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JOB NO.: U0142.1756.231
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PROJECT: CC CITY OF DENVER POLE

Design Criteria:

Code:

Wind: Basic wind speed = 130 mph (3-second gust) per the TIA-222-H standard

Risk Category: II

Wind exposure:  C

Topographic category:  1

Crest height:  0 ft

Ice: 0.25" radial ice @ 50 mph basic wind speed (3-second gust) per the TIA-222-H standard

Seismic: Seismic importance factor, I = 1

Risk Category: II

Mapped spectral response accelerations: SS = 0.197g S1 = 0.056g

Site class:  D

Spectral response coefficients: SDS = 0.21g SD1 = 0.09g

Seismic design category:  B

General Notes:

1

2

3

4

5

Structural Steel:

1 All structural steel code checks based on the AISC, 15th Edition per the TIA-222-H standard

2 All steel pipe to be per ASTM A500 GR. B (42 KSI), U.N.O.

3 All other structural steel shapes & plates shall be per ASTM A36, U.N.O.

4 All bolts for steel-to-steel connections shall be per ASTM F3125 GR. A325 U.N.O.

5 All bolted connections shall be tightened per the "turn-of-nut" method as defined by AISC.

6

7

Copyright © 2023 Vector Structural Engineering, LLC

These calculations are limited to the structural members shown in these calculations only.  The connection of the 

members shown in these calculations to the existing structure shall be by others, with the exception of those 

explicitly shown on the drawings.

The contractor shall be responsible for compliance with local construction safety orders.  Approval of shop 

drawings by the architect or structural engineer shall not be construed as accepting this responsibility.

The typical notes and details shall apply in all cases unless specifically detailed elsewhere.  Where no detail is 

shown, the construction shall be as shown for other similar work and as required by the building code.

All structural framing members shall be adequately shored and braced during erection and until full lateral and 

vertical support is provided by adjoining members.

All welding shall be performed by certified welders in accordance with the latest edition of the American Welding 

Society (AWS) D1.1

This Excel workbook contains proprietary information belonging to Vector 

Structural Engineering, LLC, and may be neither wholly nor partially copied or 

reproduced without the prior written permission of Vector Structural Engineering, 

LLC.

All steel surfaces shall be galvanized in accordance with ASTM A123 and ASTM F2329 standards, thoroughly 

coated with a zinc-rich primer, or otherwise protected as noted on the structural drawings.

The contractor shall verify dimensions, conditions and elevations before starting work.  The engineer shall be 

notified immediately if any discrepancies are found.

Structural design is based on the International Building Code, 2021 Edition

and the TIA-222-H standard.
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PROJECT: CC CITY OF DENVER POLE 

Ice Thickness[in]: 0.25 Elev. @ Top of Base Pole [ft]: 25.8

Ice Density [pcf]: 56 Elev. @ Bottom of Base Pole [ft]: 0.0

Cylinder Shape: Round

0.60 (supercritical) (Refer to CF Values in Table 2-8b, TIA-222-H)

1.20 (subcritical) (Applies for CaAc w/ Ice per Table 2-8b)

Cylinder Length [ft] No Ice w/ Ice Plates No Ice w/ Ice No Ice w/ Ice

Top Plate 30 32 0.4 0.8

1 1.0 16 16.49

Bulkhead 30 35 0.9 1.8

2 1.2 16 16.49

Bottom Plate 30 33 0.5 1.0

0 0 0.0 0.0

0 0 0.0 0.0

0 0 0.0 0.0

0 0 0.0 0.0

0 0 0.0 0.0

0 0 0.0 0.0

Shape Factor:

User Forces

Weight [lb] CaAc [ft
2
]Diameter [in]

Copyright © 2023 Vector Structural Engineering, LLC

This Excel workbook contains proprietary information belonging to Vector 

Structural Engineering, LLC, and may be neither wholly nor partially copied or 

reproduced without the prior written permission of Vector Structural Engineering, 

