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Topics

* Moisture in concrete roof decks

* Wind uplift concerns with steel roof decks
e ASCE 7-16

e “Fully” adhered

* Field wind uplift testing

* Metal stud walls & perimeter membrane
attachment

* NRCA programs
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Moisture in concrete roof decks
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Some terminology

* Structural concrete (normal weight)
— 150 lbs/ft3

* Lightweight structural concrete
— 85-120 lbs/ft3

Lichtweicht | lati ,
—20-40-bs /e
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Concrete mix design

Aggregate:

— Large aggregate

— Fine (small) aggregate
Portland cement
Water

Admixtures:

— Fly ash

— Air entrainment

— Curing compounds
— Etc.

Concrete Aggregates
60-80% of Concrete Mix Design

* Normal-weight aggregates (stone):
— Dense
— Absorb about 2% by weight
* Light-weight aggregates (expanded shale):
— Porous
— Absorbs from 5 - 25% by weight

Lightweight structural concrete
inherently contains more moisture
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An up-close look
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Uses for lightweight structural concrete

* Cast-in-place roof decks (removable forms)
* Composite roof decks (metal form deck stays
in-place)

* Deck topping (e.g., topping over precast
concrete)
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What is the appeal?

Reduced weight:

— Transportation

— Pumping

— Placement

— In-place (Dead load)
Similar strength
Similar workability:

— Begin finishing earlier
Sustainability credit:
— LEED

Water Tower Place (1975)
Chicago, IL
859 feet tall

Reported roofing-related problems

* Moisture within the roof system
* Loss of adhesion

* Insulation facer delamination

* Adhesive curing issues

* Mold growth

* Fastener/metal corrosion

e R-value loss
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When is it OK to roof?

Historical guidelines

» After 28 days
* Application of hot bitumen

e Plastic film test

— ASTM D4263, “Standard Test Method for
Indicating Moisture in Concrete by the Plastic
Sheet Method”

These guidelines are not appropriate for
current generations of concrete mixes

Flooring industry

ASTM Committee FO6—Resilient Floor Coverings

* ASTM F1869, “Standard Test Method for
Measuring Vapor Emission Rate of Concrete

Subfloor Using Anhydrous Calcium
Chloride”

* ASTM F2170, “Standard Test Method for
Determining Humidity in Concrete Floor
Slabs Using In-situ Probes”
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ASTM F2170 apparatus

Measure relative humidity (RH %) and temperature

Connector for the HMII indicator

Protective cover (19268HM)

Plastic sleeve is sealed with
a rublbwer plug (1926THM).

-

Plastic sheeve (19266HM)

The humidity can be measured
at the desired depth (min. 30
mm, max. 5 mm)

The tip of thee probe is in contact
with the air that is in equilitrium
with the concrete.

(=] —

Probe diameter 12 mm
Baore hole diameter 16 mm

Trial ASTM F2170 tests

Existing lightweight structural concrete roof decks

Roof 1 Roof 2 Roof 3
Roof age (yrs) 4 7 7
Area (ft?) 13,200 23,840 14,760
Thickness (in.) 6.5 7.5 7.3
No. of readings 13 10 8
High reading 99% RH 99% RH 99% RH
Low reading 63% RH 96% RH 84% RH
Median reading 97% RH 99% RH 99% RH
Mean reading 89% RH 99% RH 95% RH

Values of 65-85% RH are considered acceptable in the
flooring industry depending upon the specific floor covering type.
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Concrete Floors and Moisture, 2" Edition

Howard M. Kanare, CTL Group

75% internal RH can be achieved:
* Normal weight structural concrete
— Less than 90 days
* Lightweight structural concrete
— Almost 6 months

NRCA Industry Issue Update, August 2013
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Conclusions

* Concrete roof decks — normal weight and
light-weight structural — present challenging
moisture-related considerations.

* Further complicated by the use of admixtures
and method of finishing.

* NRCA does not support the 28-day drying
period or the plastic sheet test

Conclusions - continued

* Roofing contractors can only visually assess
the dryness of the concrete’s top surface

* Roofing contractors cannot readily assess any
remaining free moisture within concrete or its
likely release

Roofing contractors are not privy to and may
not be knowledgeable about the information
necessary to make “...when to roof...” decisions
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Professional Roofing

June 2017
ASTM E96 calculated perm
Lightweight structural concrete Normal weight concrete
Wet cup Dry cup Wet cup Dry cup
28 days 1.48 0.78 3.42 1.05
60 days 145 0.47 2.03 113

The figure shows results of ASTM E96 water vapor transmission testing. Note the lightweight
structural concrete has about half of the permeability of regular weight concrete. Considering

lightweight structural concrete arrives with more than twice the evaporable water of regular weight
concrete, this explains why lightweight structural concrete retains moisture for so long.

