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Motivation

● Alternative cementitious materials (ACMs) such as 

calcium sulfoaluminate cements (CSA) receiving 

increasing attention worldwide due to their significantly 

lower embodied energy and numerous attractive 

properties 

● However, there is a lack of knowledge regarding the 

durability of these materials in harsh, especially cold 

environments

● Liability due to freeze-thaw (FT) damage to the 

concrete infrastructure is potentially trillions of dollars

CSA
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CSA Cements

➢ Composed of anhydrite, ye’elimite, 

and belite as main mineral phase. 

➢ The primary hydration products of 

CSA cements are ettringite, 

aluminum hydroxide, and 

monosulfate.

➢ CSA cements can be designed to 

exhibit limited shrinkage. 

P. Alapati, 2020 
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Freeze-Thaw Damage in OPC Systems

𝒕𝑪𝒓𝒊𝒕𝒊𝒄𝒂𝒍 =
𝑫𝒐𝑺𝑪𝑹 − 𝑫𝒐𝑺𝑴𝒂𝒕𝒓𝒊𝒙

𝝋𝑺𝟐
′

𝟐

(a) Permeability of materials

(b) Distance to an escape boundary 

(i.e., spacing factor & air content)

(c) Degree of saturation

Important factors

Ice Formation
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How About CSA Systems?

Preliminary studies have shown that CSA 

systems perform differently in FT environment 

and against salt intrusion

Khanzadeh et al. 2016
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Project Objectives

➢ Compare the FT performance of CSA systems to that of 

OPC mixtures.

➢ Relate the CSA microstructure and transport properties 

to the FT performance



Research 
Approach

Pore distribution in CSA 
and OPC systems

Mass transport 
properties

Freeze-thaw 
performance
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Experimental Program 

● Mixtures

❖ Cement paste and mortar samples with three different w/b 

were prepared (w/b= 0.40, 0.45, and 0.50). 

❖ A belitic calcium sulfoaluminate (BCSA) cement was used.

❖ Volume of fine aggregate in mortar samples: 55%

❖ Citric acid was used as a retarder in CSA mixtures.

❖ Samples were sealed cured for 28 days.
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Pore Size Distribution from Nitrogen Sorption Test
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● In CSA systems, volume of smaller mesopores (<10 nm) is higher.
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Pore Size Distribution from Nitrogen Sorption Test
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● In CSA systems, volume of smaller mesopores (<10 nm) is higher.
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Porosity using Gravimetric Method

● CSA mortar samples show higher porosity compared to OPC samples.

● The difference is higher at w/b of 0.50.  

0.35 0.40 0.45 0.50 0.55

14

16

18

20

22

24

26

 OPC

 CSA

P
o

ro
s

it
y

 (
%

)

Water/binder

Mortar



12 of 22ACI Convention, Spring 2023

Water Absorption
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● CSA mortar samples (with w/b of 0.45 and 0.50) show higher secondary slope. 
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Diffusion from mCT

Paste, 28-day diffusion

Khanzadeh et al. CBM, 2016
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Water Absorption
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Bulk Electrical Resistivity Measurements
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● Formation factor values are comparable 

● CSA systems show higher pore interconnectivity

Bulk Electrical Resistivity Measurements
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Freeze-Thaw Performance from TMA
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Freeze-Thaw Performance from TMA
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Freeze-Thaw Performance from TMA
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Conclusions

● The total pore volume is higher in CSA samples. However, the CSA 

samples show higher volume of smaller mesopores (<10 nm).

● The CSA mortar samples (with w/b of 0.45 and 0.50) show a higher 

secondary sorption rate due to higher interconnectivity of mesopores.

● Formation factor is a better indicator of interconnectivity of pores

● The CSA samples with a low w/b show a comparable FT performance (to 

OPC samples). However, the amount of residual strain (i.e., damage) due 

to FT cycles is considerably higher in 0.50 CSA samples.

● The coefficient of thermal expansion (CTE) value is higher CSA systems.



Acknowledgements

https://nam10.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.nonmetallic.org%2F&data=05%7C01%7Cmehdi.khanzadeh%40temple.edu%7C64f6786236bc448cdc8808da635ccce3%7C716e81efb52244738e3110bd02ccf6e5%7C0%7C0%7C637931547493015505%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=HOC6uuoHEFjJzfiyjQd2fLmDORzkB%2BVwT4zZJPG8Uos%3D&reserved=0


Thank You!
Mehdi Khanzadeh, PhD, PE

Mehdi.Khanzadeh@temple.edu


	Slide 1: Assessing the Freeze-Thaw Performance of CSA Systems
	Slide 2: Motivation
	Slide 3: CSA Cements
	Slide 4: Freeze-Thaw Damage in OPC Systems
	Slide 5: How About CSA Systems?
	Slide 6: Project Objectives
	Slide 7: Research Approach
	Slide 8: Experimental Program 
	Slide 9: Pore Size Distribution from Nitrogen Sorption Test
	Slide 10: Pore Size Distribution from Nitrogen Sorption Test
	Slide 11: Porosity using Gravimetric Method
	Slide 12: Water Absorption
	Slide 13: Diffusion from mCT
	Slide 14: Water Absorption
	Slide 15: Bulk Electrical Resistivity Measurements
	Slide 16: Bulk Electrical Resistivity Measurements
	Slide 17: Freeze-Thaw Performance from TMA
	Slide 18: Freeze-Thaw Performance from TMA
	Slide 19: Freeze-Thaw Performance from TMA
	Slide 20: Conclusions
	Slide 21: Acknowledgements
	Slide 22

