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MDOT Concrete Mix Design:

Proportioning, Approvals, etc.

Steve Waalkes, P.E., Director of Engineering - W. Mich.

Michigan Concrete Association



Where are MDOT specs located?

e Standard Specifications for Construction and
Frequently Used Special Provisions (2020

e hitps://mdotjboss.state.mi.us/SpecProv/ssspHome.htm

e Breviously approved special provisions

* arious other project-specific special provisions
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View/Print Documents

To view or print individual source files (and not
access a job), select a document list below and
click the "View/Print Documents” button.

O Notice to Bidders 2020

O special Provisions - Frequently Used 2020

O Supplemental Specification 2020

O Notice To Bidders 2012

O Special Provisions - Frequently Used 2012

O Supplemental Specifications 2012

View/Print Documents

Last Updated List

2012 MDOT STANDARD SPECIFICATIONS FOR
10N

CONSTRUCTI
2020 MDOT STANDARD SPECIFICATIONS FOR
CONSTRUCTION

PREVIQUSLY APPROVED SPECIAI

1QUSLY
PROVISIONS

Note - These are template fles approved by C&T
and available in RTF format for modification




Approved Materials

e Materials Quality Assurance Procedures
Standiard Speciications for Canstruction . A can tl"ﬂ[: t [I|:|[:|_||T|E|'| t
- | e Lurrent revision in place at the time of
¢VIDOT contractor's bid is binding for the project
e (uarterly updates

e Available on MDOT website

e Just Google "MDOT Materials Quality Assurance
Procedures Manual”

CONSTRUCTION FIELD SERVICES
IIIIIIII
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Approved Materials - Cement, Slag Cement

e Approved manufacturers of portland cement - ASTM G150 and/or ASTM Ca8a (MDOT 801)

* Prior to addition to approved list,
o MDOT reviews historical mill reports for ASTM compliance EEEE e I

Spec. # and Material Approved Manufacturers Approved Distribution Facilities
Name (not manufacturer specific)
s . . 901 Argos USA, LLC - Martinsburg, WV Ash Grove - Detroit, and Dundee, MI;
[ V ‘|: h | t f | IJ | Cement Duluth, MN
E rl | E S IJ yS I E a p I‘l D p E r I E S D a S a m p E S Ash Grove - Mississauga, Ontario, Canada; Joliette, | Buzzi Unicem USA - Elmira and Grandville,
Quebec, Canada MI; Elkhart, IN: Joliet, IL
Buzzi Unicem USA - Chattanooga, TN; Festus MO; | Holcim (US), Inc. — Detroit, Essexville,
. Greencastle, IN Muskegon, St. Joseph and Zilwaukee,
) D Central Plains Cement - Sugar Creek, MO MI; Chicago, Lemont and Summit, IL;
n g D I n g ’ Continental Cement Company - Hannibal, MO Toledo, OH; Green Bay, Wi
Fairborn Cement Company - Fairborn, OH St. Mary's Cement, Inc. (US) —
Holcim (US), Inc. - Alpena, MI; Paulding, OH; and Cleveland 1, Cleveland 2, Marysville and

B . | . | | h . d d . d ) ﬁloomsdale, MO Toledo, OH; Ferrysburg, MI;

* Diannual mill report submitted and reviewe ol T e

LeHigh Cement Company, LLC - Logansport and
Mitchell, IN; Union Bridge, Maryland; Picton,

« Random samples may be taken in the field for QA verification B ot

Canada
St. Mary's Cement, Inc. (US) - Detroit and
Charlevoix, MI; Bowmanville and St. Mary's,

e Type lll cement is permitted only for precast / Y S

Slag Cement Canada Holcim (US), Inc. — Detroit, Essexville,

Holcim (US), Inc. - South Chicago, IL Muskegon, St. Joseph and Zilwaukee,
1 1 Skyway Cement Company, LLC - Chicago, IL MI; Chicago, Lemont and Summit, IL;
IJFES PESSE nu Dr FEH y_mIX Dr' pEV”-Ig Toledo, OH; Green Bay, WI
St. Mary's Cement, Inc. (US) - Detroit, MI; St. Mary's Cement, Inc. (US) - Cleveland 1,
Milwaukee, WI Cleveland 2 and Marysville, OH;
Ferrysburg, M|
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Approved Materials - SCM's

e Required amount: 2a2%-40% total replacement of portland in high performance mixtures
o [ould be lower in certain situations (mass concrete placements)

e Approved Manufacturers of supplemental cementitious materials (MDOT 801)

Approved Distribution Facilities
Material Name Approved Manufactirers (not manufacturer specific)

. s .
® P PI D r‘ tu a d d |t I D n tu | I St 901.07 Ash Grove - Bell River, St. Clair, MI Ash Grove - Dundee, MI
' Pozzolanic Admixtures Boral Resources - Avon Power Plant, Avon Lake,

(Fly Ash) for Concrete OH; Erickson Power Plant, Lansing, MI; Sammis

Spec. # and

H H H H H Power Station, Stratton, OH; Monroe Power
o MDOT reviews historical mill reports for compliance
15, Unit 17 & Unit 18, Wheatfield, IN; Labadie
Power Station, Labadie, MO; Rush Island Power
_ Station, Festus, MO; Coal Creek Steam

° Fly ESh EE'B, ElESS [" End F Generating Plant, Underwood, ND

Charah, Inc. - Zimmer Power Station, Moscow, OH;

Miami Fort Unit 7 & 8, North Bend, OH

® Slﬂg EEmEﬂt - EHBH, ErﬂdE “][I, |T|||1||T|U|T| Holcim (US), Inc. - Will Co. Plant, Romeoville, IL;

Elm Road Generating Station, Oak Creek, IL;
Columbia, Portage, WI; Edgewater Sta. Unit 5,