LLC.
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 Dwg No. E-1

27.0 ft

25.8 ft

5.0 ft

0.0 ft

REACTIONS - 130 mph WIND

TORQUE 743 lb-ft

1183 lb

SHEAR

20315 lb-ft

MOMENT

1599 lb

AXIAL

50 mph WIND - 0.2500 in ICE

TORQUE 126 lb-ft

310 lb

SHEAR

5311 lb-ft

MOMENT

1754 lb

AXIAL

ARE FACTORED
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 Omni (14.625" OD X 2' tall)  29 Top Plate  28 Bulkhead  27 Bottom Plate  25.83 10'-0" Light Arm (3.0 sq. ft. EPA, 60 
 lbs)

 24.5 Nokia Venus Backpack (37"x12.3"x12",
 100lb)

 23.25DESIGNED APPURTENANCE LOADING

TYPE TYPEELEVATION ELEVATION
 Omni (14.625" OD X 2' tall)  29

 Top Plate  28

 Bulkhead  27

 Bottom Plate  25.83

 10'-0" Light Arm (3.0 sq. ft. EPA, 60 
 lbs)

 24.5

 Nokia Venus Backpack (37"x12.3"x12",
 100lb)

 23.25

MATERIAL STRENGTH
GRADE GRADEFy FyFu Fu

 A500-42  42 ksi  58 ksi

TOWER DESIGN NOTES
1.   Tower is located in Denver County, Colorado.
2.   Tower designed for Exposure C to the TIA-222-H Standard.
3.   Tower designed for a 130 mph basic wind in accordance with the TIA-222-H Standard.
4.   Tower is also designed for a 50 mph basic wind with 0.25 in ice. Ice is considered to 

 increase in thickness with height.
5.   Deflections are based upon a 60 mph wind.
6.   Tower Risk Category II.
7.   Topographic Category 1 with Crest Height of 0.00 ft
8.   TOWER RATING: 13.7%



 
 
 

ttnnxxTToowweerr  
Job 

CC City of Denver Pole

Page  

1 of 19 

Vector Structural Engineering 

651 W. Galena Park Blvd 

Project 

U0142.1756.231 

Date 

10:05:24 05/15/23  

Draper, UT 84020 
Phone: 801-990-1775 

FAX: 801-990-1774 

Client 

RayCap 
Designed by 

evan.espinoza 

  
 

  Tower Input Data    
 
 
The tower is a monopole. 
This tower is designed using the TIA-222-H standard. 
The following design criteria apply:  

 Tower is located in Denver County, Colorado. 
 Tower base elevation above sea level: 0.00 ft. 
 Basic wind speed of 130 mph. 
 Risk Category II. 
 Exposure Category C. 
 Simplified Topographic Factor Procedure for wind speed-up calculations is used. 
 Topographic Category: 1. 
 Crest Height: 0.00 ft. 
 Nominal ice thickness of 0.2500 in. 
 Ice thickness is considered to increase with height. 
 Ice density of 56 pcf. 
 A wind speed of 50 mph  is used in combination with ice. 
 Deflections calculated using a wind speed of 60 mph. 
 A non-linear (P-delta) analysis was used. 
 Pressures are calculated at each section. 
 Stress ratio used in pole design is 1. 
 Local bending stresses due to climbing loads, feed line supports, and appurtenance mounts are not considered. 

 

  Options    
 

  Consider Moments - Legs   Distribute Leg Loads As Uniform   Use ASCE 10 X-Brace Ly Rules 
  Consider Moments - Horizontals   Assume Legs Pinned √ Calculate Redundant Bracing Forces 
  Consider Moments - Diagonals √ Assume Rigid Index Plate   Ignore Redundant Members in FEA 
  Use Moment Magnification √ Use Clear Spans For Wind Area   SR Leg Bolts Resist Compression 

√ Use Code Stress Ratios √ Use Clear Spans For KL/r √ All Leg Panels Have Same Allowable 
√ Use Code Safety Factors - Guys √ Retension Guys To Initial Tension   Offset Girt At Foundation 
  Escalate Ice √ Bypass Mast Stability Checks   Consider Feed Line Torque 
  Always Use Max Kz √ Use Azimuth Dish Coefficients   Include Angle Block Shear Check 
  Use Special Wind Profile √ Project Wind Area of Appurt.   Use TIA-222-H Bracing Resist. Exemption 

