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Where are MDOT specs located?

• Standard Specifications for Construction and 
Frequently Used Special Provisions (2020)

• https://mdotjboss.state.mi.us/SpecProv/ssspHome.htm

• Previously approved special provisions

• Various other project-specific special provisions



Approved Materials

• Materials Quality Assurance Procedures 
Manual

• A contract document
• Current revision in place at the time of 

contractor’s bid is binding for the project
• Quarterly updates
• Available on MDOT website

• Just Google “MDOT Materials Quality Assurance 
Procedures Manual”



Approved Materials – Cement, Slag Cement

• Approved manufacturers of portland cement – ASTM C150 and/or ASTM C595 (MDOT 901)

• Prior to addition to approved list, 
• MDOT reviews historical mill reports for ASTM compliance

• Verifies physical properties of lab samples

• Ongoing,
• Biannual mill report submitted and reviewed

• Random samples may be taken in the field for QA verification

• Type III cement is permitted only for precast /
prestressed (not for ready-mix or paving)



Approved Materials – SCM’s
• Required amount:  25%-40% total replacement of portland in high performance mixtures

• Could be lower in certain situations (mass concrete placements)

• Approved Manufacturers of supplemental cementitious materials (MDOT 901)

• Prior to addition to list,
• MDOT reviews historical mill reports for compliance

• Fly ash – C618, Class C and F
• Slag cement – C989, Grade 100, minimum

• Verifies physical properties of lab samples

• Ongoing,
• Monthly mill report submitted and reviewed – fly ash only
• Random samples may be taken in the field for QA verification



Approved Materials – Aggregates
• Prequalified aggregate sources – (Section 902)

• Yearly inspection of labs
• History of a well controlled process
• History of specification compliance
• Reduced MDOT QA acceptance of source

• 1 test per 10,000 tons of material produced

• Non-Prequalified aggregate sources
• No history of specification or process control
• Normal MDOT QA acceptance of source

• 1 test per 1000 tons of material produced



Approved Materials – Aggregates   (cont.)

• Aggregate Quality
• Coarse Agg. Freeze-Thaw

• Maximum F-T dilation = 0.067   for most concrete 
applications

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

• Specific gravity
• F-T values are good for all products from that quarry/pit that 

are within -0.04 of the specific gravity of the product tested

• Aggregate Inspection Manual



ASR Testing     (Fine Aggregate only)

• ASTM C 1260
• Expansion < 0.10% at 14 days

• ASTM C 1293
• Expansion < 0.040% at 1 year
• Need to start test 1 year before product is desired to be used
• Must be run on the class of aggregate to be used

• ASTM C 1567
• Must use replacement of portland cement with slag cement or fly ash
• Expansion < 0.10% at 14 days

Data good for two years



Approved Materials – Admixtures
• Admixtures (MDOT 903) – Qualified Products List (QPL) in Materials Source Guide

• Accepted for use on MDOT projects based on the trade name, model number, etc., as listed.
• Manufacturer secures independent lab testing using three locally available cements

• Air entraining ASTM C260
• Water reducers, retarders, accelerators  ASTM C494
• Yearly affidavit from manufacturer

• Re-submit every 7 years

• Try to avoid “witches brew” or “chemical soup”
• Dosage rates listed are only manufacturer’s

recommendations



Where do Mixes Originate?
• Contractor provided mixes:

• Based on ACI 211 procedure
• The contractor is responsible for submitting 

the mix documentation to the MDOT project 
engineer

• Developed by MCA Level 2 Concrete Technician

• Department (MDOT) provided mixes:
• Structural patching, mortar, and grout
• Project-specific mixes, per special provision
• Bridge deck overlays

• Latex modified
• Silica fume



Developing the Mix
• Contractor provided mix designs and mixture 

proportions (Section 1003)
• Supporting documentation
• Methods of verification

• Method 1 – Trial batches:  same materials used on project
• Method 2 – Same mix: recent experience with same ingredients
• Method 3 – Similar mix: similar aggregates (of same geologic 

type), with same cement/additives
• Method 4 – Annual verification:  concrete plant verification, 

same materials

• All materials must meet MDOT specs
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MDOT Grades of Concrete
P-NC4500HP450040003500HP35003000Grade

P-NCDMDS1P1M, S2MP1, S2, TP2, S3Old name

Pavement 
patching 
(full-depth 
repairs)

HP bridge 
decks, HP 
railing

Bridge 
decks, 
railing

Foundations, 
piles

HP conc pavt, 
HP bridge 
approaches, HP 
substructure

Pavement, 
bridge 
substructure, 
curb & gutter, 
driveways,
Tremie *

Shoulders,
sidewalk

Use

* Tremie does not require aggregate optimization when pumped



MDOT Spec Book

• Section 1004, “Portland 
Cement Concrete Mixtures”

• For pavements:
• 0 to 3 inch slump is typical
• 0 to 6 inch slump if mix 

includes a mid-range water 
reducer

• Air content spec limits:
• 5.5% to 8.5%



MDOT Form 1976 (JMF Form)

• Develop JMF (mix proportions) 
according to ACI 211

• Aggregate bulk density
• >65% coarse agg content

• JMF valid for 2 years



Reviewing the Mix

• Contractor submits mix documentation (Form 1976)
• 10 days prior to anticipated date of placement

• Problems with submitted mix
• Incomplete packages will be returned without review

• Checklist?



