Renovation and Rehabilitation

Lstiburek

Joseph Lstiburek

Part Il

Building Science

Adventures In Building Science

Building Science Corporation

Joseph Lstiburek 2

© buildingscience.com

June 2, 2016

10f79



Renovation and Rehabilitation Part Il June 2, 2016

Freeze-Thaw Damage

Building Science Corporation
Joseph Lstiburek 3

Freeze-Thaw Damage
Freezing Temperatures
Water

Susceptible Brick

Building Science Corporation

Joseph Lstiburek 4

Lstiburek © buildingscience.com 20of 79



Renovation and Rehabilitation

Part Il

Exposure

Lstiburek

© buildingscience.com

June 2, 2016

30of 79



Renovation and Rehabilitation Part Il

Lstiburek

Susceptible Brick
Firing Temperature
Vitrification

Building Science Corporation

Joseph Lstiburek 8

© buildingscience.com

June 2, 2016

4 0of 79



Renovation and Rehabilitation Part Il June 2, 2016

500
4+
400
>
S 300
=
£
£ 200 &,
a
Scrit™ 0.7\ /
100
0 v : ]
0 0.2 04 0.6 08 1
Degree of Saturation

Building Science Corporation

Joseph Lstiburek 9

Building Science Corporation

Joseph Lstiburek 10

Lstiburek © buildingscience.com 50f 79



Renovation and Rehabilitation

Lstiburek

Part Il

Calculating capillary rise

7 ambient
pressure

pressure \\

Building Science Corporation

Joseph Lstiburek 11

Capillary rise versus diameter

100 1
90 4
80 4
70 4
60 1
50 4

40 H

capillary rise [inch]

30 £

20

0.04 0.05 0.06 0.07 0.08 0.09 0.10
diameter [inch]

Building Science Corporation

Joseph Lstiburek 12

© buildingscience.com

June 2, 2016

6 of 79



Renovation and Rehabilitation Part Il

Lstiburek

PP R T

°

a b

Surface Area
per o, m?

PP
o

PP

o
b

AbAaiug

0.0

A

- - + 0.0001
00000t 00001 0001 oo ot 1 10
Radius, mm
Surtace area vs,

From Srsube & Dunet 2004

Building Science Corporation
Joseph Lstiburek 13

e C 1 1 ‘

Frgwre Ic. Gypsum, hydrated from plaster of paris and water
poronity 30 per cont

Y& |

Figure 1h. Brick, sintered clay, porosity 40 per cont

Building Science Corporation
Joseph Lstiburek 14

© buildingscience.com

June 2, 2016

70of 79



Renovation and Rehabilitation

Lstiburek

Part Il

Building Science Corporation

Joseph Lstiburek

15

Building Science Corporation

Joseph Lstiburek

16

© buildingscience.com

June 2, 2016

8 of 79



Renovation and Rehabilitation

Lstiburek

Part Il

Building Science Corporation

Joseph Lstiburek 17

Building Science Corporation

Joseph Lstiburek 18

© buildingscience.com

June 2, 2016

9of 79



Renovation and Rehabilitation

Lstiburek

Part Il

Building Science Corporation

Joseph Lstiburek 19

Building Science Corporation

Joseph Lstiburek 20

© buildingscience.com

June 2, 2016

10 of 79



Renovation and Rehabilitation

Lstiburek

Part Il

Building Science Corporation

Joseph Lstiburek 21

Building Science Corporation

Joseph Lstiburek 22

© buildingscience.com

June 2, 2016

110f 79



Renovation and Rehabilitation

Lstiburek

Part Il

Building Science Corporation

Joseph Lstiburek - Foundations 23

Building Science Corporation

Joseph Lstiburek — Rain Control 24

© buildingscience.com

June 2, 2016

12 0f 79



Renovation and Rehabilitation

Lstiburek

Part Il

Building Science Corporation

Joseph Lstiburek — Rain Control 25

Building Science Corporation

Joseph Lstiburek - Foundations 26

© buildingscience.com

June 2, 2016

13 0f 79



Renovation and Rehabilitation Part Il June 2, 2016

Building Science Corporation

Joseph Lstiburek — Rain Control 27

Building Science Corporation

Joseph Lstiburek - Foundations 28

Lstiburek © buildingscience.com 14 of 79



Renovation and Rehabilitation

Part Il

Building Science Corporation

Joseph Lstiburek — Rain Control 29

Stucco rendering

Masonry wythe

A

Vertical wood furring

]

EEEEEEISISEISEIEE

L

A

Flaster and lath

Interior

LR

NNRRN]

