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GETTING STARTED - INTRODUCTION  1

Getting Started - Introduction 

This manual is for professional engineers and permitting authorities.  For assistance with your array’s engineering and a Bill of Materials, see our U-
Builder at http://design.unirac.com  
 
SOLARMOUNT Flush-to-Roof is an extruded aluminum rail system that is engineered to hold most framed solar modules to a roof structure and 
installed parallel to the roof. With SOLARMOUNT, you’ll be able to solve virtually any PV module mounting challenge.  
 
Some of the features of this product include: 

 Integrated Full System Grounding and Bonding to UL 2703 
o Integrated Bonding Rail Splice 
o Integrated Bonding Module Midclamp Assembly  
o Module Endclamp Assembly  
o Bonding Microinverter Mounting Bolt Assembly  
o Integrated Bonding L-Foot T-Bolt 

 Module Landscape (with rails running north/south) or Portrait (with rails running east/west) Orientations 
 Works with Most Framed Modules 
 Wire Management Clip 
 Designed per the ASCE 7-05 and ASCE 7-10 Building Code  
 Component Testing  
 Rigorous Engineering Analysis 
 Superior Aesthetics 

o Optional Front Trim 
o Optional End Caps (SOLARMOUNT Standard and Light Rail Only) 



 

 

INSTALLER RESPONSIBILITY  2

Installer Responsibility & Disclaimer 

Please review this guide and the SOLARMOUNT Installation Guide thoroughly before installing your SOLARMOUNT system. These guides provide 
supporting documentation for building permit applications, planning, and assembling the SOLARMOUNT system. 

The installer is solely responsible for: 

 Complying with all applicable local or national building codes, including code requirements that can be more stringent 
than the guidelines set forth in this manual; 

 Maintaining and enforcing all aspects of a safe working environment; 
 Ensuring that Unirac and other products are appropriate for the particular installation and the installation environment; 
 Ensuring that the roof, its rafters, connections, and any other structural support members can support the array under 

all code level loading conditions (this total building assembly is referred to as the building structure); 
 Using only Unirac parts and installer-supplied parts as specified by Unirac (substitution of parts may void the warranty 

and invalidate the letters of certification in all Unirac publications); 
 Ensuring that lag screws have adequate pullout strength and shear capacities as installed; 
 Verifying the strength of any alternate mounting if used in lieu of the lag screws; 
 Maintaining the waterproof integrity of the roof, including selection and proper installation of appropriate flashing; 
 Ensuring safe installation of all electrical aspects of the PV array, including proper grounding/bonding; 
 Array shading and output analysis; 
 Ensuring correct and appropriate design parameters are used in determining the design loading used for design of the 

specific installation. Parameters, such as snow loading, wind speed, exposure and topographic factor should be 
confirmed with the local building official or a licensed professional engineer. 

Unirac shall not be liable for any losses, damages, or injuries that directly or indirectly result from any non-conformance with the above. 



 

 

DESIGN METHODOLOGY  3

Design Methodology 

SOLARMOUNT was designed using the Minimum Design Loads for Buildings and Other Structures by the American Society of Civil Engineers and Structural 
Engineering Institute, 2005 and 2010 editions. These are referred to as ASCE 7-05 and ASCE 7-10, respectively.  Three methods have been provided to 
aid in design of your project.  The use of these methods is discussed in the Project Requirements & Design Aid section in the next page.  

Quick Note – The online U-Builder is highly recommended for all qualifying projects. It will provide you with a Bill of Materials, Certification Letter, 
and Calculations for your project.  Please review Table 1 in the Project Requirements and Design Aid section of this Guide.  



Project Requirements & Design Aid

85-150 mph 110-170 mph *** ***

commentary are provided for your convenience to aid in generating the specific design load pressures for your loading conditions, such as wind and snow. This method has been provided for 
1c. Do It Yourself (Analytical Method): This design approach follows the ASD calculations step by step through both the ASCE 7-05 and 7-10 design codes. Equations, figures, tables, and  

design or layout requirements that fall outside of the other two options or for design professionals that prefer to perform their own calculation package. 

*** Prescriptive Pressure tables located in Appendix B and Online. Pressure Tables exist for Basic Wind Speeds of 85-170 mph for ASCE 7-05 and 110-190 mph for ASCE 7-10.
1a.  U-Builder: This is an easy-to-use online design tool that is recommended for all preliminary and final designs, estimating, and layout validation. It is located on our website at

The U-Builder allows for a customized project design that results in a final design, bill of materials, price quote and stamped/certified engineering approval letters.
1b. Prescriptive Design Method: This method is a simplified approach to the design of your SOLARMOUNT project. This method is recommended when computers or internet access is not 
available. Once project specific requirements are known, the project design load pressures can be looked up in the Pressure Lookup Tables located in Appendix B. If additional tables are 
needed, they can be found online at www.unirac.com. 

Bill of Materials for Unirac Components of Solar System Provided: Yes No No
* Requirements must fall within defined range to utilize specified design aid.
** The design professional could use the appropriate code to perform the design in LRFD, LSD, or ASD. The ASD procedure for the Analytical Method has been provided.

www.unirac.com.

Stamped/Certified Engineering Letter for Solar System Provided: Yes Yes No

Total Module Quantity*: Up to 50 x 50 Unlimited User Input
Design Method: Allowable Stress Design Allowable Stress Design Unlimited**

Module Dimensions*: Module Dependent Module Dependent User Input

Project Specific Calculations for Solar System Provided: Yes No No

Framed Module Type & Module*: User Input Most 60 and 72 Cell User Input
Module Weight*: Module Dependent See Appendix E User Input

Roof Slope*: 0-45 Degrees 0-45 Degrees As Permitted by Code
Roof Zone(s)*: 1, 2, or 3 1, 2, and 3 As Permitted by Code

As Permitted by Code
Seismic Coefficient, Ss*: ≤ 3.1g ≤ 3.1g As Permitted by Code

Roof Height (Eave & Ridge)*: ≤ 30 feet ≤ 60 feet As Permitted by Code

Table 1 - Project Requirements & Design Aid
Project Requirements                          

(Blank Cells for Project Specific Input Provided for your Convenience)
Design Aid

ASCE 7-05 ASCE 7-10Local Jurisdiction Code Amendments:
Occupancy/Risk Category*: II II As Permitted by Code

ASCE 7-05 ASCE 7-10 ASCE 7-05 ASCE 7-10

Project Name: U-Builder1a

(Online Design Tool)

Prescriptive Design 

Method1b
Do It Yourself1c (Analytical 

Method)
Project Address:

AHJ (Authority Having Jurisdiction):
Current Adopted Building Code:

Basic Wind Speed*: As Permitted by Code
Wind Exposure Category*: B or C B, C or D As Permitted by Code

Ground Snow Load*: 0-60 psf ***

PROJECT REQS & DESIGN AID
DESIGN & ENGINEERING GUIDE
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Step 1: Define Project Requirements
a.
b.
c.

Step 2: Create Initial Array Layout
a.

b. Create a "rough draft" layout of solar modules on the actual project roof. (Refer to the SOLARMOUNT Installation Guide.)

Prescriptive Design Method - Quick Design Steps

Fill in the Table 1 - Project Requirements & Design Aid  on previous page.

Review the Prescriptive Pressure Tables in the Appendix to see if they meet your needs. If a more precise design is needed (if the tables in the 
Appendix don't meet your project requirements, but per Table 1, you can still utilize the Prescriptive Design Method) please utilize the online tool for 
design. 

Once project specific information is determined, confirm that the Prescriptive Design Method may be utilized. 

Identify the structural supporting members of your building. A sketch/drawing of the roof/building with location of supporting members, vents, 
skylights, cable/wires, areas to avoid, etc., is highly recommended.

PRESCRIPTIVE DESIGN METHOD
DESIGN & ENGINEERING GUIDE
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PRESCRIPTIVE DESIGN METHOD
DESIGN & ENGINEERING GUIDE

Step 3: Determine Array Design Pressure by Roof Zone to Select a Rail Span
a.
b.

