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It starts simply enough
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ASTM C150

• ASTM C150 (22) – Standard Specification for Portland Cement

– Covers 10 types of Portland Cement

– Includes limestone up to 5% by mass

• Contents of C3S, C2S, C3A, and C4AF are adjusted in phase composition

• Limestone content of Portland cement is derived from CO2 in finished cement.

– Mill Certificate Chemical contains: 
• % Al2O3

• % Fe2O3

• % MgO

• % SO3

• % CaCO3 in Limestone

• equivalent alkalis

• Loss on ignition

– Blaine Fineness 260 - 430
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ASTM C595

• ASTM C595 (21) – Standard Specification for Blended Hydraulic Cements

– Adds suffixes for S, P, and L for Slag, Pozzolan, and Limestone

– Limestone content is greater than 5% but ≤ 15% by mass

– Adds percentages to descriptors for blended mass (binary and ternary)

• Type IL(10) = 90% Type 1 Portland Cement and 10% Limestone, etc.

– Mill certificate Chemical Analysis contains 

• % Sulfate, 

• Loss on Ignition, 

• Equivalent alkali content

– Blaine fineness has no specification



THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

Cement Mill Test Report
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Cement Mill Test Report
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Project 1 Experience

State Bridge Construction - Central US
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State Bridge Construction - Central US

• 4,000-psi at 28 days  (0.39 w/c)

• 19mm Nominal Aggregate (Limestone)

• 60% Type 1L Cement 

• 40% Class F Fly Ash

• Air Entrainment 

• Type F - High Range Water Reducer

• Type F – Mid Range Water Reducer

• 4.75” slump, 6% air

• Max Temp 160 oF, Max Differential 35 oF

• Footing Dimensions 22’ x 28’ x 6’ 
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State Bridge Construction - Central US
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Predicted vs. Actual Results
Mix 

ID

Date of 

Placement 

Time of 

Placement

Concrete 

Temp

Ambient 

Temp

Slump Air 

Content

Max Temp 

Predicted

Differential 

Predicted

AE 10/12/23 8:00 AM 82 61 5.5 5.2 142 33

AE 10/24/23 8:45 AM 76 56 5.0 4.9 140 31

AE 12/12/23 10:15 AM 61 36 5.0 7.0 130 21

AE 2/8/24 11:30 AM 73 54 4.0 6.5 138 32

7-day 

Avg.

28-day 

Avg.

Max. 

Temp

Differential 

Temp

Curing Method

5,260 7,490 136 30 Burlap and Plastic Sheet

4,850 6,460 124 28 Curing Blankets

4,970 6,850 114 22 Double Curing Blankets

3,750 5,890 140 34 Curing Blankets
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The Lessons Learned

• Communicate early and often throughout the process

• Facts over Gossip

• Data Driven Decisions 

• EDUCATE YOUR CLIENT

• Best Practices are Best Practices

• Learn from the Data
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Project 2 Experience

Nitrogen Plant – North Central US
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Nitrogen Plant – North Central US
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Nitrogen Plant – North Central US

Foundation and Slabs were NOT IDENTIFIED as Mass Concrete in specifications
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Nitrogen Plant – North Central US

• 4,500-psi at 56 days  (0.45 w/c)

• #57 Stone

• 50% Type 1L Cement 

• 50% Slag Grade 100

• Type F - High Range Water Reducer

• Type B&D - Stabilizer

• 3” to 5” Slump

• 4% to 7% Air (Foundation) and 0% to 3% Air (Slabs)
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Contractor Supplied Data

Max Temp 160 oF, Max Differential 50 oF
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The Lessons Learned

• Review the plans and specifications thoroughly

• Producer experience with 1L cement is helpful

• Test performance history saved time 

• Communicate with the engineer on any questions

• Compliance = performance

• Follow ACI guidance from specifications
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Project 3 Experience

High Rise Office Building - Central US

The General Notes for “Massive Concrete”:

“The temperature of concrete at time of placement shall not exceed 95 degrees F.  

The maximum internal temperature during curing shall not exceed 160 degrees F.  

