
Crown Castle 

3530 Toringdon Way Suite 300 
Charlotte NC 28277  

Tel  (704) 405-6600 

March 10, 2015 

Melanie A. Bachman 

Connecticut Siting Council 

10 Franklin Square 

New Britain, CT  06051 

RE: T-Mobile-Exempt Modification - Crown Site BU: 806383 

T-Mobile Site ID: CT11142A 

Located at: 56 Cosgrove Rd, Willington, CT 06279 

Dear Ms. Bachman: 

This letter and exhibits are submitted on behalf of T-Mobile. T-Mobile is making 

modifications to certain existing sites in its Connecticut system in order to implement their 

700MHz technology.  Please accept this letter and exhibits as notification, pursuant to § 16-50j-

73 of the Regulations of Connecticut State Agencies (“R.C.S.A.”), of construction that 

constitutes an exempt modification pursuant to R.C.S.A. § 16-50j-72(b)(2).  In compliance with 

R.C.S.A. § 16-50j-73, a copy of this letter is being sent to Mrs. Christina B. Mailhos, First 

Selectman for the Town of Willington and Martin & Isabella Drobney, Property Owners.  

T-Mobile plans to modify the existing wireless communications facility owned by Crown 

Castle and located at 56 Cosgrove Rd, Willington, CT 06279.  Attached are a compound plan 

and elevation depicting the planned changes (Exhibit-1), and documentation of the structural 

sufficiency of the structure to accommodate the revised antenna configuration (Exhibit-2).  Also 

included is a power density table report reflecting the modification to T-Mobile’s operations at 

the site (Exhibit-3). 

The changes to the facility do not constitute a modification as defined in Connecticut 

General Statutes (“C.G.S.”) § 16-50i(d) because the general physical characteristics of the 

facility will not be significantly changed.  Rather, the planned changes to the facility fall 

squarely within those activities explicitly provided for in the R.C.S.A. § 16-50j-72(b)(2). 

1. The proposed modifications will not result in an increase in the height of the existing

tower.  T-Mobile’s replacement antennas will be located at the same elevation on the

existing tower.

2. There will be no proposed modifications to the ground and no extension of

boundaries.

3. The proposed modifications will not increase noise levels at the facility by six

decibels or more.



4. The operation of the replacement antennas will not increase radio frequency (RF)

emissions at the facility to a level at or above the Federal Communications

Commission (FCC) adopted safety standard.  A cumulative General Power Density

table report for T-Mobile’s modified facility is included as Exhibit-3.

5. A Structural Modification Report confirming that the tower and foundation can

support T-Mobile’s proposed modifications is included as Exhibit-2.

For the foregoing reasons, T-Mobile respectfully submits the proposed modifications to 

the above-reference telecommunications facility constitutes an exempt modification under 

R.C.S.A. § 16-50j-72(b)(2).   

Sincerely, 

Jerry Feathers 

Real Estate Specialist 

Enclosure 

Tab 1: Exhibit-1:  Compound plan and elevation depicting the planned changes 

Tab 2: Exhibit-2:  Structural Modification Report 

Tab 3: Exhibit-3:  General Power Density Table Report (RF Emissions Analysis Report) 

cc: Mrs. Christina B. Mailhos 

Town Office Building 

40 Old Farms Road 

Willington, CT 06279 

cc: Martin & Isabella Drobney 

56 Cosgrove Rd 

Willington, CT 06279 
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Date:   February 12, 2015 
 

Marianne Dunst FDH Engineering, Inc. 
Crown Castle 6521 Meridien Drive, Suite 107 
3530 Toringdon Way Suite 300 Raleigh, North Carolina 27616 
Charlotte, NC 28277 9197551012 
 
Subject:         Structural Analysis Report 
 
Carrier Designation: T-Mobile Co-Locate 
 Carrier Site Number: CT11142A 
 Carrier Site Name:                                Willington/ Rt 320/ Cosg 1 
 
Crown Castle Designation: Crown Castle BU Number: 806383 
 Crown Castle Site Name: HRT 087 943325 
 Crown Castle JDE Job Number: 322230 
 Crown Castle Work Order Number: 1005475 
 Crown Castle Application Number: 282537 Rev. 2 
 
Engineering Firm Designation: FDH Engineering, Inc. Project Number: 15BDRT1400(R1) 
 
Site Data:                              COSGROVE ROADWHIFFORD HILL, WEST WILLINGTON, Tolland County, CT 
 Latitude 41° 53' 32.92'', Longitude -72° 15' 38.15'' 
 140 Foot - Self Support Tower 
 
Dear Marianne Dunst, 
 
FDH Engineering, Inc. is pleased to submit this “Structural Analysis Report” to determine the structural 
integrity of the above mentioned tower.  This analysis has been performed in accordance with the Crown Castle 
Structural ‘Statement of Work’ and the terms of Crown Castle Purchase Order Number 754360, in accordance 
with application 282537, revision 2. 
 
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: 
 
 LC7: Existing + Reserved + Proposed Equipment Sufficient Capacity 
 Note: See Table I and Table II for the proposed and existing/reserved loading, respectively. 
 
The analysis has been performed in accordance with the TIA/EIA-222-F standard and local code requirements 
based upon a wind speed of 85 mph fastest mile.               
 
All modifications and equipment proposed in this report shall be installed in accordance with the attached 
drawings for the determined available structural capacity to be effective. 
 
We at FDH Engineering, Inc. appreciate the opportunity of providing our continuing professional services to you 
and Crown Castle.  If you have any questions or need further assistance on this or any other projects please 
give us a call. 
 
Respectfully submitted by:    Reviewed by: 

 
Colleen Brophy, EI     Dennis D. Abel PE 
Project Engineer     Director - Structural Engineering 
       CT PE License No. 23247 
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1) INTRODUCTION 
 
This tower is a 140 ft Self Support tower designed by ROHN in December of 1986. The tower’s original design 
wind speed and code are unknown. 
 
2) ANALYSIS CRITERIA 
 
The structural analysis was performed for this tower in accordance with the requirements of TIA/EIA-222-F 
Structural Standards for Steel Antenna Towers and Antenna Supporting Structures using a fastest mile wind 
speed of 85 mph with no ice, 37.6 mph with 1 inch ice thickness and 50 mph under service loads.               
 

Table 1 - Proposed Antenna and Cable Information 

Mounting 
Level (ft) 

Center 
Line 

Elevation 
(ft) 

Number 
of 

Antennas 

Antenna 
Manufacturer 

Antenna Model 
Number 
of Feed 
Lines 

Feed 
Line 

Size (in) 
Note 

101.0 101.0 

3 commscope ATBT-BOTTOM-24V 

(6) 1-1/4 -- 
3 commscope 

LNX-6515DS-VTM w/ 
Mount Pipe 

 
Table 2 - Existing and Reserved Antenna and Cable Information 

Mounting 
Level (ft) 

Center 
Line 

Elevation 
(ft) 

Number 
of 

Antennas 

Antenna 
Manufacturer 

Antenna Model 
Number 
of Feed 
Lines 

Feed 
Line 

Size (in) 
Note 

137.0 

139.0 

3 alcatel lucent RRH2X60-AWS 

(2) 1-5/8 2 

3 alcatel lucent RRH2X60-PCS 

6 andrew 
HBXX-6517DS-VTM w/ 

Mount Pipe 

3 andrew 
LNX-6514DS-VTM w/ 

Mount Pipe 

3 andrew 
LNX-8513DS-A1M w/ 

Mount Pipe 

2 rfs celwave DB-T1-6Z-8AB-0Z 

137.0 
1 crown mounts Sector Mount [SM 506-3] 

(12) 1-5/8 1 
6 rfs celwave FD9R6004/2C-3L 

124.0 
125.0 6 decibel 

DB980H90E-M w/ Mount 
Pipe (6) 1-5/8 1 

124.0 1 tower mounts Sector Mount [SM 502-3] 

112.0 
114.0 

9 decibel 
DB844H90E-XY w/ Mount 

Pipe 

(9) 7/8 3 
12 swedcom 

ALP 9212-N w/ Mount 
Pipe 

112.0 1 crown mounts Sector Mount [SM 201-3] 

101.0 101.0 

1 crown mounts 
Side Arm Mount [SO 304-

3] 

(6) 1-1/4 1 
3 ems wireless 

RR90-17-00DP w/ Mount 
Pipe 

3 ericsson KRY 112 13/1 

3 ems wireless 
RR90-17-00DP w/ Mount 

Pipe -- -- 3 

3 ericsson KRY 112 13/1 
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Mounting 
Level (ft) 

Center 
Line 

Elevation 
(ft) 

Number 
of 

Antennas 

Antenna 
Manufacturer 

Antenna Model 
Number 
of Feed 
Lines 

Feed 
Line 

Size (in) 
Note 

60.0 60.0 
1 crown mounts 

Side Arm Mount [SO 305-
1] (1) 1/2 1 

1 gps GPS_A 

50.0 50.0 
1 crown mounts 

Side Arm Mount [SO 201-
1] (1) 1/2 1 

1 unknown GPS 

Notes: 
1) Existing Equipment  
2) Reserved Equipment 
3) Equipment To Be Removed; Not Considered in this Analysis  

 
Table 3 - Design Antenna and Cable Information 

Mounting 
Level (ft) 

Center 
Line 

Elevation 
(ft) 

Number 
of 

Antennas 

Antenna 
Manufacturer 

Antenna Model 
Number 
of Feed 
Lines 

Feed 
Line 

Size (in) 

140 140 4 -- PD10017 Antennas -- -- 

131 131 6 -- PD1132 antennas -- -- 

121 121 2 -- 6' Std dishes -- -- 

100 100 1 -- PD1109 Antenna -- -- 

 
3) ANALYSIS PROCEDURE 
 

Table 4 - Documents Provided 

Document Remarks Reference Source 

4-GEOTECHNICAL REPORTS JGI Eastern 1069386 CCISITES 

4-TOWER FOUNDATION 
DRAWINGS/DESIGN/SPECS 

Rohn 1069383 CCISITES 

4-TOWER MANUFACTURER 
DRAWINGS 

Rohn 1069394 CCISITES 

 
 3.1)  Analysis Method 
 

tnxTower (version 6.1.4.1), 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 in accordance with the manufacturer’s specifications. 
2) The tower and structures have been maintained in accordance with the manufacturer’s 

specification. 
3) The configuration of antennas, transmission cables, mounts and other appurtenances are as 

specified in Tables 1 and 2 and the referenced drawings. 
4) When applicable, transmission cables are considered as structural components for calculating 

wind loads as allowed by TIA/EIA-222-F. 
5) The loading at the 112’ level will be removed before installation or proposed loading. 
This analysis may be affected if any assumptions are not valid or have been made in error. FDH 
Engineering, Inc. should be notified to determine the effect on the structural integrity of the tower. 
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4) ANALYSIS RESULTS 
 

Table 5 - Section Capacity (Summary) 

Section 
No. Elevation (ft) Component Type Size 

Critical 
Element P (K) 

SF*P_allow 
(K) 

% 
Capacity Pass / Fail 

T1 140 - 120 Leg ROHN 2 STD 2 -19.97 32.30 61.8 Pass  

T2 120 - 100 Leg ROHN 2.5 EH 38 -44.13 65.60 67.3 Pass  

T3 100 - 80 Leg ROHN 3 EH 69 -66.75 83.78 79.7 Pass  

T4 80 - 60 Leg ROHN 3.5 EH 90 -88.78 110.27 80.5 Pass  

T5 60 - 40 Leg ROHN 4 X-STR 111 -109.79 139.07 78.9 Pass  

T6 40 - 20 Leg ROHN 5 EH 132 -128.63 177.46 72.5 Pass  

T7 20 - 0 Leg ROHN 5 X-STR 147 -154.37 177.86 86.8 Pass  

T1 140 - 120 Diagonal L1 3/4x1 3/4x3/16 7 -3.50 7.71 
45.3 

67.0 (b) 
Pass  

T2 120 - 100 Diagonal L1 3/4x1 3/4x3/16 44 -3.09 4.45 69.5 Pass  

T3 100 - 80 Diagonal L2x2x3/16 74 -3.93 4.18 94.0 Pass  

T4 80 - 60 Diagonal L2 1/2x2 1/2x3/16 95 -4.19 6.39 
65.6 

76.3 (b) 
Pass  

T5 60 - 40 Diagonal L3x3x3/16 116 -4.54 8.74 
52.0 

82.6 (b) 
Pass  

T6 40 - 20 Diagonal L3x3x3/16 137 -5.52 5.99 92.1 Pass  

T7 20 - 0 Diagonal L3x3x1/4 152 -5.88 6.57 89.4 Pass  

T1 140 - 120 Top Girt L2x2x1/8 6 -0.50 2.83 17.8 Pass  

T2 120 - 100 Top Girt L2x2x1/8 41 -0.09 2.79 3.2 Pass  

       Summary  

      Leg (T7) 86.8 Pass  

      
Diagonal 

(T3) 
94.0 Pass  

      
Top Girt 

(T1) 
17.8 Pass  

      Bolt Checks 82.6 Pass  

      RATING = 94.0 Pass  

 
Table 6 - Tower Component Stresses vs. Capacity – LC7 

Notes Component Elevation (ft) % Capacity Pass / Fail 

1 Base Foundation 0 44.8 Pass 

1 
Base Foundation 
Soil Interaction 

0 82.5 Pass 

 

Structure Rating (max from all components) =  94.0% 

Notes: 
1) See additional documentation in “Appendix C – Additional Calculations” for calculations supporting the % capacity 

consumed.  
 
 4.1)  Recommendations 
 

The tower and its foundation have sufficient capacity to carry the existing, reserved, and proposed 
loads. No modifications are required at this time. 
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APPENDIX A 

 

TNXTOWER OUTPUT 



Tower Analysis

FDH Engineering, Inc.
6521 Meridien Drive, Suite 107

Raleigh, North Carolina 27616
Phone: 9197551012

FAX: 9197551031

Job:
HRT 087 943325, BU 806383

Project: 15BDRT1400(R1)
Client: Crown Castle Drawn by: CBrophy App'd:

Code: TIA/EIA-222-F Date: 02/12/15 Scale: NTS
Path:

\\fdh-server\Projects\2015 Effective - Client Jobs\CROWNC_Crown Castle USA Inc\CT\806383_HRT 087 943325\15BDRT1400\R1\Analysis\Tower\HRT 087 943325 (806383).eri
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Lightning Rod 140(2) FD9R6004/2C-3L 137(2) FD9R6004/2C-3L 137(2) FD9R6004/2C-3L 137Sector Mount [SM 506-3] 137(2) HBXX-6517DS-VTM w/ Mount Pipe 137(2) HBXX-6517DS-VTM w/ Mount Pipe 137(2) HBXX-6517DS-VTM w/ Mount Pipe 137LNX-6514DS-VTM w/ Mount Pipe 137LNX-6514DS-VTM w/ Mount Pipe 137LNX-6514DS-VTM w/ Mount Pipe 137LNX-8513DS-A1M w/ Mount Pipe 137LNX-8513DS-A1M w/ Mount Pipe 137LNX-8513DS-A1M w/ Mount Pipe 137RRH2X60-AWS 137RRH2X60-AWS 137RRH2X60-AWS 137RRH2X60-PCS 137RRH2X60-PCS 137RRH2X60-PCS 137DB-T1-6Z-8AB-0Z 137DB-T1-6Z-8AB-0Z 137(2) DB980H90E-M w/ Mount Pipe 124(2) DB980H90E-M w/ Mount Pipe 124(2) DB980H90E-M w/ Mount Pipe 124Sector Mount [SM 502-3] 1247'x2" Antenna Mount Pipe 1247'x2" Antenna Mount Pipe 1247'x2" Antenna Mount Pipe 124RR90-17-00DP w/ Mount Pipe 101RR90-17-00DP w/ Mount Pipe 101RR90-17-00DP w/ Mount Pipe 101KRY 112 13/1 101KRY 112 13/1 101KRY 112 13/1 101LNX-6515DS-VTM w/ Mount Pipe 101LNX-6515DS-VTM w/ Mount Pipe 101LNX-6515DS-VTM w/ Mount Pipe 101ATBT-BOTTOM-24V 101ATBT-BOTTOM-24V 101ATBT-BOTTOM-24V 101Side Arm Mount [SO 304-3] 101GPS_A 60Side Arm Mount [SO 305-1] 60GPS 50Side Arm Mount [SO 201-1] 50DESIGNED APPURTENANCE LOADING

TYPE TYPEELEVATION ELEVATION
Lightning Rod 140

(2) FD9R6004/2C-3L 137

(2) FD9R6004/2C-3L 137

(2) FD9R6004/2C-3L 137

Sector Mount [SM 506-3] 137

(2) HBXX-6517DS-VTM w/ Mount Pipe 137

(2) HBXX-6517DS-VTM w/ Mount Pipe 137

(2) HBXX-6517DS-VTM w/ Mount Pipe 137

LNX-6514DS-VTM w/ Mount Pipe 137

LNX-6514DS-VTM w/ Mount Pipe 137

LNX-6514DS-VTM w/ Mount Pipe 137

LNX-8513DS-A1M w/ Mount Pipe 137

LNX-8513DS-A1M w/ Mount Pipe 137

LNX-8513DS-A1M w/ Mount Pipe 137

RRH2X60-AWS 137

RRH2X60-AWS 137

RRH2X60-AWS 137

RRH2X60-PCS 137

RRH2X60-PCS 137

RRH2X60-PCS 137

DB-T1-6Z-8AB-0Z 137

DB-T1-6Z-8AB-0Z 137

(2) DB980H90E-M w/ Mount Pipe 124

(2) DB980H90E-M w/ Mount Pipe 124

(2) DB980H90E-M w/ Mount Pipe 124

Sector Mount [SM 502-3] 124

7'x2" Antenna Mount Pipe 124

7'x2" Antenna Mount Pipe 124

7'x2" Antenna Mount Pipe 124

RR90-17-00DP w/ Mount Pipe 101

RR90-17-00DP w/ Mount Pipe 101

RR90-17-00DP w/ Mount Pipe 101

KRY 112 13/1 101

KRY 112 13/1 101

KRY 112 13/1 101

LNX-6515DS-VTM w/ Mount Pipe 101

LNX-6515DS-VTM w/ Mount Pipe 101

LNX-6515DS-VTM w/ Mount Pipe 101

ATBT-BOTTOM-24V 101

ATBT-BOTTOM-24V 101

ATBT-BOTTOM-24V 101

Side Arm Mount [SO 304-3] 101

GPS_A 60

Side Arm Mount [SO 305-1] 60

GPS 50

Side Arm Mount [SO 201-1] 50

MATERIAL STRENGTH
GRADE GRADEFy FyFu Fu

A618-50 50 ksi 70 ksi

A36 36 ksi 58 ksi

A572-50 50 ksi 65 ksi

TOWER DESIGN NOTES
1. Tower is located in Tolland County, Connecticut.
2. Tower designed for a 85.00 mph basic wind in accordance with the TIA/EIA-222-F Standard.
3. Tower is also designed for a 37.60 mph basic wind with 1.00 in ice. Ice is considered to

increase in thickness with height.
4. Deflections are based upon a 50.00 mph wind.
5. TOWER RATING: 94%
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  Tower Input Data    
 

 

The main tower is a 3x free standing tower with an overall height of 140' above the ground line. 

The base of the tower is set at an elevation of 0' above the ground line. 

The face width of the tower is 6'6-1/4'' at the top and 18'9-1/4'' at the base. 

This tower is designed using the TIA/EIA-222-F standard. 

The following design criteria apply:  

 Tower is located in Tolland County, Connecticut. 

 Basic wind speed of 85.00 mph. 

 Nominal ice thickness of 1.00 in. 

 Ice thickness is considered to increase with height. 

 Ice density of 56 pcf. 

 A wind speed of 37.60 mph  is used in combination with ice. 

 Temperature drop of 50 °F. 

 Deflections calculated using a wind speed of 50.00 mph. 

 A non-linear (P-delta) analysis was used. 

 Pressures are calculated at each section. 

 Stress ratio used in tower member design is 1.333. 

 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   Treat Feedline Bundles As Cylinder 
  Consider Moments - Horizontals   Assume Legs Pinned   Use ASCE 10 X-Brace Ly Rules 

  Consider Moments - Diagonals √ Assume Rigid Index Plate √ Calculate Redundant Bracing Forces 

  Use Moment Magnification √ Use Clear Spans For Wind Area   Ignore Redundant Members in FEA 
√ Use Code Stress Ratios √ Use Clear Spans For KL/r   SR Leg Bolts Resist Compression 

√ Use Code Safety Factors - Guys   Retension Guys To Initial Tension √ All Leg Panels Have Same Allowable 

√ Escalate Ice √ Bypass Mast Stability Checks √ Offset Girt At Foundation 
  Always Use Max Kz √ Use Azimuth Dish Coefficients √ Consider Feedline Torque 

  Use Special Wind Profile √ Project Wind Area of Appurt. √ Include Angle Block Shear Check 

√ Include Bolts In Member Capacity   Autocalc Torque Arm Areas Poles 
  Leg Bolts Are At Top Of Section   SR Members Have Cut Ends   Include Shear-Torsion Interaction 

√ Secondary Horizontal Braces Leg √ Sort Capacity Reports By Component   Always Use Sub-Critical Flow 

  Use Diamond Inner Bracing (4 Sided)   Triangulate Diamond Inner Bracing    Use Top Mounted Sockets 
  Add IBC .6D+W Combination   Use TIA-222-G Tension Splice Capacity 

Exemption 
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 Tower Section Geometry    
 

Tower 

 Section 

Tower 

 Elevation 
 

ft 

Assembly 

Database 

Description Section 

Width  
 

ft 

Number  

of  
Sections 

Section 

Length 
 

ft 

T1 140'-120'   6'6-1/4'' 1 20' 
T2 120'-100'  08N087 6'6-23/32'' 1 20' 

T3 100'-80'  09N006 8'7-3/16'' 1 20' 

T4 80'-60'  10N007 10'7-11/16'' 1 20' 
T5 60'-40'  11N007 12'8-5/32'' 1 20' 

T6 40'-20'  12N004 14'9-1/4'' 1 20' 

T7 20'-0'  13N003 16'9-1/4'' 1 20' 

 
 

 

 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 140'-120' 4' X Brace No No 0.00 0.00 

T2 120'-100' 5' X Brace No No 0.00 0.00 

T3 100'-80' 6'8-1/32'' X Brace No No 0.00 0.00 
T4 80'-60' 6'8-1/32'' X Brace No No 0.00 0.00 

T5 60'-40' 6'8-1/32'' X Brace No No 0.00 0.00 

T6 40'-20' 10' X Brace No No 0.00 0.00 
T7 20'-0' 9'11-17/32'' X Brace No No 0.00 1.00 
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 Tower Section Geometry (cont’d)   
 

Tower 

 Elevation 
ft 

Leg 

Type 
 

Leg  

Size 
 

Leg  

Grade 

Diagonal 

Type 
 

Diagonal  

Size 
 

Diagonal 

Grade 

T1 140'-120' Pipe ROHN 2 STD A618-50 

(50 ksi) 

Single Angle L1 3/4x1 3/4x3/16 A36 

(36 ksi) 
T2 120'-100' Pipe ROHN 2.5 EH A618-50 

(50 ksi) 

Single Angle L1 3/4x1 3/4x3/16 A36 

(36 ksi) 

T3 100'-80' Pipe ROHN 3 EH A618-50 
(50 ksi) 

Single Angle L2x2x3/16 A36 
(36 ksi) 

T4 80'-60' Pipe ROHN 3.5 EH A618-50 

(50 ksi) 

Single Angle L2 1/2x2 1/2x3/16 A36 

(36 ksi) 
T5 60'-40' Pipe ROHN 4 X-STR A618-50 

(50 ksi) 

Single Angle L3x3x3/16 A36 

(36 ksi) 

T6 40'-20' Pipe ROHN 5 EH A618-50 
(50 ksi) 

Single Angle L3x3x3/16 A36 
(36 ksi) 

T7 20'-0' Pipe ROHN 5 X-STR A618-50 

(50 ksi) 

Single Angle L3x3x1/4 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 140'-120' Equal Angle L2x2x1/8 A36 

(36 ksi) 

Single Angle  A36 

(36 ksi) 
T2 120'-100' Single Angle L2x2x1/8 A36 

(36 ksi) 

Single Angle  A36 

(36 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 

T1 140'-120' 0.00 0.00 A36 

(36 ksi) 

1.03 1 1.05 36.00 36.00 

T2 120'-100' 0.00 0.00 A36 
(36 ksi) 

1.03 1 1.05 36.00 36.00 

T3 100'-80' 0.00 0.00 A36 

(36 ksi) 

1.03 1 1.05 36.00 36.00 

T4 80'-60' 0.00 0.00 A36 

(36 ksi) 

1.03 1 1.05 36.00 36.00 

T5 60'-40' 0.00 0.00 A36 
(36 ksi) 

1.03 1 1.05 36.00 36.00 

T6 40'-20' 0.00 0.00 A36 

(36 ksi) 

1.03 1 1.05 36.00 36.00 

T7 20'-0' 0.00 0.00 A36 

(36 ksi) 

1.03 1 1.05 36.00 36.00 
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 Tower Section Geometry (cont’d)   
 

   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 140'-120' Yes No 1 1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

T2 120'-100' Yes No 1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
T3 100'-80' Yes No 1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

T4 80'-60' Yes No 1 1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

T5 60'-40' Yes No 1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
T6 40'-20' Yes No 1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

T7 20'-0' Yes No 1 1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

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 140'-120' 0.00 1 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 

T2 120'-100' 0.00 1 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 
T3 100'-80' 0.00 1 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 

T4 80'-60' 0.00 1 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 

T5 60'-40' 0.00 1 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 
T6 40'-20' 0.00 1 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 

T7 20'-0' 0.00 1 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 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 140'-120' Flange 0.63 

A325N 

4 0.50 

A325N 

1 0.50 

A325N 

1 0.50 

A325N 

0 0.50 

A325N 

0 0.50 

A325N 

0 0.50 

A325N 

0 
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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. 

