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PART 1 - GENERAL

1.1 DESCRIPTION

A. The WORK under this Section includes providing all labor, materials, tools and
equipment necessary for furnishing and installing portland cement concrete for structures
in conformance with the Drawings and Specifications.

PART 2 - PRODUCTS

2.1 PORTLAND CEMENT

A. Portland cement shall conform to the requirements of AASHTO M 85.

B. Unless otherwise permitted by the ENGINEER, the product from only one mill and one
brand and type of portland cement shall be used on the Project.

2.2 FINE AGGREGATE

A. Fine aggregate for portland cement concrete shall conform to the requirements of
AASHTO M 6 with the following exceptions:

Delete section on deleterious substances and substitute the following:

The amount of deleterious substances shall not exceed the following limits:
Friable particles percent by weight .....................................................................5 max.
Coal and Lignite, percent by weight using a liquid of 1.95 specific gravity
(only material that is brownish-black shall be considered as coal or lignite) ...0.5 max.
Material passing the No. 200 sieve, percent by weight ....................................3.0 max.

Delete paragraph 4.2 of AASHTO M 6.

2.3 COARSE AGGREGATE

A. Coarse aggregate for portland cement concrete shall conform to the requirements of
AASHTO M 80, class A, with the following exceptions:

Delete section on deleterious substances and substitute the following:

The amount of deleterious substances shall not exceed the following limits:
Coal and Lignite, percent by weight (only material that is brownish-black or
black shall be considered coal or lignite)................................................... 1.0 max.
Material passing the No. 200 sieve ............................................................. 1.0 max
Thin-elongated pieces, percent by weight.  (Length greater than five (5)
times average thickness) ............................................................................. 15 max.
Sticks and roots, percent by weight ......................................................... 0.10 max.
Friable Particles, percent by weight......................................................... 0.25 max.
Maximum loss from AASHTO T 96 shall be 50 percent.
Maximum loss from AASHTO T-104 shall be 12 percent.
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2.4 JOINT FILLERS

A. Joint filler, of the type designated in the contract, shall conform to the following:

1. Poured filler shall conform to AASHTO M 173 or AASHTO M 282 as specified.
2. Preformed fillers shall conform to AASHTO M 33 for bituminous type;

AASHTO M 153 for sponge rubber (type I), cork (type II), and self-expanding
cork (type III); AASHTO M 213 for nonextruding and resilient bituminous types
and resilient bituminous types and AASHTO M 220 for pre-formed elastomeric
types as specified.

3. AASHTO M 220 for preformed elastomeric types as specified.  The filler shall
be punched to admit the dowels where called for on the Drawings.  Joint filler
shall be furnished in a single piece for the depth and width required for the joint
unless otherwise authorized by the ENGINEER.  When more than one piece is
authorized for a joint, the abutting ends shall be fastened securely, and held
accurately to shape, by stapling or other positive fastening satisfactory to the
ENGINEER.

4. Foam filler shall be expanded polystyrene filler having a compressive strength of
not less than 10 psi.

5. Hot -poured sealants for concrete and asphaltic pavements shall conform to
ASTM D 3405.

6. Hot-poured elastomeric type sealant for concrete pavements shall conform to
ASTM D 3406.

7. Cold-poured silicone type sealant for concrete pavements shall conform to
Federal Specification TT-S-1543, Class A.  The sealant shall be a one part, low-
modulus silicone rubber with an ultimate elongation of 1,200 percent.

2.5 CURING MATERIAL

A. Curing material shall conform to the following requirements as specified:

1. Burlap Cloth made from Jute Kenaf AASHTO M 182.
2. Sheet Material for Curing Concrete AASHTO M 171.
3. Liquid Membrane-Forming Compounds AASHTO M 148 for Curing Concrete,

Type I.

B. The requirements specified in AASHTO M 148 covering "Liquid Membrane-Forming
Compounds for Curing Concrete" are modified by adding the following:

1. Liquid membrane-forming compounds utilizing linseed oil shall not be used.

2.6 AIR ENTRAINING AGENTS

A. Air-entraining admixtures shall conform to the requirements of AASHTO M 154.

2.7 MIXING WATER

A. Unless otherwise permitted in writing by the ENGINEER, all water shall be obtained
from the CBJ potable water system.



SECTION 03301-STRUCTURAL CONCRETE

STANDARD SPECIFICATIONS FOR CIVIL ENGINEERING STRUCTURAL
PROJECTS AND SUBDIVISION IMPROVEMENTS CONCRETE
December 2003 Page 03301 - 3

2.8 REINFORCING STEEL

A. Reinforcing shall conform to AASHTO M 31, and be of grade 60 or the grade designated
on the Drawings or in the Specifications.  Welded wire fabric shall conform to AASHTO
M 55.  Epoxy coated reinforcing bars shall conform to AASHTO M 284.

2.9 SHIPPING AND STORAGE OF CEMENT

A. Cement may be shipped from pretested approved bins.  The cement shall be well
protected from rain and moisture.  Any cement damaged by moisture or which fails to
meet any of the specified requirements shall be rejected and removed from the WORK.

B. Cement stored by the CONTRACTOR for a period longer than 60 days in other than
sealed bins or silos shall be retested before being used.  Cement of different brands,
types, or from different mills shall be stored separately.

