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FREEZE-THAW IMPROVEMENT
COMMON APPROACHES

AIR ENTRAINMENT
•ASTM C226 ADDITION

WATER REPELLENT
•SILANE/SILOXANE EMULSION
(10% Solids)
•SILANE CREAM (80% Solids)

POLYMER MODIFICATION
•PROPRIETARY ACRYLIC LATEX
W/WET ADHESION MONOMER



St. Patrick’s Basilica
Montreal

Repointed 1998

20 Years of In Situ Comparative Testing

Latex-Modified vs. Unmodified Mortars

“POTENTIAL USES FOR POLYMER-MODIFIED REPOINTING 
MORTARS”

FERNANDO PELLICER, DFS ARCHITECTURE, MONTREAL
2002



DFS POLYMER MODIFICATION STUDY
EAST BLOCK – PARLIAMENT HILL



EDISON POLYMER MODIFICATION STUDY

1:2.5:8 TYPE O MORTAR COMPRESSIVE STRENGTH
ASTM C109

~12% STRENGTH INCREASE



EDISON POLYMER MODIFICATION STUDY
1:2.5:8 TYPE O MORTAR WATER VAPOR TRANSMISION

ASTM E96

~75% PERMEABILITY RETAINED



EDISON POLYMER MODIFICATION STUDY

1:2.5:8 TYPE O MORTAR WATER ABSORPTION

~80% REDUCTION IN ABSORPTION





▪ American Natural 
Cement and Sand

▪ 1:1, 1:1.5, and 1:2

▪ 28 day cure (95% 
RH)

▪ 16 hrs at -18  ͦC   
(0 °F) and 8 hrs at 
22  ͦC (72 °F)





▪6.35 mm (0.25 
in) of 4% Calcium 
Chloride Solution

▪18 hrs at -18  ͦC  
(0 °F) and 6 hrs at 
22  ͦC (72 °F)



Binder Proportions Modification Cure Time 

Portland/Lime 1:0.25:3.75 (M) None 7

Portland/Lime 1:0.25:3.75 (M) 100% Liquid Polymer 7

Portland/Lime 1:1:6 (N) None 7

Portland/Lime 1:1:6 (N) 88C Silane Cream 7

Portland/Lime 1:1:6 (N) 75% Liquid Polymer 7

Portland/Lime 1:2:9 (O) 50% Liquid Polymer 7

Portland/Lime 1:2:9 (O) 75% Liquid Polymer 7

Portland/Lime 1:2:9 (O) 100% Liquid Polymer 7

American Natural Cement 1:1 None 56

American Natural Cement 1:1 89W Siloxane 56

American Natural Cement 1:1 12% Air 28

American Natural Cement 1:1 100% Liquid Polymer 28

American Natural Cement 1:2 100% Dry Polymer 28

American Natural Cement 1:2 50% Liquid Polymer 28

American Natural Cement 1:2 100% Liquid Polymer 28

European Natural Cement 1:1 100% Liquid Polymer 28

NHL 3.5 1:2.5 None 28

NHL 3.5 1:2.5 88C Silane Cream 28

NHL 3.5 1:2.5 100% Liquid Polymer 28



Rating Observations

0 No Scaling

1 Very Slight Scaling 

2 Slight to Moderate Scaling

3 Moderate Scaling

4 Moderate to Severe Scaling

5 Severe Scaling



Freeze-Thaw Cycles No Mod 100% LP

5 0 0

10 2 0

15 3 0

25 4 0

27 5 0

50 5 0



Type N – No Modification vs. 88C 
Silane vs. 75% Liquid Polymer

Freeze-
Thaw Cycles

88C Silane
Creme

Untreated 75% LP

5 0 1 0

8 0 3 0

9 0 4 0

10 0 5 0

30 1 5 0

35 2 5 1

50 3 5 1



Type O – 50% vs. 75% vs. 
100% Liquid Polymer

Freeze-Thaw 
Cycles

50% LP 75% LP 100% LP

25 1 0 1

30 2 1 1

35 3 1 2

40 4 2 2

45 5 2 2

50 5 2 2



Freeze-Thaw
Cycles

Untreated
89W 

Siloxane
12% Air 100% LP

1 2 2 0 0

3 5 5 1 0

5 5 5 3 0

10 5 5 5 0

15 5 5 5 1

25 5 5 5 1

50 5 5 5 1



ANC 1:2 – 100% Dry Polymer vs. 50% 
Liquid Polymer vs. 100% Liquid Polymer

Freeze-Thaw
Cycles

100% DP 50% LP 100% LP

25 1 0 0

30 3 0 0

35 4 1 0

40 5 1 0

50 5 2 1



Freeze-Thaw Cycles Rating

20 1

25 2

30 2

40 2



NHL 3.5 1:2.5 – No Modification vs. 88C 
Silane vs. 100% Liquid Polymer

Freeze-Thaw 
Cycles

88C Silane
Cream

Untreated 100% LP

3 0 1 0

5 0 2 0

10 0 3 0

13 0 5 0

20 1 5 0

30 2 5 0

40 3 5 1

50 4 5 1



▪ Cold Water 
Submersion   
24 hrs at 22  ͦC (72 °F)

▪ Boiling Water 
Submersion 
1 hr at 100  ͦC (212 °F)

▪ Calculate Saturation 
Coefficient



Mortar Modification SC Cycles Rating

Type M None 0.95 27 5

100% LP 0.45 50 0

Type N None 0.90 10 5

75% LP 0.27 50 1

Type O 50% LP 0.28 45 5

75% LP 0.18 50 2

100% LP 0.09 50 2

ANC 1:1 None 0.96 3 5

12% A 0.85 10 5

100% LP 0.16 50 1

ENC 1:1 100% LP 0.27 40 2

ANC 1:2 100% DP 0.74 40 5

50% LP 0.57 50 2

100% LP 0.49 50 1

NHL 3.5 None 0.78 13 5

100% LP 0.33 50 1



▪ GOOD: Longer Curing Times Before First Freeze

▪ BETTER: Air Entrainment

▪ BEST: Polymer Modification 
Silane Cream Water Repellent

Freeze-Thaw Resistance Improves With:

Research 
Ongoing

Polymer Optimization:
▪ 75% Liquid Polymer
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