Pressure Table Used: Controlling Pressure:
Basic Wind Speed -

Building Height -

Exposure Category - Roof zone 1:
Seismic Coefficient (Ss) - Roof zone 2:

Roof Pitch - Roof zone 3:
Ground Snow Load -

c.
i.
ii.
iii.

d. Use the Downward and Upward Span Length Tables  in Appendix C with the plf loads to determine maximum spans.
i.

ii.
iii. Use the smaller length of the "Down" and "Up" maximum span length.
iv.

Lateral 
(psf)

Up (psf)

Using information in Steps 1 & 2, select a Prescriptive Pressure Table contained Appendix B or online.  
Use fill-in boxes below to document your project specific pressures and tables utilized.

Down (psf)
Side      
(psf)

Note: For Low Profile Mode, where rails are perpendicular to the roof tilt (E-W Rails), "Side Load" (Down Slope) 
is load applied in weak axis bending of the SOLARMOUNT rail along the roof tilt and "Lateral" is load applied 
as an axial load along the SOLARMOUNT rail perpendicular to the roof tilt. For High Profile Mode, where rails 
are parallel to the roof tilt (N-S Rails), "Side Load" (Downslope) is load applied in as an axial load along the 
SOLARMOUNT rail perpendicular to the roof tilt and "Lateral Load" is applied in weak axis bending of the 
SOLARMOUNT rail along the roof tilt.

Convert pressures (lbs/ft² or psf) from the boxes just filled in to pounds per linear foot (lb/ft or plf) using the following steps:

Look up the table "Downward Span Lengths". Using the "Down" plf load and the "Side" plf load combinations, choose the maximum span 
length in the table.

Total Pounds Per Module / 2 ( Number of rails) =  Pounds Per Rail
Pressure (from table above) * Area of Module = Total Pounds per Module

Pounds Per Rail / Width of Module Parallel with the Rail = Pounds per Linear Foot (plf)

Look up the table "Uplift Span Lengths" and using the "Up" plf and "Side" plf load combinations to choose the maximum span length.  

Cantilever (overhang) lengths can be up to 33% of the span length. For example, a 9 foot span length can have a 3 foot cantilever. The 
cantilever is defined as the distance from the center of a L-Foot to the edge of a rail.
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PRESCRIPTIVE DESIGN METHOD
DESIGN & ENGINEERING GUIDE

Step 4: Determine Load to the Roof
*The U-Builder online can automatically calculate maximum point loads to the roof.

a. To determine the load on the roof through the attachment:
i. Determine the tributary area to each attachment.
ii. Review the controlling pressure in Step 3b.
iii.
iv. Multiply the tributary area by the roof pressure to obtain loads to the roof attachment.
v. Determine the point load to the roof at each attachment.

Step 5: Check Roof Load
a. Ensure that the supporting structure is capable of withstanding the additional loads imposed by the proposed solar system.

Step 6: Check the Connections
a. Similar to Step 3c, determine the tributary area to each connection and the applied load from the Controlling Pressures table in Step 3.
b. Convert the applied psf loads into pounds through tributary area.
c. Look up the Technical Data Sheets in Appendix H for maximum permissible load to each connection.
d. From Step 4, determine if the attachment (lag bolt or other appropriate attachment) is capable of withstanding the point loads applied.
e. If the maximum permissible load is greater than the applied load, then the connections are adequate.

Step 7: Define Grounding and Bonding Path
a.

Step 8: SOLARMOUNT Front Trim Check
a. SOLARMOUNT Front Trim should not be installed in areas where the wind load exceeds 100 psf, where the distance from clamp to clamp (span) 

exceeds 52 inches, or where the cantilever (overhang) is greater than 66% of the span length. To determine your pressure, please use Appendix B. You 
will need to review the table assosciated with your project wind speed and no snow, and review the Up and Down Loads (psf) to determine if 
SOLARMOUNT Front Trim is appropriate for your project.

Refer to the Installation Guide for how to determine the Grounding and Bonding Path.

Determine pressure zones on the roof per ASCE 7-05, Figure 6-3 or ASCE 7-10, Figure 30.5-1.
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ASCE 7-05 Analytical Method

Step 1: User Inputs (ASCE 7-05) Commentary:

Module Dead Load (psf)

1) Most Building Officials allow for all 
or a portion of the roofs original live 
load design load to be 
removed/reduced at the time that solar 
panels are being added to the roof.  The 
rationale behind this is that live load or 
roof foot traffic is eliminated or 
reduced to designated paths. in other 
words, the roof top solar array and live 
load foot traffic cannot occupy the 
same space.  If all of the roof live load 
can be utilized by the proposed solar 
array, 0 psf should be entered.                 

Roof Live Load1 (psf): 0 psf, 20 psf, etc.

Roof Height (ft): Mean roof height (15 ft, 30 ft, or 60 ft)

Roof Zone: Determine the Roof Zone (1, 2 or 3) (ASCE 7-05, Figure 6-3) 

Ground Snow Load (psf):
Pg = Ground Snow Load in psf. Ground Snow Loads (ASCE 7-05, Figure 
7-1) 
ASCE 7-05 (Figures 22-1, 22-3, 22-5, 22-7, 22-9 through 22-11, 22-13, 
and 22-14)

Roof Angle (degrees): Convert roof pitch to angle in degrees [See Appendix D]
Basic Wind Speed (mph): Per Basic Wind Speed - US Map (ASCE 7-05, Figure 6-1) 

Wind Exposure Category:
Determine the Exposure Category (B, C or D) by using the definitions 
for Surface Roughness Categories (ASCE 7-05, Sections 6.5.6.2 and 
6.5.6.3) 

Seismic Coefficient Ss (g):

Solar Module Length (in):
Solar Module Width (in):
Solar Module Weight (lb):

Module Manufacturer/Type:

ASCE 7-05 ANALYTICAL METHOD
DESIGN & ENGINEERING GUIDE
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ASCE 7-05 ANALYTICAL METHOD
DESIGN & ENGINEERING GUIDE

Step 2: Wind Pressure (ASCE 7-05, Chapter 6) Commentary:

Wind Pressure Equation - Method 2 - Analytical Procedure (ASCE 7-05, Section 6.5):

Pn=qh (GCpn-GCpi) (ASCE 7-05, Section 6.5.12.4.1) (GCpn - Negative Uplift Factor)
Gcpi equals zero (per AC428, November 2012) (internal pressure coefficient)

GCpp (Positive downforce factor) 
GCpn (Negative uplift factor)

qh = qz

Kz

Kzt

Kd
V Basic Wind Speed in MPH from User Inputs in Step 1
I

Calculate the wind pressure for uplift and downforce, using GCpn & GCpp respectively, in the provided boxes.

2) Typical values for the Importance 
Factor are 0.87 based on Occupancy 
Category I and 1.0 based on Occupancy 
Category II. Occupancy I is defined by 
ASCE 7-05 to mean "Buildings and 
other structures that present a low 
hazard to human life in the event of 
failure…". Occupancy II is defined by 
ASCE 7-05 to mean "All buildings and 
other structures except those listed in 
Occupancy Categories I, III, and IV".         

GCp is defined below (ASCE 7-05 Figure 6-11) and is a function of the roof zone, 
effective wind area (feet squared), and roof angle (degrees) (external pressure 
coefficient)

(ASCE 7-05, Figure 6-11B) for roof angles ≤ 7°
(ASCE 7-05, Figure 6-11C) for roof angles > 7° and ≤ 27°
(ASCE 7-05, Figure 6-11D) for roof angles > 27° and ≤ 45°

Pp=qh (GCpp-GCpi) (ASCE 7-05, Section 6.5.12.4.1) (GCpp - Positive Downforce Factor)

qz=0.00256Kz*Kzt*Kd*V^2*I (ASCE 7-05, Section 6.5.10)
Velocity Pressure Coefficient (ASCE 7-05, Table 6-3) 
Topographic Factor (ASCE 7-05, Section 6.5.7.1 & Figure 6-
4) 
Directionality Factor (ASCE 7-05, Table 6-4) 

Importance Factor2 (ASCE 7-05, Table 6-1) 
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ASCE 7-05 ANALYTICAL METHOD
DESIGN & ENGINEERING GUIDE

Step 3: Dead Load Commentary:

Calculated Dead Load in the provided boxes.

