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Adventures |In Building Science



Arrhenius Equation
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For Every 10 Degree K Rise
Activation Energy Doubles

k = Ae Ea/(RT)
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Damage Functions
Water

Heat

Ultra-violet Radiation
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2nd Law of Thermodynamics
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Heat Flow Is From Warm To Cold
Moisture Flow Is From Warm To Cold
Moisture Flow Is From More To Less

Air Flow Is From A Higher Pressure to a
Lower Pressure

Gravity Acts Down
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Subarctic/Arctic
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Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer
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Cladding >

Control layers >

Structure - >

Building Science Corporation
Joseph Lstiburek 10



1l 1

Slab

Wall

Il

J1

Roof
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< Slab

< Control layers

SRR RIS «—— Stones
< Earth
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«  DBallast

< Filter fabric
< - Control layers
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< Roof structure
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Parapet
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Slab
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Parapet
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Footing Slab
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<—— (Control layer

<—— Control layer
<— Roof structure
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! Parapet [_
i Roof
= Wall
Footing Slab
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Winter

Air Temperatura Wy \ _ Air Temperature
-22 to 50°F “~ N 5010 104°F
(-30 to 10°C) \, (10 to 40°C)
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Loss Air l Coo ng Air
Leakage ) Leakage

Adapled from Baker, M.; Roots, 1580,
Courtesy National Research Councd of Canada
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Wind across the corner of a roof
produces a vortex spreading along
edges from the windward corner
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s

Migh parapet

\ N Acupiedt from Leutheusser, H.J.; 1964
. Courtasy Universty of Torondo
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“" I Lowuplit [

Flat roof with parapets
blow-off hazard: low
slippage hazard: low

ﬂf:plm

Flat roof or overhang
blow off hazard: high
slippage hazard: low

From Baker, M.;

- 'LLow uplift J

Sloped roof with parapets
blow-off hazard: low
slippage hazard: medium

High
uplift

Outward sloping roof
blow-off hazard: high
slippage hazard: high

Roofs, 1980
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Gravel

Bitumen top pour

Felt

Bitumen

Bitumen saturated felt laid
dry and nailed to deck

Dry sheathing or rosin
paper nailed to deck

Wood deck
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Gravel

Bitumen

Bitumen
Priming ——

Concrete
deck
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Membrane

Coverboard

Insulation

Deck

Sheathing
Air barrier
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Supply air into occupied Air handling unit extracts air from dropped
zone returns to AHU by ceiling, conditions it and injects it into the

passing through deliberately| occupied zones via supply ductwork

porous dropped ceiling or
through return grilles
installed in dropped

B Dropped ceiling
depressurized by
air handling units

ili
coling | extracting air from
dropped ceiling
Air handlmg ir handling $

O [s e O,

1 ‘ I T

! + Occupied Zone + !

I 1 ] i I

1 ] 1 ; . 3

I Y i ) § I

B e el ol i P i s

C_1 I
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Brick veneer

Building paper

Air barrier system not present
to prevent air from being extracted
from roof assembly

Interior gypsum
should extend to
underside of
roof deck and

be sealed

Exterior sheathing

Metal stud wall

Cavity insulation

T Corrugated metal
= roof deck
'/ £ Membrane roof
/ Rigid insulation
i e ————
/' NV AL N N ) LN T DN B
/
7 >
|
/ I Return plenum operates l
= A ] under negative pressure relative @ \
o to occupied space and exterior
£ X Suspended ceiling
~
Z > Top chord bearing roof truss
.
L7 | i
<«— Interior sum
7 7 ayp
T
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Parapet flashing

Tapered rigid insulation
Fully-adhered water ———— Grout and reinforce
structural requirements
ﬁ:%\\\
—_—
S [
Cant
~ Panmeter of roof insulation wrapped in air
control membrane 1o block airlow from roof
to parapet
Fully adghered rcof membrane
Two (2) layers insulation; joints
staggered horizontally and vertically
> & & 4 > . &
Fully-adhered water, 2 T ’ ' ”
air and vapor control Jatas: o ROWTAS o ¥ aldd a't N SR A
membrane i
I Poia
transition membrane;
air and water control jon space
Backer rod to fill
deflection joint and
debond water and air
barrier
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Parapet flashing