» Verifies physical properties of lab samples Siborn i s i Kenos,
Separation Technologies, LLC - Clifty Creek Power
Station, Madison, IN; Longview Power Plant,

. Maidsville, WV
e n g D I n g Waste Mgmt./FlyAsh Direct - Zimmer Power Plant,
Y Moscow, OH; Miami Fort Unit 7 & 8, North Bend,

OH; Avon Lake Unit 9, Cleveland, OH; Joppa
Generating Station, Joppa, IL

o Manthly mill report submitted and reviewed - fly ash only
o Random samples may be taken in the field for QA verification
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Approved Materials - Aggregates
e Prequalified aggregate sources - (Section 302)

e Yearly inspection of labs — —
« History of a well controlled process _SMpOT = =M= — ==
e History of specification compliance = ? HTE““”"’ =
e Reduced MDOT 0A acceptance of source e -
e | test per 10,000 tons of material produced = = w Wﬁ
* Non-Prequalitied aggregate sources = =
« No history of specification or process control | ==—————
e Normal MDOT (A acceptance of source = == m
o | test per 1000 tons of material produced e
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Approved Materials - Aggregates  (cont)

e Aggregate Huality

@VIDOT
o ED&I“SE Agg. FI‘IEEZE_ThaW Michigan Department of Transportation
e Maximum F-T dilation = 0.0&67 for most concrete Ml ss o

applications

e Maximum F-T dilation = 0.040 for all paving, high
performance concrete

2019

Construction Field Services Division

(] SpEElflE gr‘av”:y Aggregate Quality Unit

e F-Tvalues are good for all products from that quarry/pit that
are within -0.04 of the specific gravity of the product tested

* Aggreqate Inspection Manual
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ASR Testing (Fine Aggregate only)

« ASTM C 1260
o Expansion < [.10% at 14 days

« ASIM L 1233

o Expansion < 0.040% at | year
* Need to start test | year before product is desired to be used
e Must be run on the class of aggregate to be used

o ASIM L 1ab7

e Must use replacement of portland cement with slag cement or fly ash
o Expansion < 0.10% at 14 days

Data good for two years




Approved Materials - Admixtures
e Admixtures (MDOT 303) - Qualified Products List (IPL) in Materials Source Guide

e Accepted for use on MDOT projects based on the trade name, model number, etc., as listed.

e Manufacturer secures independent lab testing using three locally available cements
o Air entraining ASTM C260

 Water reducers, retarders, accelerators ASTM C434 CRRIFIEDPRONLIETS e (QPL)

Air Entraining - ASTM C 260; Chemical - ASTM C 494
(See Notes Following Listing of Admixtures

e Yearly affidavit from manufacturer e I——— S

pe For Supplierand Type Producer and Description age:men
ateri; ame range
. fl oz/ewt
[ } E_SLI ml‘t EVE I"y yEﬁI’IS EUCLID CHEMICAL CO.
903.01 % o]
Alf Entraining Admixtures Eucon AEA 92 AE Air-entraining 5
Accelguard G3 E Wat d ( -90
999999 Accelguard NCA c Accelerator (non-chloride) 5
. 11 . ] 11 . Il |Liquid chemical —— ; -
. Admixtures Eucon Air Mix 200 AE Air-entraining
'y 10 avoid WILCNes orew ar Cnemical soup cuoon e wcs re | wronsaneg
EUCON MR A Water-reduce
MR id-range water-reduce:
ange water-redu

e Dosage rates listed are only manufacturer's sl - I
recommendations

S22 s =2
G DR m il i
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Where do Mixes Originate?

e Contractor provided mixes:
o Based on ACI 21l procedure

e The contractor is responsible for submitting
the mix documentation to the MDOT project
ENgineer

* Developed by MCA Level Z Concrete Technician
e Department (MDOT) provided mixes:

e Structural patching, mortar, and grout
* Project-specific mixes, per special provision
* Bridge deck overlays

« |atex modified
e Silica fume
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Developing the Mix

e Contractor provided mix designs and mixture
proportions (Section [003)

e Supporting documentation

e Methods of verification
* Method | - Trial batches: same materials used on project
o Method 2 - Same mix: recent experience with same ingredients

o Method 3 - Similar mix: similar aggregates (of same geologic
type), with same cement/additives

o Method 4 - Annual verification: concrete plant verification,
same materials

o All materials must meet MDOT specs
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Batch-to-Batch Variability

10000
8000 g

.’5
6000

4000 &9

2000
2012 2012 2013 2014 2015 2016 2017 2018

03000 psi 03500 psi ©4000psi ©4500psi © 5000 psi




MDOT Grades of Concrete
MEE-E_@_M

Old name  P2,S3 P1,S2, T P1M, S2M P-NC
Use Shoulders, Pavement, HP conc pavt, Foundations, Bridge HP bridge Pavement
sidewalk bridge HP bridge piles decks, decks, HP patching
substructure, approaches, HP railing railing (full-depth
curb & gutter,  substructure repairs)
driveways,
Tremie *

* Tremie does not require aggregate optimization when pumped
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MDOT Standard Specifications for Construction Section 1004

MDOT Spec Book SR

3000 | 3500  |3S0OHPIAS 4000 | 4000HPM® | 4500 | 4S00HPI)| M | X
Compressive 7T day 2200 2600 | 2600 3000 | 3000 3200 3200 | Commercial- | Unless otherwise
strength (psi) grade concrete specified, Grade X
28 day 3000 3500 3500 4000 4000 4500 4500 | 2 ining et in
. 11 70% 2100 | 2450 | 2450 2800 | 2800 3150 3150 | 517 Ibicyd. 282 Ib/cyd of
Y Flexural 7 day 500 550 550 600 600 625 i, |Coddand cement. | camanl.
strength (psi) may be replaced
v 9 28 day 600 850 850 700 700 750 750 | with an SCM.
T T0% 420 | 455 | 455 490 | 490 525 525 |
n 1 | S | ENS— LR -
E t E t M t 3|ump {inch} - | e ey H-4n) A0-in) - (LS 1]
E I I I E n D n [: r E E IX LI I-l E S Cementitious material  489-517 | 517641 | 470-564%1 | 517-611 | 517-611 | 517-658 | 517-658 |
_r.?ment {Ibicyd) |
Class of coarse aggregate BHn
. . Maxirnum w/cm ratio 045
Dr. JBVEIIIEI_I S- Air content range 55-B5%
Section reference 402,403, | 401,602 | 401,602, | 705,922 705,922 | 7O 711, | 708,711, | A NIA

