of
member) Up to 40 ft. (12 m)
length member

±1/4 in. (± 6 mm)

40 to 60 ft. (12 to 18 m) length
member

±3/8 in. (±10 mm) 

Greater than 60 ft.(18 m) length
member

± 1/2 in (± 15 mm)

Camber variation from design
camber

±1/8 in. per 10 ft., ±1/2 in. Max. (±1
mm/m, ±15 mm Max)

Variation from specified end
Squareness of skew:

                                       
Horizontal

                                       
                                        Vertical

± 5/8 in. (± 16 mm)

±1/8 in. per 12 in. , ±½ in. Max. (±1
mm/100 mm, ±15 mm Max)
 1/2 in (± 15 mm)

Position of tendons Individual ± 1/4 in (± 6 mm)
Position of Inserts for structural
connections

± 1/2 in (± 15 mm)

Position of handling devices:
Parallel to length

           Transverse to length
± 6 in. (± 150 mm)
± 1 in (± 25 mm)

Position of stirrups:
Longitudinal spacing

           Projection above top
± 1 in. (± 25 mm)
+ 1/4 in (± 6 mm), - 3/4 in. (- 20 mm)

Position of dowels tubes ± 5/8 in. (± 16 mm)
Position of hold-down points for
draped strands

± 5 in. (± 125 mm)

Position of tie rods tubes:
                             Parallel to length

                               Vertical
± 1/2 in (± 15 mm)
±3/8 in. (±10 mm)

Position of slab void:
End of void to center of tie hole
                Adjacent to end block

± 1/2 in (± 15 mm)
± 1 in (± 25 mm)

Concrete Cover ± 1/4 in. (± 6 mm) ¼ in. per 10 ft. long.
Bars (6 mm per 3 m)
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603.11.3 Prestressed Concrete Deck Panels:

Characteristics Value
Length ± 1/2 in (± 15 mm)
Width ± 1/2 in (± 15 mm)
Nominal Depth + 1/4 in., - 1/8 in (+6 mm, -3 mm)
Horizontal Alignment –
Devation from straightness of
matting edge of panels

1/8 in (3 mm)

Deviation of ends from plan
dimension Horizontal
Alignment

± 1/2 in (± 15 mm)

Position of strands :
                                         
Vertical
                                         
Horizontal

±1/8 (±3 mm)
± 1/2 in (± 15 mm)

Concrete Cover ± 1/4 in. (± 6 mm) ¼ in. per 10 ft. long.
Bars (6 mm per 3 m)

603.12 HANDLING, STORING, TRANSPORTING, AND ERECTION
  The Contractor shall be responsible for proper handling, lifting, storing,
hauling, and erection of all members so that they are placed in the structure
without damage.

Prestressed members shall be maintained in an upright position at all
times and shall be handled and supported in a manner which prevents torsion.
No member shall be moved from the casting yard until the member has been
accepted.

Storing of members shall be done with adequate blocking so that
warpage or cracking will not occur. Blocking will be such that at least 6 inches
(150 mm) clearance is maintained above the surface on which the blocking is
placed. Placement of the blocking from beam ends shall be at locations not
greater than (3) percent of the beam length. Concrete box beams shall be
supported by the solid end block area during handling, storage, hauling, and
erection. Members which are improperly stored and which become cracked,
warped, or otherwise damaged in storage will be subject to rejection.

Members when stacked, shall be separated by blocking capable of
supporting the members. The blocking shall be arranged in vertical planes.
Stacking of members shall be arranged such that lifting devices will be
accessible and undamaged. Stacking shall not exceed two members high.

All concrete beams or girders when erected, shall be securely tied and/or
braced unless otherwise shown on the plans. When railroad or roadway traffic
must be maintained beneath girders or beams already placed, traffic shall be
protected against falling objects during the erection of diaphragms and other
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structural members, during the placing of cast-in-place concrete, and during the
erection and dismantling of forms. Protection shall consist of nets or flooring
with openings not larger than 1 inch  (25 mm).

When precast / prestressed concrete adjacent box beams are erected, the
fit of mating surfaces will be such that excessive grout leakage will not occur.
If such fit is not provided the joint shall be filled with grout or sealed with an
acceptable caulking suitable to the Engineer.

