R

PERMIT NO. , | '-3470

ADDRESS (SIT':) Y

= V. FEE SUMMARY {for office use only) ﬂpg J/ Update Upﬂate
CONSTRUCTION PERMIT | s s /
APP I { -~ 2. Electrical XA S
INIKQ! ' VCTION ;3. Plumblng
SO SO L CATI O N l /4 Fire Protection
Applicant Completes: Sections |, II, [il (optional), IV, Vi, and VII /1 ’C()%CLP ¢ 5. Elevator Devices
I. IDENTIFICATION P . 6. Subtotal -
1. Proposed Work Site at: l 02> %f\ﬂ LS l\ . '% ~ oK : *‘7. Less 20% for State Plan Review s
oA _ Am A I ¥ 8. Subtotal
2.N aidnue ) (= -1 9. State Permit Surcharge Fee ____QL
T mail f10. Subtotal iR
. ' N 11. Cent. of Occupanc -~
Auuress 1 % G NI Sl > 42T Q(“C}( 12 oth P Y ’/qu
L street municipality Zip code - er . v
3. Ownership in Fee: _ Public Private ,13. TOTAL ‘ $
4. Principal Contractor: - § ? A Te&' (Bz ) Zﬁ g- 11873 \/1. BUILDING/SITE CHARACTERISTICS (office use only)
Address 2S5 1 ) alag ok e-mail 1. Number of Stories ' :
n+ 0{ yr7 WA"" Als' (\? -7 u a l / 2. Height of Structure ft. .
r b‘ 3. Area — Largest Floor sq. fi.
License No§OR, if new home, Builder Reg. Nof L Exp. Date EYNN| ! 4. New Building Area sq. ft.
Home Improvement Contractor Registration No. or Exemption Reason (if applicable): ‘ 5. Volume of New Structure cu. ft.
Federal Emp. ID No. FAX: ( ) » 6. Max. Live Load :
5. Architect or Engineer Contact ' . 7. Max. Occupancy Load
Address e-mail (el 8. If Industrialized Building: State Approved HUD
Tel. ( } FAX: ( ) a " § ‘ " 9. Total Land Area Disturbed sq. ft.
. . M ~ 10. Flood Hazard Zone
6. Responsible Person in Charge once Work has Begun 6’0\0(%-/ 11. Base Flood Elevation ft
Tel. ( ) FAX: ' '
( ) 12, Wetlands yes no

11a.PROPOSED WORK
O Minor Work

O Repair
O Asbestos Abat. -Subch. 8

[0 New Building
3 Alteration

O Lead Hazard Abatement

O Addition O Demolition

Eﬁﬁation ~

[0 Radon Remediafion

1
O Reconstruction

O Annual Permit

11B. NON-RESIDENTIAL (primary use)

. PLAN REVIEW (optional)

FOR OFFICE USE ONLY (Optional) ! N
b,
?CheiUI;BthODES Est. Cost , Plans Date Rejection PApproval Re- Resubmlssmn Dates /W Re-
all that apply) i Rec'd by Rec'd IDatej M Date, viewer Approval Rejection | viewer
Buildi © —d N Ghali elaile w171 |9t
uieing: X, o . of 7/!%//[ Q/ﬂ_-i/l_lj W .g 7[}0’ [
O Electrical ' I VR V/3/// | )
O Plumbing b P R Y I
[0 Fire Protection . . SEPTR o ‘ - )
(J Elevator . %\'\gé %J\ii . D}r (\\Q\\\ dco ’ t S
TOTALCOST [ X, INB.OCT ? t B
N ' L)

V. DOES OR WILL YOUR-BUILDING CONTAIN ANY OF THE FOLLOWING?

Vil. DESCRIPTION OF BUILDING USE
A. RESIDENTIAL (primary use)

1. State Specific Use:

2. Use Group, Proposed:

3. Change in Use Group, Indicate Present:

4. No. of dwelling units: Total Units Income-restricted
Gained, Sale
Gained, Rental -

Lost, Sale
Lost, Rental

1. State Specific Use:
2. Use Group, Proposed: ______
3. Change in Use Group, Indicate Present:

J|c. MixeD USE -List secondary use(s):

D. Construct. Classification: Present
Proposed

DO YOU WANT: 1.0 Elevators/Escalators/Lifts/ 4.7 Refrigeration Systems v 8.0 Smoke Control Systems in Open Wells  12.(J Fire Alarm
1. OO Partial Releases Dumbwaiters/Moving Walks 5.] Cross-Connections/Backflow Preventers 9.0 Underground Storage Tanks
2. 0 Prototype Processing 2.0 High Pressure Boilers 6. Hazardous Uses/Places;cf Assembly 10.[] Swimming Pools, Spas and Hot Tubs

3.[0 Pressure Vessels 7.0 Qnrmk!ers.‘Standpnpes ; 11. [] LPGas Tanks ~ B

U.C.C. F1Q0-1 (rev. 8/08)
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CERTIFICATION IN LIEU OF OATH

4... -OWNER SECTION (to be completed if the applicant is the owner in fee)

| hereby certify that | am the owner in fee of the property listed on Page 1.
Mark the following applicable boxes:

A. () !further certify that a new home (private residence) will be constructed on this property for my own use an'd occu-
pancy. This dwelling is to be occupied by myself and is not to be used for any purpose other than single family
residential use. | attest that all construction, plumbing, or electrical work will be done, in whole or in part, by me or by
subcontractors under my supervision, in accordance with all applicable faws; and, | further acknowledge that said
new home is not covered under the New Home Warranty and Builders Registration Act (N.J.S.A. 46:3B-1 et seq.) and
that such fact shall be disclosed to any person purchasing this property within ten years of the date of issuance of a
certificate of occupancy.

1 UNDERSTAND THAT IN MARKING BOX A, | ACKNOWLEDGE THAT | AM ASSUMING RESPONSIBILITY FOR
THE WORK DONE ON SAID PROPERTY, THE CONDITION OF THE PROPERTY PRIOR TO, DURING, ANDAFTER
ANY WORK PERFORMED, AND FOR THE PERFORMANCE OF THE SUBCONTRACTORS | HIRE, EMPLOY, OR
OTHERWISE CONTRACT OR WITH WHOM | MAKE AGREEMENTS TO PERFORM WORK. I'AM VOLUNTARILY
AND KNOWINGLY ASSUMING THIS RESPONSIBILITY.

B. ( ) 1further certify the following as required by the New Jersey Uniform Construction Code, N.J.A.C. 5 23-2 15(f)1.ix:

I personally prepared the plans submitted for: 1) the new home referred to in'A.; or, 2) an addition, alteration, renova-
tion, or repair to an existing single family residence owned and occupied by myself and focated on the property listed
on Page 1, or, 3) a new structure that will be physically separate from, but that will be deemed part of, an existing
single family residence that is owned and occupied by myseif and located on the property listed on Page 1.

C. () [Ifurther certify that | will perform or supervise the following work:
C.1. () Building . C.2. ( ) Fire Protection

| further certify that I will perform the following work:
C3. ( ) Electrical C4. ( ) Plumbing

D. () [lagree to advise all contractors on this project that they are required to be registered with the New Jersey Division of
Taxation and to comply with all New Jersey tax laws.

| further certify the following as required by the Uniform Construction Code, N.J.A.C. 5:23-2.15(a)5: All required State, county,
and local prior approvals have been given, including such certification as the construction official may require.

| understand that if any of the above statements are willfully false, | am subject to punishment.

Signature ' Date

. AGENT SECTION (to be completed if the applicant is not the owner in fee)

| hereby certify the following as required by'the Uniform Construction Code, N.J.A.C. 5:23-2.15(d): the proposed work is autho-
rized by the owner in fee; and | have been authorized by the owner in fee to make this application as his agent.

| further certify the following as required by the Uniform Construction Code, N.J.A.C. 5:23-2. 15(a)5: All required State, county,
and local prior approvals have been given, including such certification as the construction official may require.

I agree to advise all contractors on this project that they are required to be registered with the New Jersey Division of Taxatlon
and to comply with all New Jersey tax laws.

l undegstand that if any of the above statements are willfully false, | am subject to punishment.

( Check if contractor.

Agent Name (/\/l’\ 4rAI\(L’\ (d/)\‘h"t\(' Jﬁ(&‘n L((
agoress__ 251\ Javwunnd k.
/)4‘ O(I/Kn\’\' AI'S" O3 2

Telephone (7:%LL ) 2HS - 75—M %
Signature ,AVUVL §i - Ny

. { ) LEAD HAZARD ABATEMENT: Include Homeowner or Building Owner Affidavit as per N.J.A.C. 5:17.

U.C.C. F100-2 (rev. 5/2007)
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Brick Township

401 Chambersbridge Rd
Brick, NJ 08723

Date Issued 2/29/2012

Control Number C-11-003306

Permit Number 11-3470

Permit Issue Date 11/16/2011

Certificate Certificate Number 11-3470
Construction Code Division
(Certificate of Approval)
Identification
Work Site Location: 102 DENNIS DR. Brick Township, NJ Block: 1026.04 Lot: 2 Qual:
Owner in Fee: EMANUELE, PHILIP & LOREN
Owner Address: 102 DENNIS DR BRICK NJ 08724
Telephone:
Contractor WHITMAN CONSTRUCTION
Address 2511 LAKEWOOD ROAD PT. PLEASANT NJ 08742-
Telephone: 732/2950875 Fax:

License Number or Builders Registration Number:  13VH00613100

Home Warranty Number:

Type of Warranty Plan: O state  [J Private
Use Group: R-5
Maximum Live Load: 0

Description of Work/Use: sOLAR PANELS

Certificate Comments: '

[ certificate of Occupancy

This serves notice that said building or structure has been
constructed in accordance with the New Jersey Uniform
Construction Code and is approved for occupancy.

Certificate of Approval

This serves notice that the work completed has been
constructed or installed in accordance with the New Jersey
Uniform Construction Code and is approved. If the permit was
issued for minor work, this certificate was based upon what
was visible at the time of inspection.

[ certificate of Continued Occupancy

This serves notice that based on a general inspection of the
visible parts of the building there are no imminent hazards and
the building is approved for continued occupancy.

D Temporary Certificate of Compliance

The following conditions must be met no later than

or the owner will be subject to fine or order to vacate:
This certificate has an expiration date of:

Conditions to be met:

Dusfllmr -

Construction Classification:
Maximum Occupancy Load: 0

[J certificate of Clearance - Lead Abatement 5:17
This serves notice that based on written certification, lead
abatement was performed as per NJAC5:17 to the following
extent.

(] Total removal of lead-based paint hazards in scope of work
D Partial or limited time period ( years); see file

D Certificate of Clearance - Asbestos Abatement
This serves notice that based on written certification, asbestos
abatement was performed to the following extent.

(J otal removal of asbestos hazards in scope of work
D Partial or limited time pe‘riod (, years);see file

D Certificate of Compliance  _

This serves notice that said potentiamhazardous equipment
has been installed and/or maintained in accordance with the
New Jersey Uniform Constrctioni Code and is approved for use
untit

O Temporary Certificate of Occupancy

The following conditions must be met no later than:
or the owner will be subject to fine or order to vacate:
This certificate has an expiration date of:

Conditions to be met:

Fee: $0.00

Construction Official

Date Printed: 2/29/2012 U.C.C. F260 (rev. 08/05)

Federal Emp. Number:  22-3558985

Check Number:

Collected By:

Page 1
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C O N ST R U CT I 0 N 82:1etrlosls;;ed - C-11-003306

j - i ] Permit #
! . . - ::7 " ™
md==] PERMIT | = 37D
IDENTIFICATION  Block: _1026.04 ] Lot 2 , Qualifier
Work Site Location: 102 DENNIS DR, Brick Township. NJ . Contractor WHITMAN CONSTRUCTION
Address 251 Al PLEA -
Owner in Fee EMANUELE, PHILIP & LOREN :
102 DENNIS DR BRICK NJ 08724 Telephone: _732/2950875 .
i : : Lic. No. or Bldrs. Reg. No. 13VH00613100
Telephone: Federal Employee. No. 22-3558985
Is hereby granted permission to perform the following work: PAYMENTS (Office Use Only)
. ‘ AR Building - » $562
BUILDING (3 pLUMBING - [J LEAD HAZARD ABATEMENT | Electrical $200
ELECTRICAL (J FIREPROTECTION - [J DEMOLITION Plumbing 30
' ' Fire Protection
(O ELEVATOR DEVICES [ ASBESTOS ABATEMENT [J oTHER _ —30
{(Subchapter 8 only) Elevator Devices 30
DESCRIPTION OF WORK: - Other $0.00
SOLAR PANELS . ' : DCA Training Fee $36
i CO Fee
Other _ %0
Note: If constuctlon does not commence within one (1) year of date of issuance, orif - - Total e s $798 ..[ ‘3()
constructlon ceases for a period of six (6) months this permit is void. I oy i
Check No.
Estimatéd Cost of Work __$20.850 7 1d
N/ "%J // [— // ol a) SVK
AL J : Credit $0
\ Constfiction'official ¥ ' Date Collected By :
u.c.c. F170
equiv (rev 8/03)

1 WHITE - INSPECTOR 2 CANARY - OFFICE 3 PINK- TAX ASSESSOR . 4 GOLD - APPLICANT

REQUIRED INSPECTIONS

Construction work must be inspected in accordance with the State Uniform Construction Code Regulations N. J A C. 5:23-2.18. This agency will carry

out such periodic inspections during the progress of work as are necessary to insure that the work installed conforms with the requirements of the

: . Uniform Construction Code.

The owner or other responsible person in charge of work must notify this agency when work is ready for any required inspections specified below.
Requests for inspections must be made at least 24 hours prior to the time the inspection is desired. Inspections will be performed within three business
days of the time for which they are requested. The work must not proceed in‘a manner which will preclude the inspection until it has been made and
approval granted.

. s .
. Required inspections for all subcodes for one- and two -family dwellmgs are as follows: LA 2 e 7"’%9:’;?“?
1. The bottom of footing trenches before placement of footings, except that in cases of plle foundations, inspections shali be madeqn SERV
accordance with the requirements of the building subcode. 1347
. . o TE I
Foundations and all walls up to grade level prior to back filling. : BUILL v w362 5

Iy, bip
3. Allstructural framing, connections, wall and roof sheathing and insulation; electrical rough wiring, panel and?emefljn;stallatlon rough ?‘“m’ ',‘”
plumbing. The frammg inspection shall take place after the rough electrical and plumbing inspections and afénihe installation of the heating, 5.0
ventilation and /or.air conditioning duct system. The insulation inspection shall be performed after all other subgode rough inspections ‘and*x _ {3}
prior to the installation of any interior finish material.

4. Installation of all finished materials, sealings of exterior joints, plumbing piping, trim and fixtures; electrical wiring, devices and fixtures;
mechanical systems equipment.

Additional required inspections for all subcodes of construction, for other than one- and two-family dwellings, are fire suppression systems, heat
producing devices and Barrier Free subcode accessibility, if applicable.

Required special inspections. The applicant by accepting the permit will be deemed to have consented to these réquirementsi

Contractor must be on site with ladder for inspections.
rough electric and bunldlng inspection must be scheduled at the same time.
final electric inspection is necessary

A final inspection is required for each applicable subcode area before a final Certificate of Occupancy or Approval may be issued. The final
inspections include the installation of all interior and exterior finish materials, sealing of exterior joints, mechanical system and other required
equipment, electrical wiring, devices and fixtures; plumbing pipés, trim and fixtures; tests required by any provision of the adopted subcodes,
Barrier Free accessibility, if applicable; and verification of compliance with NJAC 5:23-3.5, "Posting structures”.

A complete copy of released plans must be kept on the job site.

= K vou do not understand anv of this information. please ask.

* . -
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Structural Support
1212 Main Street
October 25, 2011 Belmar NJ 07719

Mr. Michael Vecchio "
Subcode Official TOWNHH |
401 Chambers Bridge Road RELEASED FOR PERK

Brick NJ 0872 Building Subcode
He 08723 Plumbing Subcode

Fire Subcode

Project Address: 102 Dennis Drive
Brick NJ 08753
Municipality: Brick
County: Ocean
Block: 1026.04 Lot: 2
Permit: . C-11-003306
Project Description: Installation of Solar Panels on Roof

Mr. Vecchio,

I have reviewed comments in Subcode Official Review (one page) by yourself, dated
September 12, 2011.

Information requested in your review letter is provided below. If required, additional
information is in detailed specifications (dated 8-31-11; revised 10-24-11). Original
version (8-31-11) was previously submitted. Also see letter of 9-19-11 with directions to
specific information in those specifications. Recent changes to specifications have been
made to include panels on lower roof (RA2).

Attached plans ("Plan of Rails & Base Mounts") shows locations of rails that will support
solar panels on two roof areas (RA1, RA2), along with mounts that support rails. Each
mount is to be connected to rafter with 5/16" lag screw. Total number of solar panels (16)
is noted.

* Rail-support mounts shall be installed at 48-inch maximum spacing and shall be
‘staggered as shown on the plan.

M Roof framing for each roof area has adequate capacity to support design loads
from proposed solar panel system, with rails and mounts located as shown on
attached plan.

Design loads are based on the following basic requirements per IRC 2009 NJ;

Ground Snow Load 20 psf
Basic Wind Speed 115 mph

John F Mann, PE lF AMW Page 1
GE29049 |



102 Dennis Drive
Brick NJ Installation of Solar Panels on Roof

Roof Framing: RA1 (high roof)

Rafter construction; 2x6s at 16 inches
Horizontal span length = 10'-4" (ridge to wall)

Roof Framing: RA2 (low roof)

Rafter construction; 2x6s at 16 inches
Horizontal span length = 9'-0" (ridge to interior wall)
12'-0" (interior wall to exterior wall)

K

Please call with any questions.

Copies; Gary Shibla
Steve Whitman Solar, Point Pleasant NJ

John F Mann, PE
GE29049

October 25, 2011

Page 2
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(Re

HEIGHT:

(*APPLICABLE)

OTHER

FENCE: HEIGHT —— ___

RECEIVING CLERK pERMIT # _20=1]-DIHIO
St ReCD 77T NOZ_zm PERMIT APPLICATION  osreissio 1 itaft
sLock: /9% s\ LOT: QUALIFIER: SITE ADDRESS: /24 § @
FOR OFFICE USE ONLY
IDENTIFICATION: FEE SUMMARY:
1.NAME OF OWNER IN FEE: \«/Oﬁao Erasaude APPLICATION FEE:$ i
COMPLETE ADDRESS: fwjh ,U,MEZ,V St E OTHER:. s_4A o
I, | | " —
PHONE |
U OV .
2. NAME OF APPLICANT: V/FVA.H\& @\;.IVCI.FW.F REQUIRED BY APPLICANT .
APPLICANT ADDRESS: _1OT_Oersnas O RESIDENTIAL: v 15
_Bode v COMMERCIAL: , .
PHONE # \_w& 195-OBTS EMAIL: P@x@?@@g 2,0,. EXISTING USE: SFD
mUo/ . | PrROPOSED USE D
3.RESPONSJBLE RERSON FOR WORK: c1 O S
PHONE#(T32) Bol-lbSb FAX# (I32) 295 -0vTS BOARD APPROVAL: — _ PB__7B
T, | RESOLUTION:
4.SIGNATURE OF APPLICANT: v APPROVAL DATE:
PROJECT DESCRIPTION: (PLEASE CHECK APPLICABLE WORK & DESCRIBE) , .
*NEW BUILDING: *ADDITION *ALTERATION *PORCH *DECK
POOL: ABOVE GROUND IN GROUND TYPE

DESCRIPTION:

Raf Manld=o\ar Tangls

ZONING REVIEW:
DATE REVIEWED:

mm: (] DATE DENIED: /&,
{ r 4

: DATE APPROVED: Qw

INTLS: %

(SEE BACK PAGE)




TOWNSHIP OF BRICK ZONING CHECKLIST

1) Two (2) copies of plot plan containing:
* All existing and proposed structures
* All dimensions of the lot and structures
* All setbacks from the structures to the property lines

* All adjacent streets and waterways

If applicable, include a copy of the Zoning Board of Adjustment
Resolution, the date that the map was signed, and/or the date that the
subdivision map was filed with the Ocean County Clerk, along with the
file map and number.