2.10 COMPOSITION OF CONCRETE

A. All portland cement concrete shall be ready-mix, provided by an approved plant regularly
engaged in the production of concrete, unless otherwise authorized in writing by the
ENGINEER.  Ready-mix concrete shall conform to the requirements of AASHTO M
157.

B. The CONTRACTOR shall furnish the mix design to the ENGINEER for approval.  The
mix design shall be suitable for its intended use.  Concrete shall be designed using an
absolute volume analysis.  The CONTRACTOR shall be responsible for having each mix
design tested at a laboratory.  Prior to the start of production of any mix design, the
CONTRACTOR shall submit test results and certifications for all materials, detailed mix
design data and results of laboratory tests to the ENGINEER  for approval.  Approval by
the ENGINEER will be based on apparent conformity to these Specifications.  It shall
remain the CONTRACTOR's responsibility during production to produce concrete
conforming to the mix design and the minimum acceptance criteria in the contract.  When
requested by the ENGINEER, the CONTRACTOR shall submit samples of all materials
for verification testing.  Production shall not commence until the mix design is approved
by the ENGINEER.

C. Unless otherwise specified the design mix shall meet the following:

Minimum cement content 6 1/2 sacks (611 lb.) per C.Y.
Maximum water/cement ratio 5.75 gal/sack (0.51 #/#)
28-day compressive strength (fc) as indicated on Drawings.
Slump 3" ± 1"
Entrained Air 3 to 6%
Coarse Aggregate AASHTO M 43, Gradation No. 67
Cement factors are based on 94-pound sacks

D. The CONTRACTOR shall be responsible for producing and placing specification
concrete with a cement content within a tolerance of two percent.
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E. The use of superplasticizers in the concrete mix to improve the workability of mixes with
low water cement ratios will require prior written approval by the ENGINEER

F. The CONTRACTOR may, subject to prior approval in writing, use alternative sizes of
coarse aggregate as shown in Table 1 of AASHTO M 43.  If the use of an alternative size
of coarse aggregate produces concrete which exceeds the permissible water-cement ratio
above, thereby requiring additional cement above that specified, no compensation will be
made to the CONTRACTOR for the additional cement.

2.11 SAMPLING AND TESTING

A. Field tests of all materials will be made by the ENGINEER when deemed necessary, in
accordance with the applicable Specifications.  When the results of the field tests indicate
the material does not conform to the requirements of the Specifications, the re-tests
required by the ENGINEER shall be at the CONTRACTOR’s expense.

B. Materials which fail to meet contract requirements, as indicated by laboratory tests, shall
not be used in the WORK.  The CONTRACTOR shall remove all defective materials
from the site.

C. Types and sizes of concrete specimens shall be in accordance with ASTM C 31.
Additional slump tests and/or test cylinders may be required at the discretion of the
ENGINEER.  Should the analysis of any test cylinder not meet the preceding
requirements of Article 2.10 (Composition of Concrete) its representative concrete shall
be removed and replaced at the CONTRACTOR's expense.

D. Three copies of all test reports shall be furnished to the ENGINEER.

2.12 COLD WEATHER CONCRETE

A. Concrete shall not be placed when the descending air temperature in the shade, away
from artificial heat, falls below 40°F.  Placement of concrete shall not resume before the
ascending air temperature reaches 35°F, without specific written authorization.  When the
air temperature falls below 40°F, or is, in the opinion of the ENGINEER, likely to do so
within a 24 hour period after placing concrete, the CONTRACTOR shall have ready on
the job materials and equipment required to heat mixing water and aggregate and to
protect freshly placed concrete from freezing.

B. Concrete placed at air temperatures below 40°F shall have a temperature not less than
50°F nor greater than 70°F when placed in the forms.  These temperatures shall be
obtained by heating the mixing water and/or aggregate.  Mixing water shall not be heated
to more than 160°F.

C. Binned aggregates containing ice or in a frozen condition will not be permitted nor will
aggregates which have been heated directly by gas or oil flame or heated on sheet metal
over an open fire.  When aggregates are heated in bins, only steam-coil or water-coil
heating will be permitted, except that other methods, when approved, may be used.  If
live steam is used to thaw frozen aggregate piles, drainage times comparable to those
applicable for washed aggregates shall apply.
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D. When the temperature of either the water or aggregate exceeds 100°F, they shall be
mixed together so that the temperature of the mix does not exceed 80°F at the time the
cement is added.

E. Any additives must have prior approval of the ENGINEER before being used.

F. The use of calcium chloride is prohibited.

G. When placing concrete in cold weather, the following precautions shall be taken in
addition to the above requirements:

1. Heat shall be applied to forms and reinforcing steel before placing concrete as
required to remove all frost, ice, and snow from all surfaces which will be in
contact with fresh concrete.

2. When fresh concrete is to be placed in contact with hardened concrete, the
surface of the previous pour shall be warmed to at least 35°F, thoroughly wet,
and free water removed before fresh concrete is placed.

3. When Type I or II cement is used, freshly placed concrete shall be maintained at
a temperature of not less than 70°F for three days or not less than 50°F for five
days.  When Type III cement is used, freshly placed concrete shall be maintained
at a temperature of not less than 70°F for two days or not less than 50°F for three
days.

