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Introductions

" Program

" People

History
= 2000 IBC changes

= Fire Protection in concealed areas or fill with
fiberglass

= Continuous air barrier.
= Northern climate issue
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The Problem

" Vapor retarders and proper placement

= Sources of moisture

= Air bypass versus diffusion

" Understanding dewpoints
" Sprinklers in concealed spaces
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Vapor Retarders

" Never perfect

" Sheets versus foam

" Areas that may not get covered.

" Original construction different than repairs
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Sources of Moisture
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Dewpoints

This is a point where 100% relative humidity is reached
and water will start to condense on anything colder
than the dewpoint.

Dewpoints need to fall OUTSIDE the vapor retarder.
Otherwise condensation will occur INSIDE the building.
Bypasses of the vapor retarder is what is causing the
damage we are finding

Learn as much as you can about dewpoints, vapor
diffusion and methods to evaluate condensation and
where it will occur. This has a similar impact of the
water intrusion issues over the last 10 years.
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Diffusion versus Air bypass -90X the water

4x8 sheet of
4x8 sheet of . . . .
gypsum board gypsum board
Interior at 70°F with a 1in2 hole
d 40% RH
o Interior at 70°F . . . I
and 40% RH . .
1/3 quart . . I
of water

30 quarts
— of water

From Building Science Corp.
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Dewpoints
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Psychometric Charts

2

Psychrometric chart

—
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Moisture g
;,%M/ w
Dry-buib Temperature, t ——

\o Manoj PJ Associate professor{ MECH)
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Water Vapour Pressure, p,,
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More Detail
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Case Studies

= \Where did we see it start.

= Parapets

L = Modes of failure

BRAUN PG l’
=
I“I:lleB“TEC Futrell Fire INSPEC

12



o
.

= LN 05/08/2018 10:14

L

b 3 ik

BRAUN

INTERTEC ;
The Science You Build On. %ﬁlﬂ}:l’i‘e l N S PEC



BRAUN
INTERTEC -

) ) Futrell Fire
The Science You Build On. Consalt & Design, Inc. INSPEC




BRAUN
INTERTEC

The Science You B

fﬁ =

F 11 F
N3 e o INSPEC

05/06/2019 10:37

15



BRAUN {_‘G l’
INTERTEC - 16

Futrell Fire

Consult & Design, 1

The Science You

INSPEC



ma  f5 [
INTERTEC Futrell Fire
‘The Science You Build On. Lgn;uh n DL;( — l N S PEC




BRAUN

INTERTEC
The Science You Build On. m l N S PEC

Futrell Fire



NOW PRESENTING

Gary Patrick, AlIA, RRC, CSI
Executive Vice President - Inspec
GPatrick@inspec.com

19




CASE STUDIES — ROTTING ROOF EVALUATIONS

MN Multi-Family Residential Buildings

= Roughly 10 yearS Old ﬁROOFMEMBRANE
- Wood open truss roof construction — | RIGID INSULATION 30ARD
/e~ — PLYWOOD ROOF DECK

- Conventional roofs BU, BSP, MFSP -F TR,
- Ceiling vapor retarder ' “

—— BLOWN-IN INSULATION

DEW POINT ABOVE THE
VAPOR RETARDER

DRAFT STOPPING
— 1 FIRE STOPPING

: —— PENETRATIONS THROUGH
N TOP PLATE IN STUD WALL
A (SMALL DASHED)
—— POLYETHYLENE VAPOR RETARDER

Initial Symptoms
- No water entry

- Deck deflection

- Ceiling mold

; (CLASS I) SEALED TO WALL
T~ s GYPSUM CEILING AND WALLS

PARTY WALL CONSTRUCTION
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Destructive Test Opening Results
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CAUSES

MOISTURE ACCUMULATION
FROM VAPOR RETARDER fROOFMEMBRANE
BYPASSES =] RIGID INSULATION BOARD

— PLYWOOD ROCF DECK
— ROOF TRUSS (DASHED)

m——— BLOWN-IN INSULATION

- Interrupted vapor retarder at
walls and wall penetrations

DEW POINT ABOVE THE
VAPOR RETARDER

DRAFT STOPPING
FIRE STOPPING

: y— PENETRATIONS THROUGH
TCP PLATE IN STUD WALL
(SMALL DASHED)