T2 120'-100' Flange 0.75 

A325N 

4 0.50 

A325N 

1 0.50 

A325N 

1 0.63 

A325N 

0 0.63 

A325N 

0 0.63 

A325N 

0 0.63 

A325N 

0 

T3 100'-80' Flange 0.88 
A325N 

4 0.50 
A325N 

1 0.50 
A325N 

0 0.00 
A325N 

0 0.50 
A325N 

0 0.50 
A325N 

0 0.50 
A325N 

0 

T4 80'-60' Flange 0.88 

A325N 

4 0.50 

A325N 

1 0.50 

A325N 

0 0.50 

A325N 

0 0.50 

A325N 

0 0.50 

A325N 

0 0.50 

A325N 

0 

T5 60'-40' Flange 1.00 

A325N 

4 0.50 

A325N 

1 0.63 

A325N 

0 0.63 

A325N 

0 0.63 

A325N 

0 0.63 

A325N 

0 0.63 

A325N 

0 

T6 40'-20' Flange 1.00 
A325N 

4 0.63 
A325N 

1 0.63 
A325N 

0 0.00 
A325N 

0 0.63 
A325N 

0 0.63 
A325N 

0 0.63 
A325N 

0 

T7 20'-0' Flange 1.00 

A449 

4 0.63 

A325N 

1 0.63 

A325N 

0 0.00 

A325N 

0 0.63 

A325N 

0 0.63 

A325N 

0 0.63 

A325N 

0 

 
 

 

 Feed Line/Linear Appurtenances - Entered As Round Or Flat 
 

Description Face 

or 

Leg  

Allow 

Shield 

Component 

Type 

Placement 

 

ft 

Face 

Offset 

in 

Lateral 

Offset 

(Frac FW) 

# # 

 Per 

Row 

Clear 

Spacing  

in 

Width or 

Diameter 

in 

Perimeter 

 

in 

Weight 

 

plf 

LDF6-50A(1-

1/4'') 

A Yes Ar (CfAe) 101' - 8' 0.00 0.3 12 6 1.00 1.55  0.66 

***                         

LDF4-50A(1/

2'') 

C Yes Ar (CfAe) 60' - 8' 0.00 0.45 1 1 0.63 0.63  0.15 

***                         
LDF7-50A(1-

5/8'') 

B Yes Ar (CfAe) 124' - 8' 0.00 -0.05 6 6 1.00 1.98  0.82 

LDF4-50A(1/
2'') 

B Yes Ar (CfAe) 50' - 8' 0.00 -0.15 1 1 0.63 0.63  0.15 

***                         

HB158-1-08U
8-S8J18( 

1-5/8) 

C Yes Ar (CfAe) 137' - 8' 0.00 0.455 1 1 1.00 1.98  1.30 

HB158-1-08U
8-S8J18( 

1-5/8) 

C Yes Ar (CfAe) 137' - 8' 0.00 0.4 1 1 1.00 1.98  1.30 

LDF7-50A(1-
5/8'') 

C Yes Ar (CfAe) 137' - 8' 0.00 0.42 12 6 1.00 1.98  0.82 

***                         

***                         
Feedline 

Ladder (Af) 

A Yes Af (CfAe) 101' - 8' 0.00 0.3 1 1 3.00 3.00 12.00 8.40 

Feedline 
Ladder (Af) 

A Yes Af (CfAe) 60' - 8' 0.00 -0.45 1 1 3.00 3.00 12.00 8.40 

Feedline 

Ladder (Af) 

B Yes Af (CfAe) 124' - 8' 0.00 -0.15 1 1 3.00 3.00 12.00 8.40 

Feedline 

Ladder (Af) 

C Yes Af (CfAe) 137' - 8' 0.00 0.42 1 1 3.00 3.00 12.00 8.40 

Feedline 
Ladder (Af) 

C Yes Af (CfAe) 112' - 8' 0.00 -0.4 1 1 3.00 3.00 12.00 8.40 

***                         

Safety Line 
3/8 

A Yes Ar (CfAe) 140' - 0' 0.00 0 1 1 0.38 0.38  0.22 
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 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 140'-120' A 

B 
C 

0.625 

3.960 
22.440 

0.000 

1.000 
4.250 

0.000 

0.000 
0.000 

0.000 

0.000 
0.000 

0.00 

0.05 
0.35 

T2 120'-100' A 

B 

C 

1.400 

19.800 

26.400 

0.250 

5.000 

8.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.02 

0.27 

0.52 

T3 100'-80' A 

B 
C 

16.125 

19.800 
26.400 

5.000 

5.000 
10.000 

0.000 

0.000 
0.000 

0.000 

0.000 
0.000 

0.33 

0.27 
0.58 

T4 80'-60' A 

B 
C 

16.125 

19.800 
26.400 

5.000 

5.000 
10.000 

0.000 

0.000 
0.000 

0.000 

0.000 
0.000 

0.33 

0.27 
0.58 

T5 60'-40' A 

B 
C 

16.125 

20.325 
27.450 

10.000 

5.000 
10.000 

0.000 

0.000 
0.000 

0.000 

0.000 
0.000 

0.50 

0.27 
0.59 

T6 40'-20' A 

B 
C 

16.125 

20.850 
27.450 

10.000 

5.000 
10.000 

0.000 

0.000 
0.000 

0.000 

0.000 
0.000 

0.50 

0.27 
0.59 

T7 20'-0' A 

B 
C 

9.925 

12.510 
16.470 

6.000 

3.000 
6.000 

0.000 

0.000 
0.000 

0.000 

0.000 
0.000 

0.30 

0.16 
0.35 

 

 

 Feed Line/Linear Appurtenances Section Areas - With Ice 
 

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 140'-120' A 

B 

C 

1.179 4.554 

1.446 

18.435 

0.000 

6.491 

27.585 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.05 

0.18 

1.30 
T2 120'-100' A 

B 

C 

1.155 4.798 

7.151 

21.454 

1.441 

32.401 

36.942 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.10 

0.88 

1.70 
T3 100'-80' A 

B 

C 

1.128 10.728 

7.060 

21.179 

28.757 

32.340 

39.846 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

1.13 

0.87 

1.80 
T4 80'-60' A 

B 

C 

1.094 10.505 

6.948 

20.844 

28.682 

32.265 

39.697 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

1.11 

0.85 

1.77 

T5 60'-40' A 

B 

C 

1.051 10.216 

9.081 

24.965 

35.922 

32.169 

39.505 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

1.39 

0.85 

1.78 
T6 40'-20' A 

B 

C 

1.000 9.875 

11.017 

24.283 

35.694 

32.056 

39.278 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

1.35 

0.85 

1.73 
T7 20'-0' A 

B 

C 

1.000 7.508 

6.610 

14.570 

21.417 

19.233 

23.567 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.83 

0.51 

1.04 

 

 

 

 Feed Line Shielding 
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 Section Elevation  

 

ft 

Face AR 

 

ft2 

AR 

Ice 

ft2 

AF 

 

ft2 

AF 

Ice 

ft2 

T1 140'-120' A 

B 

C 

0.000 

0.000 

0.000 

0.569 

1.025 

5.890 

0.059 

0.465 

2.504 

0.427 

0.769 

4.421 
T2 120'-100' A 

B 

C 

0.000 

0.000 

0.000 

0.644 

4.170 

6.172 

0.129 

1.943 

2.696 

0.494 

3.200 

4.737 
T3 100'-80' A 

B 

C 

0.000 

0.000 

0.000 

2.799 

2.793 

4.365 

1.287 

1.511 

2.217 

2.482 

2.476 

3.870 
T4 80'-60' A 

B 

C 

0.000 

0.000 

0.000 

2.549 

2.551 

3.973 

1.522 

1.787 

2.623 

2.911 

2.913 

4.537 
T5 60'-40' A 

B 

C 

0.000 

0.000 

0.000 

2.834 

2.480 

3.905 

2.179 

2.113 

3.124 

4.044 

3.538 

5.573 
T6 40'-20' A 

B 

C 

0.000 

0.000 

0.000 

1.887 

1.744 

2.597 

1.547 

1.531 

2.218 

2.830 

2.617 

3.896 
T7 20'-0' A 

B 

C 

0.000 

0.000 

0.000 

1.157 

1.013 

1.509 

0.913 

0.889 

1.288 

1.735 

1.520 

2.263 

 

 

 

   Feed Line Center of Pressure     
 

 Section Elevation  

 

ft 

CPX 

 

in 

CPZ 

 

in 

CPX 

Ice 

in 

CPZ 

Ice 

in 

T1 140'-120' -8.15 5.74 -5.47 3.41 
T2 120'-100' -4.67 3.44 -3.99 2.56 

T3 100'-80' -6.03 -1.93 -5.39 -1.06 

T4 80'-60' -6.37 -2.09 -5.89 -1.22 
T5 60'-40' -8.47 -1.06 -8.30 -0.22 

T6 40'-20' -9.87 -1.39 -9.93 -0.73 
T7 20'-0' -7.71 -1.13 -8.01 -0.75 

 

 
 

   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 

Lightning Rod C From Leg 0.00 

0' 
2' 

0.000 140' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

0.25 

0.66 
0.97 

1.49 

2.68 

0.25 

0.66 
0.97 

1.49 

2.68 

0.03 

0.03 
0.04 

0.06 

0.14 
***                   

(2) FD9R6004/2C-3L A From Leg 4.00 0.000 137' No Ice 0.37 0.08 0.00 
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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' 

0' 

1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

0.45 

0.54 

0.75 
1.28 

0.14 

0.20 

0.34 
0.74 

0.01 

0.01 

0.02 
0.06 

(2) FD9R6004/2C-3L B From Leg 4.00 

0' 
0' 

0.000 137' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

0.37 

0.45 
0.54 

0.75 

1.28 

0.08 

0.14 
0.20 

0.34 

0.74 

0.00 

0.01 
0.01 

0.02 

0.06 
(2) FD9R6004/2C-3L C From Leg 4.00 

0' 

0' 

0.000 137' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

0.37 

0.45 

0.54 
0.75 

1.28 

0.08 

0.14 

0.20 
0.34 

0.74 

0.00 

0.01 

0.01 
0.02 

0.06 

Sector Mount [SM 506-3] C None   0.000 137' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

35.47 
50.60 

65.73 

95.99 
156.51 

35.47 
50.60 

65.73 

95.99 
156.51 

1.74 
2.35 

2.95 

4.16 
6.59 

(2) HBXX-6517DS-VTM w/ 

Mount Pipe 

A From Leg 4.00 

0' 
2' 

0.000 137' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

8.98 

9.65 
10.29 

11.59 

14.32 

6.96 

8.18 
9.14 

11.02 

15.03 

0.07 

0.14 
0.21 

0.40 

0.91 

(2) HBXX-6517DS-VTM w/ 

Mount Pipe 

B From Leg 4.00 

0' 

2' 

0.000 137' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

8.98 

9.65 

10.29 
11.59 

14.32 

6.96 

8.18 

9.14 
11.02 

15.03 

0.07 

0.14 

0.21 
0.40 

0.91 

(2) HBXX-6517DS-VTM w/ 
Mount Pipe 

C From Leg 4.00 
0' 

2' 

0.000 137' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

8.98 
9.65 

10.29 

11.59 
14.32 

6.96 
8.18 

9.14 

11.02 
15.03 

0.07 
0.14 

0.21 

0.40 
0.91 

LNX-6514DS-VTM w/ 

Mount Pipe 

A From Leg 4.00 

0' 
2' 

0.000 137' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

8.57 

9.22 
9.84 

11.10 

13.75 

7.00 

8.19 
9.08 

10.90 

14.93 

0.06 

0.13 
0.20 

0.38 

0.89 
LNX-6514DS-VTM w/ 

Mount Pipe 

B From Leg 4.00 

0' 

2' 

0.000 137' No Ice 

1/2'' Ice 

1'' Ice 

2'' Ice 

4'' Ice 

8.57 

9.22 

9.84 

11.10 

13.75 

7.00 

8.19 

9.08 

10.90 

14.93 

0.06 

0.13 

0.20 

0.38 

0.89 

LNX-6514DS-VTM w/ 
Mount Pipe 

C From Leg 4.00 
0' 

2' 

0.000 137' No Ice 
1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

8.57 
9.22 

9.84 
11.10 

13.75 

7.00 
8.19 

9.08 
10.90 

14.93 

0.06 
0.13 

0.20 
0.38 

0.89 

LNX-8513DS-A1M w/ 
Mount Pipe 

A From Leg 4.00 
0' 

2' 

0.000 137' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

8.65 
9.31 

9.93 

11.20 
13.87 

7.08 
8.27 

9.18 

11.02 
15.06 

0.06 
0.13 

0.21 

0.39 
0.90 

LNX-8513DS-A1M w/ 

Mount Pipe 

B From Leg 4.00 

0' 
2' 

0.000 137' No Ice 

1/2'' Ice 
1'' Ice 

8.65 

9.31 
9.93 

7.08 

8.27 
9.18 

0.06 

0.13 
0.21 
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FDH Engineering, Inc. 
6521 Meridien Drive, Suite 107 

Project 

15BDRT1400 

Date 

09:10:15 02/12/15  

Raleigh, North Carolina 27616 

Phone: 9197551012 
FAX: 9197551031 

Client 

Crown Castle 
Designed by 

CBrophy 

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 

4'' Ice 

11.20 

13.87 

11.02 

15.06 

0.39 

0.90 

LNX-8513DS-A1M w/ 
Mount Pipe 

C From Leg 4.00 
0' 

2' 

0.000 137' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

8.65 
9.31 

9.93 

11.20 
13.87 

7.08 
8.27 

9.18 

11.02 
15.06 

0.06 
0.13 

0.21 

0.39 
0.90 

RRH2X60-AWS C From Leg 4.00 

0' 
2' 

0.000 137' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

2.19 

2.40 
2.61 

3.07 

4.09 

1.43 

1.61 
1.80 

2.21 

3.13 

0.04 

0.06 
0.08 

0.13 

0.26 
RRH2X60-AWS B From Leg 4.00 

0' 

2' 

0.000 137' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

2.19 

2.40 

2.61 
3.07 

4.09 

1.43 

1.61 

1.80 
2.21 

3.13 

0.04 

0.06 

0.08 
0.13 

0.26 

RRH2X60-AWS A From Leg 4.00 
0' 

2' 

0.000 137' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

2.19 
2.40 

2.61 

3.07 
4.09 

1.43 
1.61 

1.80 

2.21 
3.13 

0.04 
0.06 

0.08 

0.13 
0.26 

RRH2X60-PCS A From Leg 4.00 

0' 

2' 

0.000 137' No Ice 

1/2'' Ice 

1'' Ice 

2'' Ice 

4'' Ice 

2.57 

2.79 

3.02 

3.52 

4.61 

2.01 

2.22 

2.43 

2.89 

3.92 

0.06 

0.08 

0.10 

0.16 

0.31 
RRH2X60-PCS B From Leg 4.00 

0' 

2' 

0.000 137' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

2.57 

2.79 

3.02 
3.52 

4.61 

2.01 

2.22 

2.43 
2.89 

3.92 

0.06 

0.08 

0.10 
0.16 

0.31 

RRH2X60-PCS C From Leg 4.00 
0' 

2' 

0.000 137' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

2.57 
2.79 

3.02 

3.52 
4.61 

2.01 
2.22 

2.43 

2.89 
3.92 

0.06 
0.08 

0.10 

0.16 
0.31 

DB-T1-6Z-8AB-0Z A From Leg 4.00 

0' 
2' 

0.000 137' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

5.60 

5.92 
6.24 

6.91 

8.37 

2.33 

2.56 
2.79 

3.28 

4.37 

0.04 

0.08 
0.12 

0.21 

0.45 

DB-T1-6Z-8AB-0Z B From Leg 4.00 

0' 

2' 

0.000 137' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

5.60 

5.92 

6.24 
6.91 

8.37 

2.33 

2.56 

2.79 
3.28 

4.37 

0.04 

0.08 

0.12 
0.21 

0.45 
***                   

(2) DB980H90E-M w/ Mount 

Pipe 

A From Leg 4.00 

0' 
1' 

0.000 124' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

4.04 

4.50 
4.95 

5.87 

8.05 

3.62 

4.48 
5.22 

6.74 

10.00 

0.03 

0.07 
0.11 

0.22 

0.55 
(2) DB980H90E-M w/ Mount 

Pipe 

B From Leg 4.00 

0' 

1' 

0.000 124' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4.04 

4.50 

4.95 
5.87 

3.62 

4.48 

5.22 
6.74 

0.03 

0.07 

0.11 
0.22 
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FDH Engineering, Inc. 
6521 Meridien Drive, Suite 107 

Project 

15BDRT1400 

Date 

09:10:15 02/12/15  

Raleigh, North Carolina 27616 

Phone: 9197551012 
FAX: 9197551031 

Client 

Crown Castle 
Designed by 

CBrophy 

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'' Ice 8.05 10.00 0.55 

(2) DB980H90E-M w/ Mount 

Pipe 

C From Leg 4.00 

0' 
1' 

0.000 124' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

4.04 

4.50 
4.95 

5.87 

8.05 

3.62 

4.48 
5.22 

6.74 

10.00 

0.03 

0.07 
0.11 

0.22 

0.55 
Sector Mount [SM 502-3] C None   0.000 124' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

33.02 

47.36 

61.70 
90.38 

147.74 

33.02 

47.36 

61.70 
90.38 

147.74 

1.67 

2.22 

2.77 
3.88 

6.08 

7'x2'' Antenna Mount Pipe A From Face 4.00 
0' 

0' 

0.000 124' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

1.66 
2.39 

2.83 

3.71 
5.58 

1.66 
2.39 

2.83 

3.71 
5.58 

0.03 
0.04 

0.06 

0.10 
0.27 

7'x2'' Antenna Mount Pipe B From Face 4.00 

0' 
0' 

0.000 124' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

1.66 

2.39 
2.83 

3.71 

5.58 

1.66 

2.39 
2.83 

3.71 

5.58 

0.03 

0.04 
0.06 

0.10 

0.27 
7'x2'' Antenna Mount Pipe C From Face 4.00 

0' 

0' 

0.000 124' No Ice 

1/2'' Ice 

1'' Ice 

2'' Ice 

4'' Ice 

1.66 

2.39 

2.83 

3.71 

5.58 

1.66 

2.39 

2.83 

3.71 

5.58 

0.03 

0.04 

0.06 

0.10 

0.27 

***                   
***                   

RR90-17-00DP w/ Mount 

Pipe 

A From Leg 4.00 

0' 
0' 

0.000 101' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

4.59 

5.09 
5.58 

6.59 

8.73 

3.32 

4.09 
4.78 

6.23 

9.31 

0.03 

0.07 
0.12 

0.22 

0.56 
RR90-17-00DP w/ Mount 

Pipe 

B From Leg 4.00 

0' 

0' 

0.000 101' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

4.59 

5.09 

5.58 
6.59 

8.73 

3.32 

4.09 

4.78 
6.23 

9.31 

0.03 

0.07 

0.12 
0.22 

0.56 

RR90-17-00DP w/ Mount 
Pipe 

C From Leg 4.00 
0' 

0' 

0.000 101' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 

4'' Ice 

4.59 
5.09 

5.58 

6.59 

8.73 

3.32 
4.09 

4.78 

6.23 

9.31 

0.03 
0.07 

0.12 

0.22 

0.56 

KRY 112 13/1 A From Leg 4.00 

0' 
0' 

0.000 101' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 
4'' Ice 

0.33 

0.42 
0.51 

0.72 
1.25 

0.24 

0.32 
0.40 

0.60 
1.09 

0.00 

0.01 
0.01 

0.02 
0.07 

KRY 112 13/1 B From Leg 4.00 

0' 
0' 

0.000 101' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

0.33 

0.42 
0.51 

0.72 

1.25 

0.24 

0.32 
0.40 

0.60 

1.09 

0.00 

0.01 
0.01 

0.02 

0.07 
KRY 112 13/1 C From Leg 4.00 

0' 

0' 

0.000 101' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

0.33 

0.42 

0.51 
0.72 

0.24 

0.32 

0.40 
0.60 

0.00 

0.01 

0.01 
0.02 



 

 

 

ttnnxxTToowweerr  
Job 

HRT 087 943325, BU 806383  

Page  

11 of 23 

FDH Engineering, Inc. 
6521 Meridien Drive, Suite 107 

Project 

15BDRT1400 

Date 

09:10:15 02/12/15  

Raleigh, North Carolina 27616 

Phone: 9197551012 
FAX: 9197551031 

Client 

Crown Castle 
Designed by 

CBrophy 

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'' Ice 1.25 1.09 0.07 

LNX-6515DS-VTM w/ 

Mount Pipe 

A From Leg 4.00 

0' 
0' 

0.000 101' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

11.68 

12.40 
13.14 

14.60 

17.87 

9.84 

11.37 
12.91 

15.27 

20.14 

0.08 

0.17 
0.27 

0.51 

1.15 
LNX-6515DS-VTM w/ 

Mount Pipe 

B From Leg 4.00 

0' 

0' 

0.000 101' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

11.68 

12.40 

13.14 
14.60 

17.87 

9.84 

11.37 

12.91 
15.27 

20.14 

0.08 

0.17 

0.27 
0.51 

1.15 

LNX-6515DS-VTM w/ 
Mount Pipe 

C From Leg 4.00 
0' 

0' 

0.000 101' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

11.68 
12.40 

13.14 

14.60 
17.87 

9.84 
11.37 

12.91 

15.27 
20.14 

0.08 
0.17 

0.27 

0.51 
1.15 

ATBT-BOTTOM-24V A From Leg 4.00 

0' 
0' 

0.000 101' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

0.12 

0.17 
0.23 

0.38 

0.77 

0.08 

0.12 
0.17 

0.30 

0.67 

0.00 

0.00 
0.01 

0.01 

0.04 
ATBT-BOTTOM-24V B From Leg 4.00 

0' 

0' 

0.000 101' No Ice 

1/2'' Ice 

1'' Ice 

2'' Ice 

4'' Ice 

0.12 

0.17 

0.23 

0.38 

0.77 

0.08 

0.12 

0.17 

0.30 

0.67 

0.00 

0.00 

0.01 

0.01 

0.04 

ATBT-BOTTOM-24V C From Leg 4.00 
0' 

0' 

