SECTION 03050

PORTLAND CEMENT CONCRETE

Part 1- Description.

The work covered in this section includes the classification, materials, proportioning of materials,
equipment, mixing requirements, and testing for Portland Cement Concrete to be used for curbs, curb
and gutter, and sidewalks, streets, bridges, and miscellaneous structures.

Part 2 - Materials

2.01.

2.02

Classes of Portland Cement Concrete. Portland cement concrete used for construction of the
various items specified elsewhere in these Specifications shall be classified by usage as
follows:

A. Class A.
Class A concrete shall be used as specified for such items as directed by the Engineer and
other uses as noted in the Special Provisions.

B. Class AS.

Class AS concrete shall be used for storm and sanitary structures, concrete curb, curb and
gutter, valley gutters, sidewalks, ditch paving, and similar structures unless otherwise
noted in the Special Provisions.

C. Class B.
Class B concrete shall be used for roadway base, soil cement, and pavement.

D. Class C.
Class C concrete shall be used as specified for such items as concrete cradles, encasements,
embankment slope paving at bridge abutments, and other low strength applications.

E. Class P.

Class P concrete shall be used for cast-in-place box culverts and precast and precast-
prestressed concrete structures or structural members. High-early-strength concrete shall be
as specified in Specification Section 03050 Paragraph 6.05.

Materials.

A. Portland Cement.

1. Type I or Type I-SM cement shall be used unless otherwise specified. Different types of
cement shall not be mixed. Portland Cement shall conform to all requirements of the
"Standard Specifications for Portland Cement,” AASHTO M 85. M. Specification C150
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for Class Type I, except that for high early strength concrete, Type 11l cement may be used.
B. Fine Aggregate.

1. Fine aggregate for concrete shall consist of sand and shall conform to the following
ASSHTO M6 with the following exceptions.

i. General Composition. Concrete sand shall be composed of clean (washed), hard,
durable, uncoated grains, free from injurious amounts of clay, dust, soft flaky particles,
loam, shale, alkali, organic matter, or other deleterious matter. Fine aggregate shall not
contain appreciable materials which have unsatisfactory expansive properties when
combined with Portland Cement and water.

ii. Sieve Analysis. Fine aggregate shall be graded within the following limits:

% Passing by Weight

Sieve Min. Max.
3/8" (9.5mm) 100
No. 4 (4.75mm) 95 100
No. 8 (2.36mm) 80 100

No. 16 (1.18mm) 50 90
No. 50 (330um) 5-30

No. 100 (150um) 0 10
No. 200 (75um) 0 3

Deleterious Substances. The fine aggregate shall not contain more than the
following maximum amounts of deleterious substances:

Max. % of Weight

Clay lumps. 0.5
Coal, lignite, or shale. 0.5
Material passing the No. 200 Sieve. 3.0

Other deleterious substances such as
Shale, alkali, mica, coated/grains soft
and flaky particles. 3.0

If the fine aggregate is manufactured from limestone or dolomite and if the material
finer that the No. 200 sieve consists of dust of fracture, essentially free from clay or
shale, this limit may be increased from 3% to 5%

iv. Organic Impurities. Fine aggregate subjected to the colorimetric test as per ASTM C40
for organic impurities and producing a color darker than the standard shall be rejected
unless it passes the mortar strength test as specified herein, Organic Impurities ASTM
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C40.

Coarse Aggregate. Coarse aggregate for concrete shall consist of crushed stone or gravel or
crushed or uncrushed gravel and shall conform to the following requirements:

1. Coarse aggregate for Class A, Class B, or Class C concrete shall be furnished in two
sizes: Size No. 4 and Size No. 67 as shown hereinafter in the attached Table Coarse
Aggregate Gradation Table.

2. The two sizes shall be manufactured, within the specified limits, to produce Size No. 467
when combined in the proper proportions at the batching plant. If the supplier provides a
proper stockpile to prevent segregation, then a combined Size No. 467 can be used in lieu of
blending Size No. 4 and Size No. 67.

