
56 Prospect Street, 
P.O. Box 270 
Hartford, CT 06103 

Kathleen M. Shanley 

Manager – Transmission Siting 
Tel:  (860) 728-4527  

January 8, 2021 

Melanie A. Bachman  

Executive Director  
Connecticut Siting Council 

10 Franklin Square  

New Britain, CT 06051  

RE: Notice of Exempt Modification  
Eversource Site Hartford AWC  
410 Sheldon Street, Hartford, CT 06106 
Latitude: 41-45-32.71 N / Longitude: 72-39-57.22 W 

Dear Ms. Bachman: 

The Connecticut Light and Power Company doing business as Eversource Energy (“Eversource”) 
currently maintains multiple antennas mounted at various elevations on an existing 41-foot 9-inch tall 
tower1 located on the rooftop of the Eversource Hartford Area Work Center located at 410 Sheldon 
Street in Hartford, CT. See Attachment A, Parcel Map and Property Card. The building and property are 
owned by Eversource. Eversource plans to install one 18-foot 6-inch tall omni-directional antenna on the 
existing tower mounted at 94-feet above ground level (“AGL”); the top of the antenna will extend to 
approximately 112-feet 6-inches. Two 7/8-inch diameter coaxial cables will be routed from the antenna 
into the existing building where it will terminate in an existing communications room. Two existing 
antennas will be relocated from 94-foot and 72-foot mounting heights to two new mounts at 72-feet 
AGL and 60.5-feet AGL. All three antennas will be mounted to the existing tower on new 4-foot stand-off 
mounts. See Attachment B, Mount Analysis. There will be no ground disturbance and no changes to the 
building, tower or the existing antennas and equipment. The existing and proposed antennas on the 
tower are depicted on Attachment C, Construction Drawings, dated November 4, 2020. The tower, a 
replacement for a previously existing rooftop tower, was approved by the Connecticut Siting Council on 
Petition No. 1026 in March 2012. 

The proposed installation is part of Eversource’s program to update the current obsolete analog 
voice radio communications system to a modern digital voice communications system. The new system 
will enable the highest level of voice communications under all operating conditions, including during 
critical emergency and storm restoration activities. The new radio system will also provide for remote 
control of distribution safety equipment.  

1 The top of the tower is 97-feet 3-inches AGL. 



2 

Please accept this letter as notification pursuant to Regulations of Connecticut State Agencies 
(“R.C.S.A.”)  §16-50j-73, for construction that constitutes an exempt modification pursuant to R.C.S.A § 
16-50j-72(b)(2). In accordance with R.C.S.A. § 16-50j-73, a copy of this notice is being delivered to Luke
A. Bronin, Mayor for the City of Hartford, and Aimee Chambers, AICP, Director of Planning for the City of
Hartford via private carrier.  Proof of delivery is attached.  See Attachment D, Proof of Delivery of
Notice.

The planned modifications to the facility fall squarely within those activities explicitly provided 
for in R.C.S.A. § 16-50j-72(b)(2):  

1. There will be no change to the height of the existing tower.
2. The proposed modifications will not require the extension of the site boundary.
3. The proposed modification will not increase noise levels at the facility by six decibels or more, or

to levels that exceed state and local criteria.
4. The operation of the new antenna will not increase radio frequency emissions at the facility to a

level at or above the Federal Communications Commission safety standard as shown in the
attached Radio Frequency Emissions Report, dated November 23, 2020 (Attachment E – Power
Density Report).

5. The proposed modifications will not cause a change or alteration in the physical or
environmental characteristics of the site.

6. The existing tower and building can support the proposed loading as shown in the attached
Structural Analyses. (Attachment F – Structural Analysis of Existing Building and Attachment G –
Structural Analysis of Existing Tower).

For the foregoing reasons, Eversource respectfully submits that the proposed modifications to 
the above referenced telecommunications facility constitute an exempt modification under R.C.S.A. § 
16-50j-72(b)(2).  Two copies of this notice and a check in the amount of $625 are enclosed.

Communications regarding this Notice of Exempt Modification should be directed to Kathleen 
Shanley at (860) 728-4527. 

By: _______________________________ 
Kathleen M. Shanley 
Manager – Transmission Siting 

cc: Honorable Luke A. Bronin, Mayor, City of Hartford 
Aimee Chambers, AICP, Director of Planning, City of Hartford 

Attachments 
A. Parcel Map and Property Card
B. Mount Analysis
C. Construction Drawings
D. Proof of Delivery of Notice
E. Power Density Report
F. Structural Analysis of Existing Building
G. Structural Analysis of Existing Tower



 

  

 

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT A – PARCEL MAP AND PROPERTY CARD 



4/24/2020Date Printed:City of Hartford GIS Services - HartfordGIS
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The planimetric and topographic information depicted on this map was compiled by The Sanbor Map Company and is based on an aerial 

flight performed in April 2015. In addition, the City's GIS staff has been updating limited planimetric features on a yearly basis. The intent of 

this map is to depict a graphical representation of real property information relative to the planimetric features for the City of Hartford and 

is subject to change as a more accurate survey may disclose. The City of Hartford and the mapping company assume no legal 

responsibility for the information contained in this data. THIS MAP IS NOT TO BE USED FOR THE TRANSFER OF PROPERTY
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4/24/2020 Unofficial Property Record Card

assessor1.hartford.gov/RecordCard.asp 1/1

Unofficial Property Record Card - Hartford, CT
General Property Data

Parcel ID  294-077-085 Account Number
Prior Parcel ID  

Property Owner  CONN LIGHT & POWER CO Property Location 400-410 SHELDON ST
Property Use OTHER UTILTY

Mailing Address PO BOX 270 Most Recent Sale Date 7/2/1982
Legal Reference 01977 0129

City HARTFORD Grantor
Mailing State CT Zip 06141-0270 Sale Price 0
ParcelZoning CT R Land Area 263,538.000 acres

Current Property Assessment

Card 1 Value Building Value 0 Xtra Features
Value 0 Land Value 0 Total Value 0

Total Parcel
Value Building Value 0 Xtra Features

Value 0 Land Value 0 Total Value 0

Building Description
Building Style OFFICE/WHS Foundation Type Concrete Flooring Type COMBINATION

# of Living Units 0 Frame Type Fireproof Basement Floor CONCRETE
Year Built 1930 Roof Structure FLAT Heating Type Warm Air

Building Grade Average + Roof Cover Tar & Gravel Heating Fuel Gas
Building Condition N/A Siding Brick Air Conditioning 47%
Finished Area (SF) N/A Interior Walls DRYWALL # of Bsmt Garages 0

Number Rooms 0 # of Bedrooms 0 # of Full Baths 0
# of 3/4 Baths 0 # of 1/2 Baths 0 # of Other Fixtures 0

Legal Description

Narrative Description of Property
This property contains 263,538.000 acres of land mainly classified as OTHER UTILTY with a(n) OFFICE/WHS style building, built about 1930 , having
Brick exterior and Tar & Gravel roof cover, with 0 commercial unit(s) and 0 residential unit(s), 0 room(s), 0 bedroom(s), 0 bath(s), 0 half bath(s).

Property Images

Disclaimer: This information is believed to be correct but is subject to change and is not warranteed.



 

  

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT B – MOUNT ANALYSIS 



  

 

  BLACK & VEATCH CORPORATION 
   6800 W 115TH ST, SUITE 2292, OVERLAND PARK, KS 66211 

    +1 913-458-2522 | RILEYJJ@BV.COM  

 

www.bv.com  

November 30, 2020      

MOUNT EVALUATION LETTER 

 

Site Number: ES-090 

Site Name: HARTFORD AWC 

Site Data: 410 Sheldon St. 

 Hartford, CT 06106 

Latitude:  41° 45’ 32.71” 

Longitude:  -72° 39’ 57.22” 

 

Black & Veatch Corporation is pleased to submit this “Mount Evaluation Letter” to determine the structural integrity of antenna 

mounting system on the above-mentioned site. The purpose of this evaluation is to determine the capacity of the system in supporting 

the final loading in the attached “Loading Summary”. 

 

Proposed Mounting System 

                                                                          Custom Omni Stand-off Frame 

 

Based on our evaluation we have determined the proposed antenna mounting system to be: SUFFICIENT 

Structure Rating (max from all components) = 80.4% 

 

Black & Veatch recommends installing the omni mount in accordance with the attached Black & Veatch Drawing “ANTENNA 

EQUIPMENT (C-4)”.  If the mount is not installed as specified, this evaluation should be considered invalid. This analysis analyzes the 

worst-case scenario for the proposed custom omni stand-off frame. All levels are deemed sufficient. The proposed mounting system 

will be capable of supporting the proposed equipment, under the assumptions described in Section 4 of the report and the following 

conditions: 

 

• Contractor shall be responsible for the means and methods of construction. 

• Contractor shall inspect the condition of all existing and proposed structural members, all relevant members and connections 

and report any deficiencies to the engineer prior to installation of any new antennas and other equipment. 

 

The scope of this evaluation pertains only to the proposed antenna mounting system and does not include examination of the loads 

imparted by the antenna mounting system to the existing tower and its structural components. This document was prepared based on 

information provided to Black & Veatch. If existing conditions do not reflect those represented, this analysis is no longer valid. 

 

Please contact Josh Riley in our Overland Park Office 

at 913-458-2522 if you have any questions or comments. 

 

Sincerely,  

Black & Veatch Corporation 

 

Prepared By:  Joohwan Jung 

Submitted By: Josh Riley, P.E. 

 

11/30/2020
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HARTFORD AWC

BLACK & VEATCH

    1. LOADING SUMMARY

1

1

1

November 24, 2020

Appurtenance 

Carrier Position Sector
Antenna RAD 

Center (ft)

Mount 

Centerline (ft)
Type Manufacturer Model

Eversource 1 - 103.3 94

Qty

Omni dbSpectra DS2C03P36D-D

Eversource 1 - 78 72 Omni Kreco CO-41A

66.5 60.5 Omni Kreco CO-41AEversource 1 -

This analysis analyzes the worst-case scenario for the proposed custom omni stand-off frame. All levels are deemed sufficient.



HARTFORD AWC

BLACK & VEATCH

    2. ANALYSIS CRITERIA SUMMARY

STANDARD TIA-222-H

WIND SPEED Ultimate of 135 mph

WIND SPEED WITH ICE 50 mph with 2" radial ice thickness

EXPOSURE CATEGORY C

RISK CATEGORY III

TOPO CATEGORY Flat

CREST HEIGHT N/A

SPECTRAL RESPONSE FACTORS, Ss & S1 0.18 g & 0.064 g

    3. REFERENCES
• American Institute of Steel Construction, AISC 15th Edition

• Telecommunications Industry Association Standard, TIA-222-H & 2018 Connecticut State Building Code

    4. ASSUMPTIONS

•

•

•

•

• Steel grades have been assumed as follows, unless noted otherwise:

Channel, Solid Round, Angle, Plate ASTM A36 (GR 36)

HSS (Rectangular) ASTM 500 (GR B-46)

Pipe   ASTM A53 (GR B-35)

Connection Bolts ASTM A325

The configuration of antennas, mounts, and other appurtenances are as specified in the Loading Summary and the 

referenced drawings.

All member connections are assumed to have been designed to meet or exceed the load carrying capacity of the connected 

member unless otherwise specified in this report.

Sector frame center line: located equidistant between top & bottom boom; Platform center line: located at the base 

perimeter of platform, unless otherwise specified.

This analysis may be affected if any assumptions are not valid or have been made in error. Black & Veatch should be notified to 

determine the effect on the structural integrity of the antenna mounting system.

The antenna mounting system was properly fabricated, installed and maintained in good condition in 

accordance with its original design and manufacturer's specifications.

ANALYSIS CRITERIA

November 24, 2020



HARTFORD AWC

BLACK & VEATCH

    5. RESULTS SUMMARY

*Von Mises SR = (Max Von Mises Value From RISA-3D)/(0.9*Fy)

**Capacity rating per TIA-222-H Section 15.5.

Bending Stress Ratio

Pass Pass

Shear Stress Ratio

Pass72.3% Pass

Horizontal Member: HSS2.375X0.154 80.4% 11.7%

Name

78.1%Mount Pipe: Pipe 2.0 Std

November 24, 2020



HARTFORD AWC

BLACK & VEATCH

November 24, 2020

APPENDIX 1:
MOUNT ANALYSIS REPORT



Client: Eversource Computed By: Joohwan Jung

Site Name: HARTFORD AWC (ES-090) Date:

Verified By: JW

BLACK & VEATCH Title: MOUNT ANALYSIS REPORT Date:

   Dead and Live Loads

Maintenance Live Load: LV = 250 lb

Installation Live Load: LM = 500 lb

DS2C03P36D-D

Appurtenance Dead Loads

Name

75

11/24/2020

11/24/2020

Weight 

(lb)



Client: Eversource Computed By: Joohwan Jung

Site Name: HARTFORD AWC (ES-090) Date:

Verified By: JW

BLACK & VEATCH Title: MOUNT ANALYSIS REPORT Date:

   Appurtenance Wind Loading Equations TIA-222-H

Exposure Category = Kz = 2.01 (z / zg) 
2/α 2.6.5.2

Risk Category = 

Topographic Category = Kh = e (f · z /H) 2.6.6.2.1

Basic Wind Speed, V = mph

Height Above Ground, z = ft Kzt = [1 + KcKt / Kh]2 2.6.6.2.1

Crest Height, H = ft
Velocity Pressure Coefficient, Kz = Ke = e-0.000032*Zs

2.6.8
Topographic Factor, Kzt = 

Wind Directionality Factor, Kd = qz = 0.00256 KzKztKeKdV2
2.6.11.6

Shielding Factor, Ka = 

Ground Elevation Factor, Ke = FA = qzGh(EPA) 2.6.11.2
Wind Velocity Pressure, qz = psf

Gust Effect Factor, Gh = FM = qzGhCfDp 2.6.11.2

Ca Ca

2.00 2.00468.81 468.810.25 8.33

EPA FT2

56.31

0.25

Normal

C

III

1

135

Height

(ft)

103.3

N/A

18.50

FA (lb)

1.27

8.33

1.00

DS2C03P36D-D

0.95

Name
Width

(ft)

Tangential 

EPA FT2

0.997

Appurtenance Wind Loads

0.90

1.00

Depth

(ft)

11/24/2020

FA (lb)

11/24/2020



Client: Eversource Computed By: Joohwan Jung

Site Name: HARTFORD AWC (ES-090) Date:

Verified By: JW

BLACK & VEATCH Title: MOUNT ANALYSIS REPORT Date:

   Member Wind Loading Equations TIA-222-H
Exposure Category = Kz = 2.01 (z / zg) 

2/α 2.6.5.2

Risk Category = 

Topographic Category = Kh = e (f · z /H) 2.6.6.2.1

Basic Wind Speed, V = mph

Height Above Ground, z = ft Kzt = [1 + KcKt / Kh]2 2.6.6.2.1

Crest Height, H = ft
Velocity Pressure Coefficient, Kz = Ke = e-0.000032*Zs

2.6.8
Topographic Factor, Kzt = 

Wind Directionality Factor, Kd = qz = 0.00256 KzKztKeKdV2
2.6.11.6

Shielding Factor, Ka = 

Ground Elevation Factor, Ke = FA = qzGh(EPA) 2.6.11.2
Wind Velocity Pressure, qz = psf

Gust Effect Factor, Gh = FM = qzGhCfDp 2.6.11.2

1.2

1.2

11/24/2020

13.40

11/24/2020

13.370.20

0.200.20

0.95

CfName
Width             

(ft)

1.00

0.997

56.31

0.90

Depth               

(ft)

FM                  

(lb)

C

0.20

III

1

1.27

Dp                                    

(ft)

Member Wind Loads

1.00

Mount Pipe: Pipe 2.0 Std

Horizontal Member: HSS2.375X0.154

135

103.3

N/A



Client: Eversource Computed By: Joohwan Jung

Site Name: HARTFORD AWC (ES-090) Date:

Verified By: JW

BLACK & VEATCH Title: MOUNT ANALYSIS REPORT Date:

   Appurtenance Ice Dead Loading Equations TIA-222-H

Exposure Category = 

Risk Category = Kh = e (f · z /H) 2.6.6.2.1

Topographic Category = 

Height Above Ground, z = ft Kzt = [1 + KcKt / Kh]2 2.6.6.2.1

Crest Height, H = ft
Design Ice Thickness, Ti = in Kiz = (z/33)0.10

2.6.10

Importance Factor, I = 
Topographic Factor, Kzt = Tiz = TiI Kiz(Kzt)

0.35
2.6.10

Height Escalation Factor, Kiz = 

Factored Ice Thickness, Tiz = in DLice=[(Hice*Dice*Wice) - (H*W*D)]*56pcf

Grating Ice Dead Load, DGice = psf

424.950.68

Vice                         

(ft3)

Depth w/ ice

(ft)

11/24/2020

DLice       

(lb)

18.93

C

2.00

1.15

11/24/2020

Width w/ice

(ft)

DS2C03P36D-D

2.58

1

103.3

N/A

1.00

1.12

Height w/ ice  

(ft)

Appurtenance Ice Dead Loads

12.03

0.68 7.59

Name

III



Client: Eversource Computed By: Joohwan Jung

Site Name: HARTFORD AWC (ES-090) Date:

Verified By: JW

BLACK & VEATCH Title: MOUNT ANALYSIS REPORT Date:

   Member Ice Dead Loading Equations TIA-222-H

Exposure Category = 

Risk Category = Kh = e (f · z /H) 2.6.6.2.1

Topographic Category = 

Height Above Ground, z = ft Kzt = [1 + KcKt / Kh]2 2.6.6.2.1

Crest Height, H = ft
Design Ice Thickness, Ti = in Kiz = (z/33)0.10 2.6.10

Importance Factor, I = 
Topographic Factor, Kzt = Tiz = TiI Kiz(Kzt)

0.35 2.6.10
Height Escalation Factor, Kiz = 

Factored Ice Thickness, Tiz = in Aiz = pi*Tiz*(Dc+Tiz) 2.6.10
Grating Ice Dead Load, DGice = psf

DLice=Aiz*56pcf

0.20

Aiz       

(ft2)

0.28

0.28

11/24/2020

103.3

N/A

15.60

15.62

1.15

0.63

Horizontal Member: HSS2.375X0.154 0.63

1

C

Dc                         

(ft)

2.00

1.00

1.12

Member Ice Dead Loads

Name
Depth w/ ice

(ft)

Width w/ ice 

(ft)
DLice (lb/ft)

0.20

2.58

11/24/2020

12.03

Mount Pipe: Pipe 2.0 Std

III



Client: Eversource Computed By: Joohwan Jung

Site Name: HARTFORD AWC (ES-090) Date:

Verified By: JW

BLACK & VEATCH Title: MOUNT ANALYSIS REPORT Date:

   Appurtenance Ice Wind Loading Equations TIA-222-H

Exposure Category = Kz = 2.01 (z / zg) 
2/α 2.6.5.2

Risk Category = 

Topographic Category = Kh = e (f · z /H) 2.6.6.2.1
Ice Wind Speed, Vice = mph

Height Above Ground, z = ft Kzt = [1 + KcKt / Kh]2 2.6.6.2.1

Crest Height, H = ft
Velocity Pressure Coefficient, Kz = psf Ke = e-0.000032*Zs

2.6.8
Topographic Factor, Kzt = 

Wind Directionality Factor, Kd = qz = 0.00256 KzKztKeKdV2
2.6.11.6

Shielding Factor, Ka = 

Ground Elevation Factory, Ke = FA(ice) = qz(ice)Gh(EPA)A(ice) 2.6.11.2
Ice Wind Velocity Pressure, qz(ice) = 

Factored Ice Thickness, Tiz = in FM(ice) = qz(ice)GhCfDp(ice) 2.6.11.2
Gust Effect Factor, Gh = 

Ca Ca

- -

1

18.93

0.95

Normal

133.060.68

EPA FT2

DS2C03P36D-D

Name

11/24/2020

11/24/2020

Tangential

133.06

FA (lb)FA (lb) EPA FT2

17.23

0.90

C

1.00

III

1
50

0.997

7.725

2.58

17.23

Appurtenance Ice Wind Loads

Width

w/ Ice (ft)

Depth

w/ Ice (ft)

Height

w/ Ice (ft)

103.3

N/A
1.27

0.68



Client: Eversource Computed By: Joohwan Jung

Site Name: HARTFORD AWC (ES-090) Date:

Verified By: JW

BLACK & VEATCH Title: MOUNT ANALYSIS REPORT Date:

   Member Ice Wind Loading Equations TIA-222-H

Exposure Category = Kz = 2.01 (z / zg) 
2/α 2.6.5.2

Risk Category = 

Topographic Category = Kh = e (f · z /H) 2.6.6.2.1
Ice Wind Speed, Vice = mph

Height Above Ground, z = ft Kzt = [1 + KcKt / Kh]2 2.6.6.2.1

Crest Height, H = ft
Velocity Pressure Coefficient, Kz = psf Ke = e-0.000032*Zs

2.6.8
Topographic Factor, Kzt = 

Wind Directionality Factor, Kd = qz = 0.00256 KzKztKeKdV2
2.6.11.6

Shielding Factor, Ka = 

Ground Elevation Factory, Ke = FA(ice) = qz(ice)Gh(EPA)A(ice) 2.6.11.2
Ice Wind Velocity Pressure, qz(ice) = 

Factored Ice Thickness, Tiz = in FM(ice) = qz(ice)GhCfDp(ice) 2.6.11.2
Gust Effect Factor, Gh = 

1.2

1.2

1.27

FM(ice)

(lb/ft)

5.82

Width

w/ Ice (ft)

Horizontal Member: HSS2.375X0.154

III

1
50

Member Ice Wind Loads

0.95

0.90

0.63

Name

Mount Pipe: Pipe 2.0 Std

2.58

0.997

Cf

1.00

103.3

N/A

C

11/24/2020

11/24/2020

1

Dp(ice)

(ft)

Depth

w/ Ice (ft)

7.725

0.63

0.63

5.820.63



Client: Eversource Computed By: Joohwan Jung

Site Name: HARTFORD AWC (ES-090) Date:

Verified By: JW

BLACK & VEATCH Title: MOUNT ANALYSIS REPORT Date:

   Seismic Loading Equations TIA-222-H

Site Class = SD1 = 2/3 FvS1 2.7.5
Spectral Response, Ss = g

Max Spectral Response, S1 = g SDS = 2/3 FaSs ≥ SD1 2.7.5
Accel. Site Coefficient, Fa =

Vel. Site Coefficient, Fv = Cs = 1/2 SDS I ≥ 0.03 2.7.7.1.1
Design Spec. Response (1 sec), SD1 =

Design Spec. Response, SDS = EH = As Cs W 2.7.7

Importantance Factor, I = 
Seismic Response Coefficient, Cs = EV = As 0.2 SDS W 2.7.6

Amplification Factor, As =

DS2C03P36D-D

0.102

EH (lb)
Weight 

(lb)

8.64

0.180

0.120

3

D

0.064

1.60

2.40

0.192

1.25

27.0075

Appurtenance Seismic Loads

Name EV (lb)

11/24/2020

11/24/2020



HARTFORD AWC

BLACK & VEATCH

November 24, 2020

APPENDIX 2:
RISA PRINTOUTS



Black & Veatch

Joohwan Jung

405025

HartfordAWC

SK - 1

Nov 24, 2020 at 9:00 AM

HartfordAWC Antenna Mount Anal...
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HartfordAWC Antenna Mount Anal...
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Black & Veatch

Joohwan Jung

405025

HartfordAWC

SK - 3

Nov 24, 2020 at 9:00 AM

HartfordAWC Antenna Mount Anal...
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Black & Veatch

Joohwan Jung

405025

HartfordAWC
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Nov 24, 2020 at 9:00 AM

HartfordAWC Antenna Mount Anal...
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Black & Veatch

Joohwan Jung

405025

HartfordAWC

SK - 5

Nov 24, 2020 at 9:00 AM

HartfordAWC Antenna Mount Anal...

-70lb

Y

XZ

Loads: BLC 1, DL                              
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Company : Black & Veatch Nov 24, 2020
9:01 AMDesigner : Joohwan Jung

Job Number : 405025 Checked By: JW
Model Name : HartfordAWC

(Global) Model Settings

Display Sections for Member Calcs
Max Internal Sections for Member Calcs
Include Shear Deformation?
Increase Nailing Capacity for Wind?
Include Warping?
Trans Load Btwn Intersecting Wood Wall?
Area Load Mesh (in^2)
Merge Tolerance (in)
P-Delta Analysis Tolerance
Include P-Delta for Walls?
Automatically Iterate Stiffness for Walls?
Max Iterations for Wall Stiffness
Gravity Acceleration (in/sec^2)
Wall Mesh Size (in)
Eigensolution Convergence Tol. (1.E-)
Vertical Axis
Global Member Orientation Plane
Static Solver
Dynamic Solver

5 
97 
Yes
Yes
Yes
Yes
144
.12
0.50%
Yes
Yes
3
386.4
24
4
Y
XZ
Sparse Accelerated
Accelerated Solver

Hot Rolled Steel Code
Adjust Stiffness?
RISAConnection Code
Cold Formed Steel Code
Wood Code
Wood Temperature
Concrete Code
Masonry Code
Aluminum Code
Stainless Steel Code

AISC 15th(360-16): LRFD
Yes(Iterative)
None
None
None
< 100F
None
None
None - Building
None

Number of Shear Regions
Region Spacing Increment (in)
Biaxial Column Method
Parme Beta Factor (PCA)
Concrete Stress Block
Use Cracked Sections?
Use Cracked Sections Slab?
Bad Framing Warnings?
Unused Force Warnings?
Min 1 Bar Diam. Spacing?
Concrete Rebar Set
Min % Steel for Column
Max % Steel for Column

4
4
Exact Integration
.65
Rectangular
Yes
No
No
Yes
No
REBAR_SET_ASTMA615
1
8
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(Global) Model Settings, Continued

Seismic Code
Seismic Base Elevation (in)
Add Base Weight?
Ct X
Ct Z
T X (sec)
T Z (sec)
R X
R Z
Ct Exp. X
Ct Exp. Z
SD1
SDS
S1
TL (sec)
Risk Cat
Drift Cat

ASCE 7-10
Not Entered
Yes
.02
.02
Not Entered
Not Entered
3
3
.75
.75
1
1
1
5
I or II
Other

Om Z
Om X
Cd Z
Cd X
Rho Z
Rho X

1
1
4
4
1
1

Hot Rolled Steel Properties

Label E [ksi] G [ksi] Nu Therm (/1... Density[k/ft^3] Yield[ksi] Ry Fu[ksi] Rt

1 A36 Gr.36 29000 11154 .3 .65 .49 36 1.5 58 1.2
2 A53 Gr.B 29000 11154 .3 .65 .49 35 1.6 60 1.2
3 A500 Gr.B RND 29000 11154 .3 .65 .527 42 1.4 58 1.3
4 A500 Gr.B Rect 29000 11154 .3 .65 .527 46 1.4 58 1.3
5 A500 Gr.C RND 29000 11154 .3 .65 .527 46 1.4 62 1.3
6 A500 Gr.C Rect 29000 11154 .3 .65 .527 50 1.4 62 1.3
7 A572 Gr.50 29000 11154 .3 .65 .49 50 1.1 65 1.1
8 A529 Gr.50 29000 11154 .3 .65 .49 50 1.1 65 1.1

Hot Rolled Steel Section Sets

Label Shape Type Design List Material Design ... A [in2] Iyy [in4] Izz [in4] J [in4]

1 Mount Pipe PIPE_2.0 Column Wide Flange A53 Gr.B Typical 1.02 .627 .627 1.25
2 Horizontal Member HSS2.375X0.154 Beam Wide Flange A500 Gr.C R... Typical 1 .627 .627 1.25

General Material Properties

Label E [ksi] G [ksi] Nu Therm (/1E5 F) Density[k/ft^3]

1 gen_Conc3NW 3155 1372 .15 .6 .145
2 gen_Conc4NW 3644 1584 .15 .6 .145
3 gen_Conc3LW 2085 906 .15 .6 .11
4 gen_Conc4LW 2408 1047 .15 .6 .11
5 gen_Alum 10600 4077 .3 1.29 .173
6 gen_Steel 29000 11154 .3 .65 .49
7 RIGID 1e+6 .3 0 0
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Joint Boundary Conditions

Joint Label X [k/in] Y [k/in] Z [k/in] X Rot.[k-ft/rad] Y Rot.[k-ft/rad] Z Rot.[k-ft/rad]

1 N1
2 N2
3 N3
4 N4
5 N5
6 N6
7 N7
8 N8
9 N9
10 N10
11 N11
12 N12
13 N13
14 N14
15 N15
16 N16
17 N17 Reaction Reaction Reaction
18 N18 Reaction Reaction Reaction
19 N19 Reaction Reaction Reaction
20 N20 Reaction Reaction Reaction
21 N21
22 N22
23 N23

Member Primary Data

Label I Joint J Joint K Joint Rotate(deg) Section/Shape Type Design List Material Design Rules

1 M1 N2 N4 Horizontal Me... Beam Wide Flange A500 Gr.C... Typical
2 M2 N1 N3 Horizontal Me... Beam Wide Flange A500 Gr.C... Typical
3 M3 N6 N5 Mount Pipe Column Wide Flange A53 Gr.B Typical
4 M4 N9 N7 RIGID None None RIGID Typical
5 M5 N10 N8 RIGID None None RIGID Typical
6 M6 N11 N12 RIGID None None RIGID Typical
7 M7 N14 N13 RIGID None None RIGID Typical
8 M8 N22 N16 RIGID None None RIGID Typical
9 M9 N21 N15 RIGID None None RIGID Typical

Member Advanced Data

Label I Release J Release I Offset[in] J Offset[in] T/C Only Physical Defl Rat...Analysis ... Inactive Seismic...

1 M1 Yes Default None
2 M2 Yes None
3 M3 Yes ** NA ** None
4 M4 Yes ** NA ** None
5 M5 Yes ** NA ** None
6 M6 Yes ** NA ** None
7 M7 Yes ** NA ** None
8 M8 Yes ** NA ** None
9 M9 Yes ** NA ** None
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Hot Rolled Steel Design Parameters

Label Shape Length[in] Lbyy[in] Lbzz[in] Lcomp top[in]Lcomp bot[in]L-torqu... Kyy Kzz Cb Function

1 M1 Horizontal ... 72 Lateral

2 M2 Horizontal ... 72 Lateral

3 M3 Mount Pipe 48 Lateral

Basic Load Cases

BLC Description Category X Gravity Y Gravity Z Gravity Joint Point Distributed Area(Me... Surface(...

1 DL DL -1 1
2 Maintenance LL - LV LL 1
3 Installation LL - LM LL 1
4 Wind - 0 Deg (X) WL 1 3
5 Wind - 30 Deg (X) WL 1 3
6 Wind - 60 Deg (X) WL 1 3
7 Wind - 90 Deg (X) WL 1 3
8 Wind - 120 Deg (X) WL 1 3
9 Wind - 150 Deg (X) WL 1 3
10 Wind - 180 Deg (X) WL 1 3
11 Wind - 210 Deg (X) WL 1 3
12 Wind - 240 Deg (X) WL 1 3
13 Wind - 270 Deg (X) WL 1 3
14 Wind - 300 Deg (X) WL 1 3
15 Wind - 330 Deg (X) WL 1 3
16 Wind - 0 Deg (Z) WL 1 3
17 Wind - 30 Deg (Z) WL 1 3
18 Wind - 60 Deg (Z) WL 1 3
19 Wind - 90 Deg (Z) WL 1 3
20 Wind - 120 Deg (Z) WL 1 3
21 Wind - 150 Deg (Z) WL 1 3
22 Wind - 180 Deg (Z) WL 1 3
23 Wind - 210 Deg (Z) WL 1 3
24 Wind - 240 Deg (Z) WL 1 3
25 Wind - 270 Deg (Z) WL 1 3
26 Wind - 300 Deg (Z) WL 1 3
27 Wind - 330 Deg (Z) WL 1 3
28 Ice DL DL 1 3
29 Ice Wind - 0 Deg (X) WL 1 3
30 Ice Wind - 30 Deg (X) WL 1 3
31 Ice Wind - 60 Deg (X) WL 1 3
32 Ice Wind - 90 Deg (X) WL 1 3
33 Ice Wind - 120 Deg (X) WL 1 3
34 Ice Wind - 150 Deg (X) WL 1 3
35 Ice Wind - 180 Deg (X) WL 1 3
36 Ice Wind - 210 Deg (X) WL 1 3
37 Ice Wind - 240 Deg (X) WL 1 3
38 Ice Wind - 270 Deg (X) WL 1 3
39 Ice Wind - 300 Deg (X) WL 1 3
40 Ice Wind - 330 Deg (X) WL 1 3
41 Ice Wind - 0 Deg (Z) WL 1 3
42 Ice Wind - 30 Deg (Z) WL 1 3
43 Ice Wind - 60 Deg (Z) WL 1 3
44 Ice Wind - 90 Deg (Z) WL 1 3
45 Ice Wind - 120 Deg (Z) WL 1 3
46 Ice Wind - 150 Deg (Z) WL 1 3
47 Ice Wind - 180 Deg (Z) WL 1 3
48 Ice Wind - 210 Deg (Z) WL 1 3
49 Ice Wind - 240 Deg (Z) WL 1 3
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Basic Load Cases (Continued)

BLC Description Category X Gravity Y Gravity Z Gravity Joint Point Distributed Area(Me... Surface(...

50 Ice Wind - 270 Deg (Z) WL 1 3
51 Ice Wind - 300 Deg (Z) WL 1 3
52 Ice Wind - 330 Deg (Z) WL 1 3

Load Combinations

Description S...PDe... SRSS B...Fa...B...Fa...B...Fa...B...Fa...B...Fa...B...Fa...B...Fa...B...Fa...B...Fa...B...Fa...

1 WIND LOAD COMBOS (135 MPH)

2 1.2DL + WL (0 DEG) Y... Y 1 1.2 4 1 16 1
3 1.2DL + WL (30 DEG) Y... Y 1 1.2 5 1 17 1
4 1.2DL + WL (60 DEG) Y... Y 1 1.2 6 1 18 1
5 1.2DL + WL (90 DEG) Y... Y 1 1.2 7 1 19 1
6 1.2DL + WL (120 DEG) Y... Y 1 1.2 8 1 20 1
7 1.2DL + WL (150 DEG) Y... Y 1 1.2 9 1 21 1
8 1.2DL + WL (180 DEG) Y... Y 1 1.2 10 1 22 1
9 1.2DL + WL (210 DEG) Y... Y 1 1.2 11 1 23 1
10 1.2DL + WL (240 DEG) Y... Y 1 1.2 12 1 24 1
11 1.2DL + WL (270 DEG) Y... Y 1 1.2 13 1 25 1
12 1.2DL + WL (300 DEG) Y... Y 1 1.2 14 1 26 1
13 1.2DL + WL (330 DEG) Y... Y 1 1.2 15 1 27 1
14
15 MOUNT LOAD COMBOS (30 MPH)

16 1.4DL Y... Y 1 1.4
17 1.2DL + 1.5LV Y... Y 1 1.2 2 1.5
18 1.2DL + 1.5LM + WL (0 DEG) Y... Y 1 1.2 3 1.5 4 .04916 .049

19 1.2DL + 1.5LM + WL (30 DEG) Y... Y 1 1.2 3 1.5 5 .04917 .049

20 1.2DL + 1.5LM + WL (60 DEG) Y... Y 1 1.2 3 1.5 6 .04918 .049

21 1.2DL + 1.5LM + WL (90 DEG) Y... Y 1 1.2 3 1.5 7 .04919 .049

22 1.2DL + 1.5LM + WL (120 DEG) Y... Y 1 1.2 3 1.5 8 .04920 .049

23 1.2DL + 1.5LM + WL (150 DEG) Y... Y 1 1.2 3 1.5 9 .04921 .049

24 1.2DL + 1.5LM + WL (180 DEG) Y... Y 1 1.2 3 1.5 10 .04922 .049

25 1.2DL + 1.5LM + WL (210 DEG) Y... Y 1 1.2 3 1.5 11 .04923 .049

26 1.2DL + 1.5LM + WL (240 DEG) Y... Y 1 1.2 3 1.5 12 .04924 .049

27 1.2DL + 1.5LM + WL (270 DEG) Y... Y 1 1.2 3 1.5 13 .04925 .049

28 1.2DL + 1.5LM + WL (300 DEG) Y... Y 1 1.2 3 1.5 14 .04926 .049

29 1.2DL + 1.5LM + WL (330 DEG) Y... Y 1 1.2 3 1.5 15 .04927 .049

30
31 ICE LOAD COMBOS (2", 50 MPH)

32 1.2DL + Ice DL + Ice WL (0 DEG) Y... Y 1 1.2 28 1 29 1 41 1
33 1.2DL + Ice DL + Ice WL (30 DEG) Y... Y 1 1.2 28 1 30 1 42 1
34 1.2DL + Ice DL + Ice WL (60 DEG) Y... Y 1 1.2 28 1 31 1 43 1
35 1.2DL + Ice DL + Ice WL (90 DEG) Y... Y 1 1.2 28 1 32 1 44 1
36 1.2DL + Ice DL + Ice WL (120 DEG)Y... Y 1 1.2 28 1 33 1 45 1
37 1.2DL + Ice DL + Ice WL (150 DEG)Y... Y 1 1.2 28 1 34 1 46 1
38 1.2DL + Ice DL + Ice WL (180 DEG)Y... Y 1 1.2 28 1 35 1 47 1
39 1.2DL + Ice DL + Ice WL (210 DEG)Y... Y 1 1.2 28 1 36 1 48 1
40 1.2DL + Ice DL + Ice WL (240 DEG)Y... Y 1 1.2 28 1 37 1 49 1
41 1.2DL + Ice DL + Ice WL (270 DEG)Y... Y 1 1.2 28 1 38 1 50 1
42 1.2DL + Ice DL + Ice WL (300 DEG)Y... Y 1 1.2 28 1 39 1 51 1
43 1.2DL + Ice DL + Ice WL (330 DEG)Y... Y 1 1.2 28 1 40 1 52 1
44
45 SEISMIC LOAD COMBOS
46 1.2DL + Ev (Y) + Eh (X) Y... Y 1 1.2 55 1 53 1
47 1.2DL - Ev (Y) + Eh (X) Y... Y 1 1.2 55 -1 53 1
48 1.2DL + Ev (Y) - Eh (X) Y... Y 1 1.2 55 1 53 -1
49 1.2DL - Ev (Y) - Eh (X) Y... Y 1 1.2 55 -1 53 -1
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Load Combinations (Continued)

Description S...PDe... SRSS B...Fa...B...Fa...B...Fa...B...Fa...B...Fa...B...Fa...B...Fa...B...Fa...B...Fa...B...Fa...

50 1.2DL + Ev (Y) + Eh (Z) Y... Y 1 1.2 55 1 54 1
51 1.2DL - Ev (Y) + Eh (Z) Y... Y 1 1.2 55 -1 54 1
52 1.2DL + Ev (Y) - Eh (Z) Y... Y 1 1.2 55 1 54 -1
53 1.2DL - Ev (Y) - Eh (Z) Y... Y 1 1.2 55 -1 54 -1
54

Envelope Joint Reactions

Joint X [lb] LC Y [lb] LC Z [lb] LC MX [k-in] LC MY [k-in] LC MZ [k-in] LC

1 N17 max 12.489 2 -71.522 10 308.918 5 0 53 0 53 0 53
2 min -12.489 8 -629.356 19 -324.715 11 0 2 0 2 0 2
3 N18 max 12.489 2 -75.723 10 1433.357 11 0 53 0 53 0 53
4 min -12.489 8 -628.801 20 -1422.994 5 0 2 0 2 0 2
5 N19 max 591.49 38 1076.56 19 688.307 11 0 53 0 53 0 53
6 min -292.993 2 144.667 9 -661.624 5 0 2 0 2 0 2
7 N20 max 726.574 2 1085.292 22 2234.138 5 0 53 0 53 0 53
8 min -879.438 8 153.318 11 -2255.388 11 0 2 0 2 0 2
9 Totals: max 458.559 2 903.364 27 458.439 5
10 min -458.559 8 153.36 5 -458.438 11

Envelope AISC 15th(360-16): LRFD Steel Code Checks

Member Shape Code Check Loc[in] LC Shear...Loc[... Dir LC phi*Pn... phi*Pnt...phi*Mn...phi*Mn...Cb Eqn

1 M1 HSS2.375X0.154 .804 20.25 11 .117 20.25 11 23738.... 41400 29.518 29.518 1...H1-1b

2 M2 HSS2.375X0.154 .505 69 11 .052 20.25 28 23738.... 41400 29.518 29.518 1...H1-1b

3 M3 PIPE_2.0 .723 39 5 .781 9 5 26521.... 32130 22.459 22.459 5 H3-6
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220 MHz Antenna – Omnidirectional, Low-PIM/Hi-PIP, 2.9 dBd                
Model DS2C03P36D-D 
 

     

Specifications are subject to change. dbSpectra Inc., 1590 E Hwy 121 Bldg. A Ste 100, Lewisville, TX 75056 • P (469)322-0080 • ISO 9001/14001:2015 • www.dbspectra.com  • 096000-619.A • Oct 2020 

Specifications 
Design Type True Corporate Feed  

Frequency Range 216-222 MHz  

Passive Intermodulation – PIM 
(2 x 20W sources) 

-150 dBc, 3rd Order 

Bandwidth 6 MHz  

Gain - dBd (average over BW) 2.9 dBd  

Isolation, min. 34 dB 

Configuration Dual antenna  

Beam Tilt (electrical down-tilt) None (0°) 

Vertical Beamwidth (E-Plane) 30° 

Impedance -- Ohms 50 

VSWR / Return Loss -- dB 1.5 : 1 / 14 dB (min.)  

