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ITEM 30
PORTLAND CEMENT CONCRETE MATERIALS

30.1 DESCRIPTION

The concrete shall be composed of fine and coarse aggregates, Portland/hydraulic cement,
supplementary cementitious materials, admixtures, and water. Hydraulic cement should be used for
rapid strength mix designs. The ingredients are specified in Sections 30.2A through 30.2F. Reference
documents ACI 301 and ACI 318.

30.2 MATERIALS

All materials used in concrete shall be the same materials used in the concrete represented by the field
test records or trial batch mixtures. Materials substitution shall be approved by the AGENCY.

A. Aggregate

Aggregate is defined as granular material, such as sand, gravel, crushed stone, and iron blast-
furnace slag, used with a cementing medium to form hydraulic-cement concrete or mortar as
per ASTM C125. Other materials that are significantly detrimental to the concrete mix should be
excluded from the aggregate or aggregate blend utilized. Recycled Concrete Aggregates (RCA)
may also be used as aggregate. When RCA is to be utilized, at any percentage, the
CONTRACTOR shall submit a plan for approval by the AGENCY that addresses RCA material
handling best practices and how higher absorption rates will be accommodated.

1. Alkali-Silica Reactivity

Aggregates containing certain ingredients can react with the cement in concrete causing
expansion of the concrete. The following tests shall be performed to help produce
concrete resistant to alkali-silica reaction. Individual aggregates shall be tested and
considered innocuous if it complies with the following:

e ASTM C1260 14-day expansion less than or equal to 0.10%, or
ASTM C1293 1-year expansion less than or equal to 0.040%

For aggregates that do not meet these criteria, mitigation measures shall be
demonstrated in accordance with the below to meet the minimum requirements:

e ASTM C1567 14-day expansion less than or equal to 0.10%", or

e ASTM C1293 2-year expansion less than or equal to 0.040%*
*Tested with submitted concrete mix design cement, supplementary cementitious
materials, and aggregate(s)

Individual aggregate proportions or the aggregate blends which shall be used in the mix
design shall be tested. Alternative mitigation measures will be considered case by case
(see Table 30.2A-3).
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2. Fine Aggregate
Fine aggregate shall meet the requirements in ASTM C33, except as follows. The
gradation shall meet the requirements in Table 30.2A-1.

Table 30.2A-1
Fine Aggregate Gradation

Sieve Percent Passing, %
3/8 inch 100

No. 4 95-100

No. 8 80 -100
No. 16 50 — 85
No. 30 25-60
No. 50 5-30
No. 100 0-10
No. 200 0-3*

*Manufactured sand that consists of over 50%
crushed particles limits No. 200 to a maximum of 5%.

Sulfate soundness loss by weight (ASTM C88) shall not exceed 10% (Sodium Sulfate)
or 15% (Magnesium Sulfate).

The maximum deleterious substances and organic impurities shall not exceed the limits
listed in ASTM C33 (Table 30.2A-2).

Table 30.2A-2
Fine Aggregate Deleterious Substances and Organic Impurities
Material ASTM Limit
Material finer than 200 mesh sieve c117 3% by weight
Shale Petrographic analyses 1% by weight
Coal and lignite C123 0. 5% by weight
Clay lumps and friable particles C142 3% by weight
Organic Impurities C40 Plate 3

The sum of the percentages of the above deleterious substances shall not exceed 5% by weight.
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3. Coarse Aggregate

Coarse aggregate gradation shall meet the requirements in ASTM C33 (Table 30.2A-3).

Table 30.2A-3
Coarse Aggregate Gradation
- No. 8 No. 67 No. 57 (cﬁﬁ;ﬁﬁz g
Sieve Size (3£4” Non]mal) (3£4” Non]mal) (1” Noml.nal) Grading)
% Passing % Passing % Passing % Passing
2 inch -- -- 100
1-1/2 inch -- 100 95 to 100
1 inch 100 95 to 100 -
% inch 90 to 100 -- 35t070
Y inch 100 - 25t0 60 -
3/8 inch 85to0 100 20 to 55 - 10 to 30
No. 4 10to 30 0to 10 0to 10 0to5
No. 8 0to 10 0to5 0to5 -
No. 16 Oto5 - - -

Note: Grading No. 57 or 67 shall be used when the concrete section
thickness is six (6)-inches or less, unless otherwise specified.

Wear shall not exceed 50% as tested in accordance with ASTM C131/C535
(based on nominal maximum aggregate size). Sulfate soundness loss by weight
(ASTM C88) shall not exceed 12% (Sodium Sulfate), or 18% (Magnesium
Sulfate).

The maximum percentage of deleterious substances shall not exceed the limits
in ASTM C33 (Table 30.2A-4).

Table 30.2A-4
Coarse Aggregate Deleterious Substances

Material ASTM Limit
Material finer than 200 mesh sieve c117 1% by weight

Lightweight fragments o .
(specific gravity < 2.4) c123 3% by weight

Coal and lignite o .
(specific gravity < 2.4) C123 0.5% by weight

Clay lumps and friable particles C142 3% by weight

Non-aggregate material such as wood, sealant, and backer-rod are considered
deleterious substances. The sum of the percentages of the above deleterious
substances shall not exceed 5% by weight.
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4. Combined Aggregate Blends

Combined aggregate blends will be allowed. Individual aggregates that do not meet the
gradations in Table 30.2A-3 may be blended to achieve the gradations in Table 30.2A-3.
Intermediate aggregates may also be added to improve fresh and hardened properties
of concrete.

Optimized gradations may be used by following a Shilstone, KU Mix, Tarantula Curve or
similar method. When Shilstone is used, the combined aggregate gradation usually falls
within Zone Il of Figure 30.2A-1 but is not required to be within this Zone. Coarseness
factor and workability factor shall be computed as follows:

@ (Quality) = % combined aggregate retained on 3f8 inch sieve
I (Intermediate) =
% combined aggregate passing 33’8 inch sieve and retained on #8 sieve

W (Workability) = % combined aggregate passing #8 sieve
¢

(@ +1)
WF (Workability Factor — Y axis) = W

CF (Coarseness Factor — X axis) =

The workability factor should be adjusted based on the total cementitious content
(cement plus any supplementary cementitious materials) prior to plotting using the
following equation:

wit.cementitious
WF.q (Adjusted Workability Factor) = W + ( - 6) =25

94 lbs.

Figure 30.2A-1
Shilstone Coarseness Factor Chart
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When the Tarantula Curve is used, the combined aggregate gradation usually falls

between the lines of Figure 30.2A-2.
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Portland/hydraulic cement shall conform to the following specifications:

Table 30.2B-1
Cement Types
Description Specification Type
Portland Cement' ASTM C150 [, 1l,orV?2
Blended Hydraulic Cement ASTM C595 IL(MS), IL(HS), IP, IP(MS), IP(HS) or IT
Hydraulic Cement? ASTM C1157 GU, MS, HS, shall be limited to a
maximum of 15% limestone

" ASTM C150 Type Ill may be allowed for fast track applications.
2 ASTM C150 Type Il cement meeting the optional limits in accordance with ASTM C452 may
be substituted for ASTM C150 Type V cement. ASTM C452 documentation shall be valid for

two (2) years.

3 ASTM C1157 Type HE may be allowed for fast track applications.

C. Supplementary Cementitious Materials

1. Fly Ash

Fly ash or natural pozzolans shall conform to ASTM C618, for Class C, F, N, or
AASHTO M321 for High Reactivity Pozzolans. Class C fly ash may only be used for
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Class 0 sulfate resistance and if the calcium oxychloride is determined to be less
than 15g CaOXY/100g cementitious paste in accordance with AASHTO T 365.