603.13 CONSTRUCTION OF DECK
The variation in heights between beams shall not be more than 1/2 in (13

mm) between adjacent box beams where there is no wearing surface. For
adjacent box beam bridges with wearing surfaces, the differential shall not
exceed 3/4 inches (19 mm).
 Dowel bar and lifting bolt holes shall be filled with non-shrink grout.
Adjacent box beam units shall be transverse post tensioned by the use of high
strength threaded bars, or by other methods as shown on the Plans.  

603.14 MEASUREMENT AND PAYMENT
603.14.1 Method of Measurement: Precast/Prestressed concrete

structural members will be measured along the member centerline in linear feet
(meter). Deck panels shall be measured by area in square feet (meter) complete
in place.

Precast reinforced concrete three-sided structures shall be measured
along the centerline of the erected structure in linear feet (meter).

Precast reinforced concrete headwalls and wingwalls for use with
precast reinforced concrete three-sided structures shall be measured in square
feet (meter) as measured on the exterior face of the member.

603.14.2 Basis of Payment: Precast / Prestressed concrete beams, deck
panels, precast reinforced concrete three-sided structures, and precast
reinforced concrete headwalls and wingwalls will be paid for at the contract
unit price bid for the items listed below, which price and payment shall be full
compensation for furnishing all the materials and doing all the work prescribed
in a workmanlike and acceptable manner including the cost of furnishing and
manufacturing the concrete members; for labor, concrete, forms, conventional
reinforcing steel, prestressing strands, inserts, anchorage devices, bearing pads,
shims, grout, wingwalls and headwall connection hardware, joint
sealing/waterproofing, and other devices, and for moving, transporting and
erecting the finished product in accordance with the Plans and Specifications.
For precast reinforced concrete three-sided structures where the headwall is
cast integral with the end structure unit, the headwall will be paid for in square
feet (meter) as if it were not integral cast. Cast-in-place concrete diaphragms,
curb, parapet, railing, and reinforcing steel for cast-in-place concrete are not
included in this item.
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603.14.3-PAY ITEMS:
ITEM DESCRIPTION UNIT
603016-* “size” PRESTRESSED CONCRETE BOX BEAM LINEAR FEET

(METER)
603017-* “size” PRESTRESSED CONCRETE PLANK BEAM LINEAR FEET

(METER
603018-* “size” PRESTRESSED CONCRETE I BEAM LINEAR FEET

(METER)
603019-* “size” PRESTRESSED CONCRETE BULB T BEAM LINEAR FEET

(METER)
603020-* “size” PRESTRESSED CONCRETE DECK PANEL LINEAR FEET

(METER)
603021-* “size” PRECAST CONCRETE DECK PANEL LINEAR FEET

(METER)
603027-* PRECAST REINFORCED CONCRETE THREE-SIDED

STRUCTURE
LINEAR FEET
(METER)

603028-* PRECAST REINFORCED CONCRETE WINGWALL LINEAR FEET
(METER)

603029-* PRECAST REINFORCED CONCRETE HEADWALL SQUARE FEET
(METER)

* Sequence Number

SECTION 604
PIPE CULVERTS

604.1-DESCRIPTION:
This work shall consist of the construction or reconstruction of pipe culverts,

referred to as "conduit", in accordance with these Specifications and in
reasonably close conformity with the lines, grades, dimensions, and locations
shown on the plans or established by the Engineer.

604.2-MATERIALS:
Materials shall meet the requirement specified in the following Subsections

of Division 700:

  MATERIAL SUBSECTION
Metallic Coated Corrugated Steel Pipe or Pipe Arch...............................713.2
Corrugated Stainless Steel Pipe................................................................713.7
Bituminous Coated Corrugated Steel Pipe or Pipe Arch.........................713.3
Precoated, Metallic Coated steel Pipe....................................................713.23
Bituminous Coated and Paved Invert Corrugated Steel Pipe
  or Pipe arch.............................................................................................713.3
Precoated and Paved Invert Metallic Coated Steel Pipe or
  Pipe Arch ..............................................................................................713.23
Full Bituminous Coated and Full Paved Corrugated Steel Pipe...............713.4
Precoated and Full Paved Metallic Coated Steel Pipe...........................713.23
Fiber Bonded Full Bituminous Coated Corrugated Steel
  Pipe .........................................................................................................713.5
Fiber Bonded Full Bituminous Coated and Paved Invert