Average Power Rating 500 W (each antenna) 

Peak Instantaneous Power  25 kW (each antenna) 

Polarization Vertical 

Lightning Protection Direct Ground 

Connector 7/16 DIN female 

Equivalent Flat-Plate Area 3.1 sq. ft.   

    Lateral Wind-load Thrust @100mph 129 lbf.   

Wind Speed rating 160 mph (without ice)  

Total Length 18.5 feet 

Mounting Mast Length 35 inches 

Mounting Hardware (Included) DSH3V4N 

Top Sway Brace 
(Recommended if side mounting antennas on top) 

DSH2H3S 
(order separately) 

Mast O.D. 3.5 inches 

Radome color Horizon Blue 

Radome O.D.  3.0 inches 

Weight, antenna, and hardware 75 lbs. (approx.) 

Shipping Weight 105 lbs. (approx.) 

Invertibility Antennas are physically 
invertible, but the patterns 
are optimized for upright 
mount. 

                                  

Features and Benefits 

Antennas from dbSpectra provide long term, 

trouble-free service in severe environments! 

Design is tested to stringent Peak Instantaneous 

Power (PIP) levels of 25 KW using dbSpectra’s 

12-channel P25 PIP test bed. High PIP level is 

demanded by today’s digital systems. 

True Corporate Feed Array – provides for 

excellent gain and pattern consistency across a 

wider frequency range. 

PIM Rated Design – better than -150 dBc. 

Sturdy Construction – Heavy-wall fiberglass 

radome minimizes tip deflection. 

Excellent Lightning Protection – heavy internal 

conductor DC ground. 

Radiation Pattern 
                            Vertical (No-Tilt) 

 
                  Top                             Bottom 
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PARTS LIST

NET WT.UNIT WT.LENGTHPART DESCRIPTIONPART NO.QTYITEM

3.713.71 CROSSOVER PLATE 2-3/8" X 2-3/8"SCX111

2.500.63 1/2" X 2-1/2" X 4-1/2" X 2" U-BOLT (HDG.)X-UB121242

0.270.03 1/2" HDG USS FLATWASHERG12FW83

0.110.01 1/2" HDG LOCKWASHERG12LW84

0.570.07 1/2'' HDG HEAVY 2H HEX NUTG12NUT85

DESCRIPTION

DRAWING USAGE CHECKED BY

ENG. APPROVALDRAWN BY

DWG. NO.

CPD NO.

CEK

1
  O

F
  1

 CEK 8/23/2012

6/30/2011 SCX1-K 

CROSSOVER PLATE

CUSTOMER SCX1-K
CLASS SUB

PART NO.

81 01

P
A

G
E

TOLERANCES ON DIMENSIONS, UNLESS OTHERWISE NOTED ARE:
SAWED, SHEARED AND GAS CUT EDGES (± 0.030")
DRILLED AND GAS CUT HOLES (± 0.030")  - NO CONING OF HOLES
LASER CUT EDGES AND HOLES (± 0.010")  - NO CONING OF HOLES
BENDS ARE ± 1/2 DEGREE
ALL OTHER MACHINING (± 0.030")
ALL OTHER ASSEMBLY (± 0.060")

TOLERANCE NOTES

PROPRIETARY NOTE:
THE DATA AND TECHNIQUES CONTAINED IN THIS DRAWING ARE PROPRIETARY INFORMATION OF VALMONT
INDUSTRIES AND CONSIDERED A TRADE SECRET.  ANY USE OR DISCLOSURE WITHOUT THE CONSENT OF
VALMONT INDUSTRIES IS STRICTLY PROHIBITED.

Engineering 
Support Team:

 1-888-753-7446

valmont

Locations:
New York, NY
Atlanta, GA
Los Angeles, CA
Plymouth, IN
Salem, OR
Dallas, TX

1

2 3 4 5

2

3

4

5

2-3/8" O.D. ANTENNA PIPE
(ORDERED SEPARATELY)

2-3/8" O.D. PIPE
(ORDERED SEPARATELY)

X2 X2 X2

TOTAL WT. # 7.16

X2

X2

X2

A ADDED MISSING U-BOLT AND HRDWE  KC8 7/5/2012

REVISION HISTORY
REV DESCRIPTION OF REVISIONS CPD BY DATE

Cesar Garcia Godos
Text Box
(2) CROSSOVER PLATE KITS REQUIRED

Cesar Garcia Godos
Highlight

Cesar Garcia Godos
Highlight

Cesar Garcia Godos
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Products (http://www.sitepro1.com/store/cart.php) > OVERSTOCK & CLEARANCE 2020 SALE

(http://www.sitepro1.com/store/cart.php?m=product_list&c=940) > Miscellaneous 2020 Sale

(http://www.sitepro1.com/store/cart.php?m=product_list&c=958)

Adjustable Clamp Plate Tie-Back Assembly

• PUCK3 • Adjustable Clamp Plate

• Adjustable Clamp Plate Tie-Back Assembly 

• Application 7/8'' to 2-3/8'' OD 

• Weight 11.4 lb 

• Hot-dip galvanized 

• Kit includes two clamp plates and all hardware 

• Angle adjusts from 40° to 140° 

• Use where applicable 

• VIEW ALL MISCELLANEOUS 2020 SALE (https://www.sitepro1.com/store/cart.php?

m=product_list&c=958)

• VIEW ALL OVERSTOCK & CLEARANCE 2020 SALE (https://www.sitepro1.com/store/cart.php?

m=product_list&c=940)

• VIEW COMPLETE PRODUCT CATALOG (https://www.sitepro1.com/store/cart.php?m=product_list)

Go Back

SKU:   PUCK3

Size:  See Description 

Description Specs/Instructions

Page 1 of 3Valmont - Site Pro 1 | Manufacturer of Wireless Site Components | 1-888-GET-PRO 1

5/22/2020https://www.sitepro1.com/store/cart.php?m=product_detail&p=5168
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220 MHz Antenna – Omnidirectional, Low-PIM/Hi-PIP, 2.9 dBd                
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Specifications 
Design Type True Corporate Feed  

Frequency Range 216-222 MHz  

Passive Intermodulation – PIM 
(2 x 20W sources) 

-150 dBc, 3rd Order 

Bandwidth 6 MHz  

Gain - dBd (average over BW) 2.9 dBd  

Isolation, min. 34 dB 

Configuration Dual antenna  

Beam Tilt (electrical down-tilt) None (0°) 

Vertical Beamwidth (E-Plane) 30° 

Impedance -- Ohms 50 

VSWR / Return Loss -- dB 1.5 : 1 / 14 dB (min.)  

Average Power Rating 500 W (each antenna) 

Peak Instantaneous Power  25 kW (each antenna) 

Polarization Vertical 

Lightning Protection Direct Ground 

Connector 7/16 DIN female 

Equivalent Flat-Plate Area 3.1 sq. ft.   

    Lateral Wind-load Thrust @100mph 129 lbf.   

Wind Speed rating 160 mph (without ice)  

Total Length 18.5 feet 

Mounting Mast Length 35 inches 

Mounting Hardware (Included) DSH3V4N 

Top Sway Brace 
(Recommended if side mounting antennas on top) 

DSH2H3S 
(order separately) 

Mast O.D. 3.5 inches 

Radome color Horizon Blue 

Radome O.D.  3.0 inches 

Weight, antenna, and hardware 75 lbs. (approx.) 

Shipping Weight 105 lbs. (approx.) 

Invertibility Antennas are physically 
invertible, but the patterns 
are optimized for upright 
mount. 

                                  

Features and Benefits 

Antennas from dbSpectra provide long term, 

trouble-free service in severe environments! 

Design is tested to stringent Peak Instantaneous 

Power (PIP) levels of 25 KW using dbSpectra’s 

12-channel P25 PIP test bed. High PIP level is 

demanded by today’s digital systems. 

True Corporate Feed Array – provides for 

excellent gain and pattern consistency across a 

wider frequency range. 

PIM Rated Design – better than -150 dBc. 

Sturdy Construction – Heavy-wall fiberglass 

radome minimizes tip deflection. 

Excellent Lightning Protection – heavy internal 

conductor DC ground. 

Radiation Pattern 
                            Vertical (No-Tilt) 

 
                  Top                             Bottom 
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94.0' AGL

96.92' AGL

100.17' AGL

109.21' AGL

112.5' AGL



PROPRIETARY NOTE:
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1. Introduction 

The purpose of this report is to investigate compliance with applicable FCC regulations for the proposed Eversource 
installation on the roof-mounted tower at 410 Sheldon Street in Hartford, CT. Eversource is proposing to install one 
omnidirectional antenna as part of its 220 MHz communications system. The proposed antenna contains two internally 
stacked antennas, the upper antenna will be receive-only while the lower antenna will be transmit-only. 

This report considers the proposed antenna configuration as detailed by Eversource along with % MPE (Maximum 
Permissible Exposure) measurements around the existing tower to determine FCC compliance of the facility. 
 

 

Figure 1: View of ES-090 Hartford AWC 

Site Address 410 Sheldon Street 
Latitude 41° 45' 32.7" N 
Longitude 72° 39' 57.2" W 
Site Elevation AMSL 32’ 
Survey Engineer Marc Salas 
Survey Date/Time 6/17/2020; 7:00 AM – 7:30 AM 

Table 1: Survey Information 
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2. FCC Guidelines for Evaluating RF Radiation Exposure Limits 

In 1985, the FCC established rules to regulate radio frequency (RF) exposure from FCC licensed antenna facilities. In 1996, 
the FCC updated these rules, which were further amended in August 1997 by OET Bulletin 65 Edition 97-01. These new 
rules include Maximum Permissible Exposure (MPE) limits for transmitters operating between 300 kHz and 100 GHz. The 
FCC MPE limits are based upon those recommended by the National Council on Radiation Protection and Measurements 
(NCRP), developed by the Institute of Electrical and Electronics Engineers, Inc., (IEEE) and adopted by the American 
National Standards Institute (ANSI). 

The FCC general population/uncontrolled limits set the maximum exposure to which most people may be subjected. 
General population/uncontrolled exposures apply in situations in which the general public may be exposed, or in which 
persons that are exposed as a consequence of their employment may not be fully aware of the potential for exposure or 
cannot exercise control over their exposure. 

Public exposure to radio frequencies is regulated and enforced in units of milliwatts per square centimeter (mW/cm2). The 
general population exposure limits for the various frequency ranges are defined in the attached “FCC Limits for Maximum 
Permissible Exposure (MPE)” in Attachment B of this report. 

Higher exposure limits are permitted under the occupational/controlled exposure category, but only for persons who are 
exposed as a consequence of their employment and who have been made fully aware of the potential for exposure, and they 
must be able to exercise control over their exposure. General population/uncontrolled limits are five times more stringent 
than the levels that are acceptable for occupational, or radio frequency trained individuals. Attachment B contains excerpts 
from OET Bulletin 65 and defines the Maximum Exposure Limit. 

Finally, it should be noted that the MPE limits adopted by the FCC for both general population/uncontrolled exposure and 
for occupational/controlled exposure incorporate a substantial margin of safety and have been established to be well below 
levels generally accepted as having the potential to cause adverse health effects. 
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3. Power Density Calculation Methods 

The power density calculation results were generated using the following formula as outlined in FCC bulletin OET 65, and 
Connecticut Siting Council recommendations: 

 

Power Density = �
1.62  ×  1.64 × ERP

4𝜋𝜋 ×  𝑅𝑅2
�  X Off Beam Loss 

 
 

 Where: 

  EIRP = Effective Isotropic Radiated Power = 1.64 x ERP 

  R = Radial Distance = �(𝐻𝐻2 + 𝑉𝑉2) 

  H = Horizontal Distance from antenna 

  V = Vertical Distance from radiation center of antenna 

  Ground reflection factor of 1.6 

  Off Beam Loss is determined by the selected antenna pattern 

 

These calculations assume that the antennas are operating at 100 percent capacity and full power, and that all antenna 
channels are transmitting simultaneously. Obstructions (trees, buildings, etc.) that would normally attenuate the signal are 
not taken into account. The calculations assume even terrain in the area of study and do not consider actual terrain 
elevations which could attenuate the signal. As a result, the calculated power density and corresponding % MPE levels 
reported below are much higher than the actual levels will be from the final installation. 

 
4. Proposed Antenna Configuration 

Table 2 below lists the technical details of the proposed Eversource installation.  These parameters are applied to the above 
calculation methods in order to calculate the % MPE values of the proposed equipment.  Any proposed receive-only 
antennas have not been included in the table as they are irrelevant in terms of the % MPE calculations. 

Operator Antenna Model 
TX 

Freq. 
(MHz) 

Ant 
Gain 
(dBd) 

Power 
ERP 

(Watts) 

Number 
of 

Channels 
Vertical 

Beamwidth 
Length 

(ft) 

Antenna 
Centerline 
Height (ft) 

Eversource dbSpectra DS2C03P36D-D 217 2.9 124 4 30 18.5 100.2 

Table 2: Eversource Antenna Configuration (Proposed)2 3 
 

 
2 Transmit power assumes 0 dB of cable loss. 
3 Transmit antenna height listed for the proposed installation is based on the Black & Veatch Structural Analysis Report dated October 14, 
2020 and the overall length of the antenna. The proposed antenna consists of two internally stacked antennas – upper is for receive, lower is 
for transmit. Due to the unavailability of the digital pattern for this specific antenna, the pattern of a similar antenna was substituted in the 
calculations. 
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5. Measurement Procedure 

Frequencies from 300 KHz to 50 GHz were measured using the Narda Probe EA 5091, E-Field, shaped, FCC probe in 
conjunction with the NBM550 survey meter. The EA 5091 probe is “shaped” such that in a mixed signal environment (i.e.: 
more than one frequency band is used in a particular location), it accurately measures the percent of MPE.  

From FCC OET Bulletin No. 65 - Edition 97-01 – “A useful characteristic of broadband probes used in multiple-frequency 
RF environments is a frequency-dependent response that corresponds to the variation in MPE limits with frequency. 
Broadband probes having such a "shaped" response permit direct assessment of compliance at sites where RF fields result 
from antennas transmitting over a wide range of frequencies. Such probes can express the composite RF field as a 
percentage of the applicable MPEs”. 

Probe Description - As suggested in FCC OET Bulletin No. 65 - Edition 97-01, the response of the measurement 
instrument should be essentially isotropic, (i.e., independent of orientation or rotation angle of the probe). For this reason, 
the Narda EA 5091 probe was used for these measurements.  

Sampling Description - At each measurement location, a spatially averaged measurement is collected over the height of an 
average human body. The NBM550 survey meter performs a time average measurement while the user slowly moves the 
probe over a distance range of 20 cm to 200 cm (about 6 feet) above ground level. The results recorded at each 
measurement location include average values over the spatial distance. 

Instrumentation Information - A summary of specifications for the equipment used is provided in the table below. 

 

Manufacturer
Probe
Calibration Date
Calibration Interval
Meter
Calibration Date
Calibration Interval

Frequency Range Field Measured Standard Measurement 
Range

300 KHz-50 GHz Electric Field U.S. FCC 1997 
Occupational/Controlled

0.2 – 600 % of 
Standard

24 Months

Probe Specifications

Narda Microwave
EA 5091, Serial# 01116
May 2020
24 Months
NBM550, Serial# E-1069
May 2020

 
Table 3: Instrumentation Information 

 

Instrument Measurement Uncertainty - The total measurement uncertainty of the NARDA measurement probe and meter is 
no greater than ±3 dB (0.5% to 6%), ±1 dB (6% to 100%), ±2 dB (100% to 600%).  The factors which contribute to this 
include the probe’s frequency response deviation, calibration uncertainty, ellipse ratio, and isotropic response4.  Every effort is 
taken to reduce the overall uncertainty during measurement collection including pointing the probe directly at the likely highest 
source of emissions. 

 
4 For further details, please refer to Narda Safety Test Solutions NBM550 Probe Specifications, pg. 64 
http://www.narda-sts.us/pdf_files/DataSheets/NBM-Probes_DataSheet.pdf 

http://www.narda-sts.us/pdf_files/DataSheets/NBM-Probes_DataSheet.pdf
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6. Surveyed and Calculated % MPE Results 

Measured and calculated results and a description of each survey location are detailed in the table below. Measurements 
were recorded on June 17, 2020 between 7:00 AM and 7:30 AM. The calculated % MPE contribution from the proposed 
equipment modifications was then added to the measured % MPE values in the “Composite % MPE” column. These 
calculated values incorporate the antenna pattern of the antenna model specified by Eversource to determine the “Off Beam 
Loss” factor shown in the power density formula from Section 3. All % MPE values are in reference to the FCC 
Uncontrolled/General Population exposure limit. 

Table 4 below lists 17 measurements recorded in the vicinity of the tower. The highest spatially averaged measurement was 
4.57% (Average Uncontrolled / General Population MPE) and was recorded at Location 9, below the existing tower. The 
highest composite (measured + calculated) % MPE value is calculated to be 5.37% (Average Uncontrolled / General 
Population) and is calculated to occur at location 6, within the northwestern parking area. 

 

Table 4: Measured and Calculated % MPE Results 5 
 

 
  

 
5 Due to measurement uncertainty at low levels (See Table 3), any readings outside the measurement range of the probe (< 1.00 % FCC 
General Population/Uncontrolled MPE) are noted as such. 

Meas.
Location Location Description Latitude Longitude

Dist. From 
Site (feet)

Measured
%  MPE 

(Uncontrolled / 
General)

Calculated
%  MPE

(Eversource 
Proposed)

Composite
%  MPE 

(Uncontrolled / 
General)

1 Northwest Parking Area 41.7593 -72.6666 202 < 1.00% 0.82% < 1.82%

2 Northwest Parking Area 41.7594 -72.6667 255 < 1.00% 0.76% < 1.76%

3 Northwest Parking Area 41.7596 -72.6668 313 2.77% 0.63% 3.41%

4 Northwest Parking Area 41.7598 -72.6667 343 3.02% 0.57% 3.58%

5 Northwest Parking Area 41.7598 -72.6664 306 3.57% 0.67% 4.24%

6 Northwest Parking Area 41.7597 -72.6662 225 4.49% 0.88% 5.37%

7 Southeast Vehicle Gate 41.7588 -72.6660 104 2.71% 0.20% 2.91%

8 Below Tower 41.7589 -72.6659 78 3.81% 0.04% 3.85%

9 Below Tower 41.7589 -72.6658 58 4.57% 0.09% 4.67%

10 Southeast Paved Area 41.7587 -72.6657 135 2.11% 0.56% 2.67%

11 Southeast Paved Area 41.7588 -72.6654 170 2.78% 0.84% 3.62%

12 Southeast Paved Area 41.7584 -72.6655 258 < 1.00% 0.78% < 1.78%

13 Southeast Paved Area 41.7584 -72.6649 362 3.66% 0.55% 4.22%

14 Southeast Paved Area 41.7582 -72.6647 460 3.38% 0.38% 3.76%

15 Intersection of Sheldon St and Van Dyke Ave 41.7582 -72.6656 345 3.42% 0.57% 3.99%

16 The Open Hearth Northeast Entrance 41.7585 -72.6662 217 3.08% 0.78% 3.85%

17 Sheldon St Access to Lower Parking Lot 41.7591 -72.6668 240 3.38% 0.76% 4.14%



 
 

 
 

ES-090 Hartford AWC 6 November 23, 2020 

Figure 2 below is an aerial view6 of the tower location and the surrounding area, along with the measurement locations 
listed in Table 4. 
 

 
Figure 2: Measurement Points 

 

 
6 Map showing location of telecommunications facility and the surrounding area.  Google Earth, https://earth.google.com/web/. 

https://earth.google.com/web/
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7. Conclusion 

A number of accessible areas around the tower at 410 Sheldon Street in Hartford, CT were surveyed and found to be well 
within the mandated General Population/Uncontrolled limits for Maximum Permissible Exposure, as delineated in the 
Federal Communications Commission’s Radio Frequency exposure rules published in 47 CFR 1.1307(b)(1)-(b)(3). 

The highest spatially averaged % MPE measurement of all surveyed points based on the 1997 FCC standard for exposure to 
the general population is 4.57% MPE. This measurement was recorded at Location 9 below the proposed antenna. 

The highest composite (measured + calculated) power density is 5.37% of the FCC General Population MPE limit with 
the proposed Eversource equipment is calculated to occur at Location 6 in the northwestern parking area. 

The above analysis concludes that RF exposure at ground level around the tower, both currently and with the proposed 
antenna installation, will be below the maximum power density limits as outlined by the FCC in the OET Bulletin 65 Ed. 
97-01.  

As noted previously, the calculated % MPE levels are more conservative (higher) than the actual levels will be from the 
finished installation. 

 
 
8. Statement of Certification 

I certify to the best of my knowledge that the statements in this report are true and accurate. The calculations follow 
guidelines set forth in FCC OET Bulletin 65 Edition 97-01, IEEE Std. C95.1, and IEEE Std. C95.3. 

 

  

 

 

_________________________ November 23, 2020 

Report Prepared By: Marc Salas 
RF Engineer 
C Squared Systems, LLC 

Date 

 
  

 

_________________________ November 23, 2020 

Reviewed/Approved By: Keith Vellante 
Director of RF Services 
C Squared Systems, LLC 

Date 
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Attachment A: References 

OET Bulletin 65 - Edition 97-01 - August 1997 Federal Communications Commission Office of Engineering & Technology 
 
IEEE C95.1-2005, IEEE Standard Safety Levels With Respect to Human Exposure to Radio Frequency Electromagnetic 
Fields, 3 kHz to 300 GHz IEEE-SA Standards Board 
 
IEEE C95.3-2002 (R2008), IEEE Recommended Practice for Measurements and Computations of Radio Frequency 
Electromagnetic Fields With Respect to Human Exposure to Such Fields, 100 kHz-300 GHz IEEE-SA Standards Board 
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Attachment B: FCC Limits for Maximum Permissible Exposure (MPE) 

(A) Limits for Occupational/Controlled Exposure7  

Frequency 
Range 
(MHz) 

Electric Field 
Strength (E) 

(V/m) 

Magnetic Field 
Strength (E) 

(A/m) 

Power Density (S) 
(mW/cm2) 

Averaging Time 
|E|2, |H|2 or S (minutes) 

0.3-3.0 614 1.63 (100)* 6 
3.0-30 1842/f 4.89/f (900/f2)* 6 
30-300 61.4 0.163 1.0 6 

300-1500 - - f/300 6 
1500-100,000 - - 5 6 

 
 
(B) Limits for General Population/Uncontrolled Exposure8  

Frequency 
Range 
(MHz) 

Electric Field 
Strength (E) 

(V/m) 

Magnetic Field 
Strength (E) 

(A/m) 

Power Density (S) 
(mW/cm2) 

Averaging Time 
|E|2, |H|2 or S (minutes) 

0.3-1.34 614 1.63 (100)* 30 
1.34-30 824/f 2.19/f (180/f2)* 30 
30-300 27.5 0.073 0.2 30 

300-1500 - - f/1500 30 
1500-100,000 - - 1.0 30 

 

f = frequency in MHz * Plane-wave equivalent power density 

Table 5: FCC Limits for Maximum Permissible Exposure (MPE) 
 

 
7 Occupational/controlled limits apply in situations in which persons are exposed as a consequence of their employment provided those 
persons are fully aware of the potential for exposure and can exercise control over their exposure. Limits for occupational/controlled 
exposure also apply in situations when an individual is transient through a location where occupational/controlled limits apply provided he or 
she is made aware of the potential for exposure 
8 General population/uncontrolled exposures apply in situations in which the general public may be exposed, or in which persons that are 
exposed as a consequence of their employment may not be fully aware of the potential for exposure or cannot exercise control over their 
exposure 



 
 

 
 

ES-090 Hartford AWC 10 November 23, 2020 

Plane-wave Equivalent Power Density 

 
 

Frequency (MHz) 
 

Figure 3: Graph of FCC Limits for Maximum Permissible Exposure (MPE) 

  

1.34 100,000 1,500  
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Attachment C: Eversource Antenna Data Sheet and Electrical Patterns 

217 MHz   

 

Manufacturer: dbSpectra 
Model #: DS2C03P36D-D 

Frequency Band: 216 - 222 MHz 
Gain: 2.9 dBd 

Vertical Beamwidth: 30° 
Horizontal Beamwidth: 360° 

Polarization: Vertical-Polarization 
Length: 18.5’ 

  

 
 



 

  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT F – STRUCTURAL ANALYSIS OF EXISTING BUILDING 



  

 

               BLACK & VEATCH CORPORATION 
   6800 W 115TH ST, SUITE 2292, OVERLAND PARK, KS 66211 

  +1 913-458-2522 | RILEYJJ@BV.COM  

 

 

www.bv.com  

October 26, 2020       

 

STRUCTURAL ANALYSIS EVALUATION LETTER 

 

Site Number: 25225 (OH0016) 

Site Name: HARTFORD AWC 

Site Address:  410 Sheldon Street; Hartford, CT 06106 

 

Project Number: 403093.200.2200 

Project Name: LMR EPC Phase 2.1 

 

 

Black & Veatch Corporation is pleased to submit this “Structural Analysis Evaluation Letter” to determine the impact to the 

structural integrity as stated in the Previous Rooftop Structural Analysis, dated October 26, 2020, of the above-mentioned 

site. The change in loading for this equipment installation is described in the Final Tower Structural Analysis, dated October 

14, 2020, and the Rev. B Construction Drawings, dated October 26, 2020. 

 

The reactions of the mast of the tower have increased slightly. However, by a calculation comparison, the change in stress 

ratios of the roof structural supports under the tower mast increased slightly. The Previous Rooftop Structural Analysis had 

an overall mast stress ratio of 78.6%, the current overall stress ratio of those same structural supports after the change in 

loading is around 80%. 

 

The reactions of the guy anchors of the tower have fluctuated slightly. Any increase in the guy anchor reactions was 

considered insignificant when compared to the reactions utilized in the Previous Rooftop Structural Analysis. 

 

By engineering judgment, the proposed loading will have minimal effect on the structural capacity as stated in the 

Previous Rooftop Structural Analysis. 

 

This Structural Letter is based on the following conditions: 

 

• All existing structural members are in good condition. 

• Contractor shall be responsible for the means and methods of construction. 

• Contractor shall inspect the condition of all relevant members and connections and report any deficiencies to the 

engineer prior to installation of any new antennas and other equipment. 

 

This document was prepared based on information provided to Black & Veatch. If existing conditions do not reflect those 

represented, this document is no longer valid. 

 

 

 

Please contact Joshua J. Riley in our Overland Park Office at  

913-458-2522 if you have any questions or comments. 

  

 

Sincerely,  

Black & Veatch Corporation 

 

Prepared By:  Logan M. Meyer, P.E. 

Submitted By: Joshua J. Riley, P.E. 

11/17/2020
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1. PURPOSE

2. REFERENCES

A. 2018 Connecticut State Building Code

B. International Building Code, IBC 2015

C. Structural Standard for Antenna Supporting Structures and Antennas, TIA-222-H

D. American Society of Civil Engineers, ASCE 7-10

E. American Institute of Steel Construction, 14th Edition

F. American Concrete Institute, ACI 318-11

G. Steel Designer's Manual - 6th Edition (2003)

H. Original Building Drawings were design in August 1928

I. Structural Analysis Completed by Centek Engineering, dated 10/18/2011

J. Construction Drawings (Rev. 2) Completed by Centek Engineering, dated 10/18/2011

K. Site Survey Report Completed by Black & Veatch Corp., dated 9/28/2018

L. Preliminary Structural Analysis Completed by Black & Veatch Corporation, dated 5/27/2020 (See Results Attached)

M. Construction Drawings (Rev. A) Completed by Black & Veatch Corporation, dated 2/14/2020

N. Site Photos

3. ASSUMPTIONS

403093.2000.2200

STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP 

STRUCTURE

The purpose of this calculation is to evaluate the existing building rooftop structure under existing and proposed 

loading configuration.

- The material grade of steel WF is assumed to be A9 (Building) (fy =33 ksi, fu = 60 ksi) for original drawings based 

on historical ASTM Specifications for Structural Shapes before year 1928.

- Compressive strength of concrete for encased concrete beam is assumed to be 3000 psi for original building.

- The existing steel beam with encased concrete beam is assumed to be located at center of concrete beam.

- All other Assumptions listed within this report.

- The existing column and foundation of building are adequate to support the final loading configuration. Therefore, 

the proposed equipment on the Guyed Tower will not have significant adverse effect on the existing column and 

foundation of building.
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4. CONCLUSION

Design Criteria based on:

Wind Ice

Wind Speed: 135 mph Ice Thickness: 1.00 inch

Exposure Category: C Ice Wind: 50 mph

Topographic Factor Kzt: 1.00

Risk Category: III Seismic (Neglect)

Snow Seismic Importance Factor, Ip: 1.00

Ground Snow Load: 30 psf Seismic SDS: 0.192g

Importance Factor, Is: 1.10 Seismic Design Category: B

4.1 Structural Analysis of Existing Building Rooftop Structure

Governing Load Combination: 1.2DL + 1.0IDL + 1.0IWL (30 DEG) + 0.5SLN

Max. Bending Stress Ratio on W16x36 (Tower Mast) with Encased Concrete Beam 78.6%

Governing Load Combination: 1.2DL + 1.0IDL + 1.0IWL (60 DEG) + 0.5SLN

Max. Shear Stress Ratio on W16x36 (Tower Mast) 24.8%

Governing Load Combination: 1.2DL + 1.6SLN + 0.5WL

Max. Bending Stress Ratio on W12x26 (Anchor A) 77.7%

Governing Load Combination: 1.2DL + 1.6SLN + 0.5WL

Max. Shear Stress Ratio on W12x26 (Anchor A) 24.8%

Governing Load Combination: 1.2DL + 1.6SLN + 0.5WL

Max. Bending Stress Ratio on W12x22 (Anchor B) with Encased Concrete Beam 76.5%

Governing Load Combination: 1.2DL + 1.6SLN + 0.5WL

Max. Shear Stress Ratio on W12x22 (Anchor B) 19.8%

Governing Load Combination: 1.2DL + 1.0IDL + 1.0IWL + 0.5SLN

Max. Stress Ratio on W10x12  Strut Beam (Anchor B) 6.6%

Governing Load Combination: 1.2DL + 1.6SLN + 0.5WL

Max. Bending Stress Ratio on W12x22 (Anchor C) with Encased Concrete Beam 88.8%

Governing Load Combination: 1.2DL + 1.6SLN + 0.5WL

Max. Shear Stress Ratio on W12x22 (Anchor C) 20.8%

Governing Load Combination: 1.2DL + 1.0IDL + 1.0IWL + 0.5SLN

Max. Stress Ratio on W10x12 Strut Beam (Anchor C) 5.6%

The Existing Building Rooftop Result: SUFFICIENT

2018 Connecticut State Building Code

STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP 

STRUCTURE
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4. CONCLUSION (CONTINUED)

4.2 Disclaimers

This calculation is based on the loading and equipment position provided by client. If the installed loading 

and/or equipment position are different from the calculation, the calculation is considered invalid.

403093.2000.2200

STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP 

STRUCTURE

This certification assumes that all structural members are in good condition. Contractor shall inspect the 

condition of all relevant members and connectors and report any perceived deficiencies to the engineer 

prior to installation of any new equipment.

The contractor shall be responsible for the means and methods of construction. It is contractor’s 

responsibility to provide necessary intermediate or temporary support during construction.

This analysis is based on the previously stated assumptions. Contractor should verify the validity of the 

assumptions prior to construction. If those assumptions are incorrect this analysis is invalid, and the 

contractor shall cease work and contact the EOR immediately. 
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- WIND LOADS ON BUILDINGS - MWFRS (DIRECTIONAL PROCEDURE)

Basic Wind Speed, V = 135 mph

Exposure Category = C

Velocity Pressure Exposure Coefficient, Kz = 2.01 (z/zg)
2/α

= 1.06

Topographic Factor, Kzt = 1.00

Wind Directionality Factor, Kd = 0.85

qz = qh = 0.00256 Kz Kzt Kd V^2 = 42.14 psf

Gust Effect Factor, G = 0.85

Angle of Roof = 0 degree

Height of building, z or h = 43.6 ft

Width of Building, B = 158.0 ft

Length of Building, L = 169.7 ft

- ENCLOSED AND PARTIALLY ENCLOSED RIGID BUILDING : WALL & ROOFS

h/L = 0.26 < 0.50

External Pressure Coefficient, Cp (Windward Wall) = 0.80 All values

External Pressure Coefficient, Cp (Leeward Wall) = -0.50 L/B

Roof Pressure Coefficient for θ < 10

External Pressure Coefficient, Cp (Fig. 27.4.1) = -0.90

= -0.18

Internal Pressure Coefficient, GCpi (Table 26.11-1) = 0.18 Internal (+)

= -0.18 Internal (-)

403093.2000.2200

STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP 

STRUCTURE
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Case I) Wind Apply to Risa

p = q*G*Cp - qi*(GCpi)

p1 = 42.14*0.85*0.8 - 42.14*0.18 = 21.07 psf

p2 = 42.14*0.85*-0.5 - 42.14*0.18 = -25.49 psf

p uplift = 42.14*0.85*-0.9 - 42.14*0.18 = -39.82 psf

p uplift = 42.14*0.85*-0.18 - 42.14*0.18 = -14.03 psf

q*G*Cp = -32.24 Cp = -0.90

q*G*Cp = -6.45 Cp = -0.18

θ = 0 degree

h    h                         (+)

28.66 -17.91

External Wind

Case II) Wind Apply to Risa 

p = q*G*Cp - qi*(GCpi)

p1 = 42.14*0.85*0.8 - 42.14*-0.18 = 36.24 psf

p2 = 42.14*0.85*-0.5 - 42.14*-0.18 = -10.32 psf

p uplift = 42.14*0.85*-0.9 - 42.14*-0.18 = -24.65 psf

p uplift = 42.14*0.85*-0.18 - 42.14*-0.18 = 1.14 psf

q*G*Cp = -32.24 Cp = -0.90

q*G*Cp = -6.45 Cp = -0.18

θ = 0 degree

h    h                         (-)

28.66 -17.91

External Wind

The Wind Pressure for Acting to Rooftop

Max. Positive Wind Pressure = = 1.14 psf

Min. Negative Wind Uplift Pressure = = -39.82 psf

    Wind

7.59

    Wind

-7.59

Internal Wind - Positive

403093.2000.2200

STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP 

STRUCTURE

Internal Wind - Positive

X

Y

X

Y
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ANALYSIS OF EXISTING STEEL                                       

FOR TOWER MAST                                   

"W16x36"
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Snow Load for Rooftop Capacity Check (ASCE 7-10) - Windward Drift Geometry

Ground snow load pg = 30.0 psf Parapet and Roof Projections

Terrain Category Sec. 26.7 Height of balanced snow load hb = 1.16 ft

Exposure of Roof Table 7-2 Clear height from top of balanced snow hc = 10.8 ft

Thermal Condition Length of roof windward of drift (lower) lu,wind = 50.0 ft

Snow exposure factor Ce = 0.9 Table 7.2 Height of snow drift (windward) hd,wind = 1.86 ft

Thermal factor Ct = 1.0 Table 7.3 Height of snow drift hd = 1.86 ft

Structure Risk category

Snow load importance factor Is = 1.1 Sec. 7.3.3

Snow load on "flat" roof pf = 20.8 psf Eq. 7.3-1

Snow density γ = 17.9 pcf

Min. Snow load on "flat" roof: Pm = Pm = 22.0 psf Sec. 7.3.4

Results

Min. snow load on low-slope roofs pm = 20.0 psf

Width of snow drift w = 7.45 ft

Max. intensity of drift surcharge load pd = 33.3 psf

where,

pm = if(pg <= 20, Is x pg, 20 x Is) Sec. 7.3.4

γ = 0.13 x pg + 14 ≤ 30 pcf Eq. 7.7-1

hb = pf / γ
hd = (0.43(lu)^(1/3) x (pg+10)^(1/4) - 1.5), hc max Fig. 7.9

hd_parapet = 0.75(0.43(lu)^(1/3) x (pg+10)^(1/4) - 1.5), hc max Fig. 7.9 and Sec. 7.8

pf = 0.7 x Ce x Ct x Is x pg Eq. 7.3-1

w = IF(hd<=hc,4*hd, 4*hd^2/hc)

pd = hd x γ

Notes:

1) For parapet walls, lu shall be taken equal to the length of the roof upwind (windward) of the wall

2) For roof projections, lu shall be taken equal to the length of the roof upwind (windward)/downwind (leeward) of the projection

3) If the side of roof projection is less than 15ft long, a drift load is not required to be applied on that side

4) This template is not applicable for Hip and Gable Roofs, and/or highly sloped roofs

                   w = 7.45 ft w = 7.45 ft

Actual Snow Drift Diagram Equivalent Snow Drift Diagram for RISA Analysis

STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP STRUCTURE

hc/hb > 0.2, NEED TO CAL SNOW DRIFT! (Sec. 7.7.1)

33.3 psf
16.7 psf

20.8 psf 20.8 psf
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5. ANALYSIS & DESIGN

5.1 Structural Analysis of Existing Building Rooftop Structure

Existing Loading Conditions

5.1.1) Existing Roof Beam W16x35 (Grid-13, Grid-G&Grid-H) 

Dead Load of Roof Floor Slab

Tributary Width = 3.00 ft

0.060 EPDM = 1.0 psf

3" Rigid = 4.5 psf

3 -1/4" Concrete Deck = 145 pcf x 3.25" / 12 = 39.3 psf

M/E/P = 4.0 psf

Finishing = 1.0 psf

Total = 49.8 psf

USE = 50.0 psf

Dead Load of Concrete Beam + W16x36 = 215.6 psf

Roof Live Load = 20.0 psf

Snow - Pm (Uniform Min. Roof) = 22.0 psf 

Snow Load on "Flat" Roof, Pf with drift (when w > 7.45ft) = 37.5 psf 

Wind Uplift Load on Building Roof = -39.82 psf 

Wind Down Load on Building Roof = 1.14 psf 

Load Apply For RISA 3D: 

- Existing Load on Roof Floor Slab

Concrete Beam Self Weight, DL = = 215.6 plf

Dead Load from Roof Floor Slab, DL = 50psf x 3ft = 150.0 plf

Roof Live Load, Lr = 20psf x 3ft = 60.0 plf

Snow Load, SL = 22psf  x 3ft = 66.0 plf

Snow Load, SLN = 37.5psf  x 3ft = 112.5 plf

Wind Uplift Load, WL-Y = -39.82psf  x 3ft = -119.5 plf

Wind Down Load, WL+Y = 1.14psf  x 3ft = 3.4 plf

- Load from TNX. (Un - Factor)

Height of Pipe 10 STD., h = 2.50 ft

Dead Load of Tower without Guy

Vertical Load, Y = 1844.6 lbs.

Horizontal Load, X = -11.3 lbs.

Horizontal Load, Z = -13.4 lbs.

Torque, My = 238.0 lbs. - ft

Moment from Horizontal X, Mz = -28.3 lbs. - ft

Moment from Horizontal Z, Mx = -33.5 lbs. - ft

Dead Load of Guy only

Vertical Load, Y = 8565.4 lbs.

Horizontal Load, X = -1.9 lbs.

Horizontal Load, Z = -1.8 lbs.

Torque, My = -118.0 lbs. - ft

Moment from Horizontal X, Mz = -4.8 lbs. - ft

Moment from Horizontal Z, Mx = -4.5 lbs. - ft

STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP STRUCTURE

Exist roof construction consists of EPDM rubber roofing over insulation (3" assumed), over 3-1/4" thickness 

concrete deck (Normal Weight), over concrete encased W beams.
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Wind Load (Env.) +X, +Z

Horizontal Load, X = -544.6 lbs.