√ Include Bolts In Member Capacity √ Autocalc Torque Arm Areas   Use TIA-222-H Tension Splice Exemption 
√ Leg Bolts Are At Top Of Section   Add IBC .6D+W Combination Poles 
√ Secondary Horizontal Braces Leg   Sort Capacity Reports By Component   Include Shear-Torsion Interaction 
  Use Diamond Inner Bracing (4 Sided) √ Triangulate Diamond Inner Bracing    Always Use Sub-Critical Flow 
  SR Members Have Cut Ends   Treat Feed Line Bundles As Cylinder   Use Top Mounted Sockets 
  SR Members Are Concentric   Ignore KL/ry For 60 Deg. Angle Legs   Pole Without Linear Attachments 
        √ Pole With Shroud Or No Appurtenances 
          Outside and Inside Corner Radii Are 

Known 
 
 
 

   Pole Section Geometry   
 

 Section Elevation  

 
ft 

Section 

Length 
ft 

Pole  

Size 
 

Pole  

Grade 

Socket Length 

ft 
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 Section Elevation  

 

ft 

Section 

Length 

ft 

Pole  

Size 

 

Pole  

Grade 

Socket Length 

ft 

L1 27.00-25.83 1.17 P3.5x.226 A500-42 
(42 ksi) 

  

L2 25.83-5.00 20.83 P12x1/4 A500-42 
(42 ksi) 

  

L3 5.00-0.00 5.00 P20x.375 A500-42 
(42 ksi) 

  

 
 

Tower 

 Elevation 

 
 

ft 

Gusset 

Area 

(per face) 
 

ft2 

Gusset 

Thickness 

 
 

in 

Gusset Grade Adjust. Factor 

Af 

Adjust. 

Factor  

Ar 

Weight Mult. 

 

Double Angle 

Stitch Bolt 

Spacing 
Diagonals 

in 

Double Angle 

Stitch Bolt 

Spacing 
Horizontals 

in 

Double Angle 

Stitch Bolt 

Spacing 
Redundants 

in 

L1 27.00-25.83       0 0 1       
L2 25.83-5.00       1 1 1       
L3 5.00-0.00       1 1 1       

 

 

 

   User Defined Loads    
 

Description Elevation  
 

 

ft 

Offset 
From 

Centroid 

ft 

Azimuth 
Angle 

 

° 

 Weight 
 

 

lb 

Fx 

 

 

lb 

Fz 

 

 

lb 

Wind Force 
 

 

lb 

CAAC 
 

 

ft2 

Top Plate 28.00 0.00 0.0000 No Ice 
Ice 

Service 

30.00 
32.44 
30.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

18.43 

5.59 

3.34 

0.40 
0.82 
0.40 

Bulkhead 27.00 0.00 0.0000 No Ice 
Ice 

Service 

30.00 
35.27 
30.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

39.78 

12.11 

7.20 

0.87 
1.79 
0.87 

Bottom Plate 25.83 0.00 0.0000 No Ice 
Ice 

Service 

30.00 
32.83 
30.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

21.29 

6.43 

3.85 

0.47 
0.96 
0.47 

 
 
 

   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 
 

 

 
lb 

Omni (14.625'' OD X 2' tall) C None   0.0000 29.00 No Ice 
1/2'' Ice 

1.22 
1.90 

1.22 
1.90 

30.00 
54.69 

10'-0'' Light Arm (3.0 sq. ft. 
EPA, 60 lbs) 

C From Face 5.00 
0.00 
0.00 

0.0000 24.50 No Ice 
1/2'' Ice 

3.00 
3.90 

3.00 
3.90 

60.00 
87.20 

Nokia Venus Backpack 
(37''x12.3''x12'', 100lb) 

C None   0.0000 23.25 No Ice 
1/2'' Ice 

3.86 
4.13 

3.78 
4.05 

100.00 
135.94 
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   Tower Pressures - No Ice     
 

GH = 1.100 

 

Section 

Elevation 
 

ft 

z  

 
 

ft 

KZ 

 

qz 

 

 

psf 

AG 

 

 

ft2
 

F 

a 
c 

e 

AF 

 

 

ft2
 

AR 

 

 

ft2
 

Aleg 

 

 

ft2
 

Leg 

 % 

 

 

CAAA 

In 
Face 

ft2
 

CAAA 

Out 
Face 

ft2
 

L1 27.00-25.83 26.42 0.956 41 0.390 A 
B 
C 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 0.00 
0.00 
0.00 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

