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Topics Covered Today 

• MDOT Specs / Concrete Grades

• Basics on Concrete Mix Design

• MDOT Form 1976 – JMF 

• JMF Submittal / Required Documents



Approved Materials

• Material Source Guide
• 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 at: 
http://www.michigan.gov/mdot

• Select:
• Reports, Publications & Specs

• Publications

• Manuals & Guides



Approved Materials – Cement

• Approved manufacturers of portland cement – Type I or Type I/II (MDOT 901)

• Prior to consideration onto approved list, 
• MDOT reviews historical mill reports for C150 compliance

• Verifies physical properties of lab samples

• Ongoing,
• Biannual mill report submitted and reviewed

• Random samples are taken in the field for QA verification

• Type III cement is not permitted on MDOT projects



Approved Materials – SCM’s

• Required amount:  25%-40% replacement of portland in P1M, DM, and S2M

• Approved Manufacturers of supplemental cementitious materials (MDOT 901)

• Prior to consideration onto 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

• Random samples are taken in the field for QA verification



Approved Materials – Agg.

• Prequalified aggregate sources – approved manufacturers (MDOT 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



ASR Testing     (Fine Aggregate only)

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

• ASTM C 1293
• Expansion < 0.040% at 1 year

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

Back in the spec 
temporarily for now; 
May be removed as an 
option in future versions



Approved Materials – Admix.

• Admixtures (MDOT 903) – Qualified Products List (QPL)
• 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 C260

• Water reducers, retarders, accelerators  C494

• Yearly affidavit from manufacturer

• Try to avoid the “witches brew”



Where do Mixes Originate?

• Contractor provided mixes:
• Based on standard MDOT production mixtures
• The contractor is responsible for submitting the mix documentation to the MDOT project 

engineer

• Department (MDOT) provided mixes:
• Non-standard production mixes
• Structural patching, mortar, and grout
• Project-specific mixes
• Pre-stressed concrete
• Bridge deck overlays
• Small quantities



Developing the Mix

• Contractor provided mix designs and mixture proportions
• 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, same cement/additives

• Method 4 – Annual verification:  concrete plant verification, same materials

• All materials must be from MDOT approved sources



Mix Requirements- Cement & Strength



Mix Requirements- Admix Slump Adjustments



12SP604(A)



12SP604(B)



MDOT Grades of Concrete
P1M High Performance Concrete Pavement

All MDOT trunkline highways that are paved with concrete

- will be called 3500 HP in new spec book

P1 Concrete pavement

Old standard still used for low traffic roadways, small projects, local agency work

- will be called 3500 in new spec book

P2 Concrete shoulders

Used for concrete shoulders but can also use P1 or P1M

- will be called 3000 in new spec book



MDOT Grades of Concrete

P-NC Concrete pavement Repair

Joint and full-depth repairs of concrete pavements

NC requires non-chloride accelerator, 7 sack is standard

- will be called 3500 in new spec book

M Commercial Concrete

Typically used for non-MDOT concrete outside the right-of-way



MDOT Grades of Concrete
S1 Foundations and Piles

- will be called 4000 in new spec book

S2 Bridge Structure, Curb/Gutter and Driveways

- will be called 3500 in new spec book

S2M High Performance Bridge Structure

High traffic, high profile/long life bridges, bridge approach slabs

- will be called 3500 HP in new spec book

S3 Sidewalks 

- will be called 3000 in new spec book



MDOT Grades of Concrete

D Bridge Deck/Railing

- will be called 4500 in new spec book

DM High Performance Bridge Deck and Railings

High traffic, high profile bridge decks and railings or where longer life is required

- will be called 4500 HP in new spec book

T Tremie Concrete

Underwater placements, usually for bridge foundation work

- will be called 3500 in new spec book



MDOT Form 1976 (JMF Form)

• Develop JMF (mix proportions) 
according to ACI 211

• Aggregate bulk density
• Option for dry rodded, and 

shoveling (loose pour or dry 
loose)

• Density values up to 10% greater 
with dry rodded



Fundamentals of Mix Proportioning



Fundamentals of Mix Proportioning

Absolute Volume Method

The mix is proportioned to yield 27 ft3 or 1 yd3. Each of the component 
materials occupies a portion of the overall volume that is determined by 
dividing the mass (weight) of each material in the mix by the relative density 
(specific gravity) multiplied by 62.4 lb/ft3, the density of water.