Horizontal Load, Z = 458.0 lbs.

Moment from Horizontal X, Mz = -1361.5 lbs. - ft

Moment from Horizontal Z, Mx = 1145.0 lbs. - ft

Wind Load (Env.) +Y

Vertical Load, Y = 1081.1 lbs.

Torque, My = -1147.6 lbs. - ft

Ice Dead Load + Temp

Vertical Load, Y = 20781 lbs.

Horizontal Load, X = -74.6 lbs.

Horizontal Load, Z = -22.0 lbs.

Torque, My = -447.6 lbs. - ft

Moment from Horizontal X, Mz = -186.5 lbs. - ft

Moment from Horizontal Z, Mx = -55.0 lbs. - ft

Ice Wind Load (Env.) +X, +Z

Horizontal Load, X = -340.0 lbs.

Horizontal Load, Z = -310.0 lbs.

Moment from Horizontal X, Mz = -850.0 lbs. - ft

Moment from Horizontal Z, Mx = -775.0 lbs. - ft

Ice Wind Load (Env.) +Y

Vertical Load, Y = 520 lbs.

Torque, My = -320.0 lbs. - ft

- Determined Section Properties of Encased Concrete Steel Beam

- Steel Section : W16x36

Yield Strength, Fy = 33.00 ksi

Tensile Strength, Fu = 65.00 ksi

Depth, d = 15.90 in

Flange Width, bf = 6.99 in

Flange Thickness, tf = 0.43 in

Web Thickness, tw = 0.295 in

Section Area, As = 10.60 in
2

Weight of Steel, W = 36.00 plf

Modulus of Elastic of Steel, Es = 29000 ksi

- RC. Section : Assumed to be 9"x21" from previous SA

Compressive Stength of Concrete, f'c = 3000 psi

β1 = 0.85

Height of Beam, h = 21.00 in

Width of Beam, b = 9.00 in

Section Area, Ag = b x h = 189.00 in
2

Modulus of Elasticity of Concrete, Ec = 57000 f'c
1/2 = 3122 ksi ACI318-14 (19.2.2)
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Neutral axis without rebars

                  9" A1 = Asteel = 10.6 in
2

A2 = Aconcrete = 178.4 in
2

Atotal = 189.0 in
2

y1 = 10.5 in C.G. Steel

y2 = h/2 = 10.5 in C.G. Concrete Beam

Neutral axis without rebars, y' = 10.50 in

21" N.A. Assumed covering top and bottom = 2.55 in

yp = 2.765 in Sec. 22.2.2

- Nominal Flexural Strength of Composited Beam, φMn

0.45fcu

yp

The moment resistance of the composite section is then given by

Davidson's "Steel Designer's 6th Edition" in Sec. 22.2.2

Mp = 0.5Asfy (h - yp) ; Eq. 22.4

= 0.5*10.6*33000 * (21 - 2.765) = 265,775 lbs - ft

φMp = 0.9 * 265,775 = 239,198 lbs - ft

- Nominal Shear Strength of Beam, φVn

The resistance factor for Shear, φv
= 1.00

Ratio of Section, h / tw = 48.10 < 2.24 (E / Fy) ^0.5

Limit Ratio = 2.24 x (E / Fy)
^0.5

 = 2.24 x ( 29000 / 33) ^0.5 = 66.4

Cv = 1.00 Eq. G2-2

Area of Web, Aw = (h - 2tf) x tw = (15.9 - 2 x 0.43 ) x 0.295 = 4.44 in
2

The shear resistance of the composite section is then given by

AISC Steel Construction Manual (14th Ed.) Section G2.1a

Vn = 0.6FyAwCv ; Eq. G2-1

0.6 x 33000 x 4.44 x 1.00 = 87,912 lbs

φvVn = 0.9 * 87,912 = 87,912 lbs

(Assume Shear is Taken Fully by Steel Section)

yp

N.A.

fy

fy
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STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP STRUCTURE

- The Result from Risa 3D

Max. Shear Force, Vu = 21,767 lbs

Max. Bending Moment, Mu = 187,996 lbs. - ft

- The Stress Ratio

The Shear Stress Ratio, Vu / φVn = 21767 / 87,912 = 0.248 OK

24.8%

The Flexural Stress Ratio, Mu / φMn =187996 / 239,198 = 0.786 OK

78.6%
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Company : Black & Veatch Corp. July 23, 2020
9:23 AMDesigner : T. Eakkalak

Job Number : 403093.2000.2200 Checked By: L. Meyer
Model Name : HartfordAWC - Existing Roof Beam W16x36 - Tower Mast

(Global) Model Settings
Display Sections for Member Calcs
Max Internal Sections for Member Calcs
Include Shear Deformation?
Increase Nailing Capacity for Wind?
Include Warping?
Trans Load Btwn Intersecting Wood Wall?
Area Load Mesh (in^2)
Merge Tolerance (in)
P-Delta Analysis Tolerance
Include P-Delta for Walls?
Automatically Iterate Stiffness for Walls?
Max Iterations for Wall Stiffness
Gravity Acceleration (ft/sec^2)
Wall Mesh Size (in)
Eigensolution Convergence Tol. (1.E-)
Vertical Axis
Global Member Orientation Plane
Static Solver
Dynamic Solver

5 
97 
Yes
Yes
Yes
Yes
144
.12
0.50%
Yes
Yes
3
32.2
24
4
Y
XZ
Sparse Accelerated
Accelerated Solver

Hot Rolled Steel Code
RISAConnection Code
Cold Formed Steel Code
Wood Code
Wood Temperature
Concrete Code
Masonry Code
Aluminum Code
Stainless Steel Code

None
None
None
None
< 100F
None
None
None - Building
None

Number of Shear Regions
Region Spacing Increment (in)
Biaxial Column Method
Parme Beta Factor (PCA)
Concrete Stress Block
Use Cracked Sections?
Use Cracked Sections Slab?
Bad Framing Warnings?
Unused Force Warnings?
Min 1 Bar Diam. Spacing?
Concrete Rebar Set
Min % Steel for Column
Max % Steel for Column

4
4
Exact Integration
.65
Rectangular
Yes
No
No
Yes
No
REBAR_SET_ASTMA615
1
8

Seismic Code
Seismic Base Elevation (ft)
Add Base Weight?
Ct X
Ct Z
T X (sec)
T Z (sec)
R X
R Z

None
Not Entered
Yes
.02
.02
Not Entered
Not Entered
3
3

General Material Properties
Label E [ksi] G [ksi] Nu Therm (/1E5 F) Density[k/ft^3]

1 RIGID 1e+6 .3 0 0

General Section Sets
Label Shape Type Material A [in2] Iyy [in4] Izz [in4] J [in4]

1 RIGID None RIGID 1e+6 1e+6 1e+6 1e+6

RISA-3D Version 17.0.4      Page 1 [C:\...\...\...\...\...\...\...\...\...\Structural\HartfordAWC - Existing Roof Beam W16x36_Tower Mast.r3d] 



Company : Black & Veatch Corp. July 23, 2020
9:23 AMDesigner : T. Eakkalak

Job Number : 403093.2000.2200 Checked By: L. Meyer
Model Name : HartfordAWC - Existing Roof Beam W16x36 - Tower Mast

Joint Coordinates and Temperatures
Label X [ft] Y [ft] Z [ft] Temp [F] Detach From Diaphragm

1 N1 0 0 -5 0
2 N2 19.416667 0 -5 0
3 N3 9.708333 0 -5 0

Joint Boundary Conditions
Joint Label X [k/in] Y [k/in] Z [k/in] X Rot.[k-ft/rad] Y Rot.[k-ft/rad] Z Rot.[k-ft/rad]

1 N1 Reaction Reaction Reaction
2 N2 Reaction Reaction Reaction Reaction

Member Primary Data
Label I Joint J Joint K Joint Rotate(d... Section/Shape Type Design List Material Design Rul...

1 M2 N1 N2 RIGID None None RIGID Typical

Joint Loads and Enforced Displacements (BLC 8 : Tower Dead)
Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Y -1844.6
2 N3 L X 13.4
3 N3 L Z 11.3
4 N3 L Mx 28.3
5 N3 L Mz -33.5
6 N3 L My 238

Joint Loads and Enforced Displacements (BLC 9 : Guy Self Weight)
Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Y -8565.4
2 N3 L X 1.9
3 N3 L Z 1.8
4 N3 L My 118
5 N3 L Mx 4.8
6 N3 L Mz -4.5

Joint Loads and Enforced Displacements (BLC 10 : Wind Load Y)
Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Y -1081.1
2 N3 L My 1147.6

Joint Loads and Enforced Displacements (BLC 11 : Wind Load X)
Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L X 544.6
2 N3 L Z 458
3 N3 L Mx -1145
4 N3 L Mz 1361.5

Joint Loads and Enforced Displacements (BLC 12 : Wind Load Z)
Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L X 458
2 N3 L Z 544.6
3 N3 L Mx -1361.5
4 N3 L Mz 1145

Joint Loads and Enforced Displacements (BLC 13 : Ice Dead Load)
Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Y -20781.1
2 N3 L X 74.6
3 N3 L Z 22
4 N3 L My 447.6
5 N3 L Mx -55
6 N3 L Mz 186.5
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Joint Loads and Enforced Displacements (BLC 14 : Ice Wind Load Y)
Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Y -520
2 N3 L My 320

Joint Loads and Enforced Displacements (BLC 15 : Ice Wind Load X)
Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L X 340
2 N3 L Z 310
3 N3 L Mx -775
4 N3 L Mz 850

Joint Loads and Enforced Displacements (BLC 16 : Ice Wind Load Z)
Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L X 310
2 N3 L Z 340
3 N3 L Mx -850
4 N3 L Mz 775

Member Distributed Loads (BLC 1 : Beam and Roof)
Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M2 Y -150 -150 0 0
2 M2 Y -215.6 -215.6 0 0

Member Distributed Loads (BLC 2 : Roof Live Load)
Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M2 Y -60 -60 0 0

Member Distributed Loads (BLC 3 : Snow (Pm))
Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M2 Y -66 -66 0 0

Member Distributed Loads (BLC 4 : Snow (Pf + Drift))
Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M2 Y -62.4 -62.4 0 0
2 M2 Y -50.1 -50.1 0 0

Member Distributed Loads (BLC 5 : Wind Roof Pressure (Positive))
Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M2 Y -3.4 -3.4 0 0

Member Distributed Loads (BLC 6 : Wind Roof Pressure (Negative))
Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M2 Y 119.5 119.5 0 0

Basic Load Cases
BLC Description Category X GravityY Gravity Z Gravity Joint Point Distribu...Area(M...Surface...

1 Beam and Roof DL 2
2 Roof Live Load RLL 1
3 Snow (Pm) SL 1
4 Snow (Pf + Drift) SLN 2
5 Wind Roof Pressure (Positive) WL+Y 1
6 Wind Roof Pressure (Negative) WL-Y 1
8 Tower Dead DL 6
9 Guy Self Weight DL 6

10 Wind Load Y WLY 2
11 Wind Load X WLX 4
12 Wind Load Z WLZ 4
13 Ice Dead Load NL 6
14 Ice Wind Load Y NLY 2
15 Ice Wind Load X NLX 4
16 Ice Wind Load Z NLZ 4
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Load Combinations
Description Solve PD...S... BLC Fact...BLC Fa... BLC Fac... BLC Fac...BLC Fac...BLC Fa...B... F... ... F...... F...... F...

1 1.4DL Yes Y DL 1.4
2 1.2DL + 0.5RLL Yes Y DL 1.2 RLL .5
3 1.2DL + 0.5SL Yes Y DL 1.2 SL .5
4 1.2DL + 0.5SLN Yes Y DL 1.2 SLN .5
5 1.2DL + 0.2IDL + 0.5SL Yes Y DL 1.2 NL .2 SL .5
6 1.2DL + 0.2IDL + 0.5SLN Yes Y DL 1.2 NL .2 SLN .5
7 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX .5 WLZ WLY .5 WL... .5
8 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX .433 WLZ .25 WLY .5 WL... .5
9 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX .25 WLZ .433 WLY .5 WL... .5

10 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX WLZ .5 WLY .5 WL... .5
11 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX -.25 WLZ .433 WLY .5 WL... .5
12 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX -.433 WLZ .25 WLY .5 WL... .5
13 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX -.5 WLZ WLY .5 WL... .5
14 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX -.433 WLZ -.25 WLY .5 WL... .5
15 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX -.25 WLZ -.433 WLY .5 WL... .5
16 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX WLZ -.5 WLY .5 WL... .5
17 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX .25 WLZ -.433 WLY .5 WL... .5
18 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX .433 WLZ -.25 WLY .5 WL... .5
19 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX .5 WLZ WLY .5 WL... .5
20 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX .433 WLZ .25 WLY .5 WL... .5
21 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX .25 WLZ .433 WLY .5 WL... .5
22 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX WLZ .5 WLY .5 WL... .5
23 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX -.25 WLZ .433 WLY .5 WL... .5
24 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX -.433 WLZ .25 WLY .5 WL... .5
25 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX -.5 WLZ WLY .5 WL... .5
26 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX -.433 WLZ -.25 WLY .5 WL... .5
27 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX -.25 WLZ -.433 WLY .5 WL... .5
28 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX WLZ -.5 WLY .5 WL... .5
29 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX .25 WLZ -.433 WLY .5 WL... .5
30 1.2DL + 1.6RLL + 0.5WL (... Yes Y DL 1.2 RLL 1.6 WLX .433 WLZ -.25 WLY .5 WL... .5
31 1.2DL + 1.6SL + 0.5WL (0... Yes Y DL 1.2 SL 1.6 WLX .5 WLZ WLY .5 WL... .5
32 1.2DL + 1.6SL + 0.5WL (3... Yes Y DL 1.2 SL 1.6 WLX .433 WLZ .25 WLY .5 WL... .5
33 1.2DL + 1.6SL + 0.5WL (6... Yes Y DL 1.2 SL 1.6 WLX .25 WLZ .433 WLY .5 WL... .5
34 1.2DL + 1.6SL + 0.5WL (9... Yes Y DL 1.2 SL 1.6 WLX WLZ .5 WLY .5 WL... .5
35 1.2DL + 1.6SL + 0.5WL (1... Yes Y DL 1.2 SL 1.6 WLX -.25 WLZ .433 WLY .5 WL... .5
36 1.2DL + 1.6SL + 0.5WL (1... Yes Y DL 1.2 SL 1.6 WLX -.433 WLZ .25 WLY .5 WL... .5
37 1.2DL + 1.6SL + 0.5WL (1... Yes Y DL 1.2 SL 1.6 WLX -.5 WLZ WLY .5 WL... .5
38 1.2DL + 1.6SL + 0.5WL (2... Yes Y DL 1.2 SL 1.6 WLX -.433 WLZ -.25 WLY .5 WL... .5
39 1.2DL + 1.6SL + 0.5WL (2... Yes Y DL 1.2 SL 1.6 WLX -.25 WLZ -.433 WLY .5 WL... .5
40 1.2DL + 1.6SL + 0.5WL (2... Yes Y DL 1.2 SL 1.6 WLX WLZ -.5 WLY .5 WL... .5
41 1.2DL + 1.6SL + 0.5WL (3... Yes Y DL 1.2 SL 1.6 WLX .25 WLZ -.433 WLY .5 WL... .5
42 1.2DL + 1.6SL + 0.5WL (3... Yes Y DL 1.2 SL 1.6 WLX .433 WLZ -.25 WLY .5 WL... .5
43 1.2DL + 1.6SL + 0.5WL (0... Yes Y DL 1.2 SL 1.6 WLX .5 WLZ WLY .5 WL... .5
44 1.2DL + 1.6SL + 0.5WL (3... Yes Y DL 1.2 SL 1.6 WLX .433 WLZ .25 WLY .5 WL... .5
45 1.2DL + 1.6SL + 0.5WL (6... Yes Y DL 1.2 SL 1.6 WLX .25 WLZ .433 WLY .5 WL... .5
46 1.2DL + 1.6SL + 0.5WL (9... Yes Y DL 1.2 SL 1.6 WLX WLZ .5 WLY .5 WL... .5
47 1.2DL + 1.6SL + 0.5WL (1... Yes Y DL 1.2 SL 1.6 WLX -.25 WLZ .433 WLY .5 WL... .5
48 1.2DL + 1.6SL + 0.5WL (1... Yes Y DL 1.2 SL 1.6 WLX -.433 WLZ .25 WLY .5 WL... .5
49 1.2DL + 1.6SL + 0.5WL (1... Yes Y DL 1.2 SL 1.6 WLX -.5 WLZ WLY .5 WL... .5
50 1.2DL + 1.6SL + 0.5WL (2... Yes Y DL 1.2 SL 1.6 WLX -.433 WLZ -.25 WLY .5 WL... .5
51 1.2DL + 1.6SL + 0.5WL (2... Yes Y DL 1.2 SL 1.6 WLX -.25 WLZ -.433 WLY .5 WL... .5
52 1.2DL + 1.6SL + 0.5WL (2... Yes Y DL 1.2 SL 1.6 WLX WLZ -.5 WLY .5 WL... .5
53 1.2DL + 1.6SL + 0.5WL (3... Yes Y DL 1.2 SL 1.6 WLX .25 WLZ -.433 WLY .5 WL... .5
54 1.2DL + 1.6SL + 0.5WL (3... Yes Y DL 1.2 SL 1.6 WLX .433 WLZ -.25 WLY .5 WL... .5
55 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX .5 WLZ WLY .5 WL... .5
56 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX .433 WLZ .25 WLY .5 WL... .5
57 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX .25 WLZ .433 WLY .5 WL... .5
58 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX WLZ .5 WLY .5 WL... .5
59 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX -.25 WLZ .433 WLY .5 WL... .5
60 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX -.433 WLZ .25 WLY .5 WL... .5
61 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX -.5 WLZ WLY .5 WL... .5
62 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX -.433 WLZ -.25 WLY .5 WL... .5
63 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX -.25 WLZ -.433 WLY .5 WL... .5
64 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX WLZ -.5 WLY .5 WL... .5
65 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX .25 WLZ -.433 WLY .5 WL... .5
66 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX .433 WLZ -.25 WLY .5 WL... .5
67 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX .5 WLZ WLY .5 WL... .5
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Load Combinations (Continued)
Description Solve PD...S... BLC Fact...BLC Fa... BLC Fac... BLC Fac...BLC Fac...BLC Fa...B... F... ... F...... F...... F...

68 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX .433 WLZ .25 WLY .5 WL... .5
69 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX .25 WLZ .433 WLY .5 WL... .5
70 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX WLZ .5 WLY .5 WL... .5
71 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX -.25 WLZ .433 WLY .5 WL... .5
72 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX -.433 WLZ .25 WLY .5 WL... .5
73 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX -.5 WLZ WLY .5 WL... .5
74 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX -.433 WLZ -.25 WLY .5 WL... .5
75 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX -.25 WLZ -.433 WLY .5 WL... .5
76 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX WLZ -.5 WLY .5 WL... .5
77 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX .25 WLZ -.433 WLY .5 WL... .5
78 1.2DL + 1.6SLN + 0.5WL ... Yes Y DL 1.2 SLN 1.6 WLX .433 WLZ -.25 WLY .5 WL... .5
79 1.2DL + 1.0WL (0 DEG) +... Yes Y DL 1.2 WLX 1 WLZ RLL .5 WLY 1 WL... 1
80 1.2DL + 1.0WL (30 DEG) ... Yes Y DL 1.2 WLX .866 WLZ .5 RLL .5 WLY 1 WL... 1
81 1.2DL + 1.0WL (60 DEG) ... Yes Y DL 1.2 WLX .5 WLZ .866 RLL .5 WLY 1 WL... 1
82 1.2DL + 1.0WL (90 DEG) ... Yes Y DL 1.2 WLX WLZ 1 RLL .5 WLY 1 WL... 1
83 1.2DL + 1.0WL (120 DEG... Yes Y DL 1.2 WLX -.5 WLZ .866 RLL .5 WLY 1 WL... 1
84 1.2DL + 1.0WL (150 DEG... Yes Y DL 1.2 WLX-.866 WLZ .5 RLL .5 WLY 1 WL... 1
85 1.2DL + 1.0WL (180 DEG... Yes Y DL 1.2 WLX -1 WLZ RLL .5 WLY 1 WL... 1
86 1.2DL + 1.0WL (210 DEG... Yes Y DL 1.2 WLX-.866 WLZ -.5 RLL .5 WLY 1 WL... 1
87 1.2DL + 1.0WL (240 DEG... Yes Y DL 1.2 WLX -.5 WLZ -.866 RLL .5 WLY 1 WL... 1
88 1.2DL + 1.0WL (270 DEG... Yes Y DL 1.2 WLX WLZ -1 RLL .5 WLY 1 WL... 1
89 1.2DL + 1.0WL (300 DEG... Yes Y DL 1.2 WLX .5 WLZ -.866 RLL .5 WLY 1 WL... 1
90 1.2DL + 1.0WL (330 DEG... Yes Y DL 1.2 WLX .866 WLZ -.5 RLL .5 WLY 1 WL... 1
91 1.2DL + 1.0WL (0 DEG) +... Yes Y DL 1.2 WLX 1 WLZ RLL .5 WLY 1 WL... 1
92 1.2DL + 1.0WL (30 DEG) ... Yes Y DL 1.2 WLX .866 WLZ .5 RLL .5 WLY 1 WL... 1
93 1.2DL + 1.0WL (60 DEG) ... Yes Y DL 1.2 WLX .5 WLZ .866 RLL .5 WLY 1 WL... 1
94 1.2DL + 1.0WL (90 DEG) ... Yes Y DL 1.2 WLX WLZ 1 RLL .5 WLY 1 WL... 1
95 1.2DL + 1.0WL (120 DEG... Yes Y DL 1.2 WLX -.5 WLZ .866 RLL .5 WLY 1 WL... 1
96 1.2DL + 1.0WL (150 DEG... Yes Y DL 1.2 WLX-.866 WLZ .5 RLL .5 WLY 1 WL... 1
97 1.2DL + 1.0WL (180 DEG... Yes Y DL 1.2 WLX -1 WLZ RLL .5 WLY 1 WL... 1
98 1.2DL + 1.0WL (210 DEG... Yes Y DL 1.2 WLX-.866 WLZ -.5 RLL .5 WLY 1 WL... 1
99 1.2DL + 1.0WL (240 DEG... Yes Y DL 1.2 WLX -.5 WLZ -.866 RLL .5 WLY 1 WL... 1
100 1.2DL + 1.0WL (270 DEG... Yes Y DL 1.2 WLX WLZ -1 RLL .5 WLY 1 WL... 1
101 1.2DL + 1.0WL (300 DEG... Yes Y DL 1.2 WLX .5 WLZ -.866 RLL .5 WLY 1 WL... 1
102 1.2DL + 1.0WL (330 DEG... Yes Y DL 1.2 WLX .866 WLZ -.5 RLL .5 WLY 1 WL... 1
103 1.2DL + 1.0WL (0 DEG) +... Yes Y DL 1.2 WLX 1 WLZ SL .5 WLY 1 WL... 1
104 1.2DL + 1.0WL (30 DEG) ... Yes Y DL 1.2 WLX .866 WLZ .5 SL .5 WLY 1 WL... 1
105 1.2DL + 1.0WL (60 DEG) ... Yes Y DL 1.2 WLX .5 WLZ .866 SL .5 WLY 1 WL... 1
106 1.2DL + 1.0WL (90 DEG) ... Yes Y DL 1.2 WLX WLZ 1 SL .5 WLY 1 WL... 1
107 1.2DL + 1.0WL (120 DEG... Yes Y DL 1.2 WLX -.5 WLZ .866 SL .5 WLY 1 WL... 1
108 1.2DL + 1.0WL (150 DEG... Yes Y DL 1.2 WLX-.866 WLZ .5 SL .5 WLY 1 WL... 1
109 1.2DL + 1.0WL (180 DEG... Yes Y DL 1.2 WLX -1 WLZ SL .5 WLY 1 WL... 1
110 1.2DL + 1.0WL (210 DEG... Yes Y DL 1.2 WLX-.866 WLZ -.5 SL .5 WLY 1 WL... 1
111 1.2DL + 1.0WL (240 DEG... Yes Y DL 1.2 WLX -.5 WLZ -.866 SL .5 WLY 1 WL... 1
112 1.2DL + 1.0WL (270 DEG... Yes Y DL 1.2 WLX WLZ -1 SL .5 WLY 1 WL... 1
113 1.2DL + 1.0WL (300 DEG... Yes Y DL 1.2 WLX .5 WLZ -.866 SL .5 WLY 1 WL... 1
114 1.2DL + 1.0WL (330 DEG... Yes Y DL 1.2 WLX .866 WLZ -.5 SL .5 WLY 1 WL... 1
115 1.2DL + 1.0WL (0 DEG) +... Yes Y DL 1.2 WLX 1 WLZ SL .5 WLY 1 WL... 1
116 1.2DL + 1.0WL (30 DEG) ... Yes Y DL 1.2 WLX .866 WLZ .5 SL .5 WLY 1 WL... 1
117 1.2DL + 1.0WL (60 DEG) ... Yes Y DL 1.2 WLX .5 WLZ .866 SL .5 WLY 1 WL... 1
118 1.2DL + 1.0WL (90 DEG) ... Yes Y DL 1.2 WLX WLZ 1 SL .5 WLY 1 WL... 1
119 1.2DL + 1.0WL (120 DEG... Yes Y DL 1.2 WLX -.5 WLZ .866 SL .5 WLY 1 WL... 1
120 1.2DL + 1.0WL (150 DEG... Yes Y DL 1.2 WLX-.866 WLZ .5 SL .5 WLY 1 WL... 1
121 1.2DL + 1.0WL (180 DEG... Yes Y DL 1.2 WLX -1 WLZ SL .5 WLY 1 WL... 1
122 1.2DL + 1.0WL (210 DEG... Yes Y DL 1.2 WLX-.866 WLZ -.5 SL .5 WLY 1 WL... 1
123 1.2DL + 1.0WL (240 DEG... Yes Y DL 1.2 WLX -.5 WLZ -.866 SL .5 WLY 1 WL... 1
124 1.2DL + 1.0WL (270 DEG... Yes Y DL 1.2 WLX WLZ -1 SL .5 WLY 1 WL... 1
125 1.2DL + 1.0WL (300 DEG... Yes Y DL 1.2 WLX .5 WLZ -.866 SL .5 WLY 1 WL... 1
126 1.2DL + 1.0WL (330 DEG... Yes Y DL 1.2 WLX .866 WLZ -.5 SL .5 WLY 1 WL... 1
127 1.2DL + 1.0WL (0 DEG) +... Yes Y DL 1.2 WLX 1 WLZ SLN .5 WLY 1 WL... 1
128 1.2DL + 1.0WL (30 DEG) ... Yes Y DL 1.2 WLX .866 WLZ .5 SLN .5 WLY 1 WL... 1
129 1.2DL + 1.0WL (60 DEG) ... Yes Y DL 1.2 WLX .5 WLZ .866 SLN .5 WLY 1 WL... 1
130 1.2DL + 1.0WL (90 DEG) ... Yes Y DL 1.2 WLX WLZ 1 SLN .5 WLY 1 WL... 1
131 1.2DL + 1.0WL (120 DEG... Yes Y DL 1.2 WLX -.5 WLZ .866 SLN .5 WLY 1 WL... 1
132 1.2DL + 1.0WL (150 DEG... Yes Y DL 1.2 WLX-.866 WLZ .5 SLN .5 WLY 1 WL... 1
133 1.2DL + 1.0WL (180 DEG... Yes Y DL 1.2 WLX -1 WLZ SLN .5 WLY 1 WL... 1
134 1.2DL + 1.0WL (210 DEG... Yes Y DL 1.2 WLX-.866 WLZ -.5 SLN .5 WLY 1 WL... 1
135 1.2DL + 1.0WL (240 DEG... Yes Y DL 1.2 WLX -.5 WLZ -.866 SLN .5 WLY 1 WL... 1
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Load Combinations (Continued)
Description Solve PD...S... BLC Fact...BLC Fa... BLC Fac... BLC Fac...BLC Fac...BLC Fa...B... F... ... F...... F...... F...

136 1.2DL + 1.0WL (270 DEG... Yes Y DL 1.2 WLX WLZ -1 SLN .5 WLY 1 WL... 1
137 1.2DL + 1.0WL (300 DEG... Yes Y DL 1.2 WLX .5 WLZ -.866 SLN .5 WLY 1 WL... 1
138 1.2DL + 1.0WL (330 DEG... Yes Y DL 1.2 WLX .866 WLZ -.5 SLN .5 WLY 1 WL... 1
139 1.2DL + 1.0WL (0 DEG) +... Yes Y DL 1.2 WLX 1 WLZ SLN .5 WLY 1 WL... 1
140 1.2DL + 1.0WL (30 DEG) ... Yes Y DL 1.2 WLX .866 WLZ .5 SLN .5 WLY 1 WL... 1
141 1.2DL + 1.0WL (60 DEG) ... Yes Y DL 1.2 WLX .5 WLZ .866 SLN .5 WLY 1 WL... 1
142 1.2DL + 1.0WL (90 DEG) ... Yes Y DL 1.2 WLX WLZ 1 SLN .5 WLY 1 WL... 1
143 1.2DL + 1.0WL (120 DEG... Yes Y DL 1.2 WLX -.5 WLZ .866 SLN .5 WLY 1 WL... 1
144 1.2DL + 1.0WL (150 DEG... Yes Y DL 1.2 WLX-.866 WLZ .5 SLN .5 WLY 1 WL... 1
145 1.2DL + 1.0WL (180 DEG... Yes Y DL 1.2 WLX -1 WLZ SLN .5 WLY 1 WL... 1
146 1.2DL + 1.0WL (210 DEG... Yes Y DL 1.2 WLX-.866 WLZ -.5 SLN .5 WLY 1 WL... 1
147 1.2DL + 1.0WL (240 DEG... Yes Y DL 1.2 WLX -.5 WLZ -.866 SLN .5 WLY 1 WL... 1
148 1.2DL + 1.0WL (270 DEG... Yes Y DL 1.2 WLX WLZ -1 SLN .5 WLY 1 WL... 1
149 1.2DL + 1.0WL (300 DEG... Yes Y DL 1.2 WLX .5 WLZ -.866 SLN .5 WLY 1 WL... 1
150 1.2DL + 1.0WL (330 DEG... Yes Y DL 1.2 WLX .866 WLZ -.5 SLN .5 WLY 1 WL... 1
151 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX 1 NLZ SL .5 NLY 1
152 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX .866 NLZ .5 SL .5 NLY 1
153 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX .5 NLZ .866 SL .5 NLY 1
154 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX NLZ 1 SL .5 NLY 1
155 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX -.5 NLZ .866 SL .5 NLY 1
156 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX -.866 NLZ .5 SL .5 NLY 1
157 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX -1 NLZ SL .5 NLY 1
158 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX -.866 NLZ -.5 SL .5 NLY 1
159 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX -.5 NLZ -.866 SL .5 NLY 1
160 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX NLZ -1 SL .5 NLY 1
161 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX .5 NLZ -.866 SL .5 NLY 1
162 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX .866 NLZ -.5 SL .5 NLY 1
163 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX 1 NLZ SLN .5 NLY 1
164 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX .866 NLZ .5 SLN .5 NLY 1
165 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX .5 NLZ .866 SLN .5 NLY 1
166 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX NLZ 1 SLN .5 NLY 1
167 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX -.5 NLZ .866 SLN .5 NLY 1
168 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX -.866 NLZ .5 SLN .5 NLY 1
169 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX -1 NLZ SLN .5 NLY 1
170 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX -.866 NLZ -.5 SLN .5 NLY 1
171 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX -.5 NLZ -.866 SLN .5 NLY 1
172 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX NLZ -1 SLN .5 NLY 1
173 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX .5 NLZ -.866 SLN .5 NLY 1
174 1.2DL + 1.0IDL + 1.0IWL (... Yes Y DL 1.2 NL 1 NLX .866 NLZ -.5 SLN .5 NLY 1
175 0.9DL + 1.0WL (0 DEG) Yes Y DL .9 WLX 1 WLZ WLY 1 WL... 1
176 0.9DL + 1.0WL (30 DEG) Yes Y DL .9 WLX .866 WLZ .5 WLY 1 WL... 1
177 0.9DL + 1.0WL (60 DEG) Yes Y DL .9 WLX .5 WLZ .866 WLY 1 WL... 1
178 0.9DL + 1.0WL (90 DEG) Yes Y DL .9 WLX WLZ 1 WLY 1 WL... 1
179 0.9DL + 1.0WL (120 DEG) Yes Y DL .9 WLX -.5 WLZ .866 WLY 1 WL... 1
180 0.9DL + 1.0WL (150 DEG) Yes Y DL .9 WLX-.866 WLZ .5 WLY 1 WL... 1
181 0.9DL + 1.0WL (180 DEG) Yes Y DL .9 WLX -1 WLZ WLY 1 WL... 1
182 0.9DL + 1.0WL (210 DEG) Yes Y DL .9 WLX-.866 WLZ -.5 WLY 1 WL... 1
183 0.9DL + 1.0WL (240 DEG) Yes Y DL .9 WLX -.5 WLZ -.866 WLY 1 WL... 1
184 0.9DL + 1.0WL (270 DEG) Yes Y DL .9 WLX WLZ -1 WLY 1 WL... 1
185 0.9DL + 1.0WL (300 DEG) Yes Y DL .9 WLX .5 WLZ -.866 WLY 1 WL... 1
186 0.9DL + 1.0WL (330 DEG) Yes Y DL .9 WLX .866 WLZ -.5 WLY 1 WL... 1
187 0.9DL + 1.0WL (0 DEG) Yes Y DL .9 WLX 1 WLZ WLY 1 WL-Y 1
188 0.9DL + 1.0WL (30 DEG) Yes Y DL .9 WLX .866 WLZ .5 WLY 1 WL-Y 1
189 0.9DL + 1.0WL (60 DEG) Yes Y DL .9 WLX .5 WLZ .866 WLY 1 WL-Y 1
190 0.9DL + 1.0WL (90 DEG) Yes Y DL .9 WLX WLZ 1 WLY 1 WL-Y 1
191 0.9DL + 1.0WL (120 DEG) Yes Y DL .9 WLX -.5 WLZ .866 WLY 1 WL-Y 1
192 0.9DL + 1.0WL (150 DEG) Yes Y DL .9 WLX-.866 WLZ .5 WLY 1 WL-Y 1
193 0.9DL + 1.0WL (180 DEG) Yes Y DL .9 WLX -1 WLZ WLY 1 WL-Y 1
194 0.9DL + 1.0WL (210 DEG) Yes Y DL .9 WLX-.866 WLZ -.5 WLY 1 WL-Y 1
195 0.9DL + 1.0WL (240 DEG) Yes Y DL .9 WLX -.5 WLZ -.866 WLY 1 WL-Y 1
196 0.9DL + 1.0WL (270 DEG) Yes Y DL .9 WLX WLZ -1 WLY 1 WL-Y 1
197 0.9DL + 1.0WL (300 DEG) Yes Y DL .9 WLX .5 WLZ -.866 WLY 1 WL-Y 1
198 0.9DL + 1.0WL (330 DEG) Yes Y DL .9 WLX .866 WLZ -.5 WLY 1 WL-Y 1
199 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX 1 NLZ NLY 1
200 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX .866 NLZ .5 NLY 1
201 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX .5 NLZ .866 NLY 1
202 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX NLZ 1 NLY 1
203 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX -.5 NLZ .866 NLY 1
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Company : Black & Veatch Corp. July 23, 2020
9:23 AMDesigner : T. Eakkalak

Job Number : 403093.2000.2200 Checked By: L. Meyer
Model Name : HartfordAWC - Existing Roof Beam W16x36 - Tower Mast

Load Combinations (Continued)
Description Solve PD...S... BLC Fact...BLC Fa... BLC Fac... BLC Fac...BLC Fac...BLC Fa...B... F... ... F...... F...... F...

204 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX -.866 NLZ .5 NLY 1
205 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX -1 NLZ NLY 1
206 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX -.866 NLZ -.5 NLY 1
207 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX -.5 NLZ -.866 NLY 1
208 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX NLZ -1 NLY 1
209 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX .5 NLZ -.866 NLY 1
210 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX .866 NLZ -.5 NLY 1
211 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX 1 NLZ NLY 1
212 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX .866 NLZ .5 NLY 1
213 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX .5 NLZ .866 NLY 1
214 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX NLZ 1 NLY 1
215 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX -.5 NLZ .866 NLY 1
216 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX -.866 NLZ .5 NLY 1
217 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX -1 NLZ NLY 1
218 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX -.866 NLZ -.5 NLY 1
219 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX -.5 NLZ -.866 NLY 1
220 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX NLZ -1 NLY 1
221 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX .5 NLZ -.866 NLY 1
222 0.9DL + 1.0IDL + 1.0IWL (... Yes Y DL .9 NL 1 NLX .866 NLZ -.5 NLY 1

Envelope Maximum Member Section Forces
Mem... Axial[lb] Loc... LC y Shear[lb] Lo... LC z Shear[lb] Lo... LC Torque[l... Lo... LC y-y Mome...Lo... LC z-z Mome...Lo... LC

1 M2 max 359.492 9.9... 140 21767.008 0 164 280.602 9.... 189 1791.279 9.... 147 4112.036 9.... 147 0 0 222
2 min -359.492 0 80 -21752.495 19... 170 -439.277 0 81 -1721.769 9.... 177 -4264.651 9.... 81 -187995.48 9.... 164
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Member: M2                              

Shape:
Material:
Length:
I Joint:
J Joint:

Code Check:
Report Based On 97 Sections

                                
RIGID
19.417 ft
N1                              
N2                              

No Calc

359.492 at 9.911 ft

-359.492 at 0 ft

A lb

21767.008 at 0 ft

-21752.495 at 19.417 ft

Vy lb

280.602 at 9.911 ft

-439.277 at 0 ft

Vz lb

1791.279 at 9.708 ft

-1721.769 at 9.708 ft

T lb-ft

4112.036 at 9.708 ft

-4264.651 at 9.708 ft

My lb-ft

-187995.48 at 9.708 ft

Mz lb-ft

0 at 9.708 ft

Dy in

0 at 9.102 ft

0 at 10.315 ft

Dz in

0 at 9.911 ft

0 at 0 ft

fa ksi f(y) ksi f(z) ksi
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Owner: EVERSOURCE Computed By: T. Eakkalak

Plant: HARTFORD AWC Date: 6/8/2020

Project No. 403093.2000.2200 Verified By: L. Meyer

Title: Date: 7/23/2020

BLACK & VEATCH

Snow Load for Rooftop Capacity Check (ASCE 7-10) - Windward Drift Geometry

Ground snow load pg = 30.0 psf Parapet and Roof Projections

Terrain Category Sec. 26.7 Height of balanced snow load hb = 1.16 ft

Exposure of Roof Table 7-2 Clear height from top of balanced snow hc = 9.8 ft

Thermal Condition Length of roof windward of drift (lower) lu,wind = 50.0 ft

Snow exposure factor Ce = 0.9 Table 7.2 Height of snow drift (windward) hd,wind = 1.86 ft

Thermal factor Ct = 1.0 Table 7.3 Height of snow drift hd = 1.86 ft

Structure Risk category

Snow load importance factor Is = 1.1 Sec. 7.3.3

Snow load on "flat" roof pf = 20.8 psf Eq. 7.3-1

Snow density γ = 17.9 pcf

Min. Snow load on "flat" roof: Pm = Pm = 22.0 psf Sec. 7.3.4

Results

Min. snow load on low-slope roofs pm = 20.0 psf

Width of snow drift w = 7.45 ft

Max. intensity of drift surcharge load pd = 33.3 psf

where,

pm = if(pg <= 20, Is x pg, 20 x Is) Sec. 7.3.4

γ = 0.13 x pg + 14 ≤ 30 pcf Eq. 7.7-1

hb = pf / γ
hd = (0.43(lu)^(1/3) x (pg+10)^(1/4) - 1.5), hc max Fig. 7.9

hd_parapet = 0.75(0.43(lu)^(1/3) x (pg+10)^(1/4) - 1.5), hc max Fig. 7.9 and Sec. 7.8

pf = 0.7 x Ce x Ct x Is x pg Eq. 7.3-1

w = IF(hd<=hc,4*hd, 4*hd^2/hc)

pd = hd x γ

Notes:

1) For parapet walls, lu shall be taken equal to the length of the roof upwind (windward) of the wall

2) For roof projections, lu shall be taken equal to the length of the roof upwind (windward)/downwind (leeward) of the projection

3) If the side of roof projection is less than 15ft long, a drift load is not required to be applied on that side

4) This template is not applicable for Hip and Gable Roofs, and/or highly sloped roofs

                              w = 7.45 ft w = 7.45 ft

Actual Snow Drift Diagram Equivalent Snow Drift Diagram for RISA Analysis

STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP STRUCTURE

hc/hb > 0.2, NEED TO CAL SNOW DRIFT! (Sec. 7.7.1)

33.3 psf
16.7 psf

20.8 psf 20.8 psf
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BLACK & VEATCH

5. ANALYSIS & DESIGN

5.1 Structural Analysis of Existing Building Rooftop Structure

Existing Loading Conditions

5.1.2) Existing Roof Beam W12x26 (Grid-9&Grid-11, Grid-G&Grid-H) 

Dead Load of Roof Floor Slab

Width of Slab at considering span, B = 9.71 ft

Length of Slab at considering span, L = 22.00 ft

Ratio B / L = 9.71ft / 22ft = 0.44 < 0.5 One Way Load

Tributary Width = 9.71 ft

0.060 EPDM = 1.0 psf

3" Rigid = 4.5 psf

3 -1/4" Concrete Deck = 145 pcf x 3.25" / 12 = 39.3 psf

M/E/P = 4.0 psf

Finishing = 1.0 psf

Total = 49.8 psf

USE = 50.0 psf

Dead Load of Concrete Beam + W12x26 = 144.0 psf

Roof Live Load = 20.0 psf

Snow - Pm (Uniform Min. Roof) = 22.0 psf 

Snow Load on "Flat" Roof, Pf with drift (when w > 7.45ft) = 37.5 psf 

Wind Uplift Load on Building Roof = -39.82 psf 

Wind Down Load on Building Roof = 1.14 psf 

Load Apply For RISA 3D: 

- Existing Load on Roof Floor Slab

Concrete Beam Self Weight, DL = = 144.0 plf

Dead Load from Roof Floor Slab, DL = 50psf x 9.71ft = 485.5 plf

Roof Live Load, Lr = 20psf x 9.71ft = 194.2 plf

Snow Load, SL = 22psf  x 9.71ft = 213.6 plf

Snow Load, SLN = 37.5psf  x 9.71ft = 364.1 plf

Wind Uplift Load, WL-Y = -39.82psf  x 9.71ft = -386.7 plf

Wind Down Load, WL+Y = 1.14psf  x 9.71ft = 11.1 plf

- Load from TNX. (Un - Factor)

Guy Geometry : Guy Anchor A ( + = Tension, - = Compression)

Guy Height - Level 1 @ Corner = 18.94 ft

Guy Radius - Level 1 @ Corner = 33.00 ft

Guy Height - Level 2 @ Torque Arm = 46.38 ft

Guy Radius - Level 2 @ Torque Arm = 33.00 ft

The Effective Angle of Tension in Guy, θR = 46.38 degree From E1 tnx.

