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2018 IBC and 2018 IRC Reference ASCE 7-16
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2018 IBC Section 3111, Solar “Roadmap”

For wind resistance:
• IBC Section 3111.1.1 includes a pointer to IBC Chapter 16, Section 1609
• IBC Section 1609.1.1 includes a pointer to ASCE 7
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2018 IBC Section 1607.13.5 Live Load

For Live Load:

• IBC 3111.1.2 includes a pointer to Section 
1607.13.5

• For new buildings, roofs must be checked using 
live load with and without PV

• Live load can be offset (set to zero) for any 
portion of the roof where clear height below PV 
system is 24” or less
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2018 IBC Section 1607.13.5 Live Load

• More emphasis on considering concentrated 
loads, in addition to uniform loads

• General mention of snow drift loads
• ASCE published a guideline (not code) for Snow 

Loads on Solar-Paneled Roofs
• Extensive examples of snow drift patterns

https://ascelibrary.org/doi/pdf/10.1061/9780784480243
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2018 IRC Section R324, Solar “Roadmap”

• As most residential installations are parallel-to-roof, IRC does not include 24” threshold 
for live load offset

• For wind load, engineers and designers are much more likely to use ASCE 7-16 provisions
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Progression of Solar Provisions – SEAOC/ASCE

• ASCE 7-10 did not yet include any solar-specific provisions
• ASCE 7-16 is a Referenced Standard in the 2018 International Building Code (IBC)
• 2018 IBC/ASCE 7-16 effective date was January 1, 2020 in many states/regions
• ASCE 7-22 is under development, and will likely be referenced in 2024 IBC & IRC

ASCE
7-22
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ASCE 7-16 and SEAOC PV2-2017 (Update)

• For PV system design, strongly recommend considering SEAOC PV2-2017 as a companion document to ASCE 7-16

• https://www.seaoc.org/store/ViewProduct.aspx?id=10228815&hhSearchTerms=%2522pv2%2522

• SEAOC PV2-2017 includes “fixes” to Parallel-to-Roof Method, plus Ground Mount recommendations

• Proposals are in-progress to formalize these improvements in ASCE 7-22 (currently under development)
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Wind Design for
Low-Profile PV Systems

on Low-Slope Roofs
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Low Profile PV Systems on Low-Slope Roofs

Fort Madison, Iowa, 
300 kW
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Section 29.4.3 Rooftop Solar Panels, All Heights

• Design example problems are found in updated SEAOC PV2-2017 paper and new SEAOC Wind Design Manual
• Keep an eye on array edge effect factor γE
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Figure 29.4-7: Rooftop Solar Panels for Roofs θ ≤ 7o

• Keep an eye on panel chord length, Lp
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Figure 29.4-7: Rooftop Solar Panels for Roofs θ ≤ 7o
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Figure 29.4-7: Rooftop Solar Panels for Roofs θ ≤ 7o

• For large arrays, it makes sense that array edge effects would extend into the array a distance of 
approximately 1.5 times the chord length

• For downforce, γE = 1.0
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Figure 29.4-7: Rooftop Solar Panels for Roofs θ ≤ 7o
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Wind Design for PV Systems
Parallel to Roof,

All Heights and Roof Slopes
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Section 29.4.4: Parallel to Roof, All Heights and Roof Slopes

• The form of Formula 29.4-7 is very familiar; it 
is a velocity pressure times a combined 
pressure coefficient

• Array edge factor, γE , is carried over

• Solar panel pressure equalization factor, γa , is 
new

• Important: “A minimum gap of 0.25 in. (6.4 
mm) shall be provided between all panels”

• What if a rail-less or shared-rail system has 
zero gap in one direction? 

• The 6.7 ft maximum spacing between gaps 
does not work for solar thermal panels, which 
are typically 8 ft or 10 ft in longest dimension

• Important: The array shall be located at 
least 2h2 from the roof edge
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Section 29.4.4: Parallel to Roof, All Heights and Roof Slopes

• The method for determining array 
edge factor, γE , was carried over from 
low-slope roof section without a 
needed modification, and is addressed 
in SEAOC PV2-2017 white paper

• Solar panel pressure equalization 
factor, γa , is overly conservative, and is 
addressed in SEAOC PV2-2017 white 
paper
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Section 29.4.4: Parallel to Roof, All Heights and Roof Slopes

• Array Edge Factor γE
(“gamma E”) is a direct, 
linear multiplier to the 
wind pressure

• The value of γE in uplift is 
either 1.5 or 1.0

• In ASCE 7-16, panels 
within 1.5 Lp from end of 
row are exposed

• Result is three rows or 
fewer are 100% edge

• Oops
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Mitigation for γE in SEAOC PV2-2017 and ASCE 7-22