Step 4: Snow Load (ASCE 7-05, Chapter 7)

Sloped Roof Snow Load Pressure Equation:
Ps=0.7*Cs*Ce*Ct*I*Pg (ASCE 7-05, Section 7.3)

Pg
Cs
Ct

I
Ce

Calculate Ps (Sloped roof snow load) in the provided boxes.

3) To be combined with the module 
dead load and used in wind load 
combinations. 

4) The ground snow load is utlilized to 
calculate the roof snow load, which is 
the load applied to the structure. 

5) From Section C7.8 of ASCE 7-05, "the 
collectors should be designed to 
sustain a load calculated by using the 
"unobstructed slippery surfaces" curve 
in Fig. 7-2a". This graph recommends 
the use of a Ct value of less than or 
equal to 1.0. 

6) The Snow Importance Factor for 
Occupancy Category I = 0.8 and for 
Occupancy Category II = 1.0.                    

Total Dead Load (psf): Sum of Module Dead Load and Racking System Dead Load

Ground Snow Load4 (psf) from User inputs in Step 1.

Importance Factor6 (snow) (ASCE 7-05, Table 7-4) 
Exposure Factor (ASCE 7-05, Table 7-2) 

Racking System Dead Load3 

(psf):  

[See Appendix E] (The racking system dead load should be taken as 
the total weight of the racking system (hardware, rails, nuts, bolts, 
attachments, etc.) divided by the total module area of the system.)  
Component weights can be found in the technical datasheets.

Module Dead Load (psf):
Module Dead Load (psf) should be determined from User Inputs in Step 
1

Slope Factor (ASCE 7-05, Figure 7-2) 

Thermal Factor5 (ASCE 7-05, Table 7-3) 
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ASCE 7-05 ANALYTICAL METHOD
DESIGN & ENGINEERING GUIDE

Step 5: Seismic Load (ASCE 7-05) Commentary:

Seismic Load Equation (Horizontal):

psf (seismic load (horiz.) on the module, divide Fp by the effected area)
ap

Rp
SDS

Fa
Ss

Wp

Ip

z

h

Seismic Load Equation (Vertical):

psf (seismic load (vert.) on the module, divide Fp by the effected area)

Calculate seismic loads for both horizontal and vertical in the provided boxes.

average roof height of structure with respect to the base (ASCE 7-05, 
Section 13.3.1)

Fp(horizontal)=[(0.4*ap*SDS*Wp)/(Rp/Ip)]*(1+2*z/h) (ASCE 7-05, 13.3.1)

7) The Component Amplification Factor 
(ap) for flush-mount systems should be 
taken as 1.0 (International Code Council 
(ICC) Acceptanc Criteria (AC) 428, 
Section 3.1.3.3). 

8) The Component Response 
Modification Factor (Rp) for flush-
mount systems should be taken as 1.5 
(International Code Council (ICC) 
Acceptanc Criteria (AC) 428, Section 
3.1.3.3). 

9) The Seismic Importance Factor for 
Occupancy Categories I and II = 1.0.

Fp(vertical)=±0.2*SDS*Wp (ASCE 7-05, Section 12.4.2.2)

Height in structure of point of attachment of component with respect 
to the base (ASCE 7-05, Section 13.3.1) 

z/h need not exceed 1.0

Seismic Importance Factor9 (ASCE 7-05, section 13.1.3)

Site Coefficient (ASCE 7-05, Table 11.4-1)
from User Inputs in Step 1

Component operating weight (lbs) (determine by using total dead load 
(psf) multiplied by the effected area (SF) of the component or 
attachment)

Fp need not exceed 1.6*SSD*Ip*Wp and Fp shall not be less than Fp=0.3*SDS*Ip*Wp

Component Amplification Factor7 (ASCE 7-05, Table 13.6-1)
Component Response Modification Factor8 (ASCE 7-05, Table 13.6-1) 
Spectral Acceleration (ASCE 7-05, Section 11.4.4) SDS=2/3*SMS 

SMS=Fa*Ss (ASCE 7-05, Section 11.4.3)
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ASCE 7-05 ANALYTICAL METHOD
DESIGN & ENGINEERING GUIDE

Step 6: Rewrite Your Loads
*Depending on your coordinate system, certain loads will need to be split into their horizontal and vertical components.

psf
psf
psf
psf
lbs
psf

Step 7: Allowable Stress Design (ASD) Load Combinations (ASCE 7-05, Chapter 2, Section 2.4.1)
*The load combinations below have been identified as the likely controlling cases for the roof structure.

1) D 8) D + 0.75(0.7E) + 0.75Lr D = Dead Load
2) D + Lr 9) D + 0.75(0.7E) + 0.75S Lr = Live Load to Roof
3) D + S 10) D + 0.7E S = Snow Load
4) D + Wup 11) 0.6D + Wup Wup = Wind Load Up
5) D + Wdown 12) 0.6 D + Wdown Wdown = Wind Load Down
6) D + 0.75Wdown + 0.75S 13) 0.6 D + 0.7E E = Earthquake/Seismic Load
7) D + 0.75Wdown + 0.75Lr

Step 8: Create Initial Array Layout
a.

b.

Total Dead Load:
Wind Pressure Up:

Wind Pressure Down:

Create a "rough draft" layout of solar modules on the actual project roof. (Refer to the SOLARMOUNT 
Installation Guide.)

Identify the structural supporting members of your building. A sketch/drawing of the roof/building with 
location of supporting members, vents, skylights, cable/wires, areas to avoid, etc., is highly 
recommended.

Snow Load:
Seismic Load Horizontal:

Seismic Load Vertical:
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ASCE 7-05 ANALYTICAL METHOD
DESIGN & ENGINEERING GUIDE

Step 9: Determine a Rail Span
*For structural engineers who would like to determine the rail span without utilizing the Prescriptive Method, section
properties can be found in Appendix F - Technical Data Sheets.

a.
b.

Pressure Table Used: Controlling Pressure:
Basic Wind Speed -

Building Height -
Exposure Category - Roof zone 1:

Lateral (Ss) - Roof zone 2:
Roof Pitch - Roof zone 3:

Ground Snow Load -

c.

i.
ii.
iii.

d. Use the Downward and Upward Span Length Tables  in Appendix C with the plf loads to determine maximum spans.
i.

ii.

iii. Use the smaller length of the "Down" and "Up" maximum span length.
iv.

Using information in Step 1 & 8, select a Prescriptive Pressure Table contained the Appendix B or 

Using the plf loads for "Down", look up the table "Downward Span Lengths" in Appendix B and using the "Down" plf load 
and the "Side" plf load combinations to choose the maximum span length. 

Total Pounds Per Module / 2 ( Number of rails) =  Pounds Per Rail
Pounds Per Rail / Width of Module Parallel with the Rail = Pounds per Linear Foot (plf)

Up (psf)

Use fill-in boxes below to document your project specific pressures and tables utilized.

Down (psf)
Side      
(psf)

Lateral 
(psf)

Note: For Low Profile Mode, where rails are perpendicular to the roof tilt (E-W Rails), "Side Load" (Down Slope) 
is load applied in weak axis bending of the SOLARMOUNT rail along the roof tilt and "Lateral" is load applied 
as an axial load along the SOLARMOUNT rail perpendicular to the roof tilt. For High Profile Mode, where rails 
are parallel to the roof tilt (N-S Rails), "Side Load" (Downslope) is load applied in as an axial load along the 
SOLARMOUNT rail perpendicular to the roof tilt and "Lateral Load" is applied in weak axis bending of the 
SOLARMOUNT rail along the roof tilt.

Convert pressures (lbs/ft² or psf) from the boxes just filled in to pounds per linear foot (lb/ft or 
plf) using the following steps:

Pressure (from table above) * Area of Module = Total Pounds per Module

 Using the plf loads for "Up", look up the table "Uplift Span Lengths" in Appendix and using the "Up" plf and "Side" plf 
load combinations to choose the maximum span length.  

Cantilever (overhang) lengths can be up to 33% of the span length. For example, a 9 foot span length can have a 3 foot 
cantilever. The cantilever is defined as the distance from the center of a L-Foot to the edge of a rail.
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ASCE 7-05 ANALYTICAL METHOD
DESIGN & ENGINEERING GUIDE

Step 10: Look-up Layout and Attachment Guidelines for Array
a.