2. Slag Cement
Slag cement shall conform to ASTM C989, Grade 100 or Grade 120.

D. Admixtures
Air-entraining admixtures shall conform to ASTM C260.
Chemical admixtures shall conform to ASTM C494, according to the following types:

Type A — Water-reducing

Type B — Retarding

Type C — Accelerating

Type D — Water-reducing and retarding

Type E — Water-reducing and accelerating

Type F — Water-reducing, high range admixtures
Type G — Water-reducing, high range, and retarding
Type S — Specific performance

Calcium chloride shall not be used for exterior concrete. Written approval by the AGENCY shall
be obtained prior to the use of any Type S admixtures. Application of admixtures shall be per
manufacturer's recommendations.

Corrosion inhibiting admixtures shall meet ASTM C1582.
Pigments for integrally coloring concrete shall meet ASTM C979.
E. Water

Water shall be potable or qualified by conforming to ASTM C1602.

F. Fibers
Fibers shall be allowed and must conform to ASTM C1116:

Type | Steel fiber-reinforced concrete or shotcrete. Contains stainless steel, alloy
steel, or carbon steel fibers.

Type Il Glass fiber-reinforced concrete. Contains alkali-resistant glass fibers.

Type lll Synthetic fiber-reinforced concrete. Contains virgin homopolymer
polypropylene fibers or other synthetic fibers.

Type IV Natural fiber-reinforced concrete that contains cellulose fibers.

G. Reinforcing Steel

All steel shall meet the requirements as noted or as shown in the project plans.

Mesh reinforcement shall meet ASTM A1064 for plain and deformed welded wire.
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1. Tie Bars for Pavement

Tie bars shall be ASTM A615 Grade 60 deformed steel bars and conform to the
requirements of ASTM A775, except that ends need not be patched and frames are not
required to be epoxy coated. Tie bars fabricated with ASTM A615 Grade 40 steel may
be used for construction requiring bent bars.

2. Dowel Bars for Pavement

Dowel bars shall be ASTM A615 Grade 60 plain steel bars conforming to ASTM A775,
except that ends and frames need not be epoxy coated. Dowel bars shall be free from
burring or other deformation restricting slippage in the concrete. The dowels shall be
coated with a bond-breaker recommended by the manufacturer.

H. Curing Materials

Curing materials shall conform to one of the following:

Table 30.2H-1
Curing Materials
Material Specification
Liquid membrane-forming curing compounds ASTM C309, Type 2, Class A, or Class B
Liquid membrane-forming compounds having
special properties for curing and sealing ASTM C1315, Type l or I, Class A
concrete
White polyethylene film ASTM C171
White burlap-polyethylene sheeting ASTM C171
Waterproof paper ASTM C171

. Joint Sealant, Backer Rod & Expansion Joint Materials

The joint sealant for all sawed longitudinal and transverse joints shall be a silicone joint sealant
meeting ASTM D5893. ASTM C1193 provides guidance for use of joint sealants.

Blocking medium shall be an expanded closed cell polyethylene foam backer rod or non-plastic
rope that is compatible with the joint sealant material and meets ASTM C1330, Type C or ASTM
D5249.

Polyethylene expansion joint materials shall be flexible, low density, expanded extruded
polyethylene plank formed by the expansion of polyethylene base resin, extruded as a
multicellular, closed cell, homogeneous foamed polyethylene. Laminations shall not be
permitted. The joint material shall conform to ASTM D1751, ASTM D1752, or ASTM D8139.

J. Miscellaneous Additional Products

Use of additional products and or special ingredients may be approved by the AGENCY on a
project specific basis.

MGPEC - VOLUME | - PAVEMENT DESIGN STANDARDS & CONSTRUCTION SPECIFICATIONS
2022 Version Item 30 - Page 9



30.3 CONCRETE MIXTURE PROPORTIONING

The following criteria is for general use exterior flatwork and concrete pavement, both of which may be
exposed to deicing chemicals, as detailed in the application types in Table 30.3A-1.

A. Mixture Requirements

Jobsite, placement size, and exposure conditions may require modifications to these general

MIX SELECTION
BY USE

criteria.
Table 30.3A-1
Mix Design Criteria
2Bk PAVING - Deicer
General, Deicer .
. Resistant
Resistant
Designation EXT-DR P-DR
Acceptable CDOT Mix Substitution Class D, B, S35 P

Typical Application Type

Flatwork, sidewalk,
curb and gutter,
curb ramps, bridge
structure and decks,

Concrete pavement,
bus pullouts, curb
and alley cuts or

STRENGTH REQUIRE-MENTS

other structures pans
Typical Cure Environment Year-Round Year-Round
— - - v
Minimum Design Compressive Strength (f'c)* at 4,500 psi 4,500 psi
28 Days
Minimum Lab Mix Design Compressive Strength at 5,200 psi 5,200 psi
28 Days
Minimum Design Flexural Strength at 28 Days Not Required 650 psi

Minimum Opening Compressive Strength

2,000 psi (before construction traffic)

2,500 psi (before normal traffic)

All opening strengths must be verified with
maturity methods. Alternative mitigation
measures will be reviewed individually
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EXTERIOR -
General, Deicer
Resistant

PAVING - Deicer
Resistant

Allowable Cement Types

Refer to Table 30.6

Allowable Supplementary Cementitious Materials

ASTM C618 Class F Fly Ash, Class C Fly
Ash, or other approved pozzolans
(20-30% replacement of cement)

ASTM C989 Slag Cement, Grade 100 or
120
(20-50% replacement of cement)

Supplementary cementitious materials are
required to mitigate deicer impacts. Class
C fly ash may only be used for Class 0

7)) sulfate resistance and if the calcium
E oxychloride is determined to be less than
I-IZJ 15g CaOXY/100g cementitious paste in
o) accordance with AASHTO T 365.
= 520 Ibs./cy
o (flatwork)
o Minimum Cementitious Material Content 565 Ibs./cy
pas oy . o 520 Ibs./cy
S (cement + supplementary cementitious materials) (structures; inlets,
buried sewer box
culverts, vaults)
Maximum Water-to-Cementitious Material (W/CM)
Ratio
[water/(cement + supplementary cementitious 0.45 0.44
materials)]
. Subject to the limits in CDOT 601.04
Sulfate Resistance )
Sulfate Resistance
. . . Maximum .050%
Unrestrained Shrinkage at 28 days Not Required using CP-L 4103
Minimum 12 kQ-cm
Surface Resistivity at 28 days Not Required using
AASHTO T 358
-
-
T
2
o Air content during placement 5-8% 4-8%
(&]
x
<
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EXTERIOR -
General, Deicer
Resistant

PAVING - Deicer
Resistant

SLUMP

Lab Mix Design Slump Range

Slump requirements will vary based on
application (hand vs. machine placement
or other)

Slump acceptance is based on approved
supplier mix design and set limits

Fresh Concrete Temperature (for placement)

Between 50°F and 95°F

TEMPERATURE

In-Place Concrete Temperature (during curing)

A minimum of 50°F for at least 48 hours,
or until it reaches 2,000 psi compressive
strength

Use curing blankets as needed and verify
using temperature monitoring devices,
such as a min-max thermometer or
maturity logger

*f'c = Minimum Specified Compressive Strength

The concrete mixture shall include a supplementary cementitious material to mitigate winter deicer
impacts, and the type(s) of supplementary cementitious materials allowed are dependent on sulfate
contents in the subgrade soils.