602, 803, | 603,705 | 603,706, T2 T2
804, 806, | TOB. 712 | T12, 713

* (I to dinch slump is typical e
e [ to b inch slump it mix

includes a mid-range water -
reducer

MDOT Standard Specifications for Construction Section 1004

] [ ]
. . HP = high performance {l} 3 to 5-inch slump without admixtures or with Type A or D admixture.
I I-. E D n E n S p E E | | I I I S . {a) HP mixieres require opbimized gradation meeting subsection 1004.03.C. {m) 3- to G-inch shump after the addition of Type MR admixiune.

(b} HF mixtueres require 25 to 40% replacement of pordland cement with an SCM.  (n) 3- to T-inch slump after the addition of Type F or G admixiure.

(g} O- to 3-inch slump for mixtures for pavements. (o} For concrete pavement repair mixtures, use 658 |bicyd of cement when the weather
n D {d} ©0- ta F-inch slump without admixtures or with Type A or D admixture. is forecast to be above 50°F or 752 Ibfecyd when the weather is forecast to be 50°F
[ ) u t D u () O- to G-inch slump after the addition of Type MR admixture. ’ E;:""” e o ot el o houio
e o 2 ] agoreg only from geologically sources for pavement, shoulder,
] ] (] O-taT u'r.h slump after I!'m. addition c_rnypa. For Gad_rnlxl:ura_ ) iscelia pavement (incuding o), 1o nt overiay, bridge
{g) 3-toT-inch slump for iremie applications without admidure or with Typa Aor D approach slab, structursl concrete, drilled shaft, bridge railing, and bridge sidewalk
admixture. applications.
(h) 3- W_T'h"d" shump for tremie applications after the addition of Type MR {g} Unless otherwise required, use Coarse Aggregate BAA or 17A for exposed
admixiure. structural concrete in bridges, retaining walls, and pump stations.
(i} 3 to E-inch slump for tremie applications after the addition of Type F or G (r} The flaxural and compressive sfrengths are not part of the specifications but are
admizxure. listed for informational purposes only and are the minimum strengths anticipated for
(i} & to B-inch slump for dry placed drifled shafis. the mix proportions specified for the various grades of concrete when cured under

(k} 7- ta 9-inch slump for wet placed drilled shafts. standard conditions.




MDOT Form 1976 (JMF Farm

e Develop JMF (mix proportions
according to AGI 21

e Aggreqate bulk density

« >ha% coarse agg content

e IMF valid for Z years
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M0 Dt JOB MIX FORMULA (JMF)
1276 (02/15) CONCRETE FIELD COMMUNICATION
This form appfies only to the project isted below and is not ransferable to ofher prjects
DISTRIBUTION: ORIGINAL — Proj i COPIES — Contractor, Lansing CFS, Region, In: r
CONTROL SECTION  [JOB NUMBER PROJECT LOCATION PROJECT ENGINEER
CONCRETE SUPPLIER PLANT LOCATION NUMBER
ONTRACTOR QC PLAN Y []

GRADE OF CONCREFE| P51 REQUIREMENT | MiX DESIGN NUMBER

| INTENDED USE S}

BMITTED? D0 use onya N [

PRIME / SUBCOMNTRACTORIS)

STANDARD SPEC DATE | QC/QA SPECIAL PROVISION DATE | DATE EFFECTIVE ‘HGG. CORRECTION
MATERIAL DESIGN SOURCES AND PROPERTIES
COARSE AGGREGATE INTERMEDIATE AGGREGATE FINE AGGREGATE
Aggragaiz Type Aggragats Type
MOOT Source No. MDOT Source No. MDOT Soue No.
MDOT Seriee Cass MDOT Sesvices Class MDOT Sertes Class
Speciic Gravtty (Sulk Dry} Specitc Graviy [Eulk Ory} Specttc: Gravity (Sulk Ory)
“Eun 550 cpmera "
ADEorption Absorpton Abeoption

Finaness Moduis (FM)

Unit Weight (Dry Loose) DL
Parten Crushad

MDOT Freeze-Traw (F-T)Diaton
Epedic Grawty (Buik Dry)of =T
Samoe

Unit Weight {Dry Loose} DL
Percant Crusned

MDOT Fresze-Thaw (F-TiDiaton
Specific Graviy Buik Dry) of T
sampie”

Dt of MDOT Freeze-Thaw Seport Date of VDO FreezThaw Ragert
“Ifthe bulk dry specic gravity is more than 0.04 less than the bulk dry specific grawty of the most recently tested freeze-thaw sample, the aggregate will
be considered to have ch charactenistics and be o have a new freeze-thaw test conducted prior to the use on fects.
CEMENTITOUS ADMIXTURES
Cament Source | Prant Ar
Cement Type Water Reducer
Cement Specific Gravity Water Faouer
Fly Ash Source (disiributer & plant) Water Reducer
Fiy Ash Class. Accelerstor
Ash Sp otner
Siag Cament Source
g Caren e T
Siag Cament Sp
Other
MIX PROPORTIONS
‘oume of Coarse Aggregate (DR} = Design Siump e
Coarse Aggragas Weignt (Cry) Design Af %
InEmmenEe AguregEs WeigNt (Dry) SpecTET Al %
Fine Aggregaie Wsignt (Dry) P51 minimum required
Poand cament Wsignt U
Fiy Ash Waight 3 Tota Cementtious -
FIy 45N Fercent of CEMEnthoes Vel cum
Siag Cament Weignt
| centify that all applicable standard test methods have
Siag Cament Peent of been followed ventfying the mix design and JMF
Tt Water Waignt
Met Water Waight Sgnature
WG (25 designed) [
Ar Entrainer (cosage] MCA Levein
otner {dosage) Do