]

e

Building Science Corporation

Joseph Lstiburek — Rain Control 30

Lstiburek

© buildingscience.com

June 2, 2016

150f 79



Renovation and Rehabilitation Part Il

Lstiburek

Building Science Corporation
Joseph Lstiburek 31

Building Science Corporation
Joseph Lstiburek - Foundations 32

© buildingscience.com

June 2, 2016

16 of 79



Renovation and Rehabilitation

Lstiburek

Part Il

Building Science Corporation

Joseph Lstiburek - Foundations 33

Building Science Corporation

Joseph Lstiburek - Foundations 34

© buildingscience.com

June 2, 2016

17 of 79



Renovation and Rehabilitation

Lstiburek

Part Il

Building Science Corporation

Joseph Lstiburek - Foundations 35

Building Science Corporation

Joseph Lstiburek - Foundations 36

© buildingscience.com

June 2, 2016

18 of 79



Renovation and Rehabilitation

Lstiburek

Part Il

Building Science Corporation

Joseph Lstiburek - Foundations 37

Building Science Corporation

Joseph Lstiburek 38

© buildingscience.com

June 2, 2016

19 of 79



Renovation and Rehabilitation

Lstiburek

Part Il

Building Science Corporation

Joseph Lstiburek - Foundations 39

Building Science Corporation

Joseph Lstiburek - Foundations 40

© buildingscience.com

June 2, 2016

20 of 79



Renovation and Rehabilitation

Lstiburek

Part Il

Building Science Corporation

Joseph Lstiburek 41

Building Science Corporation

Joseph Lstiburek 42

© buildingscience.com

June 2, 2016

210f79



Renovation and Rehabilitation

Lstiburek

Part Il

Building Science Corporation

Joseph Lstiburek - Foundations 43

Building Science Corporation

Joseph Lstiburek 44

© buildingscience.com

June 2, 2016

22 of 79



Renovation and Rehabilitation Part Il

Lstiburek

Building Science Corporation
Joseph Lstiburek 45

Building Science Corporation
Joseph Lstiburek 46

© buildingscience.com

June 2, 2016

23 of 79



Renovation and Rehabilitation Part Il June 2, 2016

Building Science Corporation
Joseph Lstiburek - Foundations 47

Building Science Corporation

Joseph Lstiburek 48

Lstiburek © buildingscience.com 24 of 79



Renovation and Rehabilitation

Lstiburek

Part Il

Building Science Corporation

Joseph Lstiburek 49

Building Science Corporation

Joseph Lstiburek - Foundations 50

© buildingscience.com

June 2, 2016

250f 79



Renovation and Rehabilitation

Lstiburek

Part Il

Building Science Corporation

Joseph Lstiburek - Foundations 51

Building Science Corporation

Joseph Lstiburek - Foundations 52

© buildingscience.com

June 2, 2016

26 of 79



Renovation and Rehabilitation

Lstiburek

Part Il

Building Science Corporation

Joseph Lstiburek - Foundations 53

Building Science Corporation

Joseph Lstiburek - Foundations 54

© buildingscience.com

June 2, 2016

27 of 79



Renovation and Rehabilitation Part Il

Lstiburek

Building Science Corporation

Joseph Lstiburek - Foundations 55

Building Science Corporation

Joseph Lstiburek - Foundations 56

© buildingscience.com

June 2, 2016

28 of 79



Renovation and Rehabilitation

Lstiburek

Part Il

Building Science Corporation

Joseph Lstiburek - Foundations 57

Building Science Corporation

Joseph Lstiburek 58

© buildingscience.com

June 2, 2016

29 0f 79



Renovation and Rehabilitation

Lstiburek

Part Il

Building Science Corporation

Joseph Lstiburek - Foundations 59

Building Science Corporation

Joseph Lstiburek 60

© buildingscience.com

June 2, 2016

30 of 79



Renovation and Rehabilitation

Lstiburek

Part Il

Building Science Corporation

Joseph Lstiburek 61

Building Science Corporation

Joseph Lstiburek 62

© buildingscience.com

June 2, 2016

310f 79



Renovation and Rehabilitation Part Il June 2, 2016

Building Science Corporation
Joseph Lstiburek 63

Building Science Corporation
Joseph Lstiburek 64

Lstiburek © buildingscience.com 320f 79



Lstiburek

Renovation and Rehabilitation

Part Il

Building Science Corporation

Joseph Lstiburek 65

Sill
Kerf ——/
Mass
Wall
Sin
A
4
Sealant -/
drip edge Mass
Wall
Building Science Corporation

Joseph Lstiburek - Foundations 66

© buildingscience.com

June 2, 2016



Renovation and Rehabilitation Part Il June 2, 2016

0.28 nm

9.58 x 10" =3 A

Building Science Corporation
Joseph Lstiburek 67

Building Science Corporation

Joseph Lstiburek 68

Lstiburek © buildingscience.com 34 of 79



Renovation and Rehabilitation Part Il

Lstiburek

Building Science Corporation
Joseph Lstiburek 69

2"d Law of Thermodynamics

Building Science Corporation
Joseph Lstiburek 70

© buildingscience.com

June 2, 2016

350f 79



Renovation and Rehabilitation Part Il

Lstiburek

Moisture Transport in Porous Media

Phase Transport Process Driving Potential
Vapor Diffusion Vapor Concentration
Adsorbate Surface Diffusion Concentration
Liquid Capillary Flow Suction Pressure
Osmosis Solute Concentration

Building Science Corporation

Joseph Lstiburek 71

Capillarity + Salt = Osmosis

* 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
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Diffusion + Capillarity + Osmosis =
Problem

+ Diffusion Vapor Pressure

3 to 5 psi
» Capillary Pressure 300 to 500 psi
* Osmosis Pressure 3,000 to 5,000 psi
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