• In ASCE 7-16, panels within 1.5 Lp
from end of row are exposed

• This is a mistake that is corrected in 
SEAOC PV2-2017

• SEAOC PV2-2017 clarifies the array 
edge distance should be 2*h2 , which 
is consistent with roof edge distance

• A similar correction is in-progress for 
ASCE 7-22

Flush mount only

Flush mount only
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Figure 29.4-8: Parallel to Roof, All Heights and Roof Slopes

• Equalization Factor γa is 
a direct multiplier to 
wind pressure

• Wind pressure is 
reduced for gaps 
between panels

• Single “curve” in ASCE 7-
16 with 0.8 γa is based 
on compound worst-
case of ¼” gaps and 10 
in. above roof

• A public comment for 
ASCE 7-16 was not 
approved by the Wind 
Loads Subcommittee
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Mitigation for γa in SEAOC PV2-2017 and ASCE 7-22

• SEAOC PV2-2017 includes more 
options for pressure equalization

• Variables are height of PV system 
above roof and gaps between 
modules

• This alternative method rewards 
designs that consider 
optimization for wind

• Wind pressures can be reduced 
by 25 percent from worst-case 
basis of ASCE 7-16

• This same improvement (with 
minor variation) is in progress for 
future ASCE 7-22
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Seismic Design and Associated 
Criteria for Ballasted, 

Unattached Solar Arrays
on Low-Slope Roofs

August 7, 2020 www.seia.org 26
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2018 IBC Section 1613.3 Ballasted PV Systems

• Although ASCE 7-16 has criteria for ballasted, unattached 
PV systems, the language in Section 1613.3 is also important

• Applies to roof slopes 
not more than 1:12

In SDC C, D, E or F:
• Shake table testing
• Non Linear Response 

History (NLRH) Analysis
• Other approved analysis
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ASCE 7-16  Section 13.6.12
Ballasted, unattached PV systems are 
permitted to be installed as an 
Exception to Section 13.6.12
• A total of 7 “associated criteria” 

conditions must be met
We can parse the provisions in Section 
13.6.12 into three categories of 
requirements:
• Qualifying Criteria
• Design Criteria
• Installation Criteria
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ASCE 7-16  Section 13.6.12 - Qualifying Criteria
Qualifying Criteria:

• Exception: Risk Category I, II, or III only

• Exception: Structures six stories or fewer in height

• Exception: Maximum roof slope equal to or less than 1 
in 20

• Condition 7. Where justified, maximum roof slope in 
SDC C and D equal to or less than 1:12 with independent 
peer review

• Note IBC Section 1613.3 allows up to 1:12 pitch roofs 
without peer review, and where the model code (IBC) 
disagrees with a referenced standard (ASCE 7), the 
model code governs

• Condition 1 requires that this method is valid for low-
profile PV systems (low center of mass) only

(See conditions 2 through 6 on other slides)
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ASCE 7-16  Section 13.6.12 - Design Criteria
Design Criteria:

• Formula 13.6-1 establishes maximum expected 
displacement for PV systems, based on SDS and 
Importance Factor, Ie

• Alternatively, δmpv may be determined by shake 
table testing, or

• Nonlinear response history (NLRH) analysis

• For NLRH Analysis, the value of δmpv shall not be 
taken as less than 80% of the value given by Eq. 
(13.6-1)

• For NLRH Analysis, the value of δmpv may be less 
than 80% with independent peer review

• SEIA “floor modification” for 2018 IBC 
development process added “approved analysis” 
to the list of allowed methods
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ASCE 7-16  Section 13.6.12 – Design Criteria
Design Criteria (continued):

• Condition 3:  Mounting system must be interconnected 
to resist horizontal force of 0.2SDSWpi

• IMPORTANT: A proposal under development for 
ASCE 7-22 will specifically disallow this force to be 
transmitted through PV panels, unless specifically 
tested or justified for that condition

• Condition 4: Mounting system must be designed to 
distribute lateral forces and deliver them to the roof 
surface

• NOTE: These design criteria will discourage arrays of 
odd shape that are unable to distribute seismic forces
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ASCE 7-16  Section 13.6.12 – Installation Criteria 
Installation Criteria:

• Condition 6:  Place arrays such that all parts of the array 
are a minimum of 2.0δmpv from any roof edge or offset

-- and –

• Condition 6: All parts of any array not less than 4 feet 
from any roof edge or offset

Because: You do not want to design curbs or parapets for 
impact loads of not less than 0.2SDS times the weight of the 
“panel.”
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ASCE 7-16  Section 13.6.12 – Installation Criteria 
Installation Criteria:

• Condition 2: Roof marking such as yellow stripes shall be 
provided on the physical surface of the roof  -- or --

• Condition 2 alternative: Signage or marking denotes 
boundary where sliding may occur 

• Condition 5:  Electrical connections must be capable of 
accommodating movement of 1.0δmpv