4. The above requirements are not intended to apply during the normal summer
construction season when air temperatures of 40°F or higher can reasonably be
anticipated during the two-week period immediately following concrete
placement, or until the concrete is no longer in danger from freezing.

H. When temperatures below 20°F are not expected during the curing period and, in the
opinion of the ENGINEER, no other adverse conditions, such as high winds, are
expected, concrete temperatures may be maintained in thick concrete sections by
retention of heat of hydration by means of adequately insulated forms.

I. When, in the opinion of the ENGINEER, greater protection is required to maintain the
specified temperature, the fresh concrete shall be completely enclosed and an adequate
heat source provided.  Such enclosure and heat source shall be so designed that
evaporation of moisture from the concrete during curing is prevented.  Precautions shall
be taken to protect the structure from overheating and fire.

J. At the end of the required curing period protection may be removed, but in such a manner
that the drop in temperature of any portion of the concrete will be gradual and not exceed
30°F in the first 24 hours.

K. For concrete placed within cofferdams and cured by flooding with water, the above
conditions may be waived provided that the water in contact with the concrete is not
permitted to freeze.  De-watering shall not be carried out until the ENGINEER
determines that the concrete has cured sufficiently to withstand freezing temperatures and
hydrostatic pressure.
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L. The CONTRACTOR shall be wholly responsible for the protection of the concrete during
cold weather operations.  Any concrete injured by frost action or overheating shall be
removed and replaced at the CONTRACTOR's expense.

2.13 FORMS

A. Forms shall be so designed and constructed that they may be removed without injuring
the concrete.

B. Unless otherwise specified, forms for exposed surfaces shall be made of plywood, hard-
pressed fiberboard, sized and dressed tongue-and-groove lumber, or metal in which all
bolt and rivet holes are countersunk, so that a plane, smooth surface of the desired
contour is obtained.  Rough lumber may be used for surfaces that will not be exposed in
the finished structure.  All lumber shall be free from knotholes, loose knots, cracks, splits,
warps, or other defects affecting the strength or appearance of the finished structure.  All
forms shall be mortar tight, free of bulge and warp, and shall be cleaned thoroughly
before reuse.

C. In designing forms and falsework, concrete shall be regarded as a liquid.  In computing
vertical loads a weight of 150 pounds per cubic foot shall be assumed.  The lateral
pressure for design of wall forms shall not be less than that given by the following
formulas:

For walls with R less than or equal to 7 feet per hour:

P=150 + 9000R, but not more than 2000 p.s.f. or 150 h, whichever is less.
 T

For walls with R greater than 7 feet per hour:

P=150 + 43,400 + 2800R, but not more than 2000 p.s.f. or 150 h, whichever is less.
 T T

Where:

P = lateral pressure for design of wall forms, p.s.f.
R = rate of placement, feet per hour
T = temperature of concrete in forms, °F
h = maximum height of fresh concrete in form, feet.

D. The above formulas apply to internally vibrated concrete placed at 10 feet per hour or
less, without the use of retarding agents, and where depth of vibration is limited to four
feet below the top of the concrete surface.  The CONTRACTOR shall state the placement
rate and minimum concrete temperature on the working drawings for concrete form
WORK.  Deflection of plywood, studs, and walers shall not exceed 1/360 of the span
between supports.

E. Forms shall be so designed that placement and finishing of the concrete will not impose
loads on the structure resulting in adverse deflections or distortions.
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F. The forms shall be so designed that portions covering concrete that is required to be
finished may be removed without disturbing other portions that are to be removed later.
As far as practicable, form marks shall conform to the general lines of the structure.

G. When possible, forms shall be day-lighted at intervals not greater than 10 feet vertically,
the openings being sufficient to permit free access to the forms for the purpose of
inspecting, and working.

H. Metal ties or anchorages within the forms shall be so constructed as to permit their
removal to a depth of at least one inch from the face without injury to the concrete.  All
fittings for metal ties shall be of such design that, upon their removal, the cavities which
are left will be of the smallest possible size.

I. All exposed edges 90° or sharper shall be chamfered 3/4 inch unless otherwise noted.
Chamfering of forms for re-entrant angles shall be required only when specifically
indicated on the Drawings.

J. Forms shall be inspected immediately prior to the placing of concrete.  Dimensions shall
be checked carefully and any bulging or warping shall be remedied and all debris and
standing water within the forms shall be removed.  Special attention shall be paid to ties
and bracing and where forms appear to be braced insufficiently or built unsatisfactorily,
either before or during placing of the concrete, the ENGINEER shall order the WORK
stopped until the defects have been corrected.

K. Forms shall be constructed true to line and grade.  Clean-out ports shall be provided at
construction joints.

L. The construction of concrete slabs with permanent steel forms shall conform to the
requirements of this specification and as shown on the Drawings.  Removable forms may
be substituted for permanent metal forms with no adjustment in prices.

M. All forms shall be installed in accordance with approved fabrication and erection plans.

N. Form sheets shall not be permitted to rest directly on the top of the stringer or floor beam
flanges.  Sheets shall be securely fastened to form supports and shall have a minimum
bearing one inch in length at each end.  Form supports shall be placed in direct contact
with the flange or stringer or floor beam.  All attachments shall be made by permissible
welds, bolts, clips or other approved means.