—— POLYETHYLENE VAPOR RETARDER
(CLASS I) SEALED TO WALL

- Open/unsealed penetrations
thru ceiling vapor retarder

- e 7 GYPSUM CEILING AND WALLS
- Warm interior moisture
laden air condenses on - PARTY WALL CONSTRUCTION
. L1
surfaces below the dew point LI
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DUCT JOINTS NOT SEALED
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MOISTURE ANALYSIS TOOLS

TRADITIONAL STEADY-STATE MODELING

Dew Point Method, Glaser Diagram, Kieper Diagram

One point in time modeling. Not able to measure storage capacity
in building materials or transient effects of moisture drive

WUFI HYGROTHERMAL MODELING

Computer-based model to analyze moisture and thermal
transmission through the exterior envelope materials in a given
system, building parameters, and historic conditions every hour for
a year and then over a 5-year period
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WUFI Modeling evaluation

results include: — I __

- Total Water Content in the | _
Building Section A / -

- Water Content in Specific il
Building Components - : .

- Temperature, Relative = .
Humidity, and Dew Point \E -

Monitoring and Analysis

|

.,

Warbr Content gy

B
&

A .

Key is careful and thorough - =

s

Cross Setion g

information input
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SOME MITIGATION OPTIONS

VENTILATE THE TRUSS SPACE

- Not effective to manage moisture
- Not a viable option

CONSTRUCT A COMPLETE CEILING VAPOR RETARDER FROM INSIDE

THE BUILDING

- New construction suited

- Seal to the wall vapor retarder

- Complete/continuous vapor retarder construction almost impossible to do
- Not a viable option
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CONSTRUCT A COMPLETE VAPOR RETARDER FROM OUTSIDE THE
BUILDING

- Roof replacement suited

- Closed cell spray foam over ceiling vapor retarder from topside

- Seal to wall vapor retarder

- Exposing the truss space/weather protection

- A viable option

FULLY ADHERED SINGLE-PLY MEMBRANE
COVER BOARD IN ADHESIVE
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CONSTRUCT A COMPLETE WALL/ROOF VAPOR RETARDER VIA THE
BUILDING TRUSS PERIMETER

- New Roof and Roof replacement suited

- Top side application perimeter area in roof replacement scenario
- Closed cell spray foam tie-in to wall and roof vapor retarder

- Insulation filled concealed space or compartmented to eliminate
insulation/sprinklers __

- A viable option J =

R
=
S T
oo
i _——— ROOF MEMBRANE
G Y T T COVER BOARD
e \ N,
i RIGID INSULATION BOARD
s S
Plywood (USA) e — DEW POINT ABOVE THE VAPOR RETARDER
il .
5 R - ROOF VAPOR RETARDER (CLASS I)
CE S S S O PLYWQOD ROOF DECK
e -
o, VAPOR RETARDER (CLASS I) EXTENSION
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CASE STUDY - FIXING A FAILED/ROTTING ROOF

Central MN Apartment Building

- Several attempts to stop moisture migration
- Moisture accumulation one year later!
- Mitigation options reviewed

Viable options:

= CONSTRUCT A COMPLETE CEILING VAPOR
RETARDER FROM OUTSIDE THE BUILDING

- CONSTRUCT A COMPLETE VAPOR RETARDER
VIA THE BUILDING TRUSS PERIMETER
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SHEET METAL CAP FLASHING

60 MIL ADHERED PVC MEMBRANE
WITH FLASHING

CONSTRUCT A COMPLETE
VAPOR RETARDER VIA THE
BUILDING TRUSS
PERIMETER OPTION

1/2" COVER BOARD INSULATION IN
LOW RISE FOAM ADHESIVE

CONTINUOUS U-SHAPED METAL BRIDGE

CONTINUOUS 16 GA.G.S. ANGLE

34" PLYWOOD

SELF-ADHERED VAPOR RETARDER,
SEAL TO METAL BRIDGE
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ROOF PLAN NOTATION

D DRY 0SB DECK AND FIBERGLASS INSULATION AREA OF DECK TO BE REPLACGED
A
# WET 03B DECK AREA OF DECK AND FIBERGLASS INSULATION
1 WET FIBERGLASS INSULATION TO BE REPLACED
M MOLD
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CASE STUDY — PREVENTING A NEW ROOF FROM FAILING

St. Paul MIN Senior Residential Building
New Building Construction

Roof/Wall Vapor Retarder Design Consultation
Solution:
CONSTRUCT A COMPLETE VAPOR RETARDER VIA THE BUILDING TRUSS