2020 NFPA 70 (NEC) Section 690.31(F)  
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Additional Resources
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RMI Report: Solar Under Storm Parts I and II

https://rmi.org/solar-under-storm-designing-hurricane-resilient-pv-
systems/

• Solar Under Storm focuses on performance of PV 
systems in Puerto Rico during Hurricanes Irma 
and Maria

• Study of characteristics in common of those 
systems that performed well, versus systems that 
experienced partial or complete failure

• Reports include detailed Failure Modes & Effects 
Analysis (FMEA) for individual system 
components

• Finding and recommendations are relevant to 
any PV systems designed and installed in high-
wind regionsPart I: Ground Mount Part II: Roof Mount

https://rmi.org/solar-under-storm-part-ii-designing-hurricane-resilient-pv-systems/
https://rmi.org/solar-under-storm-for-
policymakers/#:~:text=The%20Solar%20Under%20Storm%20for,system%20construction%20oversight%20and
%20approval.
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NREL: Cost Considerations for Storm Hardening

https://www.nrel.gov/docs/fy20osti/75804.pdf
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SEAOC Conference Papers – Cain & Banks

https://www.seia.org/research-resources/seaoc-conference-
papers

• Conference papers 
represent the opinions 
of the authors, and are 
not peer-reviewed

• Papers provide insight 
on structural concerns 
within and beyond ASCE 
7-16

• 2015 paper includes 
discussion of dynamic 
wind effects for ground 
mounts 
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Papers from SEAOC PV Systems Committee

PV1: SEISMIC PV2: WIND PV3: GRAVITY LOADS PV4: TESTING
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SEAOC Wind Design Manual

https://www.seaoc.org/page/2018WDM
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Questions?

Joe Cain, P.E.
Director of Codes & Standards

E-mail: jcain@seia.org
JoeCainPE@gmail.com

Phone:  408-605-3934
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JENNIFER CAREY, P.E. CONTRIBUTED TO:
 SEAOC PV2 REPORT (2017)
 SEAOC PV3 REPORT (2019)
 SEAOC PV4 REPORT (IN PROGRESS)
 WIND DESIGN MANUAL (2018)
 ASCE 7-22 (IN PROGRESS)

MEMBER OF:
 ASCE

 ASCE 7-22 WIND LOAD SUBCOMMITTEE
 ASCE 7-22 SEISMIC SUBCOMMITTEE
 ASCE SUBCOMMITTEE ON WIND LOADS ON SOLAR 

COLLECTORS
 SEAOC

 SEAOC SOLAR PHOTOVOLTAIC SYSTEMS COMMITTEE
 SEIA

 CODES AND STANDARDS
 CORROSION PROTECTION

ABOUT ME:
 SR GEOTECHNICAL/STRUCTURAL ENGINEER 

@ KLEINFELDER
 9 YEARS OF SOLAR EXPERIENCE

 RESIDENTIAL/COMMERCIAL ROOF AND GROUND
 UTILITY GROUND MOUNTED STRUCTURES
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WIND DESIGN MANUAL (WDM)
• WIND DESIGN MANUAL BASED ON THE 

2018 IBC AND ASCE/SEI 7-16 EXAMPLES 
FOR WIND FORCES ON BUILDINGS AND 
SOLAR PHOTOVOLTAIC SYSTEMS

• DEVELOPED BY THE STRUCTURAL 
ENGINEERS ASSOCIATION OF 
CALIFORNIA (SEAOC)

• 7 SOLAR PHOTOVOLTAIC EXAMPLES

FROM: SEAOC WIND DESIGN MANUAL
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WDM CONTENTS - NON-SOLAR SPECIFIC
• DE 1 - ENCLOSURE CLASSIFICATION
• DE 2 - TOPOGRAPHIC EFFECTS
• DE 3A - EXPOSURE CATEGORY/SURFACE 

ROUGHNESS CATEGORY
• DE 3B - DETERMINATION OF 

INTERMEDIATE EXPOSURE AT A 
TRANSITION ZONE

• DE 4 - GUST FACTOR
• DE 5 - TORNADO STORM SHELTER
• DE 6 - HIGH WINDS EXAMPLE
• DE 7A - WIND FORCES ON A SIMPLE 

DIAPHRAGM BUILDING – PART 2 METHOD

• DE 7B - WIND FORCES ON A SIMPLE 
DIAPHRAGM BUILDING – PART 1 
METHOD

• DE 8A - WIND FORCES ON A THREE-
STORY, L-SHAPED BUILDING

• DE 8B - COMPONENTS AND CLADDING 
WIND FORCES ON A THREE-STORY, L-
SHAPED BUILDING

• DE 9 - DESIGN WIND FORCES ON A 14-
STORY OFFICE BUILDING
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WDM CONTENTS - SOLAR SPECIFIC
• DE 10 - ROOFTOP SOLAR PANELS FOR 

