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(2461) STRUCTURAL CONCRETE
REVISED 09/25/15
MnDOT 2461 is hereby modified as follows:

MnDOT 2461.2.A shall be modified to include the following:

A.5 Ternary Mixes

Ternary mixes are defined as portland cement and two other supplementary
cementitious materials, or blended cement and one other supplementary cementitious material
with a maximum replacement of 40% by weight.

MnDOT 2461.2.E shall be modified to include the following:

For all Concrete Grades shown in Table 2461-7, use any admixtures on the MnDOT
Approved/Qualified Products list.

MnDOT 2461.2.F.1.d shall be deleted and replaced with the following:

F.1.d Coarse Aggregate Designation

Select the appropriate coarse aggregate gradation designation in accordance with Table
2461-3 based on the intended use and the gradation requirements in 3137, “Coarse Aggregate
for Portland Cement Concrete.”

Table 2461-3
Coarse Aggregate Designation for Concrete

Designation Coarse Aggregate Gradation

0 Job Mix Formula (JMF) combination of fine and coarse aggregate

Table 3137-4, “Coarse Aggregate Designation for Concrete”
ASTM #467

ASTM #67

ASTM #7

ASTM #89

CA-70

0 (N[ [W [N |-

CA-80

MnDOT 2461.2.F.1.e shall be deleted and replaced with the following:
F.1.e Additional Concrete Mix Designation Digits
The Contractor may add additional digits to the right of the required digits in the

concrete mix number.

Table 2461-6 of MnDOT 2461.2.F.2.a shall be deleted and replaced with the following:

Page 1 of 8



Appendix E
City of Duluth Construction Standards
January 8, 2016

Table 2461-6
Concrete Mix Design Requirements (Not applicable to Mass Concrete)

oLb NEW Maximum Maximum Maximum %SCM Minimum 28-day
. . Intended Use R . Slump . 3137
Concrete Grade Mix Mix w/c ratio Cementitious (Fly Ash/ Range Compressive Spec
Number Number t Content (Ibs/yd®) Slag/Ternary) 8 Strength, f'c pec.
B Abutment, stems, wingwalls, paving brackets, pier
Bridge 3v43 3852 * ’ » Wingwa''s, paving brackes, p 0.45 750 30/35/40 2-5 4000 psi 2.0.1
columns and caps, CIP wall stems, pier struts
Substructure
3A22 ) ” :
3v22 3F32 * Slipform curb and gutter 0.42 750 30/35/0 %-3" % 4500 psi 2.D.1
F
Flatwork 3A32 Sidewalk, curb and gutter, slope paving, median
3Y32 3F52 * sidewalk, driveway entrances, ADA pedestrian 0.45 750 25/30/0 2-5” 4500 psi 2.D.1
3A34 sidewalk
1A43 1G52 * Footings and pilecap 0.55 750 30/35/40 2-5" 4500 psi 2.D.1
Footings, pilecap, walls, cast-in-place manholes and
G 3A43 catch basins, fence posts, signal bases, light pole
General Concrete 3842 3G52* pasins, tence posts, sig 18Nt P 0.45 750 30/35/40 2-5 4500 psi 2.0.1
foundations, erosion control structures, cast-in-place
3Y43
box culverts, culvert headwalls, open flumes
M 3Y12 3M12 Slipform Median barrier, non-bridge 0.42 750 30/35/40 %-1" % 4500 psi 2.D.1
Median Barrier 3Y32 3M52 Median barrier, non-bridge 0.45 750 30/35/40 2-5" 4500 psi 2.D.1
PiI?ng 1C62 1P62 * Piling, leveling pads 0.60 750 30/35/40 3-6" 3000 psi 2.D.1
R 3A32
Pavement 3842 3R52 * CPR - Full depth concrete repairs, concrete base 0.45 750 30/35/40 2-5" 4000 psi 2.D3
Rehabilitation
3Y16 3512 Slipform bridge barrier, parapets, end post 0.42 750 30/35/40 %-1" % 4000 psi 2.D.2
s 3A32
Bridge 3A42 Median barrier, raised median, pilaster, curb,
s 3Y43 3552 sidewalk, approach panel, formed bridge barrier, 0.45 750 30/35/40 2-5" 4000 psi 2.D.2
uperstructure
3Y46 parapet, end post, collar
3Y46A
X 1X62 . ” .
. 1X62 Cofferdam seals, rock sockets, drilled shafts 0.45 750 30/35/40 3-6 5000 psi 2.D.1
Miscellaneous 1X46
Bridge 3X46 3X62 Drilled shafts above frost line 0.45 750 30/35/40 3-6” 5000 psi 2.D.1
3Y42-M Bridge decks, integral abutment diaphragms, pier
3v33 Y425 continuity diaphragms, e;?:nsmn joint replacement 0.45 750 30/35/40 2-4 4000 psi 2.D.2
3Y33A
3YHPC-M
i M 3Y36 Bridge decks, integral abutment diaphragms, pier
Bridge Deck 3YHPC-S I L . -
3Y36A continuity diaphragms, expansion joint replacement See Special Provisions of Contract 2.D.2
# 3YHPCLC-M mix
3YHPCLC-S
3A37 . . ” .
3y37 3Y47 * Deck patching mix 0.45 750 30/35/40 2-4 4000 psi 2.D.2