Example: What is the absolute volume (AV) of 564 lbs of Portland cement?
AV = 564 lb/(3.15 x 62.4 lb/ft3) = 2.87 ft3



Fundamentals of Mix Proportioning

What information do you need to get started?
specified compressive strength, f’c
w/c or w/cm ratio (possibly)
what is being constructed
where in the country is it being constructed
contractor requirements
aggregate properties - stone size, fineness modulus - sand, relative density -
sand/stone, aggregate absorption, aggregate total moisture, bulk density - stone 
cementitious properties – relative density of fly ash, slag cement, silica fume



Fundamentals of Mix Proportioning



Fundamentals of Mix Proportioning



Fundamentals of Mix Proportioning

What if two exposure categories are specified?

Example: Concrete needs to meet both exposure class F3 and C2?
F3 requires a maximum w/cm of 0.45 and minimum f’c of 4500 psi   
while C2 requires a maximum w/cm of 0.40 and minimum f’c of 
5000 psi.

ALWAYS select the most restrictive for developing the mix i.e. C2.



Fundamentals of Mix Proportioning

Step 1 Determine the required average compressive strength, f’cr.

Once the licensed design professional has determined the specified 
compressive strength, f’c, the next step is to determine the required average 
compressive strength, f’cr. The required average compressive strength is the 
overdesign that is necessary to MINIMIZE the possibility of the cylinder 
strength falling below the specified compressive strength.



Fundamentals of Mix Proportioning

When field strength test 
records are not available or 
you lack sufficient data, the 
required average compressive 
strength, f’cr, is determined 
from Table 4.2.3.1 of ACI 301.



Fundamentals of Mix Proportioning

When field strength test records are 
available and are not older than 24 
months and span no less than 45 
calendar days for a class of concrete 
within 1000 psi of that required for the 
project, calculate the sample standard 
deviation, ss, and determine the 
required average compressive 
strength, f’cr, using Table 4.2.3.3(a)1 
from ACI 301.



Fundamentals of Mix Proportioning

If the number of field tests 
used in calculating the sample 
standard deviation, ss, is not 30 
or more (but 15 or greater), 
use Table 4.2.3.3(a)2 to 
increase the value of the 
sample standard deviation, ss.



Fundamentals of Mix Proportioning

ACI 211.1-91
1.2 The methods provide a first approximation of proportions intended to be 
checked by trial batches in the laboratory or field and adjusted, as necessary, 
to produce the desired characteristics of the concrete.
2.2 The selection of concrete proportions involves a balance between 
economy and requirements for placeability, strength, durability, density and 
appearance. The required characteristics are governed by the use to which 
the concrete will be put and by conditions expected to be encountered at the 
time of placement. These characteristics should be listed in the job 
specifications.   



Fundamentals of Mix Proportioning

Let’s get started….

Type of structure: Warehouse floor, 5 inches thick, unreinforced

Specified strength, f’c 3500 psi

Sample std deviation, ss 644 psi, based on 30 tests



Fundamentals of Mix Proportioning

Coarse aggregate properties

Nominal maximum size 1 inch

Relative density (dry) 2.58

Total moisture 3.5%

Absorption 3.1%

Free moisture 0.4%

Bulk density 97 lb/ft3

Fine aggregate properties

Fineness modulus 2.80

Relative density (dry) 2.64

Total moisture 2.5%

Absorption 1.3%

Free Moisture 1.2%



Maximum vs Nominal Maximum Size

Maximum size: the smallest sieve opening through which the entire 
amount of aggregate is required to pass.

