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Developed by Barry Jacobson, PhD, PE  (license #s PE51402 and CVC56761) 
Date:  November 23, 2021 

Project:  Funk Solar 

Address:  200 SW Skyline Loop, Ft White, FL 32038 

 
The building has a Tuff Rib roof.  The roof support is wood purlin with 2x4 timber (2" horizontal) on 24-

inch centers.  The section of the roof where the PV will be installed is gabled with a roof slope of 4:12 

slope.  ASCE 7-16 with adjustment for rooftop solar modules parallel to the roof surface (29.4.4) was 
used for the roof section with solar.  The design wind speed is 130 mph. 

 
Table 1.  Roof section with 4:12 slope and flush mounted solar non-exposed modules with XR100 rails 

Roof 

Zone 

Max 
Force 

(psf) 

Attachment 
Spacing 

(in) 

# Rails 
per 

Module 

Module 
Area per 

Attachment 

Uplift 

(lb) 

1/2e -27.65 72 in 2 19.8 548.1 

2n/2r/3e -36.19 62 in 2 17.0 614.5 

3r -43.03 52 in 2 14.3 614.5 

 
Table 2.  Roof section with 4:12 slope and flush mounted solar exposed modules with XR100 rails 

Roof 

Zone 

Max 

Force 
(psf) 

Attachment 

Spacing 
(in) 

# Rails 

per 
Module 

Module 

Area per 
Attachment 

Uplift 

(lb) 

1/2e -41.47 54 in 2 14.8 614.5 

2n/2r/3e -54.28 41 in 2 11.3 614.5 

3r -64.54 35 in 2 9.5 614.5 
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Table 3.  Roof section with 4:12 slope and flush mounted solar non-exposed modules with XR10 rails 

Roof 
Zone 

Max 

Force 

(psf) 

Attachment 

Spacing 

(in) 

# Rails 

per 

Module 

Module 

Area per 

Attachment 

Uplift 
(lb) 

1/2e -27.65 72 in 2 19.8 548.1 

2n/2r/3e -36.19 59 in 2 16.2 587.9 

3r -43.03 52 in 2 14.3 614.5 

 
Table 4.  Roof section with 4:12 slope and flush mounted solar exposed modules with XR10 rails 

Roof 
Zone 

Max 

Force 

(psf) 

Attachment 

Spacing 

(in) 

# Rails 

per 

Module 

Module 

Area per 

Attachment 

Uplift 
(lb) 

1/2e -41.47 54 in 2 14.8 614.5 

2n/2r/3e -54.28 41 in 2 11.3 614.5 

3r -64.54 35 in 2 9.5 614.5 

 

Roof zone #3r is a 3 ft 10 in x 3 ft 10 in square at the upper corners of the roof.  Roof zone #3e is a 3 ft 10 
in x 3 ft 10 in square at the lower corners of the roof.  Roof zone #2r is the area that is not within zone #3 

and is within 3 ft 10 in of the roof ridge.  Roof zone #2n is the area that is not within zone #3 and is 

within 3 ft 10 in of the roof rake.  Roof zone #2e is the area that is not within zone #3 and is within 3 ft 10 
in of the roof eave.  Roof zone #1 is the interior area of the roof that is not within the other zones.   

 

These roof zones refer to the solar modules within that area (see Figure 1).  Roof attachments extending 

beyond the solar module that they are supporting are spaced according to the roof zone of the solar 
module.  If a solar module is split between multiple zones, then attachments are spaced according to the 

portion of the solar module that it is supporting, if at least 50% of the module is within that zone.  If less 

than 50% of the module is within a zone, then use the lowest attachment spacing of the zones underneath 
that solar module.  For example, if a solar module has its lower 40% is in zone 3 and its upper 60% is in 

zone 2 then the lower rail attachments are spaced by on zone 3 requirements and the upper half are spaced 

on zone 2 requirements.  On the other hand, if 60% is in zone 3 and 40% is in zone 2 then all attachments 

are spaced base on zone 3 requirements.  These examples assume that zone 3 attachment spacing is less 
than zone 2 spacing. 

 
Figure 1.  Roof zones 
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Each solar roof attachment will be secured with SolarFoot attachments using two 1/4" diam, 1" long, 

5/16" hex head with rubber sealing in order to provide at least 614.5 pounds of design pull-out capacity 

with a safety factor of 2. 

 
A module is defined as “exposed” (per Section 29.4.4 of ASCE 7-16) if the distance from any of its free 

edges (an edge with no connectivity to other modules) to its facing roof edge (eave, ridge, rake, or hip) is 

greater than half the mean roof height above grade (16 ft 2 in / 2 =  8 ft 1 in) AND if the distance from its 
free edge to any other adjacent array or module is greater than 4 ft 0 in (see Figure 2). 

 

 
 
Figure 2.  Exposed solar module example 

Installation Requirements 

Use SolarFoot attachments using two 1/4" diam, 1" long, 5/16" hex head with rubber sealing.  Install the 

attachment into the 2x4 timber (2" horizontal).   

 
Use IronRidge XR10 or XR100 rails.  Additional manufacturers and models may be used with written 

confirmation from the engineer of record. 
 
Solar modules shall not be cantilevered more than the maximum allowable cantilever provided by the rail 

manufacturer (see Table 6) and half the allowable support spacing for that zone (see Table 1 through 

Table 4). 

 
Attachments between solar modules and racks must be between 0 in and 1 ft 7 3/4 in from the end of the 

solar modules. 
 

Solar modules shall not be installed within 7 in of the roof edge or change in roof slope. 
 

The classic IronRidge bonded splice shall not be installed in the center 1/3 of interior spans, the outer 2/3 

of end spans, or within cantilevers.  The updated IronRidge BOSS (Bonded Structural Splice) does 
not have placement requirements. 