* The Contractor may choose to use the Coarse Aggregate Designation “1” for the 4" digit in accordance with Table 2461-3. Mix 3Y47 requires the use of Coarse Aggregate Designation “7” or “3” for the 4" digit in

accordance with Table 2461-3.
|| If the intended use is not included elsewhere in the Specification or Special Provisions, use mix 3G52, unless otherwise directed by the Engineer.

t The minimum water/cement (w/c) ratio is 0.30.

¥ Adjust slump in accordance with 2461.3.G.7.a for slipform concrete placement.
# The “-S” indicates a bridge deck with a structural slab and “-M” indicates a monolithic bridge deck.
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S-1.6 MnDOT 2461.2.F.2.b shall be deleted and replaced with the following:
F.2.b  High-Early Concrete Mix Design Requirements
The Department defines High-Early (HE) concrete as concrete designed to achieve the minimum
strength to opening at 48 hours. Unless otherwise included in the plans, all HE concrete requires approval
of the Engineer prior to incorporation into the work.
Control cylinders are required for determining strength; in lieu of control cylinders the
Contractor may use the maturity method in accordance with 2461.3.G.6, “Estimating Concrete Strength
by the Maturity Method.”
The Department defines the concrete mix design requirements for High-Early concrete in
accordance with Table 2461-7.
Table 2461-7
High-Early (HE) Concrete Requirements (Not applicable to Mass Concrete)
Maximum Minimum
LD NEW Mini Mini 28-
0 . . Concrete .|n|mum Maximum | Cementitious | Slump | Strength fnimum 8 day 3137
Mix Mix Grades Time to . Compressive
Number | Number Allowed Openin wi/c ratio Content Range to Strength, f'c Spec.
P J (Ibs/ yd®) * Opening Bth,
3A22HE 3HE32 F 48 hrs 0.42 750 ! _"3 3000 psi 4500 psi 2.D.1
3A32HE ” . .
3YA3HE 3HES2 B,F,G 48 hrs 0.42 750 2-5 3000 psi 4500 psi 2.D.1
3Y33HE v
3Y46HE 3YHE52 (Repairs Only) 48 hrs 0.42 750 2-5" 3000 psi 4000 psi 2.D.2
3Y37HE P Y
3A32HE 3RHES52 .R 48 hrs 0.42 750 2-5" 3000 psi 4000 psi 2.D.3
(Repairs Only)

* Supplementary Cementitious Materials allowed.
|| Adjust slump in accordance with 2461.3.G.7.a for slipform concrete placement.