Nominal maximum size: the smallest sieve opening through which the 
entire amount of aggregate is permitted but not required to pass.



Fundamentals of Mix Proportioning

Verify choice of nominal maximum aggregate size per ACI 211.1-91.

6.3.2 In no event should the nominal maximum aggregate size exceed:
a. 1/5 the narrowest dimension between sides of forms
b. 1/3 the depth of the slab
c. 3/4 the minimum clear spacing between individual reinforcing bars, 
bundles of bars or pretensioning strands 

1/3 of 5 inches = 1.67 inches maximum > therefore, 1 inch proposed for use is OK



Fundamentals of Mix Proportioning

Next, determine required overdesign, f’cr for f’c equal to 3500 psi:

f’cr = f’c + 1.34 kss

= 3500 psi + 1.34 (1.0) 644 psi = 4363 psi (k=1.0 for 30 tests)
f’cr = f’c + 2.33kss – 500 

= 3500 psi + 2.33 (1.0)644 psi – 500 = 4501 psi

ALWAYS select the larger of the two for proportioning the mix and round to the 
nearest 500 psi.



Fundamentals of Mix Proportioning

To determine mix proportions for first approximation:

1. Complete ACI table information
2. Calculate dry batch weights
3. Calculate dry batch volumes
4. Calculate saturated-surface-dry (SSD) weights
5. Adjust batch for actual moisture conditions 



Fundamentals of Mix Proportioning
Aggregates have an internal void or pore structure that at 
any time may or may not contain water (absorbed water).  
Depending on the moisture content, the four possible 
conditions for aggregates are as follows:
1. oven dry - no moisture present (only attainable in lab)
2. air dry - dry at surface, capable of absorbing additional 
water
3. saturated-surface dry (SSD) - fully saturated, neither 
absorbs nor contributes water to the mix
4. wet - contains an excess amount of surface moisture  



Fundamentals of Mix Proportioning
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Fundamentals of Mix Proportioning

Note: When looking at the w/c (w/cm) ratio for both strength (Table 
6.3.4 (a)) AND durability (Table 6.3.4 (b)) – for example an exterior slab 
in a cold weather environment - the w/c (w/cm) that is selected for 
mix proportioning will always be the one that is most restrictive.



Fundamentals of Mix Proportioning



Fundamentals of Mix Proportioning



Fundamentals of Mix Proportioning



Fundamentals of Mix Proportioning



Fundamentals of Mix Proportioning

Design Weights, lbs Batch Weights, lbs
Cement 625 625
Water 325 304
Sand 1219 1233
Stone 1809 1816

Slump 3-4 inches
Air 1.5%
Density 147.3 lb/ft3



Fundamentals of Mix Proportioning

Are we finished?  Not quite. 

The mix must ALWAYS be checked by trial batches in the laboratory or 
field and adjusted, as necessary, to produce the desired 
characteristics. Specifically, we will be evaluating slump (3-4 inches), 
air (1.5%), density (147.3 lb/ft3), strength (4500 psi), placeability and 
appearance (how does the mix look),



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

• Annual verification – (ref. Method 4)
• Most common with ready-mixed concrete
• Historically

• 2500 mixes generated by MDOT lab
• Many were project specific

• Future
• MDOT wants to get out of the mix design business



Mix Design Submittal Info – Example

Summary page Strength ReportJMF Form 1976



Mix Design Submittal Info – Example 

Admixture Certs Sand Gradation



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

• Mix design is all about concrete strength, but also needs to balance:
• Slump
• Air content
• Density
• Durability
• and sometimes, optimized aggregate gradation

• MDOT JMF Form 1976 requires backup documentation
• Approved sources
• i’s dotted, t’s crossed



Questions?

Thank you!!

swaalkes@miconcrete.net

616-633-9629

dcook@miconcrete.net

517-230-2856