Height of Pipe 6 XXS, h = 2.50 ft

STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP STRUCTURE

Exist roof construction consists of EPDM rubber roofing over insulation (3" assumed), over 3-1/4" thickness concrete 

deck (Normal Weight), over concrete encased W beams.
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Title: Date: 7/23/2020

BLACK & VEATCH
STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP STRUCTURE

Dead Load of Equipment & Feedline without Guy

Tension in Guy, T = 16 lbs.

Horizontal Load, Z = 16lbs.x cos46.38 = 11 lbs.

Tension Load, Y = 16lbs.x sin46.38 = 12 lbs.

Moment from Horizontal Z, Mx = 11lbs. x 2.5ft = 27.5 lbs. - ft

Dead Load of Guy only

Tension in Guy, T = 3771 lbs.

Horizontal Load, Z = 3771lbs.x cos46.38 = 2,602 lbs.

Tension Load, Y = 3771lbs.x sin46.38 = 2730 lbs.

Moment from Horizontal Z, Mx = 2,602lbs. x 2.5ft = 6505 lbs. - ft

Wind Load 0 Deg (+Z)

Tension in Guy, T = -1933 lbs.

Horizontal Load, Z = -1933lbs.x cos46.38 = -1,334 lbs.

Compression Load, Y = -1933lbs.x sin46.38 = -1399 lbs.

Moment from Horizontal Z, Mx = -1,334lbs. x 2.5ft = -3335 lbs. - ft

Wind Load 180 Deg (-Z)

Tension in Guy, T = 2869 lbs.

Horizontal Load, Z = 2869lbs.x cos46.38 = 1,979 lbs.

Tension Load, Y = 2869lbs.x sin46.38 = 2077 lbs.

Moment from Horizontal Z, Mx = 1,979lbs. x 2.5ft = 4948 lbs. - ft

Ice DL + Temp

Tension in Guy, T = 2673 lbs.

Horizontal Load, Z = 2673lbs.x cos46.38 = 1,844 lbs.

Tension Load, Y = 2673lbs.x sin46.38 = 1935 lbs.

Moment from Horizontal Z, Mx = 1,844lbs. x 2.5ft = 4610 lbs. - ft

Ice Wind Load 0 Deg (+Z)

Tension in Guy, T = -1516 lbs.

Horizontal Load, Z = -1516lbs.x cos46.38 = -1,046 lbs.

Compression Load, Y = -1516lbs.x sin46.38 = -1097 lbs.

Moment from Horizontal Z, Mx = -1,046lbs. x 2.5ft = -2615 lbs. - ft

Ice Wind Load 180 Deg (-Z)

Tension in Guy, T = 1903 lbs.

Horizontal Load, Z = 1903lbs.x cos46.38 = 1,313 lbs.

Tension Load, Y = 1903lbs.x sin46.38 = 1378 lbs.

Moment from Horizontal Z, Mx = 1,313lbs. x 2.5ft = 3283 lbs. - ft
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Company : Black & Veatch Corp. July 23, 2020
9:38 AMDesigner : T. Eakkalak

Job Number : 403093.2000.2200 Checked By: L. Meyer
Model Name : HartfordAWC - Existing Roof Beam W12x26 (Anchor A)

(Global) Model Settings

Display Sections for Member Calcs
Max Internal Sections for Member Calcs
Include Shear Deformation?
Increase Nailing Capacity for Wind?
Include Warping?
Trans Load Btwn Intersecting Wood Wall?
Area Load Mesh (in^2)
Merge Tolerance (in)
P-Delta Analysis Tolerance
Include P-Delta for Walls?
Automatically Iterate Stiffness for Walls?
Max Iterations for Wall Stiffness
Gravity Acceleration (ft/sec^2)
Wall Mesh Size (in)
Eigensolution Convergence Tol. (1.E-)
Vertical Axis
Global Member Orientation Plane
Static Solver
Dynamic Solver

12
100
Yes
Yes
Yes
Yes
144
.12
0.50%
Yes
Yes
3
32.2
24
4
Y
XZ
Sparse Accelerated
Accelerated Solver

Hot Rolled Steel Code
Adjust Stiffness?
RISAConnection Code
Cold Formed Steel Code
Wood Code
Wood Temperature
Concrete Code
Masonry Code
Aluminum Code
Stainless Steel Code

AISC 14th(360-10): LRFD
Yes(Iterative)
None
None
None
< 100F
None
None
None - Building
None

Number of Shear Regions
Region Spacing Increment (in)
Biaxial Column Method
Parme Beta Factor (PCA)
Concrete Stress Block
Use Cracked Sections?
Use Cracked Sections Slab?
Bad Framing Warnings?
Unused Force Warnings?
Min 1 Bar Diam. Spacing?
Concrete Rebar Set
Min % Steel for Column
Max % Steel for Column

4
4
Exact Integration
.65
Rectangular
Yes
No
No
Yes
No
REBAR_SET_ASTMA615
1
8
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Company : Black & Veatch Corp. July 23, 2020
9:38 AMDesigner : T. Eakkalak

Job Number : 403093.2000.2200 Checked By: L. Meyer
Model Name : HartfordAWC - Existing Roof Beam W12x26 (Anchor A)

(Global) Model Settings, Continued

Seismic Code
Seismic Base Elevation (ft)
Add Base Weight?
Ct X
Ct Z
T X (sec)
T Z (sec)
R X
R Z

None
Not Entered
Yes
.02
.02
Not Entered
Not Entered
3
3

Hot Rolled Steel Properties

Label E [ksi] G [ksi] Nu Therm (/1E5 F) Density[k/ft^3] Yield[ksi] Ry Fu[ksi] Rt

1 A9 (Building) 29000 11154 .3 .65 .49 33 1.5 65 1.2

General Material Properties

Label E [ksi] G [ksi] Nu Therm (/1E5 F) Density[k/ft^3]

1 RIGID 1e+6 .3 0 0

Hot Rolled Steel Section Sets

Label Shape Type Design List Material Design R... A [in2] Iyy [in4] Izz [in4] J [in4]

1 Beam W12X26 Beam Wide Flange A9 (Building) Typical 7.65 17.3 204 .3

General Section Sets

Label Shape Type Material A [in2] Iyy [in4] Izz [in4] J [in4]

1 RIGID None RIGID 1e+6 1e+6 1e+6 1e+6

Joint Coordinates and Temperatures

Label X [ft] Y [ft] Z [ft] Temp [F] Detach From Diaphragm

1 N1 20.705 0 22 0
2 N2 20.705 0 0 0
3 N3 20.705 0 11 0

Joint Boundary Conditions

Joint Label X [k/in] Y [k/in] Z [k/in] X Rot.[k-ft/rad] Y Rot.[k-ft/rad] Z Rot.[k-ft/rad]

1 N1 Reaction Reaction Reaction
2 N2 Reaction Reaction Reaction Reaction

Member Primary Data

Label I Joint J Joint K Joint Rotate(d... Section/Shape Type Design List Material Design Rul...

1 M1 N2 N1 Beam Beam Wide Flange A9 (Buildi... Typical

Member Advanced Data

Label I Release J Release I Offset[in] J Offset[in] T/C Only Physical Defl Rat...Analysis ... Inactive Seismic...

1 M1 Yes Default None
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Company : Black & Veatch Corp. July 23, 2020
9:38 AMDesigner : T. Eakkalak

Job Number : 403093.2000.2200 Checked By: L. Meyer
Model Name : HartfordAWC - Existing Roof Beam W12x26 (Anchor A)

Hot Rolled Steel Design Parameters

Label Shape Length[ft] Lbyy[ft] Lbzz[ft] Lcomp to...Lcomp b... L-torque[ft] Kyy Kzz Cb Function

1 M1 Beam 22 22 0 0 Lateral

Joint Loads and Enforced Displacements (BLC 8 : Tower Dead)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Y 12
2 N3 L Z -11
3 N3 L Mx -27.5

Joint Loads and Enforced Displacements (BLC 9 : Guy Self Weight)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Y 2730
2 N3 L Z -2602
3 N3 L Mx -6505

Joint Loads and Enforced Displacements (BLC 10 : Wind Load +Z)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Y -1399
2 N3 L Z 1344
3 N3 L Mx 3335

Joint Loads and Enforced Displacements (BLC 11 : Wind Load -Z)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Y 2077
2 N3 L Z -1979
3 N3 L Mx -4948

Joint Loads and Enforced Displacements (BLC 12 : Ice Dead Load)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Y 1935
2 N3 L Z -1844
3 N3 L Mx -4610

Joint Loads and Enforced Displacements (BLC 13 : Ice Wind Load +Z)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Y -1097
2 N3 L Z 1046
3 N3 L Mx 2615

Joint Loads and Enforced Displacements (BLC 14 : Ice Wind Load -Z)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Y 1378
2 N3 L Z -1313
3 N3 L Mx -3283

Member Distributed Loads (BLC 1 : Beam and Roof)

Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y -144 -144 0 0
2 M1 Y -485.5 -485.5 0 0

Member Distributed Loads (BLC 2 : Roof Live Load)

Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y -194.2 -194.2 0 0
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Member Distributed Loads (BLC 3 : Snow (Pm))

Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y -213.6 -213.6 0 0

Member Distributed Loads (BLC 4 : Snow (Pf + Drift))

Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y -202 -202 0 0
2 M1 Y -162.1 -162.1 0 0

Member Distributed Loads (BLC 5 : Wind Roof Pressure (Positive))

Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y -11.1 -11.1 0 0

Member Distributed Loads (BLC 6 : Wind Roof Pressure (Negative))

Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y 386.7 386.7 0 0

Basic Load Cases

BLC Description Category X GravityY Gravity Z Gravity Joint Point Distribu...Area(M...Surface...

1 Beam and Roof DL 2
2 Roof Live Load RLL 1
3 Snow (Pm) SL 1
4 Snow (Pf + Drift) SLN 2
5 Wind Roof Pressure (Positive) WL+Y 1
6 Wind Roof Pressure (Negative) WL-Y 1
8 Tower Dead DL 3
9 Guy Self Weight DL 3
10 Wind Load +Z WL+Z 3
11 Wind Load -Z WL-Z 3
12 Ice Dead Load NL 3
13 Ice Wind Load +Z WLZ+R 3
14 Ice Wind Load -Z WLZ-R 3

Load Combinations

Description Solve PD...S... BLC Fact...BLC Fa... BLC Fac... BLC Fac...BLC Fac...BLC Fa...B... F... ... F...... F...... F...

1 1.4DL Yes Y DL 1.4
2 1.2DL + 0.5RLL Yes Y DL 1.2 RLL .5
3 1.2DL + 0.5SL Yes Y DL 1.2 SL .5
4 1.2DL + 0.5SLN Yes Y DL 1.2 SLN .5
5 1.2DL + 0.2IDL + 0.5SL Yes Y DL 1.2 NL .2 SL .5
6 1.2DL + 0.2IDL + 0.5SLN Yes Y DL 1.2 NL .2 SLN .5
7 1.2DL + 1.6RLL + 0.5WL Yes Y DL 1.2 RLL 1.6 WL... .5 WL... .5
8 1.2DL + 1.6RLL + 0.5WL Yes Y DL 1.2 RLL 1.6 WL-Z .5 WL... .5
9 1.2DL + 1.6RLL + 0.5WL Yes Y DL 1.2 RLL 1.6 WL... .5 WL-Y .5
10 1.2DL + 1.6RLL + 0.5WL Yes Y DL 1.2 RLL 1.6 WL-Z .5 WL-Y .5
11 1.2DL + 1.6SL + 0.5WL Yes Y DL 1.2 SL 1.6 WL... .5 WL... .5
12 1.2DL + 1.6SL + 0.5WL Yes Y DL 1.2 SL 1.6 WL-Z .5 WL... .5
13 1.2DL + 1.6SL + 0.5WL Yes Y DL 1.2 SL 1.6 WL... .5 WL-Y .5
14 1.2DL + 1.6SL + 0.5WL Yes Y DL 1.2 SL 1.6 WL-Z .5 WL-Y .5
15 1.2DL + 1.6SLN + 0.5WL Yes Y DL 1.2 SLN 1.6 WL... .5 WL... .5
16 1.2DL + 1.6SLN + 0.5WL Yes Y DL 1.2 SLN 1.6 WL-Z .5 WL... .5
17 1.2DL + 1.6SLN + 0.5WL Yes Y DL 1.2 SLN 1.6 WL... .5 WL-Y .5
18 1.2DL + 1.6SLN + 0.5WL Yes Y DL 1.2 SLN 1.6 WL-Z .5 WL-Y .5
19 1.2DL + 1.0WL + 0.5RLL Yes Y DL 1.2 WL... 1 WL... 1 RLL .5
20 1.2DL + 1.0WL + 0.5RLL Yes Y DL 1.2 WL... 1 WL... 1 RLL .5
21 1.2DL + 1.0WL + 0.5RLL Yes Y DL 1.2 WL... 1 WL-Y 1 RLL .5
22 1.2DL + 1.0WL + 0.5RLL Yes Y DL 1.2 WL... 1 WL-Y 1 RLL .5
23 1.2DL + 1.0WL + 0.5SL Yes Y DL 1.2 WL... 1 WL... 1 SL .5
24 1.2DL + 1.0WL + 0.5SL Yes Y DL 1.2 WL... 1 WL... 1 SL .5
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Load Combinations (Continued)

Description Solve PD...S... BLC Fact...BLC Fa... BLC Fac... BLC Fac...BLC Fac...BLC Fa...B... F... ... F...... F...... F...

25 1.2DL + 1.0WL + 0.5SL Yes Y DL 1.2 WL... 1 WL-Y 1 SL .5
26 1.2DL + 1.0WL + 0.5SL Yes Y DL 1.2 WL... 1 WL-Y 1 SL .5
27 1.2DL + 1.0WL + 0.5SLN Yes Y DL 1.2 WL... 1 WL... 1 SLN .5
28 1.2DL + 1.0WL + 0.5SLN Yes Y DL 1.2 WL... 1 WL... 1 SLN .5
29 1.2DL + 1.0WL + 0.5SLN Yes Y DL 1.2 WL... 1 WL-Y 1 SLN .5
30 1.2DL + 1.0WL + 0.5SLN Yes Y DL 1.2 WL... 1 WL-Y 1 SLN .5
31 1.2DL + 1.0IDL + 1.0IWL ... Yes Y DL 1.2 NL 1 WL... 1 SL .5
32 1.2DL + 1.0IDL + 1.0IWL ... Yes Y DL 1.2 NL 1 WL... 1 SL .5
33 1.2DL + 1.0IDL + 1.0IWL ... Yes Y DL 1.2 NL 1 WL... 1 SLN .5
34 1.2DL + 1.0IDL + 1.0IWL ... Yes Y DL 1.2 NL 1 WL... 1 SLN .5
35 0.9DL + 1.0WL Yes Y DL .9 WL... 1 WL... 1
36 0.9DL + 1.0WL Yes Y DL .9 WL... 1 WL... 1
37 0.9DL + 1.0WL Yes Y DL .9 WL... 1 WL-Y 1
38 0.9DL + 1.0WL Yes Y DL .9 WL... 1 WL-Y 1
39 0.9DL + 1.0IDL + 1.0IWL Yes Y DL .9 NL 1 WL... 1
40 0.9DL + 1.0IDL + 1.0IWL Yes Y DL .9 NL 1 WL... 1

Envelope Joint Reactions

Joint X [lb] LC Y [lb] LC Z [lb] LC MX [lb-ft] LC MY [lb-ft] LC MZ [lb-ft] LC

1 N1 max 0 40 13214.898 15 3146.3 34 0 40 0 40 0 40
2 min 0 1 -789.045 38 503.85 35 0 1 0 1 0 1
3 N2 max 0 40 13751.422 15 3146.3 34 0 40 0 40 0 40
4 min 0 1 200.945 38 503.85 35 0 1 0 1 0 1
5 Totals: max 0 40 26966.32 15 6292.6 34
6 min 0 1 -588.1 38 1007.7 35

Envelope AISC 14th(360-10): LRFD Steel Code Checks

Member Shape Code C... Loc[ft] LC Shear C... Loc[ft] Dir LC phi*Pnc...phi*Pnt [...phi*Mn y-...phi*Mn z... Cb Eqn

1 M1 W12X26 .777 10.222 15 .248 0 y 15 56076.... 227205 20220.75 92070 1.133 H1-1b

RISA-3D Version 17.0.4      Page 5 [C:\...\...\...\...\...\...\...\...\...\...\HartfordAWC - Existing Roof Beam W12x26_Anchor A.r3d] 

thi94617
Highlight

thi94617
Highlight



Owner: EVERSOURCE Computed By: T. Eakkalak

Project: HARTFORD AWC Date: 5/28/2020

Project No. Verified By: L. Meyer

Title: Date: 7/23/2020

BLACK & VEATCH

403093.2000.2200

STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP 

STRUCTURE

ANALYSIS OF EXISTING STEEL                                   

FOR GUY ANCHOR B

"W12x22"



Owner: EVERSOURCE Computed By: T. Eakkalak

Project: HARTFORD AWC Date: 5/28/2020

Project No. Verified By: L. Meyer

Title: Date: 6/10/2020

BLACK & VEATCH

403093.2000.2200

STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP 

STRUCTURE

                               

thi94617
Image

thi94617
Snapshot



Owner: EVERSOURCE Computed By: T. Eakkalak

Plant: HARTFORD AWC Date: 6/8/2020

Project No. 403093.2000.2200 Verified By: L. Meyer

Title: Date: 7/23/2020

BLACK & VEATCH

Snow Load for Rooftop Capacity Check (ASCE 7-10) - Windward Drift Geometry

Ground snow load pg = 30.0 psf Parapet and Roof Projections

Terrain Category Sec. 26.7 Height of balanced snow load hb = 1.16 ft

Exposure of Roof Table 7-2 Clear height from top of balanced snow hc = 0.8 ft

Thermal Condition Length of roof windward of drift (lower) lu,wind = 158.0 ft

Snow exposure factor Ce = 0.9 Table 7.2 Height of snow drift (windward) hd,wind = 0.84 ft

Thermal factor Ct = 1.0 Table 7.3 Height of snow drift hd = 0.84 ft

Structure Risk category

Snow load importance factor Is = 1.1 Sec. 7.3.3

Snow load on "flat" roof pf = 20.8 psf Eq. 7.3-1

Snow density γ = 17.9 pcf

Min. Snow load on "flat" roof: Pm = Pm = 22.0 psf Sec. 7.3.4

Results

Min. snow load on low-slope roofs pm = 20.0 psf

Width of snow drift w = 3.35 ft

Max. intensity of drift surcharge load pd = 15.0 psf

where,

pm = if(pg <= 20, Is x pg, 20 x Is) Sec. 7.3.4

γ = 0.13 x pg + 14 ≤ 30 pcf Eq. 7.7-1

hb = pf / γ
hd = (0.43(lu)^(1/3) x (pg+10)^(1/4) - 1.5), hc max Fig. 7.9

hd_parapet = 0.75(0.43(lu)^(1/3) x (pg+10)^(1/4) - 1.5), hc max Fig. 7.9 and Sec. 7.8

pf = 0.7 x Ce x Ct x Is x pg Eq. 7.3-1

w = IF(hd<=hc,4*hd, 4*hd^2/hc)

pd = hd x γ

Notes:

1) For parapet walls, lu shall be taken equal to the length of the roof upwind (windward) of the wall

2) For roof projections, lu shall be taken equal to the length of the roof upwind (windward)/downwind (leeward) of the projection

3) If the side of roof projection is less than 15ft long, a drift load is not required to be applied on that side

4) This template is not applicable for Hip and Gable Roofs, and/or highly sloped roofs

                              w = 3.35 ft w = 3.35 ft

Actual Snow Drift Diagram Equivalent Snow Drift Diagram for RISA Analysis

STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP STRUCTURE

hc/hb > 0.2, NEED TO CAL SNOW DRIFT! (Sec. 7.7.1)

15.0 psf
7.5 psf

20.8 psf 20.8 psf
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5. ANALYSIS & DESIGN

5.1 Structural Analysis of Existing Building Rooftop Structure

Existing Loading Conditions

5.1.3) Existing Roof Beam W12x22 (Grid-13&Grid-15, Grid-I) 

Dead Load of Roof Floor Slab

Width of Slab at considering span, B = 9.00 ft

Length of Slab at considering span, L = 21.00 ft

Ratio B / L = 9ft / 21ft = 0.43 < 0.5 One Way Load

Tributary Width = 8.94 ft

0.060 EPDM = 1.0 psf

3" Rigid = 4.5 psf

3 -1/4" Concrete Deck = 145 pcf x 3.25" / 12 = 39.3 psf

M/E/P = 4.0 psf

Finishing = 1.0 psf

Total = 49.8 psf

USE = 50.0 psf

Dead Load of Concrete Beam + W12x22 = 141.2 psf

Roof Live Load = 20.0 psf

Snow - Pm (Uniform Min. Roof) = 22.0 psf 

Snow Load on "Flat" Roof, Pf with drift (when w > 3.35ft) = 28.3 psf 

Wind Uplift Load on Building Roof = -39.8 psf 

Wind Down Load on Building Roof = 1.1 psf 

Load Apply For RISA 3D: 

- Existing Load on Roof Floor Slab

Concrete Beam Self Weight, DL = = 141.2 plf

Dead Load from Roof Floor Slab, DL = 50psf x 8.94ft = 447.0 plf

Roof Live Load, Lr = 20psf x 8.94ft = 178.8 plf

Snow Load, SL = 22psf  x 8.94ft = 196.7 plf

Snow Load, SLN = 28.3psf  x 8.94ft = 254.7 plf

Wind Uplift Load, WL-Y = -39.82psf  x 9ft = -356.0 plf

Wind Down Load, WL+Y = 1.14psf  x 9ft = 10.2 plf

- Load from TNX. (Un - Factor)

Guy Geometry : Guy Anchor B ( + = Tension, - = Compression)

Guy Height - Level 1 @ Corner = 18.94 ft

Guy Radius - Level 1 @ Corner = 36.00 ft

Guy Height - Level 2 @ Torque Arm = 46.38 ft

Guy Radius - Level 2 @ Torque Arm = 36.00 ft

The Effective Angle of Tension in Guy, θR = 42.63 degree From E1 tnx.

The Angle of plane XZ in Guy, θ1 = 60.0 degree

Height of Pipe 6 XXS, h = 2.50 ft

STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP STRUCTURE

Exist roof construction consists of EPDM rubber roofing over insulation (3" assumed), over 3-1/4" thickness 

concrete deck (Normal Weight), over concrete encased W beams.



Owner: EVERSOURCE Computed By: T. Eakkalak

Site Name: HARTFORD AWC Date: 5/28/2020

Project No. 403093.2000.2200 Verified By: L. Meyer

Title: Date: 7/23/2020

BLACK & VEATCH
STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP STRUCTURE

Dead Load of Equipment & Feedline without Guy

Compression Guy, T = -15 lbs.

Horizontal Load, Z (along beam) = -15lbs.x cos42.63 x cos60 = -5.5 lbs.

Compression Load, Y = -15lbs.x sin42.63 = -10 lbs.

Horizontal Load, X = -15lbs.x cos42.63 x sin60 = -10 lbs.

Moment from Horizontal Z, Mx = -5.5lbs. x 2.5ft = -14 lbs. - ft

Moment from Horizontal X, Mz = -9.56lbs. x 2.5ft = -24 lbs. - ft

Dead Load of Guy only

Tension in Guy, T = 3582 lbs.

Horizontal Load, Z (along beam) = 3582lbs.x cos42.63 x cos60 = 1,318 lbs.

Tension Load, Y = 3582lbs.x sin42.63 = 2426 lbs.

Horizontal Load, X = 3582lbs.x cos42.63 x sin60 = 2,282 lbs.

Moment from Horizontal Z, Mx = 1,318lbs. x 2.5ft = 3295 lbs. - ft

Moment from Horizontal X, Mz = 2,282lbs. x 2.5ft = 5705 lbs. - ft

Wind Load 120 Deg (+X)

Compression Guy, T = -1938 lbs.

Horizontal Load, Z (along beam) = -1938lbs.x cos42.63 x cos60 = -713 lbs.

Compression Load, Y = -1938lbs.x sin42.63 = -1313 lbs.

Horizontal Load, X = -1938lbs.x cos42.63 x sin60 = -1235 lbs.

Moment from Horizontal Z, Mx = -712.93lbs. x 2.5ft = -1782 lbs. - ft

Moment from Horizontal X, Mz = -1234.84lbs. x 2.5ft = -3087 lbs. - ft

Wind Load 300 Deg (-X)

Tension in Guy, T = 2843 lbs.

Horizontal Load, Z (along beam) = 2843lbs.x cos42.63 x cos60 = 1,046 lbs.

Tension Load, Y = 2843lbs.x sin42.63 = 1925 lbs.

Horizontal Load, X = 2843lbs.x cos42.63 x sin60 = 1,811 lbs.

Moment from Horizontal Z, Mx = 1,046lbs. x 2.5ft = 2615 lbs. - ft

Moment from Horizontal X, Mz = 1,811lbs. x 2.5ft = 4528 lbs. - ft

Ice DL + Temp

Tension in Guy, T = 2409 lbs.

Horizontal Load, Z (along beam) = 2409lbs.x cos42.63 x cos60 = 886 lbs.

Tension Load, Y = 2409lbs.x sin42.63 = 1632 lbs.

Horizontal Load, X = 2409lbs.x cos42.63 x sin60 = 1,535 lbs.

Moment from Horizontal Z, Mx = 886lbs. x 2.5ft = 2215 lbs. - ft

Moment from Horizontal X, Mz = 1,535lbs. x 2.5ft = 3838 lbs. - ft

Ice Wind Load 120 Deg (+X)

Compression Guy, T = -1469 lbs.

Horizontal Load, Z (along beam) = -1469lbs.x cos42.63 x cos60 = -540 lbs.

Compression Load, Y = -1469lbs.x sin42.63 = -995 lbs.

Horizontal Load, X = -1469lbs.x cos42.63 x sin60 = -936 lbs.

Moment from Horizontal Z, Mx = -540lbs. x 2.5ft = -1350 lbs. - ft

Moment from Horizontal X, Mz = -936lbs. x 2.5ft = -2340 lbs. - ft

Ice Wind Load 300 Deg (-X)

Tension in Guy, T = 1810 lbs.

Horizontal Load, Z (along beam) = 1810lbs.x cos42.63 x cos60 = 666 lbs.

Tension Load, Y = 1810lbs.x sin42.63 = 1226 lbs.

Horizontal Load, X = 1810lbs.x cos42.63 x sin60 = 1,153 lbs.

Moment from Horizontal Z, Mx = 666lbs. x 2.5ft = 1665 lbs. - ft

Moment from Horizontal X, Mz = 1,153lbs. x 2.5ft = 2883 lbs. - ft
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STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP STRUCTURE

- Determined Section Properties of Encased Concrete Steel Beam

- Steel Section : W12x22

Yield Strength, Fy = 33.00 ksi

Tensile Strength, Fu = 65.00 ksi

Depth, d = 12.30 in

Flange Width, bf = 4.03 in

Flange Thickness, tf = 0.43 in

Web Thickness, tw = 0.260 in

Section Area, As = 6.48 in
2

Weight of Steel, W = 22.00 plf

Modulus of Elastic of Steel, Es = 29000 ksi

- RC. Section : Assumed to be 9.25"x13.5" from previous SA

Compressive Stength of Concrete, f'c = 3000 psi

β1 = 0.85

Height of Beam, h = 13.50 in

Width of Beam, b = 9.25 in

Section Area, Ag = b x h = 124.88 in
2

Modulus of Elasticity of Concrete, Ec = 57000 f'c
1/2 = 3122 ksi ACI318-14 (19.2.2)

Neutral axis without rebars

                  9.25" A1 = Asteel = 6.5 in
2

A2 = Aconcrete = 118.4 in
2

Atotal = 124.9 in
2

y1 = 6.8 in C.G. Steel

y2 = h/2 = 6.8 in C.G. Concrete Beam

Neutral axis without rebars, y' = 6.75 in

13.5" N.A. Assumed covering top and bottom = 0.60 in

yp = 0.815 in Sec. 22.2.2

- Nominal Flexural Strength of Composited Beam (Stong Axis Bending), φMn-z

0.45fcu

yp

yp

N.A.

fy

fy
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STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP STRUCTURE

The moment resistance of the composite section is then given by

Davidson's "Steel Designer's 6th Edition" in Sec. 22.2.2

Mp = 0.5Asfy (h - yp) ; Eq. 22.4

= 0.5*6.48*33000 * (13.5 - 0.815) = 113,023 lbs - ft

φMp = 0.9 * 113,023 = 101,721 lbs - ft

- Nominal Shear Strength of Beam, φVn

The resistance factor for Shear, φv
= 1.00

Ratio of Section, h / tw = 46.60 < 2.24 (E / Fy) ^0.5

Limit Ratio = 2.24 x (E / Fy)
^0.5

 = 2.24 x ( 3000 / 4.03) ^0.5 = 66.4

Cv = 1.00 Eq. G2-2

Area of Web, Aw = (h - 2tf) x tw = (0.26 - 2 x 22 ) x 29000 = 2.97 in
2

The shear resistance of the composite section is then given by

AISC Steel Construction Manual (14th Ed.) Section G2.1a

Vn = 0.6FyAwCv ; Eq. G2-1

0.6 x 4030 x 2.97 x 1.00 = 58,806 lbs

φvVn = 0.9 * 58,806 = 58,806 lbs

- The Result from Risa 3D

Max. Shear Force, Vu = 11,616 lbs

Max. Bending Moment, Mu-z = 60,313 lbs. - ft

Max. Bending Moment, Mu-y = 2,365 lbs. - ft

- The Stress Ratio

The Shear Stress Ratio, Vu / φVn = 11616 / 58806 = 0.198 OK

19.8%

The Flexural Stress Ratio, Mu / φMn60313 / 101,721 = 0.593 OK

59.3%

The Flexural Stress Ratio, Mu / φMn2365.402 / 13725 = 0.172 OK

17.2%

Combined Flexural Stress Ratio = 76.5% OK

(Assume Shear is Taken Fully by Steel Section)
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(Global) Model Settings

Display Sections for Member Calcs
Max Internal Sections for Member Calcs
Include Shear Deformation?
Increase Nailing Capacity for Wind?
Include Warping?
Trans Load Btwn Intersecting Wood Wall?
Area Load Mesh (in^2)
Merge Tolerance (in)
P-Delta Analysis Tolerance
Include P-Delta for Walls?
Automatically Iterate Stiffness for Walls?
Max Iterations for Wall Stiffness
Gravity Acceleration (ft/sec^2)
Wall Mesh Size (in)
Eigensolution Convergence Tol. (1.E-)
Vertical Axis
Global Member Orientation Plane
Static Solver
Dynamic Solver

3 
99 
Yes
Yes
Yes
Yes
144
.12
0.50%
Yes
Yes
3
32.2
24
4
Y
XZ
Sparse Accelerated
Accelerated Solver

Hot Rolled Steel Code
Adjust Stiffness?
RISAConnection Code
Cold Formed Steel Code
Wood Code
Wood Temperature
Concrete Code
Masonry Code
Aluminum Code
Stainless Steel Code

AISC 14th(360-10): LRFD
Yes(Iterative)
None
None
None
< 100F
None
None
None - Building
None

Number of Shear Regions
Region Spacing Increment (in)
Biaxial Column Method
Parme Beta Factor (PCA)
Concrete Stress Block
Use Cracked Sections?
Use Cracked Sections Slab?
Bad Framing Warnings?
Unused Force Warnings?
Min 1 Bar Diam. Spacing?
Concrete Rebar Set
Min % Steel for Column
Max % Steel for Column

4
4
Exact Integration
.65
Rectangular
Yes
No
No
Yes
No
REBAR_SET_ASTMA615
1
8
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Job Number : 403093.2000.2200 Checked By: L. Meyer
Model Name : HartfordAWC - Existing Roof Beam W12x22 (Anchor B)

(Global) Model Settings, Continued

Seismic Code
Seismic Base Elevation (ft)
Add Base Weight?
Ct X
Ct Z
T X (sec)
T Z (sec)
R X
R Z

None
Not Entered
Yes
.02
.02
Not Entered
Not Entered
3
3

Hot Rolled Steel Properties

Label E [ksi] G [ksi] Nu Therm (/1E5 F) Density[k/ft^3] Yield[ksi] Ry Fu[ksi] Rt

1 A992 Gr. 50 29000 11154 .3 .65 .49 50 1.5 65 1.2

General Material Properties

Label E [ksi] G [ksi] Nu Therm (/1E5 F) Density[k/ft^3]

1 RIGID 29000 11154 .3 .65 0

Hot Rolled Steel Section Sets

Label Shape Type Design List Material Design R... A [in2] Iyy [in4] Izz [in4] J [in4]

1 Strut Beam W10X12 Beam Wide Flange A992 Gr. 50 Typical 3.54 2.18 53.8 .055

General Section Sets

Label Shape Type Material A [in2] Iyy [in4] Izz [in4] J [in4]

1 RIGID None RIGID 6.48 4.66 156 .293

Joint Coordinates and Temperatures

Label X [ft] Y [ft] Z [ft] Temp [F] Detach From Diaphragm

1 N1 -.295 0 0 0
2 N2 -.295 0 -21 0
3 N3 -.295 0 -18 0
4 N4 -.295 0 -15 0
5 N5 -.295 0 -19 0
6 N6 -9.17 0 -15 0
7 N7 -9.17 0 -19 0
8 N8 8.705 0 -15 0
9 N9 8.705 0 -19 0

Joint Boundary Conditions

Joint Label X [k/in] Y [k/in] Z [k/in] X Rot.[k-ft/rad] Y Rot.[k-ft/rad] Z Rot.[k-ft/rad]

1 N1 Reaction Reaction Reaction
2 N2 Reaction Reaction Reaction Reaction
3 N4
4 N5
5 N6 Reaction Reaction Reaction
6 N7 Reaction Reaction Reaction
7 N8 Reaction Reaction Reaction
8 N9 Reaction Reaction Reaction
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Job Number : 403093.2000.2200 Checked By: L. Meyer
Model Name : HartfordAWC - Existing Roof Beam W12x22 (Anchor B)

Member Primary Data

Label I Joint J Joint K Joint Rotate(d... Section/Shape Type Design List Material Design Rul...

1 M1 N2 N1 RIGID None None RIGID DR1
2 M2 N8 N4 Strut Beam Beam Wide Flange A992 Gr. ... Typical
3 M3 N4 N6 Strut Beam Beam Wide Flange A992 Gr. ... Typical
4 M4 N9 N5 Strut Beam Beam Wide Flange A992 Gr. ... Typical
5 M5 N5 N7 Strut Beam Beam Wide Flange A992 Gr. ... Typical

Member Advanced Data

Label I Release J Release I Offset[in] J Offset[in] T/C Only Physical Defl Rat...Analysis ... Inactive Seismic...

1 M1 Yes ** NA ** None
2 M2 BenPIN Yes Default None
3 M3 BenPIN Yes Default None
4 M4 BenPIN Yes Default None
5 M5 BenPIN Yes Default None

Hot Rolled Steel Design Parameters

Label Shape Length[ft] Lbyy[ft] Lbzz[ft] Lcomp to...Lcomp b... L-torque[ft] Kyy Kzz Cb Function

1 M2 Strut Beam 9 Lateral
2 M3 Strut Beam 8.875 Lateral
3 M4 Strut Beam 9 Lateral
4 M5 Strut Beam 8.875 Lateral

Joint Loads and Enforced Displacements (BLC 8 : Tower Dead)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Z -5.5
2 N3 L Mx -14
3 N3 L Y -10
4 N3 L X -10
5 N3 L Mz 24

Joint Loads and Enforced Displacements (BLC 9 : Guy Self Weight)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Z 1318
2 N3 L Mx 3295
3 N3 L Y 2426
4 N3 L X 2282
5 N3 L Mz -5705

Joint Loads and Enforced Displacements (BLC 10 : Wind Load (120 Deg.) +X)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Z -713
2 N3 L Mx -1782
3 N3 L Y -1313
4 N3 L X -1235
5 N3 L Mz 3087

Joint Loads and Enforced Displacements (BLC 11 : Wind Load (300 Deg.) -X)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Z 1046
2 N3 L Mx 2615
3 N3 L Y 1925
4 N3 L X 1811
5 N3 L Mz -4528
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Joint Loads and Enforced Displacements (BLC 12 : Ice Dead Load)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Z 886
2 N3 L Mx 2215
3 N3 L Y 1632
4 N3 L X 1535
5 N3 L Mz -3838

Joint Loads and Enforced Displacements (BLC 13 : Ice Wind Load (120 Deg.) +X)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Z -540
2 N3 L Mx -1350
3 N3 L Y -995
4 N3 L X -936
5 N3 L Mz 2340

Joint Loads and Enforced Displacements (BLC 14 : Ice Wind Load (300 Deg.) -X)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Z 666
2 N3 L Mx 1665
3 N3 L Y 1226
4 N3 L X 1153
5 N3 L Mz -2883

Member Distributed Loads (BLC 1 : Beam and Roof)

Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y -141.2 -141.2 0 0
2 M1 Y -447 -447 0 0
3 M2 Y -12 -12 0 0
4 M3 Y -12 -12 0 0
5 M4 Y -12 -12 0 0
6 M5 Y -12 -12 0 0

Member Distributed Loads (BLC 2 : Roof Live Load)

Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y -178.8 -178.8 0 0

Member Distributed Loads (BLC 3 : Snow (Pm))

Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y -196.7 -196.7 0 0

Member Distributed Loads (BLC 4 : Snow (Pf + Drift))

Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y -254.7 -254.7 0 0

Member Distributed Loads (BLC 5 : Wind Roof Pressure (Positive))

Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y -10.2 -10.2 0 0

Member Distributed Loads (BLC 6 : Wind Roof Pressure (Negative))

Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y 356 356 0 0
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Basic Load Cases

BLC Description Category X GravityY Gravity Z Gravity Joint Point Distribu...Area(M...Surface...