2) Two copies of the plans with dimensions and heights noted:

* Floor plans and elevations
. Signed site plans

i Propefty map

* Survey map

Choose which is applicable for submission

3) Plot plans and building plahs must match for complete review

NOTE: NO PARTIAL, TAPED, FAXED, REDUCED OR ENLARGED COPIES CAN BE ACCEPTED

01/2010



Community Development and Land Use %@ Re ce i pt

401 Chambers Bridge Rd. Payment Date 11/16/2011

Brick NJ 08723 Transaction # PMT-11-07616
Issued To 102 Dennis
Description ;rsolar panels

Date Printed 11/16/2011 Cash $0.00

Check Number 10201 Check $50.00

Charge $0.00

Total Paid $50.00

FiA741 T
31l 4‘3"’ Li Zat

)

B340




Brick Township Date Issued: / ///@/)/
401 Chambers Bridge Rd. Application Number: ZA-11-00958
Brick. NJ 08723 Application Date: 09/08/2011

(732) 262-1027 Project Number: .
Permit Number: Z] J” é]f]

Fee: $50
Worksite 102 DENNIS DR. Block: 1026.04
Location: Brick Township, NJ Lot: 2
Qualifier:
Zone: R-7.5
Owner. EMANUELE, PHILIP & LOREN Applicant: Whitman Construction
Address: 102 DENNIS DR Address: 2511 Lakewood Road
BRICK, NJ 08724 Point Pleasant, NJ 08742

Application Approved Date: 09/09/2011

This Certifies that an application for the issuance of a Zoning Permit has been examined.

Use is: Single-Family Residential Roof Mounted Solar Panels
Nonconforming Use is:

Work Description:
Solar Panels - Installation of 21 roof mounted solar panels.

Upon review it was determined that:

Use is permitted by Ordinance
O useis permitted by Variance approved on:
(O valid Nonconforming Use is established by
O Zoning Board of Adjustment
0OJ zoning Officer

%ﬂ l ‘U@éf_/ 09/09/2011

Tara B Paxton, AICP/PF5 Assistant Planner Date

Michael Pé%a Township Planner Date
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{Amended 6-26-1979 by Ord. No. 354-2B-79; 4-22-1
11-5-1984 by Ord. No. 354-2CCC-84;

LAND USE

245 Anachment 5

Towuship of Brick

SCHEDULE OF AREA; YARD AND BUILDING REQUIREMENTS
Township of Brick

Ocean County, New Jersey

980 by Ord. No. 354-2H-80; 10-14-1980 by Ord. No, 354-2N-80; 9-23-1980 by Ord. Nu. 354-1B-80; 8-25-83 by Ord. No.

6-24-1986 by Oril. No, 354-2WWW-86; 9-13-1988 by Ord. No. 354-2TTTT-88; 9-27-1988 by Ord. No. 354-2XXXX-38;

354-255-83; 11-5-1984 by Ord. No. 354-2-AAA-84;
9-12-2000 by Ord. No. 354-2EE-00;

FOR REFERENCE ONLY

5-9.7000 by Ord. No. 354-22-00; 3-26-2002 by Ord. No. 354-2C-02; 11-26-2002 by Ord. No. 354-2L-02; 3-25-2003 by Ord. No. 354-2D-03; 6-13-2006 by Ord. No. 19-06]
Mindum Lot Stze Minimum Required Yard Depth
Accessory .
Interior Lots Coruer Lots Principal Bullding Building Maximam Maximum Building Height
Side. Both Lot Minimum Floor/ | Maximum
Front | Yard, Sides Rear Side | Rear | Coverage Building Area | Allowable
Arxca Width | Depth Areca Width | Depth | Yard Each | Combined Yard Yord | Yard® - by Eaves Ridge (square feet) Impervious
Zone | (squarefeet) | (feet) | (feet) | (squarefeet) | (feet) | (feet) | (feet) (feet) (feet) (feet) (fect) | (feet) wilding | Stories | (feet) | Feet | (fect) | 2 stories/l story Coverage
R-R. 40,000 150 150 40,000 150 150 50 25 50 238 25 25% - 25 -
RR-2 - See § 245-90.
RR-3 See § 245-103.
R-20 20,000 100 | 125 25,000 100 125 40 15 - 40 10 10 25% - 25 35 33.5 -
R-15 15,000 100 115 17,250 100 115 35 12 - 35 10 10 25% - 25 35 385 -
R-10 | 10,000 90 100 10,500 100 100 30 6 20 20 5 5 30% - 25 35 | 385 -
R-7.5 7,500 7S 90 9,000 75 90 25 3 15 15 5 5 30% - 25 35 38.5 -
R<S 5,000 50 75 6,000 50 75 20 5 12 15 5 5 35% - 25 35 38.5 -
O-P 15,000 100 150 15,000 100 150 50 10 — 50 20 50 35%* 2 - s 38.5 1,500 70%
B-1 10,000 100 90 12,500 100 125 30 10 - 20 10 20 30% 2 - 35 38.5 1,000 60%
B2 20,000 125 125 20,000 125 125 50 10 - 50 10 50 30%" 2 - 35 38.5 2,000 65%
B-3 2 acres 200 200 2 acres 200 200 75 30 — 50 20 30 _25% ~ - 35 385 2,000 65%
B-4 S acres 300 300 - - — 100 | 50(150") - 100(150") 20 50 25% 3 - 35 38.5 30,000 70%
M-1 S acres 300 300 Sactes | 300 300 100 50 - 150 75 150 30%° - - 35 38.5 5,000 65%
R-M 25 acres 350 200 - - - 50 50 - 30 30 30 20% — 25 35 38.5 - 65%
{o-rpT 40,000 150 150 40,000 150 150 50 20 ~ 50 20 50 25%" 2 — 35 38.5 2,000 50%
"H-S See § 245-261, . —~ - - - 70%
NOTES:
! Ifadjacent to residential zope or usc. :
7 The maximum lot coverage shall refer only to that percentage of an affected lot which is suitable for building.
3 For rear yard setback requi for y buildings on waterfront propesty, see § 245-10D.
Attachment 5:1 0901 - 2006
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Brick Township
401 Chambersbridge Rd
Brick, NJ 08723
(732) 262-1027

Subcode Official Review

To: 102 DENNIS DF. BRICK, NJ 08724 CC:
RE: Building Subcode
Block: 1026.04 Lot: 2 Qual:
102 DENNIS DR.

‘Permit Number: -Control Number: C-11-003306
Last Submit Date: Tuesday, September 20, 2011

Date: Tuesday, September 20, 2011

Dear EMANUELE, PHILIP & LOREN,
- Your request is hereby denied based upon the following infractions.

No Improvement

Sincerely,

Michael Vecchio, Subcode Official

AeSuBMIT For
Raveew) —
STRMCTUR A Suﬂ)o\ir

afa1fu ey ©
\o/,’,\S‘/n &Py @ / .
28/(l -
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Page 1



Structural Support
1212 Main Street
September 27, 2011 Belmar NJ 07719

Mr. Michael Vecchio
Subcode Official

401 Chambers Bridge Road
Brick NJ 08723

Project Address: 711 Revere Drive
Brick NJ 08753
Municipality: Brick
County: Ocean
Block: Lot:
Permit:
Project Description: Installation of Solar Panels on Roof

Mr. Vecchio,

This letter provides basic information for proposed solar panel installation, as requested.
See complete specifications (dated 9-3-11) provided separately for detailed requirements.

Attached plan ("Plan of Rails & Base Mounts") shows locations of rails that will support
2 rows of solar panels, along with mounts that support rails. Each mount is to be
connected to rafter with 5/16" lag screw. Total number of solar panels (36) is noted.

Rail-support mounts shall be installed at 48-inch maximum spacing and shall be
staggered as shown on the plan.

M Roof framing has adequate capacity to support design loads from proposed solar
panel system, with rails and mounts located as shown on attached plan.

Design loads are based on the following basic requirements per IRC 2009 NJ;

Ground Snow Load 20 psf
Basic Wind Speed 115 mph

Roof Framing

Rafters; 2x6 at 16 inches
Horizontal span length = 12'-8" (ridge to exterior wall)

Please call with any questions.

e i

John F Mann, PE '
GE29049 Copies; Gary Shibla
Steve Whitman Solar, Point Pleasant NJ



Structural Support
1212 Main Street
September 27, 2011 Belmar NJ 07719

Mr. Michael Vecchio
Subcode Official

401 Chambers Bridge Road
Brick NJ 08723

Project Address: 711 Revere Drive
Brick NJ 08753
Municipality: Brick
County: Ocean
Block: Lot:

Permit:
Project Description: Installation of Solar Panels on Roof

Mr. Vecchio,

This letter provides basic information for proposed solar panel installation, as requested.
See complete specifications (dated 9-3-11) provided separately for detailed requirements.

Attached plan ("Plan of Rails & Base Mounts") shows locations of rails that will support
2 rows of solar panels, along with mounts that support rails. Each mount is to be
connected to rafter with 5/16" lag screw. Total number of solar panels (36) is noted.

Rail-support mounts shall be installed at 48-inch maximum spacing and shall be
staggered as shown on the plan.

M Roof framing has adequate capacity to support design loads from proposed solar
panel system, with rails and mounts located as shown on attached plan.

Design loads are based on the following basic requirements per IRC 2009 NJ;

Ground Snow Load 20 psf
Basic Wind Speed 115 mph

Roof Framing

Rafters; 2x6 at 16 inches
Horizontal span length = 12'-8" (ridge to exterior wall)

Please call with any questions.

%//WM

John F Mann, PE
GE29049 Copies; Gary Shibla
Steve Whitman Solar, Point Pleasant NJ



Brick Township
401 Chambersbridge Rd
Brick, NJ 08723
(732) 262-1027

Subcode Official Review o
To: 102 DENNIS DR BRICK, NJ 08724 CC: \
RE: Building Subcode
Block: 1026.04 Lot: 2 Qual:
{102 DENNIS DR,

* Permit Number:~Control Number: C-11-003306
Last Submit Date: Friday, September 09, 2011

Date: Monday, September 12, 2011

Dear EMANUELE, PHILIP & LOREN,
Your request is hereby denied based upon the following infractions.

Your plans for the building portion of this permit contain too much information. To best serve you, please
read the below format and use it whenever you are submitting plans to both Toms River and Brick
Township. By reducing the unnecessary information we can be more efficient for both the review and
inspection purposes.

Each individual job MUST include but is not limited to the following:

Engineers plans which indicates;
A layout of the complete roof (to scale) showing the location of the panels on the roof.

A signed and sealed letter which.........

1) Cali out the existing roof in detail. Framing member size, spacing and spans measured horizontally.

2) Certifies or denies the additional loads imposed on the roof, with calculations. We don't need opinions......
we need it to be verified and certified.

3) Indicate if it's conventional or truss roof construction.

4) A fastening schedule which corelates to the rafter spacing.

=**NOTE™** If additional work needs to be done for support compliance, then a comprehensive drawing
must be submitted from the engineer to detail the task. This additional plan could require that a floor plan
also be submitted. It will assist the review regarding where load bearing walls are located for knee walls and
point loads for girders if needed. N

Sincerely,

Michael Vecchio, Subcode Official

&

(F) 732215 1529

o

Page 1



09/21/2011 WED 10:45 FAX 7322622941 Brick Comm Dev/Land Use
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TRANSMISSION OK

JOB NO. 2396
DESTINATION ADDRESS 97322951529
PSWD/SUBADDRESS
DESTINATION ID
ST. TIME 09/21 10:44
USAGE T 00" 19
PGS. 1
RESULT OK
Brick Township \PA
401 Chambersbridge Rd
Brick, NJ 08723 9
(732) 262-1027
Subcode Official Review &=
To: 102 DENNIS DR BRICK, NJ 08724 cc:

RE: Building Subcode
Block: 1026.04 Lot: 2 Qual:
102 DENNIS DR.
Permit Number: Control Number: C-11-003306
Last Submit Date: Tuesday, September 20, 2011

Date: Tuesday, September 20, 2011

Dear EMANUELE, PHILIP & LOREN,
. Your request is hereby denied based upon the foliowing infractions.

No Improvement

Michael Vecchio, Subcode Official




Structural Support
1212 Main Street
September 17, 2011 Belmar NJ 07719

Mr. Michael Vecchio %

Subcode Official 0‘/@’ RECD SEP o ~ 201
401 Chambers Bridge Road 1
Brick NJ 08723

Project Address: 102 Dennis Drive ¢

Brick NJ 08753 \\
Municipality: Brick O\ ?0
County: Ocean
Block: 1026.04 Lot: 2
Permit: C-11-003306
Project Description: Installation of Solar Panels on Roof

Mr. Vecchio,

I'have reviewed comments in Subcode Official Review (one page) by yourself, dated
September 12, 2011.

The plan provided (Plan of Rails & Base Mounts) shows locations of rails that will
support two rows of solar panels. Total number of solar panels (16) is also noted. If
necessary, edges of the panel array could be added, however the extent of proposed solar
panels for this simple array should be clear from the information shown.

Numbered comments are addressed in order;

1. Basic details of roof framing are shown and noted on Plan of Rails & Base
Mounts. Further description of roof framing (with photos) is included on pages 5
and 6 of specifications.

2. Certification of roof framing is provided on page 1 of specifications. Design loads
are listed on page 20. Structural evaluation is described on pages 8 and 9.

3. See answer to item 1. Framing is rafter construction.

4. Plan of Rails and Base Mounts shows how mounts to support rails are to be
located on rafters. Connection requirements are specified on pages 17 - 19 of
specifications. Analysis of wind uplift requirements is provided on pages 21 - 24.

Format of plan and specifications, including certification of roof framing, has been used
for well more than 100 residential solar installations throughout New Jersey during the
past several years.

Please call thh any quesnons

J ohn F Mann PE

GE29049 Copies; Gary Shibla
d7 Steve Whitman Solar, Point Pleasant NJ
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TRANSMISSION OK

JOB NO. 2350
DESTINATION ADDRESS 97322951529
PSWD/SUBADDRESS

DESTINATION ID

ST. TIME 09/16 14:57
USAGE T 00' 25

PGS. 1

RESULT OK

Brick Township E @‘
401 Chambersbridge Rd : .
Brick NJ 08703 @ 13- 98- 1589
(732) 262-1027

Fad 1o

Subcode Official Review Chai's
To: 102 DENNIS DR BRICK, NJ 08724 CC:
/% 2o

RE: Building Subcode
Block: 1026.04 Lot: 2 Qual:
102 DENNIS DR.
Permit Number: Control Number: C-11-003306
Last Submit Date: Friday, September 09, 2011

Date: Monday, September 12, 2011

Dear EMANUELE, PHILIP & LOREN,
Your request is hereby denied based upon the following infractions.

Your plans for the building portion of this permit contain too much information. To best serve you, please
read the below format and use it whenever you are submitting pians to both Toms River and Brick
Township. By reducing the unnecessary information we can be more efficient for both the review and
inspection purposes.

- Each individual job MUST include but is not limited to the following:

Engineers plans which indicates;
A layout of the complete roof (to scale) showing the location of the panels on the roof.

A signed and sealed letter which.........

1) Call out the existing roof in detail. Framing member size, spacing and spans measured horizontally.

2) Certifies or denies the additional loads imposed on the roof, with calculations. We don't need opinions......
we need it to be verified and certified.

3) Indicate if it's conventional or truss roof construction.

4) A fastening schedule which corelates to the rafter spacing.

=*NOTE**** If additional work needs to be done for support compliance, then a comprehensive drawing
must be submitted from the engineer to detail the task. This additional plan could require that a floor plan
also be submitted. It will assist the review regarding where load bearing walls are located for knee walls and
point loads for girders if needed.

Qinraraly 4/// //
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SF220 Poly

Polycrystalline Solar Module

OVERVIEW

Hanwha SolarOne’s SF220 Polycrystalline Module delivers the performance and efficiency required for large power ouput
applications. Featuring a smooth, all-blue surface and a tight +£3% power tolerance, the SF220 Poly provides an aesthetically
attractive and efficient option for commercial and utility installations. The module has undergone comprehensive testing for
reliable performance over time and is certified to comply with the latest Class A safety standards.

KEY TECHNICAL FEATURES

* 5 year product warranty, 25 year performance warranty*

* Module certified to withstand high snow loads, up to 5.4kN/m?2**
* Tight power tolerance: +3%, anti-reflective coating

* Free module recycling through membership in PV Cycle

FPRace 1ol 1L Havdia SelarOne Prosuet Waeiani\ lor didails,
~* Please i fer to Hanwhia SolarOre iochule Instzllation Guilo,

QUALITY AND ENVIRONMENTAL CERTIFICATES

* {SO 9001 quality standards and I1SO 14001 environmental standards
* OHSAS 18001 occupational health and safety standards

¢ |EC 61215 and IEC 61730 Class A certifications

* Conformity to CE

ABOUT HANWHA SOLARONE

Hanwha SolarOne is a vertically integrated manufacturer of photovoltaic modules
designed to meet the demands of the global energy consumer. From high-grade
crystalline silicon, to module production, to project development and financing,
Hanwha SolarOne is setting the new standard in innovation and value.

* High reliability, guaranteed quality, and excellent cost-efficiency due to vertically
integrated production and control of the supply chain;

* Optimization of product performance and manufacturing processes through a
strong commitment to research and development;

* Global presence throughout Europe, North America, and Asia, offering regional
technical and sales support.

@ .Hanwha SolarOne www.hanwha-solarone.com



ELECTRICAL CHARACTERISTICS

Electrical Characteristics at Standard Test Conditions (STC)

a0 oW  @EW 2w oW amag
OPEN CIRCUIT VOLTAGE (V,,) 36.7V 36.8V 36.8v 37.0v 37.1v 37.2v
SHORT CIRCUIT CURRENT (I,.) 8.18A 8.34A 8.44A 8.54A 8.64A 8.74A
VOLTAGE AT MAXIMUM POWER (V,,) 29.9V 30.0v 30.1v 30.2v 30.3v 30.4V
CURRENT AT MAXIMUM POWER (I,,) 7.53A 7.67A 7.81A 7.95A 8.08A 8.22A
MODULE EFFICIENCY (%) 136 13.9 14.2 14.5 14.8 15.1
PV I‘_ Voendl K RENTY S 0f IOEWT 2 ab AL EG eglar cpctrin o ooy cnalues 28 2207

Pame okt e o 22

Electrical Characteristics at Normal Operating Cell Temperature (NOCT)

TV -7 V. Y R, )
OPEN CIRCUIT VOLTAGE (V,.) 33.1v 33.3v 33.5v 33.7v 34.1v 34.2v
SHORT CIRCUIT CURRENT (1..) 6.50A 6.66A 6.74A 6.84A 6.99A 7.07A
VOLTAGE AT MAXIMUM POWER (V,,) 27.1V 27.2V 27.3V 27.4V 27.6V 27.7V
CURRENT AT MAXIMUM POWER (I} 6.02A 6.14A 6.23A 6.35A 6.46A 6.58A
MODULE EFFICIENCY (%) 12.3 12.6 12.9 13.2 13.5 13.8
PVt K TC defited as inadiaics of 00DV ad BEA 56 <ol spechum a0 lanperatore 26 2 0.

Featve tnbite v oof £3% rrnes e perlome tes,

Temperature Characteristics Maximum Ratings

NORMAL OPERATING CELL MAXIMUM SYSTEM VOLTAGE 1000V (IEC);
TEMPERATURE {NOCT) 45 £3°C 600V (UL
TEMPERATURE COEFFICIENTS OF P -0.45%/°C SERIES FUSE RATING 15A
TEMPERATURE COEFFICIENTS OFV  -0.32%/°C MAXIMUM REVERSE CURRENT  Series fuse
TEMPERATURE COEFFICIENTS OF 1 -0.04%/°C La;i;%a';“ﬂﬁp"ed

MECHANICAL CHARACTERISTICS

DIMENSIONS
WEIGHT

FRAME

FRONT
ENCAPSULANT
BACK COVER

CELL TECHNOLOGY
CELL SIZE
NUMBER OF CELLS (Pieces)
JUNCTION BOX
OUTPUT CABLES
CONNECTOR

SYSTEM DESIGN

1652mm x 1000mm x 45mm (65.04 in x39.37 in x 1.77 in)
21kg (46.2 Ibs)

Aluminum alloy

Tempered glass

EVA

Composite sheet

Polycrystalline

156mm x 156mm (6.14 in x 6.14 in)
60 (6 x 10)

Protection class IP65 with bypass-diode
Solar cable: 4mm2 length 900mm (35.4 in)
Linyang LYO706-2

PACKAGING AND STORAGE

OPERATING TEMPERATURE
HAIL SAFETY IMPACT VELOCITY
FIRE SAFETY CLASSIFICATION
STATIC LOAD WIND/SNOW

" -40°Ct085°C  STORAGE TEMPERATURE -40°Cto 85°C
26mmat23ms  PACKAGING CONFIGURATION 22 pes per pallet
Class C LOADING CAPACITY
5.4kN/m2 (40 FT. CONTAINER) 572 pieces

Performance at Low Irradiance:
The typical relative change in module
efficiency at an irradiance of
200W/m2in relation to 1000Wm?
(both at 25°C and AM 1.5G
spectrumy) is less than 5%.