BUILDINGS OF ALL HEIGHTS WITH 
FLAT ROOFS OR GABLE OR HIP 
ROOFS WITH SLOPES LESS THAN 7 
DEGREES – SMALL COMMERCIAL 
BUILDINGS

• DE 11 - ROOFTOP SOLAR PANELS OF 
ALL HEIGHTS WITH FLAT OR GABLE 
OR HIP ROOFS WITH SLOPES LESS 
THAN 7 DEGREES – LARGE 
COMMERCIAL BUILDINGS

• DE 12 - ROOFTOP SOLAR PANELS 
PARALLEL TO THE ROOF SURFACE ON 
BUILDINGS OF ALL HEIGHTS AND 
ROOF SLOPES – SINGLE FAMILY 
RESIDENCE

• DE 13 - ROOFTOP SOLAR PANELS 
PARALLEL TO ROOF SURFACE ON 
BUILDINGS OF ALL HEIGHTS AND 
ROOF SLOPES – SPORTS COMPLEX
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WDM CONTENTS - SOLAR SPECIFIC
• DE 14 - SEISMIC DESIGN OF A LOW-

PROFILE UNATTACHED SOLAR PV 
SYSTEM ON A LOW-SLOPE ROOF

• DE 15 - CONSIDERATION OF GRAVITY 
LOADS ON EXISTING ROOFS 
SUPPORTING SOLAR PV ARRAYS

• DE 16 - CARPORT PV SYSTEMS

FROM: SEAOC WIND DESIGN MANUAL
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WIND ON FLAT ROOF (DESIGN EXAMPLES – 10/11)
• ROOFTOP SOLAR PANELS FOR 

BUILDINGS OF ALL HEIGHTS WITH 
FLAT ROOFS OR GABLE OR HIP 
ROOFS WITH SLOPES LESS THAN 7 
DEGREES – SMALL COMMERCIAL 
BUILDINGS

• ROOFTOP SOLAR PANELS OF ALL 
HEIGHTS WITH FLAT OR GABLE OR 
HIP ROOFS WITH SLOPES LESS 
THAN 7 DEGREES – LARGE 
COMMERCIAL BUILDINGS

FROM: JENNIFER CAREY
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WIND ON FLAT ROOF (DESIGN EXAMPLES – 10/11)
• NEW METHODOLOGY
• NEW VARIABLES

• PARAPET HEIGHT FACTOR
• PANEL CHORD FACTOR
• EXPOSURE FACTOR
• EFFECTIVE WIND AREA
• NORMALIZED WIND AREA

• CODES/REPORTS
• ASCE 7-16, SECTION 29.4.3
• SEAOC PV-2, 2017

• LIMITATIONS

FROM: DE 10 - SEAOC WIND DESIGN MANUAL
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WIND ON FLAT ROOF (DESIGN EXAMPLE – 11)

FROM: DE 11 - SEAOC WIND DESIGN MANUAL
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WIND ON FLAT ROOF (DESIGN EXAMPLES – 10/11)

FROM: SEAOC PV-2 REPORT (2017)
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WIND ON PITCHED ROOF (DESIGN EXAMPLES – 12/13)
• ROOFTOP SOLAR PANELS 

PARALLEL TO THE ROOF SURFACE 
ON BUILDINGS OF ALL HEIGHTS 
AND ROOF SLOPES – SINGLE 
FAMILY RESIDENCE

• ROOFTOP SOLAR PANELS 
PARALLEL TO ROOF SURFACE ON 
BUILDINGS OF ALL HEIGHTS AND 
ROOF SLOPES – SPORTS 
COMPLEX

FROM: DE 12 - SEAOC WIND DESIGN MANUAL
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WIND ON PITCHED ROOF (DESIGN EXAMPLES – 12/13)
• METHODOLOGY
• NEW VARIABLES

• EXPOSURE FACTOR
• SOLAR ARRAY PRESSURE 

EQUALIZATION FACTOR

• CODES/REPORTS
• ASCE 7-16, SECTION 29.4.4
• SEAOC PV-2, 2017

• LIMITATIONS

FROM: DE 12 - SEAOC WIND DESIGN MANUAL
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WIND ON PITCHED ROOF (DESIGN EXAMPLE – 13)

FROM: DE 13 - SEAOC WIND DESIGN MANUAL



KLEINFELDER PROPRIETARY CATCHING UP WITH SOLAR PV STRUCTURAL REQUIREMENTS – WIND DESIGN MANUAL 54

SEISMIC FLAT ROOF (DESIGN EXAMPLE – 14)
• SEISMIC DESIGN OF A LOW-

PROFILE UNATTACHED 
SOLAR PV SYSTEM ON A 
LOW-SLOPE ROOF

• METHODOLOGY
• CODES/REPORTS

• ASCE 7-16, SECTION 13.6.12
• SEAOC PV-1, 2017

FROM: JENNIFER CAREY
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SEISMIC FLAT ROOF (DESIGN EXAMPLE – 14)
• SEISMIC DISPLACEMENT