PERIMETER

- Explored Options
- WUFI Modeling support

- Architect Developing Final Detailing
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What Owners Can Do

- Become familiar with your type of roof/ceiling construction
- Roof walkovers and interior observations

- Indoor climate maintenance/lower RH the better

- Indoor bathroom/kitchen fan maintenance

- Take action early on

What Architects Can Do

- Incorporate a roof vapor retarder, make it complete/continuous with
the wall vapor retarder

- WUFI Hygrothermal Modeling recommended during design. Trained
technician is key

- Consider other types of construction
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Combustible
Concealed
Spaces Fire
Protection

" Fire Prevention is good,
we don’t have many
fires, but if we did...
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How Does Fire

Protection Tie in
Here? = Building and Fire Codes

generally require fire protection
systems — sprinklers, throughout
combustible construction.

" |[nternational Building Code

" International Fire Code

= National Fire Protection
Association (NFPA) 1.
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How Does Fire
Protection Tie in
Here?

= Cold climates require freeze
protection (e.g. dry sprinkler
systems, antifreeze, heat,
insulation, or some
combination).

= Wet or dry systems and
insulation, or lack thereof,
can be problematic.

BRAUN {_‘g l’
- 49
IESIEETEC Futr ll F INSPEC



Alternates to Blown-in Insulation

= Dry sprinkler system.
" Antifreeze systems — maybe.

= Wet sprinkler system with adequate and
appropriate insulation.

= Wet sprinkler system with adequate heat
(>38°F in every corner) in attics and other
concealed spaces.

= Non-combustible construction without fuel
loading or ignition sources.

= NFPA 13 exclusions such as 8.15.1.2.6.
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Cause and Effect

360° -24.7° -135° -22¢ 91° 203° 316° 09 541° F

_ Gose |

Color Legend ,
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8" diameter maximum hole for " :
At PBI, cantilever back span must be 1174"-20" deep blocking panels; 1%" TJ® Rim Boarg or
permanently braced with either direct- 6" diameter maximum for blocking 1%" TimberStrand® LSL
applied ceiling along entire length or  Web stiffeners ~ panels 9%" deep or shorter than losure, typical
permanent bracing at % points. See required on both 12" long. Do not cut flanges.
detail below for connections. sides at EIW

Alternates to Blown-in ks
Insulation

10d (0.131" x 3") nails,
one each at top and
bottom flange.
= NFPA 13, 2010 edition: 8.15.1.2.6*

Concealed spaces formed by ceilings

attached to composite wood joist

construction either directly or onto metal

. . . 12" length of %"
channels not exceeding 1 in. (25.4 mm) in o ovmesse

E8. Attach to joist flanges

depth, provided the joist channels are wit one 34 (0131321

nail at each corner.

4'-0" length of %"
reinforcement (2'-0" maximum
cantilever) on one side at E2,
both sides at E3. Attach to joist
flange with 8d (0.131" x 2%")
nails at 6" on-centre. When
reinforcing both sides,
stagger nails.

Nail through 2x_ cantilever, wood
backer, and TJI® joist web with 2 rows
10d (0.148" x 3") nails at 6" on-centre,
clinched. Use 16d (0.135" x 3%") nails
with TJI® s47 joists. F1 applies to
uniformly loaded joists only.

6'-0" length of TJI® joist reinforcement (2'-0"
maximum cantilever) and filler block at E4. Attach
to joist web with 3 rows 10d (0.148" x 3") nails at

fl re StO p p e d N tO VO I umes eac h n Ot Blocking panel between each joist. Nail rim to blocking panel and gng'}’f%"gtf%f@!’?;ﬂff‘ aUns: ;‘t{gc.ﬁ'ﬁfﬂsm%m
Full depth vertical blocking at E5 and blocking panel to plate with 2 rows 10d (0.148" x 3") nails at 6" on-centre,

exceeding 160 ft3 (4.53 m3) using materials & o e g cinehed. Notfo use wih T 7 st
equivalent to the web construction and at

least 3 1/2 in. (90 mm) of batt insulation is

installed at the bottom of the joist

channels when the ceiling is attached

utilizing metal channels, shall not require

sprinkler protection.!