S-1.7  The second paragraph of MnDOT 2461.2.F.3 shall be deleted and replaced with the following:

Design the concrete mix to an absolute volume of 27.00 — 27.27 cu. ft [1.0 — 1.01 cu. m].
S-1.8  MnDOT 2461.2.F.3.a, 2461.2.F.3.a(1) and 2461.2.F.3.a(2) shall be deleted and replaced with the
following:

F.3.a

Preliminary Test Data Requirements for Level 2 Mixes

For Level 2 Mixes, submit the proposed Mix Design Proportions on the Contractor Mix Design
Submittal based upon either a suitable experience record or conventional trial mixtures not to exceed the
limits specified in Table 2461-6 or 2461-7.

F.3.a(1) Suitable Experience Record
A suitable experience record consists of at least 30 consecutive tests, or two groups of
consecutive tests totaling at least 30 tests, within the previous 18 months. If the Contractor does not
have 30 tests, the Concrete Engineer will consider a minimum of 10 test results representing a time
period of at least 45 days.
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The Concrete Engineer considers a suitable experience record to have the following
characteristics as compared to the proposed mix:

(a)

(b)
(c)
(d)
(e)
(f)
(g)

Average compressive strength (f'cr) meeting the required 28-day compressive strength
and no greater than 1000 psi above the required 28-day compressive strength,

Same type or grade of cementitious materials,

Same class of coarse aggregate,

Proportions of coarse and fine aggregate within 10% of the proposed,

Water/Cement ratio no greater than the maximum allowed,

Supplementary cementitious material contents within 5%, and

Batching conditions and testing procedures similar to those expected for the proposed
work.

Submit all test results on the Strength Test Data sheet as part of the Contractor Mix Design

Submittal.

The Concrete Engineer reserves the right to request batching data representing the suitable
experience record submittal.

F.3.a(2) Conventional Trial Mixtures

If the Contractor does not have a suitable experience record as required in 2461.2.F.3.a(1) above,
establish concrete proportions from trial mixtures, utilizing an AMRL accredited laboratory in accordance
with the following:

(a)

(b)
(c)

Use proportions and consistencies required for proposed work at the w/c ratios or
cementitious materials content that will produce a strength meeting or exceeding the
required 28-day compressive strength (f'c) in accordance with Table 2461-6 or 2461-7;
Design trial mixtures to produce slump within £ 0.75 in. of maximum permitted;

For air-entrained concrete, design trial mixtures to produce air content within + 0.5
percent of maximum allowable air content;

For each w/c ratio or cementitious materials content, make and cure at least three test
cylinders for 28-day breaks in accordance with ASTM C 192. For HE concrete mixes, in
addition to the 28-day cylinders, make a set of three test cylinders for 48-hour breaks in
accordance with ASTM C 192.

Submit all test results for the trial mixtures, certified by the AMRL accredited laboratory, in
addition to the Contractor Mix Design Submittal.
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S-1.9  MnDOT 2461.2.G shall be deleted and replaced with the following:
G Department Designed Concrete Mixes

The Department will provide the mix proportions for the following concrete uses in accordance
with Table 2461-10, “Department Designed Concrete Mixes”:

Table 2461-10
Department Designed Concrete Mixes

Type of Concrete Mix Number Specification Mix Design Location
Field Batched Patching Mix 3U18 2302 Table 2302-1
Low Slump Concrete 3U17A 2404 Weekly Report of Low Slump Concrete
Grout 1AGrout and 3AGrout 2461 Table 2461-11
Lean Mix Backfill Lean-Mix 2520 Table 2520-1
Random Riprap (Matrix) 3AGrout 2511 Special Provisions
Bagged Patching Mix 3U18 and 3U18M 3105 Table 3105-1

Table 2461-11
Concrete Mix Design Requirements for Grout Mixes

Mini 28-
Grout . Water Cement Fine Aggregate . . inimum 28
. Maximum R %Air Maximum day

Mix . Content Content Calculation .
Number* w/c ratio (pounds) | (pounds) (pounds) Content Slump Compressive
P P P Strength, f'c

1AGROUT 0.50 379 758 1031 x Specific 3.0% | Asneeded 4000 psi

Gravity
3AGROUT 0.44 379 865 8786’;:&:’;'f'c 100% | Asneeded 4000 psi

* Do not provide grout containing coarse aggregate or fly ash.

