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KARIM ALLANA, P.E., RRC, RWC
➢ EDUCATION: B.S., Civil Engineering, Santa Clara University, 1983

➢ REGISTRATION: P.E., Civil Engineering, California, 1987
➢ P.E., Civil Engineering, Nevada, 2002

P.E., Civil Engineering, Hawaii, 2005

➢ CERTIFICATION: Registered Roof Consultant (RRC), Roof Consultants Institute 
➢ Registered Waterproofing Consultant (RWC), Roof Consultants Institute

➢ OVERVIEW:

⚫ Over 20 years experience providing technical standards in building envelope technology.  

⚫ Expert Witness in Construction Defect Litigation

⚫ Principal consultant in design of building envelope, roofing and waterproofing systems, forensic 
investigations of building assemblies and failure analysis. 

⚫ Expert in all aspects of building envelope technology.

⚫ Specialization in cement plaster, other siding types, roofing, wood, water intrusion damage, 
window assemblies, storefronts, below grade waterproofing, and complex assemblies.

⚫ Completed over 1300 projects: new construction, addition, rehabilitation, remodel and 
modernization projects for public and private sector clients.
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➢ Address the effects of condensation related 
water damage leading to mold and indoor 
air quality
⚫ Principles of water phases, relative humidity, 

condensation, vapor retarders and vapor 
pressure

⚫ Examples of condensation caused by vapor 
transmission through interior and exterior walls, 
indoor showers, pools and spas

⚫ Calculations for vapor barrier design and water 
accumulation due to condensation over given 
time period.

OVERVIEW
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BUILDING AREAS SUSCEPTIBLE 

TO CONDENSATION

➢ Compact roof assemblies, i.e., no attic – flat 

roofs or cathedral ceilings

➢ Exterior wall assemblies in cooling, heating and 

mixed climates 

➢ Interior wall assemblies

➢ OSB sheathing materials are more susceptible 

to damage

➢ Hardboard siding manufacturers require vapor 

barrier
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Relevant Terminology:
➢WATER PHASES

➢RELATIVE HUMIDITY

➢CONDENSATION 

➢WATER VAPOR TRASMISSION

➢ PERMEANCE/PERMEABILITY

➢ VAPOR PRESSURE

➢DIFFUSION
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WATER PHASES

➢ Water can exist in three phases

⚫ Ice 

⚫ Liquid, between 32 degrees (freezing) and 212 degrees F 

(boiling)

⚫ Gas phase (steam) from boiling, or gas phase (water vapor) 

from evaporation, when the temperature is below boiling 

point

➢ When cooled, water vapor will lose energy and return 

to liquid, i.e., it will condense
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RELATIVE HUMIDITY

➢ The amount of water in its gaseous phase that 
can be contained within a given volume of air is a 
function of the air’s temperature: 
⚫ Warm air holds more moisture than cold air!!

➢ Relative humidity is expressed as a percentage:  
100% humidity means that the air is saturated at 
that temperature
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DIFFUSION/PERMEABILITY

➢Diffusion is the transmission of water vapor 

through a material

➢ Some materials allow diffusion to occur more 

rapidly than others

➢ A material’s ability to allow diffusion of water 

vapor is measured by “permeability” and 

“permeance”
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PERMEANCE

➢Permeance is based on given 
thickness of material. 

⚫ Unit of measure = Perm

⚫ Is measured in perms per square 
meter

⚫ Rating under 0.5 = vapor barrier
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PERMEABILITY

➢Permeability is based on a given 
thickness range of material.

⚫ Unit of measure = Perm.inch

⚫ Example, Permeability of concrete = 3.2 
perm.in 

⚫ Permeance of 6” thick concrete slab = 
3.2 perm.in/6” = .53 perm
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Figure 5
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CONDENSATION

➢ When air containing moisture cools, some of the 
moisture is released – it condenses into liquid 
water

➢ The temperature at which this occurs is the “dew 
point”

➢ Condensation occurs when humid air meets cold 
surfaces such as walls, chilled water lines, even 
insulation, above or near pools
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Figure 4
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Figure 3
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WATER VAPOR PRESSURE

➢ Gases, including water vapor, exert pressure.

➢ The atmospheric pressure created by water vapor in the 
air. 