O. All porous forms shall be treated with non-staining form oil or saturated with water
immediately before placing concrete.

P. Falsework shall be built to carry the loads without appreciable settlement.  Falsework that
cannot be founded on solid footings must be supported by ample falsework piling.
Falsework shall be designed to sustain all imposed loads.

Q. Detail drawings of the falsework shall be submitted for review, but such review shall not
relieve the CONTRACTOR of any responsibility under the contract for the successful
completion of the structure.
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R. Forms and falsework shall not be removed without the consent of the ENGINEER.  The
ENGINEER's consent shall not relieve the CONTRACTOR of responsibility for the
safety of the WORK.  Blocks and bracing shall be removed at the time the forms are
removed and in no case shall any portion of the wood forms be left in the concrete.

S. To facilitate finishing, forms used on ornamental WORK, railings, parapets, and exposed
vertical surfaces shall be removed in not less than 12 nor more than 48 hours, depending
upon weather conditions.  The side forms for arch rings, columns, and piers shall be
removed before the members of the structure which they support are placed, so that the
quality of the concrete may be inspected.  All such side forms shall be removed before
the removal of shoring from beneath beams and girders.

T. In warm weather, falsework and forms shall remain in place under slabs, beams, girders
and arches for 14 days after the day of last pour when Type I or Type II cement is used,
or for seven (7) days when Type III cement is used.  Forms for slabs having clear spans
or cantilever spans of less than ten (10) feet may be removed after seven (7) days when
Type I or Type II cement is used, or after four (4) days when Type III cement is used.  In
cold weather, the length of time that forms and falsework are to remain in place shall be
as approved.

U. Falsework supporting the deck of rigid frame structures shall not be removed until fills
have been placed behind the vertical legs.

V. No superstructure load shall be placed upon finished concrete until the ENGINEER so
directs. The minimum time allowed for the curing of structural concrete in the
substructure before any load of the superstructure is placed thereon shall be seven days
when Type I or Type II cement is used and two (2) days when Type III cement is used.

PART 3 - EXECUTION

3.1 GENERAL

A. All concrete shall be placed before it has taken its initial set and, in any case, within 30
minutes after mixing.  Concrete shall be placed in such a manner as to avoid segregation
of coarse or fine portions of the mixture, and shall be spread in horizontal layers when
practicable.  Special care shall be exercised in the bottom of slabs and girders to assure
the working of the concrete around nests of reinforcing steel, so as to eliminate rock
pockets or air bubbles.  Enough rods, spades, tampers and vibrators shall be provided to
compact each batch before the succeeding one is dumped and to prevent the formation of
joints between batches.

B. Extra vibrating shall be done along all faces to obtain smooth surfaces.  Care shall be
taken to prevent mortar from splattering on forms and reinforcing steel and from drying
ahead of the final covering with concrete.

C. Concrete shall not be placed in slabs or other sections requiring finishing on the top
surface when precipitation is occurring or when in the opinion of the ENGINEER
precipitation is likely before completion of the finishing, unless the CONTRACTOR
shall have ready on the job all materials and equipment necessary to protect the concrete
and allow finishing operations to be completed.
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D. Troughs, pipes, or short chutes used as aids in placing concrete shall be arranged and
used in such a manner that the ingredients of the concrete do not become separated.
Where steep slopes are required, troughs and chutes shall be equipped with baffle boards
or shall be in short lengths that reverse the direction of movement.  All chutes, troughs,
and pipe shall be kept clean and free of hardened concrete by flushing thoroughly with
water after each run.  Water used for flushing shall be discharged clear of the concrete in
place.  Troughs and chutes shall be of steel or plastic or shall be lined with steel or plastic
and shall extend as nearly as possible to the point of deposit.  The use of aluminum for
pipes, chutes or tremies is prohibited.  When discharge must be intermittent, a hopper or
other device for regulating the discharge shall be provided.

E. Dropping the concrete a distance of more than five (5) feet or depositing a large quantity
at any point and running or working it along the forms will not be permitted.  The placing
of concrete shall be so regulated that the pressures caused by wet concrete shall not
exceed those used in the design of the forms.

F. High frequency internal vibrators of either the pneumatic, electrical, or hydraulic type
shall be used for compacting concrete in all structures.  The number of vibrators used
shall be ample to consolidate the fresh concrete within 15 minutes of placing in the
forms.  In all cases, the CONTRACTOR shall provide at least two concrete vibrators for
each individual placement operation (one may be a standby), which shall conform to the
requirements of these Specifications.  Prior to the placement of any concrete, the
CONTRACTOR shall demonstrate that the two vibrators are in good working order and
repair and ready for use.

G. The vibrators shall be an approved type, with a minimum frequency of 5,000 cycles per
minute and shall be capable of visibly affecting a properly designed mixture with a one
inch slump for a distance of at least 18 inches from the vibrator.

H. Vibrators shall not be held against forms or reinforcing steel nor shall they be used for
flowing the concrete or spreading it into place.  Vibrators shall be so manipulated as to
produce concrete that is free of voids, is of proper texture on exposed faces, and of
maximum consolidation.  Vibrators shall not be held so long in one place as to result in
segregation of concrete or formation of laitance on the surface.