Reviewing the Mix
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e [ontractor submits mix documentation (Form 1976 R

Cementitious materials:

« |0 days prior to anticipated date of placement © ottt T s

i doing business™ {on left)
ek “Canstruction and Technalagy”
ik “Manuals & Guides” (dawn the page)

e Problems with submitted mix s

max. of 658 Bloighie. £ T-sack)?
Fly ash content £ 25% of total cementitious content?
Slag cement (GGBFS) content £ 0% of total cementitious content?

o
] ] . o
* \ncom EtE ackaaes wi B I-IE'I:L“'IHE Wlt Dut I'EVIEW D Total SOM (slag + fiy ash) content £ 0% of total cementitious content?
O w/cem ratio £ 0.50 for fixed form or hand pours; w/cm ratio £ 0.45 for skipform?
Aggregat
.
Y '? D From certified pits?  {sas Approved Manutacturers in Materials Source Guide)
E B I S - O Cambined, the coarse and fine aggregates make up 60% ta 75% of the total concrete volume?
O Proportion (by weight) of ceassa-to-fine aggregate is around 60/40; roughly 55% to 65% coarse,

and 35% to 45% fine?
Cambined aggregate gradati Saad; mix d good zone on workability chart?

Fineness modulus of fine aggregate (sand) analyzed and in higher range (2.7 and above, 3.0 to
3.5 or higher works best)?

Other:

Admixtures from Qualified Products List?  (ses Materials Source Guide)

Admixture dosage within limits? (check QPL for specifics)

© Air entrainment usually around 1.0 to 3.0 az/cwt to achieve 5-8%

© Type A water reducer usually up to 4.0 oz/ewt

o Mid-range water reducer usually up to 8.0 oz/ewt

o gk izer) not usually except for pumping or very low

wfem ratio

Air content checked against yield cales?

Fibers in the mix?
o Synthetic fiber dasage rate usually 15 (doul 1 bag per gl
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Optimized Aggregates
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Goal of Optimized Aggregates

e Reduce permeability

e Reduce paste
e |ess shrinkage

o Potential cost savings related to less
cementitious

e Better workability for pumping and finishing
* Need saturated aggs. in the stockpile

« [reater durability
« Better air system quality
e Lower w-cm ratio

e Req'd for pumped concrete and HP mixes
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Impraoved Finishing

Less Handwork Better Barrier Walls
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orkability

Harsh initial appearance, but very workable once vibrated
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MOAP Section 3.09

e Does not specity MDOT gradation series for aggregates
e [A - retained on %2 inch sieve or greater (0.040 F-T dilation)
o |A - retained on No. 4 and passing %2 inch (0.067 F-T dilation)
o FA - passing No. 4 sieve (ZNS sand)

e Physical Requirements for each aggregate are located in

subsection 302.03.C of the 2020 Spec Book
o [BW (PZ00) 2% CA, 3% IA & FA

e Max of a% material with F-T >0.040 retained above /2"
SIEVE

* No more than [5% carbonate passing No. 4 sieve
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MATERIALS QUALITY ASSURANCE
PROCEDURES MANUAL

August 2021 Edition
In accordance with the 2020
Standard Specifications for Construction

‘’MIDOT

Michigan Department of Transportation

CONSTRUCTION FIELD SERVICES
DIVISION




MOAP Section 3.09

« Stockpile Management Plan
e Process contrals for shipping, handling
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Aggregate Stockpile Management

e [ruck delivery

* How do we build a stockpile?
e Segregation minimization

e Moisture contraol

e Mini Stockpile - sampling for tests
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Aggregate Stockpile Management

e Maintain uniform gradation
e Restore uniform gradation if necessary

e Minimize contamination
e Place a pad or aggregate separation layer
e [Ir don't utilize bottom layer of stockpile

e Maintain uniform moisture content
* Keep moist
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Basic Stockpiling Concepts

e [reate stockpile in lifts
» Complete each lift before beginning next Y S

* Do not dump material over edge of stockpile
e Minimize free-fall heights

e (Inly stockpile amount of aggregate which is
practical

e Minimize crushing by loader
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[ptimized Aggregate Gradation Acceptance Criteria

e [Ine test per o000 tons

e (Ine test per [000 tons -if not
prequalitied supplier material

e [Ise Mini -stockpile sampling protocaol

- MIM 107
e |Ise AASHTO method T 248 to

« Reduce sample size by quartering -CA

and [A

< Miniature Stockpile sampling for FA

[ W




Combined Gradation

/
8 6AA 26A 2NS Combined Percent
9 % Blend =  50.0% 10.0% 40.0% 100%  Retained
10 Sieve Size Percent Passing
11 50 mm 2 100.0 100.0 100.0 100.0 0.0
12 37.5 mm 11/2 100.0 100.0 100.0 100.0 0.0
13 25 mm 1 98.6 100.0 100.0 5593 0.7
14 19 mm 3/4 [ & 100.0 100.0 88.9 10.5
15 12.5 mm 1/2 416 99.5 100.0 70.8 18.1
16 9.5 mm 3/8 2.7 79.4 100.0 89.3 11.5
17 4.75 mm #4 A 9.8 99.0 419 17.4 NOTE: Submittal must also
18 2.36 mm #8 1.4 3.2 84.0 346 7.3 include individual
19 1.18 mm #16 1.4 Py 66.0 27.3 7.3 .
20 600 um #30 1.3 1.8 47.0 19.6 7.7 gradations of each of the
21 300 pm #50 13 .7 19.0 8.4 11.2 three (or more) aggregates.
22 150 pm #100 i 1.6 4.0 2.4 6.1
23 75 pm #200 0.8 1.6 0.3 0.7 1.7
24
25 Coarseness Factor| 62.3 34.6 Workability
26
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Coarseness vs. Workability Chart