➢ Water vapor will flow from the place of higher vapor 
pressure, to the place where the vapor pressure is lower

➢ Higher temperature = higher energy

➢ Pressure difference in building assemblies occurs in two 
typical conditions:
⚫ Cooling Climate, where exterior temperature and humidity is high

⚫ Warming Climate, where interior temperature and humidity is 
higher then exterior



Copyright 2020 Allana Buick & Bers, Inc.

March 27, 2006Karim P. Allana, PE, RRC, RWC 17

Figure 1

Cooling Climate
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Figure 2

Warming Climate
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AREAS SUSCEPTIBLE TO 

CONDENSATION

➢ Exterior wall assemblies

➢ Interior wall assemblies

➢ Chilled water line insulation

➢ Indoor pools and spas
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Case Study #1

(COOLING CLIMATE)

EXAMPLE OF 

CONDENSATION IN 

HOTEL PARTY WALL
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Case Study # 1

➢Honolulu, Hawaii hotel

➢ Air leakage through failed sealant joint between 

lanai door and exterior wall

➢Condensation between hotel party walls

➢Calculate how much condensation (gallons) of 

water accumulates on the wall in 1 week time 

span.
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Condensation between hotel party 

walls
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Moisture intrusion through 

air leakage at exterior side 

of party wall
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Case Study # 1, Hawaii Hotel interior 

wall, condensation due to air leakage
EXTERIOR

STUCCO EXTERIOR

INSULATION

GYP BOARD

VINYL WALLPAPER

CONDENSATION

AIR CONDITIONED SPACE

LANAI DOOR
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Vinyl 

wallpaper
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Case Study # 1:  Moisture trapped 

in a shared wall cavity.

Gaps near an exterior door allow warm humid 

air to flow into a wall cavity in a Hawaii Hotel 

(see Figure 10).  The affected wall area 10’x8’. 

Outside temperature and relative humidity are 

85F and 80% respectively.  The inside 

temperature and relative humidity are 70F and 

70% respectively.  Assume condensation 

forms at the back side of the low perm vinyl 

wallpaper coating.  How much water can 

collect over a 1 week period?
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Vapor Transmission Equation

VT = A x T x ∆P x permeance

VT = Water vapor transmission in grains 

(1lb=7000 grains)

A = Area (square feet)

T= Time (hours)

∆P = Pressure difference (in. Hg)

Perms = Perm rating (grains/ft2/hr/in. Hg)
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Case Study # 1:  Moisture 

trapped in a shared wall cavity.
Step 1: Area = 10’x8’ = 80 ft2

Step 2: Time = 1 week = 168 hrs

Step 3: Pressure difference – go to figure 9.  

At 85F, the saturated vapor pressure is 1.213 

in.Hg.  At 70F, the saturated vapor pressure is 

0.7392 in.Hg.  Multiply each of the saturated 

vapor pressures by their relative humidity.  The 

pressure difference is ∆P = (1.213 x 0.80)-

(0.7392 x 0.70) = 0.4523 in.Hg
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Figure 9 – Vapor Pressures for 

Saturated Air
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Case Study # 1:  Moisture trapped 

in a shared wall cavity.
Step 4: Effective perm rating.  The perm ratings 

for the materials are as shown in FIG 5:

Gypsum Board = 50

Step 5: Plug values into the vapor transmission 

equation:

VT= 80 ft2 x 168 hr x 0.4523 in.Hg x 50 perm

= 304,389 grains of water

= 43.5 pounds of water

= 5.24 gallons of water (in 1 week)
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Case Study # 2:  

Moisture forming on exterior siding in 

California (Mixed Climate)
We observed water condensing behind exterior 

fiberboard siding on an apartment in central 

California (see Figure 12).  The affected area is 

30’x30’. Outside temperature and relative 

humidity are 30F and 60% respectively.  The 

inside temperature and relative humidity are 76F 

and 85% (bathroom) respectively.  Under these 

conditions, moisture will flow from inside to 

outside.  How much moisture will reach the siding 

over a 72 hour period?



Copyright 2020 Allana Buick & Bers, Inc.