I. Concrete shall be placed continuously throughout each section of the structure or between
indicated joints.  If, in any emergency, it is necessary to stop placing concrete before a
section is completed, bulkheads shall be placed as the ENGINEER may direct and the
resulting joint shall be treated as a construction joint.

J. The presence of areas of excessive honeycomb may be considered sufficient cause for
rejection of a structure.  Upon written notice that a given structure has been rejected, the
rejected WORK shall be removed and rebuilt, in part or wholly as specified, at the
CONTRACTOR's expense.

3.2 PUMPING CONCRETE

A. Concrete may be placed by pumping if the CONTRACTOR demonstrates that the
pumping equipment to be used will effectively handle the particular class of concrete
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with the slump and air content specified and that it is so arranged that no vibrations result
that might damage freshly placed concrete.  The operation of the pump shall be such that
a continuous stream of concrete without air pockets is produced.

B. When pumping is completed, the concrete remaining in the pipeline, if it is to be used,
shall be ejected in such a manner that there will be no contamination of the concrete or
separation of the ingredients.  After this operation, the entire equipment shall be
thoroughly cleaned.  Slump tests shall be taken at the discharge end of the pipe.

3.3 COLUMNS

A. Concrete in columns shall be placed in one continuous operation unless otherwise
permitted.  The concrete shall be allowed to set at least 12 hours before caps are placed.

3.4 SLAB AND GIRDER SPANS

A. Slabs and girders having spans of 30 feet or less shall be cast in one continuous
operation.

B. Girders spanning more than 30 feet may be cast in two operations, the first operation
being the casting of the girder stems to the bottom of the slab haunches.  Shear keys shall
be provided for by inserting oiled timber blocks to a depth of at least 1-1/2 inches in the
fresh concrete at the top of each girder stem.  A sufficient number of blocks shall be used
to cover uniformly about 1/2 the top surface of the girder stem.  The blocks shall be
removed as soon as the concrete has set sufficiently to retain their shape.  The period
between the first or girder casting and the second or slab casting shall be at least 24
hours.  Immediately before the second casting, the CONTRACTOR shall check all
falsework for shrinkage and settlement and shall tighten all wedges to insure minimum
deflection of the stems due to the added weight of the slab.

3.5 SLABS ON STEEL BEAMS

A. A concrete slab on simple steel girder spans may be placed in not more than three
sections with the first section centered on the span.

B. On truss spans or continuous girders, the concrete slab shall be placed as shown on the
Drawings or as directed by the ENGINEER.

3.6 CONCRETE DEPOSITED UNDER WATER

A. Construction joints shall be located where shown on the Drawings or as permitted by the
ENGINEER.  Construction joints shall be perpendicular to the principal lines of stress
and in general shall be located at points of minimum shear.

B. At horizontal construction joints, gage strips 1-1/2 inches thick shall be placed inside the
forms along all exposed faces to give the joints straight lines.  Before placing fresh
concrete, the surfaces of construction joints shall be washed and scrubbed with a wire
broom, drenched with water until saturated, and kept saturated until the new concrete is
placed.
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C. Immediately prior to placing new concrete, the forms shall be drawn tight against the
concrete already in place.  Concrete in substructures shall be placed in such manner that
all horizontal construction joints will be truly horizontal and, if possible, in locations such
that they will not be exposed to view in the finished structure.  Where vertical
construction joints are necessary, reinforcing bars shall extend across the joint in such a
manner as to make the structure monolithic.  Special care shall be taken to avoid
construction joints through large surfaces which are to be treated architecturally.

D. All construction joints shall be provided with concrete shear keys at least 1-1/2 inches
deep and 1/3 of the concrete thickness in width, unless otherwise shown on the Drawings.

3.7 EXPANSION JOINTS

A. Expansion joints shall be located and formed as required on the Drawings.

B. Open Joints.  Open joints shall be placed in the location shown on the Drawings and shall
be formed.  The form shall be removed without chipping or breaking the corners of the
concrete.  Reinforcement shall not extend across an open joint, unless so specified on the
Drawings.

C. Filled Joints.  Unless otherwise shown on the Drawings, expansion joints shall be
constructed with pre-molded expansion joint filler with a thickness equal to the width of
the joint.

D. The joint filler shall be cut to the same shape and size as the adjoining surfaces.  It shall
be fixed firmly against the surface of the concrete already in place in such manner that it
will not be displaced when concrete is deposited against it.

E. Immediately after the forms are removed, the expansion joints shall be inspected
carefully.  Any concrete or mortar that has sealed across the joint shall be removed.

F. Joint sealer for use in deck joints shall be of the type shown on the Drawings conforming
to the requirements of Article 2.4 (Joint Filler) of this Section.  The faces of all joints to
be sealed shall be free of foreign matter, paint, curing compound, oils, greases, dirt, free
water, and laitance.

G. Elastomeric Compression Seals.  The joint seal shall be shaped as shown on the
Drawings.  It shall be installed by suitable hand or machine tools and thoroughly secured
in place with a lubricant-adhesive recommended by the seal manufacturer.  The lubricant-
adhesive shall cover both sides of the seal over the full area in contact with the sides of
the joint.