[combined % retained above 3/8 inch sieve]

[combined % retained above No.8 sieve]

* WF = Combined % Passing No.d Sieve




Coarseness vs. Workability Chart

45
—
IV (SANDY) /
w
]| L GRADED f
% A (WELL GRADED ‘\;vdlisxliu_res with o 40
= for rﬂixtures with Max. Max. Size <3/4")
i) ] Size 1-1/2" to 3/4
w (14
a / 2 / lc2
7 e e———
= / / L 15
R @ / -1 -
w 3 // t
% | (COARSE / —
(® | GAP GRADED) / / L -
<
3 - 1 03
Y / iz = 2
4 L (]
g [l e / V (ROCKY) ;
8 |
: - : . : 20
100 80 60 40 20 0
COARSENESS FACTOR
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MDOT Chart

CF vs WF for Combined Aggregate

80

45, 44
52, 41
75, 39
68, 38
Center of JMF
+ 60, 36
52,34
Job Mix Formula Zone 45,33
Operating
Zone r
75, 28
75 70 65 60 55 50 45 40
Coarseness Factor
(percent)

45

40

w
(&)
Workability Factor

30

25

(percent)
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Zones in MDOT Chart

CF vs WF for Combined Aggregate

ETE

Job Mix Farmula (IMF) Zone

e Contractor's proposed
optimized gradation for
production, as submitted to the
Engineer in the Initial Mix
Design, must plot within this
z0ne
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Zones in MDOT Chart

CF vs WF for Combined Aggregate

45
45, 44
+ 52, 41
r 40
75, 39
68, 38
Center of JMF
+ 60, 36
r 35
52 34
>
Job Mix Formula Zone 45,33
Operating 88, 31
Zone r 30
75,28
+ + + + + t + 25
75 70 65 60 55 50 45 40
C ess Fact
(percent)

(percent)

Workability Factor
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ETE

Uperating Zone

e Contractor must ensure that
the optimized gradation for
production plots within this
Z0ME




Zones in MDOT Chart

CF vs WF for Combined Aggregate

52, 34
>

45,33

45

r 40

&
Workability Factor

(percent)

r 30

80

75 70 65 60 55 50

(percent)

45

25
40
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ETE

Action Limits

e Contractor's proposed
action limits; if production
gradation plots outside this
zone, steps taken to bring
back within this zone. This is
NOT a stop production
criteria.




MDOT Spreadsheet

u AutoSave @) MDOT-Optimized-Aggregate-Analysis_691451_7.xIsm v £ Search (Alt+Q) swaalkes@miconcrete.onmicrosoft.com °
File Home Insert Page layout Formulas Data Review View Help
7}! ? A @ 1 ¢ "o |7f'\- Show Farulas Calculate Now
l.r{.;xn Augum Relly Fiial Lal D& Loc%) & M& l\%& l\§r3lzj G : “'! ; E Callion
Function v Used ¥ * . i Time ¥ Reference ¥ Trig~ Functions~ = Manager 7 ~ @ Evaluate Formula Window Options ¥ EE Calculate Sheet
Function Library Defined Names Formula Auditing Calculation
DS vk S|l 255
Aggregate Classification — Ag;;’gs:te "KSLT::;?? Ag;:geate Project Information
Relative Percent — 30.61 27.38 42.01 Theoretical Theoretical |Control Section 41000 Job Number 131531
Actual Batch Weight (lbs) (SSD) —) 950.0 850.0 1350.0 Combined Combined |Location Kent Date 8/21/22
{Specific Gravity — 2.55 2.55 2.64 Gradation Gradation |Mix Design Type 3500HP JMF Number 10347
%Passing | %Retained [conc. Producer | ABC RediMix _|Plant Location South
Sieve Size Percent Passing Pounds of Cement: 490
Comments
@ inch 100 100 100 100.0 0.0
1% inch 91.7 100 100 97.5 25
1 inch 40.8 100 100 81.9 15.6
% inch 17.8 99.4 100 74.7 2
/2 inch 9.9 83.8 100 68.0 6.7
B/ inch 9.4 57:4 100 60.5 7.5
No. 4 9.2 13.5 94.2 46.1 14.4
No. 8 9.2 5.1 73.9 35:3 10.8
No. 16 9.2 3.7 54.1 26.6 8.7
No. 30 9.1 313 325 17.3 9.2
No. 50 9.1 3.2 9.2 7.5 9.8 Combined Gradation
No. 100 91 3 2 4.4 351 18.0
g k6o R = 104
Identify Aggregate with a Freeze/ Thaw Dilation > 0.040%)| None x £ 120 _77/\*,*,,*7
Idantifie Aamrannta foam n Oiinreind Cachonotn © ~-M Coarse/ Intermediate 2 r

Calculations |EORBIEdIGROATONN Rl



[IC Testing Requirements for Optimized Aggregates
Ready-Mix Supplier:

* |f aggregates from Prequalified Aggregate Supplier

e [ltilize aggregate source's current weekly gradation analysis

e Must (A these [C results week/yto confirm
e Adjust as necessary to re-optimized and/or move the plot back from Action Limits

e |f not from Prequalified Supplier or gradations not supplied by aggregate sources
* Requirements of On-Site batch plant apply (daily testing)

On-Site Batch Plant for Paving Project:
* Daily gradation testing each dayof production; adjust as necessary

( .  MICHIGAN
‘i CONCRETE
ASSOCIATION




[1A Testing Requirements for Optimized Aggregates
Acceptance (3.04.08)

e Acceptance of the combined aggregate
gradation will be based on the ability of
the combined aggregate gradation to plot
within the Operating Zone Boundary

Figure 1: CF vs WF Chart

e Loss by Wash < Spec Requirement

e Frequency of testing based on tonnage T T e
used (usually coarse agg. tons is trigger;
all three sampled at same time)




Mix Design Submittal Info - Example

Summary page

JMF Form 1376

wkiss McCoig Materials =

July 11%, 2019
Major Cement Co. Div Il Paving

15261 Dale Strest

Detroit, MI48219

At

Re  MDOT 82121204003 M 2

We submit project

Mix Code Description

LW 3500 PST MDOT Grade P1 Pavement - ¥ Slamp.