The supplier should have available a range of mixtures that will work with various placing temperatures,
slumps, climates, and need to adhere to required setting and opening time to pedestrian and vehicular

traffic.

B.

Mix Design Submittal

Mix Design submittals will follow ACI 318 and include the following items at a minimum:
Certified material test reports for aggregate, including all tests required; reporting each
test, test method, test result, and other requirement specified (criteria).

MGPEC - VOLUME | - PAVEMENT DESIGN STANDARDS & CONSTRUCTION SPECIFICATIONS
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Aggregate gradations and analysis.

Reactivity test results.

Coarse aggregate quality test results, including deleterious materials.

Fine aggregate quality test results, including deleterious materials.

Mill certificates for cement and supplementary cementitious materials.

Certified test results or certifications for all admixtures.

Specified strength, slump, air content and maximum water-cementitious materials

(w/cm) ratio.

Unrestrained shrinkage and surface resistivity results (when required).
Recommended proportions, weights/volumes for proposed mixture and trial water-
cementitious materials (w/cm) ratio, including actual slump and air content. Include
material supplier and location of materials (pit name, cement plant, etc.).
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o Compressive (and flexural when required) strength summaries and plots, including all
individual beam and cylinder break results. Maturity Method data and curves showing
the basis of criteria for allowing the opening of traffic on pavement.

e Submit a new design mix based on the above requirements when a significant change
occurs in the mix proportions, source or type of cement, fly ash, or aggregate, or failure
of field tests to meet specifications.

e The limits to possible field added weights for air, water, slump, other materials shall be
clearly shown on individual dispatch tickets during production. The mix design shall be
reviewed and stamped by a Professional Engineer registered in the State of Colorado.
Alternatively, a mix design on the current CDOT Approved Products List (APL), may be
submitted for use.

Review of the design mix by the AGENCY does not constitute acceptance of the concrete
delivered.

C. Field Acceptance

1. Fresh Properties

Concrete may be placed when slump, air content and water to cementitious materials
ratio are determined to be in accordance with the AGENCY approved mix design
parameters. Use Table 30.3A-1, and maximum water added dictated by the supplier in
the mix design or delivery batch ticket when the AGENCY has no parameters. Concrete
may be placed when batch tolerances are in accordance with ASTM C94, including the
onsite addition of water and admixtures, and discharge time limits.

2. Strength
The strength level of standard or field cured concrete mixture specimen shall be
acceptable if:

e The arithmetic average of any three consecutive strength tests equals or
exceeds the Minimum Specified Compressive Strength, f'¢, and,

¢ No strength test falls below f'c by more than 500 psi if f¢ is 5,000 psi or less; or by
more than 0.10f . if f; exceeds 5,000 psi.

If either of these requirements are not satisfied, steps shall be taken to increase the
average of subsequent strength results. Evaluation of strength test results, and
investigation of low strength-test results shall be in accordance with ACI 301 and ACI
318. When 28-day strength test results are below the minimum specified strength, 56-
day cylinders can be evaluated to verify minimum specified strength. Otherwise, if
concrete is determined to not meet required compressive strength, in-place coring can
be performed for material evaluation up to 65 days after placement. If the average of
three core specimens achieve at least 85% of f'c, the concrete placement is considered
acceptable. Core specimens must be obtained following ASTM C42.

D. Testing

Testing of Concrete shall be performed in accordance with Table 30.3D-1
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. TABLE 30.3D-1

Contractor’s QC SCHEDULE FOR MINIMUM MATERIALS SAMPLING AND TESTING

Minimum Frequency Minimum Frequency
Test Type Test Standard (General Use) (Pavement)
Strenath ASTM C31 One set* per 100 cubic yards One set* per 500 CY
9 ASTM C39 (minimum of one set per day) | (minimum of one set per day)
One test per each first three One test per each first three
. trucks, then one for every five | trucks, then one for every 500
Air Content ASTM C231 trucks™ and with each set of CY** and with each set of
strength samples strength samples
One test per each first three One test per each first three
trucks, then one for every five | trucks, then one for every 500
Slump ASTM C143 trucks™ and with each set of CY** and with each set of
strength samples strength samples
Temperature ASTM C1064 One test with every air and One test with every air and
slump test slump test
Unit Weight ASTM C138 One per air content test One per air content test
One core per 1,500 LF per
Thickness ASTM C174 -- lane or utilize MIT Scan T3 or
equivalent
Joint Sealant ASTM C1521 _ One per 1,000 linear feet of
Pull Test CDOT CP-67 joints

+QA testing may be less frequent than that required for QC testing.

*One set consists of at least 5 cylinders, with a minimum of 3 cylinders tested at 28 days. One cylinder
may be tested at 7 days and one held for compressive strength testing at 56 days, in case compressive
strength tests do not meet requirements at 28 days.

**If out of specification, test each truck until within specification

Testing shall be performed by ACI Concrete Field Testing Technician Grade | certified technicians. The
AGENCY shall determine who is responsible for performing QA testing, and the CONTRACTOR shall
be responsible for QC testing.

The CONTRACTOR shall provide and maintain onsite facilities that will allow for the initial curing of test
specimens to meet the requirements of ASTM C31. The AGENCY, CONTRACTOR, TESTING
LABORATORY, AND CONCRETE SUPPLIER shall meet to discuss the adequacy and location of the
on-site initial curing facilities location. Test results will be distributed by the TESTING LABORATORY to
the AGENCY, CONTRACTOR, CONCRETE SUPPLIER, and any other appropriate representatives
after specified project break dates of compressive strength specimen.

Laboratories performing tests shall be accredited by a nationally recognized accrediting organization.
The laboratory will meet the requirements of ASTM C1077 and E329 for Aggregates and Concrete.
Temporary field laboratories shall meet the same requirements, but the principal laboratory shall be
accredited. Testing shall be performed by individuals certified in the testing conducted or under the
direct observation of certified individuals while in training and in pursuit of certification (within 3 months).
Results of tests determined to have not been performed in accordance with applicable ASTM standards
or criteria stated here shall not be used in the determination of acceptance. (Note: Records of
technician certifications, and equipment calibrations and verifications shall be maintained and made
available for review.)
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30.4

SELF-CONTAINED MOBILE MIXER

If self-contained mobile mixers are utilized, proportioning and mixing equipment must be of the self-
contained mobile, continuous mixing type in accordance with ASTM C685 and will meet the following:

30.5

The mixer must be self-propelled and capable of carrying sufficient unmixed dry, bulk
cementitious materials, fine aggregate, coarse aggregate, admixtures, and water to produce on
the site at least 6 cubic yards of concrete. The mixer shall have one bin for each size
aggregate.

The mixer must be capable of positive measurement of cementitious materials being introduced
into the mix. A recording meter visible at all times and equipped with a ticket printout shall
indicate the quantity of total concrete mix.

The mixer must provide positive control of the flow of water into the mixing chamber. Water flow
shall be indicated by a flow meter and be readily adjustable to provide for minor variations in the
aggregate moisture.

The mixer must be capable of calibration to automatically proportion and blend all components
of indicated composition on a continuous or intermittent basis as required by the finishing
operation and shall discharge mixed material through a conventional chute directly in front of the
finishing machine.

The CONTRACTOR must perform calibration tests according to the equipment manufacturer’'s
recommendations at the beginning of each project and when there is a change in the mix design
proportions or source of materials. The Engineer may require a calibration test or yield check
when a change in the characteristics of the mixture is observed. The tolerances in proportioning
the various materials shall be according to ASTM C685.