Moisture on concrete roof decks

decks
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Moisture in concrete roof ==

Normai-weight and kghtwesgt structural
concrete cause some concern
b Mt 5 Contarn

EARCH+TECH

Professional Roofing,
Sept. 2017
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Moisture vapor reduction admixtures

(MVRAS)

Some examples:

e Barrier One
* ISE Logik MVRA 9000
* SPG VaporlLock

NRCA has still not seen an MVRA perform
successfully in concrete roof deck applications

The roofing industry needs to re-think
the concept of concrete roof deck “acceptance”
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NRLRC’s Contract Provisions, Vol. 1l

“Roofing Contractor’s commencement of the roof
installation indicates only that the Roofing Contractor
has visually inspected the surface of the roof deck for
visible defects and has accepted the surface of the roof
deck. Roofing Contractor is not responsible for the
construction, structural sufficiency, durability,
fastening, moisture content, suitability, or physical
properties of the roof deck or other trades’ work or
design. Roofing Contractor is not responsible to test or
assess moisture content of the deck or substrate.”

Wind uplift concerns with steel roof decks
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Steel roof deck design

* SDI Design Manual

 AISI S100, “Specifications for the Design of
Cold-formed Steel structural Members”

* ANSI/SDI RD1.0-2006, “Standard for Steel Roof
Deck”

e ANSI/SDI RD-2010, “Standard for Steel Roof
Deck”

* SDI Roof Deck Design Manual, First Edition
(Nov. 2012)

Steel roof deck design

Wind uplift resistance

* Minimum 30 psf uplift (uniform loading)

* Minimum 45 psf uplift (uniform loading)
at roof overhangs
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SDI bulletin
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ATTACHMENT OF ROOFING MEMBRANES TO STEEL DECK
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* Seam-fastened single-
ply membranes are a
concern
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Membrane seams in deck flute direction

SDI: 12 X bending Fhoment and shear (deck)

SDI bulletin -- Conclusion

flutes of the deck.”

“...SDI does not recommend the use of roofing
membranes attached to the steel deck using line
patterns with large spacing unless a structural
engineer has reviewed the adequacy of the steel deck
and the structural supports to resist to wind uplift
loads transmitted along the lines of attachment. Those
lines of attachment shall only be perpendicular to the
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FM'’s guidelines

* FM 4451, 1978 edition (Steel roof deck)

* FM 4451, June 2012 edition (Steel roof deck)
— Incorporates AlSI S100-07

 FM 4470, June 2012 edition (Roof systems)

h, TECH TODAY

Changes reduce some FM classifications

FM 4470 has been revised, resulting in different uplift resistonce criteria

Professional Roofing
January 2013

www.professionalroofing.net

1 omprimsmdreng e ANAR

2018 MiIRC Annual Convention 18



Roofing industry technical issues

FM'’s guidelines

FM 4451, 1978 edition (Steel roof deck)

FM 4451, June 2012 edition (Steel roof deck)
— Incorporates AlSI S100-07

FM 4470, June 2012 edition (Roof systems)
FM 1-29, January/April 2016 (Securement)

FM 1-29 updated

www.fmglobaldatasheets.com

aaaaaaaa
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Table of Contents

New criteria for steel roof

deck uplift:
* Uniformly-distributed
loading
* Concentrated loading

2018 MiIRC Annual Convention
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An example

Hypothetical analysis using FM 1-29

* Adhered (uniform loading) roof system:
— 6 ft. joist spacing = Class 165

* Seam-fastened (nonuniform, linear load) roof
system:
— 6 ft. seam spacing = Class 90 (33 ksi steel deck)
— 9.5 ft. seam spacing = Class 90 (80 ksi steel deck)
— 6 ft. seam spacing = Class 165 (80 ksi steel deck)

Seam spacing wider than joist spacing begins to get problematic

NRCA’s recommendations

Uniformly-loaded vs. non-uniform, linear pattern loaded steel roof decks

New construction:
 Structural engineer awareness of roof system
design

— Note load pattern and steel’s yield strength on
structural drawings and shop drawings

* Roof system designer awareness of steel roof
deck design

2018 MiRC Annual Convention 20
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NRCA’s recommendations — cont.

Uniformly-loaded vs. non-uniform, linear pattern loaded steel roof decks

Reroofing:

» Realize steel roof decks are not likely designed
to current SDI, FM Global and FM Approvals’
standards

* If steel deck design cannot be verified:
—Use narrow fastener row/seam spacing
(rows/seams < joist spacing)
—Use a uniform uplift loading roof system
(BUR, MB, adhered single ply)

Fastener pull-out tests...

