
Hygrothermal Behavior of 
Exterior Walls and Roofs 

& Energy 



1.  Basic Hygrothermal conditions at play inside a 
building. 

2.  How the amount of insulation and its placement can 
make a big difference on a roof or wall. 

3.  Major considerations to consider when replacing a roof 
or wall cladding. 

4.  How recent changes in the building code affects the 
roof or wall assemblies. 

WHAT WILL I LEARN TODAY? 



OREGON STATE UNIVERSITY 



THE PROBLEM 

•  “We find large 
puddles of 
water on the 
floor.” 

 
•  “Players slip 

and fall all the 
time.” 

 
•  “Sometimes it’s 

like a huge 
water balloon 
burst.” 



HEAT, WATER (GASEOUS FORM), TIME 



CONDENSATION?   WHAT’S THAT? 



1.  The warmer the air is, the more 
water vapor it can hold 

2.  Definition: Relative Humidity 
(RH) 

�  The amount of water vapor in the 
air expressed as a maximum that 
the air can hold at the given 
temperature. 

3.  Definition: Dew Point 
�  The temperature at which the air 

is completely saturated with 
water vapor. i.e. the RH reaches 
100%. 

 

WHEN WILL IT OCCUR? 



1.  Uncontrolled air 
leakage transports 
water vapor through 
deficiencies in the 
wall assembly. 

 
2.  Water condenses on 

surfaces that are 
equal or less than 
the Dew Point. 

HOW DOES CONDENSATION OCCUR? 



OREGON STATE UNIVERSITY 



THE PROBLEM 



BOTTOM OF THE ACOUSTICAL PANELS 



METAL ROOF WELL CONSTRUCTED 



NO OBVIOUS LIQUID WATER SOURCE 



THERMAL BARRIER INCOMPLETE 



THERMAL BARRIER INCOMPLETE 



UNCONTROLLED AIR LEAKAGE 



ACOUSTICAL PANEL 



Standing seam metal roof (brown), with seams 16” 
on center at a 1:12 pitch

Metal structural members - purilns spaced 48” on 
center

Batt insulation - 2” - 3” thick with vinyl facer, taped at 
the seams

Air cavity (varies) – approximately 48” at central 
ridge vent and 18” at northern and southern ends.

Metal structural members – purlins spaced 48” on 
center.

Foil facer – approximately 1- mil thick with reinforcing 
scrim, taped at the seams with duct tape (blue line).

Acoustical panel – approximately 3” thick.

①  Standing seam metal 
roof 

 
②  Fiberglass batt 

insulation 
 
③  Vinyl facer on the 

insulation equal to 1-
perm 

 
④  Air cavity 
 
⑤  Foil facer 

approximately 1-mil 
thick equal to 1-perm 

 
⑥  Acoustical panel 
 
⑦  Sweaty athletes 



RECORD THE DATA 



COMPUTER MODELLING 



Gutter Detail3

WP1 Scale:  1 1/2"=1'-0" (Do not scale drawing. For referance only) 
NOTE:  Verify all Dimensions, Distances & Existing Conditions 

Date: 02.09.07

Project:  06-042 
Dixon Rec. Center

EXISTING STANDING SEAM 
METAL ROOFING

EXISTING TOP CHORD OF  
ROOF PURLIN

EXISTING METAL GUTTER

BOTTOM CHORD OF 
ROOF STRUCTURE (EXISTING)

EXISTING 3" THICK ACOUSTIC PANEL

EXISTING STL. ANGLE CONT. LEDGER

EXISTING BRICK WALL

BOND BREAKER SHEET 
15 lb. BUILDERS FELT

NEW 
COAT SPRAY APPLIED 

INSULATION  
W/ INTUMESCENT 

COATING
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Ridge Vent Detail4

WP1 Scale:  1 1/2"=1'-0" (Do not scale drawing. For referance only) 
NOTE:  Verify all Dimensions, Distances & Existing Conditions 

Project:  06-042 
Dixon Rec. Center

BOTTOM CHORD OF 
ROOF STRUCTURE (EXISTING )

EXISTING  3" THICK ACOUSTIC PANEL

EXISTING RIDGE VENT

NEW SPRAY APPLIED 
INSULATION BLOCKED 
OUT AT RIDGE VENT

NEW 
COAT SPRAY APPLIED 

INSULATION 
W/ INTUMESCENT 

COATING

NEW 
COAT SPRAY APPLIED 

INSULATION 
W/ INTUMESCENT 

COATING

Date: 02.09.07
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EXISTING STANDING SEAM 
METAL ROOFING

EXISTING CONDITION

BUG SCREEN



WATER LEAKS ON A BRAND NEW ROOF? 



“…but, the roof is only two years old…” 



INSIDE THE BUILDING 



THE PROBLEM 



DESIGN DEFECTS  



DESIGN WEAKNESSES  



ROOF FRAMING SHOP DRAWINGS 



NOT CONTRUCTED PER PLANS 



UNCONTROLLED AIR LEAKAGE 



UNCONTROLLED AIR LEAKAGE 



UNCONTROLLED AIR LEAKAGE 



VIRTUALLY IMPOSSIBLE TO CONSTRUCT 



INSULATION INSTALLED IMPROPERLY 



THERMAL BARRIER INCOMPLETE 



R-30 REQUIRED, +/- R-2 ACHEIVED 



COMPUTER MODELLING 



THE FIX 



COMMUNITY ACTION ORGANIZATION BUILDING 



2014 IEEC: COMMERCIAL ROOFS 



THE DISCREPANCY IN THE CODES 



SOLVING THE CODE ISSUE 



2015 IECC UPDATES 



AIR LEAKAGE ADDRESSED 



ON THE HORIZON 



IMPERFECTIONS IN THE WALL = FAILURE 