H. The seal shall be in one piece for the full width of the joint.  Any joints at curbs shall be
sealed adequately with additional adhesive.

I. The seal may be installed immediately after the curing period of the concrete.
Temperature limitations of the lubricant-adhesive as guaranteed by the manufacturer shall
be observed.
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J. Strip Seals.  Expansion joint strip seals shall be as shown on the Drawings, and composed
of a steel extrusion and an extruded strip seal.  The steel shall conform to ASTM A242 or
A588.  Strip seals shall be one piece for the length of the joint.

K. Installation of the expansion joints shall be in accordance with the manufacturer's
recommendations, except that the joint opening shall be adjusted for the dimensions
indicated on the Drawings.

L. Steel Joints.  The plates, angles, or other structural shapes shall be accurately shaped at
the shop to conform to the section of the concrete slab.  The fabrication and painting shall
conform to the requirements of the Specifications covering those items.  Care shall be
taken to insure that the surface in the finished plane is true and free of warping.  Positive
methods shall be employed in placing the joints to keep them in correct position during
the placing of the concrete.  The opening at expansion joints shall be that designated on
the Drawings at normal temperature.

3.8 ANCHOR BOLTS

A. Anchor bolt assemblies conforming to the details shown shall be accurately secured in
the forms in the positions shown on the Drawings, before any concrete is placed in the
forms.  The positions shall be checked and any adjustments made as soon as the concrete
has been placed.

B. When pipe sleeves or pre-cast holes are provided, no water shall be allowed to freeze in
the cavity.  If frost causes cracks in the concrete, the entire placement shall be removed
and replaced at the CONTRACTOR's expense.  When anchor bolts are installed in pipe
sleeves or pre-cast holes, the cavity shall be completely filled with grout at the time the
grout pads are constructed or at the time the bearing assemblies or masonry plates are
placed.

3.9 DRAINAGE AND WEEP HOLES

A. Drainage holes and weep holes shall be constructed as indicated on the Drawings.

B. Weep holes through concrete shall be formed.  If wooden forms are used, they shall be
removed after the concrete is cured.  If subsurface drainage is not shown on the
Drawings, weep holes shall be provided in retaining walls and abutment walls where the
height of the wall is over five feet measured from the top of the footing.  Weep holes
shall be four inches in diameter and shall be spaced not more than 15 feet apart.  The
outlet end of weep holes shall be placed just above the finish ground line at the face of
wall, or as directed.

3.10 PIPES, CONDUITS, AND DUCTS

A. Pipes, conduits, and ducts that are to be encased in concrete shall be installed in the forms
by the CONTRACTOR before the concrete is placed.  Unless otherwise indicated, they
shall be standard, lightweight cast-iron water pipe or wrought iron.  They shall be held
rigidly so they will not be displaced during concrete placement.
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3.11 FINISHING CONCRETE SURFACES

A. All concrete surfaces exposed in the completed WORK shall receive an Ordinary Finish,
as described below, unless otherwise noted on the Drawings or in the special provisions.

3.12 ORDINARY FINISH

A. An Ordinary Finish is defined as the finish left on a surface after the removal of the
forms, the filling of all holes left by form ties, and the repairing of all defects.  The
surface shall be true and even, free from stone pockets and depressions or projections.
All surfaces that cannot be satisfactorily repaired shall be given a Rubbed Finish.

B. The concrete in caps and tops of walls shall be struck off with a straightedge and floated
to true grade.  The use of mortar topping for concrete surfaces shall in no case be
permitted.

C. As soon as the forms are removed, metal devices that have been used for holding the
forms in place, and which pass through the body of the concrete, shall be removed or cut
back at least one inch beneath the surface of the concrete.  Fins of mortar and all
irregularities caused by form joints shall be removed.

D. All small holes, depressions, and voids, that show upon the removal of forms, shall be
filled with cement mortar mixed in the same proportions as that used in the body of the
WORK.  In patching larger holes and honeycombs, all coarse or broken material shall be
chipped away until a dense uniform surface of concrete exposing solid coarse aggregate
is obtained.  Feathered edges shall be cut away to form faces perpendicular to the surface.
All surfaces of the cavity shall be saturated thoroughly with water, after which a thin
layer of neat cement mortar shall be applied.  The cavity shall then be filled with stiff
mortar composed of one part portland cement to two parts sand, which shall be
thoroughly tamped into place.  The mortar shall be pre-shrunk by mixing it
approximately 20 minutes before using.  The length of time may be varied in accordance
with brand of cement used, temperature, humidity, and other local conditions.  The
surface of this mortar shall be floated with a wooden float before initial set takes place
and shall be neat in appearance.  The patch shall be kept wet for a period of five days.

E. For patching large or deep areas, coarse aggregate shall be added to the patching material.
All mortar for patching on surfaces which will be exposed to view in the completed
structure shall be color matched to the concrete.  Test patches for color matching shall be
conducted on concrete that will be hidden from view in the completed WORK and shall
be subject to approval.