1 Beam and Roof DL 6
2 Roof Live Load RLL 1
3 Snow (Pm) SL 1
4 Snow (Pf + Drift) SLN 1
5 Wind Roof Pressure (Positive) WL+Y 1
6 Wind Roof Pressure (Negative) WL-Y 1
8 Tower Dead DL 5
9 Guy Self Weight DL 5
10 Wind Load (120 Deg.) +X WL+X 5
11 Wind Load (300 Deg.) -X WL-X 5
12 Ice Dead Load NL 5
13 Ice Wind Load (120 Deg.) +X WLX+R 5
14 Ice Wind Load (300 Deg.) -X WLX-R 5

Load Combinations

Description Solve PD...S... BLC Fact...BLC Fa... BLC Fac... BLC Fac...BLC Fac...BLC Fa...B... F... ... F...... F...... F...

1 1.4DL Yes Y DL 1.4
2 1.2DL + 0.5RLL Yes Y DL 1.2 RLL .5
3 1.2DL + 0.5SL Yes Y DL 1.2 SL .5
4 1.2DL + 0.5SLN Yes Y DL 1.2 SLN .5
5 1.2DL + 0.2IDL + 0.5SL Yes Y DL 1.2 NL .2 SL .5
6 1.2DL + 0.2IDL + 0.5SLN Yes Y DL 1.2 NL .2 SLN .5
7 1.2DL + 1.6RLL + 0.5WL Yes Y DL 1.2 RLL 1.6 WL... .5 WL... .5
8 1.2DL + 1.6RLL + 0.5WL Yes Y DL 1.2 RLL 1.6 WL-X .5 WL... .5
9 1.2DL + 1.6RLL + 0.5WL Yes Y DL 1.2 RLL 1.6 WL... .5 WL-Y .5
10 1.2DL + 1.6RLL + 0.5WL Yes Y DL 1.2 RLL 1.6 WL-X .5 WL-Y .5
11 1.2DL + 1.6SL + 0.5WL Yes Y DL 1.2 SL 1.6 WL... .5 WL... .5
12 1.2DL + 1.6SL + 0.5WL Yes Y DL 1.2 SL 1.6 WL-X .5 WL... .5
13 1.2DL + 1.6SL + 0.5WL Yes Y DL 1.2 SL 1.6 WL... .5 WL-Y .5
14 1.2DL + 1.6SL + 0.5WL Yes Y DL 1.2 SL 1.6 WL-X .5 WL-Y .5
15 1.2DL + 1.6SLN + 0.5WL Yes Y DL 1.2 SLN 1.6 WL... .5 WL... .5
16 1.2DL + 1.6SLN + 0.5WL Yes Y DL 1.2 SLN 1.6 WL-X .5 WL... .5
17 1.2DL + 1.6SLN + 0.5WL Yes Y DL 1.2 SLN 1.6 WL... .5 WL-Y .5
18 1.2DL + 1.6SLN + 0.5WL Yes Y DL 1.2 SLN 1.6 WL-X .5 WL-Y .5
19 1.2DL + 1.0WL + 0.5RLL Yes Y DL 1.2 WL... 1 WL... 1 RLL .5
20 1.2DL + 1.0WL + 0.5RLL Yes Y DL 1.2 WL... 1 WL... 1 RLL .5
21 1.2DL + 1.0WL + 0.5RLL Yes Y DL 1.2 WL... 1 WL-Y 1 RLL .5
22 1.2DL + 1.0WL + 0.5RLL Yes Y DL 1.2 WL... 1 WL-Y 1 RLL .5
23 1.2DL + 1.0WL + 0.5SL Yes Y DL 1.2 WL... 1 WL... 1 SL .5
24 1.2DL + 1.0WL + 0.5SL Yes Y DL 1.2 WL... 1 WL... 1 SL .5
25 1.2DL + 1.0WL + 0.5SL Yes Y DL 1.2 WL... 1 WL-Y 1 SL .5
26 1.2DL + 1.0WL + 0.5SL Yes Y DL 1.2 WL... 1 WL-Y 1 SL .5
27 1.2DL + 1.0WL + 0.5SLN Yes Y DL 1.2 WL... 1 WL... 1 SLN .5
28 1.2DL + 1.0WL + 0.5SLN Yes Y DL 1.2 WL... 1 WL... 1 SLN .5
29 1.2DL + 1.0WL + 0.5SLN Yes Y DL 1.2 WL... 1 WL-Y 1 SLN .5
30 1.2DL + 1.0WL + 0.5SLN Yes Y DL 1.2 WL... 1 WL-Y 1 SLN .5
31 1.2DL + 1.0IDL + 1.0IWL ... Yes Y DL 1.2 NL 1 WL... 1 SL .5
32 1.2DL + 1.0IDL + 1.0IWL ... Yes Y DL 1.2 NL 1 WL... 1 SL .5
33 1.2DL + 1.0IDL + 1.0IWL ... Yes Y DL 1.2 NL 1 WL... 1 SLN .5
34 1.2DL + 1.0IDL + 1.0IWL ... Yes Y DL 1.2 NL 1 WL... 1 SLN .5
35 0.9DL + 1.0WL Yes Y DL .9 WL... 1 WL... 1
36 0.9DL + 1.0WL Yes Y DL .9 WL... 1 WL... 1
37 0.9DL + 1.0WL Yes Y DL .9 WL... 1 WL-Y 1
38 0.9DL + 1.0WL Yes Y DL .9 WL... 1 WL-Y 1
39 0.9DL + 1.0IDL + 1.0IWL Yes Y DL .9 NL 1 WL... 1
40 0.9DL + 1.0IDL + 1.0IWL Yes Y DL .9 NL 1 WL... 1
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Envelope Joint Reactions

Joint X [lb] LC Y [lb] LC Z [lb] LC MX [lb-ft] LC MY [lb-ft] LC MZ [lb-ft] LC

1 N1 max 21.16 34 11615.284 15 -66.893 37 0 40 0 40 0 40
2 min 3.167 35 1536.489 38 -446.714 32 0 1 0 1 0 1
3 N2 max 1074.321 34 9886.949 15 -401.357 37 0 40 0 40 13538.2 34
4 min 160.872 35 -1801.875 38 -2680.285 32 0 1 0 1 2025.9 35
5 N6 max -68.987 37 76.04 1 0 37 0 40 0 40 0 40
6 min -460.733 32 48.006 37 -.002 32 0 1 0 1 0 1
7 N7 max -421.338 37 77.932 1 0 37 0 40 0 40 0 40
8 min -2816.969 32 48.109 37 -.009 32 0 1 0 1 0 1
9 N8 max -68.028 37 74.151 1 .002 34 0 40 0 40 0 40
10 min -454.334 32 47.392 40 0 35 0 1 0 1 0 1
11 N9 max -415.486 37 72.311 1 .009 34 0 40 0 40 0 40
12 min -2777.845 32 45.982 40 0 35 0 1 0 1 0 1
13 Totals: max -809.8 37 21759.76 15 -468.25 37
14 min -5414.4 32 -72.32 38 -3127 32

Envelope Maximum Member Section Forces

Mem... Axial[lb] Loc... LC y Shear[lb] Lo... LC z Shear[lb] Lo... LC Torque[l... Lo... LC y-y Mome...Lo... LC z-z Mome...Lo... LC

1 M1 max 446.714 3.2... 34 9873.336 0 15 4514.859 2.... 34 13538.2 0 34 2365.402 3 34 6287.382 3 38
2 min -2680.2862.1... 32 -11616.087 21 15 -1074.729 0 32 0 3.... 1 -2072.691 1.... 32 -60313.401 10... 15
3 M2 max 454.334 0 34 75.6 0 1 0 0 40 0 0 40 0 0 40 0 0 40
4 min 68.028 0 35 -75.6 9 1 0 0 1 0 0 1 0 0 1 -170.1 4.5 1
5 M3 max -68.987 0 37 74.55 0 1 0 0 40 0 0 40 0 0 40 0 0 40
6 min -460.733 0 32 -74.55 8.... 1 0 0 1 0 0 1 0 0 1 -165.408 4.... 1
7 M4 max 2777.845 0 34 75.6 0 1 0 0 40 0 0 40 0 0 40 0 0 40
8 min 415.486 0 35 -75.6 9 1 0 0 1 0 0 1 0 0 1 -170.1 4.5 1
9 M5 max -421.338 0 37 74.55 0 1 0 0 40 0 0 40 0 0 40 0 0 40
10 min -2816.969 0 32 -74.55 8.... 1 0 0 1 0 0 1 0 0 1 -165.408 4.... 1

Envelope AISC 14th(360-10): LRFD Steel Code Checks

Member Shape Code C... Loc[ft] LC Shear C... Loc[ft] Dir LC phi*Pnc...phi*Pnt [...phi*Mn y-...phi*Mn z... Cb Eqn

1 M2 W10X12 .011 4.5 34 .001 9 y 1 42222.... 159300 6457.57926884.207 1.136 H1-1b
2 M3 W10X12 .007 4.438 1 .001 0 y 1 43420.73 159300 6457.57927521.318 1.136 H1-1b
3 M4 W10X12 .066 0 34 .001 9 y 1 42222.... 159300 6457.57926884.207 1.136 H1-1b*
4 M5 W10X12 .014 4.438 34 .001 0 y 1 43420.73 159300 6457.57927521.318 1.136 H1-1b
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Member: M1                              

Shape:
Material:
Length:
I Joint:
J Joint:

Code Check:
Report Based On 99 Sections

                                
RIGID
21 ft
N2                              
N1                              

No Calc

446.714 at 3.214 ft

-2680.286 at 2.143 ft

A lb

9873.336 at 0 ft

-11616.087 at 21 ft

Vy lb

4514.859 at 2.143 ft

-1074.729 at 0 ft

Vz lb

13538.2 at 2.143 ft

T lb-ft

2365.402 at 3 ft

-2072.691 at 1.929 ft

My lb-ft

6287.382 at 3 ft

-60313.401 at 10.714 ft

Mz lb-ft

-1.057 at 10.5 ft

Dy in
.058 at 12.429 ft

-.035 at 3.643 ft

Dz in

.069 at 3.214 ft

-.414 at 2.143 ft

fa ksi

f(y) ksi f(z) ksi
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Snow Load for Rooftop Capacity Check (ASCE 7-10) - Windward Drift Geometry

Ground snow load pg = 30.0 psf Parapet and Roof Projections

Terrain Category Sec. 26.7 Height of balanced snow load hb = 1.16 ft

Exposure of Roof Table 7-2 Clear height from top of balanced snow hc = 0.8 ft

Thermal Condition Length of roof windward of drift (lower) lu,wind = 65.0 ft

Snow exposure factor Ce = 0.9 Table 7.2 Height of snow drift (windward) hd,wind = 0.84 ft

Thermal factor Ct = 1.0 Table 7.3 Height of snow drift hd = 0.84 ft

Structure Risk category

Snow load importance factor Is = 1.1 Sec. 7.3.3

Snow load on "flat" roof pf = 20.8 psf Eq. 7.3-1

Snow density γ = 17.9 pcf

Min. Snow load on "flat" roof: Pm = Pm = 22.0 psf Sec. 7.3.4

Results

Min. snow load on low-slope roofs pm = 20.0 psf

Width of snow drift w = 3.35 ft

Max. intensity of drift surcharge load pd = 15.0 psf

where,

pm = if(pg <= 20, Is x pg, 20 x Is) Sec. 7.3.4

γ = 0.13 x pg + 14 ≤ 30 pcf Eq. 7.7-1

hb = pf / γ
hd = (0.43(lu)^(1/3) x (pg+10)^(1/4) - 1.5), hc max Fig. 7.9

hd_parapet = 0.75(0.43(lu)^(1/3) x (pg+10)^(1/4) - 1.5), hc max Fig. 7.9 and Sec. 7.8

pf = 0.7 x Ce x Ct x Is x pg Eq. 7.3-1

w = IF(hd<=hc,4*hd, 4*hd^2/hc)

pd = hd x γ

Notes:

1) For parapet walls, lu shall be taken equal to the length of the roof upwind (windward) of the wall

2) For roof projections, lu shall be taken equal to the length of the roof upwind (windward)/downwind (leeward) of the projection

3) If the side of roof projection is less than 15ft long, a drift load is not required to be applied on that side

4) This template is not applicable for Hip and Gable Roofs, and/or highly sloped roofs

                              w = 3.35 ft w = 3.35 ft

Actual Snow Drift Diagram Equivalent Snow Drift Diagram for RISA Analysis

STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP STRUCTURE

hc/hb > 0.2, NEED TO CAL SNOW DRIFT! (Sec. 7.7.1)

15.0 psf
7.5 psf

20.8 psf 20.8 psf
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5. ANALYSIS & DESIGN

5.1 Structural Analysis of Existing Building Rooftop Structure

Existing Loading Conditions

5.1.4) Existing Roof Beam W12x22 (Grid-13&Grid-15, Grid-F) 

Dead Load of Roof Floor Slab

Width of Slab at considering span, B = 9.71 ft

Length of Slab at considering span, L = 21.00 ft

Ratio B / L = 9.71ft / 21ft = 0.46 < 0.5 One Way Load

Tributary Width = 9.71 ft

0.060 EPDM = 1.0 psf

3" Rigid = 4.5 psf

3 -1/4" Concrete Deck = 145 pcf x 3.25" / 12 = 39.3 psf

M/E/P = 4.0 psf

Finishing = 1.0 psf

Total = 49.8 psf

USE = 50.0 psf

Dead Load of Concrete Beam + W12x22 = 141.2 psf

Roof Live Load = 20.0 psf

Snow - Pm (Uniform Min. Roof) = 22.0 psf 

Snow Load on "Flat" Roof, Pf with drift (when w > 3.35ft) = 28.3 psf 

Wind Uplift Load on Building Roof = -39.8 psf 

Wind Down Load on Building Roof = 1.1 psf 

Load Apply For RISA 3D: 

- Existing Load on Roof Floor Slab

Concrete Beam Self Weight, DL = = 141.2 plf

Dead Load from Roof Floor Slab, DL = 50psf x 9.71ft = 485.5 plf

Roof Live Load, Lr = 20psf x 9.71ft = 194.2 plf

Snow Load, SL = 22psf  x 9.71ft = 213.6 plf

Snow Load, SLN = 28.3psf  x 9.71ft = 274.8 plf

Wind Uplift Load, WL-Y = -39.82psf  x 9.71ft = -386.7 plf

Wind Down Load, WL+Y = 1.14psf  x 9.71ft = 11.1 plf

- Load from TNX. (Un - Factor)

Guy Geometry : Guy Anchor C ( + = Tension, - = Compression)

Guy Height - Level 1 @ Corner = 18.94 ft

Guy Radius - Level 1 @ Corner = 33.67 ft

Guy Height - Level 2 @ Torque Arm = 46.38 ft

Guy Radius - Level 2 @ Torque Arm = 33.67 ft

The Effective Angle of Tension in Guy, θR = 45.08 degree From E1 tnx.

The Angle of plane XZ in Guy, θ1 = 60.0 degree

Height of Pipe 6 XXS, h = 2.50 ft

STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP STRUCTURE

Exist roof construction consists of EPDM rubber roofing over insulation (3" assumed), over 3-1/4" thickness 

concrete deck (Normal Weight), over concrete encased W beams.
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STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP STRUCTURE

Dead Load of Guy only

Tension in Guy, T = 3725 lbs.

Horizontal Load, Z (along beam) = 3725lbs.x cos45.08 x cos60 = 1,315 lbs.

Tension Load, Y = 3725lbs.x sin45.08 = 2638 lbs.

Horizontal Load, X = 3725lbs.x cos45.08 x sin60 = 2,278 lbs.

Moment from Horizontal Z, Mx = 1,315lbs. x 2.5ft = 3288 lbs. - ft

Moment from Horizontal X, Mz = 2,278lbs. x 2.5ft = 5695 lbs. - ft

Wind Load 240 Deg (+X)

Compression Guy, T = -756 lbs.

Horizontal Load, Z (along beam) = -756lbs.x cos45.08 x cos60 = -267 lbs.

Compression Load, Y = -756lbs.x sin45.08 = -535 lbs.

Horizontal Load, X = -756lbs.x cos45.08 x sin60 = -462 lbs.

Moment from Horizontal Z, Mx = -267lbs. x 2.5ft = -668 lbs. - ft

Moment from Horizontal X, Mz = -462lbs. x 2.5ft = -1155 lbs. - ft

Wind Load 60 Deg (-X)

Tension in Guy, T = 2783 lbs.

Horizontal Load, Z (along beam) = 2783lbs.x cos45.08 x cos60 = 983 lbs.

Tension Load, Y = 2783lbs.x sin45.08 = 1971 lbs.

Horizontal Load, X = 2783lbs.x cos45.08 x sin60 = 1,702 lbs.

Moment from Horizontal Z, Mx = 983lbs. x 2.5ft = 2458 lbs. - ft

Moment from Horizontal X, Mz = 1,702lbs. x 2.5ft = 4255 lbs. - ft

Ice DL + Temp

Tension in Guy, T = 2511 lbs.

Horizontal Load, Z (along beam) = 2511lbs.x cos45.08 x cos60 = 887 lbs.

Tension Load, Y = 2511lbs.x sin45.08 = 1778 lbs.

Horizontal Load, X = 2511lbs.x cos45.08 x sin60 = 1,536 lbs.

Moment from Horizontal Z, Mx = 887lbs. x 2.5ft = 2218 lbs. - ft

Moment from Horizontal X, Mz = 1,536lbs. x 2.5ft = 3840 lbs. - ft

Ice Wind Load 240 Deg (+X)

Compression Guy, T = -719 lbs.

Horizontal Load, Z (along beam) = -719lbs.x cos45.08 x cos60 = -254 lbs.

Compression Load, Y = -719lbs.x sin45.08 = -509 lbs.

Horizontal Load, X = -719lbs.x cos45.08 x sin60 = -440 lbs.

Moment from Horizontal Z, Mx = -254lbs. x 2.5ft = -635 lbs. - ft

Moment from Horizontal X, Mz = -440lbs. x 2.5ft = -1100 lbs. - ft

Ice Wind Load 60 Deg (-X)

Tension in Guy, T = 1852 lbs.

Horizontal Load, Z (along beam) = 1852lbs.x cos45.08 x cos60 = 654 lbs.

Tension Load, Y = 1852lbs.x sin45.08 = 1311 lbs.

Horizontal Load, X = 1852lbs.x cos45.08 x sin60 = 1,133 lbs.

Moment from Horizontal Z, Mx = 654lbs. x 2.5ft = 1635 lbs. - ft

Moment from Horizontal X, Mz = 1,133lbs. x 2.5ft = 2833 lbs. - ft
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BLACK & VEATCH
STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP STRUCTURE

- Determined Section Properties of Encased Concrete Steel Beam

- Steel Section : W12x22

Yield Strength, Fy = 33.00 ksi

Tensile Strength, Fu = 65.00 ksi

Depth, d = 12.30 in

Flange Width, bf = 4.03 in

Flange Thickness, tf = 0.43 in

Web Thickness, tw = 0.260 in

Section Area, As = 6.48 in
2

Weight of Steel, W = 22.00 plf

Modulus of Elastic of Steel, Es = 29000 ksi

- RC. Section : Assumed to be 9.25"x13.5" from previous SA

Compressive Stength of Concrete, f'c = 3000 psi

β1 = 0.85

Height of Beam, h = 13.50 in

Width of Beam, b = 9.25 in

Section Area, Ag = b x h = 124.88 in
2

Modulus of Elasticity of Concrete, Ec = 57000 f'c
1/2 = 3122 ksi ACI318-14 (19.2.2)

Neutral axis without rebars

                  9.25" A1 = Asteel = 6.5 in
2

A2 = Aconcrete = 118.4 in
2

Atotal = 124.9 in
2

y1 = 6.8 in C.G. Steel

y2 = h/2 = 6.8 in C.G. Concrete Beam

Neutral axis without rebars, y' = 6.75 in

13.5" N.A. Assumed covering top and bottom = 0.60 in

yp = 0.815 in Sec. 22.2.2

- Nominal Flexural Strength of Composited Beam (Strong Axis Bending), φMn-z

0.45fcu

yp

yp

N.A.

fy

fy
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BLACK & VEATCH
STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP STRUCTURE

The moment resistance of the composite section is then given by

Davidson's "Steel Designer's 6th Edition" in Sec. 22.2.2

Mp = 0.5Asfy (h - yp) ; Eq. 22.4

= 0.5*6.48*33000 * (13.5 - 0.815) = 113,023 lbs - ft

φMp = 0.9 * 113,023 = 101,721 lbs - ft

- Nominal Shear Strength of Beam, φVn

The resistance factor for Shear, φv
= 1.00

Ratio of Section, h / tw = 46.60 < 2.24 (E / Fy) ^0.5

Limit Ratio = 2.24 x (E / Fy)
^0.5

 = 2.24 x ( 3000 / 4.03) ^0.5 = 66.4

Cv = 1.00 Eq. G2-2

Area of Web, Aw = (h - 2tf) x tw = (0.26 - 2 x 22 ) x 29000 = 2.97 in
2

The shear resistance of the composite section is then given by

AISC Steel Construction Manual (14th Ed.) Section G2.1a

Vn = 0.6FyAwCv ; Eq. G2-1

0.6 x 4030 x 2.97 x 1.00 = 58,806 lbs

φvVn = 0.9 * 58,806 = 58,806 lbs

- The Result from Risa 3D

Max. Shear Force, Vu = 12,219 lbs

Max. Bending Moment, Mu-z = 62,352 lbs. - ft

Max. Bending Moment, Mu-y = 3,768 lbs. - ft

- The Stress Ratio

The Shear Stress Ratio, Vu / φVn =12219 / 58806 = 0.208 OK

20.8%

The Flexural Stress Ratio, Mu / φM62352 / 101,721 = 0.613 OK

61.3%

The Flexural Stress Ratio, Mu / φM3768.411 / 13725 = 0.275 OK

27.5%

Combined Flexural Stress Ratio = 88.8% OK

(Assume Shear is Taken Fully by Steel Section)
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Company : Black & Veatch Corp. July 23, 2020
1:39 PMDesigner : T. Eakkalak

Job Number : 403093.2000.2200 Checked By: L. Meyer
Model Name : HartfordAWC-Existing Roof Beam W12x22 (Anchor C)

(Global) Model Settings

Display Sections for Member Calcs
Max Internal Sections for Member Calcs
Include Shear Deformation?
Increase Nailing Capacity for Wind?
Include Warping?
Trans Load Btwn Intersecting Wood Wall?
Area Load Mesh (in^2)
Merge Tolerance (in)
P-Delta Analysis Tolerance
Include P-Delta for Walls?
Automatically Iterate Stiffness for Walls?
Max Iterations for Wall Stiffness
Gravity Acceleration (ft/sec^2)
Wall Mesh Size (in)
Eigensolution Convergence Tol. (1.E-)
Vertical Axis
Global Member Orientation Plane
Static Solver
Dynamic Solver

12
100
Yes
Yes
Yes
Yes
144
.12
0.50%
Yes
Yes
3
32.2
24
4
Y
XZ
Sparse Accelerated
Accelerated Solver

Hot Rolled Steel Code
Adjust Stiffness?
RISAConnection Code
Cold Formed Steel Code
Wood Code
Wood Temperature
Concrete Code
Masonry Code
Aluminum Code
Stainless Steel Code

AISC 14th(360-10): LRFD
Yes(Iterative)
None
None
None
< 100F
None
None
None - Building
None

Number of Shear Regions
Region Spacing Increment (in)
Biaxial Column Method
Parme Beta Factor (PCA)
Concrete Stress Block
Use Cracked Sections?
Use Cracked Sections Slab?
Bad Framing Warnings?
Unused Force Warnings?
Min 1 Bar Diam. Spacing?
Concrete Rebar Set
Min % Steel for Column
Max % Steel for Column

4
4
Exact Integration
.65
Rectangular
Yes
No
No
Yes
No
REBAR_SET_ASTMA615
1
8
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Company : Black & Veatch Corp. July 23, 2020
1:39 PMDesigner : T. Eakkalak

Job Number : 403093.2000.2200 Checked By: L. Meyer
Model Name : HartfordAWC-Existing Roof Beam W12x22 (Anchor C)

(Global) Model Settings, Continued

Seismic Code
Seismic Base Elevation (ft)
Add Base Weight?
Ct X
Ct Z
T X (sec)
T Z (sec)
R X
R Z

None
Not Entered
Yes
.02
.02
Not Entered
Not Entered
3
3

Hot Rolled Steel Properties

Label E [ksi] G [ksi] Nu Therm (/1E5 F) Density[k/ft^3] Yield[ksi] Ry Fu[ksi] Rt

1 A992 Gr. 50 29000 11154 .3 .65 .49 50 1.5 65 1.2

General Material Properties

Label E [ksi] G [ksi] Nu Therm (/1E5 F) Density[k/ft^3]

1 RIGID 29000 11154 .3 .65 0

Hot Rolled Steel Section Sets

Label Shape Type Design List Material Design R... A [in2] Iyy [in4] Izz [in4] J [in4]

1 Strut Beam W10X12 Beam Wide Flange A992 Gr. 50 Typical 3.54 2.18 53.8 .055

General Section Sets

Label Shape Type Material A [in2] Iyy [in4] Izz [in4] J [in4]

1 RIGID None RIGID 6.48 4.66 156 .293

Joint Coordinates and Temperatures

Label X [ft] Y [ft] Z [ft] Temp [F] Detach From Diaphragm

1 N1 20.705 0 21 0
2 N2 20.705 0 0 0
3 N3 20.705 0 4.1667 0
4 N4 20.705 0 2 0
5 N5 20.705 0 6 0
6 N6 30.413 0 2 0
7 N7 30.413 0 6 0
8 N8 10.997 0 2 0
9 N9 10.997 0 6 0

Joint Boundary Conditions

Joint Label X [k/in] Y [k/in] Z [k/in] X Rot.[k-ft/rad] Y Rot.[k-ft/rad] Z Rot.[k-ft/rad]

1 N1 Reaction Reaction Reaction
2 N2 Reaction Reaction Reaction Reaction
3 N4
4 N5
5 N6 Reaction Reaction Reaction
6 N7 Reaction Reaction Reaction
7 N8 Reaction Reaction Reaction
8 N9 Reaction Reaction Reaction
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Company : Black & Veatch Corp. July 23, 2020
1:39 PMDesigner : T. Eakkalak

Job Number : 403093.2000.2200 Checked By: L. Meyer
Model Name : HartfordAWC-Existing Roof Beam W12x22 (Anchor C)

Member Primary Data

Label I Joint J Joint K Joint Rotate(d... Section/Shape Type Design List Material Design Rul...

1 M1 N2 N1 RIGID None None RIGID Default
2 M2 N7 N5 Strut Beam Beam Wide Flange A992 Gr. ... Typical
3 M3 N5 N9 Strut Beam Beam Wide Flange A992 Gr. ... Typical
4 M4 N6 N4 Strut Beam Beam Wide Flange A992 Gr. ... Typical
5 M5 N4 N8 Strut Beam Beam Wide Flange A992 Gr. ... Typical

Member Advanced Data

Label I Release J Release I Offset[in] J Offset[in] T/C Only Physical Defl Rat...Analysis ... Inactive Seismic...

1 M1 Yes ** NA ** None
2 M2 BenPIN Yes Default None
3 M3 BenPIN Yes Default None
4 M4 BenPIN Yes Default None
5 M5 BenPIN Yes Default None

Hot Rolled Steel Design Parameters

Label Shape Length[ft] Lbyy[ft] Lbzz[ft] Lcomp to...Lcomp b... L-torque[ft] Kyy Kzz Cb Function

1 M2 Strut Beam 9.708 Lateral
2 M3 Strut Beam 9.708 Lateral
3 M4 Strut Beam 9.708 Lateral
4 M5 Strut Beam 9.708 Lateral

Joint Loads and Enforced Displacements (BLC 9 : Guy Self Weight)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Z 1315
2 N3 L Mx 3288
3 N3 L Y 2638
4 N3 L X -2278
5 N3 L Mz 5695

Joint Loads and Enforced Displacements (BLC 10 : Wind Load (240 Deg.) +X)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Z -267
2 N3 L Mx -668
3 N3 L Y -535
4 N3 L X 462
5 N3 L Mz -1155

Joint Loads and Enforced Displacements (BLC 11 : Wind Load (60 Deg.) -X)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Z 983
2 N3 L Mx 2458
3 N3 L Y 1971
4 N3 L X -1702
5 N3 L Mz 4255

Joint Loads and Enforced Displacements (BLC 12 : Ice Dead Load)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Z 887
2 N3 L Mx 2218
3 N3 L Y 1778
4 N3 L X -1536
5 N3 L Mz 3840
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Company : Black & Veatch Corp. July 23, 2020
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Job Number : 403093.2000.2200 Checked By: L. Meyer
Model Name : HartfordAWC-Existing Roof Beam W12x22 (Anchor C)

Joint Loads and Enforced Displacements (BLC 13 : Ice Wind Load (240 Deg.) +X)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Z -254
2 N3 L Mx -635
3 N3 L Y -509
4 N3 L X 440
5 N3 L Mz -1100

Joint Loads and Enforced Displacements (BLC 14 : Ice Wind Load (60 Deg.) -X)

Joint Label L,D,M Direction Magnitude[(lb,lb-ft), (in,rad), (lb*s^...

1 N3 L Z 654
2 N3 L Mx 1635
3 N3 L Y 1311
4 N3 L X -1133
5 N3 L Mz 2833

Member Distributed Loads (BLC 1 : Beam and Roof)

Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y -141.2 -141.2 0 0
2 M1 Y -485.5 -485.5 0 0
3 M2 Y -12 -12 0 0
4 M3 Y -12 -12 0 0
5 M4 Y -12 -12 0 0
6 M5 Y -12 -12 0 0

Member Distributed Loads (BLC 2 : Roof Live Load)

Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y -194.2 -194.2 0 0

Member Distributed Loads (BLC 3 : Snow (Pm))

Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y -213.6 -213.6 0 0

Member Distributed Loads (BLC 4 : Snow (Pf + Drift))

Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y -274.8 -274.8 0 0

Member Distributed Loads (BLC 5 : Wind Roof Pressure (Positive))

Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y -11.1 -11.1 0 0

Member Distributed Loads (BLC 6 : Wind Roof Pressure (Negative))

Member Label Direction Start Magnitude[lb/ft,...End Magnitude[lb/ft,F... Start Location[ft,%] End Location[ft,%]

1 M1 Y 386.7 386.7 0 0

Basic Load Cases

BLC Description Category X GravityY Gravity Z Gravity Joint Point Distribu...Area(M...Surface...

1 Beam and Roof DL 6
2 Roof Live Load RLL 1
3 Snow (Pm) SL 1
4 Snow (Pf + Drift) SLN 1
5 Wind Roof Pressure (Positive) WL+Y 1
6 Wind Roof Pressure (Negative) WL-Y 1
8 Tower Dead DL
9 Guy Self Weight DL 5
10 Wind Load (240 Deg.) +X WL+X 5
11 Wind Load (60 Deg.) -X WL-X 5
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Company : Black & Veatch Corp. July 23, 2020
1:39 PMDesigner : T. Eakkalak

Job Number : 403093.2000.2200 Checked By: L. Meyer
Model Name : HartfordAWC-Existing Roof Beam W12x22 (Anchor C)

Basic Load Cases (Continued)

BLC Description Category X GravityY Gravity Z Gravity Joint Point Distribu...Area(M...Surface...

12 Ice Dead Load NL 5
13 Ice Wind Load (240 Deg.) +X WLX+R 5
14 Ice Wind Load (60 Deg.) -X WLX-R 5

Load Combinations

Description Solve PD...S... BLC Fact...BLC Fa... BLC Fac... BLC Fac...BLC Fac...BLC Fa...B... F... ... F...... F...... F...

1 1.4DL Yes Y DL 1.4
2 1.2DL + 0.5RLL Yes Y DL 1.2 RLL .5
3 1.2DL + 0.5SL Yes Y DL 1.2 SL .5
4 1.2DL + 0.5SLN Yes Y DL 1.2 SLN .5
5 1.2DL + 0.2IDL + 0.5SL Yes Y DL 1.2 NL .2 SL .5
6 1.2DL + 0.2IDL + 0.5SLN Yes Y DL 1.2 NL .2 SLN .5
7 1.2DL + 1.6RLL + 0.5WL Yes Y DL 1.2 RLL 1.6 WL... .5 WL... .5
8 1.2DL + 1.6RLL + 0.5WL Yes Y DL 1.2 RLL 1.6 WL-X .5 WL... .5
9 1.2DL + 1.6RLL + 0.5WL Yes Y DL 1.2 RLL 1.6 WL... .5 WL-Y .5
10 1.2DL + 1.6RLL + 0.5WL Yes Y DL 1.2 RLL 1.6 WL-X .5 WL-Y .5
11 1.2DL + 1.6SL + 0.5WL Yes Y DL 1.2 SL 1.6 WL... .5 WL... .5
12 1.2DL + 1.6SL + 0.5WL Yes Y DL 1.2 SL 1.6 WL-X .5 WL... .5
13 1.2DL + 1.6SL + 0.5WL Yes Y DL 1.2 SL 1.6 WL... .5 WL-Y .5
14 1.2DL + 1.6SL + 0.5WL Yes Y DL 1.2 SL 1.6 WL-X .5 WL-Y .5
15 1.2DL + 1.6SLN + 0.5WL Yes Y DL 1.2 SLN 1.6 WL... .5 WL... .5
16 1.2DL + 1.6SLN + 0.5WL Yes Y DL 1.2 SLN 1.6 WL-X .5 WL... .5
17 1.2DL + 1.6SLN + 0.5WL Yes Y DL 1.2 SLN 1.6 WL... .5 WL-Y .5
18 1.2DL + 1.6SLN + 0.5WL Yes Y DL 1.2 SLN 1.6 WL-X .5 WL-Y .5
19 1.2DL + 1.0WL + 0.5RLL Yes Y DL 1.2 WL... 1 WL... 1 RLL .5
20 1.2DL + 1.0WL + 0.5RLL Yes Y DL 1.2 WL... 1 WL... 1 RLL .5
21 1.2DL + 1.0WL + 0.5RLL Yes Y DL 1.2 WL... 1 WL-Y 1 RLL .5
22 1.2DL + 1.0WL + 0.5RLL Yes Y DL 1.2 WL... 1 WL-Y 1 RLL .5
23 1.2DL + 1.0WL + 0.5SL Yes Y DL 1.2 WL... 1 WL... 1 SL .5
24 1.2DL + 1.0WL + 0.5SL Yes Y DL 1.2 WL... 1 WL... 1 SL .5
25 1.2DL + 1.0WL + 0.5SL Yes Y DL 1.2 WL... 1 WL-Y 1 SL .5
26 1.2DL + 1.0WL + 0.5SL Yes Y DL 1.2 WL... 1 WL-Y 1 SL .5
27 1.2DL + 1.0WL + 0.5SLN Yes Y DL 1.2 WL... 1 WL... 1 SLN .5
28 1.2DL + 1.0WL + 0.5SLN Yes Y DL 1.2 WL... 1 WL... 1 SLN .5
29 1.2DL + 1.0WL + 0.5SLN Yes Y DL 1.2 WL... 1 WL-Y 1 SLN .5
30 1.2DL + 1.0WL + 0.5SLN Yes Y DL 1.2 WL... 1 WL-Y 1 SLN .5
31 1.2DL + 1.0IDL + 1.0IWL ... Yes Y DL 1.2 NL 1 WL... 1 SL .5
32 1.2DL + 1.0IDL + 1.0IWL ... Yes Y DL 1.2 NL 1 WL... 1 SL .5
33 1.2DL + 1.0IDL + 1.0IWL ... Yes Y DL 1.2 NL 1 WL... 1 SLN .5
34 1.2DL + 1.0IDL + 1.0IWL ... Yes Y DL 1.2 NL 1 WL... 1 SLN .5
35 0.9DL + 1.0WL Yes Y DL .9 WL... 1 WL... 1
36 0.9DL + 1.0WL Yes Y DL .9 WL... 1 WL... 1
37 0.9DL + 1.0WL Yes Y DL .9 WL... 1 WL-Y 1
38 0.9DL + 1.0WL Yes Y DL .9 WL... 1 WL-Y 1
39 0.9DL + 1.0IDL + 1.0IWL Yes Y DL .9 NL 1 WL... 1
40 0.9DL + 1.0IDL + 1.0IWL Yes Y DL .9 NL 1 WL... 1

Envelope Joint Reactions

Joint X [lb] LC Y [lb] LC Z [lb] LC MX [lb-ft] LC MY [lb-ft] LC MZ [lb-ft] LC

1 N1 max -12.324 37 12217.941 15 -181.847 37 0 40 0 40 0 40
2 min -41.907 32 1297.675 38 -618.854 32 0 1 0 1 0 1
3 N2 max -341.095 37 10306.219 15 -734.653 37 0 40 0 40 -3970.5 37
4 min -1159.496 32 -1709.252 38 -2500.146 32 0 1 0 1 -13507 32
5 N6 max 2030.976 34 83.751 1 0 37 0 40 0 40 0 40
6 min 596.83 35 52.414 38 -.006 32 0 1 0 1 0 1
7 N7 max 1271.026 34 85.279 1 0 37 0 40 0 40 0 40
8 min 373.979 35 52.561 38 -.006 32 0 1 0 1 0 1
9 N8 max 2030.976 34 79.344 1 .006 34 0 40 0 40 0 40
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Envelope Joint Reactions (Continued)

Joint X [lb] LC Y [lb] LC Z [lb] LC MX [lb-ft] LC MY [lb-ft] LC MZ [lb-ft] LC

10 min 596.83 35 50.93 40 0 35 0 1 0 1 0 1
11 N9 max 1271.026 34 77.815 1 .006 34 0 40 0 40 0 40
12 min 373.979 35 49.723 40 0 35 0 1 0 1 0 1
13 Totals: max 5402.6 34 22803.751 15 -916.5 37
14 min 1588.2 35 -201.884 38 -3119 32

Envelope Maximum Member Section Forces

Mem... Axial[lb] Loc... LC y Shear[lb] Lo... LC z Shear[lb] Lo... LC Torque[l... Lo... LC y-y Mome...Lo... LC z-z Mome...Lo... LC

1 M1 max 618.854 4.2... 34 10290.905 0 15 2501.701 4.... 34 0 4.... 40 2214.156 1.... 34 8542.576 4.... 38
2 min -2500.146 0 32 -12219.287 21 15 -2897.237 2.... 32 -13507 0 32 -3768.411 4.... 32 -62352.22 10... 15
3 M2 max -373.979 0 37 81.547 0 1 0 0 40 0 0 40 0 0 40 0 0 40
4 min -1271.026 0 32 -81.547 9.... 1 0 0 1 0 0 1 0 0 1 -197.895 4.... 1
5 M3 max 1271.026 0 34 81.547 0 1 0 0 40 0 0 40 0 0 40 0 0 40
6 min 373.979 0 35 -81.547 9.... 1 0 0 1 0 0 1 0 0 1 -197.895 4.... 1
7 M4 max -596.83 0 37 81.547 0 1 0 0 40 0 0 40 0 0 40 0 0 40
8 min -2030.976 0 32 -81.547 9.... 1 0 0 1 0 0 1 0 0 1 -197.895 4.... 1
9 M5 max 2030.976 0 34 81.547 0 1 0 0 40 0 0 40 0 0 40 0 0 40
10 min 596.83 0 35 -81.547 9.... 1 0 0 1 0 0 1 0 0 1 -197.895 4.... 1

Envelope AISC 14th(360-10): LRFD Steel Code Checks

Member Shape Code C... Loc[ft] LC Shear C... Loc[ft] Dir LC phi*Pnc...phi*Pnt [...phi*Mn y-...phi*Mn z... Cb Eqn

1 M2 W10X12 .011 4.805 34 .001 9.708 y 1 36288.... 159300 6457.57923783.085 1.14 H1-1b
2 M3 W10X12 .035 0 34 .001 9.708 y 1 36288.... 159300 6457.57923783.085 1.14 H1-1b*
3 M4 W10X12 .014 4.805 34 .001 9.708 y 1 36288.... 159300 6457.57923783.085 1.14 H1-1b
4 M5 W10X12 .056 0 34 .001 9.708 y 1 36288.... 159300 6457.57923783.085 1.14 H1-1b*
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Member: M1                              

Shape:
Material:
Length:
I Joint:
J Joint:

Code Check:
Report Based On 100 Sections

                                
RIGID
21 ft
N2                              
N1                              

No Calc

618.854 at 4.242 ft

-2500.146 at 2.121 ft

A lb

10290.905 at 0 ft

-12219.287 at 21 ft

Vy lb

2501.701 at 4.242 ft

-2897.237 at 2.121 ft

Vz lb

-13507 at 0 ft

T lb-ft
2214.156 at 1.909 ft

-3768.411 at 4.242 ft

My lb-ft

8542.576 at 4.03 ft

-62352.22 at 10.818 ft

Mz lb-ft

0 at 1.485 ft

-1.085 at 10.606 ft

Dy in
.057 at 4.242 ft

-.115 at 12.303 ft

Dz in

.096 at 4.242 ft

-.386 at 2.121 ft

fa ksi

f(y) ksi f(z) ksi



Owner: EVERSOURCE Computed By: T. Eakkalak

Project: HARTFORD AWC Date: 5/28/2020

Project No. Verified By: L. Meyer

Title: Date: 6/10/2020

BLACK & VEATCH

6. ATTACHMENTS

403093.2000.2200

STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP 

STRUCTURE



Owner: EVERSOURCE Computed By: T. Eakkalak

Project: HARTFORD AWC Date: 5/28/2020

Project No. Verified By: L. Meyer

Title: Date: 6/10/2020

BLACK & VEATCH

403093.2000.2200

STRUCTURAL ANALYSIS OF EXISTING BUILDING ROOFTOP 

STRUCTURE



 .                                                                                                            . 