Various Irradiance Levels .

1000 W/m?

800 W/m?

Cument (A

O - m w s o woaa W

400 Wim1

] [ T T A )
Vohage (v}

CELLTEMP: 25°C

Basic Design
1000

|
—

-— Bar code
—
“Junction box
[Jow U
slots

Cabie | | Cable
800mm | | 200mm

BACK VIEW

o g

Drainage holes Mounting slots

©Hanwna SclerCne Co. Lid, Spacifications are subjeet tu chznss without notice. Relesser 20110127

@‘ Hanuwha SolarOne

www.hanwha-solarone.com



SOLARMOUNT Technical Datasheets
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SolarMount Module Connection Hardware
Bottom Up Module Clip
Mid Clamp
End Clamp

SolarMount Technical Datasheet

Pub 100602-1td V1.0 June 2010

SolarMount Module Connection Hardware

SolarMount Bottom Up Module Clip
Part No. 321001, 321002

e

Dimensions specified in inches unless noted

Washer
(hidden..see
note

Bolt

Bottom Up Clip material: One of the following extruded aluminum
alloys: 6005-T5, 6105-T5, 6061-T6

Ultimate tensile: 38ksi, Yield: 35 ksi

Finish: Clear Anodized

Bottom Up Clip weight: ~0.031 Ibs (14g)

Allowable and design loads are valid when components are
assembled with SolarMount series beams according to authorized
UNIRAC documents

Assemble with one ¥%’-20 ASTM F593 bolt, one %"-20 ASTM F594
serrated flange nut, and one %" flat washer

Use anti-seize and tighten to 10 ft-Ibs of torque

Resistance factors and safety factors are determined according to
part 1 section 9 of the 2005 Aluminum Design Manual and third-
party test results from an IAS accredited laboratory

Module edge must be fully supported by the beam

NOTE ON WASHER: Install washer on bolt head side of assembly.
DO NOT install washer under serrated flange nut

Applied Load Average | Allowable | Safety Design | Resistance
Direction Ultimate Load | Factor, Load Factor,

Ibs (N) Ibs (N) FS Ibs (N) )
Tension, Y+ 1566 (6967) | 686 (3052) 2.28 1 1038 (4615) 0.662
Transverse, Xt | 1128 (5019) | 329 (1463) 3.43| 497 (2213) 0.441
Sliding, Z+ 66 (292) 27 (119) 2.44 41 (181) 0.619

1



SOLARMOUNT Technical Datasheets =U NIRA(C

SolarMount Mid Clamp
Part No. 320008, 320009, 320019, 320020, 320021,
320084, 320085, 320086, 320087, 320120, 320122

Mid clamp material: One of the following extruded aluminum
alloys: 6005-T5, 6105-T5, 6061-T6

Ultimate tensile: 38ksi, Yield: 35 ksi

Finish: Clear or Dark Anodized

Mid clamp weight: 0.050 Ibs (23g)

Allowable and design loads are valid when components are
assembled according to authorized UNIRAC documents

Values represent the allowable and design load capacity of a single
mid clamp assembly when used with a SolarMount series beam to
retain a module in the direction indicated

Assemble mid clamp with one Unirac ¥"-20 T-bolt and one %"-20
ASTM F594 serrated flange nut

Use anti-seize and tighten to 10 ft-Ibs of torque

Resistance factors and safety factors are determined according to
part 1 section 9 of the 2005 Aluminum Design Manual and third-
party test resuits from an IAS accredited laboratory

‘ Applied Load Average | Allowable | Safety Design | Resistance

LOODISTANCE = = Direction Ultimate Load | Factor, Load Factor,

ETWEEN ' ! ’ ]

PETWEEN MODULES i ibs (N) Ibs (N) FS Ibs (N) ®

Tension, Y+ 2020 (8987) | 891 (3963) 2.27 | 1348 (5994) 0.667

Transverse, Z+ 520 (2313) 229 (1017) 227 346 (1539) 0.665

I Sliding, X+ 1194 (5312) | 490 (2179) 244} 741 (3295) 0.620

|

L X

Dimensions specified in inches unless noted

SolarMount End Clamp

Part No. 320002, 320003, 320004, 320005, 320006,

320012, 320013, 320014, 320015, 320016, 320017,

320079, 320080, 320081, 320082, 320083, 320117,

320118, 320123, 320124, 320173, 320185, 320220, *
320233, 320234, 320331

End clamp material: One of the following extruded atluminum
alloys: 6005-T5, 6105-T5, 6061-T6

Ultimate tensile: 38ksi, Yield: 35 ksi

Finish: Clear or Dark Anodized

End clamp weight: varies based on height: ~0.058 Ibs (26g)
Allowable and design loads are valid when components are
assembled according to authorized UNIRAC documents

Values represent the allowable and design load capacity of a single
end clamp assembly when used with a SolarMount series beam to
retain a module in the direction indicated

Assemble with one Unirac %"-20 T-bolt and one %’-20 ASTM F594
serrated flange nut

Use anti-seize and tighten to 10 ft-Ibs of torque

Resistance factors and safety factors are determined according to
part 1 section 9 of the 2005 Aluminum Design Manual and third-
party test results from an IAS accredited laboratory

Modules must be installed at least 1.5 in from either end of a beam

L5 Applied Load Average | Allowable | Safety Design | Resistance
| Direction Ultimate Load | Factor, Loads Factor,
e | f— Ibs(N) | Ibs (N) FS ibs (N) ®
VARIES ! .
i ‘ ; Tension, Y+ 1321 (5876) | 529 (2352) 2.50 800 (3557) 0.605
’"‘C’;“‘SS] ’I ] Transverse, Z+ 63 (279) 14 (61) 4.58 21 (92) 0.330
) ) . | Sliding, X+ 142 (630) 52 (231) 272 79 (349) 0.555
Dimensions specifledininches-urléssnoted

2
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SolarMount Beam Connection Hardware

SolarMount L-Foot

Part No. 310065, 310066, 310067, 310068

3.01
3X SLOT FOR

% HARDWARE

Dimensions specified in inches unfess noted

o e e o

L-Foot material: One of the following extruded aluminum alloys: 6005-
T5, 6105-T5, 6061-T6
Ultimate tensile: 38ksi, Yield: 35 ksi
Finish: Clear or Dark Anodized
L-Foot weight: varies based on height: ~0.215 Ibs (98g)
Allowable and design loads are valid when components are
assembled with SolarMount series beams according to authorized
UNIRAC documents
For the beam to L-Foot connection:

+ Assemble with one ASTM F593 %"-16 hex head screw and one

ASTM F594 %"serrated flange nut

* Use anti-seize and tighten to 30 ft-Ibs of torque
Resistance factors and safety factors are determined according to part
1 section 9 of the 2005 Aluminum Design Manual and third-party test
results from an 1AS accredited laboratory

NOTE: Loads are given for the L-Foot to beam connection only; be

sure to check load limits for standoff, lag screw, or other
attachment method

Applied Load Average Safety Design | Resistance
Direction Ultimate | Allowable Load Factor, Load Factor,
Ibs (N) Ibs (N) FS Ibs (N) ®

Sliding, Z+ | 1766 (7856) 755 (3356) 2.341 1141(5077) 0.646
Tension, Y+ | 1859 (8269) 707 (3144) 2.63] 1069 (4755) 0.575
Compression, Y- | 3258 (14492) 1325 (5893) 2.46| 2004 (8913) 0.615
Traverse, Xt | 486 (2162) 213 (949) 228 323 (1436) 0.664




SOLARMOUNT Technical Datasheets

Solarifiount Beams

ZEUNIRAC

Tt AR AN

Properties Units SolarMount SolarMount HD
Beam Height in 25 3.0
Approximate Weight (per linear ft) pif 0.811 1.271

Total Cross Sectional Area in? 0.676 1.059
Section Modulus (X-Axis) in® 0.353 0.898
Section Modulus (Y-Axis) in® 0.113 0.221
Moment of Inertia (X-Axis) in 0.464 1.450
Moment of Inertia (Y-Axis) in* 0.044 0.267
Radius of Gyration (X-Axis) in 0.289 1.170
Radius of Gyration (Y-Axis) in 0.254 0.502

SLOT FOR T-BOLT OR
V4" HEX HEAD SCREW

2X SLOT FOR
BOTTOM CLIP 2.500

1.316
SLOT FOR

%" HEX BOLT

387 -—
.750

Y
A
1 ...»x

SolarMount Beam

SLOT FOR T-BOLT OR ~F 1728 l
Y4 HEX HEAD SCREW |

SLOT FOR
BOTTOM CLIP
3,000
SLOT FOR 1.385
%" HEX BOLT

L— 1.207j
y 1.875

> X

SolarMount HD Beam

Dimensions specified in inches unless noted

G



ENERGY Technical Brief - NA

M215 Microinverter Installation Planning

The Enphase M215 Microinverter

The M215 Microinverter is Enphase’s most powerful

and efficient model yet. This grid-tied microinverter » )
is compatible with most 60-cell PV modules (up to I B
260W) and installs quickly and easily. It works with E ' !
both three-phase 208 Vac or single-phase 240 Vac

services in North America; voltage is determined by !

cable type. §

For detailed installation information, refer to the [e} e',‘,P*ZaS‘?
M215 Installation and Operations Manual and 5
the M215 Quick Install Guide at

http://www.enphase.com/support/downloads.

Microinverter Compatibility

The M215 should be paired only with a 60-cell PV module. Refer to the Enphase website

(http://www.enphase.com/support/downloads) for a list of electrically-compatible PV modules and
approved PV module racking systems.

To ensure mechanical compatibility, be sure to order the correct Module Connector Type for both
microinverter and PV module from your distributor.

Model Number Electrical Compatibility Module Connector Type
M215-60-2LL-S22 60 cell PV module MC-4 Type 2 Locking or
M215-60-2LL-S22-NA Amphenol H4 Locking
M215-60-2LL-S23 60 cell PV module Tyco Solarlock Locking*
M215-60-2LL-S23-NA

*Note: Tyco connectors on PV modules can vary in polarity, and either the male or female connector
may be positive. Only the MALE positive will mate with Enphase Microinverters with S23 connectors.

Be sure to order the correct connector type for both microinverter and PV module from your
distributor.

As a rule, the electrically-positive output of the PV module always connects to the positive input of the
microinverter. However, PV modules come with a variety of labels. For more information, refer to
Mating Microinverters with PV Modules for Correct Polarity under the Enphase downloads at

http://www.enphase.com/support/downloads.

Branch Circuit Capacity

Do not exceed the maximum number of microinverters in an AC branch circuit as listed in the
following table. You must protect each microinverter AC branch circuit with a 20A maximum breaker.

Maximum number of M215s per 20 amp AC Branch Circuit

Service type Max M215s per AC branch

240V 17

208v 25
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Enphase Engage Cabling System

The M215 incorporates DC connectors and an AC connector. There is no integral AC cable on the
M215. The Enphase Cabling System accomplishes the AC connection.

The Cabling System is a continuous length of 12 AWG, outdoor rated cable, with integrated connectors
for microinverters. These connectors are preinstalled along the entire cable and spaced to
accommodate both portrait and laridscape PV
module orientations.

The cable is installed by simply rolling out the
desired length of cable and cutting it to size. One
end is wired directly into the junction box at the
head of the branch circuit, eliminating the need for a
separate AC interconnect cable. The other end is
sealed from the environment using an Enphase
Branch Terminator. The M215 AC cable connectors
are then plugged into the regularly-spaced
connectors as shown.

The Enphase Cabling System is available in two
connector spacing options and two voltage types.
Depending upon installer needs, the cabling is also available in a variety of lengths.

Connector Spacing Options

The gap between connectors on the cable can be either 1.025 meters (40”) or 1.7 meters (67”). The
1.025 meter spacing is best suited for connecting PV modules installed in portrait mode, while the 1.7
meter gap is best suited to PV modules installed in landscape mode.

Cabling with drop connectors spaced at 1.025 meter (40") for portrait Installs
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Voltage Types and Conductor Count

The voltage types are either 240VAC split phase or 208VAC three phase. All cable connectors bear
labels indicating their cable voltage designation. Typically used for residential applications,
240VAC includes four conductors. This cabling should also be used for split phase 208VAC
applications. Three-phase 208VAC cabling includes five conductors, and is used for most commerecial
installations. Because Enphase microinverters output onto two phases, three phase cabling balances
the phases by rotating conductor use from one microinverter to the next as shown in the following
diagram. In the diagram, the three phases are labeled A, B, and C.

| o

C/A B/C

OICUZD
==
O]m|>

A/B

1<

A, Ay
| I

Racking Compatibility

Engage Cabling is compatible with a variety of racking systems. For a list of approved PV module
racking types, refer to the Racking Compatibility document at
(http://www.enphase.com/support/downloads).

Cabling Length Options

Engage Cabling is available in shorter lengths with 30-40 connectors, depending upon voltage type.
Longer lengths can be ordered and cut to suit per order. Ordering options include:

Model Number | Voltage type/ | Connector Connector PV module | Approx.
conductor # | count spacing orientation | weight
ET10-240-40 it%\r/‘gﬁ&or 40 connectors | 1.025 m (40") | Portrait z.folltl:sg)
ET17-240-40 ﬁ‘t:(:)\:\':ﬁ’ctor 40 connectors | 1.7 m (67") Landscape (2254“:‘»(59)
ET10-208-30 gocsoﬁAdSIctor 30 connectors 1.025 m (40") | Portrait (1;0(1;;(_;)
ET17-208-30 gg::§§6f 30 connectors | 1.7 m (67") Landscape (1:?59|bksg)
ET10-240-BULK ‘214c?)\r/1;<\152:tor 240 connectors | 1.025 m (40") | Portrait ?:\)_186 ?t?s;(g
ET17-240-BULK i‘t:%ﬁgﬁ'ctor 240 connectors | 1.7 m (67") Landscape ?;86 ?t?s;(g
ET10-208-BULK §0c8<)\r/12§’ctor 240 connectors | 1,025 m (40”) | Portrait ?;/g(r) ?t?s;(g
ET17-208-BULK §0c8cJY1AdS’ctor 240 connectors | 1.7 m (67") Landscape ggs ?t?s;g

Copyright Enphase Energy, Inc. 2011

05/17/11
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Planning for Cable Lengths and Type

The Cabling System is flexible enough to adapt to almost any solar design. To determine the length
and cable type that you need, take into account the following considerations:

¢ The number of Enphase Microinverters to be installed on the AC branch. Be certain to
allocate the correct number of connectors, including extra connectors for gaps and turns.

* Additional length required to reach from the AC branch circuit junction box to the
first microinverter. If greater than half a connector cable interval is needed, it may be
necessary to include one (or more) unused connectors in order to span this distance. Unused
connectors must be covered with Enphase watertight sealing caps.

e Additional length required to reach from one row of PV modules to the next. If the PV

modules are laid out in multiple rows, the distance from one row to the next often requires
additional cabling length.

¢ Bend radius. When planning cabling turns or loops, you must account for a minimum bend
radius of 6.7 cm (2.625"),

* Multiple sub-arrays. Often, the AC branch circuit may be composed of several smaller sub-
arrays across more than one roof plane. In this case, the cable is cut to service each smaller
array, and the sub-arrays are connected together using appropriately rated runs of conduit.
The transition from cable to conduit is accomplished using an outdoor rated junction box, as

required by the NEC and local code. Unused connectors must be covered with Enphase
watertight sealing caps.

* Mixture of PV modules in both portrait and landscape installation. Often, PV
installations use modules installed in mixed orientation (both portrait and landscape mode). In
this case there are three choices for cabling:

1. Cabling with 1.025 meter spacing between connectors results in cleanest install for the
modules in portrait mode. For modules placed in landscape mode, plan for an unused
connector between each PV module to achieve the required additional distance. Unused
connectors must be covered with Enphase watertight sealing caps.

2. Cabling with 1.7 meter spacing between connectors results in cleanest install for the
modules in landscape mode, but requires that any additional cable length between PV
modules in portrait mode be coiled and dressed so that cabling does not contact the roof.
Again, unused connectors must be covered with Enphase watertight sealing caps.

3. Another solution when modules are installed in mixed orientation is to transition between
1.025 and 1.7 meter spacing cable options using an outdoor rated junction box. This
junction box can be installed to the PV module railing.

Copyright Enphase Energy, Inc. 2011 4 05/17/11
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Example Installation Layout and Parts Needed

The following installation diagram shows an example with five branches. The 208V layout shows five
center-fed branches with 24 microinverters each. The PV modules are in landscape orientation. Tables
following the diagram list required and optional equipment.

O
120 PV modules, 60-cell
120 M21S microinverters

208 VAC Enphase cabling

(o 120 amp, 3 pole
Five 20 amp branch circuits ° disconnect

Five branch circuits with 24 microinverters each

125A MB load center
l 1 <] I l Five 3-pole 20 amp

(T circuit breakers

M21§ Microinverters

§nphase Cabling System

109

-

Copyright Enphase Energy, Inc. 2011 5 05/17/11
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Enphase Items Required

Quantity | Description Order Number
120 M215 Microinverter M215-60-21.L-S22 or M215-60-2LL-523
3 packs Cable clips (each pack contains 100 clips) ET-CLIP-100
1 pack Disconnect tool (each pack contains five tools) ET-DISC-05
1 pack Bran_ch Terminator (each pack contains 10 ET-TERM-10
terminators)
Enphase cabling divided into ten lengths: ET17-208-BULK
1 Each length should be about 20.4 meters (67 feet)

with 12 connectors.

Watertight sealing caps (Each pack contains 10). ET-SEAL-10

1 pack Required only if there are any unused connectors;
Unused connectors must be covered with this cap.

Envoy Communications Gateway IEMU-03
1 -or-
LCF Envoy (Line Commmunications Filter)! ELCF-120-001

Non-Enphase Items Required

. Quantity Description
120 60-cell PV module
5 Weather-proof (NEMA) junction box
5 Three-pole 20 amp circuit breaker
1 Three-pole 120 amp circuit breaker
1 125 amp load center
1 Lightning protection device (3-phase AC surge protector)
as needed Homerun conductors
as needed Continuous grounding conductor or WEEB
as needed Torque wrench, sockets, wrenches for mounting hardware
as needed Adjustable wrench or open-ended wrench (for terminator caps)
as needed Inspection mirror

(for viewing indicator lights on the undersides of the microinverters)

! An LCF Envoy may be required for systems that are 30kW in size or larger.