3. Coarse aggregate for Class AS concrete shall be Size No. 57. Only limestone coarse
aggregate will be used for Class AS concrete; gravel coarse aggregate will not be permitted.

4. Coarse aggregate for Class P concrete shall be size No. 57 or Size No. 67 as may be
specified or directed. Only limestone coarse aggregate shall be used for Class P concrete;
gravel coarse aggregate will not be permitted.

5. Coarse aggregate for concrete curbing placed by machine extrusion methods shall be Size
No. 57or Size No. 67.

6. The coarse aggregates shall otherwise conform to the requirements of AASHTO M 80 and
ASTM C 33 with the following exceptions and stipulations:

a. Deleterious Substances. The coarse aggregate shall not contain more than the
following maximum amounts of deleterious substances:
Max. % of Weight

Clay lumps 0.25
Material passing No. 200 sieve 1.0
Coal or Lignite 1.0
Other deleterious substances such as

friable, thin, elongated, or laminated pieces 10.00
Other Local deleterious substances 1.00

Soft or nondurable fragments (fragments which
Avre structurally weak such as shale, soft
Sandstone, limonite concretions, gypsum,
Weathered schist, or cemented gravel. 3.0

7. The sum of the above, excepting thin or elongated pieces, shall not exceed 5% by weight.
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8. Soundness. When subjected to 5 cycles of the soundness test, as set forth in ASTM C88,
the loss in weight of coarse aggregate weighted in accordance with the grading of a sample
complying with the grading requirements specified, shall not exceed nine (9) percent for
sodium sulfate.

9. Abrasion. The coarse aggregate shall not have an abrasive loss greater than 40% as
determined by AASHTO T96.

10. In the case of crushed aggregate, if all the material finer than the 200 mesh sieve consists
of the dust of fracture essentially free of clay or shale, Item 4, Maximum Per Cent by
Weight, may be increased to 1.5.

COARSE AGGREGATE GRADATION TABLE
Amounts Finer than Each Lab. Sieve (Sq. Opening), %By Weight

SIZE 2” 1-12” |17 /% ¥ 3/8” NO.4 | NO.8
NO.

4 100 90-100 | 20-55 0-15 | ----- 0-5 S S
467 100 95-100 | ------- 35-70 | ----- 10-30 | 0-5 S
A 100 95-100 | ---- 25-60 | ---- 0-10 0-5
67 S S 100 90--100 | ---- 20-55 | 0-10 0-5

D. Water for Concrete. The water shall be clean and free from objectionable amounts of oil, acid,
alkali, organic matter, or other deleterious materials and shall not be used until the
source of supply has been approved. If at any time the water from an approved source
becomes of unsatisfactory quality or insufficient quantity, the Contractor will be required to
provide satisfactory water from another source. Water of questionable quality shall be subject
to the acceptance criteria of Table I, as specified in ASHTO T26.

E. Air-Entraining Admixture. The Contractor shall use a regular Portland Cement with the
addition of an air-entraining admixture meeting requirements of AASHTO M 154.
Air-entraining admixtures to be used in air-entrained concrete shall be Darex AEA,
Neutralized Vinsol Resin, and Protex, or any other air-entraining agent meeting the approval of
the Engineer. Air-entraining admixtures shall contain no chlorides. The air-entraining
characteristics of the admixture, in suitable proportions in combination with Portland Cement,
fine aggregate and water, within the limits of the proportion specified, shall be such that the
resulting concrete will have a satisfactory workability, and the total air content shall be as
provided below in the following table.
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Nominal Max Size Total Air Content

of Coarse Aggregate Percentage by VVolume
Concrete

3/8 inch 6to 10

% inch 5t09

¥ inch 4108

1inch 3% 106 %

1% inch 3to6

2 inch 2%1t05%

3inch 1%to4Y%

F. Chemical Admixtures. Chemical admixtures shall conform to ASTM C494, except TYPE C

accelerating admixtures shall contain no chlorides, shall be non-toxic after thirty (30) days, and
shall be compatible with air-entraining admixtures. The amount of admixture added to the
concrete shall be in accordance with the manufacturer's recommendations.

