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Chapter Three 

Structural Evaluations 

Once a school district has identified the buildings that it believes are the best candidates 
for a PV system, the district will want to consider whether the roofs can support the 
gravitational, wind and seismic loads of a PV system. In other words, can the PV system 
meet the strict building code requirements that apply to California’s public schools? 

The U.S. Department of Energy contracted with Interactive Resources in Richmond, CA 
to review the “as-built” drawings for a selection of schools identified as good candidates 
for PV systems. The purpose of the review was to identify any structural conditions that 
might indicate that the roof of a target building would not meet the building code 
requirements. The buildings were not physically inspected during this review; the 
assessment was based on a review of the drawings only. 

The reports that follow describe in detail what Interactive Resources considered in its 
evaluation of several school roofs located in this district. While it is not necessary to 
conduct this type of evaluation prior to seeking bids on a PV project – a review and 
inspection can be done at a later point in the process – the district can save itself and 
interested vendors time and money by doing a preliminary assessment prior to seeking 
bids. 
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October 8, 2010 
 

Mr. Dan Olis 
National Renewable Energy Laboratories 
1617 Cole Blvd. 
Golden, CO  80401 
 
Subject: NREL: Structural Evaluations  2010-004.01 
 BUSD - Berkeley Arts Magnet 
 Evaluation of Existing Framing 
 
Dear Mr. Olis: 
 
In accordance with the provisions of our agreement, we have completed our preliminary 
structural investigation of the existing roof framing for the Berkeley Arts Magnet School 
located in Berkeley, CA.  The purpose of the evaluation is to rapidly assess if the existing 
framing can support a solar array and determine if there are potential structural 
deficiencies that may preclude the addition of a solar array. 
 
The evaluation is based on an in-house review of the available “as-built” drawings 
furnished by the Berkeley Unified School District.  No site visit has been performed as 
part of this phase of the work; however, should the project move forward, a site visit 
during a subsequent phase is planned to confirm that the structure, in general, conforms to 
the “as-built” drawings.  At that time the results presented in this rapid evaluation should 
be reviewed and any refinement prepared as necessary. 
 
This letter summarizes the results of our preliminary evaluation. 
 
Existing Conditions 
 
The existing structure is located at 2015 Virginia St in Berkeley, California.  It is a 1 and 
2 story U-shaped structure measuring approximately 27,500 sqft.  The original year of 
construction was around 1940 with an upgrade designed around 1993/1994. 
 
The roof of the existing structure is a membrane roof over a panelized plywood deck 
supported by timber trusses spaced at 24” on center.  The trusses are supported by wood 
purlins and steel joists.  The roof framing is supported by interior and perimeter concrete 
bearing walls.  Resistance to lateral loads due to wind or earthquake forces is provided by 
the horizontal plywood diaphragm and the vertical concrete shear walls. 
 
Preliminary Structural Evaluation 
 
The evaluation involves investigating two distinct aspects of the framing.  First, can the 
framing support the added gravity loads to be imposed by the proposed solar array and 
second, can the existing lateral force resisting system support the added wind and/or 
seismic horizontal forces without triggering a code required upgrade of the structure?  The 
latter is limited to a maximum of 10% of the existing tributary structural dead load as 
permitted by ASCE 7-05 Section 11B.3 and the California Building Code (CBC) Section 



 

 
 

3403.2.3.1, Exception 2.  The analysis assumes that there is only one roof membrane 
present and that should a re-roof be performed either prior to installation of the solar array 
or during the life of the array that the existing will be removed and not roofed over.  For 
the purposes of this analysis, a second roof membrane over the existing has been excluded 
to maximize the potential size of the solar array. 
 
Where the racking system keeps the array close to the roof, wind loads generally do not 
represent a significant increase in forces to the existing main lateral force resisting 
elements. The proposed array used in the analysis is planned to be positively anchored to 
the structure without the use of any ballast.  The design wind speed for this site is 85 
MPH (3-second gust), Exposure C. A Suntech STP 260 solar module has been selected 
for use in the framing evaluations.  To support the modules and provide a 20° tilt to the 
array, a SunLink racking system has been used.  The anticipated weight of the array 
(module + racking system) use in the analysis is estimated to be 80.5# per module.  A 
breakdown of the design loads used in the evaluation of the existing framing is shown in 
the Table at the end of this report. 
 
1) Evaluation of Gravity Loads: 
 
The existing roof deck is shown as ½” plywood over 2x trusses spaced at 24 inches on 
center.  At this time the array layout has not been determined.  In order to perform an 
evaluation of the gravity loads on the existing framing, we used a 4x1 panel arrangement 
as manufactured by SunLink.  Our evaluation shows that the existing plywood deck and 
supporting framing are adequate to support the anticipated gravity loads and that, 
therefore, the existing framing is acceptable for any orientation or distribution of modules 
in the array(s). Attached for your reference are our preliminary calculations.  
 