Step 11: Determine Load to the Roof
a. To determine the load on the roof through the attachment:

i. Determine the tributary area to each attachment.
ii. Review the controlling pressure in Step 9.
iii.
iv. Multiply the tributary area by the roof pressure to obtain loads to the roof attachment.
v. Determine the point load to the roof at each attachment.

Step 12: Check Roof Load
a. Ensure that the supporting structure is capable of withstanding the additional loads imposed by the

proposed solar system.

Step 13: Check the Connections
a. Similar to Step 9c, determine the tributary area to each connection and the applied load from the Controlling Pressures table in Step 9.
b. Convert the applied psf loads into pounds through tributary area.
c. Look up the Technical Data Sheets in Appendix H for maximum permissible load to each connection.
d. From Step 11, determine if the attachment (lag bolt or other appropriate attachment) is capable of withstanding the point loads applied.
e. If the maximum permissible load is greater than the applied load, then the connections are adequate.

Step 14: Define Grounding and Bonding Path
a.

Step 15: SOLARMOUNT Front Trim Check
a.

Determine pressure zones on the roof per ASCE 7-05, Figure 6-3.

SOLARMOUNT Front Trim should not be installed in areas where the wind load exceeds 100 psf, where the distance from clamp to clamp 
(span) exceeds 52 inches, or where the cantilever (overhang) is greater than 66% of the span length. Please review the Step 6 Up and 
Down Wind Loads (psf) to determine if Front Trim is appropriate for your project.

Review your layout in Step 8 above and the Layout and Attachment Guidelines to determine 
potential attachment points to your structure. 

Refer to the SOLARMOUNT Installation Guide for how to determine the Grounding and Bonding 
Path.
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ASCE 7-10 Analytical Method

Step 1: User Inputs (ASCE 7-10)
Notes / Clarifications: Commentary:

Module Dead Load (psf)

Roof Height (ft): Mean roof height (15 ft, 30 ft, or 60 ft)
Roof Angle (degrees): Convert roof pitch to angle in degrees [See Appendix D]

Basic Wind Speed (mph): Per Basic Wind Speeds for Risk Category II (ASCE 7-10, Figure 26.5-1A) 

Table 1.5-1Risk Category:

ASCE 7-10 (Figures 22-1, 22-3, 22-5, 22-6 and 22-17) 

Wind Exposure Category:

Roof Live Load1 (psf): 0 psf, 20 psf, etc.
Module Manufacturer/Type:

Solar Module Width (in):

Determine the Exposure Category (B, C or D) by using the definitions 
for Surface Roughness Categories (ASCE 7-10, Sections 26.7.2 and 
26.7.3) 

Roof Zone: Determine the Roof Zone (1, 2 or 3) (ASCE 7-10, Figure 30.5-1) 

Ground Snow Load (psf):
Pg = Ground Snow Load in psf. Ground Snow Loads (ASCE 7-10, Figure 
7-1) 

Seismic Coefficient Ss (g):

Solar Module Length (in):

Solar Module Weight (lb):

1) Most Building Officials allow for all 
or a portion of the roofs original live 
load design load to be 
removed/reduced at the time that solar 
panels are being added to the roof.  The 
rationale behind this is that live load or 
roof foot traffic is eliminated or 
reduced to designated paths. in other 
words, the roof top solar array and live 
load foot traffic cannot occupy the 
same space.  If all of the roof live load 
can be utilized by the proposed solar 
array, 0 psf should be entered.                 

ASCE 7-10 ANALYTICAL METHOD
DESIGN & ENGINEERING GUIDE
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ASCE 7-10 ANALYTICAL METHOD
DESIGN & ENGINEERING GUIDE

Step 2: Wind Pressure (ASCE 7-10, Chapter 30)

Wind Pressure Equation - Components & Cladding (ASCE 7-10, Section 30.4.2):
Pp=qh (GCpp-GCpi) (ASCE 7-10, Section 30.4.2) (GCpp - Positive Downforce Factor)
Pn=qh (GCpn-GCpi) (ASCE 7-10, Section 30.4.2) (GCpn - Negative Uplift Factor)

Gcpi equals zero (per AC428 - Nov, 2012) (internal pressure coefficient)

GCpp (Positive downforce factor) 
GCpn (Negative uplift factor)

qh = qz

Kz

Kzt

Kd
V Basic Wind Speed in MPH from User Inputs in Step 1

Calculate the wind pressure for uplift and downforce, using GCpn & GCpp respectively, in the provided boxes.

GCp is defined below (ASCE 7-10 Figure 30.4-2) and is a function of the roof zone, 
effective wind area (feet squared), and roof angle (degrees) (external pressure 
coefficient)

(ASCE 7-10, Figure 30.4-2A) for roof angles ≤ 7° 
(ASCE 7-10, Figure 30.4-2B) for roof angles > 7° and ≤ 27° 
(ASCE 7-10, Figure 30.4-2C) for roof angles > 27° and ≤ 45° 

qz=0.00256*Kz*Kzt*Kd*V^2 (ASCE 7-10, Section 30.3.2)
Velocity Pressure Coefficient (ASCE 7-10, Table 30.3-1) 
Topographic Factor (ASCE 7-10, Section 26.8 & Figure 268-
1) 
Directionality Factor (ASCE 7-10, Table 26.6-1) 
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ASCE 7-10 ANALYTICAL METHOD
DESIGN & ENGINEERING GUIDE

Step 3: Dead Load 
Commentary:

Calculated Dead Load in the provided boxes.

Step 4: Snow Load (ASCE 7-10, Chapter 7)

Sloped Roof Snow Load Pressure Equation:
Ps=0.7*Cs*Ce*Ct*I*Pg (ASCE 7-10, Sections 7.3 & 7.4 Flat and Sloped Roof Snow Load)

Pg
Cs
Ct

I
Ce

Calculate Ps (Sloped roof snow load) in the provided boxes.

Module Dead Load (psf): Module Dead Load (psf) should be determined from User Inputs in Step 
1

Racking System Dead Load2 

(psf):  

[See Appendix E] (The racking system dead load should be taken as 
the total weight of the racking system (hardware, rails, nuts, bolts, 
attachments, etc.) divided by the total module area of the 
system.)Component weights can be found in the technical datasheets.

2) To be combined with the module 
dead load and used in wind load 
combinations.

3) The ground snow load is utlilized to 
calculate the roof snow load, which is 
the load applied to the structure. 

4) The Snow Importance Factor for 
Occupancy Category I = 0.8 and for 
Occupancy Category II = 1.0.                    

Total Dead Load (psf): Sum of Module Dead Load and Racking System Dead Load

Ground Snow Load3 (psf) from User inputs in Step 1.
Slope Factor (ASCE 7-10, Figure 7-2) 
Thermal Factor (ASCE 7-10, Table 7-3) 
Importance Factor4 (snow) (ASCE 7-10, Table 1.5-2) 
Exposure Factor (ASCE 7-10, Table 7-2) 
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ASCE 7-10 ANALYTICAL METHOD
DESIGN & ENGINEERING GUIDE

Step 5: Seismic Load (ASCE 7-10) Commentary:

Seismic Load Equation (Horizontal):

psf (seismic load (horiz.) on the module, divide Fp by the effected area)
ap

Rp
SDS

Fa
Ss

Wp

Ip

z

h

Seismic Load Equation (Vertical):

psf (seismic load (vert.) on the module, divide Fp by the effected area)

Calculate seismic loads for both horizontal and vertical in the provided boxes.

5) The Component Amplification Factor 
(ap) for flush-mount systems should be 
taken as 1.0 (International Code Council 
(ICC) Acceptanc Criteria (AC) 428, 
Section 3.1.3.3).

6) The Component Response 
Modification Factor (Rp) for flush-
mount systems should be taken as 1.5 
(International Code Council (ICC) 
Acceptanc Criteria (AC) 428, Section 
3.1.3.3).

7) The Seismic Importance Factor for 
Occupancy Categories I and II = 1.0.