Pozzolan Admixture. Pozzolan admixture shall conform to the requirements of ASTM C311
and ASTM C618-85 (including Table 1A) for either Class C or Class F. Class C fly ash may
be used as a replacement for Portland cement if approved in writing by the Owner. The
maximum amount of cement being replaced by fly ash shall not exceed 15 percent. When a
specific air content has been required and fly ash is being used, the air content shall be tested
on each truck load of concrete at the batch plant and the tested value shall be indicated on the
ticket.

Fiber-Reinforced Concrete shall conform to ASTM C1116 material requirements and
classifications. Concrete containing fibers (steel, glass fibers, or synthetic fibers) shall conform
to the manufacturers addition rate and shall be included in the mix design approved by the
Engineer. Glass Fiber and synthetic fiber reinforced concrete shall not be used to replace
structural reinforcement, and shall be added at the batch plant.

PART 3 — Execution

3.01

Sampling and Testing and Storage of Materials.

Cement. Cement may be accepted on the basis of mill tests and the manufacturer's certification
of compliance with the specifications, provided the cement is the product of a mill with a
record for production of high quality cement. Certificates of compliance shall be furnished the
Engineer by the Contractor, for each lot of cement furnished prior to use of cement in the work.
This requirement is applicable to cement for job- mixed, ready-mixed, or transit-mixed
concrete. Cement proposed for use where no certificate of compliance is furnished, or where,
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in the opinion of the Engineer, the cement furnished under certificate of compliance may have
become damaged in transit or deteriorated because of age or improper storage, will be sampled
at the mixing site and tested for conformance to the specifications.

1. Cement will be approved for use if it satisfactorily passes the fineness, soundness, and time
of set test requirements specified, provided the general run of materials has been
satisfactorily meeting the 28-day strength requirements. Any approved cement failing to
pass the 28-day strength requirements, if unused, shall be rejected. If, in the judgement of
the Engineer, it is considered necessary, other lots of shipments from the same mill may be
held for the results of tests before being used.

2. If cement is supplied from a new source or from a source of unknown quality, it may be
held for the results of strength test before being approved.

. Fine and Coarse Aggregate. At least two (2) weeks in advance of the beginning of concrete
work the Contractor shall submit to an approved materials testing laboratory approximately
five hundred pound (500#) (225kg) samples of each concrete aggregate proposed for use unless
otherwise waived by the Engineer in writing. All tests which are necessary to determine the
compliance of the concrete materials with these specifications shall be performed on these
samples. These samples shall also be used by the laboratory as the basis for a concrete mix
design. The results of all tests and the concrete mix design shall be submitted to and approved
by the City Engineer prior to the start of any concrete work. Standards shall conform to the
latest applicable codes. The sampling and testing shall conform to the following standard
procedures:

. Cement. The Contractor shall provide adequate protection for the cement against dampness.
No cement shall be used that has become caked or lumpy. Accepted cement which has been
held in storage more than 90 days after shipment from the mill shall be retested, and if failing
to meet the requirements specified herein shall be rejected.

1. Accepted cement which has been stored in approved sealed bins at the mill for not more
than six (6) months may be used without further testing unless a retest is specifically
requested by the Engineer.

. Aggregate. Aggregates shall be handled and stored in separate piles at the site in such manner
as to avoid a separation of the coarse and fine particles and contamination by foreign materials.
Sites for stockpiles shall be prepared and maintained in such a manner as to prevent the
mixing of deleterious materials with the aggregate. The Contractor shall deposit ~ material in
stockpiles at the batching plant site until the moisture content becomes uniform. Stockpiles
shall be built in layers not to exceed three feet (3") (Im) in height, and each layer shall be
completed before beginning the next one.
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1.

Coning or building up stockpiles by depositing the materials in one place will not be
permitted. The storing of aggregates in stockpiles, or otherwise, upon the subgrade or
shoulders will not be permitted.