2) Evaluation of Lateral Loads: 
 
The total existing roof area is approximately 27,488 sq. ft. with an estimated dead load of 
15 psf.  The minimum area of exterior walls that is tributary to the roof in either the 
north–south or east–west direction, is 4,329 sq ft. with an estimated dead load of 137.5 
psf.  Combined together the total effective existing roof dead load is = 1,007,558 lbs.  
 
In order to avoid triggering a code required upgrade, the weight of any added solar array 
should not exceed 10% (Total Dead Load) or 100,756#.  Dividing this weight by the 
combined weight per module of the proposed array (59.5+21) the maximum number of 
permissible modules for the array can be determined as 1,255.  However, checking the 
available roof area against the plan area of each module, the actual number of modules 
that can be used is significantly less than that based on 10% of the existing mass.  This 
module count is 884.  Please note this module quantity does not account for any setbacks 
that may be required or aisle ways, shading restrictions or any other roof obstructions that 
may affect the final array layout. 
 
Conclusions 
 
In conclusion, we believe that positively anchored solar (PV) arrays can be supported on 
the existing structures.  They should not exceed either the Maximum Array Weight or the 



 

 
 

Maximum Number of Modules shown below. Either the SunLink 4x1 or 3x1 panel system 
is acceptable for this project. 
 

Design Parameters 
Existing roof dead load 15 psf 
Basic Wind Speed (3-second gust) 85 MPH (Exposure C) 
Seismic force (Allowable Stress Design) 0.441 Wp ~ 35# per module 
Module Suntech STP 260 
 Module weight Approximately 59.5# each 
 Module Area 20.9 square feet 
Module Mounting System By SunLink Corporation 
 System weight Approximately 21# per module 
 System tilt angle 20º 

Maximum PV Array 
Maximum Array Weight (10% Total Est. 
Roof DL) (with or w/o ballast) 

100,756#  

Maximum Number of Modules  884 
 
If you have any questions regarding this letter, please call me at (209) 736-2079. 
 
Sincerely, 
Interactive Resources 

 
 
Paul M. Westermann, P.E., S.E. 
Principal 
 

Enclosure  
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October 8, 2010 

 

 

Mr. Dan Olis 

National Renewable Energy Laboratories 

1617 Cole Blvd. 

Golden, CO  80401 

 

 

Subject: NREL Structural Evaluation 2010-004.01 

 BUSD – Jefferson Elementary 

 Evaluation of Existing Framing 

 

 

Dear Mr. Olis: 

 

In accordance with the provisions of our agreement, we have completed our preliminary 

structural investigation of the existing roof framing for the Jefferson Elementary School 

Facility located in Berkeley, CA.  The purpose of the evaluation is to rapidly assess if the 

existing framing can support a solar array and determine if there are potential structural 

deficiencies that may preclude the addition of a solar array. 

 

The evaluation is based on an in-house review of the available “as-built” drawings 

furnished by the Berkeley Unified School District.  No site visit has been performed as 

part of this phase of the work; however, should the project move forward, a site visit 

during a subsequent phase is planned to confirm that the structure, in general, conforms to 

the “as-built” drawings.  At that time the results presented in this rapid evaluation should 

be reviewed and any refinement prepared as necessary. 

 

This letter summarizes the results of our preliminary evaluation. 

 

Existing Conditions 

 

The existing structure is located at 1400 Ada Street in Berkeley, California.  It is 

comprised of 3 “Wings”; two 2-story Wings with classrooms and a final single story 

Wing with the Multi-Use and Kitchen facilities.  Solar has been identified for potential 

installation on each of the “Wings”.  The year of construction is 1950. 

 

The roof of the existing structure is a specified as a composition roof over concrete joist 

construction on Wings 1 and 2 and a composition roof over metal deck and steel framing 

at the Multi-Use at Wing 3.  The roof framing at the Classroom wings is supported by 

concrete columns and concrete shear walls.  Resistance to lateral loads due to wind or 

earthquake forces is provided by the horizontal concrete diaphragm and the vertical 

concrete shear walls.  

 

The roof framing over the Multi-Use building is supported by steel columns and perimeter 

concrete shear walls. Resistance to lateral loads due to wind or earthquake forces is 

provided by the horizontal metal deck diaphragm and the vertical concrete shear walls. 



 

 

 

 

Preliminary Structural Evaluation 

 

The evaluation involves investigating two distinct aspects of the framing.  First, can the 

framing support the added gravity loads to be imposed by the proposed solar array and 

second, can the existing lateral force resisting system support the added wind and/or 

seismic horizontal forces without triggering a code required upgrade of the structure?  The 

latter is limited to a maximum of 10% of the existing tributary structural dead load as 

permitted by ASCE 7-05 Section 11B.3 and the California Building Code (CBC) Section 

3403A.2.3.1, Exception 2.  The analysis assumes that there is only one roof membrane 

present and that should a re-roof be performed either prior to installation of the solar array 

or during the life of the array that the existing will be removed and not roofed over.  For 

the purposes of this analysis, a second roof membrane over the existing has been excluded 

to maximize the potential size of the solar array. 