Copyright Enphase Energy, Inc. 2011 6 05/17/11



SPEC 4300
January, 2007

FREP®

FR-EPR/CPE, Control, Unshielded
600V, UL Type TC-ER'—E-2 Color Code

Product Construction
Conductor:
* 14 AWG thru 10 AWG fullé annealed stranded
tinned copper per ASTM 833
* Class B stranding per ASTM B8
Insulation:
* Flame-retardant Ethylene Propylene Rubber
(FR-EPR) Type I
* Color-coded: per ICEA Method 1; Table E-2
(Does not include white or green)
MINIMUM AVG. | MINIMUM AVG. COPPER NET Jacket:
COND INSULATION JACKET NOMINAL WEIGHT WEIGHT * Flame-retardant thermoplastic
CATALOG [NO. OF| SIZE | conp. | _THICKNESS | THICKNESS | CABLE 0.D. Ibs/ bs/ Chlorinated Polyethylene (CPE)
NUMBER | COND. | AWG) STRAND | INCHES| mm | INCHES | mm |INCHES] mm | 1000t | kohm | 1000 |k Print
* GENERAL CABLE® (WC) FREP® XX/C
14 AWG MULTI CONDUCTORS XX(;\[\)I!‘G Epﬁc/%E T(L(J)L) EYR;;E T%;/ER; XHHXV-
279560 |2 Flat| 14 [7/.0242] 0.030 [0.76] 0.045 [1.14] sssmzoJavcss | 26 | 38 | 61] o1 SN RS Do DAL Sogy DR BU
3053204 2| 14 |7/.0242] 0.030 |0.76] 0.045 [1.14{0.370 | 9.40] 26 | 39 | 71 106 SEQUENTIAL FOOTAGE MARK
280180 | 3| 14 [7/.0242] 0.030 |0.76] 0.045 [1.14]0.390 | 9.91] 39 | s9 | 92| 137 Options:
280190 4| 14 |7/.0242| 0.030 [0.76[ 0.045 |1.14] 0.425 [1080] 53 | 78 | 115 171 ;glaafgs%psgre;n%ggguctor
279870 5| 14 {7/.0242] 0.030 |0.76} 0.045 [1.14| 0.465 [11.81] 66 | 98 | 139 | 207 » E-1 Color Code.See Spec 4310
280200 | 7/ 14 |7/.0242] 0.030 [0.76] 0.045 [1.14{ 0.505 | 12.83] 92 | 137 | 173 | 257 .(FF.‘a;fn;ZL.;ZEt);‘ﬁd‘L‘i,lt CroseEmken Boiyethens
- insulation
280210 9| 14 [7/.0242) 0.030 |0.76 0.060 {1.52| 0.620 | 15.75] 118 | 176 | 240 | 357 « Fhenmoplasts Low-Smoke, Zero-Halogen
279880 | 12| 14 |7/.0242] 0.030 |0.76] 0.060 {1.52| 0.700 | 17.78] 158 | 235 | 301 | 448 (étshzeti)c{)a::t%cﬁonsava,,ableu o recuest
. i
279580% 19| 14 |7/.0242| 0.030 [0.76] 0.060 [1.52] 0.815 [20.70] 250 | 372 | 468 | 696 Applications: poneq
279580 | 25| 14 |7/.0242| 0.030 [0.76] 0.080 [2.03] 0.935 [23.75] 323 | 481 | 624 | 929 'Ffreeair.draclewatysordirectburial
347080% 30/ 14 |7/.0242} 0.030 [0.76] 0.080 [2.03] 1.030 [26.16] 387 | 576 | 747 [1112 .;;:},g;;g,gg;;‘;gz Run ‘ER’ use
279600 37| 14 |7/.0242| 0.030 {0.76] 0.080 [2.03]1.110 [28.19] 466 | 694 | 875 |1302 i accardance with NEC for 3 or more
» Approved for direct burial, Class I, Div. 2
12 AWG MULTI CONDUCTORS industrial hazardous locations per NEC
279840 | 2 Flat| 12 | 7/.0305] 0.030 {0.76] 0.045 |1.14|acox2es [1062] 40 | 601 82] 122 Features:
* Rated at 80°C wet or dry
307690 2| 12 }17/.0305] 0.030]0.76] 0.045 [1.14|0.410 | 10.41 41 61 94| 140 * Ripcord applied to all cables with jacket
280170 {3+ Gma| 12 | 7/.0305] 0.030 [0.76] 0.045 [1.14] 0.410 [10.41] 85 | 127 | 148| 220 « Excolent physcal herfesand efectrica
properties
280300 3] 12 [7/.0305| 0.030 |0.76] 0.045 [1.14] 0.435 [11.05] 64 | 95| 124} 185 S pees i weather-resistant
280310 4| 12 |7/.0305| 0.030 {0.76] 0.045 (1.14]0.475 [ 12.07 85 127 | 157} 234 'Exce:len{mojsttureretsistance ) s and
. [
280320 5| 12 |7/.0305] 0.030 [0.76] 0.045 [1.14] 0.520 |13.21] 106 | 158 | 191| 284 heat deformation . — _ P ession cuts an
* Low coefficient of friction for easy pullin
279890 7] 12 17.0305{ 0.030 |0.76] 0.060 |1.52| 0.595 [15.11] 149 | 221 | 268 399 ,Exce,,em,,amqresistance_pumg,oasf;‘;
280330 9| 12 7/.0305{ 0.030 {0.76] 0.060 |1.52] 0.695 |17.65] 191 | 285 | 337] 502 .‘é‘:ﬁ:..";;‘,?:3“:25’,‘,2’,’:&‘:532@";;‘;(,
2803401 12| 12 |7/.0305) 0.030 {0.76] 0.060 [1.52| 0.765 [19.43] 247 | 368 | 428| 637 characteristics )
279610 | 19| 12 [7/.0305] 0.030 [0.76] 0.080 [2.03[0.940 [23.88] 391 | 582 | 688 [1024  Meots the o A irements of
2954007 25| 12 | 7/.0305| 0.030 |0.76| 0.080 |2.03} 1.095 |27.81] 515 | 767 | 8541271 c TVPel_":licaei?fﬁ’“°'m°'e°°"duﬂ°'5
3471004 30| 12 [7/.0305] 0.030 [0.76] 0.080 |2.03] 1.150 [29.21] 618 | 920 | 1002|1491 ﬁ.’}!,{‘):t',ycgmp'.)i(anﬁvevs:
¢ UL 44 Type XHHW-2
301870 37| 12 [7/.0305] 0.030 |0.76| 0.080 [2.03| 1.240 [31.50] 762 | 1134 | 12401845 < UL 1277 Typ6 TC.B8 for 3 or more
duct
10 AWG MULTI CONDUCTORS kT
279570 | 2 Fiat] 10 |7/.0385| 0.030 [0.76] 0.045 [1.14] seseero |11ams] 64 | 95 | 113 | 168 Flama Torts Dompliances:
305340% 2| 10 {7/.0385| 0.030 |0.76} 0.045 |1.14{0.455 [11.56] 65 | 97 | 128 [ 190 s Op 1581 w1
279680 |3+ Gmd| 10 {7/.0385| 0.030 |0.76] 0.045 |1.14| 0.485 {12.32] 134 | 199 | 225 [ 335 - IEEE 388
280410 3 10 |7/.0385[ 0.030 [0.76] 0.045 |1.14] 0.485 |12.32] 100 | 150 | 172 | 256 o CSA FT-4
279900 | 4| 10 |7/.0385| 0.030 [0.76] 0.060 [1.52] 0.560 [14.22] 134 | 199 | 234 | 348 Othis Com ot
279620 5| 10 | 7/.0385| 0.030 |0.76] 0.060 |1.52] 0.615 |15.62] 167 | 249 | 284 | 423 'cEg’rQe“an;ngfg?m for feachable lead
279630 7| 10 [7/.0385| 0.030 [0.76] 0.060 |1.52] 0.670 {17.02] 234 | 349 | 381 [ 567 « OSHA acceptable
279640 9] 10| 7/.0385| 0.030 |0.76 0.060 |1.52] 0.760 [19.30] 295 | 440 | 464 | 691 P?ﬁ';gﬁj."c%i tolength and shippect on
279650 12] 10| 7/.0385| 0.030 |0.76| 0.080 |2.03} 0.905 [22.99] 402 { 598 | 651 | 969 non-returnablewo%dreels P

Dimensions and weights are nominal; subject to industry tolerances.
“Non-stock item, minimum runs apply. Please consult Customer Service for price and delivery.
tApproved as TYPE TC-ER for Exposed Run applications of 3 or more conductors as defined by NEC.

 General Cable

Phone: 888-593-3355
LISTED www.generalcable.com
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102 Dennis Drive Specifications August 31, 2011
Brick NJ
Ocean County Roof Support Requirements

Certification & Background Information

For Proposed Solar Panels

Certifications

Engineer has performed limited structural evaluation of existing roof framing and proposed
rail-support system to support solar panels, based on available information.

Engineer provides the following certifications, subject to conditions of these specifications;

M Roof rafters have adequate capacity to support proposed solar panel installation, with
reinforcing as may be specified.

Design forces (based on code provisions for new construction) applied to support
components (rails, mounts), by solar panel arrays, do not exceed design capacities in
product information published by the support component manufacturer, including any
referenced test reports. However, see "Design Capacity Of Rails" for further discussion.

Summary of Conditions

This entire specification must be read to completely understand all conditions.

Rafters supporting roof area RA2 (low roof) do not have adequate capacity to support loads
from solar panels. Based on available information, there is no practical way to reinforce this
roof framing. See page 9 for further discussion.

The following general conditions apply;

GCl1.

GC2.
GC3.
GC4.

Verify that roof framing members to support solar panels are in good condition,
without obvious damage. Repair any damage per specifications, or consult engineer.
Verify all dimensions shown on plans.

Base mounts shall be offset (staggered) as shown on plans.

Lag screws for base mounts shall be installed into center of roof framing members.
Any damage caused to roof framing members shall be properly repaired.

C John F Mann, PE

GE29049

Page 1 of 24
1212 Main Street

Phone: 732-556-6080 Belmar NJ 07719



102 Dennis Drive Specifications August 31, 2011
Brick NJ

Ocean County Roof Support Requirements
For Proposed Solar Panels

Background Information

Information about existing roof framing and building conditions has been obtained from
contractor.

These specifications are based on the following information provided by contractor;
M Description of solar panel requirements
M Basic details of roof framing (member sizes, arrangement) to support solar panels
M Photos of roof framing (from inside attic space) to support solar panels
Specifications are also based on the following reference information;
M Product information for solar panels (SF220 230W by Hanwha Solar One)
M SolarMount Code-Compliant Installation Manual 227.3 by Unirac

M SolarMount Technical Data Sheet, Pub 100602-1td V1.0 June 2010, by Unirac

John F Mann, PE

GE29049 Page 2 of 24
1212 Main Street
Phone: 732-556-6080 Belmar NJ 07719



102 Dennis Drive Specifications August 31, 2011
Brick NJ
Ocean County Roof Support Requirements

For Proposed Solar Panels

Description of Building

Existing wood-framed building is a two-story, single-family residence.

Front wall, facing street, is considered the north wall. Directions right and left are taken as
looking at back (south) wall from outside.

Aerial view of house can be seen by clicking "Satellite" and zooming in on Google map.

T o0 ok Gt Gh e e W 2 ot Tt s B cH |l Denabmote ) I
Fie Ei Vien Fotrtes Taok Heip
T Mon. Uitewmbeataits | Lleiad  @iwenss  Q wenvimes
+ Gogr 102 Dennids Drive Brick MY  teechs @ towe Spren - A
Wl - - v e R

Web images Videos Maps News Shopping Gmail more ~

Roof Configuration; General Description

Roof configuration includes two gable roof areas and dormer at west end of front slope. Ridge
of each gable is parallel to front wall.

The following roof areas are defined for this discussion;

RA1  Back slope of high roof
RA2  Back slope of low roof

Front and back slopes of each gable roof have different slope angles.

Based on available information, slope of roof area RA1 is estimated to be 7 vertical to 12
horizontal. Slope of RA2 is estimated as 4 vertical to 12 horizontal.

John F Mann, PE
GE29049 Page 3 of 24
1212 Main Street
Phone: 732-556-6080 Belmar NJ 07719




102 Dennis Drive Specifications August 31, 2011
Brick NJ
Ocean County Roof Support Requirements

For Proposed Solar Panels

General Arrangement of Solar Panels

One array / group of solar panels (PA1) shall be installed on the following roof areas;

Panel Array Roof Area
PA1l RA1

Dimensions of each solar panel (SF 220 230W by Hanwha Solar One) are 39.37 inches wide by
65.04 inches long. In general, the long dimension of panels may be set parallel or perpendicular
to roof framing members, to allow for maximum number of panels. Panel setup (orientation)
designation is as follows;

PS-Long Long dimension parallel to roof framing members
PS-Short  Short dimension parallel to roof framing members

Each row of panels is to be supported by two (2) rails, with basic spacing (along slope) of 4°-0”
(PS-Long) or 2°-8’ (PS-Short). Rail spacing may be reduced to minimum of 3°-6” (PS-Long) or
2°-2” (PS-Short) if required to clear obstructions and with approval of panel manufacturer.

4 If rail spacing is to be less than minimum basic spacing (3°-6” or 2°-2”), contractor
shall verify that rail spacing is approved by the solar panel manufacturer.

Arrangement of rails and base mounts is shown on “Plan of Rails & Base Mounts” for each
panel array as follows;

PAl PS-Long 16 panels (2 rows of 8 each)
Panels may have to be omitted at or near obstruction from an apparent roof vent.

M Contractor shall verify that number and locations of rails, as shown on attached plans, is
adequate for the proposed solar panels required.

Number of panels installed may be more or less, depending on various factors including
obstructions from elements such as existing chimneys, ventilators and vent pipes.

John F Mann, PE
GE29049 Page 4 of 24
1212 Main Street
Phone: 732-556-6080 Belmar NJ 07719



102 Dennis Drive Specifications August 31, 2011
Brick NJ
Ocean County Roof Support Requirements

For Proposed Solar Panels

Roof Framing

Existing roof framing to support solar panels consists of the following elements;

RA1,RA2  Sawn-lumber rafters; 2x6 at 18 inches
RA1  Attic floor joists running front-to-back, parallel with main rafters; size not
reported. Low ends of rafters are apparently nailed to side face of attic floor
joists, however this must be verified.
RA2  Rafter (collar) ties forming high ceiling over first floor. Height of collar ties
not reported.

Photo 1 - Rafters supporting high roof. Attic floor joists are parallel with rafters.
Contractor to verify condition of plywood roof sheathing where panels are to be installed.

Photo 2 - Looking east in attic space of low roof. Rafters to right support south slope (RA2).
Insulation is on top of high ceiling for room on first floor below.

John F Mann, PE
GE29049 : Page 5 of 24
1212 Main Street
Phone: 732-556-6080 Belmar NJ 07719




102 Dennis Drive Specifications August 31, 2011
Brick NJ

Ocean County Roof Support Requirements
For Proposed Solar Panels

Roof Framing - Basic Conditions of Analysis

Roof framing members are generally analyzed using horizontal span, not sloped length.

For gable roof, with rafters supported on exterior walls, clear span is the horizontal distance
from ridge to inside face of support wall. Two (2) inches is typically added for design span.

When rafters are supported by extended ends of attic floor joists (either on top or alongside),
design span is horizontal distance from ridge to low edge (including overhang), minus 2 inches.

For roof joists supported by interior supports, span is considered center to center of supports.

Existing horizontal span of rafters to support solar panels is based on information provided by
contractor;

Roof Area Horizontal Span
RAl 10'-4" (to be verified)
RA2 15'-8" (to be verified)

Roofing & Roof Sheathing

Existing roofing consists of asphalt shingles.

Roof sheathing is plywood.

Any damaged roof sheathing should be reinforced from underneath, to prevent more severe
damage during construction and to minimize risk of damage to roofing in the future that could
be difficult to repair once solar panels are installed.

John F Mann, PE
GE29049 Page 6 of 24
1212 Main Street
Phone: 732-556-6080 Belmar NJ 07719



102 Dennis Drive Specifications August 31, 2011
Brick NJ

Ocean County Roof Support Requirements
For Proposed Solar Panels

Effect of Solar Panels on Roof Framing

Weight of solar panels marginally increases total permanent (“dead”) load that roof framing
must support.

Weight of solar panels (about 3 pounds per square foot or less) is low compared to other loads
that must be supported by roof framing. However, weight of panels is not applied evenly
(uniformly) to the roof. Panels are supported by brackets or mounts that concentrate load on
roof framing.

For a residential roof, the largest type of gravity (downward) load is generally snow load, as
defined by the governing building code. When solar panels are installed, snow load (on solar
panels) is distributed to the mounts and then to roof framing.

If mounts are not distributed evenly to roof framing members, total load on framing that must
support mounts will be much greater compared to conditions without solar panels. Therefore,
mounts must be offset (staggered) to distribute load from panels evenly to roof framing
members.

Wind causes uplift pressure on a roof, with or without solar panels. Wind uplift pressure that
would otherwise be applied to the roof surface is assumed to be applied to the surface of solar
panels.

Similar to snow load, wind uplift pressure applied to solar panels is also distributed to mounts
and then to roof framing. Secure connections are required to transfer wind uplift force from
mounts to roof framing.

John F Mann, PE

GE29049 Page 7 of 24
1212 Main Street
Phone: 732-556-6080 Belmar NJ 07719



102 Dennis Drive Specifications August 31, 2011
Brick NJ
Ocean County Roof Support Requirements

For Proposed Solar Panels

Evaluation of Existing Roof Framing '

Evaluation of existing roof framing is based on the following assumptions and conditions;

1.

Sawn-lumber rafters are Spruce-Pine-Fir (SPF), Grade 2 or other wood with similar
design properties, in good condition.

Wood has design properties as specified in the National Design Specification for Wood
Construction, 2005 Edition (NDS-2005).

. Connection between low ends of rafters and attic floor joists is adequate to resist

outward horizontal force due to load on roof.

Connection between attic floor joists (and / or rafters) and top plate of wall is adequate
to resist outward horizontal force due to load on roof.

Snow load is assumed to be applied to solar panels as if panels are the roof surface. Snow on
panels is then distributed to roof framing members through rails (that support panels) and base
mounts (that support rails).

Occupancy Category 2 (per ASCE 7-05; Table 1-1) is used for framing analysis. This is the
most usual category, for buildings that are not represented by other categories considered either
low-risk or high-risk.

Existing roof framing has been evaluated for the following loads;

1.

Snow load per standard building code provisions (ASCE 7-05), without installation of
solar panels.

Additional weight of solar panels and concentrated gravity (downward) loads from base
mounts when snow is on solar panels. Snow load is per standard building code
provisions (ASCE 7-05).

. Wind uplift force due to upward wind pressure on solar panels, based on standard code

provisions for wind pressure on roof surfaces.
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Results of Structural Evaluation

For roof area RAI, existing 2x6 rafters have adequate design capacity, based on the key
condition (to be verified) that low ends of rafters are nailed to side face of attic floor joists.

® For roof area RA2, existing 2x6 rafters do not have adequate design capacity to support
loads from solar panels and snow (on panels) a specified by the building code.

Based on available information, there is no practical way to reinforce rafters for RA2 without
major reconstruction of the roof. If there is an interior wall on first floor, between walls that
support low ends of rafters, it might be feasible to install new support wall in attic space to
shorten horizontal span of rafters.

Resistance to wind uplift force is dependent on connections between rafters (or attic floor
joists) and top of support walls. There is no information about these connections. However, due
to additional weight of solar panels, wind uplift forces at ends of roof framing members are
expected to be less than wind uplift forces for existing conditions (without solar panels).

Resistance To Wind Uplift

Resistance to wind uplift force is dependent on connections between roof trusses and top of
support walls. There is no information about these connections. However, due to additional
weight of solar panels, wind uplift forces at ends of roof framing members are expected to be
less than wind uplift forces for existing conditions (without solar panels).

Connections; Base Mounts to Roof Framing

Design of connections between base mounts and roof framing members is based on the key
assumption that wind uplift pressures on solar panels will be essentially the same as wind uplift
pressures on the existing roof without solar panels.

Design Capacity of SolarMount Rails (Strong-axis)

Strong-axis design capacity of SolarMount rails (also termed "beams" by Unirac) is determined
by reference to the following;

4 Table 8 (page 12) in SolarMount Installation Manual 227.3
M Table of rail properties (page 4) in SolarMount Data Sheet

Table 8 allows for rail selection based on span length and uniform loading.
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Evaluation of SolarMount Rail Load Capacity per Installation Manual

Load capacity for SolarMount rails (per requirements of SolarMount Installation Manual) is not
completely representative of actual installed conditions expected for the sloped roof, as
described below.

Verification of load capacity for SolarMount rails shall be provided by rail manufacturer
(Unirac), as may be required by Conditions of Certification.

The following effects can be expected due to differences between conditions of product
information (on level surface) and installed conditions (on sloped roof).

1. For sloped roof, uniform gravity load (such as weight of snow on panels) applies lateral
force to the rail (parallel to roof slope) in addition to “normal” force, acting
perpendicular to roof surface. These two load components result in biaxial bending of
the rail, which has not been addressed by rail manufacturer.

2. Installed rails will be continuous over numerous supports. Such condition can greatly
reduce deflection of the rail, compared to "simple-span" condition used for load testing.

3. Wind uplift pressure is variable (non-uniform) in both time and space. Constant uniform
loading used for testing wind uplift capacity is likely to be very conservative.

For typical roof slopes, normal force (perpendicular to roof surface) and lateral force (parallel
to roof surface) are listed below, as percent of vertically-acting gravity load.

Slope Slope Angle Normal Lateral

Vert : Horz From Horizontal Force Force
3:12 14.0 degrees 97 24
4:12 18.4 degrees 95 32
5:12 22.6 degrees 92 38
6:12 26.6 degrees 89 45
7:12 30.3 degrees 86 50
8§:12 33.7 degrees 83 55
9:12 36.9 degrees 80 60
10: 12 39.8 degrees 77 64
12:12 45.0 degrees 71 71

Rail design forces are specified in Conditions of Certification ("Rails & Mounts; Verification
of Design Capacity™)
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Design Capacity of Rails

Weight of snow on solar panels, along with weight of solar panels, acts in the vertical direction.