Tapered rigid insulation
control membrane parapet CMU as per
structural requirements
Backer rod
Perimeter of roof insulation wrapped in air
control membrane 10 block airflow from roof
to parapet
Fully adghered roof membrane
- Two (2) layers insulation; joints
staggered horizontally and vertically
|
A ¢ S Nt > A [N
> 3 g 2’ Ty N I
Fully-adhered water, 5 E :
air and vapor control s R0, caOn g g TeTAG o X W
membrane
Peel and stick
transmon membrane;
air and water control 50 o
Backer rod to fill
deflection joint and
debond water and air
barrier
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Parapet flashing - \

\
Fully-adhered water ———, '\
control membrane \:

Tapered rigid
insulation

> Ve r
LSS
& )'.e &4 "/

Air control layer

transition membrane L
roagasstur
insulation LLLL

Water, air and vapor
control membrane;

preferably fully-adhered |
Peel and stick
transition membrane;

air and water control

— Cant
|~ Wood blocking
[ [

r~ Perimeter of roof insulation wrapped in air control

' | | membrane 1o block airflow from roof to parapet

/
/ ".' ’.K /— Fully adhered roof membrane
/ / ‘.‘ ~ Two (2) layers insulation; joints
[ [ ] / staggered horizontally and vertically

f l f

=

-

1
\

ll’

\ /)

Backer rod fills gap

Peel and stick ¥k
transition membrane;
air and water control

Water, air and vapor —§
control membrane; "
preferably fully-adhered

\
!

\
\

\

. e CLANN
— Air control membrane

~ Metal deck
— Light gauge steel framing
(installed slightly proud
of |-beam)
\
\

L

~ Deflection track allows space
for sheathing to move

| Open web steel joist
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Parapet flashing - \
Fully-adhered water ———— \ / Tapered rigid
| B

control membrane : insulation
J
J
~ Backer rod
’l
A | ~ Perimeter of roof insulation wrapped in air control
Alr-carérol leyer e ,/ membrane 10 block airflow from roof to parapet
transition membrane - | /
/S / | — Fully adhered roof membrane
Fiberglass batt 777 . / /
insulation - ‘.‘ / Two (2) layers insulation; joints
Watir. airand : / staggered horizontally and vertically
control membrane;
preferably fully-adhered |
Peel and stick
transition membrane;
air and water control [ p
: ———— |l E\l
1= \ V' o ZZ8N
= — Light gauge steel framing
Fiberglass batt ————————0 e (installed slightly proud
insulation S/ of I-beam)
Backer rod fills gap —Lllls = :
o ‘ ¢ = [ \
Peel and stick ————————— ¥k \ _
transition membrane; — Open web steel jois!
air and water control
— Deflection track allows space
. for sheathing to move
Water, air and vapor —§
control membrane; ;
preferably fully-adhered
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Parapet flashing -

Fully-adhared water
control membrane

Air control layer
transition membrane

Vapor parmeable
water control and
air control membrane
strip

2 Ib spray -
polyurethane foam

Matal
between steel studs

Water, air and vapor —¢

control membrane,

peeferably fully-adhered {

/‘Bmmd
/ ~ Penmeter of roof insulation wrapped In air controt
[ membrane 1o block airflow from roof to parapet
/ 7~ Fully adhered roof membrane
'l I’I l' Tm (2) I‘"". m‘m: m. 1 't‘
| [ | staggered horizontally and vertically

J J

-
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Parapet flashing -

Fully-adhered water

control membrane

Air control layer -

transition membrane

2 It spray
polyurethane foam

Metal bocking
between steel studs

Water, uande

predecably lulradtmod

Building Science Corporation

7 Polypropylene mesh supporting
s fashing
Gap in membrane 10 allow
drying by vapor diffusion
/—Badwrod

~ Perimeter of roof insulation wrapped in air control
membtaneloblockakﬂowkomroolooperaom
/ ;— Fully adhered roof membrane
l
J f
J J
J

[ Two (2) layors insulation; joints
/ || staggered horizontally and vertically
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Parapet flashing

Sealant

Insulated metal
panel

[~ ]’apere_d rigid
/ insulation Protection board/structural sheathing

Rigid insulation

Protection board
Rigid insulation
~ Backer rod
[ Fully-adhered roof membrane
| — Protection board

[ | Two (2) layers insulation; joints
/ [ |  staggered horizontally and vertically

\

1\
| “—Metal deck /

Gypsum sheathing |
Air control —

membrane

— Open web
steel joist
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/— Cant
/, ;— Engineered wood blocking
/ / — Fully adhered roof membrane
/ / / ~ Perimeter of roof insulation wrapped in air control
/ [ / membrane to block airflow from roof to parapet
‘ / — Two (2) layers insulation; joints
| staggered horizontally and vertically