P1-FM. 3500 PSI MDOT Grade P1 Pavement + MR = 6 Slump

P2FM 3000 PSI MDOT Grade P2 Pavement + MR - 6" Slump

NSFF MDOT Nan Structural Flowable Fill

The above has been desi MDOT and/or

specific omstruction
the project specifications and in reference to ACI 318-08, Chapter § - (Concrete Quality), and ACI standard
iat mest the Roted criferion when handled, placed, cured
ractices. the

and tested in accosdance with current ASTM and ACT
attached conerete mix documens) for further detail

Inaccordance with ACT 301-05, ASTM C94-05, oy o

this i recard o

formanded to QC®mccoig biz.

Forward proper for approval and field reference. A written

Fesponse on the status of | required and appreciated concrets
placed for the. . . i

mixtures, or f we may be of additional service.

Respectiully submitied,

A2 Sh

Jesse Schram

QC Tochnician
NicCoig Materials, LLE
o«

Mogm Deptoert JOB MIX FORMULA (JMF)
e oan CONCRETE FIELD COMMUNICATION e 200
s o s v
DsramunoN Sa ot Lo 7,
'CONTROL SECTION JO8 NUMBER PROJECT LOCATION PROJECT ENGINEER
i oo Sooma Y0 Do T5C
'CONGRETE SUPPLER

ROCPAN ¥ ]

CONTRACTON
SUBMITTED? aioor ot N (1

PRIVE | SUBCONTRACTORIS)
Majee Camant Ca | AB Subcertractons

'STANDARD SPEC DATE Té SPECIAL PROVISION DATE r DG, CORRECTION
iz oenane e 02
MATERIAL DESIGN SOURCES AND PROPERTIES
COARSE AGGREGATE FINE AGGREGATE

e Tios
Sarcs e Jscrnrame Storato - Bumastn
10T S o Sorcarie. Orn
OO Sores Cions 4007 S e )
S Gy @l Dot = 29

= Tor
smrpoin e : 005

= L)
e Dy Lasae) D z
Purc oot Bcent Crthesd =
e MDOT Presas T g 0222118 e 1 OO Prasze T Rapon__
“¥tha bk gy sgeciic graviy s o ien 004 specic gy ol e it

CEMENTITOUS ADMIXTURES.
Corent Sourca P Lafope Apena | asEweseeet BASF Vashe Ar AE 200048 PR
e T Lom kst Wote P Praiars - OpeFi 59 - OWIUOR.
o spuch 31 Ve ke :
iy A Soon i B it H ] W B cas -
A ciss sormerser B
s ™ oo
g G Scce - s Sori P v s S ol
g o -
< = SRS Avew

e :

1 conty sl applesbie siandand et mothods have bean fofwad
z Vestying ihe méx casign and JF

b sy ot

desse Schram ZEzimsiim..

[

Strength Report

MICHIGAN

RETE

ASSOCIATION

i MeCoig Materials MeCo Labarory

12100 Wayna road

Romasus, Michigan 48174
STRENGTH PERFORMANCE
REPORT Tel: T-893-1215
PILEW - MOOT #1 FESWRA
My To 20May2010
Wumber o Te & | Specifina Comprassive Tast
[AverageSirength 5180 | Correctsd CoV. ] Average of 3 Criwrla. Vos.
Poqurs Swenatn T
Concere
o Oy
a-r
can 0 T
- am £
sroey Py 9
o s e
Mg 600 5
Rt 780 -
p—
o i Comnt
el BRI R
I W )
Wiz | 2 | e
wsamin |0
wazn | #me | &0
I L )
I N )
Dste:  Eseon Pam 1 w1




Mix Design Submittal Info - Example

Admixtures Use Optimized Blend Chart Sand Gradation

45
| - S
: MEC@I’ Mal’eﬂals R ¥ istnen STONECO
: ( Fviat A, w
= . g F 4783 Il (WEeLL GRADED for SPC Analysis Report
fr Mixtures with L 40 Plant 141_01455 Burmoistar
Iy 75,39 Max. Size <3/4") Product 227228 Sand
MOOT 2 NS Natural
ALLMDOT PROIECTS
Fa w Action +4 5" - -~ "8 R0 #0 P P00 Pen(%)  Wesn
N = (o] 5me) (475mm) (2360wm) (1.18mm) (O0%) [03mn) (O16wn) (TSuw) Loms
-+ Limits = [ R R R O ] .
)
w o _ T T
Specdand ‘McCoig Ticket Cade « = 35“. Mo 1000 955 858 622 411 133 24 089 000 08
90301 - Air Ftraining Admix BASE Mastorir AR DAEBA 8 sl coclilbore Mo - e A - - - R
ool wrad rars Demes. ommem b o t Men 1000 052 869 636 434 187 30 13& 00 it
F-Camusiviown retes  Ngmcmk ONCACPR ] | (coarse 45,33 = ®De 000 03 07 13 1% 178 0% ous 000 0%
90302 - Waer Reducing Retarding ~ Premiere  ProLongL OSTAB-PR i) GAP GRADED) | = :::::
< Dperating o LowerSpec(LSL) 100 98 s s El 0 0 ° 2
UppmSpo(USL) 00 W0 95 75 55 X 10 s 3
- QrL proj g Zone 30 LowsrLmILCL) 1000 48 849 508 385 100 T 085 o0 o7
Upper Limit (UCL) 1000 L) 2] 873 483 214 43 m 000 15
g | o UmaMean(CL) 1000 958 869 636 434 187 30 118 000 11
Lower 1000 950 L2 L) 402 1o 2 o 000 os
Respectfuly subrmitied, o o] 2SgmaUper 1000 966 882 681 467 195 38 153 080 13
pectiully = 75,28 v (ROCKY) g & 247 Ta8 53 s 17 3. 2 376
Wrammit, o o ves  sor 208 23 i 21 2: 208
C & o 258 7O 509 A07 192 483 347 ass
25 0.80 180 291 208 108 277 274 k5
Kenneth C.
QC / Testing Manager
McCoig Materials, LLC
o
Il i } i It It 20
SronemantaC ow112019 CRH Americas Materials (AMAT) Page: 2 of 3
100 80 60 40 20 0