March 27, 2006Karim P. Allana, PE, RRC, RWC 33

Case Study # 2, Warped Hardboard 

Siding due to Condensation
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Case Study # 2, Condensation behind 

siding in  Mixed Climate
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CASE STUDY # 2 CONDENSATION 

ON EXTERIOR SIDING (Fig 12)

PAINTED WALL

HEATED SPACEEXTERIOR T&G SIDING

EXTERIOR

SHEATHING

INSULATION

EXTERIOR

HB SIDING

BLDG PAPER

DIRECTION OF VAPOR FLOW

CONDENSATION

INTERIOR BATHROOM WALL
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Vapor Transmission Equation

VT = A x T x ∆P x permeance

VT = Water vapor transmission in grains 

(1lb=7000 grains)

A = Area (square feet)

T= Time (hours)

∆P = Pressure difference (in. Hg)

Perms = Perm rating (grains/ft2/hr/in. Hg)
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Case Study # 2:  Moisture forming 

on exterior siding.

Step 1: Area = 100’x30’ = 3000 ft2

Step 2: Time = 72hrs

Step 3: Pressure difference – go to figure 9.  

At 76F, the saturated vapor pressure is 0.9046 

in.Hg.  At 30F, the saturated vapor pressure is 

0.1645 in.Hg.  Multiply each of the saturated 

vapor pressures by their relative humidity.  The 

pressure difference is ∆P = (0.9046 x 0.85)-

(0.1645 x 0.60) = 0.670 in.Hg
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Example:  Moisture forming on 

exterior siding.
Step 4: Effective perm rating.  The perm ratings 

for the materials excluding siding are as shown:

60 Minute Building Paper = 5

Plywood = 2

Insulation = 30

Painted Gypsum Board = 5

Determine the perm rating for the assembly 

behind the siding.  Add the inverses of the 

individual perm ratings to obtain Z, the inverse 

effective perm rating:

Z = 1/5 + 1/30 + 1/2 + 1/5 = 0.933 perm-1
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Therefore, the assembly’s effective perm rating 

is the inverse of Z:

Effective Perm Rating = 1/Z = 1.071 Perms

Step 5: Plug values into the vapor transmission 

equation:

VT= 3000 ft2 x 72 hr x 0.670 in.Hg x 1.071 perm

= 154,995 grains of water

= 22 pounds of water

= 2.67 gallons of water (in 3 days)

Case Study # 2:  Moisture 

forming on exterior siding.
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Case Study # 3, Stucco Leak in wall.  

Study of slow diffusion

Few visible signs of distress
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Relatively benign looking 

vinyl wall paper
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Removal of a small area 

displayed evidence of 

some real problems
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Case Study # 3, Slow diffusion due to 

vapor barrier on the inside face of wall
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Mold and rot in the wall cavity
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Case Study # 3, slow diffusion in wall 

can cause a lot of damage from leaks
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Case Study # 3:  Moisture trapped in 

different layers of a wall assembly, 

how long before it dries?.
During the rainy season, water collects in a wall due 

to a window leak in the locations shown (see Figure 

13). The affected area is 100 ft2. Outside temperature 

and relative humidity are 50F and 35% respectively.  

The inside temperature and relative humidity are 72F 

and 40% respectively.  Under these conditions, 

moisture will flow from inside to outside.  How much 

time will it take for the water to leave the assembly in 

each of the locations? Each location has 1 gallon of 

water intrusion.



Copyright 2020 Allana Buick & Bers, Inc.

March 27, 2006Karim P. Allana, PE, RRC, RWC 47

Case Study # 3, Diffusion. How long 

does it take for water to dry? (Fig 13)

HEATED

INTERIOR

SPACE

EXTERIOR

STUCCO

VINYL WALL

PAPER

STUCCO EXTERIOR

2 LAYERS GRADE

D BLDG PAPER

EXTERIOR SHEATHING

INSULATION

GYP BOARD

VINYL WALLPAPER

WINDOW

CONDENSATION

50°F

R.H.=35%

WATER INTRUSION AT STUCCO

72°F

R.H.=40%
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Example:  Moisture trapped in a 

wall from a window leak.

Step 1: Area = 100 ft2

Step 2: Pressure differences – go to figure 9.  

At 72F, the saturated vapor pressure is 0.7912 

in.Hg.  At 50F, the saturated vapor pressure is 

0.3636 in.Hg.  Multiply each of the saturated 

vapor pressures by their relative humidity.  The 

pressure difference is ∆P = (0.7912 x 0.40)-

(0.3636 x 0.35) = 0.1896 in.Hg
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Example:  Moisture trapped in a 

wall from a window leak.