S-1.10 MnDOT 2461.3.F.1.a(3) shall be deleted and replaced with the following:

(3) Include a site map showing stockpile locations identified with the MnDOT pit number.
S-1.11 MnDOT 2461.3.F.1.b shall be deleted and replaced with the following:

F.1.b  Maintaining Plant Certification

The Producer will maintain plant certification by:

(1) Notifying the Department of any upcoming cementitious or admixture changes;

(2) Updating the Contact Report with any material or equipment changes and submitting to
the Department;

(3) Sampling and testing the materials in accordance with this section and the requirements
of the Schedule of Materials Control;

(4) Documenting the production and testing of the materials used in the certified ready-mix
concrete.

Any procedural changes that cause non-compliance with this program may result in de-
certification of the plant and cessation of further production of Department concrete as determined by
the Concrete Engineer in accordance with 2461.3.F.4.h, “Decertification.”
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MnDOT 2461.3.F.4.g shall be deleted and replaced with the following:

F.4.g Signing the Certificate of Compliance
The Producer’s MnDOT Certified Plant Level 1 or Level 2 technician will:
(2) Review the first Certificate of Compliance for each mix type, each day, for accuracy; and
(2) Legibly hand sign the Certificate of Compliance at a location designated for Producer
signature signifying agreement to the terms of this program and to certify that the
materials comply with the requirements of the Contract; and

(3) Write their MnDOT Technical Certification Number next to their signature.

Delete the Title of Table 2461-17 of MnDOT 2461.3.G.5.e and replace with the following:

Table 2461-17
Acceptance Criteria for Standard 28-day Cylinders

Delete MnDOT 2461.3.G.5.e(4) and replace with the following:
G.5.e(4) Non-Conforming Material

If the Contractor inadvertently places concrete not meeting the strength requirements into the
work, the Engineer will not accept nonconforming concrete at the contract unit price. For concrete not
meeting the moving average of three (3) consecutive strength tests, the Engineer will adjust the contract
unit price for the contract item of the concrete in accordance with Tables 2461-19 for Concrete Grades F,
G, M, PandR.

For Concrete Grades B, S, X and Y strength failures the Engineer, in conjunction with the Concrete
Engineer, will determine adjusted contract unit prices in accordance with 1503, “Conformity with Contract
Documents,” and 1512, “Unacceptable and Unauthorized Work.”

When there is not a separate contract unit price for Structural Concrete for an item of work or
the concrete is a minor component of the contract unit price, the Department will reduce payment based
on a concrete price of $100.00 per cu. yd [$130.00 per cu. m] or the Contractor-provided invoice amount
for the concrete in question, whichever is less.

Table 2461-19
Concrete Grades F, G, M, P, and R

consecutive strength tests

Movi f
oving average of 3 Adjusted Contract Unit Price

The Department will pay 87.5 percent of the relevant contract unit price

0, 4
>93.0% of f'c for materials placed as approved by the Engineer.

> 87.5% and <£93.0% of f'c

The Department will pay 75 percent of the relevant contract unit price for
materials placed as approved by the Engineer.

Remove and replace concrete in accordance with 1503, “Conformity with

Contract Documents,” and 1512, “Unacceptable and Unauthorized Work,”

< 87.5% of f'c as directed by the Engineer. If the Engineer, in conjunction with the

Concrete Engineer, determines the concrete can remain in place, the
Engineer will not pay for the concrete.
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S-1.15 MnDOT 2461.3.G.6.a and 2461.3.G.6.a(1) shall be deleted and replaced with the following:

G.6.a Development of Maturity-Strength Relationship

The Engineer will allow development of the maturity curve in either the laboratory or in the field,
provided the precautions for field curing and testing are followed, as described in the MnDOT Concrete
Manual. Test the concrete strength specimens for development of the maturity curve.