3.02 Concrete Mixture Requirements.

A. The concrete shall meet the following requirements as outlined in the Concrete Classification
Table attached to the end of this Section.

1.

If it is found impossible to produce concrete having the required air content with the
materials and mixing procedures that are being used, the Contractor shall make such
changes in the materials or mixing procedures, or both, as may be necessary to insure full
compliance with the requirements of air content in the concrete.

The total weight of aggregates per sack of cement and the relative proportions of coarse
and fine aggregate shall be determined by yield tests made during the progress of the work.
The Engineer may, at his discretion, adjust the laboratory mix design to obtain the proper
yield, and consistency of concrete.

The Contractor shall receive written permission from the Engineer prior to adding
Pozzolan admixture to Portland Cement Concrete.

Any combination of aggregates which requires the use of more than six and one-half
gallons (6.5g) (25I) of water per sack of cement to produce a workable mixture, with the
brand of cement used will be considered as being unsatisfactory, and all such combinations
of aggregate will be rejected.

Concrete shall be uniformly plastic, cohesive, and workable. Workable concrete is defined
as concrete which can be placed without honeycomb and without voids in the surface.
Workability shall be obtained without producing a condition such that free water appears
on the surface when finished. The consistency of the mixture shall be that required for the
specified conditions and methods of placement; however, the previously determined
maximum water cement ratio shall not be exceeded.

3.03 Proportioning of Materials.

All materials shall be separately and accurately measured by weight, and each batch shall be
uniform. The coarse and fine aggregates shall be weighed separately. A sack of cement shall
weigh ninety-four pounds (94#) (43kg). When bulk cement is used, ninety-four pounds (94#)
(43kg) shall be considered as one sack. The Contractor shall furnish and use approved
weighing devices, which, in operation, will give the exact quantity of materials required for the
class of concrete. When the cement is in contact with the aggregate, it shall not remain more
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than forty-five (45) minutes before being deposited into the mixer.
3.04 Measurement of Aggregate.

A. Where sack cement is used, the quantities of aggregate for each batch shall be exactly
sufficient for one or more sacks of cement. No batch requiring a fraction of a sack of cement
will be permitted. All measurements shall be by weight, upon approved weighing scales and
shall be such as will insure separate and uniform proportions. Scales shall be of either beam or
springless dial types, and shall be suitable for supporting the hopper or hoppers. They shall be
set accurately in substantial mountings which will insure a permanent spacing of the knife
edges under all conditions of loading and use. They shall be so designed and maintained that
they will at all times be accurate to within one-half (1/2) of one (1) percent throughout the
entire weight range. Clearance shall be provided between the scale parts and the hopper or the
bin structure to prevent displacement of the scale parts due to vibrations, accumulations, or any
other cause. The value of the minimum gradations on any scale shall not be greater than five
pounds (5#) (2.3kg). The weighing beam or dial shall be so placed that it will be in full view
of the operator during the operation of the gate which delivers the material to the hopper.
Scales shall be protected from air currents that may affect the accuracy of weighing.

B. Separate hoppers shall be provided for weighing fine and coarse aggregate. They shall be of
suitable size and tight enough to hold the aggregate without leakage, and shall be supported
entirely upon the scales. Suitable provisions shall be made for removal of overload from the
hopper by the operator while he operates the bin gates.

C. The Contractor shall provide a sufficient number of fifty-pound (50#) (23kg) standard test
weights for calibrating the weighing equipment.

D. The volume of concrete mixed per batch shall not exceed the manufacturer's guaranteed
capacity of the mixer.

E. When the aggregates are delivered to the mixer in trucks, each batch shall be in a separate
compartment of the capacity required by the Engineer. Suitable covers shall be provided for
the batch compartments of the trucks to protect the cement from the wind. All trucks, truck
bodies, bulkheads, and compartments used in proportioning and transporting to the mixer of
concrete materials shall be so designed and operated to insure the charging of the mixer, batch
by batch, with the proper amounts of each material without overspillage, intermixing of
batches or wastage. Any units which, in the opinion of the Engineer, do not operate
satisfactorily, shall be removed from the work until properly rebuilt and corrected.