When applied to a sloped roof surface, a vertical force can be considered to have two
components; a "normal" component, perpendicular to roof surface, and a lateral component,
parallel to roof surface. Of course, these two force components, when added as vectors, always
must equal the vertical force.

Normal-force component is also perpendicular to the transverse ("strong") axis of the rail,
resulting in strong-axis bending. Load capacity information published by rail manufacturer is
for strong-axis bending capacity of the rail.

However, lateral force component is parallel to strong axis of the rail, resulting in weak-axis
bending. Similar to all other manufacturers of solar panel support rails known at this time, rail
manufacturer has not published any information to allow for determination of weak-axis
bending capacity.

Based on information about rails published by manufacturer, proposed rails have adequate
capacity to resist component of design snow load perpendicular to roof surface as well as wind
uplift load, which acts perpendicular to roof surface per code definition.

As shown in table above, lateral-force component increases with roof slope. For roof slope of 6
on 12, lateral-force component is 50-percent of the normal-force component. If, as is likely,
weak-axis bending capacity of rail is much less than strong-axis capacity, the weak-axis
bending stress can be significant, potentially resulting in excessive "biaxial" stress.

When connected to each pair of rails, solar panels may act as a structural plate element
(“diaphragm”), tending to prevent lateral deflection and weak-axis bending of rails. However,
no test data from this or any other rail manufacturer is known at this time that might validate
such effect.

Even if solar panels act as a diaphragm (eliminating or reducing weak-axis bending of rails),
lateral force is always applied to base mounts.

At this time, there are no known practical problems due to inadequate weak-axis bending
capacity of rails.

M However, due to lack of any information about weak-axis bending capacity, engineer
certifies only strong axis design capacity for rails.
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Contractor or owner should consider submitting (to rail manufacturer) request for written
verification that rails have design capacity to resist design forces (per these specifications) that
produce combined normal-force and lateral-force components.

L-Bracket Mounting System

Evaluation of the Unirac L-bracket ("L-foot") mounting system is based on information in the
SolarMount Technical Data Sheet (page 3).

SolarMount rails are bolted directly to vertical leg of the L-bracket mounts.

Allowable load parallel to roof surface (perpendicular to rails) is the Transverse force
(misspelled Traverse by Unirac) in the table. For service load design (without load factors), the
"Allowable Load" of 213 pounds is applicable.

John F Mann, PE
GE29049 Page 12 of 24
1212 Main Street
Phone: 732-556-6080 Belmar NJ 07719




102 Dennis Drive Specifications August 31, 2011
Brick NJ

Ocean County Roof Support Requirements
For Proposed Solar Panels

Conditions of Certification

Contractor shall provide owner with these Specifications and any other drawings or documents
provided by engineer, as referenced in these Specifications.

M Contractor shall make owner aware of any requirements that may be specified for the
owner. Contractor shall make all such requirements a condition of the contract between
contractor and owner, or shall take responsibility for making other arrangements to have
others perform such requirements.

The following conditions of certification are described in these specifications;

Solar Panel System Design

Intent and Scope of Engineering Certification

Design Details

Prevention of Roof Leaks

Rails & Mounts; Verification of Design Capacity
Evaluation of Existing Roof Framing For Wind Uplift
Support Requirements for Solar Panels

Additional Inspection & Reinforcement of Roof Framing
Design for Gravity Loads

10 Design for Wind Loads

11. Design Capacity of Lag Screws

12. Roof Sheathing

13. Roof Vent Pipes & Obstructions

L RN AW —

1- Solar Panel System Design

Design of system conﬁguration including number and size of panels, electric supply and
arrangement of various components, shall be provided by owner as required by the
Construction Official.

Solar panels shall be installed on existing roof areas as shown on plans provided by contractor.

Design of solar panels, support rails, base mounts and other system components shall be
responsibility of applicable manufacturer.

John F Mann, PE

GE29049 Page 13 of 24
1212 Main Street
Phone: 732-556-6080 Belmar NJ 07719



102 Dennis Drive Specifications August 31, 2011
Brick NJ

Ocean County Roof Support Requirements
For Proposed Solar Panels

2- Intent and Scope of Engineering Certification

Engineering certification of roof framing does not include detailed structural analysis of the
entire roof framing system or of building elements that support roof framing.

For this evaluation, “roof framing” is considered to consist of rafters and, if applicable, ridge
beam and hip beams.

Intent and scope of certification is limited to the following;
M For roof framing to support solar panels, determine (by calculation) the following;

1. Load capacity using provisions of building code for new construction, modified as
appropriate, and conservative assumptions about material properties.

2. Required load capacity based on; (1) Design loads specified by building code (for
new construction), (2) Weight of solar panels and (3) Arrangement of solar panel
support system (rails + base mounts) as required by these specifications and
attached “Plan of Rails & Base Mounts”. Snow load is considered to be applied to
solar panels as if solar panels are the roof surface.

M If calculated load capacity is less than required capacity, develop requirements for
remedial work to reinforce existing roof framing, if practically feasible. Otherwise,
inform contractor that installation of solar panels is not recommended.

M Determine maximum base mount spacing (along panel support rail) based on rail design
capacity (or test report information) provided by rail manufacturer. However, conditions
to this certification may apply, especially if manufacturer has not provided design
capacity for sloped roof conditions.

M Provide limited evaluation of existing roof framing conditions to determine if there are
any major existing defects, such as decay damage (from water) or improper
modifications (such as for skylights). Owner and contractor are responsible for detailed
inspection of existing conditions.

M Determine requirements for connection of rail supports to roof framing to provide
adequate capacity to resist wind uplift forces, based on code-specified wind pressures
for new construction.
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3- Design Details

The following design details are attached to these specifications;
1. Plan of Rails & Base Mounts - PA1

Contractor shall verify dimensions and conditions shown on Plan of Rails & Base Mounts,
especially framing for dormers and skylights (if applicable for roof slope to support panels).
Report significant differences for actual conditions to engineer to allow for evaluation, as
appropriate.

M If actual sloped dimension of roof area is less than sloped dimension shown on plan,
the number of solar panels may have to be reduced. Contractor shall verify dimensions
before completing design of solar panel system.

4 — Prevention of Roof Leaks

Contractor and owner are completely responsible for the following;

1. Design of methods used to prevent roof leaks
2. Evaluation of roofing

John F Mann, PE
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5- Rails & Mounts; Verification of Design Capacity

Unit design loads for rails are as follows;
Snow Load; Unbalanced condition 53 PLF (Perpendicular to roof surface)
33 PLF (Parallel to roof surface)
Wind Uplift; Components & Cladding 71 PLF (Perpendicular to roof surface; Rail R1)

For snow load, both design forces act simultaneously. Weight of solar panels has been
included.

Wind uplift includes offset from weight of solar panels (taken as 2 psf).

4 Based on Table 8 and analysis of rail stresses (using published design properties),
standard rails have adequate capacity to resist design loads.

For rail support angle (L-bracket) spaced at 4'-6", the following design forces and allowable
loads are applicable (RA1);

Design Allowable
Force Load
Snow; perpendicular to roof surface 239 lbs 1,3251bs OK
Snow; parallel to roof surface 148 Ibs 213lbs OK
Wind uplift 320 lbs 7071bs OK

Design forces for RA2 are essentially the same.

See Section 11 for shear capacity of lag screw connecting base mount to roof framing.
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6 - Evaluation of Existing Roof Framing For Wind Uplift

Roof framing must resist wind uplift pressure on roof (and solar panel) surfaces. Engineer has
not evaluated capacity of connections between framing members and supports to resist code-
specified wind uplift pressures.

If building design plans are available, plans could be reviewed to evaluate specified
connections. However, some inspection would be required to verify that as-built connections
were made as specified on plans.

The alternative would be to remove finish materials (and perhaps exterior wall sheathing) along
each support to allow for inspection and evaluation.

7 - Support Requirements for Solar Panels

Installed weight of solar panel shall not exceed 3 psf over area of solar panel. Contractor shall
supply certification of panel weight from manufacturer to owner and Construction Official.

Panels shall be supported on SolarMount aluminum rails manufactured by Unirac; see
Installation Manual for complete details.

Connection of rails to roof must distribute the following forces to roof framing;

M Weight of solar panels
M Weight of snow on panels
M Wind uplift pressure applied to panels

A base mount (L-bracket or angle) supports rails directly. Base mount is connected to roof
framing members using a single lag screw. Base mounts shall be located per general
description in these specifications or per plan of base mounts if provided.

M If a plan of base mounts is attached, base mounts shall be located as shown on such
plan, which takes precedence over general description in these specifications.

Each row of solar panels shall be supported on two rails running perpendicular (across) roof
framing members.
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Rails shall be connected to existing roof framing members as specified below;

1. For each rail, base mounts shall be installed above roof framing members at locations
shown on plan of rails and base mounts.

General guidelines are as follows;

End of each rail may cantilever past the base mount a maximum of 16 inches or as
specified by the rail system manufacturer, whichever is less.

Each Rail - End of rail + As shown Plan of Rails & Base Mounts
Except as shown on Plan of Rails & Base Mounts, base mounts on adjacent rails must

be offset (staggered) so that the base mount for one rail is not on the same roof framing

member as the base mount for the adjacent rail.

2. Owner and contractor are responsible for ensuring that base mount manufacturer has
designed connections to be installed on existing roof such as to prevent roof leaks with
proper installation. Owner and contractor are responsible for proper installation and all
sealing necessary to prevent roof leaks. Owner shall submit any design details, showing
how roofing is to be protected, that may be required by the Construction Official.

3. Each mounting assembly shall be connected to top of roof framing member using one
lag screw; 5/16 inch diameter by 3-inch minimum (for Unirac L-bracket).

4. Each lag screw must be installed as close as feasible to center of 1-1/2 inch thick roof
joist. Minimum edge distance, from center of lag screw to edge of wood member, is 1/2
inch.

5. Ifroof framing member is not straight (bowing sideways), it may be necessary to install
a ledger board up against the joist to provide sufficient solid wood for installing lag
screws. Such ledger board shall be connected to the framing member with #8 wood
screws spaced at 4 inches maximum. For nominal two inch thick ledger board up
against nominal two inch thick framing member, screws shall be 3 inches long. Screws
shall extend at least 1.25 inches into roof member. However, if roof member is bowing
significantly, owner should also have additional engineering evaluation performed.
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6. Any lag screws that split wood support member (rafter, roof joist, truss top chord) shall
be removed. For minor splits, wood support members shall be reinforced with new,
nominal two inch thick wood sections on each side. The mount shall be relocated so that
anew lag screw is installed into new wood. Each section of new wood shall be at least 4
feet long, centered on the split location, and screwed to side of rafter with six (6) #8
wood screws.

7. Any major splits of wood framing members require more extensive repairs. Consult
engineer for requirements.

8 — Additional Inspection & Reinforcement of Roof Framing

Contractor shall perform additional inspection as may be required to verify the assumed
conditions (if any) listed for “Evaluation of Existing Roof Framing”.

Contractor shall inspect underside of roof sheathing from inside attic space to determine extent
of any damaged roof sheathing to be reinforced with new plywood between rafters. Install
ledger boards (nailed to rafters) under edges of reinforcement sheathing. At vent pipe, install
two strips of plywood, one on each side of pipe.

For any rafters with long or wide splits (especially splits through bottom edge of rafter), install
reinforcement board (of same size as rafter) alongside, connected to rafter with wood screws
(10 gage x 3 inch) spaced at 10 inches. High end of reinforcement shall extend to ridge board.
Low end of reinforcement shall extend at least 3 feet past low end of the split or other damage,
or as close as feasible to low end of rafter.

For any wide gaps between high end of rafter and ridge board, install light-gage steel joist
hanger, using short 8d x 1-1/2 inch nails. As alternative to joist hanger, a reinforcement board
(at least 3 feet long) may be installed, connected to rafter, with high end tight to ridge board.
Connect reinforcement board to ridge board with light-gage steel A35 framing angle.
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9 - Design for Gravity Loads

Design dead loads are based on actual weight of materials (if known) or standard assumed
weights per building code provisions.

Weight of solar panels is per product data sheet provided by contractor.
Dead Load 5 psf (roofing + roof sheathing)
Weight of solar panels 3 psf

For determination of snow load, the roof slope to support solar panels has been considered part
of a simple gable roof. Therefore, unbalanced snow load is applicable.

Design live loads listed below are based on applicable provisions of the UCC (Rehabilitation
subcode) and building subcode (IRC 2009).

Ground Snow Load 20 psf (per UCC Bulletin 94-8)

Importance Factor 1.0 (ASCE 7-05; Table 7-4)
Exposure Factor, Ce 0.9
Thermal Factor, Ct 1.1

Sloped Roof Snow Load; uniform 13.9 psf (asphalt shingle surface)
9.2 psf (slippery glass surface)

Unbalanced Snow Load (RA1)
Leeward slope; uniform 20.0 psf (slippery glass surface)
Surcharge 0.0 psf (in addition to uniform pressure)
Length of surcharge 0.0 feet (heading down from ridge)

Minimum Live Load 16.0 psf (IRC 2009 NJ; Table R301.6)

Glass surface of solar panels qualifies as “slippery” per ASCE 7-05 (7.4), which reduces sloped
roof snow load for balanced conditions, per code provisions.

However, for unbalanced snow loading, slippery roof surface does not decrease snow load
unless horizontal length of slope (W; eave to ridge) is greater than 20 feet. For this house,
maximum W (for RA2), about 16.5 feet, is less than 20 feet, such that unbalanced snow load
may not be reduced for slippery surface.
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10 - Design for Wind Loads

Basic Wind Speed (3-second gust)
Exposure Category
Mean Roof Height

115 mph (per UCC Bulletin 03-4)

B
25 feet

Wind uplift pressures (gross) on roof surface (solar panels) per ASCE 7-05 (Figure 6-3);

Roof Slope

Effective Wind Area
Adjustment Factor

Zone 1; C-C
Zone 2; C-C
Zone 3; C-C

For further discussion, the term “row” is taken to be parallel with ridge. The term “column” is

taken to be perpendicular to ridge.

32.0 degrees (RA1)
16.0 degrees (RA2)

10 sf
1.00

RAI RA2
23.8 psf 21.8 psf
27.9 psf 38.0 psf
27.9 psf 56.2 psf

Each pair of rails resists wind force from one row of solar panels (parallel to ridge).

Net uplift force is based on 2 psf for weight of panels, subtracted from gross uplift pressure.

Zone 2 uplift pressures are applicable within each “edge strip”, which occurs along; (1) Each
end of the roof, (2) Each side of ridge, (3) Each low edge (eave), and (4) Each side of any hip

or valley line.

Zone 3 uplift pressures are applicable where edge strips overlap, generally at corners of each

roof surface.

Width of each edge strip is per standard code provisions (minimum 3.0 feet).
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For calculating wind uplift forces on base mounts, the following conditions are defined;

Condition 1 — Tributary uplift pressures from Zone 1 only. This condition typically occurs only
when an outer edge of the panel array is not within the edge strip, or when an array includes
more than 4 rows of base mounts.

Condition 2A — Base mounts along ridge and eave subject to edge strip pressures. Tributary
uplift pressure is typically from Zone 1 and Zone 2.

Condition 2B — Column of base mounts nearest to end of roof, if subject to edge strip pressures.
Tributary pressure is typically from Zone 1 and Zone 2.

Condition 3 — Base mounts subject to Zone 3 pressure.
Net wind uplift forces to be resisted by base mounts are listed below for row of base mounts.

For each panel array, rails are designated from upper rail nearest to ridge (R1) to lower rail.
Distance below ridge is approximate, along the roof slope.
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Base Mount Uplift Forces (Lbs) —PA1 (16 panels)

Length of panels (along slope) = 10-10" 2 @ 5'-5™)
Rail spacing (along slope) = 4'-0" (2 rows; 4 rails)
Length of roof slope = 12°-4” (to be verified)
Ridge to rail R1 = 0’-9”

Base mount spacing; (along rail, for calculation purposes only)
Rails Rl -R4 = 54 inches (maximum)

** Not Applicable

Distance Condition Condition Condition Condition
Rail _Below Ridge 1 2A 2B 3
R1 0.75 &t ok 310 ok 321
R2 475 ft *ok 276 287 *ok
R3 6.17 ft 266 ** 277 **
R4 10.17 ft 266 *ok 277 *k

M For each rail, maximum net uplift force (base mounts) is less than design pullout

capacity (512 Ibs) for specified lag screws (5/16" dia; 3-inch minimum length for
Unirac L-bracket).

M4 For each panel array, required base mount spacing is specified on Plan of Rails & Base
Mounts. Specified base mount spacing may be less than the maximum spacing listed
above to ensure proper distribution of load to roof framing members.
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11 — Design Capacity of Lag Screws

Design capacity of lag screws (5/16-inch) is based on the following conditions;
M Rafter is Spruce-Pine-Fir (SPF) or Hem-Fir wood
M Standard lag screw thread configuration and steel properties per ANSI B18.2.1
M Penetration of lag screw thread into wood rafter is at least 1.75 inches
M Lag screw installed into center of rafter thickness. Edge distance of 1/2-inch minimum.
M Load Duration Factor for wind (per NDS-05) = 1.6
Design pullout capacity of lag screw = 512 lbs
For increased penetration into rafter (such as for longer lag screw), pullout capacity is greater.

12 - Roof Sheathing

Roof sheathing shall be in good condition, without any obvious damage or decay.

Roof sheathing must have adequate connection to roof framing members to ensure that framing
members have proper lateral bracing.

Contractor shall inspect roof sheathing from inside the attic space.

For roof sheathing that will be under proposed solar panels, any damage shall be repaired prior
to installation of panels.

13 — Roof Vent Pipes & Obstructions

Contractor and owner shall determine how to handle obstructions caused by roof vent pipes and
other obstructions, such as ventilators.
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SF220 Poly

Polycrystalline Solar Module

OVERVIEW

Hanwha SolarOne's SF220 Polycrystalline Module delivers the performance and efficiency required for large power ouput
applications. Featuring a smooth, all-blue surface and a tight +3% power tolerance, the SF220 Poly provides an aesthetically
attractive and efficient option for commercial and utility installations. The module has undergone comprehensive testing for
reliable performance over time and is certified to comply with the latest Class A safety standards.”

KEY TECHNICAL FEATURES

* 5 year product warranty, 25 year performance warranty*

* Module certified to withstand high snow loads, up to 5.4kN/m2**
* Tight power tolerance: +3%, anti-reflective coating

* Free module recycling through membership in PV Cycle

TPl il L He wha SolaCne Pie el Wareatds e o bailz,

TPlease e ter b He bz Solaetn e nedls eslaliat 2.4 Guis,

QUALITY AND ENVIRONMENTAL CERTIFICATES

* ISO 9001 quality standards and I1SO 14001 environmental standards
* OHSAS 18001 occupational health and safety standards

* IEC 61215 and IEC 61730 Class A certifications

* Conformity to CE

ABOUT HANWHA SOLARONE

Hanwha SolarOne is a vertically integrated manufacturer of photovoltaic modules
designed to meet the demands of the global energy consumer. From high-grade
crystalline silicon, to module production, to project development and financing,
Hanwha SolarOne is seiting the new standard in innovation and value.

* High reliability, guaranteed quality, and excellent cost-efficiency due to vertically
integrated production and control of the supply chain;

* Optimization of product performance and manufacturing processes through a
strong commitment to research and development;

* Global presence throughout Europe, North America, and Asia, offering regional
technical and sales support.

4 CEME~E

O Hanwha SolarOne - www_hanwha-solarone.com



ELECTRICAL CHARACTERISTICS

Electrical Characteristics at Standard Test Conditions (STC) Performance at Low Irradiance:
MM _ B mey ey WoR 2 The typical relative change in module
OPEN CIRCUIT VOLTAGE (V) 367V 36.8V 36.8V 370V 37V 37.2v efficiency at an irradiance of

SHORT CIRCUIT CURRENT (I,.) 8.18A  B834A  844A  B54A  B864A  8.74A 200W/m? in relation to 1000Wm?
VOLTAGE AT MAXMUMPOWER (V,,) 29.9Y 300V 30.v 30V 303v 304y (Dothat25°Cand AM 1.5G
CURRENT ATMAXIMUM POWER(1,,) 7.53A  7.67A  7.81A  7.95A  808A 8224 spectrumj is less than 5%.