MICHIGAN

RETE

ASSOCIATION




Mix Design Submittal Info - Example

Coarse Gradation =~ Cement Mill Report  Slag Gement Mill Report

lnnu«i. (NSE) Materfal Certification Report Material Certification Report
L./ Matlaiz Postand Cament Tost Partod: 0142015 10 31-b-2019 okt Pkt S M-
[T — TEE]  Typer  ILowAka Dato esued: 09-4ug 2018 Locaumner Ihapaton
Material Testing Result e tcoment.
‘Ganern iomasen
Sppter ki (U8 St Laegabcn U SmrenLoso: Al Pk Sa higs Pt
PrYY per——p— A 800 o e e A frapim 2340 o 100 o
- CALCITE 71-003 ity Ao, 3701 G .t
s e et P ot e —— S e
Sumcke o o Cuton TR o B e o G G T e S e ol S o T P T L=
Py ey Eni pram -
supan cameuse Prpa: | P .
S Somn: anen Sz - Cm— L S o
N AT, — = e -
Grading 3 Prevees v - s
Jr——) osome: ™ Bt s o503 ) - 0 arcommm 2 “
Mass Cumulative % % Passing Specification % Pass g; ?W:WI"IM s (pel} s
tom) Retained Moss Retained ‘ Win . o oW v e i i o 4403 (X} . U emsaaimod
T s 0 o a £ w = = AU, msbee prosmtin Z o
X ) & ﬂ - b - is 28 duy (prwvcen worhis data) . 3055350 Crlcridn 100 (%) . g 78 Doy b (provoum morit's e B ™
" E m ’ ® ® " -
" s b “ - = M [ s w .
oy e - . - . s - ——— 5 Compenie Sl )
Mot - £ " 3 [] 1 b g ¢ Raberwmca
s !n s " + o N : 0 - e
o o ) “ 2 o N » 8 Ony e s - g
s 0 e " 3 h i wronca Comane
o 0 ™ " : o s e | i
No 108 o e " 2 o N LB = Tk L ) T Tt
N H e H H : H L= —— > T T v
e sane W ) Percaniaot Fioes a Atacrson - (AT C17eR 30 P —— e ]
Mt A28 Vo rraT
x: LA o [,
F B * e * 1 - D I e Pt cclmia moans Nt Apacade
s 00 mumspenscmay o
oo e g A 14 o
e s Corert ot o et 5 st
Grmding Cran =~ ity
T
C— T L
S 3% 5 ==t =
He 80,81 a3 8 %) "
H '/ ey on I
L ey on carm »
o s :
o or
H H i 1 3 #¢ ]
e
oy Jr—— ——
frim e s [os—
pre .
S e S I SRR s
arwon: 1812 Cunetty K. Biae,  Qustty Marager
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ix Design Submittal Info - Example

(ASTM C1293) Data

RMCA Plant Cert.

BOWSER-MORNER, INC.

» Diayon, G 48424 PO Box
AASHTONSO 17025 Accredited + USACE Validated
LABORATORY REPORT
ReportTa: Sionsco Report Date:  0W/25/18
At Cyndy Brock. JobNo: 181088
7566 Whiteford Ra. ReportNo.: 0188148
Ctawa Lake, M1 49267 Mo of Pages: 3
Roport On: L
Procedure: Concrele 1209)
Sampla Identification: MDOT 288
Fine Aggregate Source: Burmaister; Pic#31-93
Coarse Aggrogate Sourca: #57 LS MMA Philipsburg
Coment Source: Fairborn Cement Co.
Date Roceived: oazsn7
Date Cast: owrzsn7
Langih % | ASTIAC 1293 Specification. %
56 Days; omz -
90 Days; ont -
180 Daya 018 -
| 270 Doy L] =
265 Days 0425 0,040 Max
orit sorvios, . 329,
Respectiuly submited,
BOWSER-MORNER, INC.
Seotth Rldery
SDR/sdr
018B14A ‘Soatt D, Ruhkamp, Supervisar
£l Special Section
Lcbrocksteneco com. ‘Construction Materials Laborstory.
TG 'y O IO SERCSOAT e
s i Gt o ot Pt = b
T o, SO 750, 7 o
A

National Ready Mixed Concrete Association

Certificate of Conformance
( For

Concrete Production Facilities

NRMCA ‘THIS 18 TO CERTIFY THAT

Azteca Concrete Plant #3, Redford, MI
McCoig Materials, LLC
ot Plant No. 3
has been inspected by igmed licensed engineer for
mqu(mmls of the C.ieck List for Ready M‘Ixed ‘Concrete Production Facilities. As of the
. the fhcilities met th production by