 

Where the racking system keeps the array close to the roof, wind loads generally do not 

represent a significant increase in forces to the existing main lateral force resisting 

elements. There are no parapets to prevent the array from sliding off of the roof, therefore, 

the proposed array used in the analysis is planned to be positively anchored to the 

structure without the use of any ballast. The design wind speed for this site is 85 MPH (3-

second gust), Exposure C. A Suntech STP 260 solar module has been selected for use in 

the framing evaluations.  To support the modules and provide a 20° tilt to the array, a 

SunLink racking system has been used.  The anticipated weight of the array (module + 

racking system) use in the analysis is estimated to be 80.5# per module.  A breakdown of 

the design loads used in the evaluation of the existing framing is shown in the Table at the 

end of this report. 

 

1) Evaluation of Gravity Loads: 

 

The existing roof deck at the classrooms is shown as 2 !” concrete slab over 4x14 

concrete joists spaced at 24 inches on center.  At this time an array layout has not been 

determined. In order to perform an evaluation of the gravity loads on the existing framing, 

we used a 4x1 panel arrangement as manufactured by SunLink with the north-south axis 

parallel to existing concrete joists.  This orientation results in the maximum concentration 

of loads to the least number of concrete joists.  Our evaluation shows that the existing 

framing is adequate to support the anticipated loads and that, therefore, the existing 

framing is acceptable for any orientation or distribution of modules in the array(s). 

Attached for your reference are our preliminary calculations. 

 

At the Multi-Use, the existing deck is not readily identified on the available “as-built” 

drawings.  However, the proposed array has a dead load based on its plan area of 

approximately 3 psf.  Per DSA IR 16-8, the design roof live load based on the array 

racking system selected may be taken as zero (racking system is low to the roof 

preventing storage beneath it).  The existing deck (and supporting framing) can, therefore, 

be seen as adequate to support the proposed array. 

 

2) Evaluation of Lateral Loads: 

 



 

 

 

The total existing roof area where placement of arrays has been proposed is approximately 

21,340 sq. ft.  At the two story classroom wings, the roof area is 7,969 sq. ft. and 7,227 sq. 

ft. respectively with an estimated dead load of 72 psf.  The exterior walls are 8” concrete 

with an estimated dead load of 100 psf.  Combined together the total effective existing 

roof dead load at the @ Wing 1 is 697,007 lbs. and 639,873 lbs. @ Wing 2.  At the Multi-

Use, Wing 3, the roof area is 6,144 sq. ft. with an estimated dead load, including the 

exterior concrete walls, of 299,520 lbs. 

 

In order to avoid triggering a code required upgrade, the weight of any added solar array 

should not exceed 10% (Total Dead Load) or 69,701# (Wing 1), 63,987# (Wing 2) and 

29,952# (Wing 3).  Dividing these weights by the combined weight per module of the 

proposed array (59.5+21) the maximum number of permissible modules for the array can 

be determined as 866+795+372 respectively. However, checking the available roof area 

against the plan area of each module, the actual number of modules that can be used is 

significantly less than that based on 10% of the existing mass.  These module counts are 

256+232+198 respectively.  Please note these module quantities do not account for any 

setbacks that may be required or aisle ways, shading restrictions or any other roof 

obstructions that may affect the final array layout. 

 

Conclusions 

 

In conclusion, we believe that positively anchored solar (PV) arrays can be supported on 

the existing structures.  They should not exceed either the Maximum Array Weight or the 

Maximum Number of Modules shown below. Either the SunLink 4x1 or 3x1 panel system 

is acceptable for this project.  

 

Design Parameters 

Existing roof dead load 72 psf (Wings 1 & 2) 

30 psf (Wing 3, Multi-Use) 

Basic Wind Speed (3-second gust) 85 MPH (Exposure C) 

Seismic force (Allowable Stress Design) 0.425 Wp ~ 34# per module 

Module Suntech STP 260 

 Module weight Approximately 59.5# each 

 Module Area 20.9 square feet 

Module Mounting System By SunLink Corporation 

 System weight Approximately 21# per module 

 System tilt angle 20º 

Maximum PV Array 

Maximum Array Weight (10% Total Est. 

Roof DL) 

69,701# (Wing 1) 

63,987# (Wing 2) 

29,952# (Wing 3)  

Maximum Number of Modules 

(Limited by the available roof area) 

256 (Wing 1) 

232 (Wing 2) 

198 (Wing 3) 

 

If you have any questions regarding this letter, please call me at (209) 736-2079. 

 



 

 

 

Sincerely, 

Interactive Resources 

 
 

Paul M. Westermann, P.E., S.E. 

Principal 
 

Enclosure 
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