Determine the strength development criteria based on the type of concrete in accordance with

the following:
(1)
(2)

(3)
(4)

For concrete pavement: 2301.3.0, “Opening Pavement to Traffic,”

For concrete pavement repairs: 2302.3.B.4, “Opening to Construction Equipment and
Traffic,”

For concrete structures: 2401.3.G, “Concrete Curing and Protection”

For sidewalks, driveway entrances and curb and gutter, a minimum of 3000 psi [20.6
MPa] is required.

Until an acceptable strength-maturity relationship is established, verify strength using concrete
beams or cylinders.

G.6.a(1) Procedure

Estimate the in-place concrete strength using the maturity method as described in ASTM C 1074,
except as noted in this specification as follows:

(a)
(b)
(c)
(d)

Using 15 beams or 17 cylinders;

The Nurse-Saul method of computing maturity;

A datum temperature of -10°C (14°F);

Maintain specimens at temperatures greater than 50° F for the duration of the maturity
curve development.

Test three (3) strength specimens at five different ages specified in Table 2461-20 for the type of

concrete work.

Table 2461-20
Chronological Testing Ages of Strength Specimens

Type of Concrete Testing Ages *
Concrete Pavement as defined in 2301 Determined by the Contractor ||
Normal Strength Concrete as defined in 2461 1, 2, 3,7 and 28 days
High-Early (HE) Concrete as defined in 2461 12 hours, 1, 2, 7 and 28 days
Ultra High-Early (UHE) Concrete as defined in 2302 3,4 and 8 hours, 1 and 14 days

Concrete Engineer.

* The Contractor may adjust the testing ages if approved by the Engineer, in conjunction with the

|| Test at least two (2) sets of strength specimens before the anticipated opening strength.

S-1.16 The first paragraph of MnDOT 2461.3.G.6.c shall be deleted and replaced with the following:
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Perform a verification strength test to ensure the in-place concrete strength correlates with the
maturity-strength relationship as follows:

(1)
(2)
(3)
(4)

(5)
(6)

(7)

(8)
(9)

Notify the Engineer at least 24 hours in advance of the time and location of both the
verification specimen’s casting and strength testing.

When the maturity curve is developed prior to the start of construction or in a
laboratory, perform a verification strength test on the first day of concrete placement.
Perform a verification strength test at least once every seven (7) calender days during
normal plant production.

If the plant has not supplied concrete to the project for a period of greater than thirty
(30) calendar days, perform a verification strength test.

Cast 3 beams or 4 cylinders for each verification strength test.

The Engineer will test the concrete strength specimens for verification of the maturity
curve as close to the maturity value determined to represent the opening, loading or
form removal strength criteria in accordance with section 5-694.500 of the Concrete
Manual.

Record the results of verification test on the Concrete Maturity-Strength Verification
form and submit an updated copy with the newest test result to the Engineer the day
that the verification test is completed.

The Engineer may direct additional verification testing as necessary.

Submit electronic data from the maturity meters or temperature loggers in a comma-
delimited (.txt or .csv) file format to the Engineer, which includes at least the project
number, date and location of the meters or loggers.

MnDOT 2461.3.G.6.d(2) shall be deleted and replaced with the following:

(2)

Increase in the water-cementitious materials ratio by more than 0.02,

Delete the Title of Table 2461-23 of MnDOT 2461.3.G.7.b and replace with the following:

Table 2461-23
All Concrete Grades (Excludes Grade Y)

Delete the Title of Table 2461-24 of MnDOT 2461.3.G.7.b and replace with the following:

Table 2461-24
Bridge Deck Concrete, Grade Y

Delete the Title of Table 2461-27 of MnDOT 2461.3.G.8.a and replace with the following:

Table 2461-27
General Concrete (Target Air Content 6.5%)
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