Peel and stick ———
transition membrane;

air and water control W | i-_'_“

\
\

f ‘\
g’% : \ \__ Metal deck \— Air control membrane

\ //\\
77777 !
Fiberglass batt ———— % | LG QRUCS ahic! Jeaing
insulation % f;:‘;“ gm ;slrg tly pr
R
—— \ /

| \
\
L Open web steel joist

Peel and stick

; .
tansion mensrane; [
[ /
Fully-adhered water, — %
?r:'e ;rg!mv‘?gor control %

Deflection track allows space
for sheathing to move

-
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/~— Fully adhered roof membrane

~ Perimeter of roof insulation wrapped in air control
',f membrane to block airflow from roof to parapet

[ = Two (2) layers insulation; joints
staggered horizonally and vertically

/

Peel and stick
transition membrane;
air and water control

Fiberglass batt
insulation

Backer rod fills gap

Peel and stick
transition membrane;
air and water control

Fully-adhered water, — Sttt l

air and vapor control
membrane

rf/
w

S

‘ \
\ /AN
L Metal deck " Air control membrane
— Light gauge steel V/
(installed slightly proud
of I-beam)
[ T
L Open web steel joist

~— Deflection track allows space
for sheathing to move
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— Fully-adhered roof membrane

,/ — Perimeter of roof insulation wrapped in air control
/’ /  membrane to block airflow from roof to parapet

[ |/ Protection

k 3 f — Two (2) layers insulation; joints

P /| staggered horizontally and vertically

Membrane closure ——
strip

Sealant -

\ J

| —Metal deck /
Insulated metal ——» - Gypsum sheathing |
panel _ .
Air control —

membrane

—Open web

steel joist
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It's a Case of Black or White
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It's a Case of Black or White
Arrhenius
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It's a Case of Black or White
Arrhenius
Every 10 degrees C — double the “badness”
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Fully-adhered

membrane Mechanically attached
rigid insulation
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Membrane flutters

Air
leakage
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Solar radiation
strikes wall

Absorbed rain water on —————

exterior face of
parapet is driven inward

rain water
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Vented “screen” ——»

2" airspace

Fully adhered
counter flashing
membrane strip
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«  Ballast

Filter fabric
- Control layers

0 o OCéO 0 Q(éo Q
\ nd) Cbo LO AT ndb 7 %mﬁof\ AT ON 0<§) Cb

- DG <Y

%

<
<

< Roof structure
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Ballast (rock, pavers, earth)

Filter fabric

Extruded polystyrene
insulation

Sloped concrete topping; slope
minimum 2% to drains

Concrete structural deck

Drainage gap, i.e., drainage mat
or grooved insulation

Fully-adhered roof membrane
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Stone ballast

LT
:‘b:# . .'.*. .".
) X ~.9’¢. 0A ‘._,.".' 3 .O,f:... <
i

Filter fabric

Insulation

Drainage space/
drainage layer

Roof membrane
(water control
layer/drainage
plane)

Sloped concrete
roof deck

Concrete
structural deck

Building Science Corporation
Joseph Lstiburek 70



Pavers

Pedestals

Insulation

Drainage space/
drainage layer

Sloped concrete
roof deck

7 Roof membrane
(water control
layer/drainage
plane)
Concrete

structural deck
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Planting
medium

Drainage layer/
protection layer

Insulation

Drainage space/
drainage layer

Sloped concrete
roof deck

Roof membrane
(water control
layer/drainage
plane)

Concrete
structural deck
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Concrete
curb or paver

: Gravel
Planting .
medium Drainage

space
Filter fabric
Root barrier
Sloped
concrete
topping
~—— Water retention

Concrete layer/vent and
drainage layer

structural g NEe A R el
deck s A U L BNe . Nead GeGTR RN : \
T R S e A TS \ < Insulation

< < = <
a a A - a & o a A
.A A <+ A A <. A A < - A 4] < - Dfainage
> SNSENDES N I space

Roof membrane
(water control layer/
drainage plane)
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Plaza Decks
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v

Open paving Removable for drain
i cleaning
v AA a°l - I
: Y

#

_‘- --—

From Baker, M.; Roofs, 1980
Courtesy National Research Council of Canada
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Open paving — Pedestal

| — Fitter tabric
| — Extruded polystyrene rigid
| || insulation (XPS)
/

Waterproof / /
membrane {

Drainage mat ]

Closed paving with surface drainage
- Pedestal
f ~ Filter fabric

— Extruded polystyrene rigid
insulation (XPS)