L2 25.83-5.00 15.42 0.854 37 22.132 A 
B 
C 

0.000 
0.000 
0.000 

22.132 
22.132 
22.132 

22.132 100.00 
100.00 
100.00 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

L3 5.00-0.00 2.50 0.85 37 8.333 A 
B 
C 

0.000 
0.000 
0.000 

8.333 
8.333 
8.333 

8.333 100.00 
100.00 
100.00 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

 
 

   Tower Pressure - With Ice    
 

GH = 1.100 

 

Section 
Elevation 

 

ft 

z  
 

 

ft 

KZ 
 

qz 

 

 

psf 

tZ 

 

 

in 

AG 

 

 

ft2
 

F 
a 

c 

e 

AF 

 

 

ft2
 

AR 

 

 

ft2
 

Aleg 

 

 

ft2
 

Leg 
 % 

 

 

CAAA 
In 

Face 

ft2
 

CAAA 
Out 

Face 

ft2
 

L1 27.00-25.83 26.42 0.956 6 0.2445 0.438 A 
B 
C 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 0.00 
0.00 
0.00 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

L2 25.83-5.00 15.42 0.854 5 0.2317 22.936 A 
B 
C 

0.000 
0.000 
0.000 

22.936 
22.936 
22.936 

22.936 100.00 
100.00 
100.00 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

L3 5.00-0.00 2.50 0.85 5 0.1931 8.494 A 
B 
C 

0.000 
0.000 
0.000 

8.494 
8.494 
8.494 

8.494 100.00 
100.00 
100.00 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

 
 
 

   Tower Pressure - Service    
 

GH = 1.100 

 

Section 

Elevation 
 

ft 

z  

 
 

ft 

KZ 

 

qz 

 

 

psf 

AG 

 

 

ft2
 

F 

a 
c 

e 

AF 

 

 

ft2
 

AR 

 

 

ft2
 

Aleg 

 

 

ft2
 

Leg 

 % 

 

 

CAAA 

In 
Face 

ft2
 

CAAA 

Out 
Face 

ft2
 

L1 27.00-25.83 26.42 0.956 7 0.390 A 
B 
C 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 0.00 
0.00 
0.00 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

L2 25.83-5.00 15.42 0.854 7 22.132 A 
B 
C 

0.000 
0.000 
0.000 

22.132 
22.132 
22.132 

22.132 100.00 
100.00 
100.00 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
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Section 

Elevation 

 
ft 

z  

 

 
ft 

KZ 

 

qz 

 

 

psf 

AG 

 

 
ft2

 

F 

a 

c 
e 

AF 

 

 
ft2

 

AR 

 

 
ft2

 

Aleg 

 

 
ft2

 

Leg 

 % 

 

 

CAAA 

In 

Face 
ft2

 

CAAA 

Out 

Face 
ft2

 

L3 5.00-0.00 2.50 0.85 7 8.333 A 
B 
C 

0.000 
0.000 
0.000 

8.333 
8.333 
8.333 

8.333 100.00 
100.00 
100.00 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

 
 

   Tower Forces - No Ice - Wind Normal To Face    
 

Section 

Elevation 

 
ft 

Add 

Weight 

 
lb 

Self 

Weight 

 
lb 

F 

a 

c 
e 

e CF 

 
qz 

 

psf 

DF 

 
DR 

 
AE 

 

 
ft2 

F 

 

 
lb 

w 

 

 
plf 

Ctrl. 

Face 

L1 
27.00-25.83 

0.00 10.67 A 
B 
C 

0 
0 
0 

1.104 
1.104 
1.104 

41 1 
1 
1 

1 
1 
1 

0.000 
0.000 
0.000 

0.00 0.00 C 

L2 25.83-5.00 0.00 648.06 A 
B 
C 

1 
1 
1 

0.6 
0.6 
0.6 

37 1 
1 
1 

1 
1 
1 

22.132 
22.132 
22.132 

539.55 25.90 C 

L3 5.00-0.00 0.00 393.37 A 
B 
C 

1 
1 
1 

0.6 
0.6 
0.6 

37 1 
1 
1 

1 
1 
1 

8.333 
8.333 
8.333 

202.26 40.45 C 

Sum Weight: 0.00 1052.09         OTM 8822.83 
lb-ft 

741.81    

 
 
 
 

   Tower Forces - No Ice - Wind 45 To Face    
 

Section 

Elevation 

 
ft 

Add 

Weight 

 
lb 

Self 

Weight 

 
lb 

F 

a 

c 
e 

e CF 

 
qz 

 

psf 

DF 

 
DR 

 
AE 

 

 
ft2 

F 

 

 
lb 

w 

 

 
plf 

Ctrl. 