3.05 Mixing Concrete.

A. Consistency. The quantity of water to be used shall be determined by the Engineer and shall
not be varied without his consent. The Contractor shall furnish and use with the mixer an
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approved adjustable, water measuring device which will prevent excess water flowing into the
mixer, in order that the consistency may be under positive control and that all batches may be
of the same consistency.

1. In general, the minimum amount of water shall be used which will produce the required
workability. The mortar shall cling to the coarse aggregate and shall show no free water
when removed from the mixer.

. Mixer. The mixing machine used shall be of an approved type known as a batch mixer, and of
a design having a suitable device attached for automatically measuring the proper amount of
water accurate to one percent (1%) and for automatically timing each batch of concrete

so that all materials will be mixed together for the minimum time required. Such device shall
be easily regulated and controlled to meet the variable conditions encountered. If the time
device becomes broken or fails to operate, the Contractor will be permitted to continue the
balance of the day without the timing device while the same is being repaired, provided that
each batch of concrete is mixed two (2) minutes.

1. The normal mixing time for each batch shall be one (1) minute, and the measuring of this
period shall begin after all the materials are in the drum. During this mixing period, the
drum shall revolve at the speed for which the mixer is designed, but shall make not less
than fourteen (14) nor more than twenty (20) revolutions per minute.

2. No materials for a batch of concrete shall be placed in the drum of the mixer until all of the
previous batch has been discharged therefrom. The discharge of water into the drum shall
commence with the flow of the aggregates, but shall not be started before the entrance into
the drum of part of the aggregates. The discharge of all of the mixing water for any batch
shall be completed within ten (10) seconds after all of the aggregates are in the drum. The
inside of the drum shall be kept free from hardened concrete.

3. The use of mixers having a chute delivery will not be permitted except by permission of
the Engineer. In all such cases the arrangement of chutes, baffle plates, etc., shall be such
as will insure the placing of fresh concrete without segregation.

4. Ready-mixed concrete from a central mixing plant delivered at the work ready for use, will
be permitted, provided the mixture is transported to the job site in an agitating truck having
the concrete contained in a revolving drum and provided there is no segregation of the
mixture at the point of placing. Ready-mixed concrete from a central batching plant and
mixed in transit will be permitted; however, the mixing and transporting equipment will be
subject to the special approval of the Engineer. Any ready-mixed concrete shall comply
with all of the requirements of these specifications.

ol

. The time elapsing from the time the water is added to the mix until the concrete is deposited
in place at the site of the Work shall not exceed 30 minutes when hauled in non-agitating
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trucks, not 60 minutes when hauled in truck mixers or truck agitators. In addition, the total
revolutions at mixing speed shall not be less than 70 nor more than 100. When truck
mixers are used on hauls in excess of 1 hour, the cement shall be added at the site of the
work. The concrete must be of workable consistency when placed. No mixer which has a
capacity of less than a two-sack batch shall be used.

i.  Hand mixing will not be permitted except with the permission of the Engineer and then
only in very small quantities or in case of an emergency.

6. Retempering concrete by adding water or by other means will not be oermitted; however, a
portion of the mixing water may be withheld from transit mixers and added at the work site
provided the delivery ticket indicates the amount withheld. The batch shall be mixed for
30 revolutions at mixing speed after adding the water. Water cannot be added to a partial
load of concrete mix. Concrete that is not within the specified slump limits at time of
placement shall not be used.

7. In using air-entraining admixtures, the mixer shall be equipped with a suitable automatic
dispensing device which will proportion the air entraining admixture accurately to each
batch of concrete. The device shall be calibrated and adjusted to deliver to each batch of
concrete the quantity of admixture required to produce the specified air content in the
concrete.

8. The manufacturer of the concrete shall furnish to the purchaser with each batch of concrete
before unloading at the site, a delivery ticket. The purchaser shall provide the Engineer
with one (1) copy of each delivery ticket.