RAPID STRENGTH HYDRAULIC CEMENT CONCRETE

Typically, concrete repairs can be completed with accelerated mixes. This mix is for use when lane
closures are limited to 8 hours or less or when concrete is required to achieve a compressive strength
of 2,500psi in 6 hours or less. When these criteria are required, specify Rapid Strength Concrete
instead of accelerated mixes.

A. Materials

Rapid Strength Concrete shall meet the requirements of Item 30 Section 30.2 with the following
exceptions:
e ASTM C1600 rapid hardening hydraulic cement shall be used
o Supplementary Cementitious Materials are not required
o Set-retarding admixtures such as citric acid or those meeting the requirements of
AASHTO M194 may be used. Citric acid for use in Rapid Strength Concrete shall be
provided in liquid form with 49-52% solids.

B. Mix Design Submittal

Rapid Strength Concrete requirements shall meet the requirements of Iltem 30 Section 30.3B
with the exception that when a self-contained mobile mixer (volumetric mixer truck) is used, the
mix design shall be performed with the volumetric mixer truck.

C. Mixing

Mixing shall meet the requirements of Item 30 Section 30.4 with the following addition:
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D.

¢ |f a self-contained mobile mixer is used and ice is used to cool the mix water, it
must be melted before entering the mixer.

Placing

Placement of Rapid Strength Concrete shall meet the requirements of Item 32 with the following
additional requirements:

1. Pre-Pour Meeting

A pre-pour meeting with the CONTRACTOR, sub-contractor, material supplier and
AGENCY personnel must be held before placement to discuss: concrete curing,
protection, washout bin staging, handling of cylinders, placement of maturity probes, hot
weather placement, cold weather placement, and opening to traffic.

2. On-site Testing

Compressive strength specimens shall be cast and initially cured at the placement
location for a minimum 4 hours before being moved. Specimens shall be moved prior to
opening to traffic.

3. Temperature
Temperature testing shall take place immediately after discharge from the chute.

4, Curing

Curing compound must be applied immediately following finishing operations.
Manufacturer recommended application rates should be followed with a minimum rate of
200 SF/Gal.

5. Hot Weather Limitations

A plan must be submitted for approval prior to any placement when air temperature is
expected to exceed 80°F. Procedures for maintaining and monitoring of temperatures of
water, aggregates and admixtures during mixing, placement and curing of concrete must
be detailed as well as procedures to be implemented upon abrupt changes in weather
conditions. Placing concrete during hot weather shall be limited by the temperature of
the concrete at the time of placement.

6. Cold Weather Limitations

When the ambient temperature is forecast to drop below 40°F during placement and up
to 24 hours after placement, a plan must be submitted for approval by the AGENCY
prior to placement. Concrete must not be placed on frozen subgrade. Procedures for
maintaining and monitoring of temperatures of water, aggregates and admixtures during
mixing, placement and curing of concrete must be detailed as well as procedures to be
implemented upon abrupt changes in weather conditions.

7. Finishing
During finishing of rapid strength concrete, water and finishing aids shall not be added or
worked into the surface. The texture of the concrete should match the adjacent
pavement. Otherwise, finishing and smoothness should meet the requirements stated in
Items 31 and 32.

8. Opening to Traffic
Pavement may be opened to traffic once a compressive strength of 2000 psi has been
achieved. Compressive strength shall be determined using the maturity method. The
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30.6

maturity meter shall be placed no more than 10 feet from the end of the final placement
of the shift.

MATURITY (TIME-TEMPERATURE) METHOD AND ESTIMATING CONCRETE

STRENGTH
The Maturity Method may be used to make reliable estimates of the in-place strength of concrete,
particularly when early opening is desired or required by the AGENCY. This is a two-step procedure:

First, a relationship must be established between the maturity values and the concrete strength
as measured by destructive methods in a laboratory in order to determine the Maturity Index.
The development of the maturity curve shall be done prior to beginning construction and shall
use the approved materials and mix design for the project.

The second step is the instrumentation of the concrete to be measured. Maturity loggers are
installed in the concrete and measured at predetermined intervals. By comparing those maturity
readings to the laboratory curve, the in-place strength can be estimated. The CONTRACTOR
and the AGENCY shall jointly develop a plan for performing the maturity testing.

A. Terminology

Datum Temperature  “The datum temperature is a selected temperature value at which it is
assumed that no reactions occur to contribute to strength.” (TIP 15)

Maturity Logger A device required to monitor and record the concrete temperature as a
function of time and compute the Maturity Index.

Maturity Method “A technique for estimating concrete strength that is based on the
assumption that samples of a given concrete mixture attain equal
strengths if they attain equal values of the maturity index.” (ASTM
C1074)

Strength-Maturity Relationship “An empirical relationship between concrete strength and
maturity index that is obtained by testing specimens whose
temperature history up to the time of test has been records.”
(ASTM C1074) In this document the Strength-Maturity
Relationship is referred to as the Maturity Curve.

Temperature-Time Factor “The maturity index computed as the area between the concrete
temperature and the datum temperature from the plot of
measured concrete temperature versus time, expressed in units
of degree-days or degree hours.” (ASTM C125) In this document
the Temperature-Time Factor is referred to as the Maturity
Index.

B. Laboratory Curve Development

Maturity curves should be developed in a laboratory with the same concrete mix design that will
be used on the project. It is acceptable to use concrete produced at the ready mix plant, and
delivered to the laboratory, for development of the maturity curve.
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Determine test cylinder size according to ASTM C192. Prepare a minimum of 15 cylinders for
testing in addition to cylinders that will contain the maturity loggers.

The maturity logger should be placed in the center of the cylinder with the lead exposed. Use
two maturity loggers, in separate cylinders, for curve development. Activate the maturity
loggers, input datum temperature, and record the logger activation time immediately after
molding is complete.

Moist cure cylinders in a water bath, or a moist room, following the requirements of ASTM C511.

For conditions when maximum accuracy of strength estimation is desired the appropriate datum
temperature can be determined experimentally. For convenience, 0 degrees Celsius is an
industry standard datum temperature selection in the absence of verification testing.

For high early applications, the recommended cylinder curing environment is described in ASTM
C1758. Several field and laboratory observations have indicated that concrete mixtures with
rapid strength development generate increased early age heat that cannot be replicated through
standard curing. Standard curing of this type of concrete slows the hydration reaction and
restricts the early age heat which would otherwise occur. This restriction in early age heat and
strength development may yield an inaccurate maturity curve. In all cases, cure cylinders for
maturity curve development in a manner that closely mimics the expected jobsite curing
conditions.

Determine measurement ages based on the type of cylinder curing environment that will be
utilized. Take a minimum of three measurements prior to reaching the target strength for the
project, and two afterwards. Record the averages of the maturity values, temperatures and at
least two compressive strengths at each measurement age. If the range of compressive
strength of the two specimens exceeds 10% of their average compressive strength, test another
cylinder and compute the average of the three tests. If a low test result is due to an obviously
defective specimen, discard the low test result.

Input the recorded data into the maturity software system that is being utilized. Provide a report
that summarizes the following data from the ftrial:

e Batch date

e Batch time

e Logger activation time

e Datum temperature

e Mix Code

e Concrete slump, air content, unit weight, temperature and water to cementitious ratio at
the time of testing

e Minimum and maximum temperatures recorded

e At each test age list averages of the maturity values, temperature and compressive
strengths

o What size cylinder or beam that was used as a specimen type

e The time-temperature factor for the target compressive strength

e The appropriate equation from ASTM C1074 Section 6 used

o Plotted maturity curve with the maturity value on the X axis and the strength listed on the

Y axis
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If specified, a flexural strength maturity relationship is permitted. Use the same procedures
found in Section 30.6B above to develop the flexural maturity curve.