Component Response Modification Factor6 (ASCE 7-10, Table 13.5-1) 
Spectral Acceleration (ASCE 7-10, Section 11.4.4) SDS=2/3*SMS 

SMS=Fa*Ss (ASCE 7-10, Section 11.4.3)
Site Coefficient (ASCE 7-10, Table 11.4-1) 

Fp(vertical)=±0.2*SDS*Wp (ASCE 7-10, Section 12.4.2.2)

from User Inputs in Step 1

Fp(horizontal)=[(0.4*ap*SDS*Wp)/(Rp/Ip)]*(1+2*z/h) (ASCE 7-10, 13.3.1)
Fp need not exceed 1.6*SSD*Ip*Wp and Fp shall not be less than Fp=0.3*SDS*Ip*Wp

Component Amplification Factor5 (ASCE 7-10, Table 13.5-1) 

Component operating weight (lbs) (determine by using total dead load 
(psf) multiplied by the effected area (SF) of the component or 
attachment)

Seismic Importance Factor7 (ASCE 7-10, section 1.5-2) 
Height in structure of point of attachment of component with respect 
to the base (ASCE 7-10, Section 13.3.1) 
Average roof height of structure with respect to the base (ASCE 7-10, 
Section 13.3.1)
z/h need not exceed 1.0
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ASCE 7-10 ANALYTICAL METHOD
DESIGN & ENGINEERING GUIDE

Step 6: Rewrite Your Loads
*Depending on your coordinate system, certain loads will need to be split into their horizontal and vertical components.

psf
psf
psf
psf
lbs
psf

Step 7: Allowable Stress Design (ASD) Load Combinations (ASCE 7-10, Chapter 2, Section 2.4.1)
*The load combinations below have been identified as the likely controlling cases for the roof structure.

1) D 8) D + 0.75(0.7E) + 0.75Lr D = Dead Load
2) D + Lr 9) D + 0.75(0.7E) + 0.75S Lr = Live Load to Roof
3) D + S 10) D + 0.7E S = Snow Load
4) D + 0.6Wup 11) 0.6D + 0.6Wup Wup = Wind Load Up
5) D + 0.6Wdown 12) 0.6 D + 0.6Wdown Wdown = Wind Load Down
6) D + 0.75(0.6)Wdown + 0.75S 13) 0.6 D + 0.7E E = Earthquake/Seismic Load
7) D + 0.75(0.6)Wdown + 0.75Lr

Step 8: Create Initial Array Layout
a.

b. Create a "rough draft" layout of solar modules on the actual project roof. (Refer to the SOLARMOUNT 
Installation Guide.)

Total Dead Load:
Wind Pressure Up:

Wind Pressure Down:
Snow Load:

Seismic Load Horizontal:
Seismic Load Vertical:

Identify the structural supporting members of your building. A sketch/drawing of the roof/building with 
location of supporting members, vents, skylights, cable/wires, areas to avoid, etc., is highly 
recommended.

PAGE  19



ASCE 7-10 ANALYTICAL METHOD
DESIGN & ENGINEERING GUIDE

Step 9: Determine a Rail Span
*For structural engineers who would like to determine the rail span without utilizing the Prescriptive Method, section
properties can be found in Appendix F - Technical Data Sheets.

a.
b.

Pressure Table Used: Controlling Pressure:
Basic Wind Speed -

Building Height -
Exposure Category - Roof zone 1:

Lateral (Ss) - Roof zone 2:
Roof Pitch - Roof zone 3:

Ground Snow Load -

c.

i.
ii.
iii.

d. Use the Downward and Upward Span Length Tables  in Appendix C with the plf loads to determine maximum spans.
i.

ii.

iii. Use the smaller length of the "Down" and "Up" maximum span length.
iv.

Note: For Low Profile Mode, where rails are perpendicular to the roof tilt (E-W Rails), "Side Load" (Down Slope) 
is load applied in weak axis bending of the SOLARMOUNT rail along the roof tilt and "Lateral" is load applied 
as an axial load along the SOLARMOUNT rail perpendicular to the roof tilt. For High Profile Mode, where rails 
are parallel to the roof tilt (N-S Rails), "Side Load" (Downslope) is load applied in as an axial load along the 
SOLARMOUNT rail perpendicular to the roof tilt and "Lateral Load" is applied in weak axis bending of the 
SOLARMOUNT rail along the roof tilt.

Convert pressures (lbs/ft² or psf) from the boxes just filled in to pounds per linear foot (lb/ft or 
plf) using the following steps:

Using information in Step 1 & 8, select a Prescriptive Pressure Table contained Appendix B or 
Use fill-in boxes below to document your project specific pressures and tables utilized.

Down (psf)

Pressure (from table above) * Area of Module = Total Pounds per Module
Total Pounds Per Module / 2 ( Number of rails) =  Pounds Per Rail
Pounds Per Rail / Width of Module Parallel with the Rail = Pounds per Linear Foot (plf)

 Using the plf loads for "Up", look up the table "Uplift Span Lengths" in the Appendix and using 
the "Up" plf and "Side" plf load combinations to choose the maximum span length.  

Using the plf loads for "Down", look up the table "Downward Span Lengths" in the Appendix and 
using the "Down" plf load and the "Side" plf load combinations to choose the maximum span 

Cantilever (overhang) lengths can be up to 33% of the span length. For example, a 9 foot span length can have a 3 foot cantilever. 
The cantilever is defined as the distance from the center of a L-Foot to the edge of a rail.

Lateral 
(psf)

Up (psf)
Side      
(psf)
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ASCE 7-10 ANALYTICAL METHOD
DESIGN & ENGINEERING GUIDE

Step 10: Look-up Layout and Attachment Guidelines for Array
a.

Step 11: Determine Load to the Roof
a. To determine the load on the roof through the attachment:

i. Determine the tributary area to each attachment.
ii. Review the controlling pressure in Step 9.
iii.
iv. Multiply the tributary area by the roof pressure to obtain loads to the roof attachment.
v. Determine the point load to the roof at each attachment.

Step 12: Check Roof Load
a. Ensure that the supporting structure is capable of withstanding the additional loads imposed by the

proposed solar system.

Step 13: Check the Connections
a. Similar to Step 9c, determine the tributary area to each connection and the applied load from the Controlling Pressures table in Step 9.
b. Convert the applied psf loads into pounds through tributary area.
c. Look up the Technical Data Sheets in Appendix H for maximum permissible load to each connection.
d. From Step 11, determine if the attachment (lag bolt or other appropriate attachment) is capable of withstanding the point loads applied.
e. If the maximum permissible load is greater than the applied load, then the connections are adequate.

Step 14: Define Grounding and Bonding Path
a.

Step 15: SOLARMOUNT Front Trim Check
a.

Refer to the SOLARMOUNT Installation Guide for how to determine the Grounding and Bonding 
Path.

Determine pressure zones on the roof per ASCE 7-10, Figure 30.5-1.

Review your layout in Step 8 above and the Layout and Attachment Guidelines to determine 
potential attachment points to your structure. 

SOLARMOUNT Front Trim should not be installed in areas where the wind load exceeds 100 psf, where the distance from clamp to clamp 
(span) exceeds 52 inches, or where the cantilever (overhang) is greater than 66% of the span length. Please review the Step 6 Up and 
Down Wind Loads (psf) to determine if Front Trim is appropriate for your project.

PAGE  21



 

 

TECHNICAL SUPPORT  22

Technical Support 

If you have further questions regarding the SOLARMOUNT product, please contact your distributer. If further clarification is needed, please review 
the Unirac website online resources at: 

http://unirac.com/solarmount 

The Unirac website contains up-to-date manuals, design guides, webinars, online calculations, information, certification letters, technical data sheets, 
additional products that Unirac provides, and anything else you might need for your project.  
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Please refer to the Master Price List at www.unirac.com for a list of part numbers, part 
descriptions, and prices.
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20 plf 30 plf 40 plf 50 plf 60 plf 70 plf 80 plf 100 plf 120 plf 150 plf 180 plf
0 plf 12.5 ft 11.0 ft 10.0 ft 9.0 ft 8.5 ft 7.5 ft 7.0 ft 6.5 ft 6.0 ft 5.0 ft 4.5 ft
5 plf 12.5 ft 11.0 ft 10.0 ft 9.0 ft 8.0 ft 7.5 ft 7.0 ft 6.5 ft 6.0 ft 5.0 ft 4.5 ft

