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Freeze-Thaw Damage 
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Freeze-Thaw Damage 
Freezing Temperatures 
Water 
Susceptible Brick 
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Susceptible Brick 
Firing Temperature 
Vitrification 
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Calculating capillary rise 
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Capillary rise versus diameter 
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2nd Law of Thermodynamics 
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•  Mineral salts carried in solution by capillary water 
•  When water evaporates from a surface the salts left behind form 

crystals in process called efflorescence 
•  When water evaporated beneath a surface the salts crystallize 

within the pore structure of the material in called sub-
efflorescence 

•  The salt crystallization causes expansive forces that can exceed 
the cohesive strength of the material leading to spalling 

Capillarity + Salt = Osmosis 
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•  Diffusion Vapor Pressure   3 to 5 psi 
•  Capillary Pressure    300 to 500 psi 
•  Osmosis Pressure    3,000 to 5,000 psi 

    

Diffusion + Capillarity + Osmosis = 
Problem 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 32 of 74



Building Science Corporation 
 Joseph Lstiburek    65 

Building Science Corporation 
 Joseph Lstiburek    66 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 33 of 74



Building Science Corporation 
 Joseph Lstiburek    67 

Building Science Corporation 
 Joseph Lstiburek    68 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 34 of 74



Building Science Corporation 
 Joseph Lstiburek    69 

Building Science Corporation 
 Joseph Lstiburek    70 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 35 of 74



Building Science Corporation 
 Joseph Lstiburek    71 

Building Science Corporation 
 Joseph Lstiburek    72 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 36 of 74



Building Science Corporation 
 Joseph Lstiburek    73 

Building Science Corporation 
 Joseph Lstiburek - Foundations   74 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 37 of 74



Building Science Corporation 
 Joseph Lstiburek    75 

Building Science Corporation 
 Joseph Lstiburek    76 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 38 of 74



Building Science Corporation 
 Joseph Lstiburek    77 

Building Science Corporation 
 Joseph Lstiburek    78 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 39 of 74



Building Science Corporation 
 Joseph Lstiburek    79 

Building Science Corporation 
 Joseph Lstiburek    80 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 40 of 74



Building Science Corporation 
 Joseph Lstiburek   81 

Building Science Corporation 
 Joseph Lstiburek  82 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 41 of 74



Building Science Corporation 
 Joseph Lstiburek    83 

Building Science Corporation 
 Joseph Lstiburek    84 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 42 of 74



Building Science Corporation 
 Joseph Lstiburek    85 

Building Science Corporation 
 Joseph Lstiburek    86 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 43 of 74



Building Science Corporation 
 Joseph Lstiburek    87 

Building Science Corporation 
 Joseph Lstiburek   88 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 44 of 74



Building Science Corporation 
 Joseph Lstiburek    89 

Building Science Corporation 
 Joseph Lstiburek    90 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 45 of 74



Building Science Corporation 
 Joseph Lstiburek   91 

Building Science Corporation 
 Joseph Lstiburek    92 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 46 of 74



Building Science Corporation 
 Joseph Lstiburek    93 

Building Science Corporation 
 Joseph Lstiburek    94 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 47 of 74



Building Science Corporation 
 Joseph Lstiburek    95 

Building Science Corporation 
 Joseph Lstiburek    96 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 48 of 74



Building Science Corporation 
 Joseph Lstiburek    97 

Building Science Corporation 
 Joseph Lstiburek    98 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 49 of 74



Building Science Corporation 
 Joseph Lstiburek    99 

Building Science Corporation 
 Joseph Lstiburek    100 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 50 of 74



Building Science Corporation 
 Joseph Lstiburek    101 

Building Science Corporation 
 Joseph Lstiburek    102 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 51 of 74



Building Science Corporation 
 Joseph Lstiburek    103 

Building Science Corporation 
 Joseph Lstiburek    104 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 52 of 74



Building Science Corporation 
 Joseph Lstiburek    105 

Building Science Corporation 
 Joseph Lstiburek   106 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 53 of 74



Building Science Corporation 
 Joseph Lstiburek    107 

Building Science Corporation 
 Joseph Lstiburek    108 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 54 of 74



Building Science Corporation 
 Joseph Lstiburek    109 

Building Science Corporation 
 Joseph Lstiburek    110 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 55 of 74



Building Science Corporation 
 Joseph Lstiburek    111 

Building Science Corporation 
 Joseph Lstiburek    112 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 56 of 74



Building Science Corporation 
 Joseph Lstiburek    113 

Building Science Corporation 
 Joseph Lstiburek    114 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 57 of 74



Building Science Corporation 
 Joseph Lstiburek    115 

Building Science Corporation 
 Joseph Lstiburek   116 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 58 of 74



Building Science Corporation 
 Joseph Lstiburek    117 

Building Science Corporation 
 Joseph Lstiburek    118 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 59 of 74



Building Science Corporation 
 Joseph Lstiburek    119 

Building Science Corporation 
 Joseph Lstiburek   120 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 60 of 74



Building Science Corporation 
 Joseph Lstiburek -   121 

Building Science Corporation 
 Joseph Lstiburek    122 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 61 of 74



Building Science Corporation 
 Joseph Lstiburek    123 

Building Science Corporation 
 Joseph Lstiburek -   124 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 62 of 74



Building Science Corporation 
 Joseph Lstiburek    125 

Building Science Corporation 
 Joseph Lstiburek    126 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 63 of 74



Building Science Corporation 
 Joseph Lstiburek    127 

Building Science Corporation 
 Joseph Lstiburek   128 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 64 of 74



Building Science Corporation 
 Joseph Lstiburek -   129 

Building Science Corporation 
 Joseph Lstiburek    130 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 65 of 74



Building Science Corporation 
 Joseph Lstiburek    131 

Building Science Corporation 
 Joseph Lstiburek    132 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 66 of 74



Building Science Corporation 
 Joseph Lstiburek    133 

Building Science Corporation 
 Joseph Lstiburek -   134 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 67 of 74



Building Science Corporation 
 Joseph Lstiburek    135 

Building Science Corporation 
 Joseph Lstiburek    136 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 68 of 74



Building Science Corporation 
 Joseph Lstiburek    137 

Building Science Corporation 
 Joseph Lstiburek    138 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 69 of 74



Building Science Corporation 
 Joseph Lstiburek    139 

Building Science Corporation 
 Joseph Lstiburek    140 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 70 of 74



Building Science Corporation 
 Joseph Lstiburek    141 

Building Science Corporation 
 Joseph Lstiburek    142 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 71 of 74



Building Science Corporation 
 Joseph Lstiburek    143 

Building Science Corporation 
 Joseph Lstiburek    144 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 72 of 74



Building Science Corporation 
 Joseph Lstiburek    145 

Building Science Corporation 
 Joseph Lstiburek - Foundations   146 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 73 of 74



Building Science Corporation 
 Joseph Lstiburek - Foundations   147 

Cook Fox Architects Retrofits October 26, 2015

Lstiburek © buildingscience.com 74 of 74