Development of a new maturity curve due to material source, or proportion changes, in a
concrete mix may be waived by use of the verification procedure found in Section 30.6D.

C. Field Measurement

The AGENCY is responsible for the maturity determination of in-place concrete such as
designating the location and quantity of maturity sensors and verifying the required maturity
index for the project.

Prior to concrete placement, install maturity loggers at locations in the structure that are critical
in terms of exposure conditions and structural requirements. Sensors should be surrounded by
concrete and not be in direct contact with metallic embedments or other features that are
partially exposed to the environment. For pavements, insert the maturity loggers into the
concrete until the probe is at approximately the slab mid-depth, and at least two feet from the
edge. Consult the AGENCY for smaller sections of pavement where this is not possible.

D. Determination of In-Place Strength

The field placement will likely reach the target maturity index faster than the cylinder specimens
did during the development of the maturity curve. This is more accentuated when using high
early concrete. A plan should be developed for each pour as to when maturity readings in the
field will begin based on the anticipated rate of strength gain of the concrete placement. Consult
with the Ready-Mix supplier to understand this in more detail.

When the strength at a location is to be estimated, read the maturity index from the logger.

Verification of the strength maturity relationship is performed when safety critical elements are
identified by the AGENCY. Cast at least three field-molded cylinders. A maturity logger will be
placed in the center mass of one cylinder. Activate the maturity logger immediately after molding
is complete. Subject these cylinders to the same curing method used during maturity curve
development. When the logger reads 90-100% of the target maturity index, transport all
cylinders, including the one with the logger, to the testing location. Prior to testing any cylinders,
record the temperature, maturity index and elapsed time of the embedded logger. Test at least
two cylinders to determine the average compressive strength. If the average compressive
strength of the cylinders is more than 10% below the strength indicated by the maturity curve at
that time, a new strength maturity relationship should be developed. If the average compressive
strength of the cylinders is more than 10% over the strength indicated by the maturity curve at
that time, it is not necessary to develop a new curve unless more accuracy is deemed
necessary by the AGENCY.

E. Factors Requiring a New Curve

Changes in material sources, proportions, and mixing equipment all affect the maturity value of
a given concrete mixture. If the w/c ratio of the production concrete exceeds the wi/c ratio of the
concrete used to develop the strength-maturity curve by more than 0.02, a new curve shall be
developed. Therefore, development of a new maturity curve is generally required for any
change to a concrete mix.
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Development of a new maturity curve due to material source or proportion changes in a
concrete mix may be waived by use of the validation procedure. If the average strength is
greater than the original maturity curve at the TTF the validation beams were tested, a new
curve shall not be required. A new curve shall be required if the average strength is less than
the original curve at the TTF the validation beams were tested.
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30.7 REFERENCES

The following standards and procedures are noted for reference as needed:

Standard or
Procedure

AASHTO M321

AASHTO T104

AASHTO T358

ACI 301

ACI 308

Name

Standard Specification for
High-Reactivity Pozzolans
for Use in Hydraulic-
Cement Concrete, Mortar,
and Grout

Standard Method of Test
for Soundness of
Aggregate by Use of
Sodium Sulfate or
Magnesium Sulfate

Standard Method of Test
for Surface Resistivity
Indication of Concrete’s
Ability to Resist Chloride
lon Penetration

Specifications for
Structural Concrete

Guide to External Curing
of Concrete

Description or Significance

This specification covers high-reactivity pozzolans for use as a mineral
admixture in Portland cement concrete and mortar to fill small voids and/or
where pozzolanic action is desired. High-reactivity pozzolans are microsilica
products with a particle size typically one to two orders of magnitude smaller
than portland cement. These materials are usually supplied in undensified or
densified dry form. If the material is supplied in a densified form, the tests
should be performed on the as-collected undensified material before being
processed into densified form.

This method covers the procedure to be followed in testing aggregates to
determine their resistance to disintegration by saturated solutions of sodium
sulfate or magnesium sulfate. This is accomplished by repeated immersion in
saturated solutions of sodium or magnesium sulfate followed by oven drying
to partially or completely dehydrate the salt precipitated in permeable pore
spaces. The internal expansive force, derived from the rehydration of the salt
upon reimmersion, simulates the expansion of water on freezing. This test
method furnishes information helpful in judging the soundness of aggregates
subject to weathering action, particularly when adequate information is not
available from service records of the material exposed to actual weathering
conditions. Attention is called to the fact that test results by the use of the two
salts differ considerably and care must be exercised in fixing proper limits in
any specifications that may include requirements for these tests.

This test method covers the determination of the electrical resistivity of water-
saturated concrete to provide a rapid indication of its resistance to the
penetration of chloride ions.

This is a Reference Specification that the Architect/Engineer can apply to any
construction project involving structural concrete by citing it in the Project
Specifications. A mandatory requirements checklist and an optional
requirements checklist are provided to assist the Architect/Engineer in
supplementing the provisions of this Specification as required or needed by
designating or specifying individual project requirements.

This guide reviews and describes practices, procedures, materials, and
monitoring methods for the external curing of concrete and provides guidance
for specifying curing procedures. Current curing techniques are presented
and commonly accepted methods, procedures, and materials are described.
Methods are given for curing structures and buildings, pavements and other
slabs-on-ground, and for mass concrete. Curing methods for several specific
categories of cement-based products are discussed in this document.
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Standard or
Procedure

ACI 318

ASTM A615

ASTM A706

ASTM A775

ASTM A1064

ASTM A1078

ASTM C31

ASTM C33

ASTM C39

Name

Building Code
Requirements for
Structural Concrete and
Commentary

Standard Specification for
Deformed and Plain
Carbon-Steel Bars for
Concrete Reinforcement

Standard Specification for
Deformed and Plain Low-
Alloy Steel Bars for
Concrete Reinforcement

Standard Specification for
Epoxy-Coated Steel
Reinforcing Bars

Standard Specification for
Carbon-Steel Wire and
Welded Wire
Reinforcement, Plain and
Deformed, for Concrete

Standard Specification for
Epoxy-Coated Steel
Dowels for Concrete
Pavement

Standard Practice for
Making and Curing
Concrete Test Specimens
in the Field

Standard Specification for
Concrete Aggregates

Standard Test Method for
Compressive Strength of
Cylindrical Concrete
Specimens

Description or Significance

The “Building Code Requirements for Structural Concrete” (“Code”) provides
minimum requirements for the materials, design, and detailing of structural
concrete buildings and, where applicable, nonbuilding structures. This Code
addresses structural systems, members, and connections, including cast-in-
place, precast, plain, non-prestressed, prestressed, and composite
construction. Among the subjects covered are: design and construction for
strength, serviceability, and durability; load combinations, load factors, and
strength reduction factors; structural analysis methods; deflection limits;
mechanical and adhesive anchoring to concrete; development and splicing of
reinforcement; construction document information; field inspection and
testing; and methods to evaluate the strength of existing structures.

This specification covers deformed and plain carbon-steel bars for concrete
reinforcements in cut lengths and coils. Materials considered under this
specification are available in Grades 40 [280], 60 [420] and 75 [520].

This specification covers deformed and plain low-alloy steel bars in cut
lengths or coils for concrete reinforcement intended for applications.
Restrictive mechanical properties and chemical composition are required for
compatibility with controlled tensile property applications or to enhance
weldability.