Truck Mixing with Automatic Batching and Recordings of
Ce Materials, A; Water, and Chemical Admixtures
e,

oy M/:,,\» March 21, :‘;’l! May 66, 2020
Inspection

[ Certifisation Expirition Date

This company will mairtain these facilities in compliance with the Check List requiremens and will
correct promptly any deficiencics which develop.

e
smwam% ﬂ&o[cﬁmﬁnﬂ
NOTICE:

o tavsie
e et
Plant ID #: 500716 Centification ID #; 22680
© 1965, 1992, 2001, 2002, 2006, 2007, 2012
Mationai Resdy ssociation « Silver Spring » Marylend 20910

Scale Calibration

MICHIGAN

RETE

ASSOCIATION

17670 ALLEN ROAD, MELVINDALE, M 48122 62004
PHONE: (313) 3826180 FAX: (313) 382-6184
P

Y- SCALE CALIBRATION REPORT

E METRO SCALE COMPANY, INC.

TECHNCIAN: i Lol Jory Tl DATE: 3-19-1] Nexi Due:

SCALE MFG: GSE CUSTOMER: KOENIG FUEL & SUPPLY CO {SHI
MODEL NO: 650 ADDRESS: 24640 PLYMOUTH

SERIALNO: 101115
LOGATION: _Agg Scale Plant #3 REDFORD. Ml
CAFACITY/RESOLUTION: 36,000 X 20 LB

CONDITION PRIGR 10 CAUBRATION, _TACCEFIABLE __J NEEDS REPAIR - UNABLE TOCAL,
UNITS OF MEASURE: POUNDS O GRAMS 0 OTHER:

[ CALIBRATED TO RANDBOOK 14 TOLERANGE: —JIVEE —GH0 LEGAL FOR T

| APPLIED TEST READING
WEIGHT | BEFORE | AFTER ] SERIAL NUMBERS OF WEIGHTS USED:

0B o ou sos ~Jok & fees sh

T2000LE | zoe08

|y
83|

]
OB | yoroid i o322 | Shift Test: _Betore After

| me)

BO00LB | [0ao18 | doaetd | postionn: \M,I | A
TEROTE | 1300018 | me10ld | position, !

T,000LE | 18,0008 | sg,000i8 | Positiond. N\

|2ge3e]

FBOSTIE (202018 | 2y 0208 | Position 4: 3 4

560

30,000 LB (24, §1018 | 79, 97048 1
B0 LD [34,020L8 | 3¢, 02048
I

COMMENTS:

SCALE OK FOR USE &(YES DN

WOTES:
SCALE TOLERANCE AS APPLIED TO NIST HANDBOOK 44 REQUIREMENTS,
DEVICES UISTED ON TS SHET WERE CHECKED AND CALIBRATED WIT WEIGHTS TRACEABLE TO
THROUGH MS.T. CERTIFICATIONS FOR TEST WEIGHTS ARE REQUEST.
3. CALIBRATION COMPLIES WaTw MBS WSTRUCTION GW 41102, 180 EC 17626:2008 ANO WITH REFERENCE T0

nisT 4
RESULTS OF THS CALIBRATION RELATE 'ONLY TO THE ITEMS SPECIFIED ABGVE.
1S NOT T BE REPRODUCED EXCERT N FULL, WITH: PERMISSION OF MSC.
AL GALIBRATIONS PERFORMED UNDER NORMAL WORKING ENVIORNMENTAL CONDITIONS UNLESS NOTED

san

UNDER COMMENTS.
7. THE UNCERTAINTY CALCULATIONS ARE AVAILABLE LPON WRITTEN REQUEST FROM THE CUSTOMER.
®  ENDOF REPORT,

ECE




Mix Design Submittal Info - Example

Admixture Calibration Water Meter Calibration

DISPENSER CALIBRATION
i *',

e sy Premiere

L e

pe, .,

e . G
ey

e e . 2 "
o s “ &
o o - - .
e e - G "
i o - ,m .
o et - - “

Certificate Signature

Wiy

: McCoig Materials

Water Meter Accuracy Verification
55 Gallon Drum Calibration Sheet
(ssct 801038 1.0
‘lant infarmation
Plant Name: Asteca Meter Type: Fiow
Phan 3 3 Brand
MDOT Plant umber: W10 Prant Wster No.
Water Temperalure: SF Mieter Seri No, 123458
Amblent Temparature:  80F Meter Setting o:
Puse Count ™

7122019

Caibration Date:
Next Calration Date: 101272019

Previous Calbration Date:  320/2019.

Testl

‘Metered Quantity 6 gallons. Measure Quantity 55 gallons
Metar Sefing 0.2845 Adyusied Seting Not Required
Test3

Mosroc Quansty 55 gatons P — 55 gatkrs
Meter Setting 02845 Adjustec Setting. Not Required
Testd

ot Qunmty et Raqired Mooy ot Requres
Veter Seng et Recoa Peates Sotng et Rogred

| certify the above o) was.
roquired st ihis time.
NN Jueh Mossere,
Test Performed By Tast Winessed By

MICHIGAN

RETE

ASSOCIATION

Stockpile Mgmt.

Plan

McCoig Materials, LLC

CONTRACTOR/ PRODUCER AGGREGATE
STOCKPILE MANAGEMENT PLAN

Submitted By:

McCoig Materials, LLC
12100 Wayne Road,
Romalus, MI 48174




Summary

e ACI 2!l mix proportioning considers; e Other considerations not in AGI 211

e Strength o [Iptimized aggregate gradations
o Slump * Placeability / finishability
e Air content * Air system quality
e Jurability o Admixture compatibility
o MDOT JMF Farm 1376 requires * Ultimate strengths

backup documentation
* Approved sources
e i's dotted, t's crossed




Buestions?

swaalkes@miconcrete.net  ddegraaf®@miconcrete.net

blb-bds-dbZd al7-8b2-0b3Z

Thank you!!