0.000 101' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

0.12 
0.17 

0.23 

0.38 
0.77 

0.08 
0.12 

0.17 

0.30 
0.67 

0.00 
0.00 

0.01 

0.01 
0.04 

Side Arm Mount [SO 304-3] C None   0.000 101' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

1.76 

2.75 
3.74 

5.72 

9.68 

1.76 

2.75 
3.74 

5.72 

9.68 

0.07 

0.10 
0.12 

0.18 

0.28 
***                   

GPS_A A From Leg 2.00 

0' 
0' 

0.000 60' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

0.30 

0.37 
0.46 

0.65 

1.15 

0.30 

0.37 
0.46 

0.65 

1.15 

0.00 

0.00 
0.01 

0.02 

0.08 

Side Arm Mount [SO 305-1] A From Leg 1.00 

0' 

0' 

0.000 60' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

0.94 

1.48 

2.02 
3.10 

5.26 

1.41 

2.17 

2.93 
4.45 

7.49 

0.03 

0.04 

0.06 
0.08 

0.14 
***                   

GPS A From Leg 2.00 

0' 
0' 

0.000 50' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

0.17 

0.24 
0.31 

0.48 

0.92 

0.17 

0.24 
0.31 

0.48 

0.92 

0.00 

0.00 
0.00 

0.01 

0.05 
Side Arm Mount [SO 201-1] A From Leg 1.00 

0' 

0' 

0.000 50' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

2.96 

4.10 

5.24 
7.52 

2.11 

2.93 

3.75 
5.39 

0.10 

0.12 

0.14 
0.18 
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FDH Engineering, Inc. 
6521 Meridien Drive, Suite 107 

Project 

15BDRT1400 

Date 

09:10:15 02/12/15  

Raleigh, North Carolina 27616 

Phone: 9197551012 
FAX: 9197551031 

Client 

Crown Castle 
Designed by 

CBrophy 

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'' Ice 12.08 8.67 0.26 

***                   

 

 
 

 

 Force Totals      
 

Load 

Case 

Vertical 

Forces 
 

K 

Sum of 

Forces 
X 

K 

Sum of 

Forces 
Z 

K 

 Sum of 

Overturning 
Moments, Mx 

kip-ft 

 Sum of 

Overturning 
Moments, Mz 

kip-ft 

Sum of Torques 

 
 

kip-ft 

Leg Weight 5.72      
Bracing Weight 5.58      

Total Member Self-Weight 11.30   0.19 10.24  

Total Weight 23.85   0.19 10.24  
Wind 0 deg - No Ice  -0.04 -27.50 -2361.51 16.49 -11.35 

Wind 30 deg - No Ice  12.98 -22.58 -1962.79 -1115.73 -9.63 

Wind 60 deg - No Ice  22.12 -12.77 -1114.30 -1919.84 -6.04 
Wind 90 deg - No Ice  26.03 0.04 6.43 -2252.51 -1.10 

Wind 120 deg - No Ice  23.79 13.79 1186.45 -2031.66 4.71 

Wind 150 deg - No Ice  13.06 22.62 1969.42 -1126.54 8.53 
Wind 180 deg - No Ice  0.04 25.62 2239.97 4.00 10.19 

Wind 210 deg - No Ice  -12.98 22.58 1963.17 1136.21 9.63 

Wind 240 deg - No Ice  -23.75 13.71 1175.63 2045.91 6.65 
Wind 270 deg - No Ice  -26.03 -0.04 -6.05 2272.99 1.10 

Wind 300 deg - No Ice  -22.16 -12.85 -1125.11 1946.57 -4.15 

Wind 330 deg - No Ice  -13.06 -22.62 -1969.03 1147.02 -8.53 
Member Ice 12.75      

Total Weight Ice 58.83   -0.95 38.21  

Wind 0 deg - Ice  -0.01 -8.19 -713.89 39.51 -3.14 
Wind 30 deg - Ice  3.83 -6.66 -587.71 -299.01 -2.61 

Wind 60 deg - Ice  6.50 -3.75 -333.19 -537.17 -1.62 

Wind 90 deg - Ice  7.68 0.01 0.35 -638.49 -0.27 
Wind 120 deg - Ice  7.09 4.10 356.65 -578.50 1.34 

Wind 150 deg - Ice  3.85 6.66 587.11 -301.27 2.34 

Wind 180 deg - Ice  0.01 7.52 665.78 36.91 2.76 
Wind 210 deg - Ice  -3.83 6.66 585.81 375.43 2.61 

Wind 240 deg - Ice  -7.08 4.09 354.39 653.62 1.80 

Wind 270 deg - Ice  -7.68 -0.01 -2.25 714.91 0.27 

Wind 300 deg - Ice  -6.51 -3.77 -335.44 614.89 -1.15 

Wind 330 deg - Ice  -3.85 -6.66 -589.01 377.69 -2.34 

Total Weight 23.85   0.19 10.24  
Wind 0 deg - Service  -0.02 -9.52 -818.41 1.99 -3.93 

Wind 30 deg - Service  4.49 -7.81 -680.45 -389.78 -3.33 

Wind 60 deg - Service  7.65 -4.42 -386.85 -668.02 -2.09 
Wind 90 deg - Service  9.01 0.02 0.95 -783.13 -0.38 

Wind 120 deg - Service  8.23 4.77 409.26 -706.71 1.63 

Wind 150 deg - Service  4.52 7.83 680.18 -393.52 2.95 
Wind 180 deg - Service  0.02 8.87 773.80 -2.33 3.53 

Wind 210 deg - Service  -4.49 7.81 678.02 389.44 3.33 

Wind 240 deg - Service  -8.22 4.75 405.51 704.21 2.30 
Wind 270 deg - Service  -9.01 -0.02 -3.37 782.79 0.38 

Wind 300 deg - Service  -7.67 -4.45 -390.59 669.84 -1.44 
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FDH Engineering, Inc. 
6521 Meridien Drive, Suite 107 

Project 

15BDRT1400 

Date 

09:10:15 02/12/15  

Raleigh, North Carolina 27616 

Phone: 9197551012 
FAX: 9197551031 

Client 

Crown Castle 
Designed by 

CBrophy 

Load 
Case 

Vertical 
Forces 

 

K 

Sum of 
Forces 

X 

K 

Sum of 
Forces 

Z 

K 

 Sum of 
Overturning 

Moments, Mx 

kip-ft 

 Sum of 
Overturning 

Moments, Mz 

kip-ft 

Sum of Torques 
 

 

kip-ft 

Wind 330 deg - Service  -4.52 -7.83 -682.61 393.18 -2.95 

 

 

 

 Load Combinations   
 

Comb. 

No. 

Description 

1 Dead Only 
2 Dead+Wind 0 deg - No Ice 

3 Dead+Wind 30 deg - No Ice 

4 Dead+Wind 60 deg - No Ice 
5 Dead+Wind 90 deg - No Ice 

6 Dead+Wind 120 deg - No Ice 

7 Dead+Wind 150 deg - No Ice 
8 Dead+Wind 180 deg - No Ice 

9 Dead+Wind 210 deg - No Ice 

10 Dead+Wind 240 deg - No Ice 
11 Dead+Wind 270 deg - No Ice 

12 Dead+Wind 300 deg - No Ice 

13 Dead+Wind 330 deg - No Ice 
14 Dead+Ice+Temp 

15 Dead+Wind 0 deg+Ice+Temp 

16 Dead+Wind 30 deg+Ice+Temp 
17 Dead+Wind 60 deg+Ice+Temp 

18 Dead+Wind 90 deg+Ice+Temp 

19 Dead+Wind 120 deg+Ice+Temp 
20 Dead+Wind 150 deg+Ice+Temp 

21 Dead+Wind 180 deg+Ice+Temp 

22 Dead+Wind 210 deg+Ice+Temp 
23 Dead+Wind 240 deg+Ice+Temp 

24 Dead+Wind 270 deg+Ice+Temp 

25 Dead+Wind 300 deg+Ice+Temp 
26 Dead+Wind 330 deg+Ice+Temp 

27 Dead+Wind 0 deg - Service 
28 Dead+Wind 30 deg - Service 

29 Dead+Wind 60 deg - Service 

30 Dead+Wind 90 deg - Service 
31 Dead+Wind 120 deg - Service 

32 Dead+Wind 150 deg - Service 

33 Dead+Wind 180 deg - Service 
34 Dead+Wind 210 deg - Service 

35 Dead+Wind 240 deg - Service 

36 Dead+Wind 270 deg - Service 
37 Dead+Wind 300 deg - Service 

38 Dead+Wind 330 deg - Service 

 

 

  Maximum Member Forces    
 

Section 

No. 

Elevation 

ft 

Component 

Type 

Condition Gov. 

Load 
Comb. 

Force 

 
K 

Major Axis 

Moment 
kip-ft 

Minor Axis 

Moment 
kip-ft 

T1 140 - 120 Leg Max Tension 8 16.52 0.01 -0.01 

      Max. Compression 6 -19.96 0.08 -0.01 
      Max. Mx 2 -2.22 -0.80 -0.01 
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Section 
No. 

Elevation 
ft 

Component 
Type 

Condition Gov. 
Load 

Comb. 

Force 
 

K 

Major Axis 
Moment 

kip-ft 

Minor Axis 
Moment 

kip-ft 

      Max. My 9 -1.01 0.01 -0.85 
      Max. Vy 6 -1.39 0.59 0.01 

      Max. Vx 9 -1.36 0.01 0.51 

    Diagonal Max Tension 5 3.40 0.00 0.00 
      Max. Compression 11 -3.50 0.00 0.00 

      Max. Mx 23 0.79 0.02 -0.00 

      Max. My 7 -2.35 0.00 0.01 
      Max. Vy 23 -0.02 0.02 -0.00 

      Max. Vx 7 -0.00 0.00 0.00 

    Top Girt Max Tension 8 0.53 0.00 0.00 
      Max. Compression 6 -0.50 0.00 0.00 

      Max. Mx 14 0.01 -0.04 0.00 

      Max. My 26 0.01 0.00 0.00 
      Max. Vy 14 0.02 0.00 0.00 

      Max. Vx 26 -0.00 0.00 0.00 

T2 120 - 100 Leg Max Tension 8 38.17 -0.11 -0.01 
      Max. Compression 6 -44.13 0.29 -0.01 

      Max. Mx 6 -44.13 0.29 -0.01 

      Max. My 7 -2.96 0.00 -0.22 
      Max. Vy 4 0.43 -0.29 0.00 

      Max. Vx 7 0.40 0.00 -0.22 

    Diagonal Max Tension 5 3.09 0.00 0.00 
      Max. Compression 5 -3.09 0.00 0.00 

      Max. Mx 23 0.82 0.02 0.00 

      Max. My 11 -3.03 -0.00 0.00 
      Max. Vy 21 0.02 0.02 0.00 

      Max. Vx 15 -0.00 0.00 0.00 

    Top Girt Max Tension 4 0.06 0.00 0.00 

      Max. Compression 10 -0.09 0.00 0.00 

      Max. Mx 14 -0.01 -0.04 0.00 

      Max. My 15 0.00 0.00 0.00 
      Max. Vy 14 0.02 0.00 0.00 

      Max. Vx 15 -0.00 0.00 0.00 

T3 100 - 80 Leg Max Tension 12 58.40 -0.14 0.00 
      Max. Compression 2 -66.75 0.13 0.02 

      Max. Mx 6 -50.85 0.29 -0.01 

      Max. My 7 -3.06 0.00 -0.22 
      Max. Vy 4 -0.07 -0.29 0.00 

      Max. Vx 13 -0.06 -0.01 0.21 

    Diagonal Max Tension 5 3.85 0.00 0.00 
      Max. Compression 5 -3.94 0.00 0.00 

      Max. Mx 25 0.95 0.03 -0.00 

      Max. My 26 -0.51 0.03 0.00 
      Max. Vy 25 0.03 0.03 -0.00 

      Max. Vx 26 0.00 0.00 0.00 

T4 80 - 60 Leg Max Tension 12 77.51 -0.14 0.00 

      Max. Compression 2 -88.78 0.24 0.02 

      Max. Mx 6 -88.61 0.24 -0.01 

      Max. My 13 -4.34 -0.01 0.23 
      Max. Vy 19 -0.05 0.22 -0.00 

      Max. Vx 13 -0.06 -0.01 0.23 
    Diagonal Max Tension 3 4.10 0.00 0.00 

      Max. Compression 3 -4.19 0.00 0.00 

      Max. Mx 23 1.00 0.06 0.01 
      Max. My 15 -0.17 0.06 0.01 

      Max. Vy 25 0.04 0.06 -0.01 

      Max. Vx 15 0.00 0.00 0.00 
T5 60 - 40 Leg Max Tension 12 94.98 -0.21 -0.01 

      Max. Compression 2 -109.79 0.32 0.02 

      Max. Mx 17 13.93 -0.54 0.00 
      Max. My 11 -4.98 -0.01 -0.28 
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Section 
No. 

Elevation 
ft 

Component 
Type 

Condition Gov. 
Load 

Comb. 

Force 
 

K 

Major Axis 
Moment 

kip-ft 

Minor Axis 
Moment 

kip-ft 

      Max. Vy 17 0.14 -0.54 0.00 
      Max. Vx 2 0.07 -0.12 0.26 

    Diagonal Max Tension 3 4.48 0.00 0.00 

      Max. Compression 3 -4.54 0.00 0.00 
      Max. Mx 23 0.96 0.09 0.01 

      Max. My 21 -0.68 0.05 -0.01 

      Max. Vy 25 0.05 0.09 -0.01 
      Max. Vx 21 -0.00 0.00 0.00 

T6 40 - 20 Leg Max Tension 12 110.55 -0.33 0.01 

      Max. Compression 2 -128.63 0.54 0.03 
      Max. Mx 17 15.59 -0.96 0.00 

      Max. My 13 -6.54 -0.05 0.66 

      Max. Vy 17 0.18 -0.96 0.00 
      Max. Vx 13 0.13 -0.05 0.66 

    Diagonal Max Tension 3 5.35 0.00 0.00 

      Max. Compression 3 -5.52 0.00 0.00 
      Max. Mx 25 0.62 0.11 0.01 

      Max. My 21 -1.67 0.09 -0.01 

      Max. Vy 25 0.05 0.09 -0.01 
      Max. Vx 21 0.00 0.00 0.00 

T7 20 - 0 Leg Max Tension 12 131.41 0.58 -0.01 

      Max. Compression 2 -154.37 0.00 -0.00 
      Max. Mx 17 18.70 -0.96 0.00 

      Max. My 13 -7.77 -0.05 0.94 

      Max. Vy 6 -8.14 0.00 0.00 
      Max. Vx 7 2.22 0.00 0.00 

    Diagonal Max Tension 3 5.68 0.00 0.00 

      Max. Compression 3 -5.88 0.00 0.00 

      Max. Mx 25 0.27 0.16 0.02 

      Max. My 21 -2.23 0.15 -0.02 

      Max. Vy 25 0.07 0.16 0.02 
      Max. Vx 21 0.00 0.00 0.00 

        

  

 

 Maximum Reactions    
 

Location Condition Gov. 
Load 

Comb. 

Vertical 
K 

Horizontal, X 
K 

Horizontal, Z 
K 

Leg C Max. Vert 10 153.55 14.43 -8.57 

  Max. Hx 10 153.55 14.43 -8.57 
  Max. Hz 3 -112.22 -10.41 7.47 

  Min. Vert 4 -129.01 -12.49 7.42 

  Min. Hx 4 -129.01 -12.49 7.42 

  Min. Hz 10 153.55 14.43 -8.57 

Leg B Max. Vert 6 153.12 -14.63 -8.28 

  Max. Hx 12 -130.78 12.71 7.19 
  Max. Hz 12 -130.78 12.71 7.19 

  Min. Vert 12 -130.78 12.71 7.19 

  Min. Hx 6 153.12 -14.63 -8.28 
  Min. Hz 6 153.12 -14.63 -8.28 

Leg A Max. Vert 2 153.66 -0.36 16.82 

  Max. Hx 10 -64.59 1.99 -7.54 
  Max. Hz 2 153.66 -0.36 16.82 

  Min. Vert 8 -130.26 0.31 -14.59 

  Min. Hx 5 7.55 -1.99 0.53 
  Min. Hz 8 -130.26 0.31 -14.59 
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 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 23.85 -0.00 -0.00 0.19 10.24 -0.00 

Dead+Wind 0 deg - No Ice 23.85 -0.04 -27.50 -2368.72 16.56 -11.40 
Dead+Wind 30 deg - No Ice 23.85 12.97 -22.57 -1968.81 -1119.06 -9.66 

Dead+Wind 60 deg - No Ice 23.85 22.11 -12.77 -1117.67 -1925.65 -6.06 

Dead+Wind 90 deg - No Ice 23.85 26.03 0.05 6.52 -2259.37 -1.09 
Dead+Wind 120 deg - No Ice 23.85 23.79 13.79 1190.09 -2037.86 4.74 

Dead+Wind 150 deg - No Ice 23.85 13.05 22.61 1975.41 -1130.01 8.57 

Dead+Wind 180 deg - No Ice 23.85 0.04 25.61 2246.77 4.03 10.23 
Dead+Wind 210 deg - No Ice 23.85 -12.98 22.57 1969.12 1139.73 9.66 

Dead+Wind 240 deg - No Ice 23.85 -23.74 13.71 1179.22 2052.15 6.67 

Dead+Wind 270 deg - No Ice 23.85 -26.03 -0.04 -6.01 2279.91 1.10 
Dead+Wind 300 deg - No Ice 23.85 -22.15 -12.85 -1128.51 1952.47 -4.17 

Dead+Wind 330 deg - No Ice 23.85 -13.05 -22.62 -1975.06 1150.48 -8.57 

Dead+Ice+Temp 58.83 0.00 -0.00 -0.93 38.42 -0.00 
Dead+Wind 0 deg+Ice+Temp 58.83 -0.01 -8.19 -719.73 39.83 -3.19 

Dead+Wind 30 deg+Ice+Temp 58.83 3.83 -6.65 -592.54 -301.51 -2.65 

Dead+Wind 60 deg+Ice+Temp 58.83 6.50 -3.75 -335.91 -541.65 -1.63 
Dead+Wind 90 deg+Ice+Temp 58.83 7.68 0.01 0.40 -643.80 -0.26 

Dead+Wind 120 deg+Ice+Temp 58.83 7.09 4.10 359.63 -583.27 1.38 
Dead+Wind 150 deg+Ice+Temp 58.83 3.85 6.66 592.03 -303.79 2.39 

Dead+Wind 180 deg+Ice+Temp 58.83 0.01 7.52 671.35 37.20 2.81 

Dead+Wind 210 deg+Ice+Temp 58.83 -3.83 6.65 590.71 378.53 2.65 

Dead+Wind 240 deg+Ice+Temp 58.83 -7.08 4.09 357.35 658.98 1.82 

Dead+Wind 270 deg+Ice+Temp 58.83 -7.68 -0.01 -2.23 720.82 0.26 

Dead+Wind 300 deg+Ice+Temp 58.83 -6.51 -3.77 -338.18 619.98 -1.18 
Dead+Wind 330 deg+Ice+Temp 58.83 -3.85 -6.66 -593.86 380.80 -2.39 

Dead+Wind 0 deg - Service 23.85 -0.02 -9.51 -819.50 12.44 -3.94 

Dead+Wind 30 deg - Service 23.85 4.49 -7.81 -681.12 -380.52 -3.34 
Dead+Wind 60 deg - Service 23.85 7.65 -4.42 -386.62 -659.62 -2.10 

Dead+Wind 90 deg - Service 23.85 9.01 0.02 2.37 -775.08 -0.38 

Dead+Wind 120 deg - Service 23.85 8.23 4.77 411.92 -698.43 1.64 
Dead+Wind 150 deg - Service 23.85 4.52 7.82 683.67 -384.29 2.97 

Dead+Wind 180 deg - Service 23.85 0.02 8.86 777.58 8.11 3.54 

Dead+Wind 210 deg - Service 23.85 -4.49 7.81 681.50 401.08 3.34 
Dead+Wind 240 deg - Service 23.85 -8.21 4.74 408.16 716.80 2.31 

Dead+Wind 270 deg - Service 23.85 -9.01 -0.02 -1.97 795.63 0.38 

Dead+Wind 300 deg - Service 23.85 -7.67 -4.45 -390.37 682.33 -1.44 
Dead+Wind 330 deg - Service 23.85 -4.52 -7.83 -683.29 404.82 -2.97 

  

 

 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 -23.85 0.00 0.00 23.85 0.00 0.000% 

2 -0.04 -23.85 -27.50 0.04 23.85 27.50 0.014% 

3 12.98 -23.85 -22.58 -12.97 23.85 22.57 0.022% 
4 22.12 -23.85 -12.77 -22.11 23.85 12.77 0.028% 

5 26.03 -23.85 0.04 -26.03 23.85 -0.05 0.022% 

6 23.79 -23.85 13.79 -23.79 23.85 -13.79 0.013% 
7 13.06 -23.85 22.62 -13.05 23.85 -22.61 0.022% 

8 0.04 -23.85 25.62 -0.04 23.85 -25.61 0.028% 
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Load 

Comb. 

Sum of Applied Forces Sum of Reactions  
% Error PX 

K 

PY 

K 

PZ 

K 

PX 

K 

PY 

K 

PZ 

K 

9 -12.98 -23.85 22.58 12.98 23.85 -22.57 0.022% 
10 -23.75 -23.85 13.71 23.74 23.85 -13.71 0.014% 

11 -26.03 -23.85 -0.04 26.03 23.85 0.04 0.022% 

12 -22.16 -23.85 -12.85 22.15 23.85 12.85 0.028% 
13 -13.06 -23.85 -22.62 13.05 23.85 22.62 0.022% 

14 0.00 -58.83 0.00 -0.00 58.83 0.00 0.001% 

15 -0.01 -58.83 -8.19 0.01 58.83 8.19 0.002% 
16 3.83 -58.83 -6.66 -3.83 58.83 6.65 0.002% 

17 6.50 -58.83 -3.75 -6.50 58.83 3.75 0.002% 

18 7.68 -58.83 0.01 -7.68 58.83 -0.01 0.002% 
19 7.09 -58.83 4.10 -7.09 58.83 -4.10 0.002% 

20 3.85 -58.83 6.66 -3.85 58.83 -6.66 0.002% 

21 0.01 -58.83 7.52 -0.01 58.83 -7.52 0.002% 
22 -3.83 -58.83 6.66 3.83 58.83 -6.65 0.002% 

23 -7.08 -58.83 4.09 7.08 58.83 -4.09 0.002% 

24 -7.68 -58.83 -0.01 7.68 58.83 0.01 0.002% 
25 -6.51 -58.83 -3.77 6.51 58.83 3.77 0.002% 

26 -3.85 -58.83 -6.66 3.85 58.83 6.66 0.002% 

27 -0.02 -23.85 -9.52 0.02 23.85 9.51 0.009% 
28 4.49 -23.85 -7.81 -4.49 23.85 7.81 0.010% 

29 7.65 -23.85 -4.42 -7.65 23.85 4.42 0.011% 

30 9.01 -23.85 0.02 -9.01 23.85 -0.02 0.010% 
31 8.23 -23.85 4.77 -8.23 23.85 -4.77 0.009% 

32 4.52 -23.85 7.83 -4.52 23.85 -7.82 0.010% 

33 0.02 -23.85 8.87 -0.02 23.85 -8.86 0.011% 
34 -4.49 -23.85 7.81 4.49 23.85 -7.81 0.010% 

35 -8.22 -23.85 4.75 8.21 23.85 -4.74 0.009% 

36 -9.01 -23.85 -0.02 9.01 23.85 0.02 0.010% 

37 -7.67 -23.85 -4.45 7.67 23.85 4.45 0.011% 

38 -4.52 -23.85 -7.83 4.52 23.85 7.83 0.010% 

 

 
 

 Non-Linear Convergence Results   
 

Load 
Combination 

Converged? Number 
 of Cycles 

Displacement 
Tolerance 

Force 
Tolerance 

1 Yes 6 0.00000001 0.00000001 

2 Yes 7 0.00026286 0.00059939 

3 Yes 7 0.00028596 0.00065160 
4 Yes 7 0.00030685 0.00069856 

5 Yes 7 0.00028608 0.00065205 

6 Yes 7 0.00026288 0.00059969 
7 Yes 7 0.00028730 0.00065393 

8 Yes 7 0.00030735 0.00069994 

9 Yes 7 0.00028659 0.00065306 
10 Yes 7 0.00026288 0.00059925 

11 Yes 7 0.00028665 0.00065304 

12 Yes 7 0.00030726 0.00069946 
13 Yes 7 0.00028722 0.00065346 

14 Yes 6 0.00000001 0.00023792 

15 Yes 8 0.00000001 0.00060329 
16 Yes 8 0.00000001 0.00059689 

17 Yes 8 0.00000001 0.00059665 

18 Yes 8 0.00000001 0.00059448 
19 Yes 8 0.00000001 0.00059959 

20 Yes 8 0.00000001 0.00060611 

21 Yes 8 0.00000001 0.00061425 
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22 Yes 8 0.00000001 0.00061395 

23 Yes 8 0.00000001 0.00061486 
24 Yes 8 0.00000001 0.00061595 

25 Yes 8 0.00000001 0.00061764 

26 Yes 8 0.00000001 0.00061028 
27 Yes 7 0.00000001 0.00061955 

28 Yes 7 0.00000001 0.00063662 

29 Yes 7 0.00000001 0.00065317 
30 Yes 7 0.00000001 0.00063733 

31 Yes 7 0.00000001 0.00062037 

32 Yes 7 0.00000001 0.00063959 
33 Yes 7 0.00000001 0.00065553 

34 Yes 7 0.00000001 0.00063849 

35 Yes 7 0.00000001 0.00061998 
36 Yes 7 0.00000001 0.00063814 

37 Yes 7 0.00000001 0.00065456 

38 Yes 7 0.00000001 0.00063854 

 

 
 

 Maximum Tower Deflections - Service Wind   
 

Section 

No. 