This specification covers deformed and plain steel reinforcing bars with
protective epoxy coating applied by the electrostatic spray method. The
surface of the steel reinforcing bars to be coated shall be cleaned by abrasive
blast cleaning to near-white metal. The number and frequency of tests for
coating thickness, continuity, flexibility and adhesion are specified. If the
specimen for coating thickness or flexibility fails to meet the specified
requirements, two retests on random samples shall be conducted for each
failed test.

This specification covers carbon-steel wire and welded wire reinforcement
produced from hot-rolled rod to be used for the reinforcement of concrete.
The steel wire is cold-worked, drawn or rolled, plain (non-deformed, as-drawn
or galvanized), or deformed. Welded wire reinforcement is made from plain or
deformed wire, or a combination of plain and deformed wire.

This specification covers plain steel dowel bars with protective fusion-bonded
epoxy coating for use in concrete pavements.

This practice provides standardized requirements for making, curing,
protecting, and transporting concrete test specimens under field conditions.

This specification defines the requirements for grading and quality of fine and
coarse aggregate for use in concrete. Fine aggregate shall consist of natural
sand, manufactured sand, or a combination thereof. Coarse aggregate shall
consist of gravel, crushed gravel, crushed stone, air-cooled blast furnace
slag, or crushed hydraulic-cement concrete, or a combination thereof.

This test method covers determination of compressive strength of cylindrical
concrete specimens such as molded cylinders and drilled cores. It is limited
to concrete having a density in excess of 800 kg/m?3[50 Ib/ft3)].
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Standard or
Procedure

ASTM C42

ASTM C78

ASTM C88

ASTM C94

ASTM C117

ASTM C125

ASTM C131

ASTM C138

ASTM C143

Name

Standard Test Method for
Obtaining and Testing
Drilled Cores and Sawed
Beams of Concrete

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

Standard Test Method for
Soundness of Aggregates
by Use of Sodium Sulfate
or Magnesium Sulfate

Standard Specification for
Ready-Mixed Concrete

Standard Test Method for
Materials Finer than 75-uym
(No. 200) Sieve in Mineral
Aggregates by Washing

Standard Terminology
Relating to Concrete and
Concrete Aggregates

Standard Test Method for
Resistance to Degradation
of Small-Size Coarse
Aggregate by Abrasion
and Impact in the Los
Angeles Machine

Standard Test Method for
Density (Unit Weight),
Yield, and Air Content
(Gravimetric) of Concrete

Standard Test Method for
Slump of Hydraulic-
Cement Concrete

Description or Significance

This test method provides standardized procedures for obtaining and testing
specimens to determine the compressive, splitting tensile, and flexural
strength of in-place concrete. Generally, test specimens are obtained when
doubt exists about the in-place concrete quality due either to low strength test
results during construction or signs of distress in the structure. Another use of
this method is to provide strength information on older structures.

This test method is used to determine the flexural strength of specimens
prepared and cured in accordance with Test Methods C42/C42M or Practices
C31/C31M or C192/C192M. Results are calculated and reported as the
modulus of rupture. For the same specimen size, the strength determined will
vary if there are differences in specimen preparation, curing procedure,
moisture condition at time of testing, and whether the beam was molded or
sawed to size.

This test method provides a procedure for making a preliminary estimate of
the soundness of aggregates for use in concrete and other purposes. The
values obtained may be compared with specifications, for example
Specification C33, that are designed to indicate the suitability of aggregate
proposed for use. Since the precision of this test method is poor (Section 12),
it may not be suitable for outright rejection of aggregates without confirmation
from other tests more closely related to the specific service intended.

This specification covers ready-mixed concrete manufactured and delivered
to a purchaser in freshly mixed and unhardened state as hereinafter
specified. Requirements for quality of concrete shall be either as hereinafter
specified or as specified by the purchase.

Material finer than the 75-um (No. 200) sieve can be separated from larger
particles much more efficiently and completely by wet sieving than through
the use of dry sieving. Therefore, when accurate determinations of material
finer than 75 ym in fine or coarse aggregate are desired, this test method is
used on the sample prior to dry sieving in accordance with Test Method
C136.

This standard is a compilation of definitions of terms as they are used in
standards under the jurisdiction of Committee C09.

This test has been widely used as an indicator of the relative quality or
competence of various sources of aggregate having similar mineral
compositions. The results do not automatically permit valid comparisons to
be made between sources distinctly different in origin, composition, or
structure.

This test method covers determination of the density of freshly mixed
concrete and gives formulas for calculating the unit weight, yield or relative
yield, cement content, and air content of the concrete. Yield is defined as the
volume of concrete produced from a mixture of known quantities of the
component materials.

This test method is intended to provide the user with a procedure to
determine slump of plastic hydraulic-cement concretes.
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Standard or
Procedure

ASTM C150

ASTM C174

ASTM C192

ASTM C231

ASTM C260

ASTM C272

ASTM C309

ASTM C452

Name

Standard Specification for
Portland Cement

Standard Test Method for
Measuring Thickness of
Concrete Elements Using
Drilled Concrete Cores

Standard Practice for
Making and Curing
Concrete Test Specimens
in the Laboratory

Standard Test Method for
Air Content of Freshly
Mixed Concrete by the
Pressure Method

Standard Specification for
Air-Entraining Admixtures
for Concrete

Standard Test Method for
Water Absorption of Core
Materials for Sandwich
Constructions

Standard Specification for
Liquid Membrane-Forming
Compounds for Curing
Concrete

Standard Test Method for
Potential Expansion of
Portland-Cement Mortars
Exposed to Sulfate

Description or Significance

This specification covers eight types of portland cement: type I, type IA, type
II, type lIA, type lll, type IlIA, type IV, and type V. The cement covered by this
specification shall only contain the following ingredients: portland cement
clinker; water or calcium sulfate, or both; limestone; processing additions;
and air-entraining addition for air-entraining portland cement.

This test method is used to determine the compliance of concrete
construction with design specifications and is commonly used in determining
the thickness of pavements and other slab construction. This test method
requires that at least one end of the core be a finished or formed surface.

This practice provides standardized requirements for preparation of
materials, mixing concrete, and making and curing concrete test specimens
under laboratory conditions.

This test method covers the determination of the air content of freshly mixed
concrete. The test determines the air content of freshly mixed concrete
exclusive of any air that may exist inside voids within aggregate particles. For
this reason, it is applicable to concrete made with relatively dense aggregate
particles and requires determination of the aggregate correction factor (see
6.1 and 9.1).

This specification covers materials proposed for use as air-entraining
admixtures to be added to concrete mixtures in the field. The air-entraining
admixture shall conform to the requirements such as initial and final time of
setting, compressive strength, flexural strength, and length change
(maximum shrinkage).

Absorbed water affects the characteristic properties of sandwich core
materials, such as electrical properties (for example, dielectric constant, loss
tangent, and electrical resistance) and mechanical properties (for example,
strength and modulus). The mass of absorbed water may also affect the
behavior of sandwich structures. It should be noted that in a sandwich panel
the presence of facings bonded on two sides of the core may affect the
amount of water absorbed by the core.

This specification covers liquid membrane-forming compounds suitable for
application to concrete surfaces to reduce the loss of water during the early-
hardening period. White-pigmented membrane-forming compounds serve the
additional purpose of reducing the temperature rise in concrete exposed to
radiation from the sun. The membrane-forming compounds covered by this
specification are suitable for use as curing media for fresh concrete, and may
also be used for further curing of concrete after removal of forms or after
initial moist curing.