1 National Fire Protection Association, Standard for the Installation of Sprinkler Systems, NFPA 13, 2010 edition,
One Batterymarch Park Quincy, MA.
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Alternates to Blown-in
Insulation

9.2.1.91

Concealed-spaces-within-composite-wood-joist-construction-having-noncombustible-insulation-filling -the-space from-
the-ceiling-up-to-the-bottom-edge-of-the-composite -wood-joist-of theroof-or-floor-deck-and-with-the-joist-channels-
separated-into-volumes-each-not-exceeding-160°ft:°(4.5°ms?)-to-the -full-depth-of-the-composite -wood-joist, -with-material-
equivalent-to-the-web-construction,-shall-not-require-sprinkler-protection.{

For-an-example-of-composite-wood-joist-construction-separated-into-160-ft°(4.5-m3)-volumes,-see’Exhibit-9.5.9]
EXHIBIT-9.5°-Limited-Open-Space-Between-Composite-Wood-Joists.{

Firestop Maximum
160 ft2 (4.5 m®)
/

//f 1.

"&"’4&;&?&“&&"&%’” YA oo
li NC insulation ¢

National Fire Protection Association, Automatic Sprinkler Systems Handbook, NFPA 13, 2019 edition, One

Batterymarch Park Quincy, MA.
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Alternates to Blown-in Insulation

= NFPA 13, 2010 edition, /
A.8.15.1.2.6%

= To use this option you are
required to increase the
design area from 1500 ft?

to 3000 ft2 or from four 7 7
sprinklers to eight
sprmklers [11.2.3.1.4(3)].
i ) C O C D C D C ) C D)
This could double, or more, — E— LV — —
the cost of the sprinkler \
systems. : Gypsum board
= My guess is D/B specifications Resilient channel
overlook this requirement. Batt insulation
FIGURE A.8.15.1.2.6 Combustible Concealed Space Cross
Section.
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Insulation Related
Failures

"  Freeze failures because:

= Floor / ceiling space filled with
insulation.

= Rim joist not properly sealed /
insulated.

= Exterior penetrations not
properly sealed.

=  Water-filled domestic and
sprinkler pipe too close to
exterior walls and insulated from
heat.

w5 [
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Avoiding Insulation Related Failures

= “Tenting” / sealing water-
filled pipe in joist / ceiling /
floor spaces.

= “Tents” have to be sealed
completely.

= Heating the attic space and
using water-filled sprinkler
systems.

= Non-combustible roof
construction eliminating
fire sprinkler requirements.
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Tear it off and Re-do it!




Corrosion in Dry
Systems

Causes freeze failures.

Can obstruct sprinklers and
piping from waterflow in a fire
condition.

= Reduces the life expectancy of
steel pipe systems to 7-12 years
with thinwall pipe.

seavy . {f [
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7-12 year life expectancy with design/build construction
and minimum NFPA 13 compliant designs.

Dry Systems are
Problematic

Freeze failures due to improper installation.

Freeze failures due to corrosion.

N

Corrosion failures.

Failure to maintain the systems.

Worst-case scenario is clogged pipes and sprinklers in a
fire scenario or sprinkler system out of service in a fire.

BRAUN R l’
' 60
INTERTEC Futrell Fire INSPEC




= |t costs more to do it correctly from

What the start with dry systems.
. = Design/build, low bid, NFPA 13
ArChltECtS minimum is NOT the best.

and Owners = Design/build sprinkler systems in

unheated attics are not appropriate
Need to for the long-term of the building or

KnOW owner.

= There are options, but you won’t
get them from design/build
specifications.
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What Architects and
Owners Need to Know

= These are life safety, property protection,
and fire fighter safety systems.

= Design / Build and cost savings to fire
protection systems is not in your client’s
best interest.

=  The possibility / probability of failure
increases with the use of design / build in
fire and life safety systems.

=  Performance-Based Design is an option.

= Utilize a competent Fire Protection Engineer on the design
team to maximize protection and minimize failure
probabilities.

=  Non-combustible construction:

= Exterior walls

] Roof structure
= Decks / balconies

BRAUN {—\Q r
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We need to do a better job
of protection in floor /
ceiling / attic spaces that are
combustible.
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QUESTIONS?

Looking for more information?

Steve Flaten, AIA, LEED, AP
Principal Architect - Braun Intertec
SFlaten@braunintertec.com

Gary Patrick, AlA, RRC, CSI
Executive Vice President - Inspec
GPatrick@inspec.com

Scott Futrell, PE, FSFPE, CFPS, CFEI, SET
President — Futrell Fire Consult & Design
scottf@ffcdi.com
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