3.13 RUBBED FINISH

A. When forms can be removed while the concrete is still green, the surface shall be pointed
and wetted and then rubbed with a wooden float until all irregularities and form marks
are removed and the surface is covered with a lather composed of cement and water. This
lather shall be allowed to set for at least five days. The surface shall then be smoothed by
being rubbed lightly with a fine carborundum stone. If permitted, a thin grout composed
of one part cement and one part fine sand may be used in the rubbing.
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B. If the concrete has hardened before being rubbed, a medium coarse carborundum stone
shall be used to finish the surface.  Such WORK shall not be done until at least four days
after placing and it shall be done in the following manner:

1. A thin grout composed of one part cement and one part fine sand shall be spread
over a small area of the surface.  It shall be rubbed immediately with the stone
until all form marks and irregularities are removed and the surface is covered
with a lather.  The surface shall then be finished as described above for green
concrete.

C. The surface shall be smooth in texture and uniform in appearance.  The building up of
depressions will not be permitted.

D. If, through the use of first-class form materials and the exercise of special care, concrete
surfaces are obtained that are satisfactory, the CONTRACTOR may be relieved entirely
or in part from the requirements for a rubbed finish.

3.14 CONCRETE DECKS

A. A smooth riding surface of uniform texture, true to the required grade and cross section,
shall be obtained on all bridge roadway decks.  The CONTRACTOR may use hand tools
or finishing machines, or a combination of both, conforming to the requirements
specified herein for finishing bridge roadway deck concrete.

B. Finishing of concrete placed in bridge decks shall consist essentially of striking off the
surface of the concrete as placed and floating with longitudinal floats the surface so
struck off.

C. The placing of concrete in bridge roadway decks will not be permitted until the
ENGINEER is satisfied that the rate of production and placement of concrete will be
sufficient to complete the proposed placing and finishing operations within the scheduled
time, that experienced finishing machine operators and concrete finishers are employed to
finish the deck, and all necessary finishing tools and equipment are on hand at the site of
the WORK and in satisfactory condition for use.

D. Finishing machines shall be set up sufficiently in advance of use to permit inspection
during the daylight hours before each placement.  Before any fresh concrete is deposited
on the deck, the finishing machine shall be moved on its rails across the length of the
scheduled placement and the clearance between the strike off and deck reinforcing steel
shall be checked to ensure that the required minimum concrete cover will be maintained
with due consideration for deflections.

E. Unless adequate lighting facilities are provided by the CONTRACTOR, the placing of
concrete in bridge decks shall cease at such time that finishing operations can be
completed during daylight hours.

F. Rails for support and operation of finishing machines and headers for hand-operated
strike off devices shall be completely in place and firmly secured for the scheduled length
of concrete placement before placing of concrete will be permitted.  Rails for finishing
machines shall extend a sufficient distance beyond both ends of the scheduled length of
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concrete placement.  This distance shall permit the float of the finishing machine to fully
clear the concrete to be placed.  Rails or headers shall be adjustable for elevation and
shall be set to elevations with allowance for anticipated settlement, camber, and
deflection of falsework, as required to obtain a bridge roadway deck true to the required
grade and cross section.

G. Rails or headers shall be of a type and shall be installed so that no springing or deflection
will occur under the weight of the finishing equipment.  Rails or deaders shall be located
so that finishing equipment may operate without interruption over the entire bridge
roadway deck being finished.

H. Details for supporting finishing machine rails shall be submitted and must be approved
before any deck slab concrete is placed.

I. The rate of placing concrete shall be limited to that which can be finished before the
beginning of initial set.  However, concrete for the deck surface shall not be placed more
than 10 feet ahead of strike off.

J. After the concrete has been placed and consolidated, the surface of the concrete shall be
carefully struck off by means of a hand-operated strike board, operating on headers, or by
a finishing machine operating on rails.  A uniform deck surface true to the required grade
and cross section shall be obtained.

K. Following strike off, the surface of the concrete shall be floated longitudinally.  In the
event strike off is performed by means of a hand-operated strike board, two separate
hand-operated float boards for longitudinal floating shall be provided.  The first float
shall be placed in operation as soon as the condition of the concrete will permit and the
second float shall be operated as far back from the first float as the workability of the
concrete will permit.

L. In the event the strike-off is performed with a finishing machine, longitudinal floating of
the concrete shall be performed by means of a hand-operated float board or a finishing
machine equipped with a longitudinal float.  The longitudinal float on the finishing
machine shall have a length of not less than eight (8) feet nor more than twelve (12) feet.

M. Any finishing machine used for strike off which has a wheelbase of six (6) feet or less
shall be followed by two (2) separate hand-operated float boards for longitudinal floating.
All the provisions in this section pertaining to hand-operated float boards shall apply to
the two (2) separate float boards for longitudinal floating.

N. Longitudinal floats, either hand-operated or machine-operated, shall be used with the
long axis of the float parallel to the centerline of the bridge roadway.  The float shall be
operated with a combined longitudinal and transverse motion planing off the high areas
and floating the material removed into the low areas.  Each pass of the float shall lap the
previous pass by 1/2 the length of the float.  Floating shall be continued until a smooth
riding surface is obtained.  The driving surface of the concrete shall have a heavy broom
finish.  Decks to receive waterproof membranes shall be float finished.