Step 3: Pressure distribution.  The pressure at 

each material in the wall can be determined 

from the following formula:

∆Pmaterial = (Zmaterial/Zwall) x ∆Pwall

∆Pmaterial = Pressure drop at each material

Zmaterial = Inverse permeance of each material

Zwall = Effective inverse permeance of system

∆Pwall = Total pressure change from step 2
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Example:  Moisture trapped in a 

wall from a window leak.
The permeance values for the materials in the 

wall are as follows:

Stucco over metal lath = 15

2 layers 60 min. building paper = 5 ea.

OSB sheathing = 2

Insulation = 30

Gypsum board = 50

Vinyl wallpaper = 1

These values each need to be reciprocated to 

obtain Zmaterial for each material.
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Example:  Moisture trapped in a 

wall from a window leak.

The effective permeance, Zwall, is:

Zwall = 1/15 + 1/5 +1/5 + 1/2 + 1/30 +1/50 + 1/1

=  2.02 perm-1

Now we can determine the pressure drops at 

each material layer in the wall system using 

the formula for pressure differential provided 

earlier:

∆Pmaterial = (Zmaterial/Zwall) x ∆Pwall



Copyright 2020 Allana Buick & Bers, Inc.

March 27, 2006Karim P. Allana, PE, RRC, RWC 52

Example:  Moisture trapped in a 

wall from a window leak.
The pressure distribution in the wall is tabulated:

Material Pressure Drop ∆P

0.3165 

Wallpaper 0.09386 0.22264

Gypsum 0.001877 0.22076

Insulation 0.003129 0.21763 

OSB 0.046931 0.17070 

Paper 0.0187723 0.15193 

Paper 0.0187723 0.13315 

Stucco 0.006257 0.12690



Copyright 2020 Allana Buick & Bers, Inc.

March 27, 2006Karim P. Allana, PE, RRC, RWC 53

Air and Saturation Pressure gradient: 

Figure 14

STUCCO EXTERIOR

2 LAYERS GRADE

D BLDG PAPER

EXTERIOR SHEATHING

INSULATION

GYP BOARD

VINYL WALLPAPER

AIR PRESSURE

SATURATION

VAPOR PRESSURE

&
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Case Study # 3:  Moisture trapped 

in different layers in the wall

Step 4: Determine the time required for 

diffusion at each location.  Rearrange the 

Vapor Transmission Equation to isolate the 

time variable T:

VT = A x T x ∆P x permeance

T = VT / (A x ∆P x permeance)

Continue by applying the formula to each of 

the “wet” locations.



Copyright 2020 Allana Buick & Bers, Inc.

March 27, 2006Karim P. Allana, PE, RRC, RWC 55

Case Study # 3:  How long does it take for 

0.1 Gallon of water to  dry if trapped 

between paper & stucco?

Location 1- Moisture over the building paper:

From the pressure distribution, 

∆P = 0.13315 – 0.12690 = 0.0066 in. Hg

The effective Z value only takes into account 

the stucco since moisture will be driven out 

from inside the building/wall assembly.

Z = 1/15 perm-1

Permeance = 15 perm
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Case Study # 3:  How long does it take for 

0.1 Gallon of water to  dry if trapped 

between paper & stucco?

Therefore, converting gallons into grains (1/10 

gallon = 5809 grains):

T = 5,809 gr/(100ft2 x 0.0066 in.Hg x 15 perm)

= 587 hours

= 24 days
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Case Study # 3:  How long does it take for 

0.1 Gallon of water to  dry if trapped 

between OSB and paper?

Location 2- Over the OSB:

From the pressure distribution, 

∆P = 0.17070 – 0.12690 = 0.0438 in. Hg

Find the effective Z value:

Z = 1/15 +1/5 + 1/5  = 0.4667 perm-1

Permeance = 1/Z = 2.143 perm
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Case Study # 3:  How long does it take for 

0.1 Gallon of water to  dry if trapped 

between OSB and paper?

T = 5,809 gr/(100ft2 x 0.0438 in.Hg x 2.143 perm)

= 619 hours

= 26 days
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Case Study # 3:  How long does it take for  

1 Gallon of water to  dry if trapped between 

Insulation and OSB?

Location 3- Over the insulation:

From the pressure distribution, 

∆P = 0.21763 – 0.12690 = 0.0907 in. Hg

Find the effective Z value:

Z = 1/15 +1/5 + 1/5 +1/2 = 0.96667 perm-1

Permeance = 1/Z = 1.034 perm
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Case Study # 3:  How long does it take for 1 

Gallon of water to  dry if trapped between 

Insulation and OSB?.