3.06 Forms.

A. Forms shall be made of wood or metal. Forms shall be provided with adequate devices for
secure setting so that when in place they will withstand, without visible spring or settlement,
the impact and vibration of the consolidating and finishing equipment. The top and face of
forms shall be cleaned and oiled prior to the placing of concrete.

3.07 Placing Concrete.

A. The concrete shall be unloaded into an approved spreading device, or deposited on the base,
and spread in such a manner as to prevent segregation of the materials. As deposited, the
mixture shall be placed where it will require as little rehandling as possible. No concrete shall
be placed on frozen grade.

B. Necessary hand spreading shall be done with shovels or other approved tools. Workmen shall
not be allowed to walk in the freshly mixed concrete with boots or shoes coated in earthen or
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other foreign substances.

C. Concrete shall be thoroughly consolidated against and along the faces of all forms and along
the full length and on both sides of all joint assemblies, by means of vibrators inserted in the
concrete. Vibrators shall not be permitted to come in contact with a joint assembly, the grade,
or a side form. In no case shall the vibrator be operated longer than 5 seconds in any one
location.

3.08 Protection.

A. It shall be the responsibility of the Contractor to protect from damage all freshly poured
concrete regardless of the location or type of structure for a minimum period of seven (7) days
or for such longer period as the Engineer may direct. Any concrete which is damaged shall be
repaired to the satisfaction of the Engineer prior to acceptance of the completed work.

3.09 Quiality Control Testing.
A. The Owner or Consultant will employ a testing laboratory to perform test and submit test
reports. Test reports will be reported in writing to Consultant, Owner, and Contractor as soon

as possible upon completion of tests.

1. Compressive Strength Tests. Concrete test cylinders will be made by a qualified technician
from a certified material testing laboratory.

2. The cylinders shall be made and tested in accordance with ASTM C39.

2. Tests may be required for each day’s run or according to the following schedule:

Total Cubic Yards of Minimum Number of Tests*
Concrete Placed (m®) (3 cylinders each)
One for 7 days, two at 28 days
0 - 100(0-75) One for each 50 cu. Yds. (38m?*)
100 — 1000 (75 -750) One for each 125 cu. Yds. (100m°)
1000 — 2000 (750 — 1500) One for each 175 cu. Yds. (125 m®)
2000 and Over (1500) One for each 250 cu. Yds. (200 m®)

*QOne test per pour minimum.
iii. Results of all tests shall be furnished to the Engineer as soon as they are available.
2. Slump. Slump test shall be conducted in accordance with ASTM C172. A test shall be

performed for each day’s pour of each type of concrete and for each set of compressive
strength test.
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2. Air Content. Air content shall be tested in accordance with ASTM C143 or ASTM C231.
Air content test shall be performed for each set of compressive strength tests of each type
of air-entrained concrete.
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CONCRETE CLASSIFICATION TABLE

Notes:

Class of | Min. 28 day | Slump | Min Cement-Sacks//CY | Min Cement-#//CY Net Water Max. Gal/CY | Net Water Max-#/CY
Concrete | Compressive | in €©) ©) () (3)
Strength Inches
(psi)
Gravel Limestone | Gravel Limestone | Gravel Limestone | Gravel Limestone
Course Course Course Course Course Course Course Course
Aggregate | Aggregate | Aggregate | Aggregate | Aggregate | Aggregate | Aggregate | Aggregate
A 3000 3-5 6.0 55 564 517 36 33 300 275
AS 4000 3-5 (2) 6.2 (2) 583 (2) 37.2 (2) 310
B 3500(1) 1-2.5 6.2 5.8 583 545 34.1 31.9 284 266
C 2500 2-4 5.0 4.5 470 423 34 30.6 283 255
P 5000 1-3 (2) 7.0 (2) 658 (2) 35 (2) 292

(1) Minimum compressive strength at 14 days. Minimum flexural strength at 14 days of 550 psi per AASHTO T 22
(2) Gravel Coarse Aggregate not permitted.

(3) Tabulated valves are for Type | cement conforming to the requirement of AASHTO M 85 only.

END OF SECTION
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