There is little correlation between fastener
pull-out resistance and a steel roof deck’s
yield strength and uplift (bending) strength

2018 MiRC Annual Convention 21
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Although roofing contractors sometimes are given
the responsibility of inspecting and accepting steel
roof decks to receive a new roof system,
determining a roof deck’s design adequacy is
beyond the expertise of most roofing contractors.

This determination is best made during a project’s
design phase.

THE
SITUATION
WITH STEEL
DECKS

walaction and design

Professional Roofing
March 2017

www.professionalroofing.net
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New wind desigh method

ASCE 7-16

Minimum Design Loads and
Associated Criteria for

Buildings and Other Structures . Publlshed in June 2017
e Referenced in IBC 2018
* Beginning to be implemented
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ASCE 7-16’s changes

* Revised basic wind speed map
* Changes (and new) pressure coefficients
* Revised perimeter and corner zones

Expect higher field, perimeter and corner
uplift pressures

ASCE 7-10 basic wind speed map

Fig. 1607A--V,, for Risk Category Il Buildings
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ASCE 7-16 (draft) basic wind speed map

Risk Category Il Buildings

GCE pressure coefficients

h < 60 ft., gable roofs < 7 degrees

Zone ASCE 7-10 ASCE 7-16 (draft)
1 (field) -1.0 -1.7
i - -0.9
2 (perimeter) -1.8 -2.3
3 (corners) -2.8 -3.2
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Zones
h <60 ft., gable roofs < 7 degrees
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ASCE 7-10 ASCE 7-16 (draft)

Comparing ASCE 7-05, ASCE 7-10 and ASCE 7-16
Example: A manufacturing building is located in Lansing, MI. The building is an enclosed
structure with a low-slope roof system and a roof height of 40 ft. The building is located in
an area that is categorized as Exposure Category C.

Document Basic wind Design wind pressure (psf)
speed (mph) Zone 1’ Zone 1l Zone 2 Zone 3
(Center) (Field) (Perimeter) (Corners)
ASCE 7-05 90 - 21.8 36.4 54.8
ASCE 7-10
Strength 115 - 35.5 59.5 89.5
design
ASCE 7-10
ASD 89 -- 21.3 35.7 534
ASCE 7-16
Strength 110 29.7 51.7 68.1 92.8
design
ASCE 7-16
ASD 85 17.8 31.8 40.9 55.7
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Proper wind design (which is oftentimes
avoided) is getting even more complicated.

“Fully” adhered

2018 MiIRC Annual Convention 27
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The fully adhered misnomer

Terminology can create unrealistic expectations within the roafing indusiry

NRCA
recommends

the term “fully
adhered” be

Professional Roofing,
January 2017

avoided

Field uplift testing

2018 MiIRC Annual Convention
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Field uplift testing

* ASTM E907, “Standard Test Method for Field Testing Uplift
Resistance for Adhered membrane Roofing Systems”

* FM 1-52, “Field Verification of Roof Wind Uplift Resistance”

'\ INDUSTRY 155U& UPDATE

Field-uplift testing

ASTM E907 and FM 1.52 bests coninum ko be problamatic

NRCA “Industry Issue Update,”
June 2015

NRCA’s experience:

¢ Most tests not conducted in
accordance with ASTM E907 or
FM 1-52.

* No correlation between field test
vs. lab. results/classifications

* NRCA survey: 55% passing

2018 MiRC Annual Convention
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The latest...

Designers specifying roof systems designs that
have not been FM tested/classified, but require
the contractor to pass FM 1-52 to receive
payment

Metal stud walls and perimeter
membrane attachment
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2 SELF TAPPING
FASTENERS PER
STUD (TYPICAL) —

METAL STUDS
(TYPICAL)

6" (152 mm)
WIDE 22 GA,

SHEET METAL
BACKER FASTENING
STRIP

APPROPRIATE IM
FASTENERS 12"
(304 mm) 0,C,
THROUGH METAL
BACKER STRIP
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Applicators need more guidance
on base termination/attachment details

m NRCA ProCertification

Recognition of expertise level of field workers
Launch in November 2018

www.nrca.net/NRCA-ProCertification
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ROOFING DAY IN D.C.

April 3-4, 2019
Hyatt Regency Washington on Capitol Hill
Washington, DC

Y NRCA

Mark S. Graham

Vice President, Technical Services
National Roofing Contractors Association
10255 West Higgins Road, 600
Rosemont, lllinois 60018-5607

(847) 299-9070
mgraham@nrca.net
www.nrca.net

Twitter: @MarkGrahamNRCA
Personal website: www.MarkGrahamNRCA.com
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