Elevation 

 

ft 

Horz. 

Deflection 

in 

Gov. 

Load 

Comb. 

Tilt 

 

° 

Twist 

 

° 

T1 140 - 120 3.80 35 0.255 0.016 
T2 120 - 100 2.75 35 0.225 0.015 

T3 100 - 80 1.86 35 0.181 0.012 

T4 80 - 60 1.16 35 0.137 0.009 

T5 60 - 40 0.65 35 0.095 0.006 

T6 40 - 20 0.30 35 0.057 0.004 

T7 20 - 0 0.09 35 0.029 0.002 
      

  

 

 Critical Deflections and Radius of Curvature - Service Wind 
 

Elevation 

 
ft 

Appurtenance Gov. 

Load 
Comb. 

Deflection 

 
in 

Tilt 

 
° 

Twist 

 
° 

Radius of 

Curvature 
ft 

140' Lightning Rod 35 3.80 0.255 0.016 94302 

137' (2) FD9R6004/2C-3L 35 3.64 0.251 0.016 94302 

124' (2) DB980H90E-M w/ Mount Pipe 35 2.95 0.232 0.015 29483 
101' RR90-17-00DP w/ Mount Pipe 35 1.90 0.184 0.012 26494 

60' GPS_A 35 0.65 0.095 0.006 28249 

50' GPS 35 0.45 0.075 0.005 32594 

  

 
 

 Maximum Tower Deflections - Design Wind   
 

Section 

No. 

Elevation 

 

ft 

Horz. 

Deflection 

in 

Gov. 

Load 

Comb. 

Tilt 

 

° 

Twist 

 

° 

T1 140 - 120 10.93 2 0.731 0.046 
T2 120 - 100 7.91 2 0.647 0.043 

T3 100 - 80 5.36 2 0.521 0.034 
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Section 
No. 

Elevation 
 

ft 

Horz. 
Deflection 

in 

Gov. 
Load 

Comb. 

Tilt 
 

° 

Twist 
 

° 

T4 80 - 60 3.34 2 0.394 0.026 
T5 60 - 40 1.86 2 0.273 0.018 

T6 40 - 20 0.85 2 0.165 0.012 

T7 20 - 0 0.25 2 0.084 0.005 
      

  

 

 Critical Deflections and Radius of Curvature - Design Wind 
 

Elevation 

 

ft 

Appurtenance Gov. 

Load 

Comb. 

Deflection 

 

in 

Tilt 

 

° 

Twist 

 

° 

Radius of 

Curvature 

ft 

140' Lightning Rod 2 10.93 0.731 0.046 33069 

137' (2) FD9R6004/2C-3L 2 10.46 0.720 0.046 33069 

124' (2) DB980H90E-M w/ Mount Pipe 2 8.49 0.667 0.044 10339 
101' RR90-17-00DP w/ Mount Pipe 2 5.47 0.527 0.035 9245 

60' GPS_A 2 1.86 0.273 0.018 9811 

50' GPS 2 1.30 0.216 0.015 11332 

  

 
 

 Bolt Design Data    
 

Section 
No. 

Elevation 
 

ft 

Component 
Type 

Bolt 
Grade 

 

Bolt Size 
 

in 

Number 
Of 

Bolts 

Maximum 
Load per 

Bolt 

K 

Allowable 
Load 

K 

Ratio 

Load 

Allowable 

Allowable 
Ratio 

Criteria 

T1 140 Leg A325N 0.63 4 4.00 13.50 
0.297   

1.333 Bolt Tension 

    Diagonal A325N 0.50 1 3.40 3.81 
0.893   

1.333 Member Block 

Shear 
    Top Girt A325N 0.50 1 0.53 2.72 

0.196   
1.333 Member Bearing 

T2 120 Leg A325N 0.75 4 9.54 19.44 
0.491   

1.333 Bolt Tension 

    Diagonal A325N 0.50 1 3.09 3.81 
0.812   

1.333 Member Block 

Shear 
    Top Girt A325N 0.50 1 0.06 2.72 

0.023   
1.333 Member Bearing 

T3 100 Leg A325N 0.88 4 14.60 26.46 
0.552   

1.333 Bolt Tension 

    Diagonal A325N 0.50 1 3.94 4.12 
0.954   

1.333 Bolt Shear 

T4 80 Leg A325N 0.88 4 19.38 26.46 
0.732   

1.333 Bolt Tension 

    Diagonal A325N 0.50 1 4.19 4.12 
1.017   

1.333 Bolt Shear 

T5 60 Leg A325N 1.00 4 23.74 34.56 
0.687   

1.333 Bolt Tension 

    Diagonal A325N 0.50 1 4.54 4.12 
1.102   

1.333 Bolt Shear 

T6 40 Leg A325N 1.00 4 27.64 34.56 
0.800   

1.333 Bolt Tension 

    Diagonal A325N 0.63 1 5.35 5.10 
1.050   

1.333 Member Bearing 

T7 20 Leg A449 1.00 4 32.85 31.10 
1.056   

1.333 Bolt Tension 

    Diagonal A325N 0.63 1 5.88 6.44 
0.912   

1.333 Bolt Shear 
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 Compression Checks   
 

 

 Leg Design Data (Compression)    
 

Section 

No. 

Elevation 

 

ft 

Size 

 

L 

 

ft 

Lu 

 

ft 

Kl/r 

 

Fa 

 

ksi 

A 

 

in2 

Actual 

P 

K 

Allow. 

Pa 

K 

Ratio 

P 

Pa 

T1 140 - 120 ROHN 2 STD 20' 4' 61.0 

K=1.00 

22.55 1.07 -19.97 24.23 0.824   

 
T2 120 - 100 ROHN 2.5 EH 20'3/8'' 5'1/8'' 65.0 

K=1.00 
21.84 2.25 -44.13 49.21 0.897   

 
T3 100 - 80 ROHN 3 EH 20'3/8'' 6'8-5/32'' 70.5 

K=1.00 

20.84 3.02 -66.75 62.85 1.062   

 
T4 80 - 60 ROHN 3.5 EH 20'3/8'' 6'8-5/32'' 61.3 

K=1.00 

22.49 3.68 -88.78 82.72 1.073   

 
T5 60 - 40 ROHN 4 X-STR 20'15/32'' 6'8-5/32'' 54.3 

K=1.00 
23.67 4.41 -109.79 104.33 1.052   

 
T6 40 - 20 ROHN 5 EH 20'3/8'' 10'1/4'' 65.4 

K=1.00 

21.78 6.11 -128.63 133.13 0.966   

 
T7 20 - 0 ROHN 5 X-STR 20'3/8'' 9'11-5/8'' 65.1 

K=1.00 

21.83 6.11 -154.37 133.43 1.157   

 
                      

 

 

 Diagonal Design Data (Compression)    
 

Section 

No. 

Elevation 

 

ft 

Size 

 

L 

 

ft 

Lu 

 

ft 

Kl/r 

 

Fa 

 

ksi 

A 

 

in2 

Actual 

P 

K 

Allow. 

Pa 

K 

Ratio 

P 

Pa 

T1 140 - 120 L1 3/4x1 3/4x3/16 7'8-5/32'' 3'7-7/16'' 126.6 

K=1.00 

9.32 0.62 -3.50 5.79 0.604   

 
T2 120 - 100 L1 3/4x1 3/4x3/16 9'8-3/4'' 4'9-1/4'' 166.7 

K=1.00 

5.37 0.62 -3.09 3.34 0.927   

 
T3 100 - 80 L2x2x3/16 12'3-1/4'' 6'23/32'' 184.5 

K=1.00 
4.39 0.71 -3.93 3.14 1.253   

 
T4 80 - 60 L2 1/2x2 1/2x3/16 14'1/4'' 6'10-29/3

2'' 

167.6 

K=1.00 

5.32 0.90 -4.19 4.80 0.874   

 
T5 60 - 40 L3x3x3/16 15'10-11/

16'' 

7'9-31/32'

' 

157.6 

K=1.00 

6.01 1.09 -4.54 6.56 0.693   

 
T6 40 - 20 L3x3x3/16 19'1-3/16'

' 
9'5-13/32'

' 
190.3 

K=1.00 
4.12 1.09 -5.52 4.49 1.228   

 
T7 20 - 0 L3x3x1/4 20'9-19/3

2'' 

10'3-19/3

2'' 

208.8 

K=1.00 

3.42 1.44 -5.88 4.93 1.192   

 
    KL/R > 200 (C) - 152                 

                      

 

 

 Top Girt Design Data (Compression)    
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Section 
No. 

Elevation 
 

ft 

Size 
 

L 
 

ft 

Lu 

 

ft 

Kl/r 
 

Fa 

 

ksi 

A 
 

in2 

Actual 
P 

K 

Allow. 
Pa 

K 

Ratio 

P 

Pa 

T1 140 - 120 L2x2x1/8 6'6-1/4'' 6'1-5/16'' 184.6 

K=1.00 

4.38 0.48 -0.50 2.12 0.237   

 
T2 120 - 100 L2x2x1/8 6'6-23/32'

' 

6'1-29/32'

' 

185.8 

K=1.00 

4.32 0.48 -0.09 2.09 0.042   

 
                      

 

 

 Tension Checks   
 

 

 Leg Design Data (Tension)    
 

Section 
No. 

Elevation 
 

ft 

Size 
 

L 
 

ft 

Lu 

 

ft 

Kl/r 
 

Fa 

 

ksi 

A 
 

in2 

Actual 
P 

K 

Allow. 
Pa 

K 

Ratio 

P 

Pa 

T1 140 - 120 ROHN 2 STD 20' 4' 61.0 30.00 1.07 16.01 32.24 0.497   

 
T2 120 - 100 ROHN 2.5 EH 20'3/8'' 5'1/8'' 65.0 30.00 2.25 38.17 67.61 0.565   

 
T3 100 - 80 ROHN 3 EH 20'3/8'' 6'8-5/32'' 70.5 30.00 3.02 58.40 90.48 0.645   

 
T4 80 - 60 ROHN 3.5 EH 20'3/8'' 6'8-5/32'' 61.3 30.00 3.68 77.51 110.35 0.702   

 
T5 60 - 40 ROHN 4 X-STR 20'15/32'' 6'8-5/32'' 54.3 30.00 4.41 94.98 132.22 0.718   

 
T6 40 - 20 ROHN 5 EH 20'3/8'' 10'1/4'' 65.4 30.00 6.11 110.55 183.36 0.603   

 
T7 20 - 0 ROHN 5 X-STR 20'3/8'' 9'11-5/8'' 65.1 30.00 6.11 131.41 183.36 0.717   

 
                      

 

 

 Diagonal Design Data (Tension)    
 

Section 

No. 

Elevation 

 
ft 

Size 

 

L 

 
ft 

Lu 

 
ft 

Kl/r 

 

Fa 

 
ksi 

A 

 
in2 

Actual 

P 
K 

Allow. 

Pa 
K 

Ratio 

P 

Pa 

T1 140 - 120 L1 3/4x1 3/4x3/16 7'8-5/32'' 3'7-7/16'' 83.3 29.00 0.38 3.40 10.96 0.310   

 
T2 120 - 100 L1 3/4x1 3/4x3/16 9'8-3/4'' 4'9-1/4'' 109.0 29.00 0.38 3.09 10.96 0.282   

 
T3 100 - 80 L2x2x3/16 11'1-29/3

2'' 

5'6-1/8'' 109.2 29.00 0.45 3.85 13.00 0.296   

 
T4 80 - 60 L2 1/2x2 1/2x3/16 14'1/4'' 6'10-29/3

2'' 
108.2 29.00 0.59 4.10 17.07 0.240   

 
T5 60 - 40 L3x3x3/16 15'10-11/

16'' 

7'9-31/32'

' 

101.3 29.00 0.73 4.48 21.16 0.212   

 
T6 40 - 20 L3x3x3/16 19'1-3/16'

' 

9'5-13/32'

' 

122.3 29.00 0.71 5.35 20.65 0.259   

 
T7 20 - 0 L3x3x1/4 20'9-19/3

2'' 
10'3-19/3

2'' 
134.5 32.50 0.94 5.68 30.53 0.186   
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Section 
No. 

Elevation 
 

ft 

Size 
 

L 
 

ft 

Lu 

 

ft 

Kl/r 
 

Fa 

 

ksi 

A 
 

in2 

Actual 
P 

K 

Allow. 
Pa 

K 

Ratio 

P 

Pa 

 
                      

 

 

 Top Girt Design Data (Tension)    
 

Section 

No. 

Elevation 

 

ft 

Size 

 

L 

 

ft 

Lu 

 

ft 

Kl/r 

 

Fa 

 

ksi 

A 

 

in2 

Actual 

P 

K 

Allow. 

Pa 

K 

Ratio 

P 

Pa 

T1 140 - 120 L2x2x1/8 6'6-1/4'' 6'1-5/16'' 121.2 29.00 0.30 0.53 8.84 0.060   

 
T2 120 - 100 L2x2x1/8 6'6-23/32'

' 
6'1-29/32'

' 
122.0 29.00 0.30 0.06 8.84 0.007   

 
                      

 

 

 Section Capacity Table 
 

Section 

No. 

Elevation 

ft 

Component 

Type 

Size Critical 

Element 

P 

K 

SF*Pallow 

K 

% 

Capacity 

Pass 

Fail 

T1 140 - 120 Leg ROHN 2 STD 2 -19.97 32.30 61.8 Pass  

T2 120 - 100 Leg ROHN 2.5 EH 38 -44.13 65.60 67.3 Pass  

T3 100 - 80 Leg ROHN 3 EH 69 -66.75 83.78 79.7 Pass  

T4 80 - 60 Leg ROHN 3.5 EH 90 -88.78 110.27 80.5 Pass  
T5 60 - 40 Leg ROHN 4 X-STR 111 -109.79 139.07 78.9 Pass  

T6 40 - 20 Leg ROHN 5 EH 132 -128.63 177.46 72.5 Pass  

T7 20 - 0 Leg ROHN 5 X-STR 147 -154.37 177.86 86.8 Pass  
T1 140 - 120 Diagonal L1 3/4x1 3/4x3/16 7 -3.50 7.71 45.3 

67.0 (b) 

Pass  

T2 120 - 100 Diagonal L1 3/4x1 3/4x3/16 44 -3.09 4.45 69.5 Pass  
T3 100 - 80 Diagonal L2x2x3/16 74 -3.93 4.18 94.0 Pass  

T4 80 - 60 Diagonal L2 1/2x2 1/2x3/16 95 -4.19 6.39 65.6 

76.3 (b) 

Pass  

T5 60 - 40 Diagonal L3x3x3/16 116 -4.54 8.74 52.0 

82.6 (b) 

Pass  

T6 40 - 20 Diagonal L3x3x3/16 137 -5.52 5.99 92.1 Pass  
T7 20 - 0 Diagonal L3x3x1/4 152 -5.88 6.57 89.4 Pass  

T1 140 - 120 Top Girt L2x2x1/8 6 -0.50 2.83 17.8 Pass  

T2 120 - 100 Top Girt L2x2x1/8 41 -0.09 2.79 3.2 Pass  
              Summary   

            Leg (T7) 86.8 Pass  

            Diagonal 
(T3) 

94.0 Pass  

            Top Girt 

(T1) 

17.8 Pass  

            Bolt Checks 82.6 Pass  

      RATING = 94.0 Pass  
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APPENDIX C 

 

ADDITIONAL CALCULATIONS 



Updated: 2/14/2013

PROJECT INFORMATION Pier Ht. Above Grade (ft) FACTORS Rev-F Rev-G

FDH Project No: 0.50 Weight Resist. N/A 0.9

Client Project Name: Weight Acting N/A 1.2

Client Project No: Pad Bear. Depth (ft) Bearing Resist. 0.5 0.75

Date: 12.50 Up. Resist. Conc. 0.8 N/A

Code (F or G): Pad Thickness (ft) Up. Resist. Soil 0.50 N/A

2.00 Up. Resist. Comb. 0.67 0.75

FOUNDATION INFORMATION

Density Concrete (pcf):** 150 UPLIFT CHECK

Pier Type (S or R): R Resistance Forces (Ultimate) (Allowable) Acting Forces Working %

Pier Width/Diameter (ft): 3.00 LEGEND Wt. Concrete (kip): 26.36 21.09 Tower Uplift (kip): 131 82.45%

Pier Cross. Sect. Area (ft^2): 7.069 Input Wt. Soil (kip): 261.95 130.97 Pass/Fail

Pier Height Above Grade (ft): 0.50 Output Friction (kip): 13.62 6.81 PASS

Pad Width (ft): 7.00 Notes

Pad Thickness (ft): 2.00 Factors & N/A COMPRESSION CHECK

Pad Bearing Depth (ft): 12.50 Pass/Fail PASS/FAIL Resistance Forces (Ultimate) (Allowable) Acting Forces Working %

Frost Depth (ft): 3.00 Bear. Cap. (ksf): 40.00 20.00 Tower Comp. (kip): 154 44.82%

Water Table Depth (ft): 50.00 BEARING CAPACITY INFORMATION Friction (kip): 13.62 6.81 Wt. Conc. (kip): 26.36 Pass/Fail

Gross/Net (G/N): G Wt. Soil (kip): 261.95 PASS

SOIL INFORMATION Gross Ws (kip): 261.95 HELPFUL TIPS

# of Layers Above Pad: 3 Must Be Int. >=1,<=5 Gross Wc (kip): 26.36 *Enter all resistance forces as ultimate values.

# of Layers Adjacent Pad: 1 Must Be Int. >=1,<=5 Net Wc (kip): N/A **Enter "# of Layers" prior to entering indiv. layer info.

Total # of Layers: 4 Must Be Int. >=2,<=6 ***The frost depth, water table depth, and top of anchor must fall between two soil layers.  If any fall within a soil layer, be sure to split the layer into two layers.

# of Layers Check OK If "OK" then cont. ****Do not reduce a soil layer's unit weight to account for bouyancy.  This will be calculated and accounted for automatically.

Frost Depth Check OK If "OK" then cont. *****Do not enter soil data beyond the depth  of the bottom of the pad.  Only the soil data from the layers above and adjacent to the pad are required.

Water Table Check OK If "OK" then cont.

Pad Check OK If "OK" then cont.

Layer Depth at Bot. (ft) Soil Type (C/S) Unit Wt. (pcf) Thickness (ft) Frict. Angle (°) Cohesion (psf) Bot. Area (ft^2) Top Area (ft^2) Vol. of Soil (ft^3) Net Vol. of Soil (ft^3) Net Soil Wt. (kip) Net Conc. Wt. (kip) Total Up. (kip) Total Comp. (kip)

1 3.00 S 115 3.00 35 0 306.36 471.08 1157.33 1136.13 130.65 0.74 0.00 0.00

2 7.80 S 115 4.80 35 0 116.23 306.36 978.07 944.14 108.58 1.19 0.00 0.00

3 10.50 S 115 2.70 35 0 49.00 116.23 216.63 197.55 22.72 0.67 0.00 0.00

4 12.50 S 115 2.00 35 0 N/A N/A N/A N/A N/A 3.43 13.62 13.62

5 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

6 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Layer Pad? (Y/N) Soil to Soil (kip) Soil to Pad (kip) Adhesion (psf) Friction Coeff. Frost Depth? (Y/ N) Water Table? (Y/ N) Bouy. Unit Wt. (pcf) Bouy. Wt. Soil (kip) Ko Vert. Press. (ksf) Rest Press. (ksf) Rest Resist. (kip)

1 N 0.00 0.00 N/A 0.43 Y N 115.00 130.65 0.43 0.35 0.07 1.54

2 N 0.00 0.00 N/A 0.43 N N 115.00 108.58 0.43 0.90 0.26 8.90

3 N 0.00 0.00 N/A 0.43 N N 115.00 22.72 0.43 1.21 0.45 8.48

4 Y N/A 13.62 N/A 0.43 N N 115.00 N/A 0.43 1.44 0.56 7.90

5 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

6 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

SERIES IDENTIFIER & SERIES DEPENDENT CALCULATIONS SYMBOL KEY

Tot., # Adj. Anchor True/False Water Table Count. % Pad Bel. WT Water Table Count. % Pier Bel. WT % Total Bel. WT Pad Check Name Symbol Name Symbol

6,1 FALSE 0 0.00% 0 0.00% 0.00% 0 Pad Width W Avg. Rest. Press. RPavg

6,2 FALSE 0 0.00% 0 0.00% 0.00% 0 Anchor Width L Vert. Press. at Top PVtop

6,3 FALSE 0 0.00% 0 0.00% 0.00% 0 Volume of Soil Vs Vert. Press. at Bot. PVbot

6,4 FALSE 0 0.00% 0 0.00% 0.00% 0 Unit Weight Soil γs Side Area Anchor SAas

6,5 FALSE 0 0.00% 0 0.00% 0.00% 0 Unit Weight Water γw Weight of Soil Ws

5,1 FALSE 0 0.00% 0 0.00% 0.00% 0 Unit Weight Conc. γc Weight of Concrete Wc

5,2 FALSE 0 0.00% 0 0.00% 0.00% 0 Friction Angle φ Friction Coefficient FC

5,3 FALSE 0 0.00% 0 0.00% 0.00% 0 Layer Thickness t Rest. Press. Force RPF

5,4 FALSE 0 0.00% 0 0.00% 0.00% 0 Soil to Soil S to S Cohesion Cu

4,1 TRUE 0 0.00% 0 0.00% 0.00% 1 Soil to Pad S to P Adhesion Adh

4,2 FALSE 0 0.00% 0 0.00% 0.00% 0 Area of Pier Apier

4,3 FALSE 0 0.00% 0 0.00% 0.00% 0

3,1 FALSE 0 0.00% 0 0.00% 0.00% 0

3,2 FALSE 0 0.00% 0 0.00% 0.00% 0

2,1 FALSE 0 0.00% 0 0.00% 0.00% 0

Friction CalculationsFrustum Calculations

Soil Profile Data Input

Soil Profile

Cals depth at bot. of 

soil layer given layer 

thicknesses

Depth above + Layer 

Thickness

Sum of all frictional 

compression forces for 

each soil layer

S to P

Calcs volume of soil 

above pad

(1/3)*t*((TA+BA) 

+sqrt(TA+BA))

7.00

Notes

Equation

Universal Calculations

Calcs area of bottom 

of frustum

W*L Anch. or TA(bel.)