This test method, which is applicable only to portland cements, covers the
determination of the expansion of mortar bars made from a mixture of
portland cement and gypsum in such proportions that the mixture has a sulfur
trioxide (SO3) content of 7.0 mass %.
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Standard or
Procedure

ASTM C494

ASTM C511

ASTM C535

ASTM C595

ASTM C618

ASTM C685

ASTM C979

ASTM C989

Name

Standard Specification for
Chemical Admixtures for
Concrete

Standard Specification for
Mixing Rooms, Moist
Cabinets, Moist Rooms,
and Water Storage Tanks
Used in the Testing of
Hydraulic Cements and
Concretes

Standard Test Method for
Resistance to Degradation
of Large-Size Coarse
Aggregate by Abrasion
and Impact in the Los
Angeles Machine

Standard Specification for
Blended Hydraulic
Cements

Standard Specification for
Coal Fly Ash and Raw or
Calcined Natural Pozzolan
for Use in Concrete

Standard Specification for
Concrete made by
Volumetric Batching and
Continuous Mixing

Standard Specification for
Pigments for Integrally
Colored Concrete

Standard Specification for
Slag Cement for Use in
Concrete and Mortars

Description or Significance

This specification covers the materials and the test methods for use in
chemical admixtures to be added to hydraulic-cement concrete mixtures in
the field. The seven types of admixtures are indicated as follows: Type A—
water reducing; Type B—retarding; Type C—accelerating; Type D—water
reducing and retarding; Type E—water reducing and accelerating; Type F—
water reducing, high range; and Type G—water reducing, high range, and
retarding. The materials used in the concrete mixtures shall include Type | or
Type Il cement, pozzolan, fine and coarse aggregates, and air-entraining
admixture.

This specification includes requirements for mixing rooms where paste and
mortar specimens are prepared; and for moist cabinets, moist rooms, and
water storage tanks where paste, mortar, and concrete specimens are
stored. This specification includes the requirements for mixing rooms where
paste and mortar specimens are prepared and for moist cabinets, moist
rooms, and water storage tanks where paste, mortar, and concrete
specimens are stored; intended for use in the testing of hydraulic cements
and concretes. The system shall be equipped with a temperature recorder
and a reference temperature measuring device that are to be placed
practically near to each other.

The test has been widely used as an indicator of the relative quality or
competence of various sources of aggregate having similar mineral
compositions. The results do not automatically permit valid comparisons to
be made between sources distinctly different in origin, composition, or
structure.

This specification pertains to blended hydraulic cements for both general and
special applications, using slag or pozzolan, or both, with portland cement or
portland cement clinker or slag with lime. These cements are classified into
two types: Type IS which is portland blast-furnace slag cement and Type IP
which is portland-pozzolan cement. They can also be described according to
air-entraining, moderate sulfate resistance, moderate heat of hydration, high
sulfate resistance, or low heat of hydration properties.

This specification covers coal fly ash and raw or calcined natural pozzolan for
use in concrete where cementitious or pozzolanic action, or both, is desired,
or where other properties normally attributed to fly ash or pozzolans may be
desired, or where both objectives are to be achieved.

This specification covers concrete made from materials continuously batched
by volume, mixed in a continuous mixer, and delivered to the purchaser in a
freshly mixed and unhardened state.

This specification covers the basic requirement for colored and white
pigments in powder form to be used as admixtures in concrete for the
purpose of producing integrally colored concrete. Where the pigments are a
constituent of a multicomponent admixture, this specification applies to the
pigment constituent of the admixture.

This specification covers three strength grades of finely ground granulated
blast-furnace slag (Grades 80, 100, and 120) for use as a cementitious
material in concrete and mortars.
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Standard or
Procedure

ASTM C1064

ASTM C1074

ASTM C1077

ASTM C1116

ASTM C1157

ASTM C1193

ASTM C1260

ASTM C1293

Name

Standard Test Method for
Temperature of Freshly
Mixed Hydraulic-Cement
Concrete

Standard Practice for
Estimating Concrete
Strength by the Maturity
Method

Standard Practice for
Agencies Testing
Concrete and Concrete
Aggregates for Use in
Construction and Criteria
for Testing Agency
Evaluation

Standard Specification for
Fiber-Reinforced Concrete

Standard Performance
Specification for Hydraulic
Cement

Standard Guide for Use of
Joint Sealants

Standard Test Method for
Potential Alkali Reactivity

of Aggregates (Mortar-Bar
Method)

Standard Test Method for
Determination of Length
Change of Concrete Due
to Alkali-Silica Reaction

Description or Significance

This test method provides a means for measuring the temperature of freshly
mixed concrete. The measured temperature represents the temperature at
the time of testing and may not be an indication of the temperature of the
freshly mixed concrete at a later time. It may be used to verify conformance
to a specified requirement for temperature of concrete.

This practice can be used to estimate the in-place strength of concrete to
allow the start of critical construction activities such as: (1) removal of
formwork and reshoring; (2) post-tensioning of tendons; (3) termination of
cold weather protection; and (4) opening of roadways to traffic.

The testing and inspection of concrete and concrete aggregates are
important elements in obtaining quality construction. A testing agency
providing these services shall be selected with care.

This specification covers all forms of fiber-reinforced concrete that are
delivered to a purchaser with the ingredients uniformly mixed. This
specification may also apply to fiber-reinforced concrete intended for
shotcreting by the dry-mix process when sampling and testing is possible at
the point of placement. It, however, does not cover the placement,
consolidation, curing, or protection of the fiber-reinforced concrete after
delivery to the purchaser. Materials are classified according to the type of
fiber incorporated, which are: Type |, steel fiber-reinforced concrete that
contains stainless, alloy, or carbon steel fibers; Type Il, glass fiber-reinforced
concrete that contains alkali-resistant glass fibers; Type lll, synthetic fiber-
reinforced concrete that contains synthetic fibers; and Type IV, natural fiber-
reinforced concrete that contains cellulose fibers.

This performance specification covers hydraulic cements for both general
and special applications. There are no restrictions on the composition of the
cement or its constituents.

This guide describes the use of a cold liquid-applied sealant for joint sealing
applications. Including joints on buildings and related adjacent areas, such as
plazas, decks, and pavements for vehicular or pedestrian use, and types of
construction other than highways and airfield pavements and bridges.
Information in this guide is primarily applicable to a single and multi-
component, cold liquid-applied joint sealant and secondarily to a precured
sealant when used with a properly prepared joint opening and substrate
surfaces.

This test method provides a means of detecting the potential of an aggregate
intended for use in concrete for undergoing alkali-silica reaction resulting in
potentially deleterious internal expansion. It is based on the NBRI
Accelerated Test Method. It is especially useful for aggregates that react
slowly or produce expansion late in the reaction. However, it does not
evaluate combinations of aggregates with cementitious materials nor are the
test conditions representative of those encountered by concrete in service.