MODULE EFFICIENCY (%) 136

13.9 14.2 14.5 14.8 15.1

Prb LD ORG hireps a0t g e L 2l

Various Irradiance Levels

1000 W/m!

R I SRR SRR TR I TR

[T R PR A A

800 W/m!

Electrical Characteristics at Normal Operating Cell Temperature (NOGCT)

@ = Mo oawoa N oo

2
TapR  jory ivew M TPom TBW] b |ew
OPEN CIRCUIT VOLTAGE (V,.) 33.1v 33.3v 33,5V 33.7v 34.1v 34.2v owm \
SHORT CIRCULT CURRENT (I,.) 6.50A 6.66A 6.74A 6.84A 6.99A 7.07A —— \ ]
VOLTAGE AT MAXIMUM POWER (V,,) 27.1V  27.2v 27.3V 27.4V 27.6vV 27V Vohage (0
CURRENT AT MAXIMUM POWER (I,)) 6.02A 6.14A 6.23A 6.35A 6.46A 6.58A
MODULE EFFICIENCY (%) 12.3 12.6 129 . 132 135 13.8
[ N A AT Pt 8TC Aning s inee D o] JOUCNR o BUA 2 56 el g Spesditen s oo dge 25 4y oL
Bz b lean o of & ottt pgbonin. re e
Temperature Characteristics Maximum Ratings
NORMAL GPERATING CELL MAXIMUM SYSTEM VOLTAGE 1000V (EC);
TEMPERATURE (NOCT) 45 +3°C 600V (UL)
TEMPERATURE COEFFICIENTS OF P -0.45%/°C SERIES FUSE RATING 15A
TEMPERATURE COEFFICIENTS OFV ~ -0.32%/°C MAXIMUM REVERSE CURRENT  Series fuse
TEMPERATURE COEFFICIENTS OF I -0.04%/°C Layﬁ?s;;ump'ied

MECHANICAL CHARACTERISTICS

DIMENSIONS 1652mm x 1000mm x 45mm (65.04 in x39.37 inx 1.77 in) Basic Design
WEIGHT 21kg (46.2 1bs) — o0 ,
FRAME Afuminum alloy _| S ——] '
FRONT Tempered glass [T L"* ]
ENCAPSULANT EVA : = Junction box
Labef 1.4

BACK COVER Composite sheet 4 { Mg s
CELL TECKNOLOGY Polycrystalline . o
CELL SI12E 156mm x 156mm (6.14 in x 6.14 in) Rl | el
NUMBER OF CELLS (Pieces) 60 (6 x 10) BACK VIEW
JUNCTION BOX Protection class IP65 with bypass-diode B | oot g
OUTPUT CABLES Solar cable: 4mm?; length 900mm (35.4 in) remaie || e
CONNECTOR Linyang LY0O706-2 . 4] -

I g

//’/

SYSTEM DESIGN PACKAGING AND STORAGE 1) l ’FW,EW {
OPERATING TEMPERATURE -40°Ct085°C STORAGE TEMPERATURE -40°Cto 85°C e
HAIL SAFETY IMPACT VELOCITY 25mmat23ms  PACKAGING CONFIGURATION 22 pes per pallet \V‘O\z E '¥ l;.'i‘ s
FIRE SAFETY CLASSIFICATION Class C LOADING CAPACITY
STATIC LOAD WIND/SNOW 5.4kN/m? {40 FT. CONTAINER) 572 pieces Oronsgenelas - Mouning s

el e chisreewaingat

Q Hanwha SolarOne vreew. hanwha-solarone.com
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SolarMount Module Connection Hardware

SolarMount Technical Datasheet
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SolarMount Module Connection Hardware

SolarMount Bottom Up Module Clip
Part No. 321001, 321002

Washer

(hidden. .see

Bottom Up Clip material: One of the following extruded aluminum
alloys: 6005-T5, 6105-T5, 6061-T6

nots * Ultimate tensile: 38ksi, Yield: 35 ksi
*  Finish: Clear Anodized
* Bottom Up Clip weight: ~0.031 Ibs (14g)
Boit ° Allowable and design loads are valid when components are
assembled with SolarMount series beams according to authorized
UNIRAC documents
*  Assemble with one %"-20 ASTM F593 bolt, one %"-20 ASTM F594
serrated flange nut, and one ¥ flat washer
\\ *  Use anti-seize and tighten to 10 ft-Ibs of torque
N * Resistance factors and safety factors are determined according to
part 1 section 9 of the 2005 Aluminum Design Manual and third-
party test results from an IAS accredited laboratory
~ *  Module edge must be fully supported by the beam
* NOTE ON WASHER: Install washer on bolt head side of assembly.
DO NOT install washer under serrated flange nut
Applied Load Average | Allowable | Safety Design | Resistance
: Direction Ultimate Load | Factor, Load Factor,
Ibs (N) Ibs (N) FS 1bs (N) ®
: Tension, Y+ 1566 (6967) | 686 (3052) 2.28 | 1038 (4615) 0.662
r Transverse, Xt | 1128 (5019) | 329 (1463) 3.43 | 497 (2213) 0.441
Lex Sliding, Z+ 66 (292) 27 (119) 2.44 41 (181) 0.619

Dimensions specified in inches unless noted

1



.~ SOLARMOUNT Technical Datasheets

SolarMount Mid Clamp
Part No. 320008, 320008, 320019, 320020, 320021,
320084, 320085, 320086, 320087, 320120, 320122

SEUNIRAC

Mid clamp material: One of the following extruded aluminum
alloys: 6005-T5, 6105-T5, 6061-T6

Ultimate tensile: 38ksi, Yield: 35 ksi

Finish: Clear or Dark Anodized

Mid clamp weight: 0.050 Ibs (23q) .

Allowable and design loads are valid when components are
assembled according to authorized UNIRAC documents

Values represent the allowable and design load capacity of a singte
mid clamp assembly when used with a SolarMount series beam to
retain a module in the direction indicated

Assemble mid clamp with one Unirac ¥%"-20 T-bolt and one %"-20
ASTM F594 serrated flange nut

Use anti-seize and tighten to 10 ft-Ibs of torque

Resistance factors and safety factors are determined according to
part 1 section 9 of the 2005 Aluminum Design Manual and third-
party test results from an IAS accredited laboratory

. Applied Load Average | Allowable | Safety Design | Resistance
LOODISTANCE = _ =~ Direction Ultimate Load | Factor, Load Factor,
ililiieka B ) FY -8 lbs (N) | Ibs (N) FS Ibs (N) ®
- Tension, Y+ 2020 (8987) | 891 (3963) 2.27 | 1348 (5994) 0.667
Transverse, Z+ 520 (2313) | 228 (1017) 227 | 346 (1539) 0.665
I . Sliding, X+ 1194 (5312) | 490 (2179) 244 | 741 (3295) 0.620
Lo X
Dimensions specified in inches unless noted
SolarMount End Clamp
Part No. 320002, 320003, 320004, 320005, 320006,
320012, 320013, 320014, 320015, 320016, 320017,
. 320079, 320080, 320081, 320082, 320083, 320117, . . )
320118, 320123, 320124, 320173, 320185, 320220, * End clamp material: One of the following extruded aluminum

320233, 320234, 320331

S
I
b A

HEIGHT 1 -

VARIES |
!
|
|

Dimensions specifiedininches-unfess-hoted

alloys: 6005-T5, 6105-T5, 6061-T6

Ultimate tensile: 38ksi, Yield: 35 ksi

Finish: Clear or Dark Anodized

End clamp weight: varies based on height: ~0.058 lbs (269g)
Allowable and design loads are valid when components are
assembled according to authorized UNIRAC documents

Values represent the allowable and design load capacity of a single
end clamp assembly when used with a SolarMount series beam to
retain a module in the direction indicated

Assemble with one Unirac %"-20 T-bolt and one %"-20 ASTM F594
serrated flange nut

Use anti-seize and tighten to 10 ft-Ibs of torque

Resistance factors and safety factors are determined according to
part 1 section 9 of the 2005 Aluminum Design Manual and third-
party test results from an IAS accredited laboratory

Modules must be installed at least 1.5 in from either end of a beam

Applied Load Average | Allowable | Safety Design | Resistance
Direction Uitimate Load | Factor, Loads Factor,

Ibs (N) Ibs (N) FS Ibs (N) ®
Tension, Y+ 1321 (5876) | 529 (2352) 2.50 800 (3557) 0.605
Transverse, Z+ 63 (279) 14 (61) 4.58 21(92) 0.330
Sliding, X+ 142 (630) 52 (231) 272 79 (349) 0.555

2
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SolarMount Beam Connection Hardware

SolarMount L-Foot

Part No. 310065, 310066, 310067, 310068

3.01

3K SLOT FOR
% HARDWARE -

Dimensions specified in inches unless noted

=UNIRAC

* L-Foot material: One of the following extruded aluminum alloys: 6005-
T5, 6105-T5, 6061-T6

Ultimate tensile: 38ksi, Yield: 35 ksi
Finish: Clear or Dark Anodized
L-Foot weight: varies based on height: ~0.215 Ibs (989)
Allowable and design loads are valid when components are

assembled with SolarMount series beams according to authorized
UNIRAC documents

¢  For the beam to L-Foot connection:

* Assemble with one ASTM F593 %"-16 hex head screw and one

ASTM F584 %"serrated flange nut

* Use anti-seize and tighten to 30 ft-Ibs of torque

*  Resistance factors and safety factors are determined according to part
1 section 9 of the 2005 Aluminum Design Manual and third-party test

results from an IAS accredited laboratory

NOTE: Loads are given for the L-Foot to beam connection only; be
sure to check load limits for standoff, lag screw, or other
attachment method

Applied Load Average Safety Design| Resistance
Direction Ultimate | Allowable Load Factor, Load Factor,
Ibs (N) Ibs (N) FS Ibs (N) o

Sliding, Z+ | 1766 (7856) 755 (3356) 234 | 1141 (5077) 0.646
Tension, Y+ | 1859 (8269) 707 (3144) 2.63| 1069 (4755) 0.575
Compression, Y- | 3258 (14492) 1325 (5893) 2.46| 2004 (8913) 0.615
Traverse, X+ 486 (2162) 213 (949) 2.28 323 (1436) 0.664

I
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SolarMount Beams

FUNIRAC

Properties Units SolarMount SolarMount HD
Beam Height in 25 3.0
Approximate Weighlt (per linear ft) plf 0.811 1.271

Total Cross Sectional Area in? 0.676 1.058
Section Modulus (X-Axis) in* 0.353 0.898
Section Modulus (Y-Axis) in 0.113 0.221
Moment of Inertia (X-Axis) in* 0.464 1.450
Moment of Inertia (Y-Axis) in* 0.044 0.267
Radius of Gyration (X-Axis) in 0.289 1.170
Radius of Gyration (Y-Axis) in 0.254 0.502

AR s e e . - e ss———— -

]

SLOT FOR T-BOLT OR
4" HEX HEAD SCREW

2X SLOT FOR
BOTTOM CLIP. 2.500
. 1.316
SLOT FOR
3/"
8" HEX BOLT
387 "'—
.750 ‘
Y

b

SolarMount Beam

SLOT FOR T-BOLT OR
Y4" HEX HEAD SCREW

1.728——1
]

SLOT FOR
BOTTOM CLIP
3.000
SLOT FOR 1.385
%" HEX BOLT
l-— 1.207j
v 1.875
A

L omx

SolarMount HD Beam

Dimensions specified in inches unless noted

O
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Technical Brief - NA

M215 Microihverter Installation Planning

The Enphase M215 Microinverter

The M215 Microinverter is Enphase’s most powerful

and efficient model yet. This grid-tied microinverter

is compatible with most 60-cell PV modules (up to
260W) and installs quickly and easily. It works with :
both three-phase 208 Vac or single-phase 240 Vac '

services in North America; voltage is determined by
cable type.

o T
For detailed installation information, refer to the _ aﬂﬁ?}f qu
M215 Installation and Operations Manual and
the M215 Quick Install Guide at

http://www.enphase.com/support/downloads.

Microinverter Compatibility

The M215 should be paired only with a 60-ceil PV module. Refer to the Enphase website

(httg:[[www.enghase.com[supgort[downloads) for a list of electrically-compatible PV modules and

approved PV module racking systems.

To ensure mechanical compatibility, be sure to order the correct Module Connector Type for both
microinverter and PV module from your distributor.

Model Number Electrical Compatibility Module Connector Type

M215-60-2LL-S22 60 cell PV module MC-4 Type 2 Locking or
M215-60-2LL-S22-NA Amphenol H4 Locking

M215-60-2LL-S23 60 cell PV module Tyco Solarlock Locking*
M215-60-2LL-S23-NA

*Note: Tyco connectors on PV modules can vary in polarity, and either the male or feméle connector
may be positive. Only the MALE positive will mate with Enphase Microinverters with S23 connectors.

Be sure to order the correct connector type for both microinverter and PV module from your
distributor.

As a rule, the electrically-positive output of the PV module always connects to the positive input of the
microinverter. However, PV modules come with a variety of labels. For more information, refer to
Mating Microinverters with PV Modules for Correct Polarity under the Enphase downloads at

http://www.enphase.com/support/downioads.

Branch Circuit Capacity

Do not exceed the maximum number of microinverters in an AC branch circuit as listed in the
following table. You must protect each microinverter AC branch circuit with a 20A maximum breaker.

Maximum number of M215s per 20 amp AC Branch Circuit

Service type - Max M215s per AC branch
240V 17

208V 25
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Enphase Engage Cabling System

The M215 incorporates DC connectors and an AC connector. There is no integral AC cable on the
M215. The Enphase Cabling System accomplishes the AC connection.

The Cabling System is a continuous length of 12 AWG, outdoor rated cable, with integrated connectors
for microinverters. These connectors are preinstalled along the entire cable and spaced to
accommodate both portrait and landscape PV
module orientations.

The cable is installed by simply rolling out the
desired length of cable and cutting it to size. One
end is wired directly into the junction box at the
head of the branch circuit, eliminating the need for a
separate AC interconnect cable. The other end is
sealed from the environment using an Enphase
Branch Terminator. The M215 AC cable connectors
are then plugged into the regulariy-spaced
connectors as shown,

The Enphase Cabling System is available in two
connector spacing options and two voltage types.
Depending upon installer needs, the cabling is also available in a variety of lengths.

Connector Spacing Options
The gap between connectors on the cable can be either 1.025 meters (40") or 1.7 meters (67"). The

1.025 meter spacing is best suited for connecting PV modules installed in portrait mode, while the 1.7
meter gap is best suited to PV modules installed in landscape mode.

Cabling with drop connectors spaced at 1.025 meter (407) for portrait installs

G

mmimes e 17 MELETS ~— cvrmape o e cem e 1,7 MELRLS o - e b

Copyright Enphase Energy, Inc. 2011 2 05/17/11
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Voltage Types and Conductor Count

The voltage types are either 240VAC split phase or 208VAC three phase. All cable connectors bear
labels indicating their cable voltage designation. Typically used for residential applications,
240VAC includes four conductors. This cabling should also be used for split phase 208VAC
applications. Three-phase 208VAC cabling includes five conductors, and is used for most commercial
installations. Because Enphase microinverters output onto two phases, three phase cabling balances
the phases by rotating conductor use from one microinverter to the next as shown in the following
diagram. In the diagram, the three phases are labeled A, B, and C.

A c_ B8 A
B A c___ B
el 1?( B WZ I A )?L C
A/B — C/A — . B/C ==
\ 4V Y, Ay,
I | |

Racking Compatibility

Engage Cabling is compatible with a variety of racking systems. For a list of approved PV module
racking types, refer to the Racking Compatibility document at

(httg:[[www.enghase.com[suggort[downloads).
Cabling Length Options

Engage Cabling is available in shorter lengths with 30-40 connectors, depending upon voltage type.
Longer lengths can be ordered and cut to suit per order. Ordering options include:

Model Number | Voltage type/ | Connector Connector PV module | Approx.

conductor # count | spacing orientation | weight
ET10-240-40 ‘214c?)\r/1gﬁlctor 40 connectors 1.025 m (40”) | Portrait (lfolurs%
ET17-240-40 ‘ztltc(:)\t/\zg,ctor 40 connectors | 1.7 m (67") Landscape (2‘(‘)54“;(5
ET10-208-30 goc?:YxAdE’ctor 30 connectors | 1.025 m (40") | Portrait (13?06|tt(s?)
ET17-208-30 igr?;/:cctc')f 30 connéctors 1.7 m (67") Landscape (13559"1;59)
ET10-240-BULK ‘Zt‘t:%\:\gﬁz:tor 240 connectors | 1.025 m (40") | Portrait ?;86 ?é)s;(g
ET17-240-BULK ‘2‘4(:(())\:;:5,“” 240 connectors | 1.7 m (67") Landscape ?;/g(r) ?t?s;(g
ET10-208-BULK gocsé\r/{gg&or 240 connectors | 1.025 m (40") | Portrait ?536 ?:s;@
ET17-208-BULK éoceoigﬁ;:tor 240 connectors | 1.7 m (67") Landsca?e 8/8(; ?;)s;g
Copyright Enphase Energy, Inc. 2011 3

05/17/11
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Planning for Cable Lengths and Type

The Cabling System is flexible enough to adapt to almost any solar design. To determine the length
and cable type that you need, take into account the following considerations:

* The number of Enphase Microinverters to be installed on the AC branch. Be certain to
allocate the correct number of connectors, including extra connectors for gaps and turns,

e Additional length required to reach from the AC branch circuit junction box to the
first microinverter. If greater than half a connector cable interval is needed, it may be

necessary to include one (or more) unused connectors in order to span this distance. Unused
connectors must be covered with Enphase watertight sealing caps.

* Additional length required to reach from one row of PV modules to the next. If the PV

modules are laid out in multiple rows, the distarice from one row to the next often requires
additional cabling length.

Bend radius. When planning cabling turns or loops, you must account for a minimum bend
radius of 6.7 cm (2.625").

Multiple sub-arrays. Often, the AC branch circuit may be composed of several smaller sub-
arrays across more than one roof plane. In this case, the cable is cut to service each smaller
array, and the sub-arrays are connected together using appropriately rated runs of conduit.

The transition from cable to conduit is accomplished using an outdoor rated junction box, as

required by the NEC and local code. Unused connectors must be covered with Enphase
watertight sealing caps.

s Mixture of PV modules in both portrait and landscape installation. Often, PV

installations use modules installed in mixed orientation (both portrait and landscape mode). In
this case there are three choices for cabling:

1. Cabling with 1.025 meter spacing between connectors results in cleanest install for the
modules in portrait mode. For modules placed in landscape mode, plan for an unused

connector between each PV module to achieve the required additional distance. Unused
connectors must be covered with Enphase watertight sealing caps.

2. Cabling with 1.7 meter spacing between connectors results in cleanest install for the
modules in landscape mode, but requires that any additional cable length between PV
modules in portrait mode be coiled and dressed so that cabling does not contact the roof.
Again, unused connectors must be covered with Enphase watertight sealing caps.

3. Another solution when modules are installed in mixed orientation is to transition between

1.025 and 1.7 meter spacing cable options using an outdoor rated junction box. This
junction box can be installed to the PV module railing.

Copyright Enphase Energy, Inc. 2011 4 05/17/11
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Example Installation Layout and Parts Neaded

The following installation diagram shows an example with five branches. The 208V layout shows five
center-fed branches with 24 microinverters each. The PV modules are in landscape orientation. Tables
following the diagram list required and optional equipment.

@
120 PV modules, 60-cell
120 M215 microinverters

208 VAC Enphase cabling

120 amp, 3 pole
disconnect

N
Q O

Five 20 amp branch circuits
Five branch circuits with 24 microinverters each

5
125A M8 load center
l 1 ) l l Five 3-pole 20 amp i

(T circuit breakers . ;

MZl§ Microinverters

1

Enphase Cabling System
13

109

Copyright Enphase Energy, Inc. 2011 ' 5 ) 05/17/11
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Quantity | Description Order Number
120 M215 Microinverter M215-60-2LL-S22 or M215-60-2L-$23
3 packs Cable clips (each pack contains 100 clips) ET-CLIP-100
1 pack Disconnect tool (each pack contains five tools) ET-DISC-05
1 pack Branch Terminator (each pack contains 10 ET-TERM-10
P terminators)
Enphase cabling divided into ten lengths: ET17-208-BULK
1 Each length should be about 20.4 meters (67 feet)
with 12 connectors.
Watertight sealing caps (Each pack contains 10). ET-SEAL-10
1 pack: Required only if there are any unused connectors;
Unused connectors must be covered with this cap.
Envoy Communications Gateway IEMU-03
1 -or-

LCF Envoy (Line Commmunications Filter)?