Determines location of 

anchor in soil profile

Calcs soil plug 

cohesional resistance

Pad Locator

Calcs frict. on pad 

sides

Equation

Checks if the water table is between layers

Checks if the top of the pad is between soil layers

146GCJ1400

HRT 087 943325

806383

F

11/7/2014

Checks if # of Layers is within appropriate range

Checks if the frost depth is between layers

Calcs vertical pressure 

at bottom of each soil 

layer

Calcs average resting 

pressure on each soil 

layer

SST(PAD-PIER) FOUNDATION CALCULATOR (VERSION 1)

Calcs area of top of 

frustum

TW*TL

Calcs net weight of 

soil above pad

Vs*γs

Calcs wt. conc. - wt. 

soil within foundation 

volume

If Pier:Apier*t*(γc*γs)                   

If Pad:4*W*t*(γc*γs)

Notes

Calcs resting earth 

pressure coefficient

Calculates net bouyant 

weight of soil above 

pad

Calcs friction 

coefficient

Calcs net volume of 

soil above pad

Vs-Apier*t

RPavg*t*L

Sum(S to S & S to P)

Sum of all frictional 

uplift forces for each 

soil layer

Friction Calculations

Calcs resting force 

acting on sides of 

each soil layer

Calculates bouyant 

unit weight

N/A N/AN/A 0.5*Cu*4*W*t
Adh*(4*SAas) or 

4*RPF*FC
(0.31+(0.34/Cu))*Cu tan((2/3)*φ)

Calcs adhesion based 

on cohesion

(PVtop+PVbot)*0.5* 

Ko
(γs-γw)*Vs 1-sin(φ) Ptop+γs*t

Pier Width/Diameter (ft)

γs-γw

3.00

Pad Width (ft)

Determines if soil layer 

is within the frost 

depth

Determines if soil layer 

is beneath the water 

table

f 

GRADE 
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Date:   February 12, 2015 
 

Marianne Dunst FDH Engineering, Inc. 
Crown Castle 6521 Meridien Drive, Suite 107 
3530 Toringdon Way Suite 300 Raleigh, North Carolina 27616 
Charlotte, NC 28277 9197551012 
 
Subject:         Structural Analysis Report 
 
Carrier Designation: T-Mobile Co-Locate 
 Carrier Site Number: CT11142A 
 Carrier Site Name:                                Willington/ Rt 320/ Cosg 1 
 
Crown Castle Designation: Crown Castle BU Number: 806383 
 Crown Castle Site Name: HRT 087 943325 
 Crown Castle JDE Job Number: 322230 
 Crown Castle Work Order Number: 1005475 
 Crown Castle Application Number: 282537 Rev. 2 
 
Engineering Firm Designation: FDH Engineering, Inc. Project Number: 15BDRT1400(R1) 
 
Site Data:                              COSGROVE ROADWHIFFORD HILL, WEST WILLINGTON, Tolland County, CT 
 Latitude 41° 53' 32.92'', Longitude -72° 15' 38.15'' 
 140 Foot - Self Support Tower 
 
Dear Marianne Dunst, 
 
FDH Engineering, Inc. is pleased to submit this “Structural Analysis Report” to determine the structural 
integrity of the above mentioned tower.  This analysis has been performed in accordance with the Crown Castle 
Structural ‘Statement of Work’ and the terms of Crown Castle Purchase Order Number 754360, in accordance 
with application 282537, revision 2. 
 
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: 
 
 LC7: Existing + Reserved + Proposed Equipment Sufficient Capacity 
 Note: See Table I and Table II for the proposed and existing/reserved loading, respectively. 
 
The analysis has been performed in accordance with the TIA/EIA-222-F standard and local code requirements 
based upon a wind speed of 85 mph fastest mile.               
 
All modifications and equipment proposed in this report shall be installed in accordance with the attached 
drawings for the determined available structural capacity to be effective. 
 
We at FDH Engineering, Inc. appreciate the opportunity of providing our continuing professional services to you 
and Crown Castle.  If you have any questions or need further assistance on this or any other projects please 
give us a call. 
 
Respectfully submitted by:    Reviewed by: 

 
Colleen Brophy, EI     Dennis D. Abel PE 
Project Engineer     Director - Structural Engineering 
       CT PE License No. 23247 
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1) INTRODUCTION 
 
This tower is a 140 ft Self Support tower designed by ROHN in December of 1986. The tower’s original design 
wind speed and code are unknown. 
 
2) ANALYSIS CRITERIA 
 
The structural analysis was performed for this tower in accordance with the requirements of TIA/EIA-222-F 
Structural Standards for Steel Antenna Towers and Antenna Supporting Structures using a fastest mile wind 
speed of 85 mph with no ice, 37.6 mph with 1 inch ice thickness and 50 mph under service loads.               
 

Table 1 - Proposed Antenna and Cable Information 

Mounting 
Level (ft) 

Center 
Line 

Elevation 
(ft) 

Number 
of 

Antennas 

Antenna 
Manufacturer 

Antenna Model 
Number 
of Feed 
Lines 

Feed 
Line 

Size (in) 
Note 

101.0 101.0 

3 commscope ATBT-BOTTOM-24V 

(6) 1-1/4 -- 
3 commscope 

LNX-6515DS-VTM w/ 
Mount Pipe 

 
Table 2 - Existing and Reserved Antenna and Cable Information 

Mounting 
Level (ft) 

Center 
Line 

Elevation 
(ft) 

Number 
of 

Antennas 

Antenna 
Manufacturer 

Antenna Model 
Number 
of Feed 
Lines 

Feed 
Line 

Size (in) 
Note 

137.0 

139.0 

3 alcatel lucent RRH2X60-AWS 

(2) 1-5/8 2 

3 alcatel lucent RRH2X60-PCS 

6 andrew 
HBXX-6517DS-VTM w/ 

Mount Pipe 

3 andrew 
LNX-6514DS-VTM w/ 

Mount Pipe 

3 andrew 
LNX-8513DS-A1M w/ 

Mount Pipe 

2 rfs celwave DB-T1-6Z-8AB-0Z 

137.0 
1 crown mounts Sector Mount [SM 506-3] 

(12) 1-5/8 1 
6 rfs celwave FD9R6004/2C-3L 

124.0 
125.0 6 decibel 

DB980H90E-M w/ Mount 
Pipe (6) 1-5/8 1 

124.0 1 tower mounts Sector Mount [SM 502-3] 

112.0 
114.0 

9 decibel 
DB844H90E-XY w/ Mount 

Pipe 

(9) 7/8 3 
12 swedcom 

ALP 9212-N w/ Mount 
Pipe 

112.0 1 crown mounts Sector Mount [SM 201-3] 

101.0 101.0 

1 crown mounts 
Side Arm Mount [SO 304-

3] 

(6) 1-1/4 1 
3 ems wireless 

RR90-17-00DP w/ Mount 
Pipe 

3 ericsson KRY 112 13/1 

3 ems wireless 
RR90-17-00DP w/ Mount 

Pipe -- -- 3 

3 ericsson KRY 112 13/1 
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Mounting 
Level (ft) 

Center 
Line 

Elevation 
(ft) 

Number 
of 

Antennas 

Antenna 
Manufacturer 

Antenna Model 
Number 
of Feed 
Lines 

Feed 
Line 

Size (in) 
Note 

60.0 60.0 
1 crown mounts 

Side Arm Mount [SO 305-
1] (1) 1/2 1 

1 gps GPS_A 

50.0 50.0 
1 crown mounts 

Side Arm Mount [SO 201-
1] (1) 1/2 1 

1 unknown GPS 

Notes: 
1) Existing Equipment  
2) Reserved Equipment 
3) Equipment To Be Removed; Not Considered in this Analysis  

 
Table 3 - Design Antenna and Cable Information 

Mounting 
Level (ft) 

Center 
Line 

Elevation 
(ft) 

Number 
of 

Antennas 

Antenna 
Manufacturer 

Antenna Model 
Number 
of Feed 
Lines 

Feed 
Line 

Size (in) 

140 140 4 -- PD10017 Antennas -- -- 

131 131 6 -- PD1132 antennas -- -- 

121 121 2 -- 6' Std dishes -- -- 

100 100 1 -- PD1109 Antenna -- -- 

 
3) ANALYSIS PROCEDURE 
 

Table 4 - Documents Provided 

Document Remarks Reference Source 

4-GEOTECHNICAL REPORTS JGI Eastern 1069386 CCISITES 

4-TOWER FOUNDATION 
DRAWINGS/DESIGN/SPECS 

Rohn 1069383 CCISITES 

4-TOWER MANUFACTURER 
DRAWINGS 

Rohn 1069394 CCISITES 

 
 3.1)  Analysis Method 
 

tnxTower (version 6.1.4.1), 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 in accordance with the manufacturer’s specifications. 
2) The tower and structures have been maintained in accordance with the manufacturer’s 

specification. 
3) The configuration of antennas, transmission cables, mounts and other appurtenances are as 

specified in Tables 1 and 2 and the referenced drawings. 
4) When applicable, transmission cables are considered as structural components for calculating 

wind loads as allowed by TIA/EIA-222-F. 
5) The loading at the 112’ level will be removed before installation or proposed loading. 
This analysis may be affected if any assumptions are not valid or have been made in error. FDH 
Engineering, Inc. should be notified to determine the effect on the structural integrity of the tower. 
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4) ANALYSIS RESULTS 
 

Table 5 - Section Capacity (Summary) 

Section 
No. Elevation (ft) Component Type Size 

Critical 
Element P (K) 

SF*P_allow 
(K) 

% 
Capacity Pass / Fail 

T1 140 - 120 Leg ROHN 2 STD 2 -19.97 32.30 61.8 Pass  

T2 120 - 100 Leg ROHN 2.5 EH 38 -44.13 65.60 67.3 Pass  

T3 100 - 80 Leg ROHN 3 EH 69 -66.75 83.78 79.7 Pass  

T4 80 - 60 Leg ROHN 3.5 EH 90 -88.78 110.27 80.5 Pass  

T5 60 - 40 Leg ROHN 4 X-STR 111 -109.79 139.07 78.9 Pass  

T6 40 - 20 Leg ROHN 5 EH 132 -128.63 177.46 72.5 Pass  

T7 20 - 0 Leg ROHN 5 X-STR 147 -154.37 177.86 86.8 Pass  

T1 140 - 120 Diagonal L1 3/4x1 3/4x3/16 7 -3.50 7.71 
45.3 

67.0 (b) 
Pass  

T2 120 - 100 Diagonal L1 3/4x1 3/4x3/16 44 -3.09 4.45 69.5 Pass  

T3 100 - 80 Diagonal L2x2x3/16 74 -3.93 4.18 94.0 Pass  

T4 80 - 60 Diagonal L2 1/2x2 1/2x3/16 95 -4.19 6.39 
65.6 

76.3 (b) 
Pass  

T5 60 - 40 Diagonal L3x3x3/16 116 -4.54 8.74 
52.0 

82.6 (b) 
Pass  

T6 40 - 20 Diagonal L3x3x3/16 137 -5.52 5.99 92.1 Pass  

T7 20 - 0 Diagonal L3x3x1/4 152 -5.88 6.57 89.4 Pass  

T1 140 - 120 Top Girt L2x2x1/8 6 -0.50 2.83 17.8 Pass  

T2 120 - 100 Top Girt L2x2x1/8 41 -0.09 2.79 3.2 Pass  

       Summary  

      Leg (T7) 86.8 Pass  

      
Diagonal 

(T3) 
94.0 Pass  

      
Top Girt 

(T1) 
17.8 Pass  

      Bolt Checks 82.6 Pass  

      RATING = 94.0 Pass  

 
Table 6 - Tower Component Stresses vs. Capacity – LC7 

Notes Component Elevation (ft) % Capacity Pass / Fail 

1 Base Foundation 0 44.8 Pass 

1 
Base Foundation 
Soil Interaction 

0 82.5 Pass 

 

Structure Rating (max from all components) =  94.0% 

Notes: 
1) See additional documentation in “Appendix C – Additional Calculations” for calculations supporting the % capacity 

consumed.  
 
 4.1)  Recommendations 
 

The tower and its foundation have sufficient capacity to carry the existing, reserved, and proposed 
loads. No modifications are required at this time. 
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TNXTOWER OUTPUT 
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Lightning Rod 140(2) FD9R6004/2C-3L 137(2) FD9R6004/2C-3L 137(2) FD9R6004/2C-3L 137Sector Mount [SM 506-3] 137(2) HBXX-6517DS-VTM w/ Mount Pipe 137(2) HBXX-6517DS-VTM w/ Mount Pipe 137(2) HBXX-6517DS-VTM w/ Mount Pipe 137LNX-6514DS-VTM w/ Mount Pipe 137LNX-6514DS-VTM w/ Mount Pipe 137LNX-6514DS-VTM w/ Mount Pipe 137LNX-8513DS-A1M w/ Mount Pipe 137LNX-8513DS-A1M w/ Mount Pipe 137LNX-8513DS-A1M w/ Mount Pipe 137RRH2X60-AWS 137RRH2X60-AWS 137RRH2X60-AWS 137RRH2X60-PCS 137RRH2X60-PCS 137RRH2X60-PCS 137DB-T1-6Z-8AB-0Z 137DB-T1-6Z-8AB-0Z 137(2) DB980H90E-M w/ Mount Pipe 124(2) DB980H90E-M w/ Mount Pipe 124(2) DB980H90E-M w/ Mount Pipe 124Sector Mount [SM 502-3] 1247'x2" Antenna Mount Pipe 1247'x2" Antenna Mount Pipe 1247'x2" Antenna Mount Pipe 124RR90-17-00DP w/ Mount Pipe 101RR90-17-00DP w/ Mount Pipe 101RR90-17-00DP w/ Mount Pipe 101KRY 112 13/1 101KRY 112 13/1 101KRY 112 13/1 101LNX-6515DS-VTM w/ Mount Pipe 101LNX-6515DS-VTM w/ Mount Pipe 101LNX-6515DS-VTM w/ Mount Pipe 101ATBT-BOTTOM-24V 101ATBT-BOTTOM-24V 101ATBT-BOTTOM-24V 101Side Arm Mount [SO 304-3] 101GPS_A 60Side Arm Mount [SO 305-1] 60GPS 50Side Arm Mount [SO 201-1] 50DESIGNED APPURTENANCE LOADING

TYPE TYPEELEVATION ELEVATION
Lightning Rod 140

(2) FD9R6004/2C-3L 137

(2) FD9R6004/2C-3L 137

(2) FD9R6004/2C-3L 137

Sector Mount [SM 506-3] 137

(2) HBXX-6517DS-VTM w/ Mount Pipe 137

(2) HBXX-6517DS-VTM w/ Mount Pipe 137

(2) HBXX-6517DS-VTM w/ Mount Pipe 137

LNX-6514DS-VTM w/ Mount Pipe 137

LNX-6514DS-VTM w/ Mount Pipe 137

LNX-6514DS-VTM w/ Mount Pipe 137

LNX-8513DS-A1M w/ Mount Pipe 137

LNX-8513DS-A1M w/ Mount Pipe 137

LNX-8513DS-A1M w/ Mount Pipe 137

RRH2X60-AWS 137

RRH2X60-AWS 137

RRH2X60-AWS 137

RRH2X60-PCS 137

RRH2X60-PCS 137

RRH2X60-PCS 137

DB-T1-6Z-8AB-0Z 137

DB-T1-6Z-8AB-0Z 137

(2) DB980H90E-M w/ Mount Pipe 124

(2) DB980H90E-M w/ Mount Pipe 124

(2) DB980H90E-M w/ Mount Pipe 124

Sector Mount [SM 502-3] 124

7'x2" Antenna Mount Pipe 124

7'x2" Antenna Mount Pipe 124

7'x2" Antenna Mount Pipe 124

RR90-17-00DP w/ Mount Pipe 101

RR90-17-00DP w/ Mount Pipe 101

RR90-17-00DP w/ Mount Pipe 101

KRY 112 13/1 101

KRY 112 13/1 101

KRY 112 13/1 101

LNX-6515DS-VTM w/ Mount Pipe 101

LNX-6515DS-VTM w/ Mount Pipe 101

LNX-6515DS-VTM w/ Mount Pipe 101

ATBT-BOTTOM-24V 101

ATBT-BOTTOM-24V 101

ATBT-BOTTOM-24V 101

Side Arm Mount [SO 304-3] 101

GPS_A 60

Side Arm Mount [SO 305-1] 60

GPS 50

Side Arm Mount [SO 201-1] 50

MATERIAL STRENGTH
GRADE GRADEFy FyFu Fu

A618-50 50 ksi 70 ksi

A36 36 ksi 58 ksi

A572-50 50 ksi 65 ksi

TOWER DESIGN NOTES
1. Tower is located in Tolland County, Connecticut.
2. Tower designed for a 85.00 mph basic wind in accordance with the TIA/EIA-222-F Standard.
3. Tower is also designed for a 37.60 mph basic wind with 1.00 in ice. Ice is considered to

increase in thickness with height.
4. Deflections are based upon a 50.00 mph wind.
5. TOWER RATING: 94%
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  Tower Input Data    
 

 

The main tower is a 3x free standing tower with an overall height of 140' above the ground line. 

The base of the tower is set at an elevation of 0' above the ground line. 

The face width of the tower is 6'6-1/4'' at the top and 18'9-1/4'' at the base. 

This tower is designed using the TIA/EIA-222-F standard. 

The following design criteria apply:  

 Tower is located in Tolland County, Connecticut. 

 Basic wind speed of 85.00 mph. 

 Nominal ice thickness of 1.00 in. 

 Ice thickness is considered to increase with height. 

 Ice density of 56 pcf. 

 A wind speed of 37.60 mph  is used in combination with ice. 

 Temperature drop of 50 °F. 

 Deflections calculated using a wind speed of 50.00 mph. 

 A non-linear (P-delta) analysis was used. 

 Pressures are calculated at each section. 

 Stress ratio used in tower member design is 1.333. 

 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   Treat Feedline Bundles As Cylinder 
  Consider Moments - Horizontals   Assume Legs Pinned   Use ASCE 10 X-Brace Ly Rules 

  Consider Moments - Diagonals √ Assume Rigid Index Plate √ Calculate Redundant Bracing Forces 

  Use Moment Magnification √ Use Clear Spans For Wind Area   Ignore Redundant Members in FEA 
√ Use Code Stress Ratios √ Use Clear Spans For KL/r   SR Leg Bolts Resist Compression 

√ Use Code Safety Factors - Guys   Retension Guys To Initial Tension √ All Leg Panels Have Same Allowable 

√ Escalate Ice √ Bypass Mast Stability Checks √ Offset Girt At Foundation 
  Always Use Max Kz √ Use Azimuth Dish Coefficients √ Consider Feedline Torque 

  Use Special Wind Profile √ Project Wind Area of Appurt. √ Include Angle Block Shear Check 

√ Include Bolts In Member Capacity   Autocalc Torque Arm Areas Poles 
  Leg Bolts Are At Top Of Section   SR Members Have Cut Ends   Include Shear-Torsion Interaction 

√ Secondary Horizontal Braces Leg √ Sort Capacity Reports By Component   Always Use Sub-Critical Flow 

  Use Diamond Inner Bracing (4 Sided)   Triangulate Diamond Inner Bracing    Use Top Mounted Sockets 
  Add IBC .6D+W Combination   Use TIA-222-G Tension Splice Capacity 

Exemption 
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 Tower Section Geometry    
 

Tower 

 Section 

Tower 

 Elevation 
 

ft 

Assembly 

Database 

Description Section 

Width  
 

ft 

Number  

of  
Sections 

Section 

Length 
 

ft 

T1 140'-120'   6'6-1/4'' 1 20' 
T2 120'-100'  08N087 6'6-23/32'' 1 20' 

T3 100'-80'  09N006 8'7-3/16'' 1 20' 

T4 80'-60'  10N007 10'7-11/16'' 1 20' 
T5 60'-40'  11N007 12'8-5/32'' 1 20' 

T6 40'-20'  12N004 14'9-1/4'' 1 20' 

T7 20'-0'  13N003 16'9-1/4'' 1 20' 

 
 

 

 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 140'-120' 4' X Brace No No 0.00 0.00 

T2 120'-100' 5' X Brace No No 0.00 0.00 

T3 100'-80' 6'8-1/32'' X Brace No No 0.00 0.00 
T4 80'-60' 6'8-1/32'' X Brace No No 0.00 0.00 

T5 60'-40' 6'8-1/32'' X Brace No No 0.00 0.00 

T6 40'-20' 10' X Brace No No 0.00 0.00 
T7 20'-0' 9'11-17/32'' X Brace No No 0.00 1.00 
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 Tower Section Geometry (cont’d)   
 

Tower 

 Elevation 
ft 

Leg 

Type 
 

Leg  

Size 
 

Leg  

Grade 

Diagonal 

Type 
 

Diagonal  

Size 
 

Diagonal 

Grade 

T1 140'-120' Pipe ROHN 2 STD A618-50 

(50 ksi) 

Single Angle L1 3/4x1 3/4x3/16 A36 

(36 ksi) 
T2 120'-100' Pipe ROHN 2.5 EH A618-50 

(50 ksi) 

Single Angle L1 3/4x1 3/4x3/16 A36 

(36 ksi) 

T3 100'-80' Pipe ROHN 3 EH A618-50 
(50 ksi) 

Single Angle L2x2x3/16 A36 
(36 ksi) 

T4 80'-60' Pipe ROHN 3.5 EH A618-50 

(50 ksi) 

Single Angle L2 1/2x2 1/2x3/16 A36 

(36 ksi) 
T5 60'-40' Pipe ROHN 4 X-STR A618-50 

(50 ksi) 

Single Angle L3x3x3/16 A36 

(36 ksi) 

T6 40'-20' Pipe ROHN 5 EH A618-50 
(50 ksi) 

Single Angle L3x3x3/16 A36 
(36 ksi) 

T7 20'-0' Pipe ROHN 5 X-STR A618-50 

(50 ksi) 

Single Angle L3x3x1/4 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 140'-120' Equal Angle L2x2x1/8 A36 

(36 ksi) 

Single Angle  A36 

(36 ksi) 
T2 120'-100' Single Angle L2x2x1/8 A36 

(36 ksi) 

Single Angle  A36 

(36 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 

T1 140'-120' 0.00 0.00 A36 

(36 ksi) 

1.03 1 1.05 36.00 36.00 

T2 120'-100' 0.00 0.00 A36 
(36 ksi) 

1.03 1 1.05 36.00 36.00 

T3 100'-80' 0.00 0.00 A36 

(36 ksi) 

1.03 1 1.05 36.00 36.00 

T4 80'-60' 0.00 0.00 A36 

(36 ksi) 

1.03 1 1.05 36.00 36.00 

T5 60'-40' 0.00 0.00 A36 
(36 ksi) 

1.03 1 1.05 36.00 36.00 

T6 40'-20' 0.00 0.00 A36 

(36 ksi) 

1.03 1 1.05 36.00 36.00 

T7 20'-0' 0.00 0.00 A36 

(36 ksi) 

1.03 1 1.05 36.00 36.00 
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 Tower Section Geometry (cont’d)   
 

   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 140'-120' Yes No 1 1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

T2 120'-100' Yes No 1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
T3 100'-80' Yes No 1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

T4 80'-60' Yes No 1 1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

T5 60'-40' Yes No 1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
T6 40'-20' Yes No 1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

T7 20'-0' Yes No 1 1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

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 140'-120' 0.00 1 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 

T2 120'-100' 0.00 1 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 
T3 100'-80' 0.00 1 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 

T4 80'-60' 0.00 1 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 

T5 60'-40' 0.00 1 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 
T6 40'-20' 0.00 1 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 

T7 20'-0' 0.00 1 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 0.75 0.00 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 140'-120' Flange 0.63 

A325N 

4 0.50 

A325N 

1 0.50 

A325N 

1 0.50 

A325N 

0 0.50 

A325N 

0 0.50 

A325N 

0 0.50 

A325N 

0 
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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. 