Alkali-silica reaction is a chemical interaction between some siliceous
constituents of concrete aggregates and hydroxyl ions. The concentration of
hydroxyl ion within the concrete is predominantly controlled by the
concentration of sodium and potassium.
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Standard or
Procedure

ASTM C1315

ASTM C1330

ASTM C1521

ASTM C1567

ASTM C1582

ASTM C1600

ASTM C1602

ASTM C1758

Name

Standard Specification for
Liquid Membrane-Forming
Compounds Having
Special Properties for
Curing and Sealing
Concrete

Standard Specification for
Cylindrical Sealant
Backing for Use with Cold
Liquid-Applied Sealants

Standard Practice for
Evaluating Adhesion of
Installed Weatherproofing
Sealant Joints

Standard Test Method for
Determining the Potential
Alkali-Silica Reactivity of
Combinations of
Cementitious Materials
and Aggregate
(Accelerated Mortar-Bar
Method)

Standard Specification for
Admixtures to Inhibit
Chloride-Induced
Corrosion of Reinforcing
Steel in Concrete

Standard Specification for
Rapid Hardening Hydraulic
Cement

Standard Specification for
Mixing Water Used in the
Production of Hydraulic
Cement Concrete

Standard Practice for
Fabricating Test
Specimens with Self-
Consolidating Concrete

Description or Significance

This specification covers the performance requirements for membrane-
forming liquids suitable for use as curing compounds and sealers for fresh
and hardened concrete. Each membrane should have good alkali resistance,
acid resistance, adhesion-promoting qualities, and resistance to degradation
by UV light. The materials are limited to clear or translucent and white
pigmented materials, all of which are classified into non-yellowing,
moderately yellowing, or yellows or darkens unrestrictedly.

This standard specification covers the basic requirements for cylindrical
sealant backing for use with cold liquid-applied sealants. Cylindrical sealant
backings are classified into three types: type C, type O, and type B,
composed predominantly of closed cell material, open cell material, and bi-
cellular material, respectively.

Many parameters contribute to the overall performance of a sealant
application. Some of the most significant parameters are sealant bead size
and configuration, joint movement, quality of workmanship, the quality of the
adhesive bond, and the quality of the sealant material. This method does not
evaluate the performance of a sealant joint as a weatherseal. It only
evaluates the characteristics of the adhesive bond relative to the cohesive
strength of the sealant in a particular installation. Since any failures that result
from use of this test method are intentionally induced, they do not necessarily
mean that the sealant joint will not perform as a weatherseal.

This test method provides a means for evaluating the ability of pozzolans and
ground granulated blast-furnace slag to control deleterious internal expansion
due to alkali-silica reaction when used with an aggregate intended for use in
concrete. It is based on the Accelerated Test Method developed at the
National Building Research Institute (NBRI) in the Republic of South Africa.

This specification covers material for use as chloride-corrosion-inhibiting
admixtures for concrete. Concrete must meet the physical requirements such
as compressive strength and flexural strength. The test admixture must show
corrosion-inhibiting performance with the required mean integrated macrocell
current of test beams and mean corroded area of test beams as a fraction of
control.

This specification covers performance requirements for rapid hardening
hydraulic cements.

This specification covers mixing water used in the production of hydraulic
cement concrete. It defines sources of water and provides requirements and
testing frequencies for qualifying individual or combined water sources.

This practice covers procedures for fabricating test specimens in the
laboratory or field using a representative sample of fresh self-consolidating
concrete (SCC). This practice is applicable to SCC with a nominal maximum
aggregate size up to 25 mm [1 in.] and a slump flow of 500 mm [20 in.] or
greater. If the slump flow is less than 500 mm [20 in.] follow the fabrication
procedures described in the standard for which the test specimen is required.
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Standard or
Procedure

ASTM D1056

ASTM D1751

ASTM D1752

ASTM D5893

ASTM D8139

ASTM E329

CDOT CP-67

Name

Standard Specification for
Flexible Cellular
Materials—Sponge or
Expanded Rubber

Standard Specification for
Preformed Expansion
Joint Filler for Concrete
Paving and Structural
Construction
(Nonextruding and
Resilient Bituminous
Types)

Standard Specification for
Preformed Sponge Rubber
Cork and Recycled PVC
Expansion Joint Fillers for
Concrete Paving and
Structural Construction

Standard Specification for
Cold Applied, Single
Component, Chemically
Curing Silicone Joint
Sealant for Portland
Cement Concrete
Pavements

Standard Specification for
Semi-Rigid, Closed-Cell
Polypropylene Foam,
Preformed Expansion
Joint Fillers for Concrete
Paving and Structural
Construction

Standard Specification for
Agencies Engaged in
Construction Inspection,
Testing, or Special
Inspection

Standard Method of Test
for Determining Adhesion
of Joint Sealant to
Concrete Pavement

Description or Significance

This specification covers flexible cellular rubber products known as sponge
rubber and expanded rubber, but does not apply to latex foam rubber or
ebonite cellular rubber.

This specification covers preformed expansion joint filler having relatively little
extrusion and substantial recovery after release from compression.

This specification covers preformed expansion joint fillers for use in concrete,
brick, stone, and other paving and structural construction. The fillers are
available in the following types: Type I, sponge rubber, which shall consist of
preformed strips of a durable elastic sponge rubber compound using
synthetic rubber or natural rubber as a base and containing no reclaim rubber
or factice; Type Il, cork, and Type lll, self-expanding cork, which shall both
consist of preformed strips that have been formed from clean granulated cork
particles securely bound together by a synthetic resin of an insoluble nature;
and Type IV, recycled PVC, which shall consist of preformed strips that have
been extruded using scrap PVC material and using either no binder or a
synthetic resin of an insoluble nature to securely bind it together.

This specification covers two types of cold applied, single component,
chemically curing silicone sealants that are based on polymers of
polysiloxane structures, and are intended for use in sealing joints and cracks
in Portland cement concrete highway and airfield pavements. This
specification does not address the properties required of sealants for use in
areas of Portland cement concrete pavements subject to jet fuel or other fuel
spillage, such as vehicle or aircraft refueling and maintenance areas, or a
combination thereof. Type NS (non-sag) sealant resists sagging after
application in horizontal joints and requires tooling or forming into the joint to
achieve the desired application configuration. Type SL (self-leveling) sealant,
on the other hand, has sufficient flow characteristics to form a smooth and
level surface in horizontal joints without tooling or forming after application.

This specification covers preformed expansion joint fillers made from closed-
cell polypropylene foam materials having suitable compressibility, recovery
from compression, nonextruding, and weather-resistant characteristics.

This specification defines the minimum requirements for inspection agency
personnel or testing agency laboratory personnel, or both, and the minimum
technical requirements for equipment and procedures utilized in the testing
and inspection of construction and materials used in construction.

This procedure is designed to test the adhesion of the joint filler to the
concrete pavement in sawed joints or routed cracks where backer rod is
used.

MGPEC - VOLUME | - PAVEMENT DESIGN STANDARDS & CONSTRUCTION SPECIFICATIONS

2022 Version

Item 30 - Page 28



Standard or
Procedure

CDOT CP-L
4103

EPA 40 CFR
Part 59

Name

Standard Method of Test
for Unrestrained Shrinkage
of Concrete

National Volatile Organic
Compound Emission
Standards for Consumer
and Commercial Products

Description or Significance

This method establishes a procedure for determining the unrestrained
shrinkage of concrete mixtures.

This section identifies the consumer and commercial product categories for
which EPA has determined that CTGs will be substantially as effective as
regulations in reducing VOC emissions in ozone nonattainment areas: (a)
Wood furniture coatings; (b) Aerospace coatings; (c) Shipbuilding and repair
coatings; (d) Lithographic printing materials; (e) Letterpress printing
materials; (f) Flexible packaging printing materials; (g) Flat wood paneling
coatings; (h) Industrial cleaning solvents; (i) Paper, film, and foil coatings; (j)
Metal furniture coatings; (k) Large appliance coatings; (I) Miscellaneous metal
products coatings; (m) Plastic parts coatings; (n) Auto and light-duty truck
assembly coatings; (0) Fiberglass boat manufacturing materials; and (p)
Miscellaneous industrial adhesives.
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