10 plf 11.0 ft 10.0 ft 9.0 ft 8.5 ft 8.0 ft 7.5 ft 7.0 ft 6.5 ft 5.5 ft 5.0 ft 4.5 ft
15 plf 7.5 ft 7.5 ft 7.5 ft 7.5 ft 7.5 ft 7.0 ft 6.5 ft 6.0 ft 5.5 ft 5.0 ft 4.5 ft
20 plf 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.0 ft 4.5 ft
25 plf 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft
30 plf 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft
35 plf 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft
40 plf 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft
50 plf 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft
60 plf 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft
70 plf 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft

20 plf 30 plf 40 plf 50 plf 60 plf 70 plf 80 plf 100 plf 120 plf 150 plf 180 plf
0 plf 12.5 ft 11.0 ft 10.0 ft 9.0 ft 8.5 ft 7.5 ft 7.0 ft 6.5 ft 6.0 ft 5.0 ft 4.0 ft
5 plf 12.5 ft 11.0 ft 10.0 ft 9.0 ft 8.0 ft 7.5 ft 7.0 ft 6.5 ft 6.0 ft 5.0 ft 4.0 ft

10 plf 11.0 ft 10.0 ft 9.0 ft 8.5 ft 8.0 ft 7.5 ft 7.0 ft 6.5 ft 5.5 ft 5.0 ft 4.0 ft
15 plf 7.5 ft 7.5 ft 7.5 ft 7.5 ft 7.5 ft 7.0 ft 6.5 ft 6.0 ft 5.5 ft 5.0 ft 4.0 ft
20 plf 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.0 ft 4.0 ft
25 plf 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.0 ft
30 plf 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft
35 plf 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft
40 plf 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft
50 plf 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft
60 plf 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft
70 plf 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft

Example: 60 plf Downward Load (strong axis) 8.0 ft Max Span for Downforce

50 plf Upward Load (strong axis) 8.5 ft Max Span for Uplift

10 plf Horizontal Load (weak axis) 8.0 ft Max Span = min (downforce, uplift)
with SOLARMOUNT Standard Rail

Horizontal Load 

SOLARMOUNT Standard 
Rail

Downforce Span Length

Horizontal Load 

SOLARMOUNT Standard 
Rail

Uplift Span Length

Note: No 
Interpolation 
Permitted.

APPENDIX C
Downward & Upward Span Length Tables
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APPENDIX C
Downward & Upward Span Length Tables

20 plf 30 plf 40 plf 50 plf 60 plf 70 plf 80 plf 100 plf 120 plf 150 plf 180 plf
0 plf 8.0 ft 7.0 ft 6.5 ft 6.0 ft 5.5 ft 5.0 ft 4.5 ft 4.0 ft 3.5 ft 3.5 ft 3.0 ft
5 plf 8.0 ft 7.0 ft 6.5 ft 6.0 ft 5.5 ft 5.0 ft 4.5 ft 4.0 ft 3.5 ft 3.5 ft 3.0 ft

10 plf 7.5 ft 7.0 ft 6.0 ft 5.5 ft 5.0 ft 5.0 ft 4.5 ft 4.0 ft 3.5 ft 3.5 ft 3.0 ft
15 plf 7.0 ft 6.5 ft 6.0 ft 5.5 ft 5.0 ft 4.5 ft 4.5 ft 4.0 ft 3.5 ft 3.0 ft 3.0 ft
20 plf 6.0 ft 5.5 ft 5.5 ft 5.0 ft 5.0 ft 4.5 ft 4.5 ft 4.0 ft 3.5 ft 3.0 ft 3.0 ft
25 plf 5.5 ft 5.5 ft 5.0 ft 5.0 ft 4.5 ft 4.5 ft 4.0 ft 4.0 ft 3.5 ft 3.0 ft 3.0 ft
30 plf 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.0 ft 4.0 ft 3.5 ft 3.5 ft 3.0 ft 3.0 ft
35 plf 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.0 ft 3.0 ft
40 plf 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft
50 plf 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft
60 plf 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft
70 plf 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft

20 plf 30 plf 40 plf 50 plf 60 plf 70 plf 80 plf 100 plf 120 plf 150 plf 180 plf
0 plf 8.0 ft 7.0 ft 6.5 ft 6.0 ft 5.5 ft 5.0 ft 4.5 ft 4.0 ft 3.5 ft 3.0 ft 2.5 ft
5 plf 8.0 ft 7.0 ft 6.5 ft 6.0 ft 5.5 ft 5.0 ft 4.5 ft 4.0 ft 3.5 ft 3.0 ft 2.5 ft

10 plf 7.5 ft 7.0 ft 6.0 ft 5.5 ft 5.0 ft 5.0 ft 4.5 ft 4.0 ft 3.5 ft 3.0 ft 2.5 ft
15 plf 7.0 ft 6.5 ft 6.0 ft 5.5 ft 5.0 ft 4.5 ft 4.5 ft 4.0 ft 3.5 ft 3.0 ft 2.5 ft
20 plf 6.0 ft 5.5 ft 5.5 ft 5.0 ft 5.0 ft 4.5 ft 4.5 ft 4.0 ft 3.5 ft 3.0 ft 2.5 ft
25 plf 5.5 ft 5.5 ft 5.0 ft 5.0 ft 4.5 ft 4.5 ft 4.0 ft 4.0 ft 3.5 ft 3.0 ft 2.5 ft
30 plf 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.0 ft 4.0 ft 3.5 ft 3.5 ft 3.0 ft 2.5 ft
35 plf 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.0 ft 2.5 ft
40 plf 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 2.5 ft
50 plf 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft
60 plf 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft
70 plf 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft

Example: 60 plf Downward Load (strong axis) 5.0 ft Max Span for Downforce

50 plf Upward Load (strong axis) 5.5 ft Max Span for Uplift

10 plf Horizontal Load (weak axis) 5.0 ft Max Span = min (downforce, uplift)
with SOLARMOUNT Light (LT) Rail

SOLARMOUNT Light (LT) 
Rail

Downforce Span Length

Horizontal Load 

SOLARMOUNT Light (LT) 
Rail

Uplift Span Length

Horizontal Load 

Note: No 
Interpolation 
Permitted.
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20 plf 30 plf 40 plf 50 plf 60 plf 70 plf 80 plf 100 plf 120 plf 150 plf 180 plf
0 plf 18.5 ft 16.0 ft 14.5 ft 13.5 ft 12.5 ft 12.0 ft 11.5 ft 10.5 ft 9.0 ft 7.0 ft 6.0 ft
5 plf 18.5 ft 16.0 ft 14.5 ft 13.5 ft 12.5 ft 12.0 ft 11.5 ft 10.0 ft 9.0 ft 7.0 ft 6.0 ft

10 plf 11.5 ft 11.5 ft 11.5 ft 11.5 ft 11.5 ft 11.5 ft 11.0 ft 10.0 ft 9.0 ft 7.0 ft 6.0 ft
15 plf 7.5 ft 7.5 ft 7.5 ft 7.5 ft 7.5 ft 7.5 ft 7.5 ft 7.5 ft 7.5 ft 7.0 ft 6.0 ft
20 plf 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft
25 plf 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft
30 plf 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft
35 plf 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft
40 plf 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft
50 plf 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft
60 plf 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft
70 plf 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft

20 plf 30 plf 40 plf 50 plf 60 plf 70 plf 80 plf 100 plf 120 plf 150 plf 180 plf
0 plf 18.5 ft 16.0 ft 14.5 ft 13.5 ft 12.5 ft 10.5 ft 9.0 ft 7.5 ft 6.0 ft 5.0 ft 4.0 ft
5 plf 18.5 ft 16.0 ft 14.5 ft 13.5 ft 12.5 ft 10.5 ft 9.0 ft 7.5 ft 6.0 ft 5.0 ft 4.0 ft

10 plf 11.5 ft 11.5 ft 14.0 ft 13.0 ft 12.0 ft 10.5 ft 9.0 ft 7.5 ft 6.0 ft 5.0 ft 4.0 ft
15 plf 7.5 ft 7.5 ft 7.5 ft 7.5 ft 7.5 ft 7.5 ft 9.0 ft 7.5 ft 6.0 ft 5.0 ft 4.0 ft
20 plf 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 5.5 ft 6.0 ft 5.0 ft 4.0 ft
25 plf 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.5 ft 4.0 ft
30 plf 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft 3.5 ft
35 plf 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft 3.0 ft
40 plf 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft 2.5 ft
50 plf 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft 2.0 ft
60 plf 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft
70 plf 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft 1.5 ft

Example: 60 plf Downward Load (strong axis) 11.5 ft Max Span for Downforce

50 plf Upward Load (strong axis) 13.0 ft Max Span for Uplift

10 plf Horizontal Load (weak axis) 11.5 ft Max Span = min (downforce, uplift)
with SOLARMOUNT Heavy Duty (HD) Rail

Horizontal Load 

Note: No 
Interpolation 
Permitted.