• SEPARATION BETWEEN ADJACENT 
ARRAYS

• SEPARATION BETWEEN ARRAY AND 
FIXED OJBECT ON THE ROOF

• SEPARATION BETWEEN ARRAY AND 
ROOF EDGE

• DIFFERENTIAL MOVEMENT

• INTERCONNECTION STRENGTH
• MEMBER STRENGTH
• LIMITATIONS

FROM: DE 14 - SEAOC WIND DESIGN MANUAL
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ROOF GRAVITY LOADS (DESIGN EXAMPLE – 15)
• CONSIDERATION OF GRAVITY LOADS ON EXISTING ROOFS SUPPORTING SOLAR PV 

ARRAYS

FROM: GOOGLE EARTH
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ROOF GRAVITY LOADS (DESIGN EXAMPLE – 15)
• THREE CASES

• FLAT PANEL ATTACHED ARRAY
• SLOPED PANEL ATTACHED ARRAY
• SLOPED PANEL BALLASTED ARRAY

• WIND LOAD
• SNOW LOAD
• SEISMICITY
• LIVE LOADS
• PONDING

FROM: DE 15 – SEAOC WIND DESIGN MANUAL
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CARPORT PV SYSTEM (DESIGN EXAMPLE – 16)
• CARPORT PV SYSTEMS

FROM: DE 16 - SEAOC WIND DESIGN MANUAL
PHOTO BY: JENNIFER CAREY
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CARPORT PV SYSTEM (DESIGN EXAMPLE – 16)
• LIVE LOADS
• SEISMIC LOADS

PHOTO BY: JENNIFER CAREY
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CARPORT PV SYSTEM (DESIGN EXAMPLE – 16)

FROM: DE 16 - SEAOC WIND DESIGN MANUAL

• MAIN WIND FORCE RESISTING SYSTEM
• COMPONENTS AND CLADDING
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CARPORT PV SYSTEM (DESIGN EXAMPLE – 16)

FROM: DE 16 - SEAOC WIND DESIGN MANUAL

• SNOW LOADS
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SUMMARY
• PRACTICAL IN-DEPTH DESIGN 

EXAMPLES
• CLEARER UNDERSTANDING OF 

CODE APPLICATION

PHOTOS BY: JENNIFER CAREY
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WDM
• HTTP://SHOP.ICCSAFE.ORG
• SEARCH FOR THE WIND DESIGN 

MANUAL (SKU – 9000S18)
• DISCOUNT CODE: “SEIA2020”

PHOTOS BY: JENNIFER CAREY
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REFERENCES
• AMERICAN SOCIETY OF CIVIL ENGINEERS/STRUCTURAL 

ENGINEERING INSTITUTE (ASCE/SEI) 2016. “MINIMUM DESIGN LOADS 
FOR BUILDINGS AND OTHER STRUCTURES” ASCE 7-16, PUBLISHED 
BY ASCE, 2017.

• STRUCTURAL ENGINEERS ASSOCIATION OF CALIFORNIA (SEAOC) 
SOLAR PHOTOVOLTAIC SYSTEMS COMMITTEE 2017. “WIND DESIGN 
FOR SOLAR ARRAYS” SEAOC PV2-2017, PUBLISHED BY SEAOC, 2017.

• SEAOC. “WIND DESIGN MANUAL BASED ON THE 2018 IBC AND 
ASCE/SEI 7-16, EXAMPLES FOR WIND FORCES ON BUILDINGS AND 
SOLAR PHOTOVOLTAIC SYSTEMS” WDM, PUBLISHED BY SEAOC, 2018.
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• Dustin is the VP of R&D at S‐5! Attachment Solutions, Metal Roof 
Innovations, and Chair of the SEIA Mounting System Manufacturers 
Committee. 

• Dustin has collaborated and led many efforts in standards and codes 
development with organizations which include the ICC, UL, and Intertek 
and universities and institutes such as the University of Adelaide and the 
Karlsruhe Institute of Technology in the fields of metal roofing, roofing 
attachments and racking and mounting systems. 

• In addition to chairing SEIA’s mounting systems manufacturers committee, 
Dustin chairs the UL Non‐Combustible Roof Group of the MBMA Insurance 
Committee, co-chairs the Metal Construction Association (MCA) Accessary 
Council, serves on the UL 2703 and UL 1703 Standards Technical Panels 
and the Microgeneration Certification Scheme (MCS) Roofing Work 
Group.