 Black & Veatch Corp. 
 6800 W 115th St. Suite 2292 

 Overland Park, KS 66211 
 Phone: (913) 458-2522 

 FAX: (913) 458-8136 

Job: 
ES-090 HartfordAWC

 Project: 405025

 Client:  Eversource  Drawn by: zan92313  App'd: 

 Code:  TIA-222-H  Date: 05/27/20  Scale:  NTS 
 Path: 
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R=33.67 ft (46) R=36.00 ft (46)

R=33.00 ft (46)

R=33.67 ft (46) R=36.00 ft (46)

R=33.00 ft (46)

 Lighting Rod 5/8" x 8'  97.25 TMA  94 Pipe Mount [PM 601-1]  94 (2) 5' Hor x 3.5" Square Tube  94 DB586-Y  94 DB586-Y  94 (2) 6' Hor L3.5x3.5x4  80 Pipe Mount [PM 601-1]  80 ANT150F2  80 Side Arm Mount [SO 308-1]  72 (2) 4' Horiz x L2x2x1/4  72 CO-41A  72 2' Yagi  68 DS2C03F36D-D  62 4' Standoff  62 1'x2" Mount Pipe  61 3.5' Hor 2.5x2.5 Angle  61 Samll Antenna  61DESIGNED APPURTENANCE LOADING

TYPE TYPEELEVATION ELEVATION
 Lighting Rod 5/8" x 8'  97.25

 TMA  94

 Pipe Mount [PM 601-1]  94

 (2) 5' Hor x 3.5" Square Tube  94

 DB586-Y  94

 DB586-Y  94

 (2) 6' Hor L3.5x3.5x4  80

 Pipe Mount [PM 601-1]  80

 ANT150F2  80

 Side Arm Mount [SO 308-1]  72

 (2) 4' Horiz x L2x2x1/4  72

 CO-41A  72

 2' Yagi  68

 DS2C03F36D-D  62

 4' Standoff  62

 1'x2" Mount Pipe  61

 3.5' Hor 2.5x2.5 Angle  61

 Samll Antenna  61

SYMBOL LIST
MARK MARKSIZE SIZE

A  W6x9 B  1 @ 1.25

MATERIAL STRENGTH
GRADE GRADEFy FyFu Fu

 A572-50  50 ksi  65 ksi

TOWER DESIGN NOTES
1.   Tower is located in Hartford County, Connecticut.
2.   Tower designed for Exposure C to the TIA-222-H Standard.
3.   Tower designed for a 135 mph basic wind in accordance with the TIA-222-H Standard.
4.   Tower is also designed for a 50 mph basic wind with 2.00 in ice. Ice is considered to 

 increase in thickness with height.
5.   Deflections are based upon a 60 mph wind.
6.   Tower Risk Category III.
7.   Topographic Category 1 with Crest Height of 0.00 ft
8.   TOWER RATING: 92.1%

zan92313
Image
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Description Face 

or 
Leg 

Offset 

Type 

Offsets: 

Horz 
Lateral 

Vert 

ft 
ft 

ft 

Azimuth 

Adjustment 
 

 

° 

Placement 

 
 

 

ft 

 CAAA 

Front 
 

 

ft2 

CAAA 

Side 
 

 

ft2 

Weight 

 
 

 

K 

2'' Ice 1.06 0.81 0.04 
1'x2'' Mount Pipe A From Leg 1.50 

0.00 
0.50 

0.00 61.00 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

0.15 
0.22 
0.30 
0.50 

0.15 
0.22 
0.30 
0.50 

0.00 
0.01 
0.01 
0.02 

***                   
***Proposed***                   
DS2C03F36D-D B From Leg 4.00 

0.00 
7.80 

0.00 62.00 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

5.58 
7.47 
9.38 
13.25 

5.58 
7.47 
9.38 
13.25 

0.07 
0.11 
0.16 
0.30 

4' Standoff B From Leg 2.00 
0.00 
0.00 

0.00 62.00 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

3.72 
4.96 
5.95 
8.02 

0.88 
1.19 
1.51 
2.17 

0.09 
0.14 
0.19 
0.32 

 
 
 
 

 Load Combinations    
 

Comb. 
No. 

Description 

1 Dead Only 
2 1.2 Dead+1.0 Wind 0 deg - No Ice+1.0 Guy 
3 1.2 Dead+1.0 Wind 30 deg - No Ice+1.0 Guy 
4 1.2 Dead+1.0 Wind 60 deg - No Ice+1.0 Guy 
5 1.2 Dead+1.0 Wind 90 deg - No Ice+1.0 Guy 
6 1.2 Dead+1.0 Wind 120 deg - No Ice+1.0 Guy 
7 1.2 Dead+1.0 Wind 150 deg - No Ice+1.0 Guy 
8 1.2 Dead+1.0 Wind 180 deg - No Ice+1.0 Guy 
9 1.2 Dead+1.0 Wind 210 deg - No Ice+1.0 Guy 

10 1.2 Dead+1.0 Wind 240 deg - No Ice+1.0 Guy 
11 1.2 Dead+1.0 Wind 270 deg - No Ice+1.0 Guy 
12 1.2 Dead+1.0 Wind 300 deg - No Ice+1.0 Guy 
13 1.2 Dead+1.0 Wind 330 deg - No Ice+1.0 Guy 
14 1.2 Dead+1.0 Ice+1.0 Temp+Guy 
15 1.2 Dead+1.0 Wind 0 deg+1.0 Ice+1.0 Temp+1.0 Guy 
16 1.2 Dead+1.0 Wind 30 deg+1.0 Ice+1.0 Temp+1.0 Guy 
17 1.2 Dead+1.0 Wind 60 deg+1.0 Ice+1.0 Temp+1.0 Guy 
18 1.2 Dead+1.0 Wind 90 deg+1.0 Ice+1.0 Temp+1.0 Guy 
19 1.2 Dead+1.0 Wind 120 deg+1.0 Ice+1.0 Temp+1.0 Guy 
20 1.2 Dead+1.0 Wind 150 deg+1.0 Ice+1.0 Temp+1.0 Guy 
21 1.2 Dead+1.0 Wind 180 deg+1.0 Ice+1.0 Temp+1.0 Guy 
22 1.2 Dead+1.0 Wind 210 deg+1.0 Ice+1.0 Temp+1.0 Guy 
23 1.2 Dead+1.0 Wind 240 deg+1.0 Ice+1.0 Temp+1.0 Guy 
24 1.2 Dead+1.0 Wind 270 deg+1.0 Ice+1.0 Temp+1.0 Guy 
25 1.2 Dead+1.0 Wind 300 deg+1.0 Ice+1.0 Temp+1.0 Guy 
26 1.2 Dead+1.0 Wind 330 deg+1.0 Ice+1.0 Temp+1.0 Guy 
27 Dead+Wind 0 deg - Service+Guy 
28 Dead+Wind 30 deg - Service+Guy 
29 Dead+Wind 60 deg - Service+Guy 
30 Dead+Wind 90 deg - Service+Guy 
31 Dead+Wind 120 deg - Service+Guy 
32 Dead+Wind 150 deg - Service+Guy 
33 Dead+Wind 180 deg - Service+Guy 
34 Dead+Wind 210 deg - Service+Guy 
35 Dead+Wind 240 deg - Service+Guy 
36 Dead+Wind 270 deg - Service+Guy 
37 Dead+Wind 300 deg - Service+Guy 
38 Dead+Wind 330 deg - Service+Guy 
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Section 

No. 

Elevation 

ft 

Component 

Type 

Condition Gov. 

Load 
Comb. 

Axial 

 
K 

Major Axis 

Moment 
kip-ft 

Minor Axis 

Moment 
kip-ft 

      Top Cable Norm 25 1.81     
      Top Cable Tan 25 0.00     
      Bot Cable Vert 25 -0.81     
      Bot Cable Norm 25 1.82     
      Bot Cable Tan 25 0.00     
    Guy C Bottom Tension 17 2.12     
      Top Tension 17 2.27     
      Top Cable Vert 17 1.26     
      Top Cable Norm 17 1.89     
      Top Cable Tan 17 0.00     
      Bot Cable Vert 17 -0.93     
      Bot Cable Norm 17 1.90     
      Bot Cable Tan 17 0.00     
    Top Guy Pull-Off Max Tension 15 1.21 0.00 0.00 
      Max. Compression 8 -0.19 0.00 0.00 
      Max. Mx 25 0.86 0.01 0.00 
      Max. My 18 0.82 0.00 0.00 
      Max. Vy 25 0.02 0.00 0.00 
      Max. Vx 18 -0.00 0.00 0.00 

T4 47.25 - 46 Leg Max Tension 1 0.00 0.00 0.00 
      Max. Compression 25 -10.62 5.50 0.37 
      Max. Mx 23 -10.39 5.53 0.41 
      Max. My 11 -3.11 2.07 0.67 
      Max. Vy 24 -4.17 5.51 0.41 
      Max. Vx 10 -0.44 2.12 0.66 
        

  
 

   Maximum Reactions    
 

Location Condition Gov. 

Load 

Comb. 

Vertical 

K 

Horizontal, X 

K 

Horizontal, Z 

K 

Mast Max. Vert 19 32.08 -0.27 -0.10 
  Max. Hx 11 11.63 0.43 0.03 
  Max. Hz 2 11.65 0.04 0.56 
  Max. Mx 1 0.00 0.02 0.01 
  Max. Mz 1 0.00 0.02 0.01 
  Max. Torsion 10 0.98 0.42 -0.20 
  Min. Vert 1 10.41 0.02 0.01 
  Min. Hx 6 11.78 -0.44 -0.27 
  Min. Hz 8 11.81 -0.03 -0.45 
  Min. Mx 1 0.00 0.02 0.01 
  Min. Mz 1 0.00 0.02 0.01 
  Min. Torsion 4 -0.71 -0.34 0.20 

Guy C @ 33.67 ft 
Elev 46 ft 

Azimuth 240 deg 

Max. Vert 10 -1.47 -0.87 0.51 

  Max. Hx 10 -1.47 -0.87 0.51 
  Max. Hz 16 -5.53 -4.82 2.88 
  Min. Vert 17 -5.68 -4.99 2.87 
  Min. Hx 17 -5.68 -4.99 2.87 
  Min. Hz 10 -1.47 -0.87 0.51 

Guy B @ 36 ft 
Elev 46 ft 

Azimuth 120 deg 

Max. Vert 6 -1.32 0.82 0.48 

  Max. Hx 25 -5.27 4.96 2.86 
  Max. Hz 26 -5.14 4.80 2.87 
  Min. Vert 25 -5.27 4.96 2.86 
  Min. Hx 6 -1.32 0.82 0.48 
  Min. Hz 6 -1.32 0.82 0.48 

Guy A @ 33 ft 
Elev 46 ft 

Azimuth 0 deg 

Max. Vert 2 -1.54 -0.00 -1.03 

  Max. Hx 24 -4.74 0.21 -4.57 
  Max. Hz 2 -1.54 -0.00 -1.03 
  Min. Vert 21 -5.98 0.00 -5.85 
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Location Condition Gov. 

Load 
Comb. 

Vertical 

K 

Horizontal, X 

K 

Horizontal, Z 

K 

  Min. Hx 18 -4.78 -0.21 -4.63 
  Min. Hz 21 -5.98 0.00 -5.85 
      

 
 

 Tower Mast Reaction Summary    
 

Load 

Combination 
Vertical  

 

K 

Shearx 

 

K 

Shearz 

 

K 

 Overturning 

Moment, Mx  
kip-ft 

 Overturning 

Moment, Mz 
kip-ft 

Torque 

 

kip-ft 
Dead Only 10.41 -0.02 -0.01 0.00 0.00 -0.12 
1.2 Dead+1.0 Wind 0 deg - No 
Ice+1.0 Guy 

11.65 -0.04 -0.56 0.00 0.00 0.02 

1.2 Dead+1.0 Wind 30 deg - No 
Ice+1.0 Guy 

11.69 0.18 -0.44 0.00 0.00 0.45 

1.2 Dead+1.0 Wind 60 deg - No 
Ice+1.0 Guy 

11.75 0.34 -0.20 0.00 0.00 0.71 

1.2 Dead+1.0 Wind 90 deg - No 
Ice+1.0 Guy 

11.76 0.41 0.04 0.00 0.00 0.70 

1.2 Dead+1.0 Wind 120 deg - 
No Ice+1.0 Guy 

11.78 0.44 0.27 0.00 0.00 0.53 

1.2 Dead+1.0 Wind 150 deg - 
No Ice+1.0 Guy 

11.86 0.29 0.42 0.00 0.00 0.19 

1.2 Dead+1.0 Wind 180 deg - 
No Ice+1.0 Guy 

11.81 0.03 0.45 0.00 0.00 -0.29 

1.2 Dead+1.0 Wind 210 deg - 
No Ice+1.0 Guy 

11.70 -0.24 0.38 0.00 0.00 -0.72 

1.2 Dead+1.0 Wind 240 deg - 
No Ice+1.0 Guy 

11.60 -0.42 0.20 0.00 0.00 -0.98 

1.2 Dead+1.0 Wind 270 deg - 
No Ice+1.0 Guy 

11.63 -0.43 -0.03 0.00 0.00 -0.98 

1.2 Dead+1.0 Wind 300 deg - 
No Ice+1.0 Guy 

11.70 -0.40 -0.27 0.00 0.00 -0.81 

1.2 Dead+1.0 Wind 330 deg - 
No Ice+1.0 Guy 

11.69 -0.26 -0.49 0.00 0.00 -0.46 

1.2 Dead+1.0 Ice+1.0 
Temp+Guy 

31.56 -0.04 -0.09 0.00 0.00 -0.31 

1.2 Dead+1.0 Wind 0 deg+1.0 
Ice+1.0 Temp+1.0 Guy 

31.96 -0.05 -0.43 0.00 0.00 -0.30 

1.2 Dead+1.0 Wind 30 deg+1.0 
Ice+1.0 Temp+1.0 Guy 

31.94 0.10 -0.36 0.00 0.00 -0.12 

1.2 Dead+1.0 Wind 60 deg+1.0 
Ice+1.0 Temp+1.0 Guy 

31.91 0.22 -0.22 0.00 0.00 -0.02 

1.2 Dead+1.0 Wind 90 deg+1.0 
Ice+1.0 Temp+1.0 Guy 

31.98 0.28 -0.06 0.00 0.00 0.01 

1.2 Dead+1.0 Wind 120 
deg+1.0 Ice+1.0 Temp+1.0 Guy 

32.08 0.27 0.10 0.00 0.00 -0.03 

1.2 Dead+1.0 Wind 150 
deg+1.0 Ice+1.0 Temp+1.0 Guy 

32.02 0.15 0.19 0.00 0.00 -0.14 

1.2 Dead+1.0 Wind 180 
deg+1.0 Ice+1.0 Temp+1.0 Guy 

31.95 -0.02 0.22 0.00 0.00 -0.32 

1.2 Dead+1.0 Wind 210 
deg+1.0 Ice+1.0 Temp+1.0 Guy 

31.96 -0.19 0.17 0.00 0.00 -0.50 

1.2 Dead+1.0 Wind 240 
deg+1.0 Ice+1.0 Temp+1.0 Guy 

31.95 -0.32 0.06 0.00 0.00 -0.60 

1.2 Dead+1.0 Wind 270 
deg+1.0 Ice+1.0 Temp+1.0 Guy 

31.83 -0.35 -0.10 0.00 0.00 -0.63 

1.2 Dead+1.0 Wind 300 
deg+1.0 Ice+1.0 Temp+1.0 Guy 

31.77 -0.31 -0.26 0.00 0.00 -0.59 

1.2 Dead+1.0 Wind 330 
deg+1.0 Ice+1.0 Temp+1.0 Guy 

31.85 -0.20 -0.38 0.00 0.00 -0.48 

Dead+Wind 0 deg - 
Service+Guy 

10.43 -0.02 -0.11 0.00 0.00 -0.09 

Dead+Wind 30 deg - 
Service+Guy 

10.43 0.02 -0.09 0.00 0.00 -0.01 

Dead+Wind 60 deg - 
Service+Guy 

10.43 0.05 -0.05 0.00 0.00 0.04 



thi94617
Text Box
W10x12 STRUT

thi94617
Line

thi94617
Rectangle

thi94617
Text Box
GUY A

thi94617
Ellipse

thi94617
Ellipse

thi94617
Line

thi94617
Line

thi94617
Length Measurement
3.00 ft

thi94617
Line

thi94617
PolyLine

thi94617
Rectangle

thi94617
Ellipse

thi94617
Rectangle

thi94617
Ellipse

thi94617
Dimension
33'-0" GUY WIRE (A)
RADIUS

thi94617
Ellipse

thi94617
Ellipse

thi94617
Length Measurement
16.83 ft

thi94617
Line

thi94617
Text Box
GUY C

thi94617
Ellipse

thi94617
PolyLine

thi94617
Line

thi94617
Line

thi94617
Length Measurement
4.00 ft

thi94617
Line

thi94617
Line

thi94617
Line

thi94617
Text Box
GUY B

thi94617
PolyLine

thi94617
Dimension
36'-0" GUY WIRE (B)
RADIUS

thi94617
Dimension
33'-8" GUY WIRE (C)
RADIOUS

thi94617
Dimension
2.00ft

thi94617
Length Measurement
2.00 ft

thi94617
Length Measurement
4.00 ft

thi94617
Text Box
W10x12 STRUT

thi94617
Text Box
W10x12 STRUT

thi94617
Text Box
W10x12 STRUT

thi94617
Text Box
W10x12 STRUT

thi94617
Text Box
W10x12 STRUT

thi94617
Text Box
W10x12 STRUT

thi94617
Text Box
W10x12 STRUT

thi94617
Ellipse

thi94617
Text Box
DS

thi94617
Arrow

thi94617
Arrow

thi94617
Ellipse

thi94617
Text Box
DS

thi94617
Arrow

thi94617
Arrow

thi94617
Ellipse

thi94617
Text Box
DS

thi94617
Arrow

thi94617
Arrow

thi94617
Ellipse

thi94617
Text Box
DS

thi94617
Arrow

thi94617
Arrow

thi94617
Ellipse

thi94617
Text Box
DS

thi94617
Arrow

thi94617
Arrow

thi94617
Ellipse

thi94617
Text Box
DS

thi94617
Arrow

thi94617
Arrow

thi94617
Text Box
DS

thi94617
Ellipse

thi94617
Arrow

thi94617
Arrow

thi94617
Line

thi94617
Line

thi94617
Line

thi94617
Line

thi94617
Length Measurement
1.00 ft

thi94617
Length Measurement
5.00 ft

thi94617
Line

thi94617
Length Measurement
5.00 ft

thi94617
Line

thi94617
Length Measurement
5.00 ft

thi94617
Line

thi94617
Length Measurement
5.00 ft

thi94617
Length Measurement
1.00 ft

thi94617
Text Box
DS

thi94617
Ellipse

thi94617
Arrow

thi94617
Arrow

thi94617
Text Box
DS

thi94617
Ellipse

thi94617
Arrow

thi94617
Arrow

thi94617
Text Box
DS

thi94617
Ellipse

thi94617
Arrow

thi94617
Arrow

thi94617
Text Box
DS

thi94617
Ellipse

thi94617
Arrow

thi94617
Arrow

thi94617
Text Box
W12x16

thi94617
Text Box
W12x26

thi94617
Text Box
W12x16

thi94617
Text Box
W12x16

thi94617
Text Box
W12x16

thi94617
Text Box
W12x16

thi94617
Text Box
W12x26

thi94617
Rectangle

thi94617
Cloud

thi94617
Rectangle

thi94617
Length Measurement
10.75 ft

thi94617
Rectangle

thi94617
Text Box
12 ft Height

thi94617
PolyLine

thi94617
Text Box
11 ft Height

thi94617
PolyLine

thi94617
Text Box
2 ft Height
of Parapet

thi94617
PolyLine

thi94617
Text Box

For Reference Only



thi94617
Cloud

thi94617
Text Box

For Reference Only



thi94617
Highlight

thi94617
Text Box

For Reference Only



thi94617
Cloud

thi94617
Cloud

thi94617
Cloud

thi94617
Cloud

thi94617
Highlight

thi94617
Highlight

thi94617
Highlight

thi94617
Highlight

thi94617
Highlight

thi94617
Highlight

thi94617
Highlight

thi94617
Highlight

thi94617
Highlight

thi94617
Highlight

thi94617
Highlight

thi94617
Highlight

thi94617
Text Box

For Reference Only



thi94617
Text Box

For Reference Only



thi94617
Text Box

For Reference Only



thi94617
Text Box

For Reference Only



thi94617
Text Box

For Reference Only



thi94617
Text Box

For Reference Only



thi94617
Text Box

For Reference Only



ASCE 7 Hazards Report
Address:
No Address at This 
Location

Standard: ASCE/SEI 7-10
Risk Category: III
Soil Class: D - Stiff Soil

Elevation: 35.68 ft (NAVD 88)
Latitude:
Longitude:

41.759091
-72.665879

Wind

Results: 

Data Source: 

Date Accessed: 

Wind Speed: Vmph
10-year MRI 77 Vmph
25-year MRI 86 Vmph
50-year MRI 93 Vmph
100-year MRI 100 Vmph

ASCE/SEI 7-10, Fig. 26.5-1B and Figs. CC-1–CC-4, incorporating errata of 
March 12, 2014

Thu Apr 02 2020

Value provided is 3-second gust wind speeds at 33 ft above ground for Exposure C Category, based on linear 
interpolation between contours. Wind speeds are interpolated in accordance with the 7-10 Standard. Wind speeds 
correspond to approximately a 3% probability of exceedance in 50 years (annual exceedance probability = 
0.000588, MRI = 1,700 years).

Site is in a hurricane-prone region as defined in ASCE/SEI 7-10 Section 26.2. Glazed openings need not be 
protected against wind-borne debris.

Mountainous terrain, gorges, ocean promontories, and special wind regions should be examined for unusual wind 
conditions.

Page 1 of 4https://asce7hazardtool.online/ Thu Apr 02 2020

135
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SS : 0.18
S1 : 0.064
Fa : 1.6
Fv : 2.4
SMS : 0.289
SM1 : 0.153

SDS : 0.192
SD1 : 0.102
TL : 6
PGA : 0.091
PGA M : 0.145
FPGA : 1.6
Ie : 1.25

Design Response Spectrum

S  (g) vs T(s)a

MCE   Response SpectrumR

S  (g) vs T(s)a

Seismic

Site Soil Class: 

Results: 

Seismic Design Category

D - Stiff Soil

B

Data Accessed: 

Date Source: 

Thu Apr 02 2020
USGS Seismic Design Maps based on ASCE/SEI 7-10, incorporating 
Supplement 1 and errata of March 31, 2013, and ASCE/SEI 7-10 Table 1.5-2. 
Additional data for site-specific ground motion procedures in accordance with 
ASCE/SEI 7-10 Ch. 21 are available from USGS.
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Ice

Results: 

Data Source: 

Date Accessed: 

Ice Thickness: 1.00 in.
Concurrent Temperature: 5 F
Gust Speed: 50 mph

Standard ASCE/SEI 7-10, Figs. 10-2 through 10-8
Thu Apr 02 2020

Ice thicknesses on structures in exposed locations at elevations higher than the surrounding terrain and in valleys 
and gorges may exceed the mapped values.

Values provided are equivalent radial ice thicknesses due to freezing rain with concurrent 3-second gust speeds, 
for a 50-year mean recurrence interval, and temperatures concurrent with ice thicknesses due to freezing rain. 
Thicknesses for ice accretions caused by other sources shall be obtained from local meteorological studies. Ice 
thicknesses in exposed locations at elevations higher than the surrounding terrain and in valleys and gorges may 
exceed the mapped values.

Snow

Results: 

Ground Snow Load, p  : 30 lb/ftg
2

Elevation: 35.7  ft
Data Source: ASCE/SEI 7-10, Fig. 7-1.
Date Accessed: Thu Apr 02 2020

Values provided are ground snow loads. In areas designated "case study 
required," extreme local variations in ground snow loads preclude mapping at 
this scale. Site-specific case studies are required to establish ground snow 
loads at elevations not covered.
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The ASCE 7 Hazard Tool is provided for your convenience, for informational purposes only, and is provided “as is” and without warranties of 
any kind. The location data included herein has been obtained from information developed, produced, and maintained by third party providers; 
or has been extrapolated from maps incorporated in the ASCE 7 standard. While ASCE has made every effort to use data obtained from 
reliable sources or methodologies, ASCE does not make any representations or warranties as to the accuracy, completeness, reliability, 
currency, or quality of any data provided herein. Any third-party links provided by this Tool should not be construed as an endorsement, 
affiliation, relationship, or sponsorship of such third-party content by or from ASCE.

ASCE does not intend, nor should anyone interpret, the results provided by this Tool to replace the sound judgment of a competent 
professional, having knowledge and experience in the appropriate field(s) of practice, nor to substitute for the standard of care required of such 
professionals in interpreting and applying the contents of this Tool or the ASCE 7 standard.

In using this Tool, you expressly assume all risks associated with your use. Under no circumstances shall ASCE or its officers, directors, 
employees, members, affiliates, or agents be liable to you or any other person for any direct, indirect, special, incidental, or consequential 
damages arising from or related to your use of, or reliance on, the Tool or any information obtained therein. To the fullest extent permitted by 
law, you agree to release and hold harmless ASCE from any and all liability of any nature arising out of or resulting from any use of data 
provided by the ASCE 7 Hazard Tool.
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ATTACHMENT G – STRUCTURAL ANALYSIS OF EXISTING TOWER 
 
 



tnxTower Report - version 8.0.7.5 

 
Date:   October 14, 2020 
 
 Black & Veatch Corp. 
 6800 W. 115th St., Suite 2292 
 Overland Park, KS 66211 
 (913) 458-2522 
 
Subject: Structural Analysis Report 
 
Eversource Designation: Site Number: ES-090 
 Site Name: Hartford AWC 
 
Engineering Firm Designation: Black & Veatch Corp. Project Number: 405025 
 
Site Data: 410 Sheldon Street, Hartford, Hartford Country, CT 
 Latitude 41° 45' 32.71'', Longitude 72° 39' 57.22'' 
 51.25 Foot - Guyed Tower on Building 
 
 
Black & Veatch Corp. is pleased to submit this “Structural Analysis Report” to determine the structural integrity 
of the above mentioned tower. 
 
The purpose of the analysis is to determine acceptability of the tower stress level.  Based on our analysis we have 
determined the tower stress level for the structure and foundation, under the following load case, to be: 
 
 LC1: Proposed Equipment Configuration                                                         Sufficient Capacity – 75.8% 
 
This analysis utilizes an ultimate 3-second gust wind speed of 135 mph as required by the 2018 Connecticut State 
Building Code. Applicable Standard references and design criteria are listed in Section 2 - Analysis Criteria 
 
Structural analysis prepared by: Eakkalak Thichan /Changzhi Zang 
 
Respectfully submitted by: 
 
 
 
Joshua J. Riley, P.E. 
Professional Engineer 

11/17/2020
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1) INTRODUCTION 
 
This tower is a 51.25 ft Guyed tower designed by Rohn Industries, Inc. 
 
2) ANALYSIS CRITERIA 
 
 TIA-222 Revision: TIA-222-H 
 Risk Category: III 
 Wind Speed: 135 mph 
 Exposure Category: C 
 Topographic Factor: 1 
 Ice Thickness: 2.00 in 
 Wind Speed with Ice: 50 mph 
 Seismic Ss: 0.180 
 Seismic S1: 0.064 
 Service Wind Speed: 60 mph 
 
 

Table 1 - Proposed Equipment Configuration 

Mounting 
Level (ft) 

Center 
Line 

Elevation 
(ft) 

Number 
of 

Antennas 

Antenna 
Manufacturer 

Antenna Model 
Number 
of Feed 
Lines 

Feed 
Line 

Size (in) 
Note 

94.0 
103.3 1 dbspectra DS2C03P36D-D 

2 7/8 - 
94.0 1 mount 4’ Standoff 

72.0 72.0 1 mount 4’ Standoff - - 1 

60.5 60.5 1 mount 4’ Standoff - - 2 

Notes: 
1) For antenna being relocated to 72.0’ Mount Level, see Table 2.  
2) For antenna being relocated to 60.5’ Mount Level, see Table 2.  

 
Table 2 - Other Considered Equipment 

Mounting 
Level (ft) 

Center 
Line 

Elevation 
(ft) 

Number 
of 

Antennas 

Antenna 
Manufacturer 

Antenna Model 
Number 
of Feed 
Lines 

Feed 
Line 

Size (in) 
Note 

94.0 

100.0 1 kreco CO-41A 

1 7/8 2 
94.0 1 tower mounts 

Side Arm Mount [SO 308-
1] 

98.0 1 decibel DB586-Y 

3 7/8 1 94.0 

1 unknown TMA 

2 tower mounts 5’ Hor x 3.5” Square Tube 

1 tower mounts Pipe Mount [PM 601-1] 

90.0 1 decibel DB586-Y 

80.0 

83.0 1 telewave ANT150F2 

1 7/8 1 
80.0 

2 tower mounts 6' Hor L3.5x3.5x1/4 

1 tower mounts Pipe Mount [PM 601-1] 

72.0 

78.0 1 kreco CO-41A 

1 7/8 3 
72.0 1 tower mounts 

Side Arm Mount  
[SO 308-1] 

68.0 68.0 1 unknown 2' Yagi 1 3/8 1 

61.0 61.0 
1 miscl Small Antenna 

1 3/8 1 
1 tower mounts 3.5' Hor 2.5x2.5 Angle 



 October 14, 2020 
51.25 Ft Guyed Tower Structural Analysis ES No-090 
Project Number 405025 Page 4 

tnxTower Report - version 8.0.7.5 

Notes: 
1) Existing Equipment  
2) Antenna mount to be removed. Antenna and its coax to be relocated down to Mounting Level 72’ (Center Line Elevation 

= 78’) onto proposed standoff arm mount at 72’. 
3) Antenna mount to be removed. Antenna and its coax to be relocated down to Mounting Level 60.5’ (Center Line 

Elevation = 66.5’) onto proposed standoff arm mount at 60.5’. 
 

3) ANALYSIS PROCEDURE 
 

Table 3 - Documents Provided 

Document Remarks Reference Source 

TOWER STRUCTURAL 
ANALYSIS REPORTS 

Centek Engineering, Inc., dated 
10/18/2011 

Tower geometry and 
tower loading 

Eversource 

TOWER STRUCTURAL  
ANALYSIS LETTER REPORTS 

Centek Engineering, Inc., dated 
06/12/2011 

Tower loading Eversource 

CONSTRUCTION DRAWINGS 
Centek Engineering, Inc., dated 

10/18/2011 (Rev.2) 
Tower geometry and 

tower loading 
Eversource 

 
 3.1)  Analysis Method 
 

tnxTower (version 8.0.7.5), a commercially available analysis software package, was used to create a 
three-dimensional model of the tower and calculate member stresses for various loading cases. 
Selected output from the analysis is included in Appendix A.  
 

 3.2)  Assumptions 
 

1) Tower and structures were built and maintained in accordance with the manufacturer's 
specifications. 

2) The configuration of antennas, transmission cables, mounts and other appurtenances are as 
specified in Tables 1 and 2 and the referenced drawings. 

3) This analysis was performed under the assumption that all information provided to Black & Veatch 
is current and correct. This is to include site data, appurtenance loading, tower detail, and existing 
building rooftop data 

 
This analysis may be affected if any assumptions are not valid or have been made in error. Black & 
Veatch Corp. should be notified to determine the effect on the structural integrity of the tower. 

 
4) ANALYSIS RESULTS 
 

Table 4 - Section Capacity (Summary) 

Section 
No. 

Elevation (ft) Component Type Size Critical 
Element 

P (K) SF*P_allow 
(K) 

% 
Capacity 

Pass / Fail 

T1 97.25 - 77.25 Leg 1 1/4 2 -12.88 57.06 22.6 Pass 

T2 77.25 - 67.25 Leg 1 1/4 184 -12.97 55.33 23.4 Pass 

T3 67.25 - 47.25 Leg 1 1/4 272 -13.15 55.47 23.7 Pass 

T4 47.25 - 46 Leg W6x9 456 -10.74 123.08 15.0 Pass 

T1 97.25 - 77.25 Diagonal 7/16 11 -1.44 1.97 73.4 Pass 

T2 77.25 - 67.25 Diagonal 7/16 266 -1.45 1.92 75.8 Pass 

T3 67.25 - 47.25 Diagonal 7/16 281 -1.29 1.97 65.8 Pass 

T1 97.25 - 77.25 Horizontal 7/16 163 -0.59 3.46 17.1 Pass 

T2 77.25 - 67.25 Horizontal 7/16 257 -0.55 3.46 15.9 Pass 

T3 67.25 - 47.25 Horizontal 7/16 284 -0.49 3.46 14.3 Pass 

T1 97.25 - 77.25 Top Girt 7/16 6 -0.02 3.46 0.7 Pass 

T2 77.25 - 67.25 Top Girt 7/16 188 -0.40 3.46 11.6 Pass 
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Section 
No. Elevation (ft) Component Type Size 

Critical 
Element P (K) 

SF*P_allow 
(K) 

% 
Capacity Pass / Fail 

T3 67.25 - 47.25 Top Girt 7/16 275 -0.30 3.46 8.7 Pass 

T1 97.25 - 77.25 Bottom Girt 7/16 8 -0.42 3.46 12.2 Pass 

T2 77.25 - 67.25 Bottom Girt 7/16 190 -0.32 3.46 9.3 Pass 

T3 67.25 - 47.25 Bottom Girt 7/16 278 1.75 7.10 24.6 Pass 

T1 97.25 - 77.25 Guy A@92.3778 3/8 465 3.75 9.70 38.7 Pass 

T3 67.25 - 47.25 Guy A@64.9417 1/4 474 2.08 4.19 49.6 Pass 

T1 97.25 - 77.25 Guy B@92.3778 3/8 462 3.38 9.70 34.9 Pass 

T3 67.25 - 47.25 Guy B@64.9417 1/4 473 2.21 4.19 52.8 Pass 

T1 97.25 - 77.25 Guy C@92.3778 3/8 458 3.78 9.70 39.0 Pass 

T3 67.25 - 47.25 Guy C@64.9417 1/4 469 2.25 4.19 53.7 Pass 

T1 97.25 - 77.25 Top Guy Pull-
Off@92.3778 

7/16 153 -0.97 1.78 54.9 Pass 

T3 67.25 - 47.25 Top Guy Pull-
Off@64.9417 

4x3/8 470 1.06 51.03 2.1 Pass 

T1 97.25 - 77.25 Torque Arm 
Top@92.3778 

C6x8.2 459 0.36 113.40 21.7 Pass 

              Summary   

            Leg (T3) 23.7 Pass 

            Diagonal 
(T2) 

75.8 Pass 

            Horizontal 
(T1) 

17.1 Pass 

            Top Girt 
(T2) 

11.6 Pass 

            Bottom Girt 
(T3) 

24.6 Pass 

            Guy A (T3) 49.6 Pass 

            Guy B (T3) 52.8 Pass 

            Guy C (T3) 53.7 Pass 

            Top Guy 
Pull-Off 

(T1) 

54.9 Pass 

            Torque Arm 
Top (T1) 

21.7 Pass 

            Bolt Checks 8.0 Pass 

      RATING = 75.8 Pass 

 

Structure Rating (max from all components) =  75.8% 

Notes: 
1) See additional documentation in “Appendix C – Additional Calculations” for calculations supporting the % capacity. 

Rating per TIA-222-H Section 15.5.  
 
 4.1) Recommendations 
 

The tower has sufficient capacity to carry the proposed load configuration. No modifications are 
required at this time. 

 
 
 
 
 
 
 



Maximum Tower Deflections - Service Wind  
Section Elevation Horz. Gov. Tilt Twist Check*

No. Deflection Load

ft in Comb. ° °

T1 97.25 - 77.25 0.9378 8 0.23 1.31 OK

T2 77.25 - 67.25 0.9985 3 0.08 1.2 OK

T3 67.25 - 47.25 0.8297 10 0.12 0.9 OK

T4 47.25 - 46 0.0591 10 0.22 0.07 OK

*Limit State Deformation (TIA-222-H Section 2.8.2)

1) Maximum Rotation = 4 Degrees

2) Maximum Deflection = 0.03 * Tower Height = 18 in.

zan92313
Image



 October 14, 2020 
51.25 Ft Guyed Tower Structural Analysis ES No-090 
Project Number 405025 Page 6 

tnxTower Report - version 8.0.7.5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX A 

 

TNXTOWER OUTPUT 

  



 .                                                                                                            . 

 Black & Veatch Corp. 
 6800 W 115th St. Suite 2292 

 Overland Park, KS 66211 
 Phone: (913) 458-6909 

 FAX: (913) 458-8136 

Job: 
ES-090 HartfordAWC

 Project: 405025

 Client:  Eversource  Drawn by: zan92313  App'd: 

 Code:  TIA-222-H  Date: 10/29/20  Scale:  NTS 
 Path: 

C:\Users\zan92313\OneDrive - Black & Veatch\Desktop\Eversource\HartfordAWC\10-29-20\New folder\HartfordAWC SA 220 Antenna to top and Kreco relocations.eri
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R=33.67 ft (46) R=36.00 ft (46)

R=33.00 ft (46)

R=33.67 ft (46) R=36.00 ft (46)

R=33.00 ft (46)

 Lighting Rod 5/8" x 8'  97.25 TMA  94 Pipe Mount [PM 601-1]  94 (2) 5' Hor x 3.5" Square Tube  94 DB586-Y  94 DB586-Y  94 DS2C03P36D-D  94 4' Standoff  94 ANT150F2  80 (2) 6' Hor L3.5x3.5x4  80 Pipe Mount [PM 601-1]  80 4' Standoff  72 CO-41A  72 2' Yagi  68 1'x2" Mount Pipe  61 Small Antenna  61 3.5' Hor 2.5x2.5 Angle  61 CO-41A  60.5 4' Standoff  60.5DESIGNED APPURTENANCE LOADING

TYPE TYPEELEVATION ELEVATION
 Lighting Rod 5/8" x 8'  97.25

 TMA  94

 Pipe Mount [PM 601-1]  94

 (2) 5' Hor x 3.5" Square Tube  94

 DB586-Y  94

 DB586-Y  94

 DS2C03P36D-D  94

 4' Standoff  94

 ANT150F2  80

 (2) 6' Hor L3.5x3.5x4  80

 Pipe Mount [PM 601-1]  80

 4' Standoff  72

 CO-41A  72

 2' Yagi  68

 1'x2" Mount Pipe  61

 Small Antenna  61

 3.5' Hor 2.5x2.5 Angle  61

 CO-41A  60.5

 4' Standoff  60.5

SYMBOL LIST
MARK MARKSIZE SIZE

A  W6x9 B  1 @ 1.25

MATERIAL STRENGTH
GRADE GRADEFy FyFu Fu

 A572-50  50 ksi  65 ksi

TOWER DESIGN NOTES
1.   Tower is located in Hartford County, Connecticut.
2.   Tower designed for Exposure C to the TIA-222-H Standard.
3.   Tower designed for a 135 mph basic wind in accordance with the TIA-222-H Standard.
4.   Tower is also designed for a 50 mph basic wind with 2.00 in ice. Ice is considered to 

 increase in thickness with height.
5.   Deflections are based upon a 60 mph wind.
6.   Tower Risk Category III.
7.   Topographic Category 1 with Crest Height of 0.00 ft
8.   TOWER RATING: 75.8%
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  Tower Input Data    
 
 
The main tower is a 3x guyed tower with an overall height of 97.25 ft above the ground line. 
The base of the tower is set at an elevation of 46.00 ft above the ground line. 
The face width of the tower is 1.40 ft at the top and tapered at the base. 
This tower is designed using the TIA-222-H standard. 
The following design criteria apply:  

1) Tower is located in Hartford County, Connecticut. 
2) Tower base elevation above sea level: 82.00 ft. 
3) Basic wind speed of 135 mph. 
4) Risk Category III. 
5) Exposure Category C. 
6) Simplified Topographic Factor Procedure for wind speed-up calculations is used. 
7) Topographic Category: 1. 
8) Crest Height: 0.00 ft. 
9) Nominal ice thickness of 2.0000 in. 
10) Ice thickness is considered to increase with height. 
11) Ice density of 56 pcf. 
12) A wind speed of 50 mph  is used in combination with ice. 
13) Temperature drop of 50 °F. 
14) Deflections calculated using a wind speed of 60 mph. 
15) Pressures are calculated at each section. 
16) Safety factor used in guy design is 0.9524. 
17) Stress ratio used in tower member design is 1.05. 
18) Local bending stresses due to climbing loads, feed line supports, and appurtenance mounts are not considered. 