ELCF-120-001

Non-Enphase Items Required

Quantity Description

120 60-cell PV module_

5 Weather-proof (NEMA) junction box

5 Three-pole 20 amp circuit breaker

1 Three-pole 120 amp circuit breaker

1 125 amp load center

1 Lightning protection device (3-phase AC surge protector)
as needed Homerun conductors

as needed Continuous grounding conductor or WEEB

as needed Torque wrench, sockets, wrenches for mounting hardware
as needed Adjustable wrench or open-ended wrench (for terminator caps)
as needed Inspection mirror

(for viewing indicator lights on the undersides of the microinverters)

! An LCF Envoy may be required for systems that are 30kW in size or larger.

Copyright Enphase Energy, Inc. 2011 6

05/17/11



SPEC 4300
January, 2007

FREP®

FR-EPR/CPE, Control, Unshielded
600V, UL Type TC-ER'—E-2 Color Code

Product Construction
Conductor:
* 14 AWG thru 10 AWG fully annealed stranded
tinned copper per ASTM é33
* Class B stranding per ASTM B8
Insulation:
* Flame-retardant Ethylene Propylene Rubber
(FR-EPR) Type Hl
* Color-coded: per ICEA Method 1; Table E-2
{Does not include white or green)
MINIMUM AVG. | MINIMUM AVG. COPPER NET Jacket:
COND. INSULATION JACKET NOMINAL WEIGHT WEIGHT * Flame-retardant thermoplastic
CATALOG [NO.OF | SIZE | COND, | TJHICKNESS [ THICKNESS | CABLEOD. [ gpo by Chiorinated Polyethylene (CPE)
NUMBER | COND. | (AWG)| STRAND | INCHES] mm | INCHES [ mm [INCHES] mm | 1000ft | kghm | 1000%t |x Print
* GENERAL CABLE® (WC) FREP® X)(/C
14 AWG MULTI CONDUCTORS : ;(X()A[\)NR% Sggécpg T(%Lr!( B‘;‘F;ESTOC;IERI‘RXSHW-
279560 |2 Fiat| 14 [7/.0242] 0.030 [0.76] 0.045 [1.14] sosmzmo |avss | 26 | 38 | 611 91 SUN RES DAY MONT N EADU0Y Dift BUR
305320" 2| 14 |7/.0242} 0.030 |0.76{ 0.045 |1.14{0.370 | 9.40] 26 | 39 [ 71 106 SEQUENTIAL FOOTAGE MARK
280180 | 3| 14 |7/.0242] 0.030 [0.76{ 0.045 [1.14[0.300 | 9.91] 30 | 59 | 92 137 Options:
280190 4] 14 17/.0242] 0.030 [0.76 0.045 |1.14] 0.425 [ 10.80] 53 | 78 | 115 171 :gggscgzgre;n%g:guctor
279870 5| 14 17/.0242| 0.030 [0.76{ 0.045 |1.14| 0.465 [ 11.81] 66 | 98 | 139 | 207 E Cﬁloaplodz—S??Speguw
280200 | 7/ 14 {7/.0242] 0.030 |0.76] 0.045 [1.14] 0.505 [ 12.83] 92 | 137 | 173 | 257 . (':F"é?“z;[,’;:é;"?",‘ Cross-Linked Polyethene
- insulation
280210 9| 14 {7/.0242] 0.030 [0.76] 0.060 |1.52{0.620 | 15.75| 118 | 176 | 240 | 357 « hemopinstie Low-Smoke, Zero-Halogen
279880 | 12| 14 |7/.0242) 0.030 |0.76] 0.060 |1.52] 0.700 [17.78] 158 | 235 | 301 | 448 (LSZH) jacket _
« Other constructions available upon request
279580" 19 14 |7/.0242| 0.030 |0.76] 0.060 |1.52| 0.815 [20.70] 250 | 372 | 468 | 696 Applications:
279590 25| 14 17/.0242f 0.030 |0.76] 0.080 |2.03]| 0.935 | 23.75| 323 481 | 624 | 929 -rr,\freeair, raceways or direct burial
347080* 30| 14 [7/.0242] 0.030 [0.76] 0.080 [2.03[1.030 [ 26.16] 387 | 576 | 747 1112 .},"e::::,::,;,";g,'g:;:;::; Aun ER” use
279600 37} 14 |7/.0242} 0.030 {0.76] 0.080 [2.03]1.110 [28.19] 466 | 694 | 875 |1302 in accordance with NEC for 3 or more
' « Approved for direct burial, Class 1, Div. 2
12 AWG MULTI CONDUCTORS industrial hazardous locations per NEC
279840 | 2 Flat| 12 | 7/.0305| 0.030 {0.76{ 0.045 |1.14] 400205 [10x62] 40 | 60 ] 82] 122 Features: °
* Rated at 90°C wet or dry
307690" 2| 12 17/.0305( 0.030 |0.76] 0.045 |1.14]0.410 | 10.41 41 61 94| 140 * Ripcord applied to all cables with jacket
280170 |3+ Gmd| 12 |7/.0305| 0.030 [0.76] 0.045 [1.14{0.410 [10.41] 85 | 127 | 148] 220 e Ol O 88 electrical
properties
280300 3| 12 |7/.0305| 0.030 [0.76] 0.045 [1.14{0.435 [11.05] 64 | 95| 124| 185 RS o weather-resistant
280310 4| 12 }7/.0305] 0.030 |0.76] 0.045 [1.14] 0.475 |12.07 85 127 | 157| 234 'Exce:]en:mojsttureretsistance ] < ang
. nt resi. 0 C re I cuts an
280320|  5) 12770305} 0.030 [0.76] 0.045 [1.14] 0.520 |13.21] 106 | 158 | 191] 284 heat deformation - _ o Pression cuts a
: * Low coefficient of friction for easy pulling
279890 7] 12 |7/.0305] 0.030 0.76] 0.060 {1.52 0.595 [15.11| 149 | 221 | 268] 399 * Exceliont flame resisiance —burng to 491
280330 9] 12 [7/.0305| 0.030 |0.76] 0.060 |1.52[ 0.695 [17.65] 191 | 285 | 337[ 502 does not exhibit thermoptastic drip
* Excellent low temperature cold bend
280340 12| 12 |7/.0305] 0.030 {0.76] 0.060 [1.52] 0.765 [19.43] 247 | 368 | 428 637 characteristics )
279610 19| 12 |7/.0305] 0.030 [0.76] 0.080 [2.03] 0.940 [23.88] 391 | 582 | 6881004  Meets e ot e A ifements of
2954001 25[ 12 | 7/.0305] 0.030 [0.76 0.080 |2.03] 1.095 |27.81] 515 | 767 | 8541271 COKPer'\;f‘é:sz°'3°'m°'e°°"duc$°'s
3471007 30| 12 {7/.0305| 0.030 |0.76{ 0.080 {2.03|1.150 [29.21] 618 | 920 | 1002 [1491 lndugt‘ryComp.ﬁances:
301870| 37| 12 |7/.0305) 0.030 [0.76] 0.080 [2.03[ 1.240 [31.50] 762 | 1134 | 1240|1845 UL T3 B X2 e 3 or more
duct
10 AWG MULTI CONDUCTORS COL1se
279570 | 2 Flat| 10 |7/.0385] 0.030 [0.76] 0.045 [1 18] cesezro|rioms] 64 | 95 | 113 | 168 e Torts Dompliances:
305340% 2] 10 7/.0385] 0.030 [0.76] 0.045 |1.14] 0.455 [11.56] 65 | 97 | 128 | 190 s Or 1581 Vw1
279680 |3+ Gma| 10 [7/.0385| 0.030 {0.76] 0.045 [1.14] 0.485 [12.32] 134 | 199 | 225 | 335 :EEE?ggz
280410 3| 10 |7/.0385| 0.030 [0.76] 0.045 |1.14{ 0.485 [12.32] 100 | 150 | 172 | 256 « CSA F1-4
279900 | 4] 10 |7/.0385| 0.030 [0.76] 0.060 [1.52 0.560 |14.22] 134 | 199 | 234 | 348 Othes Comateatys:
279620 5| 10 |7/.0385/ 0.030 |0.76] 0.060 [1.52| 0.615 |15.62] 167 | 249 | 284 | 423 'EL’QJS‘S&SES”‘ for leachable lead
279630 7| 10 | 7/.0385| 0.030 |0.76} 0.060 {1.52| 0.670 |17.02] 234 | 349 | 381 | 567 + OSHA acceptable
279640 9] 10 {7/.0385| 0.030 |0.76] 0.060 |1.52| 0.760 [19.30} 295 | 440 | 464 [ 691 Packaging: ‘
* Materiai cut to length and shipped on
279650 | 12| 10 7/.0385] 0.030 [0.76] 0.080 |2.03| 0.905 [22.99] 402 | 598 | 651 | 969 non-returnable wood reels

Dimensions and weights are nominal; subject to industry tolerances.
*Non-stock item, minimum runs apply. Please consult Customer Service for price and delivery.
Approved as TYPE TC-ER for Exposed Run applications of 3 or more conductors as defined by NEC.

T General Cable

Phone: 888-593-3355
LISTED www.generalcable.com
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102 Dennis Drive Specifications August 31, 2011
Brick NJ

Ocean County Roof Support Requirements
For Proposed Solar Panels

Certification & Background Information

Certifications

Engineer has performed limited structural evaluation of existing roof framing and proposed
rail-support system to support solar panels, based on available information.

Engineer provides the following certifications, subject to conditions of these specifications;

M Roof rafters have adequate capacity to support proposed solar panel installation, with
reinforcing as may be specified.

M Design forces (based on code provisions for new construction) applied to support
components (rails, mounts), by solar panel arrays, do not exceed design capacities in
product information published by the support component manufacturer, including any
referenced test reports. However, see "Design Capacity Of Rails" for further discussion.

Summary of Conditions

This entire specification must be read to completely understand all conditions.

Rafters supporting roof area RA2 (low roof) do not have adequate capacity to support loads
from solar panels. Based on available information, there is no practical way to reinforce this
roof framing. See page 9 for further discussion.

The following general conditions apply;

GCl. Verify that roof framing members to support solar panels are in good condition,
without obvious damage. Repair any damage per specifications, or consult engineer.

GC2. Verify all dimensions shown on plans.

GC3. Base mounts shall be offset (staggered) as shown on plans.

GC4. Lag screws for base mounts shall be installed into center of roof framing members.
Any damage caused to roof framing members shall be properly repaired.

ALY

John F Mann, PE
GE29049 Page 1 of 24
1212 Main Street
Phone: 732-556-6080 Belmar NJ 07719




102 Dennis Drive Specifications August 31, 2011
Brick NIJ

Ocean County Roof Support Requirements
For Proposed Solar Panels

Background Information

Information about existing roof framing and building conditions has been obtained from
contractor.

These specifications are based on the following information provided by contractor;
M Description of solar panel requirements
M4 Basic details of roof framing (member sizes, arrangement) to support solar panels
M Photos of roof framing (from inside attic space) to support solar panels
Specifications are also based on the following reference information;
M Product information for solar panels (SF220 230W by Hanwha Solar One)
SolarMount Code-Compliant Installation Manual 227.3 by Unirac

M SolarMount Technical Data Sheet, Pub 100602-1td V1.0 June 2010, by Unirac

John F Mann, PE

GE29049 Page 2 of 24
1212 Main Street
Phone: 732-556-6080 Belmar NJ 07719



102 Dennis Drive Specifications August 31, 2011
Brick NJ
Ocean County Roof Support Requirements

For Proposed Solar Panels

Description of Building

Existing wood-framed building is a two-story, single-family residence.

Front wall, facing street, is considered the north wall. Directions right and left are taken as
looking at back (south) wall from outside.

Aerial view of house can be seen by clicking "Satellite" and zooming in on Google map.

]
sa i
H

@ - A

J{imann2010@gmail.com - ¥

Roof Configuration; General Description

Roof configuration includes two gable roof areas and dormer at west end of front slope. Ridge
of each gable is parallel to front wall.

The following roof areas are defined for this discussion;

RA1  Back slope of high roof
RA2  Back slope of low roof

Front and back slopes of each gable roof have different slope angles.

Based on available information, slope of roof area RA1 is estimated to be 7 vertical to 12
horizontal. Slope of RA2 is estimated as 4 vertical to 12 horizontal.

John F Mann, PE
GE29049 Page 3 of 24
1212 Main Street
Phone: 732-556-6080 Belmar NJ 07719



102 Dennis Drive Specifications August 31, 2011
Brick NJ
Ocean County Roof Support Requirements

For Proposed Solar Panels

General Arrangement of Solar Panels

One array / group of solar panels (PA1) shall be installed on the following roof areas;

Panel Array Roof Area
PAl RA1

Dimensions of each solar panel (SF 220 230W by Hanwha Solar One) are 39.37 inches wide by
65.04 inches long. In general, the long dimension of panels may be set parallel or perpendicular
to roof framing members, to allow for maximum number of panels. Panel setup (orientation)
designation is as follows;

PS-Long Long dimension parallel to roof framing members
PS-Short  Short dimension parallel to roof framing members

Each row of panels is to be supported by two (2) rails, with basic spacing (along slope) of 4’-0”
(PS-Long) or 2°-8> (PS-Short). Rail spacing may be reduced to minimum of 3°-6” (PS-Long) or
2°-2” (PS-Short) if required to clear obstructions and with approval of panel manufacturer.

M4 If rail spacing is to be less than minimum basic spacing (3’-6” or 2°-2”), contractor
shall verify that rail spacing is approved by the solar panel manufacturer.

Arrangement of rails and base mounts is shown on “Plan of Rails & Base Mounts” for each
panel array as follows;

PAl PS-Long 16 panels (2 rows of 8 each)
Panels may have to be omitted at or near obstruction from an apparent roof vent.

M Contractor shall verify that number and locations of rails, as shown on attached plans, is
adequate for the proposed solar panels required.

Number of panels installed may be more or less, depending on various factors including
obstructions from elements such as existing chimneys, ventilators and vent pipes.

John F Mann, PE
GE29049 Page 4 of 24
1212 Main Street
Phone: 732-556-6080 Belmar NJ 07719



102 Dennis Drive Specifications August 31, 2011
Brick NJ
Ocean County Roof Support Requirements

For Proposed Solar Panels

Roof Framing

Existing roof framing to support solar panels consists of the following elements;

RA1,RA2  Sawn-lumber rafters; 2x6 at 18 inches
RA1  Attic floor joists running front-to-back, parallel with main rafters; size not
reported. Low ends of rafters are apparently nailed to side face of attic floor
joists, however this must be verified.
RA2  Rafter (collar) ties forming high ceiling over first floor. Height of collar ties
not reported.

Photo 1 - Rafters supporting high roof. Attic floor joists are parallel with rafters.
Contractor to verify condition of plywood roof sheathing where panels are to be installed.

Photo 2 - Looking east in attic space of low roof. Rafters to right support south slope (RA2).
Insulation is on top of high ceiling for room on first floor below.

John F Mann, PE
GE29049 Page 5 of 24
1212 Main Street
Phone: 732-556-6080 Belmar NJ 07719



102 Dennis Drive Specifications August 31, 2011
Brick NJ

Ocean County - Roof Support Requirements
For Proposed Solar Panels

Roof Framing - Basic Conditions of Analysis

Roof framing members are generally analyzed using horizontal span, not sloped length.

For gable roof, with rafters supported on exterior walls, clear span is the horizontal distance
from ridge to inside face of support wall. Two (2) inches is typically added for design span.

When rafters are supported by extended ends of attic floor joists (either on top or alongside),
design span is horizontal distance from ridge to low edge (including overhang), minus 2 inches.

For roof joists supported by interior supports, span is considered center to center of supports.

Existing horizontal span of rafters to support solar panels is based on information provided by
contractor;

Roof Area Horizontal Span
RA1l 104" (to be verified)
RA2 15'-8" (to be verified)

Roofing & Roof Sheathing
Existing roofing consists of asphalt shingles.

Roof sheathing is plywood.

Any damaged roof sheathing should be reinforced from underneath, to prevent more severe
damage during construction and to minimize risk of damage to roofing in the future that could
be difficult to repair once solar panels are installed.

John F Mann, PE
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102 Dennis Drive Specifications August 31, 2011
Brick NIJ

Ocean County Roof Support Requirements
For Proposed Solar Panels

Effect of Solar Panels on Roof Framing

Weight of solar panels marginally increases total permanent (“dead”) load that roof framing
must support.

Weight of solar panels (about 3 pounds per square foot or less) is low compared to other loads
that must be supported by roof framing. However, weight of panels is not applied evenly
(uniformly) to the roof. Panels are supported by brackets or mounts that concentrate load on
roof framing.

For a residential roof, the largest type of gravity (downward) load is generally snow load, as
defined by the governing building code. When solar panels are installed, snow load (on solar
panels) is distributed to the mounts and then to roof framing. '

If mounts are not distributed evenly to roof framing members, total load on framing that must
support mounts will be much greater compared to conditions without solar panels. Therefore,
mounts must be offset (staggered) to distribute load from panels evenly to roof framing
members.

Wind causes uplift pressure on a roof, with or without solar panels. Wind uplift pressure that
would otherwise be applied to the roof surface is assumed to be applied to the surface of solar
panels.

Similar to snow load, wind uplift pressure applied to solar panels is also distributed to mounts
and then to roof framing. Secure connections are required to transfer wind uplift force from
mounts to roof framing.

John F Mann, PE
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102 Dennis Drive Specifications August 31, 2011
Brick NJ
Ocean County Roof Support Requirements

For Proposed Solar Panels

Evaluation of Existing Roof Framing

Evaluation of existing roof framing is based on the following assumptions and conditions;

1.

Sawn-lumber rafters are Spruce-Pine-Fir (SPF), Grade 2 or other wood with similar
design properties, in good condition.

Wood has design properties as specified in the National Design Specification for Wood
Construction, 2005 Edition (NDS-2005).

Connection between low ends of rafters and attic floor joists is adequate to resist
outward horizontal force due to load on roof.

Connection between attic floor joists (and / or rafters) and top plate of wall is adequate
to resist outward horizontal force due to load on roof.

Snow load is assumed to be applied to solar panels as if panels are the roof surface. Snow on
panels is then distributed to roof framing members through rails (that support panels) and base
mounts (that support rails).

Occupancy Category 2 (per ASCE 7-05; Table 1-1) is used for framing analysis. This is the
most usual category, for buildings that are not represented by other categories considered either
low-risk or high-risk.

Existing roof framing has been evaluated for the following loads;

1.

Snow load per standard building code provisions (ASCE 7-05), without installation of
solar panels.

2. Additional weight of solar panels and concentrated gravity (downward) loads from base
mounts when snow is on solar panels. Snow load is per standard building code
provisions (ASCE 7-05).

3. Wind uplift force due to upward wind pressure on solar panels, based on standard code
provisions for wind pressure on roof surfaces.

John F Mann, PE
GE29049 Page 8 of 24
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102 Dennis Drive Specifications August 31, 2011
Brick NJ
Ocean County Roof Support Requirements

For Proposed Solar Panels

Results of Structural Evaluation

For roof area RA1, existing 2x6 rafters have adequate design capacity, based on the key
condition (to be verified) that low ends of rafters are nailed to side face of attic floor joists.

®» For roof area RA2, existing 2x6 rafters do not have adequate design capacity to support
loads from solar panels and snow (on panels) a specified by the building code.

Based on available information, there is no practical way to reinforce rafters for RA2 without
major reconstruction of the roof. If there is an interior wall on first floor, between walls that
support low ends of rafters, it might be feasible to install new support wall in attic space to
shorten horizontal span of rafters.

Resistance to wind uplift force is dependent on connections between rafters (or attic floor
Joists) and top of support walls. There is no information about these connections. However, due
to additional weight of solar panels, wind uplift forces at ends of roof framing members are
expected to be less than wind uplift forces for existing conditions (without solar panels).

Resistance To Wind Uplift

Resistance to wind uplift force is dependent on connections between roof trusses and top of
support walls. There is no information about these connections. However, due to additional
weight of solar panels, wind uplift forces at ends of roof framing members are expected to be
less than wind uplift forces for existing conditions (without solar panels).

Connections; Base Mounts to Roof Framing
Design of connections between base mounts and roof framing members is based on the key

assumption that wind uplift pressures on solar panels will be essentially the same as wind uplift
pressures on the existing roof without solar panels.

