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The History of Cement 

Concrete has been used since the Roman Empire 

 around 300 BC. 

1759 John Smeaton rebuilds Eddystone Lighthouse 

 in English Channel 

1800ôs Rosendale, New York produces natural cement 

 to build the Erie Canal 

1824 Joseph Aspdin (English Mason) obtains patent 
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The History of Cement ï cont. 

1845 I.C. Johnson burns raw materials under high 

 heat, creating ñclinkerò 

1865 Exports of cement began from Europe to 

 North America 

1868 First recorded shipment of Portland Cement 

 to the United States 

1871 First U.S. cement produced in Coplay, Pennsylvania 
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  Classification Characteristics Applications 
Type I General purpose Fairly high C3S content for good 

early strength development 

General construction (most 

buildings, bridges, pavements, 

precast units, etc.) 

Type II Moderate sulfate resistance Low C3A content (<8%) Structures exposed to soil or 

water containing sulfate ions 

Type III High early strength Ground more finely, may have 

slightly more C3S 

Rapid construction, cold weather 

concreting 

Type IV Low heat of hydration (slow 

reacting) 

Low content of C3S (<50%) and 

C3A 

Massive structures such as 

dams.  Now rare. 

Type V High sulfate resistance Very low C3A content (<5%) Structures exposed to high 

levels of sulfate ions 

White White color No C4AF, low MgO Decorative (otherwise has 

properties similar to Type I) 

General features of the main types of Portland cement. 
 

 



Rapid Strength Products 

Set 45    Master Builders 

 Magnesium phosphate based, not a hydraulic cement 

Reg Set    Ideal Cement Co. 

 High C3A ï Subject to sulfate attack, no longer made 

Pyrament  Lone Star Cement Co. 

 Difficult to control, no longer made 
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Rapid Strength Products 

- cont. 

Rockfast   Blue Circle Cement Co. 

 Mineral Admixture made in England, not  

 competitive in the U.S. 

Ultimax   Ultimax Corp. 

 Mineral Admixture has been used by Caltrans 

Quickrete  Quickrete Corporation 

 Fast setting concrete products available for smaller 

 ñbagò sized projects 
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Rapid Strength Products 

- cont. 

Rapid Set Cement   CTS Cement Mfg. Corp. 

 Fast setting, high early strength available for bag 

 or bulk projects 

a 

PCC & Calcium Chloride   Standard concrete mix 

 with calcium chloride as an accelerator, subject 

 to sulfate and chloride attack 

All the above mentioned products are RAPID STRENGTH 
PRODUCTS 

ONLY ONE RAPID SET! 



What is Rapid Set Cement? 
How is it made? 

What is it made out of? 
 



Calcium Sulfoaluminate (CSA) Cement (basis of Rapid Set 

Cement) 

ÅModified derivative of portland cement clinker 

ÅHigher quality hydraulic cement 

ÅDeveloped in the 1950ôs to overcome common shortfalls of portland 

cement 

ҍ Excessive shrinkage 

ҍ Susceptibility to chemical attack 

ҍ Destructive reactions with certain aggregates (ASR) 

ҍ Negative consequences of traditional accelerating admixtures (cracking) 

What Is It?  



History  

мфрлΩǎ Alexander Klein discovers calcium sulfoaluminate (CSA) cement and focuses on chemical pre-stressing of 
concrete and shrinkage compensation of portland cement. Type K Shrinkage-Compensating Concrete is 
invented.  Ed Rice was instrumental in these early R&D efforts. 

мфслΩǎ Ed Rubin, Alexander Klein and Ed Rice develop CSA rapid hardening cement. 
 First industrial production of CSA at the Kaiser Cement Plant. 

мфтлΩǎ  CSA technology continues to develop and project uses grow.  Including: 

 [ƻǎ !ƴƎŜƭŜǎ ²ƻǊƭŘ ¢ǊŀŘŜ /ŜƴǘŜǊΣ ²ŀǎƘƛƴƎǘƻƴΣ 5Φ/Φ {ǳōǿŀȅΣ /ƘƛŎŀƎƻ hΩIŀǊŜ tŀǊƪƛƴƎ {ǘǊǳŎǘǳǊŜΣ 5ŀƭƭŀǎ /ƛǘȅ 
Hall, and Ohio Turnpike Bridge Decks, The Pentagon. 

мфулΩǎ  Further growth and development of rapid setting technology & bulk products. 

мффлΩǎ  Consumer-based product line developed (bag & box / retail & specialty distribution). 

 CalTrans ς 400 lane miles of concrete highway 

нлллΩǎ   International market expansion; product development continues (paint line, mining, self-leveling and 
polishable cements) 

 

Today, millions of cubic yards of CSA are placed worldwide each year. 

мунлΩǎ 
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wŀǇƛŘ {ŜǘΩǎ рǎ 
Speed 
Strength 
Shrinkage 
Sustainability 
Sulfate Resistance 
 



Early Ettringite Formation 

ҍMaximum formation during the first  7 days maximizes strength gain 

ҍRapid formation allows fast repair & quick in-service turnaround  (ASTM C1600) 

ҍMinor controlled early expansion compensates for shrinkage (ASTM C845) 

How? 

CSA Cement Ettringite 
Crystals 

Full consumption of mix water and complete hydration 
of CSA cement during placement and cure maximizes 

performance of the placement and prevents detrimental 
delayed ettringite formation. 

Portland Cement 
Crystals & Gel 

Performance  



Primary Differences  

Quantities represent % composition 

ÅEarly Strength Gain Element 

Achieves a Significantly 

Different Performance 

ÅLong-Term Strength Gain & 

Durability is not Compromised 

for Speed 

ÅNegligible C3A Content 

Achieves Absolute Sulfate 

Resistance 



Strength Gain Testing ς Rapid Set vs. OPC 

Rapid Set 
OPC 

Testing performed at GCC MX 

ÅSame Cement Content 

ÅHigher Early Strength 

ÅHigher Later Strength 

ÅHigh, Early Strength 

without  Sacrificing 

Long-Term Durability 

Performance  



PORTLAND CEMENT CONCRETE CSA CEMENT CONCRETE 

Excess Water = 
Drying 

Shrinkage 

Performance  



Sustainability  

ÅLess Limestone 

ҍFewer Natural Resources 

ҍ1/3 less CO2 emissions 

 

ÅKiln Temperature is ~400ÁF Lower 

ҍSignificant reductions in fuel  and 

CO2 emissions 

 

ÅEasier to Grind than OPC Clinker 

ҍLess electricity/energy 

consumption 

 

ÅRecycled & Post Industrial By-

Products 

ҍDivert waste from landfills 



Performance  

ÅCSA cement  (ASTM 

C1600) provides 

absolute sulfate 

resistance. 

 

ÅCSA cement 

expansive additive  

(ACI 223, ASTM 

C845) enhances 

sulfate resistance 

for all OPC mix 

designs. 