• He has 10 issued patents and more than 20 co-patents on file or pending 
USA and internationally.
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The forces that must be resisted:
• Snow Loads

• What is a “slippery surface”?
• What is "design snow load"?
• What are vector loads: cause of rooftop avalanches?
• What is snow retention?
• What mistakes are made?

• Module / Racking / Snow retention Testing
• How are these components tested for different loads?
• UL2703 / UL1703 / IEC 61730

8/7/2020



Q: What is a ”slippery surface”?
A: a surface with a low coefficient of friction, e.g.

• Slate
• Membranes like TPO, EPDM, PVC
• Glazed, non-porous tile
• Metal with glossy or smooth finish
• Glass
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Q: What are examples that are not ”slippery”?

• Granular surface asphalt shingles
• Tile with coarse, porous surfacing
• Metal shingles with granular surface
• Split wood shingles, esp with coarse surfaces
• Mod-bit single ply membranes with granular surface

• Glass and metal have much in common:
• They both have very low frictional coefficients
• We (S-5!) have many decades of experience with “slippery 

surfaces”
• When you install glass modules onto any roof surface, you are 

creating a ”slippery roof surface”.
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Vector Load is also called “drag load” or “gravity load”

The forces of snow on a rooftop can be mathematically 
calculated…and should be for any snow guard job.  If 
done properly, this can insure against system failure.

Snow Effects on Roofs (or Modules) in 2 Load Directions

Vector = vertical x sine of angle

VERTICAL WEIGHT
(roof design snow load)
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Snow has effects 
on roofs (or 
modules) in 2 
load directions
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That was somewhere between 5 and 
6 TONS of snow evacuating that 
small roof in just under 5 seconds... 
So, vector loads can be serious 
business.
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The safety risks 
are not just 
hypothetical…

2017
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2018
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March 15, 2019

2019
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Protect Vehicles
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Limit Liability

8/7/2020

Presenter
Presentation Notes
Notice the sign near the entrance of this hotel in Colorado. Do you suppose the sign lessens the liability of the owner or the designer if snow from that roof comes crashing down on someone’s car, or worse yet, on their head?



Do these signs protect the 
building owner from a 
liability suit?
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What causes an avalanche?

If drag loads (vector forces , gravity loads) of snowbank exceed the 
strength of those bonds-- avalanche will occur.

COHESIVE BOND

When storms pass, UV rays from the sun pass through the snowpack 
warming the roof below... and freeing the temperature-sensitive bond.

During snowstorm(s) sunlight is 
occluded and snowpack is retained 
on the roof by two bonds…
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The entire drag load is now resisted only by the cohesive bond at 
the ridge…  which is too weak

The temperature sensitive bond is now broken and the 
interface is also lubricated by melt-water.  (no friction)

COHESIVE BOND

AVALANCHE!

What causes an avalanche? 
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What is a Snow Guard?A snow guard is a mechanical device or system that 
increases friction between roof and snow, to retain 
snowpack on the roof, so that it evacuates in a 
predictable and controlled fashion (sublimation and 
thaw) rather than by a sudden and dangerous rooftop 
avalanche.

Snow guards must be engineered and populated 
to resist the loads to which they are exposed.

Snow guards may be necessary when converting 
a non-slippery surface to a slippery one!
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Is this a slippery surface?

8/7/2020



Notice how the lip of the module frame is retaining snow?

Is it designed to do that?

Unintentional Snow Guards

Unintended snow guards?
– sort of,

But not designed for that.
8/7/2020

Presenter
Presentation Notes
Notice how the lip of the module frame is acting as a snow retention system



Designing PV Systems for Environmental 
Extremes: Page 2 of 6 | SolarPro Magazine | 
David BrearleySCHOTT Solar AG

Unintentional Snow Guards
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Snow guards rely on the compressive strength 
of the mass of snow to restrain its movement.

Gravitational forces compress snowbank immediately adjacent 
to the roof surface and especially toward its lower end, 
increasing its density, and compressive strength.  

Conclusion:
Engage the 
snowbank where 
compressive 
strength is the 
greatest– at or near 
the eave end.

So where and what is the logic of engaging 
the snowbank with snow guard devices?
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What Kind of Loads Do We See?        (Example below)

A single module 
of 18 s.f. will 
experience 381# 
of vector force

These forces are project-specific and will vary depending on slope, design roof snow loads and module size.
8/7/2020



What Kind of Loads Do We See?
And a single column of 5 modules will experience 1,905# of vector load

… like tons of snow landing 
on someone’s head

What to do?
Snow Retention

If that force is not resisted– bad things may happen…

Snow Guard
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Existing low slope roof with a proposed tilted PV array

Added dead load of about 2.5 psf +/-

Aerodynamic Shade

Aerodynamic shade in snow country can create snow drift 
loads that are greater than roof design snow loads 

What kind of loads do we see– even on flat roofs?