T2 120'-100' Flange 0.75 

A325N 

4 0.50 

A325N 

1 0.50 

A325N 

1 0.63 

A325N 

0 0.63 

A325N 

0 0.63 

A325N 

0 0.63 

A325N 

0 

T3 100'-80' Flange 0.88 
A325N 

4 0.50 
A325N 

1 0.50 
A325N 

0 0.00 
A325N 

0 0.50 
A325N 

0 0.50 
A325N 

0 0.50 
A325N 

0 

T4 80'-60' Flange 0.88 

A325N 

4 0.50 

A325N 

1 0.50 

A325N 

0 0.50 

A325N 

0 0.50 

A325N 

0 0.50 

A325N 

0 0.50 

A325N 

0 

T5 60'-40' Flange 1.00 

A325N 

4 0.50 

A325N 

1 0.63 

A325N 

0 0.63 

A325N 

0 0.63 

A325N 

0 0.63 

A325N 

0 0.63 

A325N 

0 

T6 40'-20' Flange 1.00 
A325N 

4 0.63 
A325N 

1 0.63 
A325N 

0 0.00 
A325N 

0 0.63 
A325N 

0 0.63 
A325N 

0 0.63 
A325N 

0 

T7 20'-0' Flange 1.00 

A449 

4 0.63 

A325N 

1 0.63 

A325N 

0 0.00 

A325N 

0 0.63 

A325N 

0 0.63 

A325N 

0 0.63 

A325N 

0 

 
 

 

 Feed Line/Linear Appurtenances - Entered As Round Or Flat 
 

Description Face 

or 

Leg  

Allow 

Shield 

Component 

Type 

Placement 

 

ft 

Face 

Offset 

in 

Lateral 

Offset 

(Frac FW) 

# # 

 Per 

Row 

Clear 

Spacing  

in 

Width or 

Diameter 

in 

Perimeter 

 

in 

Weight 

 

plf 

LDF6-50A(1-

1/4'') 

A Yes Ar (CfAe) 101' - 8' 0.00 0.3 12 6 1.00 1.55  0.66 

***                         

LDF4-50A(1/

2'') 

C Yes Ar (CfAe) 60' - 8' 0.00 0.45 1 1 0.63 0.63  0.15 

***                         
LDF7-50A(1-

5/8'') 

B Yes Ar (CfAe) 124' - 8' 0.00 -0.05 6 6 1.00 1.98  0.82 

LDF4-50A(1/
2'') 

B Yes Ar (CfAe) 50' - 8' 0.00 -0.15 1 1 0.63 0.63  0.15 

***                         

HB158-1-08U
8-S8J18( 

1-5/8) 

C Yes Ar (CfAe) 137' - 8' 0.00 0.455 1 1 1.00 1.98  1.30 

HB158-1-08U
8-S8J18( 

1-5/8) 

C Yes Ar (CfAe) 137' - 8' 0.00 0.4 1 1 1.00 1.98  1.30 

LDF7-50A(1-
5/8'') 

C Yes Ar (CfAe) 137' - 8' 0.00 0.42 12 6 1.00 1.98  0.82 

***                         

***                         
Feedline 

Ladder (Af) 

A Yes Af (CfAe) 101' - 8' 0.00 0.3 1 1 3.00 3.00 12.00 8.40 

Feedline 
Ladder (Af) 

A Yes Af (CfAe) 60' - 8' 0.00 -0.45 1 1 3.00 3.00 12.00 8.40 

Feedline 

Ladder (Af) 

B Yes Af (CfAe) 124' - 8' 0.00 -0.15 1 1 3.00 3.00 12.00 8.40 

Feedline 

Ladder (Af) 

C Yes Af (CfAe) 137' - 8' 0.00 0.42 1 1 3.00 3.00 12.00 8.40 

Feedline 
Ladder (Af) 

C Yes Af (CfAe) 112' - 8' 0.00 -0.4 1 1 3.00 3.00 12.00 8.40 

***                         

Safety Line 
3/8 

A Yes Ar (CfAe) 140' - 0' 0.00 0 1 1 0.38 0.38  0.22 
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 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 140'-120' A 

B 
C 

0.625 

3.960 
22.440 

0.000 

1.000 
4.250 

0.000 

0.000 
0.000 

0.000 

0.000 
0.000 

0.00 

0.05 
0.35 

T2 120'-100' A 

B 

C 

1.400 

19.800 

26.400 

0.250 

5.000 

8.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.02 

0.27 

0.52 

T3 100'-80' A 

B 
C 

16.125 

19.800 
26.400 

5.000 

5.000 
10.000 

0.000 

0.000 
0.000 

0.000 

0.000 
0.000 

0.33 

0.27 
0.58 

T4 80'-60' A 

B 
C 

16.125 

19.800 
26.400 

5.000 

5.000 
10.000 

0.000 

0.000 
0.000 

0.000 

0.000 
0.000 

0.33 

0.27 
0.58 

T5 60'-40' A 

B 
C 

16.125 

20.325 
27.450 

10.000 

5.000 
10.000 

0.000 

0.000 
0.000 

0.000 

0.000 
0.000 

0.50 

0.27 
0.59 

T6 40'-20' A 

B 
C 

16.125 

20.850 
27.450 

10.000 

5.000 
10.000 

0.000 

0.000 
0.000 

0.000 

0.000 
0.000 

0.50 

0.27 
0.59 

T7 20'-0' A 

B 
C 

9.925 

12.510 
16.470 

6.000 

3.000 
6.000 

0.000 

0.000 
0.000 

0.000 

0.000 
0.000 

0.30 

0.16 
0.35 

 

 

 Feed Line/Linear Appurtenances Section Areas - With Ice 
 

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 140'-120' A 

B 

C 

1.179 4.554 

1.446 

18.435 

0.000 

6.491 

27.585 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.05 

0.18 

1.30 
T2 120'-100' A 

B 

C 

1.155 4.798 

7.151 

21.454 

1.441 

32.401 

36.942 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.10 

0.88 

1.70 
T3 100'-80' A 

B 

C 

1.128 10.728 

7.060 

21.179 

28.757 

32.340 

39.846 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

1.13 

0.87 

1.80 
T4 80'-60' A 

B 

C 

1.094 10.505 

6.948 

20.844 

28.682 

32.265 

39.697 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

1.11 

0.85 

1.77 

T5 60'-40' A 

B 

C 

1.051 10.216 

9.081 

24.965 

35.922 

32.169 

39.505 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

1.39 

0.85 

1.78 
T6 40'-20' A 

B 

C 

1.000 9.875 

11.017 

24.283 

35.694 

32.056 

39.278 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

1.35 

0.85 

1.73 
T7 20'-0' A 

B 

C 

1.000 7.508 

6.610 

14.570 

21.417 

19.233 

23.567 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.83 

0.51 

1.04 

 

 

 

 Feed Line Shielding 
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 Section Elevation  

 

ft 

Face AR 

 

ft2 

AR 

Ice 

ft2 

AF 

 

ft2 

AF 

Ice 

ft2 

T1 140'-120' A 

B 

C 

0.000 

0.000 

0.000 

0.569 

1.025 

5.890 

0.059 

0.465 

2.504 

0.427 

0.769 

4.421 
T2 120'-100' A 

B 

C 

0.000 

0.000 

0.000 

0.644 

4.170 

6.172 

0.129 

1.943 

2.696 

0.494 

3.200 

4.737 
T3 100'-80' A 

B 

C 

0.000 

0.000 

0.000 

2.799 

2.793 

4.365 

1.287 

1.511 

2.217 

2.482 

2.476 

3.870 
T4 80'-60' A 

B 

C 

0.000 

0.000 

0.000 

2.549 

2.551 

3.973 

1.522 

1.787 

2.623 

2.911 

2.913 

4.537 
T5 60'-40' A 

B 

C 

0.000 

0.000 

0.000 

2.834 

2.480 

3.905 

2.179 

2.113 

3.124 

4.044 

3.538 

5.573 
T6 40'-20' A 

B 

C 

0.000 

0.000 

0.000 

1.887 

1.744 

2.597 

1.547 

1.531 

2.218 

2.830 

2.617 

3.896 
T7 20'-0' A 

B 

C 

0.000 

0.000 

0.000 

1.157 

1.013 

1.509 

0.913 

0.889 

1.288 

1.735 

1.520 

2.263 

 

 

 

   Feed Line Center of Pressure     
 

 Section Elevation  

 

ft 

CPX 

 

in 

CPZ 

 

in 

CPX 

Ice 

in 

CPZ 

Ice 

in 

T1 140'-120' -8.15 5.74 -5.47 3.41 
T2 120'-100' -4.67 3.44 -3.99 2.56 

T3 100'-80' -6.03 -1.93 -5.39 -1.06 

T4 80'-60' -6.37 -2.09 -5.89 -1.22 
T5 60'-40' -8.47 -1.06 -8.30 -0.22 

T6 40'-20' -9.87 -1.39 -9.93 -0.73 
T7 20'-0' -7.71 -1.13 -8.01 -0.75 

 

 
 

   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 

Lightning Rod C From Leg 0.00 

0' 
2' 

0.000 140' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

0.25 

0.66 
0.97 

1.49 

2.68 

0.25 

0.66 
0.97 

1.49 

2.68 

0.03 

0.03 
0.04 

0.06 

0.14 
***                   

(2) FD9R6004/2C-3L A From Leg 4.00 0.000 137' No Ice 0.37 0.08 0.00 
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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' 

0' 

1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

0.45 

0.54 

0.75 
1.28 

0.14 

0.20 

0.34 
0.74 

0.01 

0.01 

0.02 
0.06 

(2) FD9R6004/2C-3L B From Leg 4.00 

0' 
0' 

0.000 137' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

0.37 

0.45 
0.54 

0.75 

1.28 

0.08 

0.14 
0.20 

0.34 

0.74 

0.00 

0.01 
0.01 

0.02 

0.06 
(2) FD9R6004/2C-3L C From Leg 4.00 

0' 

0' 

0.000 137' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

0.37 

0.45 

0.54 
0.75 

1.28 

0.08 

0.14 

0.20 
0.34 

0.74 

0.00 

0.01 

0.01 
0.02 

0.06 

Sector Mount [SM 506-3] C None   0.000 137' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

35.47 
50.60 

65.73 

95.99 
156.51 

35.47 
50.60 

65.73 

95.99 
156.51 

1.74 
2.35 

2.95 

4.16 
6.59 

(2) HBXX-6517DS-VTM w/ 

Mount Pipe 

A From Leg 4.00 

0' 
2' 

0.000 137' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

8.98 

9.65 
10.29 

11.59 

14.32 

6.96 

8.18 
9.14 

11.02 

15.03 

0.07 

0.14 
0.21 

0.40 

0.91 

(2) HBXX-6517DS-VTM w/ 

Mount Pipe 

B From Leg 4.00 

0' 

2' 

0.000 137' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

8.98 

9.65 

10.29 
11.59 

14.32 

6.96 

8.18 

9.14 
11.02 

15.03 

0.07 

0.14 

0.21 
0.40 

0.91 

(2) HBXX-6517DS-VTM w/ 
Mount Pipe 

C From Leg 4.00 
0' 

2' 

0.000 137' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

8.98 
9.65 

10.29 

11.59 
14.32 

6.96 
8.18 

9.14 

11.02 
15.03 

0.07 
0.14 

0.21 

0.40 
0.91 

LNX-6514DS-VTM w/ 

Mount Pipe 

A From Leg 4.00 

0' 
2' 

0.000 137' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

8.57 

9.22 
9.84 

11.10 

13.75 

7.00 

8.19 
9.08 

10.90 

14.93 

0.06 

0.13 
0.20 

0.38 

0.89 
LNX-6514DS-VTM w/ 

Mount Pipe 

B From Leg 4.00 

0' 

2' 

0.000 137' No Ice 

1/2'' Ice 

1'' Ice 

2'' Ice 

4'' Ice 

8.57 

9.22 

9.84 

11.10 

13.75 

7.00 

8.19 

9.08 

10.90 

14.93 

0.06 

0.13 

0.20 

0.38 

0.89 

LNX-6514DS-VTM w/ 
Mount Pipe 

C From Leg 4.00 
0' 

2' 

0.000 137' No Ice 
1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

8.57 
9.22 

9.84 
11.10 

13.75 

7.00 
8.19 

9.08 
10.90 

14.93 

0.06 
0.13 

0.20 
0.38 

0.89 

LNX-8513DS-A1M w/ 
Mount Pipe 

A From Leg 4.00 
0' 

2' 

0.000 137' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

8.65 
9.31 

9.93 

11.20 
13.87 

7.08 
8.27 

9.18 

11.02 
15.06 

0.06 
0.13 

0.21 

0.39 
0.90 

LNX-8513DS-A1M w/ 

Mount Pipe 

B From Leg 4.00 

0' 
2' 

0.000 137' No Ice 

1/2'' Ice 
1'' Ice 

8.65 

9.31 
9.93 

7.08 

8.27 
9.18 

0.06 

0.13 
0.21 
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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 

4'' Ice 

11.20 

13.87 

11.02 

15.06 

0.39 

0.90 

LNX-8513DS-A1M w/ 
Mount Pipe 

C From Leg 4.00 
0' 

2' 

0.000 137' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

8.65 
9.31 

9.93 

11.20 
13.87 

7.08 
8.27 

9.18 

11.02 
15.06 

0.06 
0.13 

0.21 

0.39 
0.90 

RRH2X60-AWS C From Leg 4.00 

0' 
2' 

0.000 137' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

2.19 

2.40 
2.61 

3.07 

4.09 

1.43 

1.61 
1.80 

2.21 

3.13 

0.04 

0.06 
0.08 

0.13 

0.26 
RRH2X60-AWS B From Leg 4.00 

0' 

2' 

0.000 137' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

2.19 

2.40 

2.61 
3.07 

4.09 

1.43 

1.61 

1.80 
2.21 

3.13 

0.04 

0.06 

0.08 
0.13 

0.26 

RRH2X60-AWS A From Leg 4.00 
0' 

2' 

0.000 137' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

2.19 
2.40 

2.61 

3.07 
4.09 

1.43 
1.61 

1.80 

2.21 
3.13 

0.04 
0.06 

0.08 

0.13 
0.26 

RRH2X60-PCS A From Leg 4.00 

0' 

2' 

0.000 137' No Ice 

1/2'' Ice 

1'' Ice 

2'' Ice 

4'' Ice 

2.57 

2.79 

3.02 

3.52 

4.61 

2.01 

2.22 

2.43 

2.89 

3.92 

0.06 

0.08 

0.10 

0.16 

0.31 
RRH2X60-PCS B From Leg 4.00 

0' 

2' 

0.000 137' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

2.57 

2.79 

3.02 
3.52 

4.61 

2.01 

2.22 

2.43 
2.89 

3.92 

0.06 

0.08 

0.10 
0.16 

0.31 

RRH2X60-PCS C From Leg 4.00 
0' 

2' 

0.000 137' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

2.57 
2.79 

3.02 

3.52 
4.61 

2.01 
2.22 

2.43 

2.89 
3.92 

0.06 
0.08 

0.10 

0.16 
0.31 

DB-T1-6Z-8AB-0Z A From Leg 4.00 

0' 
2' 

0.000 137' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

5.60 

5.92 
6.24 

6.91 

8.37 

2.33 

2.56 
2.79 

3.28 

4.37 

0.04 

0.08 
0.12 

0.21 

0.45 

DB-T1-6Z-8AB-0Z B From Leg 4.00 

0' 

2' 

0.000 137' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

5.60 

5.92 

6.24 
6.91 

8.37 

2.33 

2.56 

2.79 
3.28 

4.37 

0.04 

0.08 

0.12 
0.21 

0.45 
***                   

(2) DB980H90E-M w/ Mount 

Pipe 

A From Leg 4.00 

0' 
1' 

0.000 124' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

4.04 

4.50 
4.95 

5.87 

8.05 

3.62 

4.48 
5.22 

6.74 

10.00 

0.03 

0.07 
0.11 

0.22 

0.55 
(2) DB980H90E-M w/ Mount 

Pipe 

B From Leg 4.00 

0' 

1' 

0.000 124' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4.04 

4.50 

4.95 
5.87 

3.62 

4.48 

5.22 
6.74 

0.03 

0.07 

0.11 
0.22 
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FDH Engineering, Inc. 
6521 Meridien Drive, Suite 107 

Project 

15BDRT1400 

Date 

09:10:15 02/12/15  

Raleigh, North Carolina 27616 

Phone: 9197551012 
FAX: 9197551031 

Client 

Crown Castle 
Designed by 

CBrophy 

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'' Ice 8.05 10.00 0.55 

(2) DB980H90E-M w/ Mount 

Pipe 

C From Leg 4.00 

0' 
1' 

0.000 124' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

4.04 

4.50 
4.95 

5.87 

8.05 

3.62 

4.48 
5.22 

6.74 

10.00 

0.03 

0.07 
0.11 

0.22 

0.55 
Sector Mount [SM 502-3] C None   0.000 124' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

33.02 

47.36 

61.70 
90.38 

147.74 

33.02 

47.36 

61.70 
90.38 

147.74 

1.67 

2.22 

2.77 
3.88 

6.08 

7'x2'' Antenna Mount Pipe A From Face 4.00 
0' 

0' 

0.000 124' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

1.66 
2.39 

2.83 

3.71 
5.58 

1.66 
2.39 

2.83 

3.71 
5.58 

0.03 
0.04 

0.06 

0.10 
0.27 

7'x2'' Antenna Mount Pipe B From Face 4.00 

0' 
0' 

0.000 124' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

1.66 

2.39 
2.83 

3.71 

5.58 

1.66 

2.39 
2.83 

3.71 

5.58 

0.03 

0.04 
0.06 

0.10 

0.27 
7'x2'' Antenna Mount Pipe C From Face 4.00 

0' 

0' 

0.000 124' No Ice 

1/2'' Ice 

1'' Ice 

2'' Ice 

4'' Ice 

1.66 

2.39 

2.83 

3.71 

5.58 

1.66 

2.39 

2.83 

3.71 

5.58 

0.03 

0.04 

0.06 

0.10 

0.27 

***                   
***                   

RR90-17-00DP w/ Mount 

Pipe 

A From Leg 4.00 

0' 
0' 

0.000 101' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

4.59 

5.09 
5.58 

6.59 

8.73 

3.32 

4.09 
4.78 

6.23 

9.31 

0.03 

0.07 
0.12 

0.22 

0.56 
RR90-17-00DP w/ Mount 

Pipe 

B From Leg 4.00 

0' 

0' 

0.000 101' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

4.59 

5.09 

5.58 
6.59 

8.73 

3.32 

4.09 

4.78 
6.23 

9.31 

0.03 

0.07 

0.12 
0.22 

0.56 

RR90-17-00DP w/ Mount 
Pipe 

C From Leg 4.00 
0' 

0' 

0.000 101' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 

4'' Ice 

4.59 
5.09 

5.58 

6.59 

8.73 

3.32 
4.09 

4.78 

6.23 

9.31 

0.03 
0.07 

0.12 

0.22 

0.56 

KRY 112 13/1 A From Leg 4.00 

0' 
0' 

0.000 101' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 
4'' Ice 

0.33 

0.42 
0.51 

0.72 
1.25 

0.24 

0.32 
0.40 

0.60 
1.09 

0.00 

0.01 
0.01 

0.02 
0.07 

KRY 112 13/1 B From Leg 4.00 

0' 
0' 

0.000 101' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

0.33 

0.42 
0.51 

0.72 

1.25 

0.24 

0.32 
0.40 

0.60 

1.09 

0.00 

0.01 
0.01 

0.02 

0.07 
KRY 112 13/1 C From Leg 4.00 

0' 

0' 

0.000 101' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

0.33 

0.42 

0.51 
0.72 

0.24 

0.32 

0.40 
0.60 

0.00 

0.01 

0.01 
0.02 
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FDH Engineering, Inc. 
6521 Meridien Drive, Suite 107 

Project 

15BDRT1400 

Date 

09:10:15 02/12/15  

Raleigh, North Carolina 27616 

Phone: 9197551012 
FAX: 9197551031 

Client 

Crown Castle 
Designed by 

CBrophy 

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'' Ice 1.25 1.09 0.07 

LNX-6515DS-VTM w/ 

Mount Pipe 

A From Leg 4.00 

0' 
0' 

0.000 101' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

11.68 

12.40 
13.14 

14.60 

17.87 

9.84 

11.37 
12.91 

15.27 

20.14 

0.08 

0.17 
0.27 

0.51 

1.15 
LNX-6515DS-VTM w/ 

Mount Pipe 

B From Leg 4.00 

0' 

0' 

0.000 101' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

11.68 

12.40 

13.14 
14.60 

17.87 

9.84 

11.37 

12.91 
15.27 

20.14 

0.08 

0.17 

0.27 
0.51 

1.15 

LNX-6515DS-VTM w/ 
Mount Pipe 

C From Leg 4.00 
0' 

0' 

0.000 101' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

11.68 
12.40 

13.14 

14.60 
17.87 

9.84 
11.37 

12.91 

15.27 
20.14 

0.08 
0.17 

0.27 

0.51 
1.15 

ATBT-BOTTOM-24V A From Leg 4.00 

0' 
0' 

0.000 101' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

0.12 

0.17 
0.23 

0.38 

0.77 

0.08 

0.12 
0.17 

0.30 

0.67 

0.00 

0.00 
0.01 

0.01 

0.04 
ATBT-BOTTOM-24V B From Leg 4.00 

0' 

0' 

0.000 101' No Ice 

1/2'' Ice 

1'' Ice 

2'' Ice 

4'' Ice 

0.12 

0.17 

0.23 

0.38 

0.77 

0.08 

0.12 

0.17 

0.30 

0.67 

0.00 

0.00 

0.01 

0.01 

0.04 

ATBT-BOTTOM-24V C From Leg 4.00 
0' 

0' 

0.000 101' No Ice 
1/2'' Ice 

1'' Ice 

2'' Ice 
4'' Ice 

0.12 
0.17 

0.23 

0.38 
0.77 

0.08 
0.12 

0.17 

0.30 
0.67 

0.00 
0.00 

0.01 

0.01 
0.04 

Side Arm Mount [SO 304-3] C None   0.000 101' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

1.76 

2.75 
3.74 

5.72 

9.68 

1.76 

2.75 
3.74 

5.72 

9.68 

0.07 

0.10 
0.12 

0.18 

0.28 
***                   

GPS_A A From Leg 2.00 

0' 
0' 

0.000 60' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

0.30 

0.37 
0.46 

0.65 

1.15 

0.30 

0.37 
0.46 

0.65 

1.15 

0.00 

0.00 
0.01 

0.02 

0.08 

Side Arm Mount [SO 305-1] A From Leg 1.00 

0' 

0' 

0.000 60' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

4'' Ice 

0.94 

1.48 

2.02 
3.10 

5.26 

1.41 

2.17 

2.93 
4.45 

7.49 

0.03 

0.04 

0.06 
0.08 

0.14 
***                   

GPS A From Leg 2.00 

0' 
0' 

0.000 50' No Ice 

1/2'' Ice 
1'' Ice 

2'' Ice 

4'' Ice 

0.17 

0.24 
0.31 

0.48 

0.92 

0.17 

0.24 
0.31 

0.48 

0.92 

0.00 

0.00 
0.00 

0.01 

0.05 
Side Arm Mount [SO 201-1] A From Leg 1.00 

0' 

0' 

0.000 50' No Ice 

1/2'' Ice 

1'' Ice 
2'' Ice 

2.96 

4.10 

5.24 
7.52 

2.11 

2.93 

3.75 
5.39 

0.10 

0.12 

0.14 
0.18 
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FDH Engineering, Inc. 
6521 Meridien Drive, Suite 107 

Project 

15BDRT1400 

Date 

09:10:15 02/12/15  

Raleigh, North Carolina 27616 

Phone: 9197551012 
FAX: 9197551031 

Client 

Crown Castle 
Designed by 

CBrophy 

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'' Ice 12.08 8.67 0.26 

***                   

 

 
 

 

 Force Totals      
 

Load 

Case 

Vertical 

Forces 
 

K 

Sum of 

Forces 
X 

K 

Sum of 

Forces 
Z 

K 

 Sum of 

Overturning 
Moments, Mx 

kip-ft 

 Sum of 

Overturning 
Moments, Mz 

kip-ft 

Sum of Torques 

 
 

kip-ft 

Leg Weight 5.72      
Bracing Weight 5.58      

Total Member Self-Weight 11.30   0.19 10.24  

Total Weight 23.85   0.19 10.24  
Wind 0 deg - No Ice  -0.04 -27.50 -2361.51 16.49 -11.35 