[

b
"T '(
Waterpt oof —— f

membrane ','
Drainage mat =

Building Science Corporation
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Cut and fold up sheet
WRB at balcony edge
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Apply a bead of sealant
at deck to wall interface
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Install a light gauge metal
angle at deck to wall
interface
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Install deck waterproof
membrane following
the manufacturers
recommendations
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Install a comer diverter gutter
spaced out over the face of the
balcony edge the thickness of
the trim or cladding below. The
will direct water from the
deck out from behing the
adjacent wall cladding.
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Metal edge angle spaced
out over the face of the trim
or cladding below. End of
metal edge flashing fits into
the diverter gutter.
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Strip in the metal edge
flashing with a strip of
compatible self-adhered
membrane flashing
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Drainage mat;
compatible
with waterproof
membrane
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Metal T-bar concrete
stop installed over
drainage mat. Shim
as required at
attachment locations.
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Fold sheet WRB down over
upper edge of deck water-
proof membrane. Tape all
cuts with compatible
construction tape.

Concrete topping slab
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Roof membrane

—— Fiberboard hygric buffer

Rigid insulation

Yy

TN T N[ S

Air barrier membrane ———

Gypsum sheathing

Fluted steel deck
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Shingles

Roofing paper

Minimum R-50 rigid insulation
in two or more layers with horizontal
and vertical joints staggered

Nail base for shingles (plywood or OSB)
screwed through rigid insulation
to wood decking or timber rafters

Air barrier membrane /

= Wood decking

Timber rafter or exposed joist
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Roof sheathing
Roofing paper

. o , Shingles
Minimum R-50 rigid insulation \
in two or more layers with horizontal >

and vertical joints staggered

Roof sheathing

Roofing membrane

Vented space

v Air barrier
257 membrane
77
— Wood decking

Timber rafter or
exposed joist
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Legend
-a—p= Upper level air flows
-+—p Lower level air flows

-~ Air flow at panel joints
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Legend
g Upper level air flows
- | ower level air flows

~a—p Air flow at panel joints connecting
uppr and lower air flows
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Shingles

Roofing paper

Vent space of nailbase
insulation panels

= =
Panel joint
Acoustical perforations Fluted metal deck
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New roofing system

Fully adhered membrane

Roof sheathing

Two layers of rigid insulation
(joints staggered and offset)

X

Fully adhered membrane air barrier

Gypsum sheathing

Fluted metal deck

Building Science Corporation
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Fully-adhered roofing membrane
Coverboard and hygric buffer

Rigid insulation (min. two

g Screw
layers; joints offset)

attachment

7 TN/ TN~ T\

—/ Screw
Gypsum sheathing attachment
(paperless)

Metal deck

Fully-adhered air control
layer/vapor control layer
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Fully-adhered roofing membrane

Coverboard and hygric buffer Intermediate plywood
layer; joints sealed

Screw attachment
to intermediate Screw attachment

plywood layer to structural deck

] i |
I !

Rigid msulatnon / at(;zra?:‘zment
Gypsum sheathing

(paperless) Metal deck

Fully-adhered air control
layer/vapor control layer
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Fully-adhered roofing membrane

ic buf
Coverboard and hygric buffer isrmadiateplwood
layer; joints sealed

Venting layer

Screw attachment
to structural deck

: |

Screw
Rigid msulatnon / attachment
Gypsum sheathing

(paperless) Metal deck

Fully-adhered air control
layer/vapor control layer
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\— 2x4 purlins in two layers; lower

Steel angle with fiat extension inserted — purlins fastened to metal deck;

under lap in membrane and fastened S —— upper purlins fastened to lower
to plywood sheathing purlins

Titanium cladding

Slip sheet - —_—

Paperless gypsum sheathing —————____

T 1" (38 mm) rigid insulation
Fully-adhered, single-ply EPDM

T Membrane air barrier

membrane 36" (914 mm) wide -~
with 6" (152 mm) lap e
/ =i T 175" (38 mm) rigid insulation
Metal purlins for cladding - & v e T
attachment at 24" (610 mm) o.c. A4 7 s T~ Membrane
. ‘\‘\\
/ \\\\ T~ Gypsum sheathing
\\‘\“—

% - Metal deck
¥4" (19 mm) plywood fastened —
to purlins
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-
-
-
-

Fully-adhered, single-ply
membeane; 367 (914 mm) wide with
6" (152 mm) lap

Y x ¥4 (19 x 19 mm)
metal battens at 16” (406 mm) o.c.