Optimized Aggregates
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Goal of Optimized Aggregates
• Reduce permeability

• Reduce paste
• Less shrinkage
• Potential cost savings related to less 

cementitious

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

• Greater durability
• Better air system quality
• Lower w-cm ratio

• Req’d for pumped concrete and HP mixes



Improved Finishing

Less Handwork Better Barrier Walls



Workability

Harsh initial appearance, but very workable once vibrated



MQAP Section 3.09
• Does not specify MDOT gradation series for aggregates

• CA – retained on ½ inch sieve or greater  (0.040 F-T dilation)

• IA – retained on No. 4 and passing ½ inch  (0.067 F-T dilation)

• FA – passing No. 4 sieve   (2NS sand)

• Physical Requirements for each aggregate are located in 
subsection 902.03.C of the 2020 Spec Book

• LBW (P200) 2% CA, 3% IA & FA

• Max of 5% material with F-T >0.040 retained above ½” 
sieve

• No more than 15% carbonate passing No. 4 sieve



MQAP Section 3.09

• Stockpile Management Plan
• Process controls for shipping, handling, and storage (see next slides)

• Two different max aggregate sizes
• Pavements > 6 inches = 2 inch max size
• Pavements ≤ 6 inches = 1½ inch max size
• All other applications = 1½ inch max size 



Aggregate Stockpile Management

• Truck delivery

• How do we build a stockpile?

• Segregation minimization

• Moisture control

• Mini Stockpile – sampling for tests



Aggregate Stockpile Management

• Maintain uniform gradation
• Restore uniform gradation if necessary

• Minimize contamination
• Place a pad or aggregate separation layer
• Or don’t utilize bottom layer of stockpile

• Maintain uniform moisture content
• Keep moist



Basic Stockpiling Concepts

• Create stockpile in lifts
• Complete each lift before beginning next

• Do not dump material over edge of stockpile

• Minimize free-fall heights

• Only stockpile amount of aggregate which is 
practical

• Minimize crushing by loader



Optimized Aggregate Gradation Acceptance Criteria

• One test per 5000 tons

• One test per 1000 tons –if not 
prequalified supplier material

• Use Mini -stockpile sampling protocol 
– MTM 107

• Use AASHTO method T 248 to
 Reduce sample size by quartering –CA 

and IA

 Miniature Stockpile sampling for FA



Combined Gradation

NOTE: Submittal must also 
include individual 
gradations of each of the 
three (or more) aggregates.



Coarseness vs. Workability Chart

[combined % retained above 3/8 inch sieve]
•CF = ---------------------------------------------------- x  100

[combined % retained above No.8 sieve]

•WF = Combined % Passing No.8 Sieve



Coarseness vs. Workability Chart



MDOT Chart
CF vs WF for Combined Aggregate

45, 44

45, 33

60, 36

52, 41

75, 39

68, 38

68, 31

52, 34

75, 28

25

30

35

40

45

404550556065707580

Coarseness Factor
(percent)

W
o

rk
ab

ili
ty

 F
ac

to
r

(p
er

ce
n

t)

Job Mix Formula Zone

Operating 
Zone

Center of JMF



Zones in MDOT Chart
CF vs WF for Combined Aggregate
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Job Mix Formula (JMF) Zone
• Contractor’s proposed 

optimized gradation for 
production, as submitted to the 
Engineer in the Initial Mix 
Design, must plot within this 
zone



Zones in MDOT Chart
CF vs WF for Combined Aggregate
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Operating Zone
• Contractor must ensure that 

the optimized gradation for 
production plots within this 
zone



Zones in MDOT Chart
CF vs WF for Combined Aggregate
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Action Limits
• 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



QC Testing Requirements for Optimized Aggregates

• If aggregates from Prequalified Aggregate Supplier

• Utilize aggregate source’s current weekly gradation analysis

• Must QA these QC results weekly to confirm
• Adjust as necessary to re-optimized and/or move the plot back from Action Limits

• If not from Prequalified Supplier or gradations not supplied by aggregate sources
• Requirements of On-Site batch plant apply (daily testing)

Ready-Mix Supplier:

On-Site Batch Plant for Paving Project:
• Daily gradation testing each day of production; adjust as necessary



QA Testing Requirements for Optimized Aggregates

Acceptance (3.09.08)
• Acceptance of the combined aggregate 

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

• Loss by Wash < Spec Requirement
• Frequency of testing based on tonnage 

used (usually coarse agg. tons is trigger; 
all three sampled at same time)



Mix Design Submittal Info – Example

Summary page Strength ReportJMF Form 1976



Mix Design Submittal Info – Example 

Admixtures Used Sand GradationOptimized Blend Chart



Mix Design Submittal Info – Example 

Coarse Gradation Slag Cement Mill ReportCement Mill Report



Mix Design Submittal Info – Example 

ASR (ASTM C1293) Data NRMCA Plant Cert. Scale Calibration



Mix Design Submittal Info – Example 

Admixture Calibration Stockpile Mgmt. PlanWater Meter Calibration



Summary

• ACI 211 mix proportioning considers:
• Strength
• Slump
• Air content
• Durability

• MDOT JMF Form 1976 requires 
backup documentation

• Approved sources
• i’s dotted, t’s crossed

• Other considerations not in ACI 211:
• Optimized aggregate gradations
• Placeability / finishability
• Air system quality
• Admixture compatibility
• Ultimate strengths



Questions?

Thank you!!

swaalkes@miconcrete.net

616-633-9629

ddegraaf@miconcrete.net

517-862-5632