 

  Options    
 

  Consider Moments - Legs   Distribute Leg Loads As Uniform   Use ASCE 10 X-Brace Ly Rules 
  Consider Moments - Horizontals   Assume Legs Pinned √ Calculate Redundant Bracing Forces 
  Consider Moments - Diagonals √ Assume Rigid Index Plate   Ignore Redundant Members in FEA 
  Use Moment Magnification √ Use Clear Spans For Wind Area √ SR Leg Bolts Resist Compression 
  Use Code Stress Ratios √ Use Clear Spans For KL/r   All Leg Panels Have Same Allowable 
  Use Code Safety Factors - Guys √ Retension Guys To Initial Tension   Offset Girt At Foundation 
  Escalate Ice √ Bypass Mast Stability Checks √ Consider Feed Line Torque 
  Always Use Max Kz √ Use Azimuth Dish Coefficients √ Include Angle Block Shear Check 
  Use Special Wind Profile √ Project Wind Area of Appurt.   Use TIA-222-H Bracing Resist. Exemption 

√ Include Bolts In Member Capacity √ Autocalc Torque Arm Areas   Use TIA-222-H Tension Splice Exemption 
√ Leg Bolts Are At Top Of Section   Add IBC .6D+W Combination Poles 
√ Secondary Horizontal Braces Leg √ Sort Capacity Reports By Component   Include Shear-Torsion Interaction 
  Use Diamond Inner Bracing (4 Sided)   Triangulate Diamond Inner Bracing    Always Use Sub-Critical Flow 
  SR Members Have Cut Ends   Treat Feed Line Bundles As Cylinder   Use Top Mounted Sockets 
  SR Members Are Concentric   Ignore KL/ry For 60 Deg. Angle Legs   Pole Without Linear Attachments 
          Pole With Shroud Or No Appurtenances 
          Outside and Inside Corner Radii Are 

Known 
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X 
 

 
  
 
 

 Tower Section Geometry    
 

Tower 

 Section 

Tower 

 Elevation 

 
ft 

Assembly 

Database 

Description Section 

Width  

 
ft 

Number  

of  

Sections 

Section 

Length 

 
ft 

T1 97.25-77.25   1.40 1 20.00 
T2 77.25-67.25   1.40 1 10.00 
T3 67.25-47.25   1.40 1 20.00 
T4 47.25-46.00   1.40 1 1.25 

 
 
 

 Tower Section Geometry (cont’d)   
 

Tower 

 Section 

Tower 

 Elevation 
 

ft 

Diagonal 

Spacing 
 

ft 

Bracing 

Type 

Has 

K Brace 
End 

Panels 

Has  

Horizontals 

Top Girt 

Offset 
 

in 

Bottom Girt 

Offset 
 

in 

T1 97.25-77.25 1.28 Z Rohn 65 No Yes 4.6250 4.6250 
T2 77.25-67.25 1.32 Z Rohn 65 No Yes 4.6250 4.6250 
T3 67.25-47.25 1.28 Z Rohn 65 No Yes 4.6250 4.6250 
T4 47.25-46.00 1.25 X Brace No Yes 0.0000 0.0000 

 
 

 Tower Section Geometry (cont’d)   
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Tower 

 Elevation 

ft 

Leg 
Type 

 

Leg  
Size 

 

Leg  
Grade 

Diagonal 
Type 

 

Diagonal  
Size 

 

Diagonal 
Grade 

T1 97.25-77.25 Solid Round 1 1/4 A572-50 
(50 ksi) 

Solid Round 7/16 A572-50 
(50 ksi) 

T2 77.25-67.25 Solid Round 1 1/4 A572-50 
(50 ksi) 

Solid Round 7/16 A572-50 
(50 ksi) 

T3 67.25-47.25 Solid Round 1 1/4 A572-50 
(50 ksi) 

Solid Round 7/16 A572-50 
(50 ksi) 

T4 47.25-46.00 Wide Flange W6x9 A572-50 
(50 ksi) 

Solid Round  A572-50 
(50 ksi) 

 
 
 

 Tower Section Geometry (cont’d)   
 

Tower 
 Elevation 

ft 

Top Girt 
Type 

 

Top Girt  
Size 

 

Top Girt  
Grade 

Bottom Girt 
Type 

 

Bottom Girt  
Size 

 

Bottom Girt 
Grade 

T1 97.25-77.25 Solid Round 7/16 A572-50 
(50 ksi) 

Solid Round 7/16 A572-50 
(50 ksi) 

T2 77.25-67.25 Solid Round 7/16 A572-50 
(50 ksi) 

Solid Round 7/16 A572-50 
(50 ksi) 

T3 67.25-47.25 Solid Round 7/16 A572-50 
(50 ksi) 

Solid Round 7/16 A572-50 
(50 ksi) 

 
 
 

 Tower Section Geometry (cont’d)   
 

Tower 

 Elevation 
 

ft 

No. 

of  
Mid 

Girts 

Mid Girt 

Type 
 

Mid Girt  

Size 
 

Mid Girt  

Grade 

Horizontal 

Type 
 

 

Horizontal 

Size 
 

Horizontal  

Grade 

T1 97.25-77.25 None Flat Bar  A36 
(36 ksi) 

Solid Round 7/16 A572-50 
(50 ksi) 

T2 77.25-67.25 None Flat Bar  A36 
(36 ksi) 

Solid Round 7/16 A572-50 
(50 ksi) 

T3 67.25-47.25 None Flat Bar  A36 
(36 ksi) 

Solid Round 7/16 A572-50 
(50 ksi) 

 
 
 

 Tower Section Geometry (cont’d)   
 

Tower 

 Elevation 

 
 

ft 

Gusset 

Area 

(per face) 
 

ft2 

Gusset 

Thickness 

 
 

in 

Gusset Grade Adjust. Factor 

Af 

Adjust. 

Factor  

Ar 

Weight Mult. 

 

Double Angle 

Stitch Bolt 

Spacing 
Diagonals 

in 

Double Angle 

Stitch Bolt 

Spacing 
Horizontals 

in 

Double Angle 

Stitch Bolt 

Spacing 
Redundants 

in 

T1 97.25-77.25 0.00 0.0000 A36 
(36 ksi) 

1 1 1 36.0000 36.0000 36.0000 

T2 77.25-67.25 0.00 0.0000 A36 
(36 ksi) 

1 1 1 36.0000 36.0000 36.0000 

T3 67.25-47.25 0.00 0.0000 A36 
(36 ksi) 

1 1 1 36.0000 36.0000 36.0000 

T4 47.25-46.00 0.00 0.0000 A36 
(36 ksi) 

1 1 1 36.0000 36.0000 36.0000 

 
 

 

 Tower Section Geometry (cont’d)   
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   K Factors1 

Tower 
 Elevation 

 

 
ft 

Calc 
K 

Single 

Angles 

Calc 
K 

Solid 

Rounds 

Legs X 
Brace 

Diags 

X 
Y 

K 
Brace 

Diags 

X 
Y 

Single 
Diags 

 

X 
Y 

Girts 
 

 

X 
Y 

Horiz. 
 

 

X 
Y 

Sec. 
Horiz. 

 

X 
Y 

Inner 
Brace 

 

X 
Y 

T1 97.25-
77.25 

Yes Yes 1 1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0.5 
0.5 

1 
1 

T2 77.25-
67.25 

Yes Yes 1 1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0.5 
0.5 

1 
1 

T3 67.25-
47.25 

Yes Yes 1 1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0.5 
0.5 

1 
1 

T4 47.25-
46.00 

Yes Yes 1 1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

0.5 
0.5 

1 
1 

1Note: K factors are applied to member segment lengths. K-braces without inner supporting members will have the K factor in the out-of-plane direction 

applied to the overall length. 
 

 

 

 Tower Section Geometry (cont’d)   
 

Tower 
 Elevation 

ft 

Leg Diagonal Top Girt Bottom Girt Mid Girt Long Horizontal Short Horizontal 

 Net Width 
Deduct 

in 

U 
 

Net Width 
Deduct 

in 

U 
 

Net Width 
Deduct 

in 

U 
 

Net 
Width 

Deduct 

in 

U 
 

Net 
Width 

Deduct 

in 

U 
 

Net 
Width 

Deduct 

in 

U 
 

Net 
Width 

Deduct 

in 

U 
 

T1 97.25-77.25 0.0000 1 0.0000 1 0.0000 1 0.0000 1 0.0000 0.75 0.0000 1 0.0000 0.75 
T2 77.25-67.25 0.0000 1 0.0000 1 0.0000 1 0.0000 1 0.0000 0.75 0.0000 1 0.0000 0.75 
T3 67.25-47.25 0.0000 1 0.0000 1 0.0000 1 0.0000 1 0.0000 0.75 0.0000 1 0.0000 0.75 
T4 47.25-46.00 0.0000 1 0.0000 1 0.0000 1 0.0000 1 0.0000 0.75 0.0000 1 0.0000 0.75 

 
 

 

 Tower Section Geometry (cont’d)   
 

Tower 

 Elevation 

ft 

Leg 

Connection 

Type 

Leg Diagonal Top Girt Bottom Girt Mid Girt Long Horizontal Short Horizontal 

  Bolt Size 

in 

No. Bolt Size 

in 

No. Bolt Size 

in 

No. Bolt Size 

in 

No. Bolt Size 

in 

No. Bolt Size 

in 

No. Bolt Size 

in 

No. 

T1 97.25-77.25 Flange 0.5000 
A325N 

0 0.6250 
A325N 

0 0.6250 
A325N 

0 0.6250 
A325N 

0 0.6250 
A325N 

0 0.6250 
A325N 

0 0.6250 
A325N 

0 

T2 77.25-67.25 Flange 0.5000 
A325N 

4 0.6250 
A325N 

0 0.6250 
A325N 

0 0.6250 
A325N 

0 0.6250 
A325N 

0 0.6250 
A325N 

0 0.6250 
A325N 

0 

T3 67.25-47.25 Flange 0.5000 
A325N 

4 0.6250 
A325N 

0 0.6250 
A325N 

0 0.6250 
A325N 

0 0.6250 
A325N 

0 0.6250 
A325N 

0 0.6250 
A325N 

0 

T4 47.25-46.00 Flange 0.5000 
A325N 

4 0.6250 
A325N 

0 0.6250 
A325N 

0 0.6250 
A325N 

0 0.6250 
A325N 

0 0.6250 
A325N 

0 0.6250 
A325N 

0 

 
 

 

 Guy Data   
 

Guy 

 Elevation 

 
ft 

Guy 

Grade 

 Guy 

Size 

 

Initial 

Tension 

 
K 

% 

 

Guy 

Modulus 

 
ksi 

Guy 

Weight 

 
plf 

Lu 

 

 
ft 

Anchor  

Radius 

 
ft 

Anchor  

Azimuth 

Adj. 
° 

Anchor 

Elevation 

 
ft 

End 

Fitting 

Efficiency 
% 

92.3778 EHS A 
B 
C 

3/8 
3/8 
3/8 

1.54 
1.54 
1.54 

10% 
10% 
10% 

23000 
23000 
23000 

0.27 
0.27 
0.27 

56.43 
58.19 
56.81 

33.00 
36.00 
33.67 

0.00 
0.00 
0.00 

46.00 
46.00 
46.00 

100% 
100% 
100% 

64.9417 EHS A 
B 
C 

1/4 
1/4 
1/4 

0.67 
0.67 
0.67 

10% 
10% 
10% 

21000 
21000 
21000 

0.12 
0.12 
0.12 

37.32 
39.93 
37.90 

33.00 
36.00 
33.67 

0.00 
0.00 
0.00 

46.00 
46.00 
46.00 

100% 
100% 
100% 
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 Guy Data(cont’d)   
 

Guy 

 Elevation 

ft 

Mount 

Type 

Torque-Arm 

Spread 

 
ft 

Torque-Arm 

Leg Angle 

 
° 

Torque-Arm 

Style 

Torque-Arm 

Grade 

Torque-Arm 

Type 

Torque-Arm Size 

92.3778 Torque Arm 2.79 0.00 Channel A572-50 
(50 ksi) 

Channel C6x8.2 

64.9417 Corner             

 
 
 

 Guy Data (cont’d)   
 

Guy 
 Elevation 

ft 

Diagonal 
Grade 

Diagonal 
Type 

Upper Diagonal 
Size 

Lower Diagonal 
Size 

Is 
Strap. 

Pull-Off 
Grade 

Pull-Off Type Pull-Off Size 

92.38 A572-50 
(50 ksi) 

Solid Round   No A36 
(36 ksi) 

Solid Round 7/16 
 

64.94 A572-50 
(50 ksi) 

Solid Round   Yes A36 
(36 ksi) 

Flat Bar 4x3/8 
 

 
 
 

 Guy Data (cont’d)   
 

Guy 
 Elevation 

 

ft 

Cable 
Weight 

A 

K 

Cable 
Weight 

B 

K 

Cable 
Weight 

C 

K 

Cable 
Weight 

D 

K 

Tower 
Intercept 

A 

ft 

Tower 
Intercept 

B 

ft 

Tower 
Intercept 

C 

ft 

Tower 
Intercept 

D 

ft 

92.3778 0.02 0.02 0.02   0.28 
0.9 sec/pulse 

0.30 
0.9 sec/pulse 

0.29 
0.9 sec/pulse 

  

64.9417 0.00 0.00 0.00   0.13 
0.6 sec/pulse 

0.14 
0.7 sec/pulse 

0.13 
0.6 sec/pulse 

  

 
 

 Guy Data (cont’d)   
 

   Torque Arm Pull Off Diagonal 

Guy 

 Elevation 

ft 

Calc 

K 

Single 
Angles 

Calc 

K 

Solid 
Rounds 

Kx Ky Kx Ky Kx Ky 

92.3778 No No 1 1 1 1 1 1 
64.9417 No No     1 1 1 1 

 
 

 Guy Data (cont’d)   
 

 Torque-Arm Pull Off Diagonal 

Guy 
 Elevation 

ft 

Bolt Size 
in 

Number Net Width 
Deduct 

in 

U 
 

Bolt Size 
in 

Number Net Width 
Deduct 

in 

U 
 

Bolt Size 
in 

Number Net Width 
Deduct 

in 

U 
 

92.3778 0.5000 
A325N 

4 0.0000 1 0.0000 
A325N 

0 0.0000 1 0.6250 
A325N 

0 0.0000 0.75 

64.9417 0.6250 
A325N 

0 0.0000 0.75 0.0000 
A325N 

0 0.0000 1 0.6250 
A325N 

0 0.0000 0.75 
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 Guy Pressures   
 

Guy 

 Elevation 

ft 

Guy 

Location 

z 

 

ft 

qz 

 

psf 

qz 

Ice 

psf 

Ice 

Thickness 

in 

92.3778 A 
B 
C 

69.19 
69.19 
69.19 

46 
46 
46 

6 
6 
6 

2.4767 
2.4767 
2.4767 

64.9417 A 
B 
C 

55.47 
55.47 
55.47 

44 
44 
44 

6 
6 
6 

2.4226 
2.4226 
2.4226 

 
 

 Feed Line/Linear Appurtenances - Entered As Round Or Flat 
 

Description Face 
or 

Leg  

Allow 
Shield 

Exclude 
From 

Torque 

Calculation 

Component 
Type 

Placement 
 

ft 

Face 
Offset 

in 

Lateral 
Offset 

(Frac FW) 

# # 
 Per 

Row 

Clear 
Spacing 

in 

Width or 
Diameter 

in 

Perimeter 
 

in 

Weight 
 

plf 

***                           
LDF2-

50A(3/8) 
C No No Ar (CaAa) 68.00 - 

61.00 
1.0000 0.45 1 1 0.4400 0.4400  0.08 

LDF2-
50A(3/8) 

C No No Ar (CaAa) 61.00 - 
54.00 

1.0000 0.45 2 2 0.4400 0.4400  0.08 

***                           
LDF5-

50A(7/8) 
C No No Ar (CaAa) 94.00 - 

80.00 
0.0000 0.35 5 3 0.5000 1.0300  0.33 

LDF5-
50A(7/8) 

C No No Ar (CaAa) 80.00 - 
72.00 

0.0000 0.35 6 3 0.5000 1.0300  0.33 

LDF5-
50A(7/8) 

C No No Ar (CaAa) 72.00 - 
60.50 

0.0000 0.35 7 3 0.5000 1.0300  0.33 

LDF5-
50A(7/8) 

C No No Ar (CaAa) 60.50 - 
54.00 

0.0000 0.35 8 3 0.5000 1.0300  0.33 

***Proposed*
** 

                          

 
 
 

 Feed Line/Linear Appurtenances Section Areas  
 

Tower 

Section 

Tower 

 Elevation 

ft 

Face AR 

 

 ft2 

AF 

  

ft2 

CAAA 

In Face  

ft2 

CAAA 

Out Face  

ft2 

Weight 

 

K 

T1 97.25-77.25 A 
B 
C 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
8.909 

0.000 
0.000 
0.000 

0.00 
0.00 
0.03 

T2 77.25-67.25 A 
B 
C 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
6.702 

0.000 
0.000 
0.000 

0.00 
0.00 
0.02 

T3 67.25-47.25 A 
B 
C 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 

11.114 

0.000 
0.000 
0.000 

0.00 
0.00 
0.03 

T4 47.25-46.00 A 
B 
C 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.00 
0.00 
0.00 

 
 

 Feed Line/Linear Appurtenances Section Areas - With Ice 
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Tower 

Section 

Tower 

 Elevation 
ft 

Face 

or 
Leg  

Ice 

Thickness 
in 

AR 

 
 ft2 

AF 

  
ft2 

CAAA 

In Face  
ft2 

CAAA 

Out Face  
ft2 

Weight 

 
K 

T1 97.25-77.25 A 
B 
C 

2.535 0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 

24.960 

0.000 
0.000 
0.000 

0.00 
0.00 
0.38 

T2 77.25-67.25 A 
B 
C 

2.487 0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 

15.689 

0.000 
0.000 
0.000 

0.00 
0.00 
0.26 

T3 67.25-47.25 A 
B 
C 

2.430 0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 

30.897 

0.000 
0.000 
0.000 

0.00 
0.00 
0.47 

T4 47.25-46.00 A 
B 
C 

2.381 0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.00 
0.00 
0.00 

 
 
 

   Feed Line Center of Pressure     
 

 Section Elevation  

 

ft 

CPX 

 

in 

CPZ 

 

in 

CPX 

Ice 

in 

CPZ 

Ice 

in 

T1 97.25-77.25 -1.9052 1.4160 0.0000 0.0000 
T2 77.25-67.25 -2.1847 2.1188 0.0000 0.0000 
T3 67.25-47.25 -1.7213 1.9108 0.0000 0.0000 
T4 47.25-46.00 0.0000 0.0000 0.0000 0.0000 

 
 
 
 

 Shielding Factor Ka 
 

Tower 

Section 
Feed Line 

Record No. 
Description Feed Line 

Segment Elev. 
Ka 

No Ice 
Ka 

Ice 
T1 8 LDF5-50A(7/8) 80.00 - 94.00 0.6000 0.0000 
T1 9 LDF5-50A(7/8) 77.25 - 80.00 0.6000 0.0000 
T2 5 LDF2-50A(3/8) 67.25 - 68.00 0.6000 0.0000 
T2 9 LDF5-50A(7/8) 72.00 - 77.25 0.6000 0.0000 
T2 10 LDF5-50A(7/8) 67.25 - 72.00 0.6000 0.0000 
T3 5 LDF2-50A(3/8) 61.00 - 67.25 0.6000 0.0000 
T3 6 LDF2-50A(3/8) 54.00 - 61.00 0.6000 0.0000 
T3 10 LDF5-50A(7/8) 60.50 - 67.25 0.6000 0.0000 
T3 11 LDF5-50A(7/8) 54.00 - 60.50 0.6000 0.0000 

 
 
 
 
 

   Discrete Tower Loads    
 

Description Face 

or 

Leg 

Offset 

Type 

Offsets: 

Horz 

Lateral 
Vert 

ft 

ft 
ft 

Azimuth 

Adjustment 

 
 

° 

Placement 

 

 
 

ft 

 CAAA 

Front 

 
 

ft2 

CAAA 

Side 

 
 

ft2 

Weight 

 

 
 

K 

Lighting Rod 5/8'' x 8' A From Leg 0.00 
0.00 
3.00 

0.00 97.25 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

0.50 
1.31 
2.14 
3.61 

0.50 
1.31 
2.14 
3.61 

0.03 
0.04 
0.05 
0.08 

***                   
TMA C From Face 0.00 

0.00 
0.00 94.00 No Ice 

1/2'' Ice 
0.92 
1.05 

0.92 
1.05 

0.02 
0.03 
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Description Face 

or 
Leg 

Offset 

Type 

Offsets: 

Horz 
Lateral 

Vert 

ft 
ft 

ft 

Azimuth 

Adjustment 
 

 

° 

Placement 

 
 

 

ft 

 CAAA 

Front 
 

 

ft2 

CAAA 

Side 
 

 

ft2 

Weight 

 
 

 

K 

0.00 1'' Ice 
2'' Ice 

1.19 
1.49 

1.19 
1.49 

0.04 
0.07 

***                   
Pipe Mount [PM 601-1] C From Face 4.30 

0.00 
0.00 

0.00 94.00 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

1.32 
1.58 
1.84 
2.40 

1.32 
1.58 
1.84 
2.40 

0.07 
0.08 
0.09 
0.13 

(2) 5' Hor x 3.5'' Square Tube C From Face 0.00 
1.80 
0.00 

0.00 94.00 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

1.75 
2.11 
2.47 
3.22 

0.10 
0.14 
0.19 
0.32 

0.04 
0.06 
0.08 
0.14 

DB586-Y C From Face 4.30 
0.00 
4.00 

0.00 94.00 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

1.01 
1.28 
1.56 
2.14 

1.01 
1.28 
1.56 
2.14 

0.01 
0.02 
0.03 
0.06 

DB586-Y C From Face 4.30 
0.00 
-4.00 

0.00 94.00 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

1.01 
1.28 
1.56 
2.14 

1.01 
1.28 
1.56 
2.14 

0.01 
0.02 
0.03 
0.06 

***                   
(2) 6' Hor L3.5x3.5x4 B From Face 0.00 

2.30 
0.00 

0.00 80.00 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

2.45 
2.94 
3.45 
4.48 

0.12 
0.17 
0.23 
0.37 

0.03 
0.05 
0.08 
0.14 

Pipe Mount [PM 601-1] B From Face 0.00 
5.30 
0.00 

0.00 80.00 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

1.32 
1.58 
1.84 
2.40 

1.32 
1.58 
1.84 
2.40 

0.07 
0.08 
0.09 
0.13 

ANT150F2 B From Face 0.00 
5.30 
3.00 

0.00 80.00 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

1.23 
1.53 
1.84 
2.49 

1.23 
1.53 
1.84 
2.49 

0.01 
0.02 
0.04 
0.07 

***                   
4' Standoff A From Leg 0.00 

2.30 
0.00 

0.00 72.00 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

0.88 
1.19 
1.51 
2.17 

3.72 
4.96 
5.95 
8.02 

0.09 
0.14 
0.19 
0.32 

CO-41A A From Face 0.00 
6.00 
6.00 

0.00 72.00 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

3.15 
4.38 
5.63 
7.77 

3.15 
4.38 
5.63 
7.77 

0.01 
0.04 
0.07 
0.15 

***                   
2' Yagi B From Leg 0.00 

1.00 
0.00 

0.00 68.00 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

1.29 
1.68 
2.06 
2.84 

1.29 
1.68 
2.06 
2.84 

0.03 
0.03 
0.04 
0.06 

***                   
3.5' Hor 2.5x2.5 Angle B From Face 0.00 

-1.00 
0.00 

0.00 61.00 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

0.88 
1.13 
1.38 
1.92 

0.05 
0.08 
0.12 
0.22 

0.04 
0.05 
0.06 
0.10 

Small Antenna A From Leg 0.50 
-2.00 
0.50 

0.00 61.00 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

0.60 
0.70 
0.81 
1.06 

0.41 
0.50 
0.59 
0.81 

0.01 
0.02 
0.02 
0.04 

1'x2'' Mount Pipe A From Leg 0.50 
-2.00 
0.50 

0.00 61.00 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

0.15 
0.22 
0.30 
0.50 

0.15 
0.22 
0.30 
0.50 

0.00 
0.01 
0.01 
0.02 

***                   
***Proposed***                   
DS2C03P36D-D B From Face 0.00 

4.70 
9.30 

0.00 94.00 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

5.82 
7.80 
9.79 
13.82 

5.82 
7.80 
9.79 
13.82 

0.08 
0.12 
0.17 
0.32 
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Description Face 

or 
Leg 

Offset 

Type 

Offsets: 

Horz 
Lateral 

Vert 

ft 
ft 

ft 

Azimuth 

Adjustment 
 

 

° 

Placement 

 
 

 

ft 

 CAAA 

Front 
 

 

ft2 

CAAA 

Side 
 

 

ft2 

Weight 

 
 

 

K 

4' Standoff B From Face 0.00 
2.30 
0.00 

0.00 94.00 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

0.88 
1.19 
1.51 
2.17 

3.72 
4.96 
5.95 
8.02 

0.09 
0.14 
0.19 
0.32 

***Relocated 49.2MHz 
Kreco at 72'** 

                  

CO-41A A From Leg 0.00 
4.70 
6.00 

0.00 60.50 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

3.15 
4.38 
5.63 
7.77 

3.15 
4.38 
5.63 
7.77 

0.01 
0.04 
0.07 
0.15 

4' Standoff A From Face 0.00 
2.30 
0.00 

0.00 60.50 No Ice 
1/2'' Ice 
1'' Ice 
2'' Ice 

0.88 
1.19 
1.51 
2.17 

3.72 
4.96 
5.95 
8.02 

0.09 
0.14 
0.19 
0.32 

***                   

 
 
 
 

 Load Combinations    
 

Comb. 
No. 

Description 

1 Dead Only 
2 1.2 Dead+1.0 Wind 0 deg - No Ice+1.0 Guy 
3 1.2 Dead+1.0 Wind 30 deg - No Ice+1.0 Guy 
4 1.2 Dead+1.0 Wind 60 deg - No Ice+1.0 Guy 
5 1.2 Dead+1.0 Wind 90 deg - No Ice+1.0 Guy 
6 1.2 Dead+1.0 Wind 120 deg - No Ice+1.0 Guy 
7 1.2 Dead+1.0 Wind 150 deg - No Ice+1.0 Guy 
8 1.2 Dead+1.0 Wind 180 deg - No Ice+1.0 Guy 
9 1.2 Dead+1.0 Wind 210 deg - No Ice+1.0 Guy 

10 1.2 Dead+1.0 Wind 240 deg - No Ice+1.0 Guy 
11 1.2 Dead+1.0 Wind 270 deg - No Ice+1.0 Guy 
12 1.2 Dead+1.0 Wind 300 deg - No Ice+1.0 Guy 
13 1.2 Dead+1.0 Wind 330 deg - No Ice+1.0 Guy 
14 1.2 Dead+1.0 Ice+1.0 Temp+Guy 
15 1.2 Dead+1.0 Wind 0 deg+1.0 Ice+1.0 Temp+1.0 Guy 
16 1.2 Dead+1.0 Wind 30 deg+1.0 Ice+1.0 Temp+1.0 Guy 
17 1.2 Dead+1.0 Wind 60 deg+1.0 Ice+1.0 Temp+1.0 Guy 
18 1.2 Dead+1.0 Wind 90 deg+1.0 Ice+1.0 Temp+1.0 Guy 
19 1.2 Dead+1.0 Wind 120 deg+1.0 Ice+1.0 Temp+1.0 Guy 
20 1.2 Dead+1.0 Wind 150 deg+1.0 Ice+1.0 Temp+1.0 Guy 
21 1.2 Dead+1.0 Wind 180 deg+1.0 Ice+1.0 Temp+1.0 Guy 
22 1.2 Dead+1.0 Wind 210 deg+1.0 Ice+1.0 Temp+1.0 Guy 
23 1.2 Dead+1.0 Wind 240 deg+1.0 Ice+1.0 Temp+1.0 Guy 
24 1.2 Dead+1.0 Wind 270 deg+1.0 Ice+1.0 Temp+1.0 Guy 
25 1.2 Dead+1.0 Wind 300 deg+1.0 Ice+1.0 Temp+1.0 Guy 
26 1.2 Dead+1.0 Wind 330 deg+1.0 Ice+1.0 Temp+1.0 Guy 
27 Dead+Wind 0 deg - Service+Guy 
28 Dead+Wind 30 deg - Service+Guy 
29 Dead+Wind 60 deg - Service+Guy 
30 Dead+Wind 90 deg - Service+Guy 
31 Dead+Wind 120 deg - Service+Guy 
32 Dead+Wind 150 deg - Service+Guy 
33 Dead+Wind 180 deg - Service+Guy 
34 Dead+Wind 210 deg - Service+Guy 
35 Dead+Wind 240 deg - Service+Guy 
36 Dead+Wind 270 deg - Service+Guy 
37 Dead+Wind 300 deg - Service+Guy 
38 Dead+Wind 330 deg - Service+Guy 
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  Maximum Member Forces   
 

Section 

No. 

Elevation 

ft 

Component 

Type 

Condition Gov. 

Load 

Comb. 

Axial 

 

K 

Major Axis 

Moment 

kip-ft 

Minor Axis 

Moment 

kip-ft 

T1 97.25 - 77.25 Leg Max Tension 21 4.09 -0.00 -0.01 
      Max. Compression 25 -12.88 0.00 -0.00 
      Max. Mx 11 -3.12 0.17 -0.00 
      Max. My 4 -3.06 -0.12 0.18 
      Max. Vy 11 0.46 0.17 -0.00 
      Max. Vx 11 0.38 0.00 0.00 
    Diagonal Max Tension 5 1.46 0.00 0.00 
      Max. Compression 11 -1.44 0.00 0.00 
      Max. Mx 15 -0.02 0.00 0.00 
      Max. My 17 0.00 0.00 -0.00 
      Max. Vy 15 -0.01 0.00 0.00 
      Max. Vx 17 0.00 0.00 0.00 
    Horizontal Max Tension 11 0.68 0.00 0.00 
      Max. Compression 5 -0.59 0.00 0.00 
      Max. Mx 22 0.24 0.00 0.00 
      Max. My 16 -0.13 0.00 -0.00 
      Max. Vy 22 0.01 0.00 0.00 
      Max. Vx 16 -0.00 0.00 0.00 
    Top Girt Max Tension 17 0.02 0.00 0.00 
      Max. Compression 23 -0.02 0.00 0.00 
      Max. Mx 20 -0.01 0.00 0.00 
      Max. My 16 -0.01 0.00 -0.00 
      Max. Vy 20 0.01 0.00 0.00 
      Max. Vx 16 -0.00 0.00 0.00 
    Bottom Girt Max Tension 11 0.53 0.00 0.00 
      Max. Compression 5 -0.42 0.00 0.00 
      Max. Mx 24 0.36 0.00 0.00 
      Max. My 16 0.01 0.00 -0.00 
      Max. Vy 24 0.01 0.00 0.00 
      Max. Vx 16 -0.00 0.00 0.00 
    Guy A Bottom Tension 21 3.34     
      Top Tension 21 3.75     
      Top Cable Vert 21 3.19     
      Top Cable Norm 21 1.97     
      Top Cable Tan 21 0.00     
      Bot Cable Vert 21 -2.62     
      Bot Cable Norm 21 2.07     
      Bot Cable Tan 21 0.00     
    Guy B Bottom Tension 25 2.97     
      Top Tension 25 3.38     
      Top Cable Vert 25 2.82     
      Top Cable Norm 25 1.87     
      Top Cable Tan 25 0.00     
      Bot Cable Vert 25 -2.24     
      Bot Cable Norm 25 1.96     
      Bot Cable Tan 25 0.00     
    Guy C Bottom Tension 17 3.37     
      Top Tension 17 3.78     
      Top Cable Vert 17 3.20     
      Top Cable Norm 17 2.02     
      Top Cable Tan 17 0.00     
      Bot Cable Vert 17 -2.63     
      Bot Cable Norm 17 2.11     
      Bot Cable Tan 17 0.00     
    Top Guy Pull-Off Max Tension 12 1.01 0.00 0.00 
      Max. Compression 6 -0.97 0.00 0.00 
      Max. Mx 16 -0.21 0.00 0.00 
      Max. My 16 0.30 0.00 -0.00 
      Max. Vy 16 0.01 0.00 0.00 
      Max. Vx 16 -0.00 0.00 0.00 
    Torque Arm Top Max Tension 4 1.88 -1.69 0.00 
      Max. Compression 5 -0.72 0.00 0.00 
      Max. Mx 21 0.25 -4.36 0.00 
      Max. My 16 0.32 -4.09 0.00 
      Max. Vy 21 3.15 -4.36 0.00 
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Section 

No. 

Elevation 

ft 

Component 

Type 

Condition Gov. 

Load 
Comb. 

Axial 

 
K 

Major Axis 

Moment 
kip-ft 

Minor Axis 

Moment 
kip-ft 

      Max. Vx 16 0.00 -4.09 0.00 
T2 77.25 - 67.25 Leg Max Tension 10 3.19 0.05 0.08 

      Max. Compression 17 -12.97 0.00 -0.01 
      Max. Mx 11 -3.12 -0.18 -0.01 
      Max. My 11 2.28 0.06 0.15 
      Max. Vy 11 0.46 -0.00 -0.01 
      Max. Vx 11 0.38 0.07 -0.14 
    Diagonal Max Tension 5 1.17 0.00 0.00 
      Max. Compression 11 -1.45 0.00 0.00 
      Max. Mx 17 -0.11 0.00 0.00 
      Max. My 16 -0.22 0.00 -0.00 
      Max. Vy 17 -0.01 0.00 0.00 
      Max. Vx 16 0.00 0.00 0.00 
    Horizontal Max Tension 11 0.68 0.00 0.00 
      Max. Compression 5 -0.55 0.00 0.00 
      Max. Mx 24 0.13 0.00 0.00 
      Max. My 15 0.04 0.00 -0.00 
      Max. Vy 24 -0.01 0.00 0.00 
      Max. Vx 15 0.00 0.00 0.00 
    Top Girt Max Tension 11 0.51 0.00 0.00 
      Max. Compression 5 -0.40 0.00 0.00 
      Max. Mx 24 0.33 0.00 0.00 
      Max. My 16 0.05 0.00 -0.00 
      Max. Vy 24 -0.01 0.00 0.00 
      Max. Vx 16 0.00 0.00 0.00 
    Bottom Girt Max Tension 10 0.43 0.00 0.00 
      Max. Compression 4 -0.32 0.00 0.00 
      Max. Mx 24 0.23 0.00 0.00 
      Max. My 16 0.24 0.00 -0.00 
      Max. Vy 24 -0.01 0.00 0.00 
      Max. Vx 16 0.00 0.00 0.00 

T3 67.25 - 47.25 Leg Max Tension 10 0.22 0.00 0.00 
      Max. Compression 25 -13.15 -0.00 -0.00 
      Max. Mx 25 -11.32 0.60 0.34 
      Max. My 21 -11.27 -0.02 -0.67 
      Max. Vy 24 -2.06 0.59 0.33 
      Max. Vx 21 2.26 -0.02 -0.67 
    Diagonal Max Tension 2 1.02 0.00 0.00 
      Max. Compression 8 -1.29 0.00 0.00 
      Max. Mx 26 0.33 0.00 0.00 
      Max. My 15 -0.36 0.00 -0.00 
      Max. Vy 26 0.01 0.00 0.00 
      Max. Vx 15 0.00 0.00 0.00 
    Horizontal Max Tension 8 0.64 0.00 0.00 
      Max. Compression 2 -0.49 0.00 0.00 
      Max. Mx 23 0.16 0.00 0.00 
      Max. My 16 0.04 0.00 -0.00 
      Max. Vy 23 0.01 0.00 0.00 
      Max. Vx 16 -0.00 0.00 0.00 
    Top Girt Max Tension 8 0.42 0.00 0.00 
      Max. Compression 3 -0.30 0.00 0.00 
      Max. Mx 24 0.06 0.00 0.00 
      Max. My 16 0.20 0.00 -0.00 
      Max. Vy 24 0.01 0.00 0.00 
      Max. Vx 16 -0.00 0.00 0.00 
    Bottom Girt Max Tension 21 1.75 0.00 0.00 
      Max. Compression 1 0.00 0.00 0.00 
      Max. Mx 15 1.49 0.00 0.00 
      Max. Vy 15 0.01 0.00 0.00 
      Max. Vx 22 -0.00 0.00 0.00 
    Guy A Bottom Tension 21 1.93     
      Top Tension 21 2.08     
      Top Cable Vert 21 1.17     
      Top Cable Norm 21 1.72     
      Top Cable Tan 21 0.00     
      Bot Cable Vert 21 -0.85     
      Bot Cable Norm 21 1.73     
      Bot Cable Tan 21 0.00     
    Guy B Bottom Tension 25 2.06     
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Section 

No. 

Elevation 

ft 

Component 

Type 

Condition Gov. 

Load 
Comb. 

Axial 

 
K 

Major Axis 

Moment 
kip-ft 

Minor Axis 

Moment 
kip-ft 

      Top Tension 25 2.21     
      Top Cable Vert 25 1.18     
      Top Cable Norm 25 1.87     
      Top Cable Tan 25 0.00     
      Bot Cable Vert 25 -0.84     
      Bot Cable Norm 25 1.88     
      Bot Cable Tan 25 0.00     
    Guy C Bottom Tension 17 2.10     
      Top Tension 17 2.25     
      Top Cable Vert 17 1.24     
      Top Cable Norm 17 1.87     
      Top Cable Tan 17 0.00     
      Bot Cable Vert 17 -0.92     
      Bot Cable Norm 17 1.88     
      Bot Cable Tan 17 0.00     
    Top Guy Pull-Off Max Tension 15 1.06 0.00 0.00 
      Max. Compression 1 0.00 0.00 0.00 
      Max. Mx 14 0.82 0.01 0.00 
      Max. My 16 0.82 0.00 -0.00 
      Max. Vy 14 0.02 0.00 0.00 
      Max. Vx 16 -0.00 0.00 0.00 

T4 47.25 - 46 Leg Max Tension 1 0.00 0.00 0.00 
      Max. Compression 25 -10.83 5.56 0.08 
      Max. Mx 20 -10.68 5.66 0.39 
      Max. My 8 -3.56 2.17 0.58 
      Max. Vy 21 -4.26 5.65 0.40 
      Max. Vx 8 -0.39 2.17 0.58 
        

  
 

   Maximum Reactions    
 

Location Condition Gov. 
Load 

Comb. 