O. Hand-operated float boards shall be from 12 feet to 16 feet long, ribbed and trussed as
necessary to provide a rigid float, and shall be equipped with adjustable handles at each
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end.  The float shall be wood, not less than one inch thick and from four inches to eight
inches wide.  Adjusting screws spaced at a distance not to exceed 24 inches on center
shall be provided between the float and the rib.  The float board shall be true and free of
twists.

P. Hand-operated float boards shall be operated from transverse finishing bridges.  The
finishing bridges shall completely span the roadway area being floated.  A sufficient
number of finishing bridges shall be provided to permit operation of the floats without
undue delay.  Not less than two transverse finishing bridges shall be provided when hand-
operated float boards are used.  When a finishing machine is used for longitudinal
floating, one finishing bridge equivalent to the transverse finishing bridge specified
herein shall be furnished for use by the ENGINEER.

Q. All finishing bridges shall be of rigid construction.

R. Immediately following completion of the deck finishing operations, the concrete in the
deck shall be cured as specified in Article 3.17, Curing Concrete, of this Section.

S. The finished surface of the concrete shall be tested by means of a straightedge 10 feet
long.  The surface shall not vary more than 0.01 foot from the lower edge of the
straightedge, except bridge decks receiving asphalt wearing courses shall not vary more
than 0.02 foot from the lower edge of the straightedge.  All high areas in the hardened
surface in excess of 0.01 foot as indicated by testing shall be removed by abrasive means.
After grinding by abrasive means has been performed, the surface of the concrete shall
not be smooth or polished.  Ground areas shall be of uniform texture and shall present
neat and approximately rectangular patterns.

T. Devices for supporting finishing machine rails shall be of such design that those portions
which are to remain embedded in the concrete deck will be covered by a minimum of two
inches of concrete when finishing is completed.

3.15 CURB AND SIDEWALK SURFACES

A. Exposed faces of curbs and sidewalks shall be finished to true surfaces.  Concrete shall be
worked until coarse aggregate is forced down into the body of the concrete and a layer of
mortar approximately 1/4 inch thick is flushed on the top.  The surface shall then be
floated to a smooth but not slippery finish.

3.16 CURING CONCRETE

A. Water Curing:

1. All concrete surfaces shall be kept wet for at least seven (7) days after placement
if Type I or II cement has been used or for three days if Type III cement has been
used.  Concrete shall be covered with wet burlap, cotton mats, or other materials
meeting the requirements of AASHTO M 171 immediately after final finishing
of the surface.  These materials shall remain in place for the full curing period or
they may be removed when the concrete has hardened sufficiently to prevent
marring. The surface shall immediately be covered with sand, earth, straw, or
similar materials.



SECTION 03301-STRUCTURAL CONCRETE

STANDARD SPECIFICATIONS FOR CIVIL ENGINEERING STRUCTURAL
PROJECTS AND SUBDIVISION IMPROVEMENTS CONCRETE
December 2003 Page 03301 - 17

2. In either case the materials shall be kept thoroughly wet for the entire curing
period.  All other surfaces, if not protected by forms, shall be kept thoroughly
wet, either by sprinkling or by the use of wet burlap, cotton mats, or other
suitable fabric, until the end of the curing period.  If wood forms are allowed to
remain in place during the curing period, they shall be kept moist at all times to
prevent opening at joints.

B. Membrane Curing.  Liquid membrane curing compound meeting the requirements of
AASHTO M 148, Type I, may be permitted, subject to approval by the ENGINEER.
Compounds utilizing linseed oil shall not be used.  All finishing of concrete surfaces shall
be performed to the satisfaction of the ENGINEER prior to applying the impervious
membrane-curing compound.  The concrete surfaces must be kept wet with water
continuously until the membrane has been applied.  The manufacturer's instructions shall
be carefully followed in applying the membrane.  In all cases, the membrane-curing
compound must always be thoroughly mixed immediately before application.  If the
membrane becomes marred, worn, or in any way damaged, it must immediately be
repaired by wetting the damaged area thoroughly and applying a new coat of the
impervious membrane-curing compound.  Membrane curing will not be permitted for
concrete slabs that are to be covered with waterproof membranes, for polymer modified
concrete or at construction joints.

3.17 BACKFILLING AND OPENING TO TRAFFIC

A. Unbalanced backfilling against concrete structures will not be permitted until the
concrete has attained a compressive strength of not less than 80% of the ultimate strength
(f 'c) shown on the Drawings.

B. Concrete culverts and bridges with concrete decks shall remain closed to traffic until
permission to open them is granted.  No vehicle will be allowed on any span until the
concrete in the span has attained a compressive strength of not less than 80% of the
ultimate strength (f 'c) shown on the Drawings.  Loads of any character having a total
weight in excess of 4000 pounds will not be permitted on any span until the concrete in
the span has attained a compressive strength of not less than the ultimate strength (f 'c)
shown on the Drawings.

C. The compressive strength shall be determined from informational test cylinders cured on
the site under similar conditions of temperature and moisture as the concrete in the
structure.

3.18 CLEANING UP

A. Upon completion of the structure and before final acceptance, the CONTRACTOR shall
remove all falsework.  Falsework piling shall be removed or cut off at least two feet
below the finished ground line.

END OF SECTION