The maximum temperature difference between center and surface of placement 

shall not exceed 50 degrees F.  Conform to the requirements of ACI 305.1 and ACI 

306.1 for hot-weather and cold-weather concreting, respectively.  If cooling 

methods are employed, they shall not increase the water-cement ratio or slump 

beyond allowable limits.  The concrete shall be cooled gradually so that the surface 

temperature drop does not exceed 20 degrees Fahrenheit in any 24-hour period 

after placement.”



THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

• 6,000-psi at 56 days (0.44 w/c)

• #67 Limestone Aggregate 

• 50% Type 1L Cement 

• 30% Slag

• 20% Class C Fly Ash

• Type F - High Range Water Reducer

• 8” slump, 0-3% Air (No AE)

• Max Temp 160 oF, Max Differential 50 oF

• Thickened Slab – 100.5’ x 71’ x 5’ deep

High Rise Office Building - Central US
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Sensor Installation in 2 Test Cubes
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Maturity Calibration Results

Air Entrained Mix No Air Mix
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Air Entrained Cube (East Cube Body)

Probe Location Minimum Temp Maximum Temp Maturity Index 14-day Average Strength

Center 56.0 oF 106.7 oF 12448.9 oF hrs. 6,320 psi

Mid-Height Exterior 59.0 oF 112.1 oF 12576.7 oF hrs. 6.340 psi

Top Side Exterior 68.3 oF 119.0 oF 13887.9 oF hrs. 6,530 psi

Summary 61.1 oF 112.6 oF --- 6,400 psi
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Non-Air Entrained Cube (West Cube Body)

Probe Location Minimum Temp Maximum Temp Maturity Index 14-day Average Strength

Center 54.3 oF 104.7 oF 12115.4 oF hrs. 6.370 psi

Mid-Height Exterior 56.9 oF 103.7 oF 12280.5 oF hrs. 6,400 psi

Top Side Exterior 64.8 oF 104.6 oF 13695.5 oF hrs. 6,580 psi

Summary 58.7 oF 104.3 oF --- 6,450 psi
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Laboratory Test Results for Cubes

Mix ID Date of 

Placement 

Time of 

Placement

Concrete 

Temp

Ambient 

Temp

Slump Air Content Unit Weight

Air Ent. 8/11/23 2:15 PM 82 79 8 4.3 141.0

No Air 8/11/23 1:25 PM 81 79 7.5 2.3 148.3

Mix ID 1-day 

Avg.

3-day 

Avg.

7-day 

Avg.

10-day 

Avg.

14-day 

Avg.

Max. 

Temp

Differential Temp

Air Ent. 1,890 3,530 5,400 6,100 6,400 153.8 43.0

No Air 2,470 5,350 5,490 6,120 6,450 159.1 46.0
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High Rise Office Building - Central US

Figure 1 Probe Locations

Figure 2 Temp data at 8am on 9/11/23

Figure 3 Temp data at 8:15am on 9/12/23
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High Rise Office Building - Central US

Figure 4 Temp data at 4pm 9/12/23 Figure 5 Temp data at 8am 9/13/23
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Laboratory Test Results for Actual Placement

Mix ID Date of 

Placement 

Time of 

Placement

Concrete 

Temp

Ambient 

Temp

Slump Air Content

No Air

6,000 psi @ 56

9/11/23 8:00 AM 82 601 7.5 2.3

Air Ent. 

5,000 psi @ 28

10/25/23 9:15 AM 80 542 5 5

Mix ID 7-day Avg. 28-day Avg. 56-day Avg. Max. Temp Differential Temp

No Air 5,450 7,860 9.020 143 42

Air Ent. 5,830 6,850 7,630 141 35

1 Temperature high was 76 oF, 
2 Temperature high was 64 oF



THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

The Lessons Learned

• Relationships equal success

• Honest communication equals integrity

• Quality and Safety over Schedule

• Compliance = performance

• Follow ACI guidance from specifications
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The Final Lessons Learned

• Did the use of 1L impact the project success?

• Follow ACI guidance and specifications

• Pre-Task Plan and Set Realistic Expectations

• Don’t assume – Verify

• Communicate Early and Often
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Thank you for your time!

Kevin J. Brigandi, Sr. Principal

Terracon Consultants, Inc.
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