Face 

L1 
27.00-25.83 

0.00 10.67 A 
B 
C 

0 
0 
0 

1.104 
1.104 
1.104 

41 1 
1 
1 

1 
1 
1 

0.000 
0.000 
0.000 

0.00 0.00 C 

L2 25.83-5.00 0.00 648.06 A 
B 
C 

1 
1 
1 

0.6 
0.6 
0.6 

37 1 
1 
1 

1 
1 
1 

22.132 
22.132 
22.132 

539.55 25.90 C 

L3 5.00-0.00 0.00 393.37 A 
B 
C 

1 
1 
1 

0.6 
0.6 
0.6 

37 1 
1 
1 

1 
1 
1 

8.333 
8.333 
8.333 

202.26 40.45 C 

Sum Weight: 0.00 1052.09         OTM 8822.83 
lb-ft 

741.81    

 
 
 
 

   Tower Forces - No Ice - Wind 60 To Face    
 

Section 

Elevation 
 

ft 

Add 

Weight 
 

lb 

Self 

Weight 
 

lb 

F 

a 
c 

e 

e CF 

 
qz 

 
psf 

DF 

 
DR 

 
AE 

 
 

ft2 

F 

 
 

lb 

w 

 
 

plf 

Ctrl. 

Face 
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Section 

Elevation 

 
ft 

Add 

Weight 

 
lb 

Self 

Weight 

 
lb 

F 

a 

c 
e 

e CF 

 
qz 

 

psf 

DF 

 
DR 

 
AE 

 

 
ft2 

F 

 

 
lb 

w 

 

 
plf 

Ctrl. 

Face 

L1 
27.00-25.83 

0.00 10.67 A 
B 
C 

0 
0 
0 

1.104 
1.104 
1.104 

41 1 
1 
1 

1 
1 
1 

0.000 
0.000 
0.000 

0.00 0.00 C 

L2 25.83-5.00 0.00 648.06 A 
B 
C 

1 
1 
1 

0.6 
0.6 
0.6 

37 1 
1 
1 

1 
1 
1 

22.132 
22.132 
22.132 

539.55 25.90 C 

L3 5.00-0.00 0.00 393.37 A 
B 
C 

1 
1 
1 

0.6 
0.6 
0.6 

37 1 
1 
1 

1 
1 
1 

8.333 
8.333 
8.333 

202.26 40.45 C 

Sum Weight: 0.00 1052.09         OTM 8822.83 
lb-ft 

741.81    

 
 
 
 

   Tower Forces - No Ice - Wind 90 To Face     
 

Section 

Elevation 
 

ft 

Add 

Weight 
 

lb 

Self 

Weight 
 

lb 

F 

a 
c 

e 

e CF 

 
qz 

 
psf 

DF 

 
DR 

 
AE 

 
 

ft2 

F 

 
 

lb 

w 

 
 

plf 

Ctrl. 

Face 

L1 
27.00-25.83 

0.00 10.67 A 
B 
C 

0 
0 
0 

1.104 
1.104 
1.104 

41 1 
1 
1 

1 
1 
1 

0.000 
0.000 
0.000 

0.00 0.00 C 

L2 25.83-5.00 0.00 648.06 A 
B 
C 

1 
1 
1 

0.6 
0.6 
0.6 

37 1 
1 
1 

1 
1 
1 

22.132 
22.132 
22.132 

539.55 25.90 C 

L3 5.00-0.00 0.00 393.37 A 
B 
C 

1 
1 
1 

0.6 
0.6 
0.6 

37 1 
1 
1 

1 
1 
1 

8.333 
8.333 
8.333 

202.26 40.45 C 

Sum Weight: 0.00 1052.09         OTM 8822.83 
lb-ft 

741.81    

 
 
 
 

   Tower Forces - With Ice - Wind Normal To Face     
 

Section 

Elevation 
 

ft 

Add 

Weight 
 

lb 

Self 

Weight 
 

lb 

F 

a 
c 

e 

e CF 

 
qz 

 
psf 

DF 

 
DR 

 
AE 

 
 

ft2 

F 

 
 

lb 

w 

 
 

plf 

Ctrl. 