Vertical 
K 

Horizontal, X 
K 

Horizontal, Z 
K 

Mast Max. Vert 19 32.79 -0.18 -0.14 
  Max. Hx 11 12.06 0.47 -0.04 
  Max. Hz 2 12.10 -0.01 0.48 
  Max. Mx 1 0.00 0.01 0.00 
  Max. Mz 1 0.00 0.01 0.00 
  Max. Torsion 8 0.83 0.05 -0.41 
  Min. Vert 1 10.56 0.01 0.00 
  Min. Hx 5 12.19 -0.42 0.02 
  Min. Hz 8 12.18 0.05 -0.41 
  Min. Mx 1 0.00 0.01 0.00 
  Min. Mz 1 0.00 0.01 0.00 
  Min. Torsion 2 -0.54 -0.01 0.48 

Guy C @ 33.67 ft 
Elev 46 ft 

Azimuth 240 deg 

Max. Vert 10 -1.20 -0.70 0.41 

  Max. Hx 10 -1.20 -0.70 0.41 
  Max. Hz 16 -5.75 -4.95 2.95 
  Min. Vert 17 -5.91 -5.12 2.94 
  Min. Hx 17 -5.91 -5.12 2.94 
  Min. Hz 10 -1.20 -0.70 0.41 

Guy B @ 36 ft 
Elev 46 ft 

Azimuth 120 deg 

Max. Vert 6 -1.03 0.65 0.38 

  Max. Hx 25 -5.26 4.98 2.88 
  Max. Hz 26 -5.11 4.81 2.88 
  Min. Vert 25 -5.26 4.98 2.88 
  Min. Hx 6 -1.03 0.65 0.38 
  Min. Hz 6 -1.03 0.65 0.38 

Guy A @ 33 ft 
Elev 46 ft 

Azimuth 0 deg 

Max. Vert 2 -1.13 0.01 -0.74 

  Max. Hx 24 -4.75 0.21 -4.55 
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Location Condition Gov. 

Load 
Comb. 

Vertical 

K 

Horizontal, X 

K 

Horizontal, Z 

K 

  Max. Hz 2 -1.13 0.01 -0.74 
  Min. Vert 21 -6.08 -0.00 -5.84 
  Min. Hx 18 -4.74 -0.21 -4.53 
  Min. Hz 21 -6.08 -0.00 -5.84 
      

 
 

 Tower Mast Reaction Summary    
 

Load 
Combination 

Vertical  
 

K 

Shearx 
 

K 

Shearz 
 

K 

 Overturning 
Moment, Mx  

kip-ft 

 Overturning 
Moment, Mz 

kip-ft 

Torque 
 

kip-ft 
Dead Only 10.56 -0.01 -0.00 0.00 0.00 -0.13 
1.2 Dead+1.0 Wind 0 deg - No 
Ice+1.0 Guy 

12.10 0.01 -0.48 0.00 0.00 0.54 

1.2 Dead+1.0 Wind 30 deg - No 
Ice+1.0 Guy 

12.21 0.22 -0.41 0.00 0.00 0.47 

1.2 Dead+1.0 Wind 60 deg - No 
Ice+1.0 Guy 

12.24 0.36 -0.24 0.00 0.00 0.23 

1.2 Dead+1.0 Wind 90 deg - No 
Ice+1.0 Guy 

12.19 0.42 -0.02 0.00 0.00 -0.12 

1.2 Dead+1.0 Wind 120 deg - 
No Ice+1.0 Guy 

12.09 0.37 0.20 0.00 0.00 -0.46 

1.2 Dead+1.0 Wind 150 deg - 
No Ice+1.0 Guy 

12.11 0.19 0.35 0.00 0.00 -0.71 

1.2 Dead+1.0 Wind 180 deg - 
No Ice+1.0 Guy 

12.18 -0.05 0.41 0.00 0.00 -0.83 

1.2 Dead+1.0 Wind 210 deg - 
No Ice+1.0 Guy 

12.27 -0.29 0.38 0.00 0.00 -0.76 

1.2 Dead+1.0 Wind 240 deg - 
No Ice+1.0 Guy 

12.21 -0.46 0.26 0.00 0.00 -0.51 

1.2 Dead+1.0 Wind 270 deg - 
No Ice+1.0 Guy 

12.06 -0.47 0.04 0.00 0.00 -0.15 

1.2 Dead+1.0 Wind 300 deg - 
No Ice+1.0 Guy 

11.94 -0.38 -0.19 0.00 0.00 0.19 

1.2 Dead+1.0 Wind 330 deg - 
No Ice+1.0 Guy 

11.96 -0.21 -0.38 0.00 0.00 0.43 

1.2 Dead+1.0 Ice+1.0 
Temp+Guy 

32.29 -0.09 -0.00 0.00 0.00 -0.32 

1.2 Dead+1.0 Wind 0 deg+1.0 
Ice+1.0 Temp+1.0 Guy 

32.70 -0.08 -0.31 0.00 0.00 -0.02 

1.2 Dead+1.0 Wind 30 deg+1.0 
Ice+1.0 Temp+1.0 Guy 

32.72 0.05 -0.27 0.00 0.00 -0.07 

1.2 Dead+1.0 Wind 60 deg+1.0 
Ice+1.0 Temp+1.0 Guy 

32.70 0.16 -0.15 0.00 0.00 -0.20 

1.2 Dead+1.0 Wind 90 deg+1.0 
Ice+1.0 Temp+1.0 Guy 

32.73 0.21 -0.00 0.00 0.00 -0.37 

1.2 Dead+1.0 Wind 120 
deg+1.0 Ice+1.0 Temp+1.0 Guy 

32.79 0.18 0.14 0.00 0.00 -0.51 

1.2 Dead+1.0 Wind 150 
deg+1.0 Ice+1.0 Temp+1.0 Guy 

32.73 0.06 0.24 0.00 0.00 -0.59 

1.2 Dead+1.0 Wind 180 
deg+1.0 Ice+1.0 Temp+1.0 Guy 

32.70 -0.10 0.28 0.00 0.00 -0.63 

1.2 Dead+1.0 Wind 210 
deg+1.0 Ice+1.0 Temp+1.0 Guy 

32.72 -0.25 0.25 0.00 0.00 -0.58 

1.2 Dead+1.0 Wind 240 
deg+1.0 Ice+1.0 Temp+1.0 Guy 

32.70 -0.36 0.16 0.00 0.00 -0.44 

1.2 Dead+1.0 Wind 270 
deg+1.0 Ice+1.0 Temp+1.0 Guy 

32.57 -0.38 0.02 0.00 0.00 -0.27 

1.2 Dead+1.0 Wind 300 
deg+1.0 Ice+1.0 Temp+1.0 Guy 

32.49 -0.33 -0.14 0.00 0.00 -0.13 

1.2 Dead+1.0 Wind 330 
deg+1.0 Ice+1.0 Temp+1.0 Guy 

32.57 -0.22 -0.26 0.00 0.00 -0.05 

Dead+Wind 0 deg - 
Service+Guy 

10.59 -0.01 -0.09 0.00 0.00 0.00 

Dead+Wind 30 deg - 
Service+Guy 

10.59 0.04 -0.07 0.00 0.00 -0.01 
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Load 

Combination 
Vertical  

 
K 

Shearx 

 
K 

Shearz 

 
K 

 Overturning 

Moment, Mx  
kip-ft 

 Overturning 

Moment, Mz 
kip-ft 

Torque 

 
kip-ft 

Dead+Wind 60 deg - 
Service+Guy 

10.59 0.06 -0.04 0.00 0.00 -0.06 

Dead+Wind 90 deg - 
Service+Guy 

10.59 0.07 -0.00 0.00 0.00 -0.13 

Dead+Wind 120 deg - 
Service+Guy 

10.60 0.06 0.04 0.00 0.00 -0.20 

Dead+Wind 150 deg - 
Service+Guy 

10.60 0.03 0.07 0.00 0.00 -0.24 

Dead+Wind 180 deg - 
Service+Guy 

10.60 -0.02 0.08 0.00 0.00 -0.26 

Dead+Wind 210 deg - 
Service+Guy 

10.60 -0.06 0.07 0.00 0.00 -0.24 

Dead+Wind 240 deg - 
Service+Guy 

10.59 -0.09 0.05 0.00 0.00 -0.19 

Dead+Wind 270 deg - 
Service+Guy 

10.59 -0.10 0.00 0.00 0.00 -0.12 

Dead+Wind 300 deg - 
Service+Guy 

10.58 -0.08 -0.04 0.00 0.00 -0.06 

Dead+Wind 330 deg - 
Service+Guy 

10.58 -0.05 -0.07 0.00 0.00 -0.01 

  
 

 Solution Summary   
 

 

Load 

Comb. 

Sum of Applied Forces Sum of Reactions  

% Error PX 

K 

PY 

K 

PZ 

K 

PX 

K 

PY 

K 

PZ 

K 

1 0.00 -2.11 0.00 0.00 2.11 0.00 0.010% 
2 0.09 -2.53 -3.67 -0.09 2.53 3.67 0.003% 
3 1.87 -2.51 -3.18 -1.87 2.51 3.18 0.002% 
4 3.09 -2.49 -1.86 -3.09 2.49 1.86 0.002% 
5 3.49 -2.51 -0.09 -3.49 2.51 0.09 0.001% 
6 3.02 -2.52 1.71 -3.02 2.52 -1.71 0.002% 
7 1.71 -2.50 3.09 -1.71 2.50 -3.09 0.001% 
8 -0.09 -2.49 3.64 0.09 2.49 -3.64 0.001% 
9 -1.87 -2.51 3.18 1.87 2.51 -3.18 0.002% 

10 -3.12 -2.53 1.88 3.12 2.53 -1.88 0.003% 
11 -3.49 -2.51 0.09 3.49 2.51 -0.09 0.002% 
12 -3.00 -2.49 -1.70 3.00 2.49 1.70 0.003% 
13 -1.71 -2.51 -3.09 1.71 2.51 3.09 0.001% 
14 0.00 -19.24 -0.00 0.00 19.24 0.00 0.002% 
15 0.03 -19.28 -2.55 -0.03 19.28 2.55 0.001% 
16 1.29 -19.24 -2.23 -1.29 19.24 2.23 0.001% 
17 2.20 -19.19 -1.30 -2.20 19.19 1.30 0.001% 
18 2.52 -19.23 -0.03 -2.52 19.23 0.03 0.001% 
19 2.17 -19.27 1.25 -2.17 19.27 -1.25 0.002% 
20 1.24 -19.23 2.19 -1.24 19.23 -2.19 0.001% 
21 -0.03 -19.19 2.55 0.03 19.19 -2.55 0.001% 
22 -1.29 -19.24 2.23 1.29 19.24 -2.22 0.001% 
23 -2.20 -19.28 1.30 2.20 19.28 -1.30 0.001% 
24 -2.52 -19.24 0.03 2.52 19.24 -0.03 0.001% 
25 -2.17 -19.20 -1.25 2.17 19.20 1.25 0.001% 
26 -1.24 -19.24 -2.19 1.24 19.24 2.19 0.001% 
27 0.02 -2.11 -0.72 -0.02 2.11 0.72 0.003% 
28 0.37 -2.11 -0.63 -0.37 2.11 0.63 0.003% 
29 0.61 -2.10 -0.37 -0.61 2.10 0.37 0.003% 
30 0.69 -2.11 -0.02 -0.69 2.11 0.02 0.002% 
31 0.60 -2.11 0.34 -0.60 2.11 -0.34 0.006% 
32 0.34 -2.11 0.61 -0.34 2.11 -0.61 0.004% 
33 -0.02 -2.10 0.72 0.02 2.10 -0.72 0.005% 
34 -0.37 -2.11 0.63 0.37 2.11 -0.63 0.006% 
35 -0.62 -2.11 0.37 0.62 2.11 -0.37 0.002% 
36 -0.69 -2.11 0.02 0.69 2.11 -0.02 0.003% 
37 -0.59 -2.10 -0.34 0.59 2.10 0.34 0.003% 
38 -0.34 -2.11 -0.61 0.34 2.11 0.61 0.003% 
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 Non-Linear Convergence Results   
 

Load 

Combination 

Converged? Number 

 of Cycles 

Displacement 

Tolerance 

Force 

Tolerance 

1 Yes 8 0.00000001 0.00007249 
2 Yes 15 0.00000001 0.00009305 
3 Yes 15 0.00000001 0.00006110 
4 Yes 13 0.00000001 0.00004354 
5 Yes 15 0.00000001 0.00004625 
6 Yes 15 0.00000001 0.00007197 
7 Yes 15 0.00000001 0.00003999 
8 Yes 13 0.00000001 0.00003347 
9 Yes 15 0.00000001 0.00006595 

10 Yes 15 0.00000001 0.00010000 
11 Yes 15 0.00000001 0.00005420 
12 Yes 12 0.00000001 0.00008884 
13 Yes 15 0.00000001 0.00004440 
14 Yes 12 0.00000001 0.00009627 
15 Yes 14 0.00000001 0.00006436 
16 Yes 14 0.00000001 0.00004604 
17 Yes 14 0.00000001 0.00004580 
18 Yes 14 0.00000001 0.00007691 
19 Yes 14 0.00000001 0.00009796 
20 Yes 14 0.00000001 0.00008122 
21 Yes 14 0.00000001 0.00005059 
22 Yes 13 0.00000001 0.00008976 
23 Yes 14 0.00000001 0.00004842 
24 Yes 13 0.00000001 0.00009112 
25 Yes 13 0.00000001 0.00007323 
26 Yes 14 0.00000001 0.00005204 
27 Yes 10 0.00000001 0.00005108 
28 Yes 10 0.00000001 0.00005168 
29 Yes 10 0.00000001 0.00005101 
30 Yes 10 0.00000001 0.00004224 
31 Yes 9 0.00000001 0.00008587 
32 Yes 9 0.00000001 0.00006627 
33 Yes 9 0.00000001 0.00007425 
34 Yes 9 0.00000001 0.00009223 
35 Yes 10 0.00000001 0.00004300 
36 Yes 10 0.00000001 0.00004637 
37 Yes 10 0.00000001 0.00004957 
38 Yes 10 0.00000001 0.00004931 

 
 
 

 Maximum Tower Deflections - Service Wind   
 

Section 

No. 

Elevation 

 

ft 

Horz. 

Deflection 

in 

Gov. 

Load 

Comb. 

Tilt 

 

° 

Twist 

 

° 

T1 97.25 - 77.25 0.2077 33 0.03 0.25 
T2 77.25 - 67.25 0.1801 29 0.02 0.23 
T3 67.25 - 47.25 0.1454 28 0.02 0.20 
T4 47.25 - 46 0.0100 28 0.04 0.02 

      

  
 

 Critical Deflections and Radius of Curvature - Service Wind 
 

Elevation 

 
ft 

Appurtenance Gov. 

Load 
Comb. 

Deflection 

 
in 

Tilt 

 
° 

Twist 

 
° 

Radius of 

Curvature 
ft 

97.25 Lighting Rod 5/8'' x 8' 33 0.2077 0.03 0.25 74974 
94.00 TMA 33 0.1981 0.02 0.25 74974 
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Elevation 

 
ft 

Appurtenance Gov. 

Load 
Comb. 

Deflection 

 
in 

Tilt 

 
° 

Twist 

 
° 

Radius of 

Curvature 
ft 

92.38 Guy 33 0.1933 0.02 0.25 74974 
80.00 (2) 6' Hor L3.5x3.5x4 29 0.1825 0.02 0.24 21952 
72.00 4' Standoff 28 0.1664 0.02 0.22 27978 
68.00 2' Yagi 28 0.1491 0.02 0.20 38179 
64.94 Guy 28 0.1331 0.03 0.18 42879 
61.00 3.5' Hor 2.5x2.5 Angle 28 0.1097 0.03 0.14 51543 
60.50 CO-41A 28 0.1065 0.03 0.13 52926 

  
 
 

 Maximum Tower Deflections - Design Wind   
 

Section 

No. 

Elevation 

 
ft 

Horz. 

Deflection 
in 

Gov. 

Load 
Comb. 

Tilt 

 
° 

Twist 

 
° 

T1 97.25 - 77.25 0.9378 8 0.23 1.31 
T2 77.25 - 67.25 0.9985 3 0.08 1.20 
T3 67.25 - 47.25 0.8297 10 0.12 0.90 
T4 47.25 - 46 0.0591 10 0.22 0.07 

      

  
 

 Critical Deflections and Radius of Curvature - Design Wind 
 

Elevation 
 

ft 

Appurtenance Gov. 
Load 

Comb. 

Deflection 
 

in 

Tilt 
 

° 

Twist 
 

° 

Radius of 
Curvature 

ft 

97.25 Lighting Rod 5/8'' x 8' 8 0.9378 0.23 1.31 18656 
94.00 TMA 8 0.9447 0.21 1.32 18656 
92.38 Guy 8 0.9473 0.20 1.32 18656 
80.00 (2) 6' Hor L3.5x3.5x4 3 1.0106 0.10 1.25 5455 
72.00 4' Standoff 10 0.9334 0.05 1.05 6102 
68.00 2' Yagi 10 0.8487 0.10 0.92 6091 
64.94 Guy 10 0.7654 0.22 0.83 6456 
61.00 3.5' Hor 2.5x2.5 Angle 10 0.6374 0.43 0.67 7918 
60.50 CO-41A 10 0.6197 0.46 0.65 8165 

  
 
 

 Bolt Design Data    
 

Section 

No. 

Elevation 

 
ft 

Component 

Type 

Bolt 

Grade 
 

Bolt Size 

 
in 

Number 

Of 
Bolts 

Maximum 

Load 
per Bolt 

K 

Allowable 

Load 
per Bolt 

K 

Ratio 
Load 

Allowable 

Allowable 

Ratio 

Criteria 

T1 97.25 Torque Arm 
Top@92.3778 

A325N 0.5000 4 0.47 8.84 0.053   1.05 Bolt Shear 

T2 77.25 Leg A325N 0.5000 4 1.07 12.77 0.084   1.05 Bolt Tension 
T3 67.25 Leg A325N 0.5000 4 1.01 12.77 0.079   1.05 Bolt Tension 
T4 47.25 Leg A325N 0.5000 4 0.90 12.77 0.071   1.05 Bolt Tension 

                      

 
 
 

 Guy Design Data    
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Section 

No. 

Elevation 

 
ft 

Size 

 

Initial 

Tension 
K 

Breaking 

Load 
K 

Actual 

Tu 

K 

Allowable 

φTn 

K 

Required 

S.F. 
 

Actual 

S.F. 
 

T1 92.38 (A) 
(465) 

3/8 EHS 1.54 15.40 3.75 9.70 0.952 2.463  

  92.38 (A) 
(466) 

3/8 EHS 1.54 15.40 3.73 9.70 0.952 2.479  

  92.38 (B) (461) 3/8 EHS 1.54 15.40 3.31 9.70 0.952 2.789  
  92.38 (B) (462) 3/8 EHS 1.54 15.40 3.38 9.70 0.952 2.730  
  92.38 (C) (457) 3/8 EHS 1.54 15.40 3.45 9.70 0.952 2.676  
  92.38 (C) (458) 3/8 EHS 1.54 15.40 3.78 9.70 0.952 2.443  

T3 64.94 (A) 
(474) 

1/4 EHS 0.67 6.65 2.08 4.19 0.952 1.919  

  64.94 (B) (473) 1/4 EHS 0.67 6.65 2.21 4.19 0.952 1.804  
  64.94 (C) (469) 1/4 EHS 0.67 6.65 2.25 4.19 0.952 1.775  
                  

  
 
 

 Compression Checks   
 
 

 Leg Design Data (Compression)    
 

Section 

No. 

Elevation 

 

ft 

Size 

 

L 

 

ft 

Lu 

 

ft 

Kl/r 

 

A 

 

in2 

Pu 

 

K 

φPn 

 

K 

Ratio 
Pu 

φPn 

T1 97.25 - 77.25 1 1/4 20.00 0.39 14.8 
K=1.00 

1.2272 -12.88 54.35 0.237 1   

T2 77.25 - 67.25 1 1/4 10.00 0.66 25.3 
K=1.00 

1.2272 -12.97 52.70 0.246 1   

T3 67.25 - 47.25 1 1/4 20.00 0.64 24.6 
K=1.00 

1.2272 -13.15 52.83 0.249 1   

T4 47.25 - 46 W6x9 1.49 1.49 19.7 
K=1.00 

2.6800 -10.83 117.22 0.092 1   

                    

 
1 P u  / φPn controls 
 
 

 Diagonal Design Data (Compression)    
 

Section 

No. 

Elevation 

 
ft 

Size 

 

L 

 
ft 

Lu 

 
ft 

Kl/r 

 

A 

 
in2 

Pu 

 

K 

φPn 

 
K 

Ratio 
Pu 

φPn 

T1 97.25 - 77.25 7/16 1.90 1.75 134.7 
K=0.70 

0.1503 -1.44 1.87 0.771 1   

T2 77.25 - 67.25 7/16 1.92 1.78 136.5 
K=0.70 

0.1503 -1.45 1.82 0.796 1   

T3 67.25 - 47.25 7/16 1.90 1.75 134.7 
K=0.70 

0.1503 -1.29 1.87 0.691 1   

                    

 
1 P u  / φPn controls 
 
 

 Horizontal Design Data (Compression)    
 

Section 

No. 

Elevation 

 

ft 

Size 

 

L 

 

ft 

Lu 

 

ft 

Kl/r 

 

A 

 

in2 

Pu 

 

K 

φPn 

 

K 

Ratio 
Pu 

φPn 

T1 97.25 - 77.25 7/16 1.40 1.29 99.2 
K=0.70 

0.1503 -0.59 3.29 0.179 1   
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Section 

No. 

Elevation 

 
ft 

Size 

 

L 

 
ft 

Lu 

 
ft 

Kl/r 

 

A 

 
in2 

Pu 

 

K 

φPn 

 
K 

Ratio 
Pu 

φPn 

T2 77.25 - 67.25 7/16 1.40 1.29 99.2 
K=0.70 

0.1503 -0.55 3.29 0.167 1   

T3 67.25 - 47.25 7/16 1.40 1.29 99.2 
K=0.70 

0.1503 -0.49 3.29 0.150 1   

                    

 
1 P u  / φPn controls 
 
 

 Top Girt Design Data (Compression)    
 

Section 
No. 

Elevation 
 

ft 

Size 
 

L 
 

ft 

Lu 

 

ft 

Kl/r 
 

A 
 

in2 

Pu 

 

K 

φPn 

 

K 

Ratio 
Pu 

φPn 

T1 97.25 - 77.25 7/16 1.40 1.29 99.2 
K=0.70 

0.1503 -0.02 3.29 0.007 1   

T2 77.25 - 67.25 7/16 1.40 1.29 99.2 
K=0.70 

0.1503 -0.40 3.29 0.122 1   

T3 67.25 - 47.25 7/16 1.40 1.29 99.2 
K=0.70 

0.1503 -0.30 3.29 0.091 1   

                    

 
1 P u  / φPn controls 
 
 

 Bottom Girt Design Data (Compression)    
 

Section 

No. 

Elevation 

 
ft 

Size 

 

L 

 
ft 

Lu 

 
ft 

Kl/r 

 

A 

 
in2 

Pu 

 

K 

φPn 

 
K 

Ratio 
Pu 

φPn 

T1 97.25 - 77.25 7/16 1.40 1.29 99.2 
K=0.70 

0.1503 -0.42 3.29 0.128 1   

T2 77.25 - 67.25 7/16 1.40 1.29 99.2 
K=0.70 

0.1503 -0.32 3.29 0.097 1   

                    

 
1 P u  / φPn controls 
 
 

 Top Guy Pull-Off Design Data (Compression)    
 

Section 

No. 

Elevation 

 
ft 

Size 

 

L 

 
ft 

Lu 

 
ft 

Kl/r 

 

A 

 
in2 

Pu 

 

K 

φPn 

 
K 

Ratio 
Pu 

φPn 

T1 97.25 - 77.25 7/16 1.40 1.29 141.7 
K=1.00 

0.1503 -0.97 1.69 0.576 1 

                    

 
1 P u  / φPn controls 
 
 

 Top Guy Pull-Off Bending Design Data     
 

Section 
No. 

Elevation 
 

ft 

Size 
 

Mux 

 

kip-ft 

φMnx 

 

kip-ft 

Ratio 
Mux 

φMnx 

Muy 

 

kip-ft 

φMny 

 

kip-ft 

Ratio 
Muy 

φMny 

T1 97.25 - 77.25 7/16 0.00 0.04 0.000 0.00 0.04 0.000 
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 Top Guy Pull-Off Interaction Design Data     
 

Section 

No. 

Elevation 

 

ft 

Size 

 

Ratio 
Pu 

φPn 

Ratio 
Mux 

φMnx 

Ratio 
Muy 

φMny 

Comb. 

Stress 

Ratio 

Allow. 

Stress 

Ratio 

Criteria 

T1 97.25 - 77.25 7/16 0.576 0.000 0.000 0.576 1  1.050 4.8.1  
                  

 
1 P u  / φPn controls 
 
 

 Torque-Arm Top Design Data    
 

Section 

No. 

Elevation 

 

ft 

Size 

 

L 

 

ft 

Lu 

 

ft 

Kl/r 

 

A 

 

in2 

Pu 

 

K 

φPn 

 

K 

Ratio 
Pu 

φPn 

T1 97.25 - 77.25 
(459) 

C6x8.2 1.39 1.34 30.0 
K=1.00 

2.4000 -0.07 101.12 0.001  

T1 97.25 - 77.25 
(460) 

C6x8.2 1.39 1.34 30.0 
K=1.00 

2.4000 -0.06 101.12 0.001  

T1 97.25 - 77.25 
(463) 

C6x8.2 1.39 1.34 30.0 
K=1.00 

2.4000 -0.35 101.12 0.003  

T1 97.25 - 77.25 
(464) 

C6x8.2 1.39 1.34 30.0 
K=1.00 

2.4000 -0.65 101.12 0.006  

T1 97.25 - 77.25 
(467) 

C6x8.2 1.39 1.34 30.0 
K=1.00 

2.4000 -0.00 101.12 0.000  

T1 97.25 - 77.25 
(468) 

C6x8.2 1.39 1.34 30.0 
K=1.00 

2.4000 -0.45 101.12 0.004  

                    

 
 

 Torque-Arm Top Bending Design Data     
 

Section 
No. 

Elevation 
 

ft 

Size 
 

Mux 

 

kip-ft 

φMnx 

 

kip-ft 

Ratio 
Mux 

φMnx 

Muy 

 

kip-ft 

φMny 

 

kip-ft 

Ratio 
Muy 

φMny 

T1 97.25 - 77.25 
(459) 

C6x8.2 -3.23 19.24 0.168 0.00 2.77 0.000 

T1 97.25 - 77.25 
(460) 

C6x8.2 -2.82 19.24 0.147 0.00 2.77 0.000 

T1 97.25 - 77.25 
(463) 

C6x8.2 -2.82 19.24 0.146 0.00 2.77 0.000 

T1 97.25 - 77.25 
(464) 

C6x8.2 -3.05 19.24 0.159 0.00 2.77 0.000 

T1 97.25 - 77.25 
(467) 

C6x8.2 -2.87 19.24 0.149 0.00 2.77 0.000 

T1 97.25 - 77.25 
(468) 

C6x8.2 -3.26 19.24 0.169 -0.00 2.77 0.000 

                  

 
 

 Torque-Arm Top Interaction Design Data     
 

Section 

No. 

Elevation 

 

ft 

Size 

 

Ratio 
Pu 

φPn 

Ratio 
Mux 

φMnx 

Ratio 
Muy 

φMny 

Comb. 

Stress 

Ratio 

Allow. 

Stress 

Ratio 

Criteria 

T1 97.25 - 77.25 
(459) 

C6x8.2 0.001 0.168 0.000 0.168   1.050 4.8.1  

T1 97.25 - 77.25 
(460) 

C6x8.2 0.001 0.147 0.000 0.147   1.050 4.8.1  
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Section 

No. 

Elevation 

 
ft 

Size 

 

Ratio 
Pu 

φPn 

Ratio 
Mux 

φMnx 

Ratio 
Muy 

φMny 

Comb. 

Stress 
Ratio 

Allow. 

Stress 
Ratio 

Criteria 

T1 97.25 - 77.25 
(463) 

C6x8.2 0.003 0.146 0.000 0.148   1.050 4.8.1  

T1 97.25 - 77.25 
(464) 

C6x8.2 0.006 0.159 0.000 0.162   1.050 4.8.1  

T1 97.25 - 77.25 
(467) 

C6x8.2 0.000 0.149 0.000 0.149   1.050 4.8.1  

T1 97.25 - 77.25 
(468) 

C6x8.2 0.004 0.169 0.000 0.171   1.050 4.8.1  

                  

 
 

 Tension Checks   
 
 

 Leg Design Data (Tension)    
 

Section 

No. 

Elevation 

 
ft 

Size 

 

L 

 
ft 

Lu 

 
ft 

Kl/r 

 

A 

 
in2 

Pu 

 

K 

φPn 

 
K 

Ratio 
Pu 

φPn 

T1 97.25 - 77.25 1 1/4 20.00 0.64 24.6 1.2272 4.09 55.22 0.074 1   
T2 77.25 - 67.25 1 1/4 10.00 0.66 25.3 1.2272 3.19 55.22 0.058 1   
T3 67.25 - 47.25 1 1/4 20.00 0.64 24.6 1.2272 0.22 55.22 0.004 1   

                    

 
1 P u  / φPn controls 
 
 

 Diagonal Design Data (Tension)    
 

Section 

No. 

Elevation 

 

ft 

Size 

 

L 

 

ft 

Lu 

 

ft 

Kl/r 

 

A 

 

in2 

Pu 

 

K 

φPn 

 

K 

Ratio 
Pu 

φPn 

T1 97.25 - 77.25 7/16 1.90 1.75 192.4 0.1503 1.46 6.76 0.215 1   
T2 77.25 - 67.25 7/16 1.92 1.78 194.9 0.1503 1.17 6.76 0.173 1   
T3 67.25 - 47.25 7/16 1.90 1.75 192.4 0.1503 1.02 6.76 0.151 1   

                    

 
1 P u  / φPn controls 
 
 

 Horizontal Design Data (Tension)    
 

Section 
No. 

Elevation 
 

ft 

Size 
 

L 
 

ft 

Lu 

 

ft 

Kl/r 
 

A 
 

in2 

Pu 

 

K 

φPn 

 

K 

Ratio 
Pu 

φPn 

T1 97.25 - 77.25 7/16 1.40 1.29 141.7 0.1503 0.68 6.76 0.100 1   
T2 77.25 - 67.25 7/16 1.40 1.29 141.7 0.1503 0.68 6.76 0.100 1   
T3 67.25 - 47.25 7/16 1.40 1.29 141.7 0.1503 0.64 6.76 0.095 1   

                    

 
1 P u  / φPn controls 
 
 

 Top Girt Design Data (Tension)    
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Section 

No. 

Elevation 

 
ft 

Size 

 

L 

 
ft 

Lu 

 
ft 

Kl/r 

 

A 

 
in2 

Pu 

 

K 

φPn 

 
K 

Ratio 
Pu 

φPn 

T1 97.25 - 77.25 7/16 1.40 1.29 141.7 0.1503 0.02 6.76 0.003 1   
T2 77.25 - 67.25 7/16 1.40 1.29 141.7 0.1503 0.51 6.76 0.076 1   
T3 67.25 - 47.25 7/16 1.40 1.29 141.7 0.1503 0.42 6.76 0.062 1   

                    

 
1 P u  / φPn controls 
 
 

 Bottom Girt Design Data (Tension)    
 

Section 

No. 

Elevation 

 

ft 

Size 

 

L 

 

ft 

Lu 

 

ft 

Kl/r 

 

A 

 

in2 

Pu 

 

K 

φPn 

 

K 

Ratio 
Pu 

φPn 

T1 97.25 - 77.25 7/16 1.40 1.29 141.7 0.1503 0.53 6.76 0.078 1   
T2 77.25 - 67.25 7/16 1.40 1.29 141.7 0.1503 0.43 6.76 0.064 1   
T3 67.25 - 47.25 7/16 1.40 1.29 141.7 0.1503 1.75 6.76 0.258 1   

                    

 
1 P u  / φPn controls 
 
 

 Top Guy Pull-Off Design Data (Tension)    
 

Section 
No. 

Elevation 
 

ft 

Size 
 

L 
 

ft 

Lu 

 

ft 

Kl/r 
 

A 
 

in2 

Pu 

 

K 

φPn 

 

K 

Ratio 
Pu 

φPn 

T1 97.25 - 77.25 7/16 1.40 1.29 141.7 0.1503 1.01 4.87 0.207 1 
T3 67.25 - 47.25 4x3/8 1.40 1.29 143.2 1.5000 1.06 48.60 0.022 1 

                    

 
1 P u  / φPn controls 
 
 

 Top Guy Pull-Off Bending Design Data     
 

Section 

No. 

Elevation 

 

ft 

Size 

 

Mux 

 

kip-ft 

φMnx 

 

kip-ft 

Ratio 
Mux 

φMnx 

Muy 

 

kip-ft 

φMny 

 

kip-ft 

Ratio 
Muy 

φMny 

T1 97.25 - 77.25 7/16 0.00 0.04 0.000 0.00 0.04 0.000 
T3 67.25 - 47.25 4x3/8 0.00 4.05 0.000 0.00 0.38 0.000 

                  

 
 

 Top Guy Pull-Off Interaction Design Data     
 

Section 

No. 

Elevation 

 

ft 

Size 

 

Ratio 
Pu 

φPn 

Ratio 
Mux 

φMnx 

Ratio 
Muy 

φMny 

Comb. 

Stress 

Ratio 

Allow. 

Stress 

Ratio 

Criteria 

T1 97.25 - 77.25 7/16 0.207 0.000 0.000 0.207 1  1.050 4.8.1  
T3 67.25 - 47.25 4x3/8 0.022 0.000 0.000 0.022 1  1.050 4.8.1  

                  

 
1 P u  / φPn controls 
 
 

 Torque-Arm Top Design Data    
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Section 

No. 

Elevation 

 
ft 

Size 

 

L 

 
ft 

Lu 

 
ft 

Kl/r 

 

A 

 
in2 

Pu 

 

K 

φPn 

 
K 

Ratio 
Pu 

φPn 

T1 97.25 - 77.25 
(459) 

C6x8.2 1.39 1.34 30.0 2.4000 0.36 108.00 0.003  

T1 97.25 - 77.25 
(460) 

C6x8.2 1.39 1.34 30.0 2.4000 0.59 108.00 0.006  

T1 97.25 - 77.25 
(463) 

C6x8.2 1.39 1.34 30.0 2.4000 0.42 108.00 0.004  

T1 97.25 - 77.25 
(464) 

C6x8.2 1.39 1.34 30.0 2.4000 0.10 108.00 0.001  

T1 97.25 - 77.25 
(467) 

C6x8.2 1.39 1.34 30.0 2.4000 0.41 108.00 0.004  

T1 97.25 - 77.25 
(468) 

C6x8.2 1.39 1.34 30.0 2.4000 0.25 108.00 0.002  

                    

 
 

 Torque-Arm Top Bending Design Data     
 

Section 
No. 

Elevation 
 

ft 

Size 
 

Mux 

 

kip-ft 

φMnx 

 

kip-ft 

Ratio 
Mux 

φMnx 

Muy 

 

kip-ft 

φMny 

 

kip-ft 

Ratio 
Muy 

φMny 

T1 97.25 - 77.25 
(459) 

C6x8.2 -4.36 19.24 0.227 0.00 2.77 0.000 

T1 97.25 - 77.25 
(460) 

C6x8.2 -4.20 19.24 0.218 -0.00 2.77 0.000 

T1 97.25 - 77.25 
(463) 

C6x8.2 -3.72 19.24 0.193 0.00 2.77 0.000 

T1 97.25 - 77.25 
(464) 

C6x8.2 -4.13 19.24 0.215 0.00 2.77 0.000 

T1 97.25 - 77.25 
(467) 

C6x8.2 -3.73 19.24 0.194 0.00 2.77 0.000 

T1 97.25 - 77.25 
(468) 

C6x8.2 -4.36 19.24 0.227 0.00 2.77 0.000 

                  

 
 

 Torque-Arm Top Interaction Design Data     
 

Section 

No. 

Elevation 

 

ft 

Size 

 

Ratio 
Pu 

φPn 

Ratio 
Mux 

φMnx 

Ratio 
Muy 

φMny 

Comb. 

Stress 

Ratio 

Allow. 

Stress 

Ratio 

Criteria 

T1 97.25 - 77.25 
(459) 

C6x8.2 0.003 0.227 0.000 0.228   1.050 4.8.1  

T1 97.25 - 77.25 
(460) 

C6x8.2 0.006 0.218 0.000 0.221   1.050 4.8.1  

T1 97.25 - 77.25 
(463) 

C6x8.2 0.004 0.193 0.000 0.195   1.050 4.8.1  

T1 97.25 - 77.25 
(464) 

C6x8.2 0.001 0.215 0.000 0.215   1.050 4.8.1  

T1 97.25 - 77.25 
(467) 

C6x8.2 0.004 0.194 0.000 0.196   1.050 4.8.1  

T1 97.25 - 77.25 
(468) 

C6x8.2 0.002 0.227 0.000 0.228   1.050 4.8.1  

                  

 
 

 Section Capacity Table 
 

Section 

No. 

Elevation 
ft 

Component 
Type 

Size Critical 
Element 

P 
K 

øPallow 

K 
% 

Capacity 
Pass 
Fail 

T1 97.25 - 77.25 Leg 1 1/4 2 -12.88 57.06 22.6 Pass 
T2 77.25 - 67.25 Leg 1 1/4 184 -12.97 55.33 23.4 Pass 
T3 67.25 - 47.25 Leg 1 1/4 272 -13.15 55.47 23.7 Pass 
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Section 

No. 

Elevation 

ft 

Component 

Type 

Size Critical 

Element 

P 

K 

øPallow 

K 

% 

Capacity 

Pass 

Fail 

T4 47.25 - 46 Leg W6x9 456 -10.74 123.08 15.0 Pass 
T1 97.25 - 77.25 Diagonal 7/16 11 -1.44 1.97 73.4 Pass 
T2 77.25 - 67.25 Diagonal 7/16 266 -1.45 1.92 75.8 Pass 
T3 67.25 - 47.25 Diagonal 7/16 281 -1.29 1.97 65.8 Pass 
T1 97.25 - 77.25 Horizontal 7/16 163 -0.59 3.46 17.1 Pass 
T2 77.25 - 67.25 Horizontal 7/16 257 -0.55 3.46 15.9 Pass 
T3 67.25 - 47.25 Horizontal 7/16 284 -0.49 3.46 14.3 Pass 
T1 97.25 - 77.25 Top Girt 7/16 6 -0.02 3.46 0.7 Pass 
T2 77.25 - 67.25 Top Girt 7/16 188 -0.40 3.46 11.6 Pass 
T3 67.25 - 47.25 Top Girt 7/16 275 -0.30 3.46 8.7 Pass 
T1 97.25 - 77.25 Bottom Girt 7/16 8 -0.42 3.46 12.2 Pass 
T2 77.25 - 67.25 Bottom Girt 7/16 190 -0.32 3.46 9.3 Pass 
T3 67.25 - 47.25 Bottom Girt 7/16 278 1.75 7.10 24.6 Pass 
T1 97.25 - 77.25 Guy A@92.3778 3/8 465 3.75 9.70 38.7 Pass 
T3 67.25 - 47.25 Guy A@64.9417 1/4 474 2.08 4.19 49.6 Pass 
T1 97.25 - 77.25 Guy B@92.3778 3/8 462 3.38 9.70 34.9 Pass 
T3 67.25 - 47.25 Guy B@64.9417 1/4 473 2.21 4.19 52.8 Pass 
T1 97.25 - 77.25 Guy C@92.3778 3/8 458 3.78 9.70 39.0 Pass 
T3 67.25 - 47.25 Guy C@64.9417 1/4 469 2.25 4.19 53.7 Pass 
T1 97.25 - 77.25 Top Guy Pull-

Off@92.3778 
7/16 153 -0.97 1.78 54.9 Pass 

T3 67.25 - 47.25 Top Guy Pull-
Off@64.9417 

4x3/8 470 1.06 51.03 2.1 Pass 

T1 97.25 - 77.25 Torque Arm 
Top@92.3778 

C6x8.2 459 0.36 113.40 21.7 Pass 

              Summary   
            Leg (T3) 23.7 Pass 
            Diagonal 

(T2) 
75.8 Pass 

            Horizontal 
(T1) 

17.1 Pass 

            Top Girt 
(T2) 

11.6 Pass 

            Bottom Girt 
(T3) 

24.6 Pass 

            Guy A (T3) 49.6 Pass 
            Guy B (T3) 52.8 Pass 
            Guy C (T3) 53.7 Pass 
            Top Guy 

Pull-Off 
(T1) 

54.9 Pass 

            Torque Arm 
Top (T1) 

21.7 Pass 

            Bolt Checks 8.0 Pass 
      RATING = 75.8 Pass 
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