Design Capacity of SolarMount Rails (Strong-axis)

Strong-axis design capacity of SolarMount rails (also termed "beams" by Unirac) is determined
by reference to the following;

M Table 8 (page 12) in SolarMount Installation Manual 227.3
M Table of rail properties (page 4) in SolarMount Data Sheet

Table 8 allows for rail selection based on span length and uniform loading.

John F Mann, PE
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102 Dennis Drive Specifications August 31, 2011
Brick NJ
Ocean County Roof Support Requirements

For Proposed Solar Panels

Evaluation of SolarMount Rail Load Capacity per Installation Manual

Load capacity for SolarMount rails (per requirements of SolarMount Installation Manual) is not
completely representative of actual installed conditions expected for the sloped roof, as
described below.

Verification of load capacity for SolarMount rails shall be provided by rail manufacturer
(Unirac), as may be required by Conditions of Certification.

The following effects can be expected due to differences between conditions of product
information (on level surface) and installed conditions (on sloped roof).

1. For sloped roof, uniform gravity load (such as weight of snow on panels) applies lateral
force to the rail (parallel to roof slope) in addition to “normal” force, acting
perpendicular to roof surface. These two load components result in biaxial bending of
the rail, which has not been addressed by rail manufacturer.

2. Installed rails will be continuous over numerous supports. Such condition can greatly
reduce deflection of the rail, compared to "simple-span" condition used for load testing.

3. Wind uplift pressure is variable (non-uniform) in both time and space. Constant uniform
loading used for testing wind uplift capacity is likely to be very conservative.

For typical roof slopes, normal force (perpendicular to roof surface) and lateral force (parallel
to roof surface) are listed below, as percent of vertically-acting gravity load.

Slope Slope Angle Normal Lateral

Vert : Horz From Horizontal Force Force
3:12 14.0 degrees 97 ‘ 24
4:12 18.4 degrees 95 32
5:12 22.6 degrees 92 38
6:12 26.6 degrees 89 45
7:12 30.3 degrees 86 50
8§:12 33.7 degrees 83 55
9:12 36.9 degrees 80 60
10:12 39.8 degrees 77 64
12:12 45.0 degrees 71 71

Rail design forces are specified in Conditions of Certification ("Rails & Mounts; Verification
of Design Capacity™)

John F Mann, PE
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102 Dennis Drive Specifications August 31, 2011
Brick NJ
Ocean County Roof Support Requirements

For Proposed Solar Panels

Design Capacity of Rails

Weight of snow on solar panels, along with weight of solar panels, acts in the vertical direction.

When applied to a sloped roof surface, a vertical force can be considered to have two
components; a "normal" component, perpendicular to roof surface, and a lateral component,
parallel to roof surface. Of course, these two force components, when added as vectors, always
must equal the vertical force.

Normal-force component is also perpendicular to the transverse ("strong") axis of the rail,
resulting in strong-axis bending. Load capacity information published by rail manufacturer is
for strong-axis bending capacity of the rail.

However, lateral force component is parallel to strong axis of the rail, resulting in weak-axis
bending. Similar to all other manufacturers of solar panel support rails known at this time, rail
manufacturer has not published any information to allow for determination of weak-axis
bending capacity.

Based on information about rails published by manufacturer, proposed rails have adequate
capacity to resist component of design snow load perpendicular to roof surface as well as wind
uplift load, which acts perpendicular to roof surface per code definition.

As shown in table above, lateral-force component increases with roof slope. For roof slope of 6
on 12, lateral-force component is 50-percent of the normal-force component. If, as is likely,
weak-axis bending capacity of rail is much less than strong-axis capacity, the weak-axis
bending stress can be significant, potentially resulting in excessive "biaxial" stress.

When connected to each pair of rails, solar panels may act as a structural plate element
(“diaphragm”), tending to prevent lateral deflection and weak-axis bending of rails. However,
no test data from this or any other rail manufacturer is known at this time that might validate
such effect.

Even if solar panels act as a diaphragm (eliminating or reducing weak-axis bending of rails),
lateral force is always applied to base mounts.

At this time, there are no known practical problems due to inadequate weak-axis bending
capacity of rails.

M However, due to lack of any information about weak-axis bending capacity, engineer
certifies only strong axis design capacity for rails.

John F Mann, PE
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102 Dennis Drive Specifications August 31, 2011
Brick NJ
Ocean County Roof Support Requirements

For Proposed Solar Panels

Contractor or owner should consider submitting (to rail manufacturer) request for written
verification that rails have design capacity to resist design forces (per these specifications) that
produce combined normal-force and lateral-force components.

L-Bracket Mounting System

Evaluation of the Unirac L-bracket ("L-foot") mounting system is based on information in the
SolarMount Technical Data Sheet (page 3).

SolarMount rails are bolted directly to vertical leg of the L-bracket mounts.

Allowable load parallel to roof surface (perpendicular to rails) is the Transverse force
(misspelled Traverse by Unirac) in the table. For service load design (without load factors), the
"Allowable Load" of 213 pounds is applicable.

John F Mann, PE

GE29049 Page 12 of 24
1212 Main Street
Phone: 732-556-6080 Belmar NJ 07719



102 Dennis Drive Specifications August 31, 2011
Brick NJ

Ocean County Roof Support Requirements
For Proposed Solar Panels

Conditions of Certification

Contractor shall provide owner with these Specifications and any other drawings or documents
provided by engineer, as referenced in these Specifications.

M Contractor shall make owner aware of any requirements that may be specified for the
owner. Contractor shall make all such requirements a condition of the contract between
contractor and owner, or shall take responsibility for making other arrangements to have
others perform such requirements.

The following conditions of certification are described in these specifications;

Solar Panel System Design

Intent and Scope of Engineering Certification

Design Details

Prevention of Roof Leaks

Rails & Mounts; Verification of Design Capacity
Evaluation of Existing Roof Framing For Wind Uplift
Support Requirements for Solar Panels

Additional Inspection & Reinforcement of Roof Framing
. Design for Gravity Loads

10. Design for Wind Loads

11. Design Capacity of Lag Screws

12. Roof Sheathing

13. Roof Vent Pipes & Obstructions

N

1- Solar Panel System Design

Design of system configuration, including number and size of panels, electric supply and
arrangement of various components, shall be provided by owner as required by the
Construction Official.

Solar panels shall be installed on existing roof areas as shown on plans provided by contractor.

Design of solar panels, support rails, base mounts and other system components shall be
responsibility of applicable manufacturer.

John F Mann, PE
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Brick NJ

Ocean County Roof Support Requirements
For Proposed Solar Panels

2- Intent and Scope of Engineering Certification

Engineering certification of roof framing does not include detailed structural analysis of the
entire roof framing system or of building elements that support roof framing.

For this evaluation, “roof framing” is considered to consist of rafters and, if applicable, ridge
beam and hip beams.

Intent and scope of certification is limited to the following;
™ For roof framing to support solar panels, determine (by calculation) the following;

1. Load capacity using provisions of building code for new construction, modified as
appropriate, and conservative assumptions about material properties.

2. Required load capacity based on; (1) Design loads specified by building code (for
new construction), (2) Weight of solar panels and (3) Arrangement of solar panel
support system (rails + base mounts) as required by these specifications and
attached “Plan of Rails & Base Mounts”. Snow load is considered to be applied to
solar panels as if solar panels are the roof surface.

M If calculated Joad capacity is less than required capacity, develop requirements for
remedial work to reinforce existing roof framing, if practically feasible. Otherwise,
inform contractor that installation of solar panels is not recommended.

4 Determine maximum base mount spacing (along panel support rail) based on rail design
capacity (or test report information) provided by rail manufacturer. However, conditions
to this certification may apply, especially if manufacturer has not provided design
capacity for sloped roof conditions.

M Provide limited evaluation of existing roof framing conditions to determine if there are
any major existing defects, such as decay damage (from water) or improper
modifications (such as for skylights). Owner and contractor are responsible for detailed
inspection of existing conditions.

M Determine requirements for connection of rail supports to roof framing to provide
adequate capacity to resist wind uplift forces, based on code-specified wind pressures
for new construction.

John F Mann, PE
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Ocean County Roof Support Requirements

For Proposed Solar Panels

3- Design Details

The following design details are attached to these specifications;
1. Plan of Rails & Base Mounts - PA1

Contractor shall verify dimensions and conditions shown on Plan of Rails & Base Mounts,
especially framing for dormers and skylights (if applicable for roof slope to support panels).
Report significant differences for actual conditions to engineer to allow for evaluation, as
appropriate.

M If actual sloped dimension of roof area is less than sloped dimension shown on plan,
the number of solar panels may have to be reduced. Contractor shall verify dimensions
before completing design of solar panel system.

4 — Prevention of Roof Leaks

Contractor and owner are completely responsible for the following;

1. Design of methods used to prevent roof leaks
2. Evaluation of roofing

John F Mann, PE
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Brick NJ

Ocean County Roof Support Requirements
For Proposed Solar Panels

5- Rails & Mounts; Verification of Design Capacity

Unit design loads for rails are as follows;
Snow Load; Unbalanced condition 53 PLF (Perpendicular to roof surface)
33 PLF (Parallel to roof surface)
Wind Uplift; Components & Cladding 71 PLF (Perpendicular to roof surface; Rail R1)

For snow load, both design forces act simultaneously. Weight of solar panels has been
included.

Wind uplift includes offset from weight of solar panels (taken as 2 psf).

M Based on Table 8 and analysis of rail stresses (using published design properties),
standard rails have adequate capacity to resist design loads.

For rail support angle (L-bracket) spaced at 4'-6", the following design forces and allowable
loads are applicable (RA1);

Design Allowable
Force Load
Snow; perpendicular to roof surface 239 lbs 1,3251bs OK
Snow; parallel to roof surface 148 lbs 2131bs OK
Wind uplift 320 lbs 7071bs OK

Design forces for RA2 are essentially the same.

See Section 11 for shear capacity of lag screw connecting base mount to roof framing.
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Ocean County Roof Support Requirements
For Proposed Solar Panels

6 - Evaluation of Existing Roof Framing For Wind Uplift

Roof framing must resist wind uplift pressure on roof (and solar panel) surfaces. Engineer has
not evaluated capacity of connections between framing members and supports to resist code-
specified wind uplift pressures.

If building design plans are available, plans could be reviewed to evaluate specified
connections. However, some inspection would be required to verify that as-built connections
were made as specified on plans.

The alternative would be to remove finish materials (and perhaps exterior wall sheathing) along
each support to allow for inspection and evaluation.

7 - Support Requirements for Solar Panels

Installed weight of solar panel shall not exceed 3 psf over area of solar panel. Contractor shall
supply certification of panel weight from manufacturer to owner and Construction Official.

Panels shall be supported on SolarMount aluminum rails manufactured by Unirac; see
Installation Manual for complete details.

Connection of rails to roof must distribute the following forces to roof framing;

M Weight of solar panels
M Weight of snow on panels
M Wind uplift pressure applied to panels

A base mount (L-bracket or angle) supports rails directly. Base mount is connected to roof
framing members using a single lag screw. Base mounts shall be located per general
description in these specifications or per plan of base mounts if provided.

M If a plan of base mounts is attached, base mounts shall be located as shown on such
plan, which takes precedence over general description in these specifications.

Each row of solar panels shall be supported on two rails running perpendicular (across) roof
framing members.
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Rails shall be connected to existing roof framing members as specified below;

1. For each rail, base mounts shall be installed above roof framing members at locations
shown on plan of rails and base mounts.

General guidelines are as follows;

End of each rail may cantilever past the base mount a maximum of 16 inches or as
specified by the rail system manufacturer, whichever is less.

Each Rail - End of rail + As shown Plan of Rails & Base Mounts
Except as shown on Plan of Rails & Base Mounts, base mounts on adjacent rails must

be offset (staggered) so that the base mount for one rail is not on the same roof framing
member as the base mount for the adjacent rail.

2. Owner and contractor are responsible for ensuring that base mount manufacturer has
designed connections to be installed on existing roof such as to prevent roof leaks with
proper installation. Owner and contractor are responsible for proper installation and all
sealing necessary to prevent roof leaks. Owner shall submit any design details, showing
how roofing is to be protected, that may be required by the Construction Official.

3. Each mounting assembly shall be connected to top of roof framing member using one
lag screw; 5/16 inch diameter by 3-inch minimum (for Unirac L-bracket).

4. Each lag screw must be installed as close as feasible to center of 1-1/2 inch thick roof
joist. Minimum edge distance, from center of lag screw to edge of wood member, is 1/2
inch.

5. If roof framing member is not straight (bowing sideways), it may be necessary to install
a ledger board up against the joist to provide sufficient solid wood for installing lag
screws. Such ledger board shall be connected to the framing member with #8 wood
screws spaced at 4 inches maximum. For nominal two inch thick ledger board up
against nominal two inch thick framing member, screws shall be 3 inches long. Screws
shall extend at least 1.25 inches into roof member. However, if roof member is bowing
significantly, owner should also have additional engineering evaluation performed.
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6. Any lag screws that split wood support member (rafter, roof joist, truss top chord) shall
be removed. For minor splits, wood support members shall be reinforced with new,
nominal two inch thick wood sections on each side. The mount shall be relocated so that
a new lag screw is installed into new wood. Each section of new wood shall be at least 4
feet long, centered on the split location, and screwed to side of rafter with six (6) #8
wood screws.

7. Any major splits of wood framing members require more extensive repairs. Consult
engineer for requirements.

8 — Additional Inspection & Reinforcement of Roof Framing

Contractor shall perform additional inspection as may be required to verify the assumed
conditions (if any) listed for “Evaluation of Existing Roof Framing”.

Contractor shall inspect underside of roof sheathing from inside attic space to determine extent
of any damaged roof sheathing to be reinforced with new plywood between rafters. Install
ledger boards (nailed to rafters) under edges of reinforcement sheathing. At vent pipe, install
two strips of plywood, one on each side of pipe.

For any rafters with long or wide splits (especially splits through bottom edge of rafter), install
reinforcement board (of same size as rafter) alongside, connected to rafter with wood screws
(10 gage x 3 inch) spaced at 10 inches. High end of reinforcement shall extend to ridge board.
Low end of reinforcement shall extend at least 3 feet past low end of the split or other damage,
or as close as feasible to low end of rafter.

For any wide gaps between high end of rafter and ridge board, install light-gage steel joist
hanger, using short 8d x 1-1/2 inch nails. As alternative to joist hanger, a reinforcement board
(at least 3 feet long) may be installed, connected to rafter, with high end tight to ridge board.
Connect reinforcement board to ridge board with light-gage steel A35 framing angle.
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9 - Design for Gravity Loads

Design dead loads are based on actual weight of materials (if known) or standard assumed
weights per building code provisions.

Weight of solar panels is per product data sheet provided by contractor.
Dead Load 5 psf (roofing + roof sheathing)
Weight of solar panels 3 psf

For determination of snow load, the roof slope to support solar panels has been considered part
of a simple gable roof. Therefore, unbalanced snow load is applicable.

Design live loads listed below are based on applicable provisions of the UCC (Rehabilitation
subcode) and building subcode (IRC 2009).

Ground Snow Load 20 psf (per UCC Bulletin 94-8)

Importance Factor 1.0 (ASCE 7-05; Table 7-4)
Exposure Factor, Ce 0.9
Thermal Factor, Ct 1.1

Sloped Roof Snow Load; uniform 13.9 psf (asphalt shingle surface)
9.2 psf (slippery glass surface)

Unbalanced Snow Load (RA1)
Leeward slope; uniform 20.0 psf (slippery glass surface)
Surcharge 0.0 psf (in addition to uniform pressure)
Length of surcharge 0.0 feet (heading down from ridge)

Minimum Live Load 16.0 psf (IRC 2009 NJ; Table R301.6)

Glass surface of solar panels qualifies as “slippery” per ASCE 7-05 (7.4), which reduces sloped
roof snow load for balanced conditions, per code provisions.

However, for unbalanced snow loading, slippery roof surface does not decrease snow load
unless horizontal length of slope (W; eave to ridge) is greater than 20 feet. For this house,
maximum W (for RA2), about 16.5 feet, is less than 20 feet, such that unbalanced snow load
may not be reduced for slippery surface.
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10 - Design for Wind Loads

Basic Wind Speed (3-second gust)
Exposure Category
Mean Roof Height

115 mph (per UCC Bulletin 03-4)

B
25 feet

Wind uplift pressures (gross) on roof surface (solar panels) per ASCE 7-05 (Figure 6-3);

Roof Slope

Effective Wind Area
Adjustment Factor

Zone 1; C-C
Zone 2; C-C
Zone 3; C-C

For further discussion, the term “row” is taken to be parallel with ridge. The term “column” is

taken to be perpendicular to ridge.

32.0 degrees (RA1)
16.0 degrees (RA2)

10 sf
1.00

RA1 RA2
23.8 psf 21.8 psf
27.9 psf. 38.0 psf
27.9 psf 56.2 psf

Each pair of rails resists wind force from one row of solar panels (parallel to ridge).

Net uplift force is based on 2 psf for weight of panels, subtracted from gross uplift pressure.

Zone 2 uplift pressures are applicable within each “edge strip”, which occurs along; (1) Each
end of the roof, (2) Each side of ridge, (3) Each low edge (eave), and (4) Each side of any hip

or valley line.

Zone 3 uplift pressures are applicable where edge strips overlap, generally at corners of each

roof surface.

Width of each edge strip is per standard code provisions (minimum 3.0 feet).
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For calculating wind uplift forces on base mounts, the following conditions are defined;

Condition 1 — Tributary uplift pressures from Zone 1 only. This condition typically occurs only
when an outer edge of the panel array is not within the edge strip, or when an array includes
more than 4 rows of base mounts.

Condition 2A — Base mounts along ridge and eave subject to edge strip pressures. Tributary
uplift pressure is typically from Zone 1 and Zone 2.

Condition 2B — Column of base mounts nearest to end of roof, if subject to edge strip pressures.
Tributary pressure is typically from Zone 1 and Zone 2.

Condition 3 — Base mounts subject to Zone 3 pressure.
Net wind uplift forces to be resisted by base mounts are listed below for row of base mounts.

For each panel array, rails are designated from upper rail nearest to ridge (R1) to lower rail.
Distance below ridge is approximate, along the roof slope.
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Base Mount Uplift Forces (ILbs) —PA1 (16 panels)

Length of panels (along slope) = 10-10" 2 @ 5-5™)
Rail spacing (along slope) = 4'-0" (2 rows; 4 rails)
Length of roof slope = 12°-4” (to be verified)
Ridge to rail R1 = 0’-9”

Base mount spacing; (along rail, for calculation purposes only)
Rails R1-R4 = 54 inches (maximum)

** Not Applicable

Distance Condition Condition Condition Condition
Rail _Below Ridge 1 2A 2B 3
R1 0.75 &t *x 310 ** 321
R2 4.75 ft *ok 276 287 ok
R3 6.17 ft 266 ** 277 **
R4 10.17 ft 266 *% 277 *k

4 For each rail, maximum net uplift force (base mounts) is less than design pullout

capacity (512 lbs) for specified lag screws (5/16" dia; 3-inch minimum length for
Unirac L-bracket).

I For each panel array, required base mount spacing is specified on Plan of Rails & Base
Mounts. Specified base mount spacing may be less than the maximum spacing listed
above to ensure proper distribution of load to roof framing members.
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11 — Design Capacity of Lag Screws

Design capacity of lag screws (5/16-inch) is based on the following conditions;
M Rafter is Spruce-Pine-Fir (SPF) or Hem-Fir wood
[ Standard lag screw thread configuration and steel properties per ANSI B18.2.1
M Penetration of lag screw thread into wood rafter is at least 1.75 inches
M Lag screw installed into center of rafter thickness. Edge distance of 1/2-inch minimum.
M Load Duration Factor for wind (per NDS-05) = 1.6
Design pullout capacity of lag screw = 512 Ibs
For increased penetration into rafter (such as for longer lag screw), pullout capacity is greater.
12 - Roof Sheathing
Roof sheathing shall be in good condition, without any obvious damage or decay.

Roof sheathing must have adequate connection to roof framing members to ensure that framing
members have proper lateral bracing.

Contractor shall inspect roof sheathing from inside the attic space.

For roof sheathing that will be under proposed solar panels, any damage shall be repaired prior
to installation of panels.

13 — Roof Vent Pipes & Obstructions

Contractor and owner shall determine how to handle obstructions caused by roof vent pipes and
other obstructions, such as ventilators.
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