Drift Load

Wind driven snow

We are all familiar with shading

What about Added live loads?

Much more if the system is ballasted
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What are the standard tests for mechanical loads?

• UL 1703
• Module Only Testing (single module)

• 30 psf (1436 Pa) Design Load 
• 45 psf (2155 Pa) Test Load
• Factor of Safety = 1.5

1Be careful!  Many vendors may publish only ultimate load (NO FS)
2Down-slope is related to to walking/traffic loads—NOT snow vectors!

• IEC 61730 (61730-1 / 61730-2)
• Module Only Testing (single module)

• Similar to UL 1703; however modules are tested 
to ultimate structural capacity >50 psf (2394 Pa)

• Factor of Safety (61730-2) = 1.51

• UL 2703 (tests assembly– incl racking)
• Module/Rack Testing (module pair)

• 10 psf (479 Pa) Down Minimum Design Load  
5 psf (239 Pa) Up Minimum Design Load 

• Tested in 3 Orientations incl Down-Slope2

• Factor of Safety = 1.5

(Module shown in 
portrait, but tests apply 
to either orientation)

WHAT’S MISSING?
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THE WEAK LINK IN THIS CHAIN
OF TESTS & STANDARDS IS THE
ATTACHMENT OF THE “RACK”
(OR RAIL) TO THE ROOF.

IT IS ALSO LIKELY 
THE LOWEST COST 
COMPONENT OF A 

FISHISHED ARRAY
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• So, what about the anchorage of the 
modules, rails or racking to the roof 
to resist wind uplift? 

• And what about vector loads? Or 
snow guards?

• There are no codes, standards or 
mandates for these kinds of testing 
with very few jurisdictional 
exceptions. BUYER BEWARE!!

Parallel to roof (vector of snow)

Normal to roof (wind uplift)
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• So, testing must be done voluntarily by 
producer.

• Testing should be done in ISO 17025 certified 
lab.

• Anchorages should be tested in minimum of 
two load directions- negative normal and 
parallel to roof.

• Test should be specific to the actual roof 
material (substrate) used on the project.

• Results from this testing should be published to 
purchaser WHO SHOULD DEMAND IT.

• Then the components must be produced in a 
certified factory (ISO-9001-15)

Parallel to roof (vector of snow)

Normal to roof (wind uplift)

Without all these steps, 
proper system design and 
engineering is impossible! 
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Negative Normal to 
roof (for wind uplift)

Parallel to roof 
(for vector loads)

Mounting Devices
(S-5! Test Protocols) Parallel to roof 

(for vector loads)
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Appropriate testing for mechanical loads parallel (Snow)
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Appropriate Testing for Mechanical Loads Negative-Normal

Negative Normal to 
roof (for wind uplift)
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http://www.metalconstruction.org/download.php/education/downloads/MetalRoofDesignforColdClimates

Find additional 
information through 
the Metal Construction 
Association
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Find additional 
information through 
the Metal Construction 
Association
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Dustin Haddock
Vice President of 
Research and Development

It’s just the right way!®
S-5.com

Since 1992

dustin@s-5.com

719-337-5053
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Testing of Solar PV Modules 
and Mounting Structures

Presenter
Presentation Notes
Welcome to our series of educational seminars ranging from solar to snow and we will be adding new ones on an ongoing basis. Please watch on-line and your inbox for future trainings and webinars. 



Mark Gies – Panelist
Director of Business Development – S-5!

>11 years in solar industry
Additional 20 years engineering and management – multiple industries

Prior to S-5!:
VP Engineering – Ballasted PV Mounting Systems
Business Development – Solar Developer/EPC/Installer

Vice-Chair of SEIA’s Mounting System Manufacturers Committee
Member – SEAOC PV Committee
Founding Member – UL 2703 Standards Technical Panel

MBA – Olin School of Business at Babson College
ME, BA (Mechanical Engineering) – Dartmouth College



“Economics” of Permitting/Project 
Requirements

Project Requirements
IBC, IRC
ASCE 7

White Papers
SEAOC PV

Wind Tunnel

Test Data/Standards
UL 61730 (UL & IEC)
UL 2703
*New UL 7103 BIPV
FM 4478

Acceptance & 
Evaluation Criteria

Other Standards & 
Standard Testing 
Methods (i.e. ASTM)

Project-Specific Calcs



Benefits of Standards/Methods/ACs/ECs/Etc.