 

Nuts and screws for IronRidge components shall be torqued to the settings in Table 5. 
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Table 5.  IronRidge socket and torque settings 

Item Socket Torque 

Bonded Splice Screws 5/16” 20 in-lbs 

UFO Clamp  7/16” 80 in-lbs 

Rail Grounding Lug Nut 7/16” 80 in-lbs 

Grounding Lug Terminal Screw 7/16” 20 in-lbs 

Expansion Joint Nut 7/16” 80 in-lbs 

Microinverter Kit Nut 7/16” 80 in-lbs 
 

 

Table 6.  Max allowable span and cantilever based on the “Structural Certification and Span Tables for IronRidge Flush 

Mount System” provided by IronRidge for Florida installations 

 XR100 XR10 

 Non-Exposed Exposed Non-Exposed Exposed 

Roof Zone 
Max 

Span 

Max 

Cantilever 

Max 

Span 

Max 

Cantilever 

Max 

Span 

Max 

Cantilever 

Max 

Span 

Max 

Cantilever 

1/2e 123" 36.0" 90" 36.0" 72" 28.8" 56" 22.4" 

2n/2r/3e 96" 36.0" 73" 29.2" 59" 23.6" 45" 18.0" 

3r 85" 34.0" 65" 26.0" 53" 21.2" 41" 16.4" 

 

 
Table 7.  External Pressure Coefficients, (GC), for Enclosed and Partially Enclosed Buildings (Figure 30.3-2B to 30.3-2H 

and 29.4-7) 

Roof Zone GCp min 

1 -1.924 

2e -1.924 

2n -2.519 

2r -2.519 

3e -2.519 

3r -2.994 
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Table 8.  Inputs and calculated values 

Wind Speed V 130 mph  
Roof Type RoofType gabled  

Roof Material RoofMat Tuff Rib  
Attachment Attach SolarFoot  

Substrate Substrate wood purlin  

Substrate Material SubstrateMat 

2x4 timber (2" 

horizontal)  

Fastener Type FastenType 

1/4" diam, 1" long, 

5/16" hex head with 

rubber sealing  
Fastener Qty FastenQty two  
Eave Height Eht 10 ft  

Building Width Perpendicular to Ridge W 38.0 ft  
Building Length Parallel to Ridge L 38.0 ft  

Soffit Width OH 18 ft  
Slope of Roof Slope 4:12  

Exposure Category EC B  

Module Model ModModel 

Q.PEAK DUO L-

G5.2 400  
Min Attachment Spacing MinAS 12 in  
Max Attachment Spacing MaxAS 72 in  

Module Orientation Orient Portrait  
Low Module Height Above Roof H1 3.5 in 0.29 ft 

Module Tilt from Roof omega 0°  

Parapet Height hpt 0 ft  

Safety Factor SafetyFactor 2  

Design Attachment Uplift AttachUp 614.5 lbs  

Module Length Lp 79.3 in 6.61 ft 

Module Width Wp 39.4 in 3.28 ft 

Cell Count CellCount 72  

Min Strike Zone Distance StrikeMin 0.0 in  
Max Strike Zone Distance StrikeMax 19.7 in  

Roof Angle Theta 18.4°  
Roof Slope Category lowSlope FALSE  

Ridge Height RHt 22.3 ft  

Roof Height Reference RoofHtRef 

mean roof height 

above grade  
Roof Height h 16.2 ft  

Half Roof Height rh2 8.1 ft  
Area of Solar Module Asm 21.70 ft2  

Solar Module Pressure Equalization Factor Ga 0.665 Figure 29.4-8 

Width for Zone 2 and 3 Determination  a 3.80 ft a=max(3,0.04*h,min(0.4*h,0.1*W,0.1*L)) 

Least Building Horiz Dist B 38.00 ft B=min(W,L) 

Mean Roof Height : Least Building Horiz Dist h/B 0.43  
Load Factor Based on Strength Design LF 1  

Topographic Factor Kzt 
1 

Topographic Factor is 1 since no topographic feature 

specified   

Wind Directionality Factor Kd 0.85 Table 26.6-1 kd=0.85 for buildings 

Ground Elevation Factor Ke 1 Table 26.9-1.  Value of 1.0 is permissible for all elevations 

Velocity Pressure Exposure Coefficient Kh 
0.587 

Table 26.10-1 if h<15 then Kh=2.01*(15/zg)^(2/alpha) 

elseif h<=zg then Kh=2.01*(h/zg)^(2/alpha)) 

Velocity Pressure at Mean Roof Height qh 21.6 psf 26.10.2 qh = (0.00256 * Kh * Kzt * Kd * Ke * V^2) * LF  

Exposure Category Coefficient alpha alpha 7.0 Table 26.11-1 

Exposure Category Coefficient zg zg 1,200 ft Table 26.11-1 

Parapet Height Factor Gp 0.9 psf Eqn 29.4-6 Gp = min(1.2,0.9+hpt/h) 

Panel Cord Factor Gc 1.00 Eqn 29.4-6 Gc=max(0.6+0.06*Lp/12,0.8) 

Normalized wind area An 96.43 Figure 29.4-7 An=1000/max(Lb,15)^2*Asm 

Normalized Building Length Lb 9.91 Figure 29.4-7 Lb=min(0.4*(h*max(W,L))^0.5,h,B) 

High Module Height Above Roof H2 3.50 in 0.29 ft 

Limit for Adjacent Modules d1_limit 4.00 ft d1_limit=max(4*h2, 4 ft) 

Min Horiz Dist Between Modules & Roof Edge d_minHoriz 0.58 ft d_minHoriz=2*h2 

 


