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Overview and History
ACI (American Concrete Institute) Concrete Terminology (ACI CT-23) defines slag cement as granulated blast-furnace 
slag that has been finely ground and that is hydraulic cement.  

Slag cement can be used to replace Portland cement or Portland limestone cement at rates of 10 to 80 percent.

In the 1950’s, granulated slag was used to produce blended Portland cements.

The first granulation facility in the U.S. was built in Sparrows Point, MD in the early 1980’s.

An estimated 7.7 to 8.3 million tons of slag are used each year in the U.S. and over 200 million tons worldwide 
annually.

The use of slag cement in concrete as a replacement for OPC or PLC is estimated to reduce CO₂ emissions by 2.4 
million metric tons annually, save 8.7 trillion BTU’s of energy use, and conserve 3.8 million metric tons of virgin 
materials.



Slag granules vs. Slag cement

Photo courtesy of Skyway Cement Co.



Where to Start and Why?

• ACI 211.1-22 is the Guide to 
Selecting Proportions for Normal-
Density and High-Density 
Concrete.

• Proportion from experience.
• Proportion for ASR or sulfate 

attack mitigation (prescriptive).
• Proportion to reduce embodied 

carbon.
• Proportion for increase durability.



What Can’t You Do?

• ACI 318-19(22) – only limits 
SCM’s for F3 exposure class.



What Can You Do? 

Typical replacement ranges by 
application.

SCA Information Sheet #2:  Concrete Proportioning



What to be Aware of?

• Tends to increase set time.
• Early age strength may be 

decreased.
• Water demand may increase.
• Mix will require re-proportioning 

due to lower specific gravity 
than cement.

• Mixtures with slag are affected 
by lower temperatures more 
than straight cement mixtures.



Proportioning with Slag to 
Improve Performance



Increased Strength – ASTM C39
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Increased Durability
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Increased Durability
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Reduced Drying Shrinkage
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Improving Resistance to Sulfate Attack

From Hooton, Ahani, and Fung, 2014 and PCA R&D SN3285a by R.D. Hooton and M.D.A. Thomas



Impact on Time of Set

0:00

1:12

2:24

3:36

4:48

6:00

Control 35% 60%
Initial 2:10 3:20 3:45
Final 4:05 4:40 5:07

ASTM C403 Time of Set

Initial Final



Proportioning to Mitigate ASR



Prescriptive Approach - IDOT



Prescriptive Approach – ASTM C1778



Determine Aggregate Reactivity Class and 
Level of ASR Risk



Determining Class by Consequence vs. 
Acceptablity of ASR.



Determining Level of Prevention and 
Calculating Alkali Loading



Identification of Preventive Measures – Option 1



Identification of Preventive Measures – Option 1



Identification of Preventive Measures – Option 2



Identification of Preventive Measures – Option 3



Proportioning with Slag for 
Massive Elements



Using the Equivalent Cement Content Method

Equivalent Cement Content =

Cement + 0.5 F Ash + 
0.8 C Ash + 

1.2 Silica Fume and/or 
Metakaolin +
Slag Factor

Slag Factor

1.0 to 1.1 for 0 to 20% replacement
1.0 for 20 to 45% replacement
0.9 for 45 to 65% replacement
0.8 for 65 to 80% replacement

Gajda et al. 2018 and ACI PRC 207.1-22:  Mass Concrete - Guide



Is it Mass Concrete?

Gajda et al. 2018 and ACI PRC 207.1-22:  Mass Concrete - Guide



Proportioning with Slag for 
Sustainability



Slag Cement EPD – SCA 



OPC and PLC EPD – Portland Cement 
Association



EPD Comparison – 50 Percent Replacement



Thank you
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