T = 58094 gr/(100ft2 x 0.0907 in.Hg x 1.034 perm)

= 6190 hours

= 264 days

The rate of diffusion did not change from location 2. This 

value didn’t change much; the local pressure increased, 

however the perm rating at this point decreased. However, 

I increased the amount of water to 1 gallon to allow for 

insulation’s ability to absorb water.
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STUCCO LESSONS

❑ Old stucco system with just Grade “D” building paper 

and no consideration for managing excess water does 

not work.

❑ Acceptable tolerance for incidental water intrusion 

needs to be greatly reduced.

❑ Design should consider building cement plaster more 

as a “barrier” system.

❑ Alternatively, provide a layer of “water management” 

system such as rain screen or pressure equalized 

behind the cement plaster finish.
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Typical Roof Assembly with 

Attic Ventilation

Source: ASTM Moisture Control in Buildings, Heinz R. Trechsel
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Compact Roof Assembly with 

No Ventilation

Source: ASTM Moisture Control in Buildings, Heinz R. Trechsel
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Source: ASTM Moisture Control in Buildings, Heinz R. Trechsel
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Case Study # 4:  San Jose, CA 

rooftop condensation problem.

Ridging was 
observed on 
15 to 20% of 
roof area
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Case Study # 4, Damage to roof 

Sheathing due to condensation
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Compact Roof Assembly with no 

ventilation
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Severe Damage to OSB Decking 

Due to Condensation
Copyright 2020 Allana Buick & Bers, Inc.
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Case Study # 4:  San Jose, CA 

rooftop condensation problem.

Assume that water condenses under a roof 

membrane (very low perm rating) during a cold week 

in San Jose, California (see Figure 11).  The roof area 

is 100’x100’. Outside temperature and relative 

humidity are 40F and 35% respectively.  The inside 

temperature and relative humidity are 72F and 40% 

respectively.  Under these conditions, moisture will 

flow from inside to outside.  How much water can 

collect under the roof membrane over a 48 hour 

period?
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Figure 11
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Case Study # 4, Where 

Condensation Occurs in Roof 

Assembly
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Case Study # 4:  San Jose, CA rooftop 

condensation; How much Water 

condenses in 8 hours on a cold night?

Step 1: Area = 100’x100’ = 10,000 ft2

Step 2: Time = 48hrs

Step 3: Pressure difference – go to figure 9.  

At 72F, the saturated vapor pressure is 0.7392 

in.Hg.  At 40F, the saturated vapor pressure is 

0.2478 in.Hg.  Multiply each of the saturated 

vapor pressures by their relative humidity.  The 

pressure difference is ∆P = (0.7392 x 0.40)-

(0.2478 x 0.35) = 0.209 in.Hg
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Case Study # 4:  How much Water 

condenses in 8 hours on a cold night?

Step 4: Effective perm rating.  The perm ratings 

for the materials are as shown:

Plywood = 2

Insulation = 30

Gypsum Board = 40

Add the inverses of the perm ratings

to obtain Z, the inverse effective perm rating:

Z = 1/2 + 1/2 + 1/30 + 1/40 = 1.233 perm-1
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Therefore, the assembly’s effective perm rating 

is the inverse of Z:

Effective Perm Rating = 1/Z = 0.8108 Perms

Step 5: Plug values into the vapor transmission 

equation:

VT= 10,000 ft2 x 48 hr x 0.209 in.Hg x 0.81 perm

= 81,320 grains of water

= 11.6 pounds of water

= 1.4 gallons of water

Case Study # 4: How much Water 

condenses in 48 hours?
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LESSONS LEARNT FROM 

CONDENSATION

➢Construction methods have significantly 
changed.  Buildings are built much more air 
tight.

➢ A lot of attention has been given to air barriers 
to control movement of moisture laden air.

➢ Air barriers also impede the “drying” out effect 
in walls.  Diffusion is not enough to dry out 
walls.

➢Construction labor is less skilled today
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LESSONS LEARNT FROM 

CONDENSATION

➢When designing wall assemblies, consider the 
following:

⚫ Be less reliant on building paper and “permeable” 
coatings. 

⚫ Design walls to be more “barrier” assemblies or as 
rain screen assemblies.

⚫ Ventilate whenever possible.

⚫ Consider vapor retarders in all climates

⚫ Limit use of vinyl wall paper in exterior wall 
assemblies
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Thank You

Questions?