SOLARMOUNT Heavy Duty 
(HD) Rail

Downforce Span Length

Horizontal Load 

SOLARMOUNT Heavy Duty 
(HD) Rail

Uplift Span Length
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APPENDIX C
Downward & Upward Span Length Tables

SOLARMOUNT FRONT TRIM

SOLARMOUNT Front Trim should not be installed in areas where the wind load exceeds 100 psf, where the distance from clamp 
to clamp (span) exceeds 52 inches, or where the cantilever (overhang) is greater than 66% of the span length. 
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Roof Pitch to Angle Conversion:

6:12 = 26.57°

5:12 = 22.62°
Still Walkable

4:12 = 18.43°
Standard Roof Pitch

3:12 = 14.04°
Typical in Southern Climates

2:12 = 9.46°
Low Roof Pitch

7:12 = 30.26°

12:12 = 45°

11:12 = 42.50°

10:12 = 39.81°

9:12 = 36.87°

8:12 = 33.69°

APPENDIX D
Roof Pitch to Angle
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The Pressure Lookup Tables and U‐Builder include service dead loads ranging from 2.1 to 3.8 psf and include the weight of SOLARMOUNT Standard Rail, 
SOLARMOUNT connections, and the weight of the module.

To calculate the dead load of your system, please refer to Appendix H ‐ Technical Data Sheet and the project specific Module Specification Sheet. If your 
loads fall outside the range listed above, please use the Analytical Method in the SOLARMOUNT Design and Engineering Guide for analysis.

APPENDIX E
Dead Load Analysis
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APPENDIX F
Enphase Energy Microinverter Testing
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Enphase Energy Microinverter Testing
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Enphase Energy Microinverter Testing
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Enphase Energy Microinverter Testing
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Enphase Energy Microinverter Testing
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APPENDIX F
Enphase Energy Microinverter Testing
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•  60, 72, and 96 cell framed modules
•  Frame thicknesses greater than or equal to 1.0 mm
•  Basic single and double wall frame profiles (some complex 

   frame profiles could require further analysis to determine 
   applicability)

•  Clear and dark anodized aluminum frames
•  Certification loads: 50 psf up, 112 psf down

The modules selected for UL 2703 mechanical load testing were selected to 
represent the broadest range possible for modules on the market. The tests 
performed cover the following basic module parameters:

The system fire class rating requires installation in the manner specified in the 
SOLARMOUNT Installation Guide. SOLARMOUNT has been classified to the system level 
fire portion of UL 1703.  This UL 1703 classification has been incorporated into our UL 
2703 product certification.  Class A system level fire performance is inherent in the 
SOLARMOUNT design, and no additional mitigation measures are required. The fire 
classification rating is only valid on roof pitches greater than 2:12 (slopes ≥ 2 inches per 
foot, or 9.5 degrees).  There is no required minimum or maximum height limitation 
above the roof deck to maintain the system fire rating for SOLARMOUNT. Module Types 
& System Level Fire Ratings are listed below:

The SOLARMOUNT system has been certified and listed to the UL 2703 standard (Rack Mounting Systems and Clamping Devices for Flat-Plate Photovoltaic 
Modules and Panels). This standard included electrical grounding, electrical bonding, mechanical load and fire resistance testing.

In conducting these tests, specific modules are selected for their physical properties so that the certifications can be mostly broadly applied. The following lists 
the specific modules that were tested and the applicability of those certifications to other modules that might come onto the market.

In addition to UL 2703 certification, Unirac performs internal testing beyond the requirements of certification tests in order to establish system functional limits, 
allowable loads, and factors of safety. These tests include functional system tests, and destructive load testing.

Mechanical Load Test Modules System Level Fire Classification

APPENDIX G
System Certification

Module Manufacturer Model/Series
CentroSolar E-Series 60 Cell, T-Series 60 Cell

Hyundai HiS-MxxxMI, HiS-SxxxMI
SunPower SPR-E20-327

Trina TSM-PA05.08

Tested Modules
Rail 
Type

Module Type
System Level 

Fire Rating
Rail 

Direction
Module 

Orientation
Mitigation 
Required

East-West
North-South

East-West
North-South

Type 1, Type 2, 
Type 3, & Type 10

Class A, B, & C
Landscape OR 

Portrait
None Required

Standard 
Rail

Light Rail Type 1 & Type 2 Class A, B, & C
Landscape OR 

Portrait
None Required
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APPENDIX G
System Certification

Electrical Bonding and Grounding Test Modules

The list below is not exhaustive of compliant modules but shows those that have been evaluated and found to be electrically compatible with the SOLARMOUNT system.

Manufacturer Module or Series
AU Optronics (BenQ Solar) PM Series

Canadian Solar
CS5A‐M, CS6P‐M, CS6P‐P, CS6X‐P, ELPS CS6A‐MM, ELPS 
CS6P‐MM, CS6U‐P, CS6U‐M, CS6K‐MS, CS6K‐M, CS6K‐P

CentroSolar America C‐Series, E Series

ET Solar ET AC Module, ET Module

Flextronics FXS

Hanwha SolarOne HSL 60

Hyundai Heavy Industries MG Series, RG Series, RW Series

Jinko

Jinko 60 JKMxxx‐P‐60, Jinko Eagle 60 JKMxxxPP‐60, Jinko 
Eagle MX60 JKMSxxxPP‐60, Jinko MX60 JKMSxxxP‐60, 
Jinko Black 60 JKMxxxPP‐60B‐J4, Jinko 72 JKMxxPP‐72, 
Jinko Eagle 72 JKMxxPP‐72, Jinko Eagle MX72 JKMxxxPP‐

72, Eagle PERC 60, Eagle PERC 72

Kyocera KD‐F Series, KU‐60

LG Electronics
MONO NEON, MONO X, NeON 2 LGxxxN1C‐G4, NeON 2 

LGxxxN2W‐G4, NeON LGxxxN2W‐B3, NeON LGxxxS1C‐G4, 
Mono X LGxxxS2W‐G4 

Panasonic
VBHNxxxSA06, VBHNxxxSA06B, VBHNxxxSA11, 
VBHNxxxSA11B, VBHNxxxSA15, VBHNxxxSA15B, 
VBHNxxxSA16, VBHNxxxSA16B, VBHNxxxKA

Phono Solar Technology Standard Modules

Manufacturer Module or Series

Q‐Cells

Q.PEAK‐G3.1 XXX, Q.PEAK BLK‐G3.1 XXX, Q.PLUS BFR 
G3.1 XXX, Q.PLUS‐G3 XXX, P.PRO G3 XXX, Q.PRO BFR‐G3 
XXX, Q.PEAK‐G3 XXX, Q.PEAK BLK‐G3 XXX, Q.PLUS BFR 

G4.1 XXX, Q.PRO BFR G4 XXX, Q.PRO BFR G4.1 XXX, Q.PRO 
BFR G4.3 XXX, Q.PEAK‐G4.1 XXX, Q.PEAK‐G4.1/MAX XXX, 
Q.PEAK BLK G4.1 XXX, Q.PRO G4 XXX, Q.PLUS G4 XXX, 
Q.PEAK‐G4.1/TAA XXX, Q.PEAK BLK G4.1/TAA XXX, 

Q.PLUS BFR G4.1/TAA XXX, Q.PLUS BFR G4.1/MAX XXX, 
B.LINE PLUS BFR G4.1 XXX, B.LINE PRO BFR G4.1 XXX, 

Q.PRO EC‐G4.4 XXX, Q.PRO L‐G2 XXX, Q.PEAK L G4.2 XXX, 
Q.PLUS L G4.2 XXX, Q.PLUS L G4.1 XXX, Q.PLUS L G4 XXX, 
Q.PRO L G4 XXX, Q.PRO L G4.1 XXX, Q.PRO L G4.2 XXX, 
B.LINE PLUS L G4.2 XXX, B.LINE PRO L G4.1 XXX, B.LINE 