Wind 30 deg - No Ice  12.98 -22.58 -1962.79 -1115.73 -9.63 

Wind 60 deg - No Ice  22.12 -12.77 -1114.30 -1919.84 -6.04 
Wind 90 deg - No Ice  26.03 0.04 6.43 -2252.51 -1.10 

Wind 120 deg - No Ice  23.79 13.79 1186.45 -2031.66 4.71 

Wind 150 deg - No Ice  13.06 22.62 1969.42 -1126.54 8.53 
Wind 180 deg - No Ice  0.04 25.62 2239.97 4.00 10.19 

Wind 210 deg - No Ice  -12.98 22.58 1963.17 1136.21 9.63 

Wind 240 deg - No Ice  -23.75 13.71 1175.63 2045.91 6.65 
Wind 270 deg - No Ice  -26.03 -0.04 -6.05 2272.99 1.10 

Wind 300 deg - No Ice  -22.16 -12.85 -1125.11 1946.57 -4.15 

Wind 330 deg - No Ice  -13.06 -22.62 -1969.03 1147.02 -8.53 
Member Ice 12.75      

Total Weight Ice 58.83   -0.95 38.21  

Wind 0 deg - Ice  -0.01 -8.19 -713.89 39.51 -3.14 
Wind 30 deg - Ice  3.83 -6.66 -587.71 -299.01 -2.61 

Wind 60 deg - Ice  6.50 -3.75 -333.19 -537.17 -1.62 

Wind 90 deg - Ice  7.68 0.01 0.35 -638.49 -0.27 
Wind 120 deg - Ice  7.09 4.10 356.65 -578.50 1.34 

Wind 150 deg - Ice  3.85 6.66 587.11 -301.27 2.34 

Wind 180 deg - Ice  0.01 7.52 665.78 36.91 2.76 
Wind 210 deg - Ice  -3.83 6.66 585.81 375.43 2.61 

Wind 240 deg - Ice  -7.08 4.09 354.39 653.62 1.80 

Wind 270 deg - Ice  -7.68 -0.01 -2.25 714.91 0.27 

Wind 300 deg - Ice  -6.51 -3.77 -335.44 614.89 -1.15 

Wind 330 deg - Ice  -3.85 -6.66 -589.01 377.69 -2.34 

Total Weight 23.85   0.19 10.24  
Wind 0 deg - Service  -0.02 -9.52 -818.41 1.99 -3.93 

Wind 30 deg - Service  4.49 -7.81 -680.45 -389.78 -3.33 

Wind 60 deg - Service  7.65 -4.42 -386.85 -668.02 -2.09 
Wind 90 deg - Service  9.01 0.02 0.95 -783.13 -0.38 

Wind 120 deg - Service  8.23 4.77 409.26 -706.71 1.63 

Wind 150 deg - Service  4.52 7.83 680.18 -393.52 2.95 
Wind 180 deg - Service  0.02 8.87 773.80 -2.33 3.53 

Wind 210 deg - Service  -4.49 7.81 678.02 389.44 3.33 

Wind 240 deg - Service  -8.22 4.75 405.51 704.21 2.30 
Wind 270 deg - Service  -9.01 -0.02 -3.37 782.79 0.38 

Wind 300 deg - Service  -7.67 -4.45 -390.59 669.84 -1.44 
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FDH Engineering, Inc. 
6521 Meridien Drive, Suite 107 

Project 

15BDRT1400 

Date 

09:10:15 02/12/15  

Raleigh, North Carolina 27616 

Phone: 9197551012 
FAX: 9197551031 

Client 

Crown Castle 
Designed by 

CBrophy 

Load 
Case 

Vertical 
Forces 

 

K 

Sum of 
Forces 

X 

K 

Sum of 
Forces 

Z 

K 

 Sum of 
Overturning 

Moments, Mx 

kip-ft 

 Sum of 
Overturning 

Moments, Mz 

kip-ft 

Sum of Torques 
 

 

kip-ft 

Wind 330 deg - Service  -4.52 -7.83 -682.61 393.18 -2.95 

 

 

 

 Load Combinations   
 

Comb. 

No. 

Description 

1 Dead Only 
2 Dead+Wind 0 deg - No Ice 

3 Dead+Wind 30 deg - No Ice 

4 Dead+Wind 60 deg - No Ice 
5 Dead+Wind 90 deg - No Ice 

6 Dead+Wind 120 deg - No Ice 

7 Dead+Wind 150 deg - No Ice 
8 Dead+Wind 180 deg - No Ice 

9 Dead+Wind 210 deg - No Ice 

10 Dead+Wind 240 deg - No Ice 
11 Dead+Wind 270 deg - No Ice 

12 Dead+Wind 300 deg - No Ice 

13 Dead+Wind 330 deg - No Ice 
14 Dead+Ice+Temp 

15 Dead+Wind 0 deg+Ice+Temp 

16 Dead+Wind 30 deg+Ice+Temp 
17 Dead+Wind 60 deg+Ice+Temp 

18 Dead+Wind 90 deg+Ice+Temp 

19 Dead+Wind 120 deg+Ice+Temp 
20 Dead+Wind 150 deg+Ice+Temp 

21 Dead+Wind 180 deg+Ice+Temp 

22 Dead+Wind 210 deg+Ice+Temp 
23 Dead+Wind 240 deg+Ice+Temp 

24 Dead+Wind 270 deg+Ice+Temp 

25 Dead+Wind 300 deg+Ice+Temp 
26 Dead+Wind 330 deg+Ice+Temp 

27 Dead+Wind 0 deg - Service 
28 Dead+Wind 30 deg - Service 

29 Dead+Wind 60 deg - Service 

30 Dead+Wind 90 deg - Service 
31 Dead+Wind 120 deg - Service 

32 Dead+Wind 150 deg - Service 

33 Dead+Wind 180 deg - Service 
34 Dead+Wind 210 deg - Service 

35 Dead+Wind 240 deg - Service 

36 Dead+Wind 270 deg - Service 
37 Dead+Wind 300 deg - Service 

38 Dead+Wind 330 deg - Service 

 

 

  Maximum Member Forces    
 

Section 

No. 

Elevation 

ft 

Component 

Type 

Condition Gov. 

Load 
Comb. 

Force 

 
K 

Major Axis 

Moment 
kip-ft 

Minor Axis 

Moment 
kip-ft 

T1 140 - 120 Leg Max Tension 8 16.52 0.01 -0.01 

      Max. Compression 6 -19.96 0.08 -0.01 
      Max. Mx 2 -2.22 -0.80 -0.01 
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FDH Engineering, Inc. 
6521 Meridien Drive, Suite 107 

Project 

15BDRT1400 

Date 

09:10:15 02/12/15  

Raleigh, North Carolina 27616 

Phone: 9197551012 
FAX: 9197551031 

Client 

Crown Castle 
Designed by 

CBrophy 

Section 
No. 

Elevation 
ft 

Component 
Type 

Condition Gov. 
Load 

Comb. 

Force 
 

K 

Major Axis 
Moment 

kip-ft 

Minor Axis 
Moment 

kip-ft 

      Max. My 9 -1.01 0.01 -0.85 
      Max. Vy 6 -1.39 0.59 0.01 

      Max. Vx 9 -1.36 0.01 0.51 

    Diagonal Max Tension 5 3.40 0.00 0.00 
      Max. Compression 11 -3.50 0.00 0.00 

      Max. Mx 23 0.79 0.02 -0.00 

      Max. My 7 -2.35 0.00 0.01 
      Max. Vy 23 -0.02 0.02 -0.00 

      Max. Vx 7 -0.00 0.00 0.00 

    Top Girt Max Tension 8 0.53 0.00 0.00 
      Max. Compression 6 -0.50 0.00 0.00 

      Max. Mx 14 0.01 -0.04 0.00 

      Max. My 26 0.01 0.00 0.00 
      Max. Vy 14 0.02 0.00 0.00 

      Max. Vx 26 -0.00 0.00 0.00 

T2 120 - 100 Leg Max Tension 8 38.17 -0.11 -0.01 
      Max. Compression 6 -44.13 0.29 -0.01 

      Max. Mx 6 -44.13 0.29 -0.01 

      Max. My 7 -2.96 0.00 -0.22 
      Max. Vy 4 0.43 -0.29 0.00 

      Max. Vx 7 0.40 0.00 -0.22 

    Diagonal Max Tension 5 3.09 0.00 0.00 
      Max. Compression 5 -3.09 0.00 0.00 

      Max. Mx 23 0.82 0.02 0.00 

      Max. My 11 -3.03 -0.00 0.00 
      Max. Vy 21 0.02 0.02 0.00 

      Max. Vx 15 -0.00 0.00 0.00 

    Top Girt Max Tension 4 0.06 0.00 0.00 

      Max. Compression 10 -0.09 0.00 0.00 

      Max. Mx 14 -0.01 -0.04 0.00 

      Max. My 15 0.00 0.00 0.00 
      Max. Vy 14 0.02 0.00 0.00 

      Max. Vx 15 -0.00 0.00 0.00 

T3 100 - 80 Leg Max Tension 12 58.40 -0.14 0.00 
      Max. Compression 2 -66.75 0.13 0.02 

      Max. Mx 6 -50.85 0.29 -0.01 

      Max. My 7 -3.06 0.00 -0.22 
      Max. Vy 4 -0.07 -0.29 0.00 

      Max. Vx 13 -0.06 -0.01 0.21 

    Diagonal Max Tension 5 3.85 0.00 0.00 
      Max. Compression 5 -3.94 0.00 0.00 

      Max. Mx 25 0.95 0.03 -0.00 

      Max. My 26 -0.51 0.03 0.00 
      Max. Vy 25 0.03 0.03 -0.00 

      Max. Vx 26 0.00 0.00 0.00 

T4 80 - 60 Leg Max Tension 12 77.51 -0.14 0.00 

      Max. Compression 2 -88.78 0.24 0.02 

      Max. Mx 6 -88.61 0.24 -0.01 

      Max. My 13 -4.34 -0.01 0.23 
      Max. Vy 19 -0.05 0.22 -0.00 

      Max. Vx 13 -0.06 -0.01 0.23 
    Diagonal Max Tension 3 4.10 0.00 0.00 

      Max. Compression 3 -4.19 0.00 0.00 

      Max. Mx 23 1.00 0.06 0.01 
      Max. My 15 -0.17 0.06 0.01 

      Max. Vy 25 0.04 0.06 -0.01 

      Max. Vx 15 0.00 0.00 0.00 
T5 60 - 40 Leg Max Tension 12 94.98 -0.21 -0.01 

      Max. Compression 2 -109.79 0.32 0.02 

      Max. Mx 17 13.93 -0.54 0.00 
      Max. My 11 -4.98 -0.01 -0.28 
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FDH Engineering, Inc. 
6521 Meridien Drive, Suite 107 

Project 

15BDRT1400 

Date 

09:10:15 02/12/15  

Raleigh, North Carolina 27616 

Phone: 9197551012 
FAX: 9197551031 

Client 

Crown Castle 
Designed by 

CBrophy 

Section 
No. 

Elevation 
ft 

Component 
Type 

Condition Gov. 
Load 

Comb. 

Force 
 

K 

Major Axis 
Moment 

kip-ft 

Minor Axis 
Moment 

kip-ft 

      Max. Vy 17 0.14 -0.54 0.00 
      Max. Vx 2 0.07 -0.12 0.26 

    Diagonal Max Tension 3 4.48 0.00 0.00 

      Max. Compression 3 -4.54 0.00 0.00 
      Max. Mx 23 0.96 0.09 0.01 

      Max. My 21 -0.68 0.05 -0.01 

      Max. Vy 25 0.05 0.09 -0.01 
      Max. Vx 21 -0.00 0.00 0.00 

T6 40 - 20 Leg Max Tension 12 110.55 -0.33 0.01 

      Max. Compression 2 -128.63 0.54 0.03 
      Max. Mx 17 15.59 -0.96 0.00 

      Max. My 13 -6.54 -0.05 0.66 

      Max. Vy 17 0.18 -0.96 0.00 
      Max. Vx 13 0.13 -0.05 0.66 

    Diagonal Max Tension 3 5.35 0.00 0.00 

      Max. Compression 3 -5.52 0.00 0.00 
      Max. Mx 25 0.62 0.11 0.01 

      Max. My 21 -1.67 0.09 -0.01 

      Max. Vy 25 0.05 0.09 -0.01 
      Max. Vx 21 0.00 0.00 0.00 

T7 20 - 0 Leg Max Tension 12 131.41 0.58 -0.01 

      Max. Compression 2 -154.37 0.00 -0.00 
      Max. Mx 17 18.70 -0.96 0.00 

      Max. My 13 -7.77 -0.05 0.94 

      Max. Vy 6 -8.14 0.00 0.00 
      Max. Vx 7 2.22 0.00 0.00 

    Diagonal Max Tension 3 5.68 0.00 0.00 

      Max. Compression 3 -5.88 0.00 0.00 

      Max. Mx 25 0.27 0.16 0.02 

      Max. My 21 -2.23 0.15 -0.02 

      Max. Vy 25 0.07 0.16 0.02 
      Max. Vx 21 0.00 0.00 0.00 

        

  

 

 Maximum Reactions    
 

Location Condition Gov. 
Load 

Comb. 

Vertical 
K 

Horizontal, X 
K 

Horizontal, Z 
K 

Leg C Max. Vert 10 153.55 14.43 -8.57 

  Max. Hx 10 153.55 14.43 -8.57 
  Max. Hz 3 -112.22 -10.41 7.47 

  Min. Vert 4 -129.01 -12.49 7.42 

  Min. Hx 4 -129.01 -12.49 7.42 

  Min. Hz 10 153.55 14.43 -8.57 

Leg B Max. Vert 6 153.12 -14.63 -8.28 

  Max. Hx 12 -130.78 12.71 7.19 
  Max. Hz 12 -130.78 12.71 7.19 

  Min. Vert 12 -130.78 12.71 7.19 

  Min. Hx 6 153.12 -14.63 -8.28 
  Min. Hz 6 153.12 -14.63 -8.28 

Leg A Max. Vert 2 153.66 -0.36 16.82 

  Max. Hx 10 -64.59 1.99 -7.54 
  Max. Hz 2 153.66 -0.36 16.82 

  Min. Vert 8 -130.26 0.31 -14.59 

  Min. Hx 5 7.55 -1.99 0.53 
  Min. Hz 8 -130.26 0.31 -14.59 
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 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 23.85 -0.00 -0.00 0.19 10.24 -0.00 

Dead+Wind 0 deg - No Ice 23.85 -0.04 -27.50 -2368.72 16.56 -11.40 
Dead+Wind 30 deg - No Ice 23.85 12.97 -22.57 -1968.81 -1119.06 -9.66 

Dead+Wind 60 deg - No Ice 23.85 22.11 -12.77 -1117.67 -1925.65 -6.06 

Dead+Wind 90 deg - No Ice 23.85 26.03 0.05 6.52 -2259.37 -1.09 
Dead+Wind 120 deg - No Ice 23.85 23.79 13.79 1190.09 -2037.86 4.74 

Dead+Wind 150 deg - No Ice 23.85 13.05 22.61 1975.41 -1130.01 8.57 

Dead+Wind 180 deg - No Ice 23.85 0.04 25.61 2246.77 4.03 10.23 
Dead+Wind 210 deg - No Ice 23.85 -12.98 22.57 1969.12 1139.73 9.66 

Dead+Wind 240 deg - No Ice 23.85 -23.74 13.71 1179.22 2052.15 6.67 

Dead+Wind 270 deg - No Ice 23.85 -26.03 -0.04 -6.01 2279.91 1.10 
Dead+Wind 300 deg - No Ice 23.85 -22.15 -12.85 -1128.51 1952.47 -4.17 

Dead+Wind 330 deg - No Ice 23.85 -13.05 -22.62 -1975.06 1150.48 -8.57 

Dead+Ice+Temp 58.83 0.00 -0.00 -0.93 38.42 -0.00 
Dead+Wind 0 deg+Ice+Temp 58.83 -0.01 -8.19 -719.73 39.83 -3.19 

Dead+Wind 30 deg+Ice+Temp 58.83 3.83 -6.65 -592.54 -301.51 -2.65 

Dead+Wind 60 deg+Ice+Temp 58.83 6.50 -3.75 -335.91 -541.65 -1.63 
Dead+Wind 90 deg+Ice+Temp 58.83 7.68 0.01 0.40 -643.80 -0.26 

Dead+Wind 120 deg+Ice+Temp 58.83 7.09 4.10 359.63 -583.27 1.38 
Dead+Wind 150 deg+Ice+Temp 58.83 3.85 6.66 592.03 -303.79 2.39 

Dead+Wind 180 deg+Ice+Temp 58.83 0.01 7.52 671.35 37.20 2.81 

Dead+Wind 210 deg+Ice+Temp 58.83 -3.83 6.65 590.71 378.53 2.65 

Dead+Wind 240 deg+Ice+Temp 58.83 -7.08 4.09 357.35 658.98 1.82 

Dead+Wind 270 deg+Ice+Temp 58.83 -7.68 -0.01 -2.23 720.82 0.26 

Dead+Wind 300 deg+Ice+Temp 58.83 -6.51 -3.77 -338.18 619.98 -1.18 
Dead+Wind 330 deg+Ice+Temp 58.83 -3.85 -6.66 -593.86 380.80 -2.39 

Dead+Wind 0 deg - Service 23.85 -0.02 -9.51 -819.50 12.44 -3.94 

Dead+Wind 30 deg - Service 23.85 4.49 -7.81 -681.12 -380.52 -3.34 
Dead+Wind 60 deg - Service 23.85 7.65 -4.42 -386.62 -659.62 -2.10 

Dead+Wind 90 deg - Service 23.85 9.01 0.02 2.37 -775.08 -0.38 

Dead+Wind 120 deg - Service 23.85 8.23 4.77 411.92 -698.43 1.64 
Dead+Wind 150 deg - Service 23.85 4.52 7.82 683.67 -384.29 2.97 

Dead+Wind 180 deg - Service 23.85 0.02 8.86 777.58 8.11 3.54 

Dead+Wind 210 deg - Service 23.85 -4.49 7.81 681.50 401.08 3.34 
Dead+Wind 240 deg - Service 23.85 -8.21 4.74 408.16 716.80 2.31 

Dead+Wind 270 deg - Service 23.85 -9.01 -0.02 -1.97 795.63 0.38 

Dead+Wind 300 deg - Service 23.85 -7.67 -4.45 -390.37 682.33 -1.44 
Dead+Wind 330 deg - Service 23.85 -4.52 -7.83 -683.29 404.82 -2.97 

  

 

 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 -23.85 0.00 0.00 23.85 0.00 0.000% 

2 -0.04 -23.85 -27.50 0.04 23.85 27.50 0.014% 

3 12.98 -23.85 -22.58 -12.97 23.85 22.57 0.022% 
4 22.12 -23.85 -12.77 -22.11 23.85 12.77 0.028% 

5 26.03 -23.85 0.04 -26.03 23.85 -0.05 0.022% 

6 23.79 -23.85 13.79 -23.79 23.85 -13.79 0.013% 
7 13.06 -23.85 22.62 -13.05 23.85 -22.61 0.022% 

8 0.04 -23.85 25.62 -0.04 23.85 -25.61 0.028% 
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Load 

Comb. 

Sum of Applied Forces Sum of Reactions  
% Error PX 

K 

PY 

K 

PZ 

K 

PX 

K 

PY 

K 

PZ 

K 

9 -12.98 -23.85 22.58 12.98 23.85 -22.57 0.022% 
10 -23.75 -23.85 13.71 23.74 23.85 -13.71 0.014% 

11 -26.03 -23.85 -0.04 26.03 23.85 0.04 0.022% 

12 -22.16 -23.85 -12.85 22.15 23.85 12.85 0.028% 
13 -13.06 -23.85 -22.62 13.05 23.85 22.62 0.022% 

14 0.00 -58.83 0.00 -0.00 58.83 0.00 0.001% 

15 -0.01 -58.83 -8.19 0.01 58.83 8.19 0.002% 
16 3.83 -58.83 -6.66 -3.83 58.83 6.65 0.002% 

17 6.50 -58.83 -3.75 -6.50 58.83 3.75 0.002% 

18 7.68 -58.83 0.01 -7.68 58.83 -0.01 0.002% 
19 7.09 -58.83 4.10 -7.09 58.83 -4.10 0.002% 

20 3.85 -58.83 6.66 -3.85 58.83 -6.66 0.002% 

21 0.01 -58.83 7.52 -0.01 58.83 -7.52 0.002% 
22 -3.83 -58.83 6.66 3.83 58.83 -6.65 0.002% 

23 -7.08 -58.83 4.09 7.08 58.83 -4.09 0.002% 

24 -7.68 -58.83 -0.01 7.68 58.83 0.01 0.002% 
25 -6.51 -58.83 -3.77 6.51 58.83 3.77 0.002% 

26 -3.85 -58.83 -6.66 3.85 58.83 6.66 0.002% 

27 -0.02 -23.85 -9.52 0.02 23.85 9.51 0.009% 
28 4.49 -23.85 -7.81 -4.49 23.85 7.81 0.010% 

29 7.65 -23.85 -4.42 -7.65 23.85 4.42 0.011% 

30 9.01 -23.85 0.02 -9.01 23.85 -0.02 0.010% 
31 8.23 -23.85 4.77 -8.23 23.85 -4.77 0.009% 

32 4.52 -23.85 7.83 -4.52 23.85 -7.82 0.010% 

33 0.02 -23.85 8.87 -0.02 23.85 -8.86 0.011% 
34 -4.49 -23.85 7.81 4.49 23.85 -7.81 0.010% 

35 -8.22 -23.85 4.75 8.21 23.85 -4.74 0.009% 

36 -9.01 -23.85 -0.02 9.01 23.85 0.02 0.010% 

37 -7.67 -23.85 -4.45 7.67 23.85 4.45 0.011% 

38 -4.52 -23.85 -7.83 4.52 23.85 7.83 0.010% 

 

 
 

 Non-Linear Convergence Results   
 

Load 
Combination 

Converged? Number 
 of Cycles 

Displacement 
Tolerance 

Force 
Tolerance 

1 Yes 6 0.00000001 0.00000001 

2 Yes 7 0.00026286 0.00059939 

3 Yes 7 0.00028596 0.00065160 
4 Yes 7 0.00030685 0.00069856 

5 Yes 7 0.00028608 0.00065205 

6 Yes 7 0.00026288 0.00059969 
7 Yes 7 0.00028730 0.00065393 

8 Yes 7 0.00030735 0.00069994 

9 Yes 7 0.00028659 0.00065306 
10 Yes 7 0.00026288 0.00059925 

11 Yes 7 0.00028665 0.00065304 

12 Yes 7 0.00030726 0.00069946 
13 Yes 7 0.00028722 0.00065346 

14 Yes 6 0.00000001 0.00023792 

15 Yes 8 0.00000001 0.00060329 
16 Yes 8 0.00000001 0.00059689 

17 Yes 8 0.00000001 0.00059665 

18 Yes 8 0.00000001 0.00059448 
19 Yes 8 0.00000001 0.00059959 

20 Yes 8 0.00000001 0.00060611 

21 Yes 8 0.00000001 0.00061425 
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22 Yes 8 0.00000001 0.00061395 

23 Yes 8 0.00000001 0.00061486 
24 Yes 8 0.00000001 0.00061595 

25 Yes 8 0.00000001 0.00061764 

26 Yes 8 0.00000001 0.00061028 
27 Yes 7 0.00000001 0.00061955 

28 Yes 7 0.00000001 0.00063662 

29 Yes 7 0.00000001 0.00065317 
30 Yes 7 0.00000001 0.00063733 

31 Yes 7 0.00000001 0.00062037 

32 Yes 7 0.00000001 0.00063959 
33 Yes 7 0.00000001 0.00065553 

34 Yes 7 0.00000001 0.00063849 

35 Yes 7 0.00000001 0.00061998 
36 Yes 7 0.00000001 0.00063814 

37 Yes 7 0.00000001 0.00065456 

38 Yes 7 0.00000001 0.00063854 

 

 
 

 Maximum Tower Deflections - Service Wind   
 

Section 

No. 