• Consensus-Driven
• Universally known and accepted
• Standardized approach
• Multi-faceted; Compliance to many critical parameters
• Reduces project-specific work – onerous

• SAVES TIME AND MONEY – Standards Make it Easier
• Ensures safety and quality – Issues don’t fall through the cracks

PV System Design (PV Module and Support Structure)

Sometimes Structural Analysis and Calculations are not enough to prove compliance 



Presenter
Presentation Notes
Our staff not only belong but we are active in these communities to help evolve codes and standards to help solar grow




Development of Global Consensus-Based Standards by:
International Harmonization Committee (IHC) and Standards Technical Panel (STP)

Harmonized UL1703 and IEC 61730



Mechanical Load Test per UL 61730-2 Safety 

• Minimum Design Load: 33psf (1600 Pa) – Test Load: 50 psf (2400 Pa)
• Higher design load ratings upon request
• Positive (down) and Negative (up) can have different load ratings

• Example:  33 psf up design load and 50 psf down design load
• Procedure: 3 tests each direction (up and down) for 60 minutes each test

• Mechanical failure cannot occur during testing
• Electric continuity must be maintained after testing

• Modules can be tested for “Reduced Mechanical Load”
• Design Load 17 psf (800 Pa); Test Load 25 psf (1200 Pa)
• Reduced Load rated modules can only be installed in the interior 

section of a large utility-scale ground mount PV array

10.23 Static Mechanical Load: MST 34 (Equivalent to IEC 61215-2 MQT 16)
• IEC 61215 test protocol was chosen during harmonization process
• Safety Factor of 1.5 added from UL 1703



UL Mechanical Load Testing



ANSI/UL 2703, Mounting Systems, Mounting Devices, Clamping/Retention Devices, 
And Ground Lugs for use with Flat-Plate Photovoltaic Modules  



UL Mechanical Load Testing



UL Mechanical Load Testing

Important Notes:
• Lower minimum ratings may be misunderstood – Product rating (supply) must match site demand

• That has always been a point of confusion – even before UL 2703 changed

• Ratings are for specific combinations of modules and racking
• 33 psf rated module + 10 psf racking as tested is only rated to 10 psf

• UL 2703 listing does not need to have mechanical load testing – Beware 



UL PV Standards
Sheet Metal Screw can be used for Mechanical 
Connections

Min SF: 3:1

Min SF: 6:1

Now: 105/90/70 degrees C 
w/exception: 61730 Temperature Test



BIPV Solar Modules act as 
both PV Modules and as the 
Roof System……. So they 
need to be evaluated as such

Subject UL 7103 is a combination of:
UL 61730 (UL 1703)
UL 2703 

And these Roofing Standards:
UL 580: Test for Uplift Resistance of Roof 
Assemblies

UL 1897: Standard for Uplift Tests for Roof 
Covering Systems

ASTM D3161 Standard Test Method for 
Wind Resistance of Steep Slope Roofing 
Products (Fan-Induced Method)



FM 4478
• Listed Systems: Combination of Roof, PV Module, Mounting System
• Every Combination Has to be Evaluated and Possible Tested

• Testing Includes
• Gravity Load Test: Minimum Listing: 32 PSF (Higher Available)

• 1 Hour Test Duration, Safety Factor: 1.0
• Wind Uplift Test: Minimum Listing: 60 psf (Higher Available)

• Uplift Forces from Vacuum Chamber
• 1 Minute Intervals until Failure, Safety Factor 1.25

Vacuum Chamber for Wind Uplift Test



FM Global
Property Loss Prevention Data Sheets 1-15 
July 2014 Interim Revision February 2020 

• FM Global’s Rules for Insurance  Compliance
• It is the  Demand-Side of the Equation
• A lot of Additions in 2020 Version (in red)



ICC-ES
(Evaluation Services)

ESRs
• Key Supply-Side Tool
• Universally Accepted
• Heavily Used in Construction
• Common for Roof 

Attachments 







Appropriate testing for mechanical loads negative-normal

Negative Normal to 
roof (for wind uplift)



Acceptance Criteria (ICC-ES)
Evaluation Criteria (IAPMO)

 Non-Standard Product Performance
 Consensus-Driven Criteria for Universal Acceptance
 Roof Attachments – Left out of Scope in Other Standards 







Acceptance Criteria (ICC-ES)
Evaluation Criteria (IAPMO)

 AC467: Proprietary Attachment Systems of PV Arrays 
to Roof Systems

 The proprietary attachment system connect to the 
roof covering system by a combination of heat-
welded tie-downs and caps, as well as using 
fasteners and proprietary metal plates



 Product/Project Specific Testing

 Certified (PE/SE Stamped)

 Use of Standardized Testing Methods is best

 Use of NRTLs or ISO 17025 Labs are important

Important Test Factors
• Load Rate
• Measurement
• Number of Tests
• Safety Factor
• Etc, Etc, Etc



References Standards and Methods from AC428



Presenter – Mark Gies
Director of Business Development

mgies@s-5.com
719-388-3036



Question & Answer 



August 4th, 2020

www.seia.org

Join us this Fall for our virtual 
Codes & Standards Symposium!

SEIA.org/Events 
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