PRO L G4.2 XXX, Q.PLUS L‐G4.2/TAA

Renesola 60‐Cell Modules

Sharp ND‐240QCJ, ND‐250QCS, ND‐Q235F4

Silfab SLA‐M, SLA‐P, SLG‐P, SLG‐M

SolarWorld Sunmodule Plus, Sunmodule Pro, Sunmodule Protect

Sun Edison/MEMC F‐Series, R‐Series

Suniva MV Series, Optimus™ Series

SunPower AC, E‐Series, Sig Black, X‐Series, P‐Series

Suntech STP"XXX"

Trina PA05, PD05, DD05

TSMC Solar TS‐150C2 CIGS

Yingli Panda 60, YGE 60, YGE‐Z 60
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APPENDIX G
System Certification

•  60, 72, and 96 cell framed modules
•  Frame thicknesses greater than or equal to 1.0 mm
•  Basic single and double wall frame profiles (some complex 

frame profiles could require further analysis to determine 
applicability)

•  Clear and dark anodized aluminum frames
•  The frame profile must not have any feature that might interfere 

Electrical Bonding and Grounding Test Modules
UL 2703 Certification Marking Label

Unirac SOLARMOUNT is listed to 
UL 2703. Marking Labels are 
shipped with the Midclamps. After 
the racking system is fully 
assembled, a single Marking Label 
should be applied to the 
SOLARMOUNT rail at the edge of 
the array. Note: The sticker label 
should be placed such that it is 
visible, but not outward facing.

with the bonding devices that are integrated into the racking 
system

The modules selected for UL 2703 bonding and grounding testing represent 
the broadest possible range of modules on the market.  The tests were 
performed for each specific bonding location using representative module 
frame profile sections.  The tests performed cover the following basic module 
parameters:
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Module Condition Definitions:
END-END: The END-END module shown above, correlating with the loads below, indicates a module that is secured by 4 Endclamps on 2 rails.

MID-MID: The MID-MID module shown above, correlating with the loads below, indicate a module that is properly secured by 4 Midclamps on 2 rails.

***NOTE: See NOTES on Page H2.

Midclamp and Endclamp Loads per Module

END-MID/MID-END: The END-MID and MID-END modules shown above, correlating with the loads below, indicate modules that are secured by 
2 Endclamps and 2 Midclamps on 2 rails.

Midclamp: Part No. - 302027C, 302027D, 302028C, 302028D, 302029C, 302029D. Material - Stainless Steel 300 Series. Ultimate Tensile Strength - 85 ksi. 
Finish - Clear or Black Oxide. Weight - 0.05 lbs (23 g).

Endclamp: Part No. - 302021C, 302021D, 302022C, 302022D, 302023C, 302023D, 302024C, 302024D, 302025C, 302025D, 302026C, 302026D. Material - 6000 
Series Aluminum Alloys. Ultimate Tensile Strength - 38 ksi. Yield Strength - 35 ksi. Finish - Clear or Dark Anodized. Weight ~ 0.06 lbs (26 g)

APPENDIX H
Technical Data Sheets

Z

Y

X

1836 1751 1666 2780 2726 2672
178* 315* 428 269* 476* 647
244 244 850 368 368 1286
67 248 428 102 373 647

1260 1234 1208 1908 1867 1826
139* 225* 419 211* 340* 634
266 266 840 402 402 1270
67 225 419 102 340 634

*For transverse loads associated with using "C" Endclamps and 33 mm Modules, please see "Y±, Transverse w/33mm Module" 

Y±, Transverse w/33mm Module

Z+, Tension

Y±, Transverse*

X±, Sliding

Z+, Tension

Y±, Transverse*

X±, Sliding

SM/SM HD

Y±, Transverse w/33mm Module

Des ign Loa d (lbs )

End-End
End-Mid & 

Mid-End
Mid-Mid

Midcla mp a nd Endclamp Loa ds  pe r  Module
Allowa ble  Loa d (lbs )

End-Mid & 
Mid-End

End-End Mid-Mid
Loa ding Condition (with 

Respect to the  Ra il)
R a il

SM LT
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APPENDIX H
Technical Data Sheets

Part No. 302000C Part No. 304001C, 304001D
Bottom Mounting Clip Material: 6000 Series Aluminum Alloys L-Foot material: 6000 Series Aluminum Alloys
Ultimate Tensile Strength: 38 ksi, Yield Strength: 35 ksi Ultimate Tensile: 38 ksi, Yield: 35 ksi
Finish: Clear Anodized Finish: Clear or Dark Anodized

L-Foot Weight: 0.215 lbs (98g)
NOTES:
Allowable and design loads are valid when components are assembled according to authorized UNIRAC documents.

For the beam to L-Foot connection: Assemble with one Unirac 3/8"-20 T-Bolt and one 3/8"-20 ASTM F594 serrated flange nut.

Use anti-seize and torque the Midclamp, Endclamp, and Bottom Mounting Clip to 10 ft-lbs. Use anti-seize and torque the L-Foot to 30 ft-lbs. 

Assemble Midclamp and Endclamp with one Unirac ¼"-20 T-Bolt and one ¼"-20 ASTM F594 serrated flange nut.

SM = SOLARMOUNT Standard Rail, SM HD = SOLARMOUNT Heavy Duty Rail, SM LT = SOLARMOUNT Light Rail

Values for the L-Foot and Bottom Mounting Clip represent the capacity of a single part when used with a SOLARMOUNT series rail to retain a module in the direction 
indicated. 

SOLARMOUNT BOTTOM MOUNTING CLIP (SM HD ONLY) SOLARMOUNT L-FOOT

SM HD SM HD
27 41

329 497
686 746

X ±, Sliding
Y ±, Transverse

Z +, Tension

Direction 
Allowable 
Load (lbs)

Design 
Load (lbs)

Bottom Mounting Clip (SM HD Only)

SM/SM HD SM LT SM/SM HD SM LT
565 594 854 898
146 172 220 261
938 603 1419 911
1357 1297 2052 1962

Allowable Load (lbs) Design Load (lbs)
L-Foot with 3/8" T-Bolt

X ±, Sliding
Y ±, Transverse

Z +, Tension
Z -, Compression 

Direction 

Z

Y

X

Z
X

Y
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APPENDIX H
Technical Data Sheets

Units
in
plf
in²

SECTION MODULUS (X-AXIS) in³
SECTION MODULUS (Y-AXIS) in³
MOMENT OF INERTIA (X-AXIS) in4

MOMENT OF INERTIA (Y-AXIS) in4

RADIUS OF GYRATION (X-AXIS) in
RADIUS OF GYRATION (Y-AXIS) in

0.564 0.865 1.17

0.15 0.363 0.898
0.067 0.113 0.221

1.271
CROSS SECTION AREA 0.409 0.625 1.059

BEAM HEIGHT 1.70 2.57 3.00
APPROX WEIGHT 0.491 0.728

0.254 0.269 0.502

0.13 0.467 1.45
0.026 0.045 0.267

Properties SOLARMOUNT Light SOLARMOUNT Rail Profile 2 SOLARMOUNT HD
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Bottom Mounting with SOLARMOUNT HD Rail:
Bottom mounting is no longer possible with standard SOLARMOUNT or Light rail, however, 
SOLARMOUNT HD still accommodates this mounting method. Should you elect to use bottom 
mounting clips to secure modules, please refer to the procedure below. NOTE: Bottom mounting 
of modules does not provide module bonding through clips and is not covered under the current 
UL 2703 certification.

The SOLARMOUNT Installation Guide and system certifications are equally applicable to 
SOLARMOUNT HD and Light rail. Unless otherwise noted, installation procedures for both 
are equivalent and sufficient to  maintain system certifications. For maximum spans and 
cantilevers specific to SOLARMOUNT HD and Light rail, please refer to Appendix C and 
the SOLARMOUNT Installation Guide.

APPENDIX I
SOLARMOUNT HD Rail
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