Elevation 

 

ft 

Horz. 

Deflection 

in 

Gov. 

Load 

Comb. 

Tilt 

 

° 

Twist 

 

° 

T1 140 - 120 3.80 35 0.255 0.016 
T2 120 - 100 2.75 35 0.225 0.015 

T3 100 - 80 1.86 35 0.181 0.012 

T4 80 - 60 1.16 35 0.137 0.009 

T5 60 - 40 0.65 35 0.095 0.006 

T6 40 - 20 0.30 35 0.057 0.004 

T7 20 - 0 0.09 35 0.029 0.002 
      

  

 

 Critical Deflections and Radius of Curvature - Service Wind 
 

Elevation 

 
ft 

Appurtenance Gov. 

Load 
Comb. 

Deflection 

 
in 

Tilt 

 
° 

Twist 

 
° 

Radius of 

Curvature 
ft 

140' Lightning Rod 35 3.80 0.255 0.016 94302 

137' (2) FD9R6004/2C-3L 35 3.64 0.251 0.016 94302 

124' (2) DB980H90E-M w/ Mount Pipe 35 2.95 0.232 0.015 29483 
101' RR90-17-00DP w/ Mount Pipe 35 1.90 0.184 0.012 26494 

60' GPS_A 35 0.65 0.095 0.006 28249 

50' GPS 35 0.45 0.075 0.005 32594 

  

 
 

 Maximum Tower Deflections - Design Wind   
 

Section 

No. 

Elevation 

 

ft 

Horz. 

Deflection 

in 

Gov. 

Load 

Comb. 

Tilt 

 

° 

Twist 

 

° 

T1 140 - 120 10.93 2 0.731 0.046 
T2 120 - 100 7.91 2 0.647 0.043 

T3 100 - 80 5.36 2 0.521 0.034 
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Section 
No. 

Elevation 
 

ft 

Horz. 
Deflection 

in 

Gov. 
Load 

Comb. 

Tilt 
 

° 

Twist 
 

° 

T4 80 - 60 3.34 2 0.394 0.026 
T5 60 - 40 1.86 2 0.273 0.018 

T6 40 - 20 0.85 2 0.165 0.012 

T7 20 - 0 0.25 2 0.084 0.005 
      

  

 

 Critical Deflections and Radius of Curvature - Design Wind 
 

Elevation 

 

ft 

Appurtenance Gov. 

Load 

Comb. 

Deflection 

 

in 

Tilt 

 

° 

Twist 

 

° 

Radius of 

Curvature 

ft 

140' Lightning Rod 2 10.93 0.731 0.046 33069 

137' (2) FD9R6004/2C-3L 2 10.46 0.720 0.046 33069 

124' (2) DB980H90E-M w/ Mount Pipe 2 8.49 0.667 0.044 10339 
101' RR90-17-00DP w/ Mount Pipe 2 5.47 0.527 0.035 9245 

60' GPS_A 2 1.86 0.273 0.018 9811 

50' GPS 2 1.30 0.216 0.015 11332 

  

 
 

 Bolt Design Data    
 

Section 
No. 

Elevation 
 

ft 

Component 
Type 

Bolt 
Grade 

 

Bolt Size 
 

in 

Number 
Of 

Bolts 

Maximum 
Load per 

Bolt 

K 

Allowable 
Load 

K 

Ratio 

Load 

Allowable 

Allowable 
Ratio 

Criteria 

T1 140 Leg A325N 0.63 4 4.00 13.50 
0.297   

1.333 Bolt Tension 

    Diagonal A325N 0.50 1 3.40 3.81 
0.893   

1.333 Member Block 

Shear 
    Top Girt A325N 0.50 1 0.53 2.72 

0.196   
1.333 Member Bearing 

T2 120 Leg A325N 0.75 4 9.54 19.44 
0.491   

1.333 Bolt Tension 

    Diagonal A325N 0.50 1 3.09 3.81 
0.812   

1.333 Member Block 

Shear 
    Top Girt A325N 0.50 1 0.06 2.72 

0.023   
1.333 Member Bearing 

T3 100 Leg A325N 0.88 4 14.60 26.46 
0.552   

1.333 Bolt Tension 

    Diagonal A325N 0.50 1 3.94 4.12 
0.954   

1.333 Bolt Shear 

T4 80 Leg A325N 0.88 4 19.38 26.46 
0.732   

1.333 Bolt Tension 

    Diagonal A325N 0.50 1 4.19 4.12 
1.017   

1.333 Bolt Shear 

T5 60 Leg A325N 1.00 4 23.74 34.56 
0.687   

1.333 Bolt Tension 

    Diagonal A325N 0.50 1 4.54 4.12 
1.102   

1.333 Bolt Shear 

T6 40 Leg A325N 1.00 4 27.64 34.56 
0.800   

1.333 Bolt Tension 

    Diagonal A325N 0.63 1 5.35 5.10 
1.050   

1.333 Member Bearing 

T7 20 Leg A449 1.00 4 32.85 31.10 
1.056   

1.333 Bolt Tension 

    Diagonal A325N 0.63 1 5.88 6.44 
0.912   

1.333 Bolt Shear 
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 Compression Checks   
 

 

 Leg Design Data (Compression)    
 

Section 

No. 

Elevation 

 

ft 

Size 

 

L 

 

ft 

Lu 

 

ft 

Kl/r 

 

Fa 

 

ksi 

A 

 

in2 

Actual 

P 

K 

Allow. 

Pa 

K 

Ratio 

P 

Pa 

T1 140 - 120 ROHN 2 STD 20' 4' 61.0 

K=1.00 

22.55 1.07 -19.97 24.23 0.824   

 
T2 120 - 100 ROHN 2.5 EH 20'3/8'' 5'1/8'' 65.0 

K=1.00 
21.84 2.25 -44.13 49.21 0.897   

 
T3 100 - 80 ROHN 3 EH 20'3/8'' 6'8-5/32'' 70.5 

K=1.00 

20.84 3.02 -66.75 62.85 1.062   

 
T4 80 - 60 ROHN 3.5 EH 20'3/8'' 6'8-5/32'' 61.3 

K=1.00 

22.49 3.68 -88.78 82.72 1.073   

 
T5 60 - 40 ROHN 4 X-STR 20'15/32'' 6'8-5/32'' 54.3 

K=1.00 
23.67 4.41 -109.79 104.33 1.052   

 
T6 40 - 20 ROHN 5 EH 20'3/8'' 10'1/4'' 65.4 

K=1.00 

21.78 6.11 -128.63 133.13 0.966   

 
T7 20 - 0 ROHN 5 X-STR 20'3/8'' 9'11-5/8'' 65.1 

K=1.00 

21.83 6.11 -154.37 133.43 1.157   

 
                      

 

 

 Diagonal Design Data (Compression)    
 

Section 

No. 

Elevation 

 

ft 

Size 

 

L 

 

ft 

Lu 

 

ft 

Kl/r 

 

Fa 

 

ksi 

A 

 

in2 

Actual 

P 

K 

Allow. 

Pa 

K 

Ratio 

P 

Pa 

T1 140 - 120 L1 3/4x1 3/4x3/16 7'8-5/32'' 3'7-7/16'' 126.6 

K=1.00 

9.32 0.62 -3.50 5.79 0.604   

 
T2 120 - 100 L1 3/4x1 3/4x3/16 9'8-3/4'' 4'9-1/4'' 166.7 

K=1.00 

5.37 0.62 -3.09 3.34 0.927   

 
T3 100 - 80 L2x2x3/16 12'3-1/4'' 6'23/32'' 184.5 

K=1.00 
4.39 0.71 -3.93 3.14 1.253   

 
T4 80 - 60 L2 1/2x2 1/2x3/16 14'1/4'' 6'10-29/3

2'' 

167.6 

K=1.00 

5.32 0.90 -4.19 4.80 0.874   

 
T5 60 - 40 L3x3x3/16 15'10-11/

16'' 

7'9-31/32'

' 

157.6 

K=1.00 

6.01 1.09 -4.54 6.56 0.693   

 
T6 40 - 20 L3x3x3/16 19'1-3/16'

' 
9'5-13/32'

' 
190.3 

K=1.00 
4.12 1.09 -5.52 4.49 1.228   

 
T7 20 - 0 L3x3x1/4 20'9-19/3

2'' 

10'3-19/3

2'' 

208.8 

K=1.00 

3.42 1.44 -5.88 4.93 1.192   

 
    KL/R > 200 (C) - 152                 

                      

 

 

 Top Girt Design Data (Compression)    
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Section 
No. 

Elevation 
 

ft 

Size 
 

L 
 

ft 

Lu 

 

ft 

Kl/r 
 

Fa 

 

ksi 

A 
 

in2 

Actual 
P 

K 

Allow. 
Pa 

K 

Ratio 

P 

Pa 

T1 140 - 120 L2x2x1/8 6'6-1/4'' 6'1-5/16'' 184.6 

K=1.00 

4.38 0.48 -0.50 2.12 0.237   

 
T2 120 - 100 L2x2x1/8 6'6-23/32'

' 

6'1-29/32'

' 

185.8 

K=1.00 

4.32 0.48 -0.09 2.09 0.042   

 
                      

 

 

 Tension Checks   
 

 

 Leg Design Data (Tension)    
 

Section 
No. 

Elevation 
 

ft 

Size 
 

L 
 

ft 

Lu 

 

ft 

Kl/r 
 

Fa 

 

ksi 

A 
 

in2 

Actual 
P 

K 

Allow. 
Pa 

K 

Ratio 

P 

Pa 

T1 140 - 120 ROHN 2 STD 20' 4' 61.0 30.00 1.07 16.01 32.24 0.497   

 
T2 120 - 100 ROHN 2.5 EH 20'3/8'' 5'1/8'' 65.0 30.00 2.25 38.17 67.61 0.565   

 
T3 100 - 80 ROHN 3 EH 20'3/8'' 6'8-5/32'' 70.5 30.00 3.02 58.40 90.48 0.645   

 
T4 80 - 60 ROHN 3.5 EH 20'3/8'' 6'8-5/32'' 61.3 30.00 3.68 77.51 110.35 0.702   

 
T5 60 - 40 ROHN 4 X-STR 20'15/32'' 6'8-5/32'' 54.3 30.00 4.41 94.98 132.22 0.718   

 
T6 40 - 20 ROHN 5 EH 20'3/8'' 10'1/4'' 65.4 30.00 6.11 110.55 183.36 0.603   

 
T7 20 - 0 ROHN 5 X-STR 20'3/8'' 9'11-5/8'' 65.1 30.00 6.11 131.41 183.36 0.717   

 
                      

 

 

 Diagonal Design Data (Tension)    
 

Section 

No. 

Elevation 

 
ft 

Size 

 

L 

 
ft 

Lu 

 
ft 

Kl/r 

 

Fa 

 
ksi 

A 

 
in2 

Actual 

P 
K 

Allow. 

Pa 
K 

Ratio 

P 

Pa 

T1 140 - 120 L1 3/4x1 3/4x3/16 7'8-5/32'' 3'7-7/16'' 83.3 29.00 0.38 3.40 10.96 0.310   

 
T2 120 - 100 L1 3/4x1 3/4x3/16 9'8-3/4'' 4'9-1/4'' 109.0 29.00 0.38 3.09 10.96 0.282   

 
T3 100 - 80 L2x2x3/16 11'1-29/3

2'' 

5'6-1/8'' 109.2 29.00 0.45 3.85 13.00 0.296   

 
T4 80 - 60 L2 1/2x2 1/2x3/16 14'1/4'' 6'10-29/3

2'' 
108.2 29.00 0.59 4.10 17.07 0.240   

 
T5 60 - 40 L3x3x3/16 15'10-11/

16'' 

7'9-31/32'

' 

101.3 29.00 0.73 4.48 21.16 0.212   

 
T6 40 - 20 L3x3x3/16 19'1-3/16'

' 

9'5-13/32'

' 

122.3 29.00 0.71 5.35 20.65 0.259   

 
T7 20 - 0 L3x3x1/4 20'9-19/3

2'' 
10'3-19/3

2'' 
134.5 32.50 0.94 5.68 30.53 0.186   
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Section 
No. 

Elevation 
 

ft 

Size 
 

L 
 

ft 

Lu 

 

ft 

Kl/r 
 

Fa 

 

ksi 

A 
 

in2 

Actual 
P 

K 

Allow. 
Pa 

K 

Ratio 

P 

Pa 

 
                      

 

 

 Top Girt Design Data (Tension)    
 

Section 

No. 

Elevation 

 

ft 

Size 

 

L 

 

ft 

Lu 

 

ft 

Kl/r 

 

Fa 

 

ksi 

A 

 

in2 

Actual 

P 

K 

Allow. 

Pa 

K 

Ratio 

P 

Pa 

T1 140 - 120 L2x2x1/8 6'6-1/4'' 6'1-5/16'' 121.2 29.00 0.30 0.53 8.84 0.060   

 
T2 120 - 100 L2x2x1/8 6'6-23/32'

' 
6'1-29/32'

' 
122.0 29.00 0.30 0.06 8.84 0.007   

 
                      

 

 

 Section Capacity Table 
 

Section 

No. 

Elevation 

ft 

Component 

Type 

Size Critical 

Element 

P 

K 

SF*Pallow 

K 

% 

Capacity 

Pass 

Fail 

T1 140 - 120 Leg ROHN 2 STD 2 -19.97 32.30 61.8 Pass  

T2 120 - 100 Leg ROHN 2.5 EH 38 -44.13 65.60 67.3 Pass  

T3 100 - 80 Leg ROHN 3 EH 69 -66.75 83.78 79.7 Pass  

T4 80 - 60 Leg ROHN 3.5 EH 90 -88.78 110.27 80.5 Pass  
T5 60 - 40 Leg ROHN 4 X-STR 111 -109.79 139.07 78.9 Pass  

T6 40 - 20 Leg ROHN 5 EH 132 -128.63 177.46 72.5 Pass  

T7 20 - 0 Leg ROHN 5 X-STR 147 -154.37 177.86 86.8 Pass  
T1 140 - 120 Diagonal L1 3/4x1 3/4x3/16 7 -3.50 7.71 45.3 

67.0 (b) 

Pass  

T2 120 - 100 Diagonal L1 3/4x1 3/4x3/16 44 -3.09 4.45 69.5 Pass  
T3 100 - 80 Diagonal L2x2x3/16 74 -3.93 4.18 94.0 Pass  

T4 80 - 60 Diagonal L2 1/2x2 1/2x3/16 95 -4.19 6.39 65.6 

76.3 (b) 

Pass  

T5 60 - 40 Diagonal L3x3x3/16 116 -4.54 8.74 52.0 

82.6 (b) 

Pass  

T6 40 - 20 Diagonal L3x3x3/16 137 -5.52 5.99 92.1 Pass  
T7 20 - 0 Diagonal L3x3x1/4 152 -5.88 6.57 89.4 Pass  

T1 140 - 120 Top Girt L2x2x1/8 6 -0.50 2.83 17.8 Pass  

T2 120 - 100 Top Girt L2x2x1/8 41 -0.09 2.79 3.2 Pass  
              Summary   

            Leg (T7) 86.8 Pass  

            Diagonal 
(T3) 

94.0 Pass  

            Top Girt 

(T1) 

17.8 Pass  

            Bolt Checks 82.6 Pass  

      RATING = 94.0 Pass  
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APPENDIX C 

 

ADDITIONAL CALCULATIONS 



Updated: 2/14/2013

PROJECT INFORMATION Pier Ht. Above Grade (ft) FACTORS Rev-F Rev-G

FDH Project No: 0.50 Weight Resist. N/A 0.9

Client Project Name: Weight Acting N/A 1.2

Client Project No: Pad Bear. Depth (ft) Bearing Resist. 0.5 0.75

Date: 12.50 Up. Resist. Conc. 0.8 N/A

Code (F or G): Pad Thickness (ft) Up. Resist. Soil 0.50 N/A

2.00 Up. Resist. Comb. 0.67 0.75

FOUNDATION INFORMATION

Density Concrete (pcf):** 150 UPLIFT CHECK

Pier Type (S or R): R Resistance Forces (Ultimate) (Allowable) Acting Forces Working %

Pier Width/Diameter (ft): 3.00 LEGEND Wt. Concrete (kip): 26.36 21.09 Tower Uplift (kip): 131 82.45%

Pier Cross. Sect. Area (ft^2): 7.069 Input Wt. Soil (kip): 261.95 130.97 Pass/Fail

Pier Height Above Grade (ft): 0.50 Output Friction (kip): 13.62 6.81 PASS

Pad Width (ft): 7.00 Notes

Pad Thickness (ft): 2.00 Factors & N/A COMPRESSION CHECK

Pad Bearing Depth (ft): 12.50 Pass/Fail PASS/FAIL Resistance Forces (Ultimate) (Allowable) Acting Forces Working %

Frost Depth (ft): 3.00 Bear. Cap. (ksf): 40.00 20.00 Tower Comp. (kip): 154 44.82%

Water Table Depth (ft): 50.00 BEARING CAPACITY INFORMATION Friction (kip): 13.62 6.81 Wt. Conc. (kip): 26.36 Pass/Fail

Gross/Net (G/N): G Wt. Soil (kip): 261.95 PASS

SOIL INFORMATION Gross Ws (kip): 261.95 HELPFUL TIPS

# of Layers Above Pad: 3 Must Be Int. >=1,<=5 Gross Wc (kip): 26.36 *Enter all resistance forces as ultimate values.

# of Layers Adjacent Pad: 1 Must Be Int. >=1,<=5 Net Wc (kip): N/A **Enter "# of Layers" prior to entering indiv. layer info.

Total # of Layers: 4 Must Be Int. >=2,<=6 ***The frost depth, water table depth, and top of anchor must fall between two soil layers.  If any fall within a soil layer, be sure to split the layer into two layers.

# of Layers Check OK If "OK" then cont. ****Do not reduce a soil layer's unit weight to account for bouyancy.  This will be calculated and accounted for automatically.

Frost Depth Check OK If "OK" then cont. *****Do not enter soil data beyond the depth  of the bottom of the pad.  Only the soil data from the layers above and adjacent to the pad are required.

Water Table Check OK If "OK" then cont.

Pad Check OK If "OK" then cont.

Layer Depth at Bot. (ft) Soil Type (C/S) Unit Wt. (pcf) Thickness (ft) Frict. Angle (°) Cohesion (psf) Bot. Area (ft^2) Top Area (ft^2) Vol. of Soil (ft^3) Net Vol. of Soil (ft^3) Net Soil Wt. (kip) Net Conc. Wt. (kip) Total Up. (kip) Total Comp. (kip)

1 3.00 S 115 3.00 35 0 306.36 471.08 1157.33 1136.13 130.65 0.74 0.00 0.00

2 7.80 S 115 4.80 35 0 116.23 306.36 978.07 944.14 108.58 1.19 0.00 0.00

3 10.50 S 115 2.70 35 0 49.00 116.23 216.63 197.55 22.72 0.67 0.00 0.00

4 12.50 S 115 2.00 35 0 N/A N/A N/A N/A N/A 3.43 13.62 13.62

5 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

6 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Layer Pad? (Y/N) Soil to Soil (kip) Soil to Pad (kip) Adhesion (psf) Friction Coeff. Frost Depth? (Y/ N) Water Table? (Y/ N) Bouy. Unit Wt. (pcf) Bouy. Wt. Soil (kip) Ko Vert. Press. (ksf) Rest Press. (ksf) Rest Resist. (kip)

1 N 0.00 0.00 N/A 0.43 Y N 115.00 130.65 0.43 0.35 0.07 1.54

2 N 0.00 0.00 N/A 0.43 N N 115.00 108.58 0.43 0.90 0.26 8.90

3 N 0.00 0.00 N/A 0.43 N N 115.00 22.72 0.43 1.21 0.45 8.48

4 Y N/A 13.62 N/A 0.43 N N 115.00 N/A 0.43 1.44 0.56 7.90

5 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

6 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

SERIES IDENTIFIER & SERIES DEPENDENT CALCULATIONS SYMBOL KEY

Tot., # Adj. Anchor True/False Water Table Count. % Pad Bel. WT Water Table Count. % Pier Bel. WT % Total Bel. WT Pad Check Name Symbol Name Symbol

6,1 FALSE 0 0.00% 0 0.00% 0.00% 0 Pad Width W Avg. Rest. Press. RPavg

6,2 FALSE 0 0.00% 0 0.00% 0.00% 0 Anchor Width L Vert. Press. at Top PVtop

6,3 FALSE 0 0.00% 0 0.00% 0.00% 0 Volume of Soil Vs Vert. Press. at Bot. PVbot

6,4 FALSE 0 0.00% 0 0.00% 0.00% 0 Unit Weight Soil γs Side Area Anchor SAas

6,5 FALSE 0 0.00% 0 0.00% 0.00% 0 Unit Weight Water γw Weight of Soil Ws

5,1 FALSE 0 0.00% 0 0.00% 0.00% 0 Unit Weight Conc. γc Weight of Concrete Wc

5,2 FALSE 0 0.00% 0 0.00% 0.00% 0 Friction Angle φ Friction Coefficient FC

5,3 FALSE 0 0.00% 0 0.00% 0.00% 0 Layer Thickness t Rest. Press. Force RPF

5,4 FALSE 0 0.00% 0 0.00% 0.00% 0 Soil to Soil S to S Cohesion Cu

4,1 TRUE 0 0.00% 0 0.00% 0.00% 1 Soil to Pad S to P Adhesion Adh

4,2 FALSE 0 0.00% 0 0.00% 0.00% 0 Area of Pier Apier

4,3 FALSE 0 0.00% 0 0.00% 0.00% 0

3,1 FALSE 0 0.00% 0 0.00% 0.00% 0

3,2 FALSE 0 0.00% 0 0.00% 0.00% 0

2,1 FALSE 0 0.00% 0 0.00% 0.00% 0

Friction CalculationsFrustum Calculations

Soil Profile Data Input

Soil Profile

Cals depth at bot. of 

soil layer given layer 

thicknesses

Depth above + Layer 

Thickness

Sum of all frictional 

compression forces for 

each soil layer

S to P

Calcs volume of soil 

above pad

(1/3)*t*((TA+BA) 

+sqrt(TA+BA))

7.00

Notes

Equation

Universal Calculations

Calcs area of bottom 

of frustum

W*L Anch. or TA(bel.)

Determines location of 

anchor in soil profile

Calcs soil plug 

cohesional resistance

Pad Locator

Calcs frict. on pad 

sides

Equation

Checks if the water table is between layers

Checks if the top of the pad is between soil layers

146GCJ1400

HRT 087 943325

806383

F

11/7/2014

Checks if # of Layers is within appropriate range

Checks if the frost depth is between layers

Calcs vertical pressure 

at bottom of each soil 

layer

Calcs average resting 

pressure on each soil 

layer

SST(PAD-PIER) FOUNDATION CALCULATOR (VERSION 1)

Calcs area of top of 

frustum

TW*TL

Calcs net weight of 

soil above pad

Vs*γs

Calcs wt. conc. - wt. 

soil within foundation 

volume

If Pier:Apier*t*(γc*γs)                   

If Pad:4*W*t*(γc*γs)

Notes

Calcs resting earth 

pressure coefficient

Calculates net bouyant 

weight of soil above 

pad

Calcs friction 

coefficient

Calcs net volume of 

soil above pad

Vs-Apier*t

RPavg*t*L

Sum(S to S & S to P)

Sum of all frictional 

uplift forces for each 

soil layer

Friction Calculations

Calcs resting force 

acting on sides of 

each soil layer

Calculates bouyant 

unit weight

N/A N/AN/A 0.5*Cu*4*W*t
Adh*(4*SAas) or 

4*RPF*FC
(0.31+(0.34/Cu))*Cu tan((2/3)*φ)

Calcs adhesion based 

on cohesion

(PVtop+PVbot)*0.5* 

Ko
(γs-γw)*Vs 1-sin(φ) Ptop+γs*t

Pier Width/Diameter (ft)

γs-γw

3.00

Pad Width (ft)

Determines if soil layer 

is within the frost 

depth

Determines if soil layer 

is beneath the water 

table

f 

GRADE 