Face 

L1 
27.00-25.83 

0.00 12.15 A 
B 
C 

0 
0 
0 

1.2 
1.2 
1.2 

6 1 
1 
1 

1 
1 
1 

0.000 
0.000 
0.000 

0.00 0.00 C 

L2 25.83-5.00 0.00 724.60 A 
B 
C 

1 
1 
1 

1.2 
1.2 
1.2 

5 1 
1 
1 

1 
1 
1 

22.936 
22.936 
22.936 

165.43 7.94 C 

L3 5.00-0.00 0.00 417.19 A 
B 
C 

1 
1 
1 

1.2 
1.2 
1.2 

5 1 
1 
1 

1 
1 
1 

8.494 
8.494 
8.494 

61.00 12.20 C 

Sum Weight: 0.00 1153.94         OTM 2702.62 
lb-ft 

226.43    
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   Tower Forces - With Ice - Wind 45 To Face    
 

Section 

Elevation 

 
ft 

Add 

Weight 

 
lb 

Self 

Weight 

 
lb 

F 

a 

c 
e 

e CF 

 
qz 

 

psf 

DF 

 
DR 

 
AE 

 

 
ft2 

F 

 

 
lb 

w 

 

 
plf 

Ctrl. 

Face 

L1 
27.00-25.83 

0.00 12.15 A 
B 
C 

0 
0 
0 

1.2 
1.2 
1.2 

6 1 
1 
1 

1 
1 
1 

0.000 
0.000 
0.000 

0.00 0.00 C 

L2 25.83-5.00 0.00 724.60 A 
B 
C 

1 
1 
1 

1.2 
1.2 
1.2 

5 1 
1 
1 

1 
1 
1 

22.936 
22.936 
22.936 

165.43 7.94 C 

L3 5.00-0.00 0.00 417.19 A 
B 
C 

1 
1 
1 

1.2 
1.2 
1.2 

5 1 
1 
1 

1 
1 
1 

8.494 
8.494 
8.494 

61.00 12.20 C 

Sum Weight: 0.00 1153.94         OTM 2702.62 
lb-ft 

226.43    

 
 
 
 

   Tower Forces - With Ice - Wind 60 To Face     
 

Section 

Elevation 
 

ft 

Add 

Weight 
 

lb 

Self 

Weight 
 

lb 

F 

a 
c 

e 

e CF 

 
qz 

 
psf 

DF 

 
DR 

 
AE 

 
 

ft2 

F 

 
 

lb 

w 

 
 

plf 

Ctrl. 

Face 

L1 
27.00-25.83 

0.00 12.15 A 
B 
C 

0 
0 
0 

1.2 
1.2 
1.2 

6 1 
1 
1 

1 
1 
1 

0.000 
0.000 
0.000 

0.00 0.00 C 

L2 25.83-5.00 0.00 724.60 A 
B 
C 

1 
1 
1 

1.2 
1.2 
1.2 

5 1 
1 
1 

1 
1 
1 

22.936 
22.936 
22.936 

165.43 7.94 C 

L3 5.00-0.00 0.00 417.19 A 
B 
C 

1 
1 
1 

1.2 
1.2 
1.2 

5 1 
1 
1 

1 
1 
1 

8.494 
8.494 
8.494 

61.00 12.20 C 

Sum Weight: 0.00 1153.94         OTM 2702.62 
lb-ft 

226.43    

 
 
 
 

   Tower Forces - With Ice - Wind 90 To Face     
 

Section 

Elevation 
 

ft 

Add 

Weight 
 

lb 

Self 

Weight 
 

lb 

F 

a 
c 

e 

e CF 

 
qz 

 
psf 

DF 

 
DR 

 
AE 

 
 

ft2 

F 

 
 

lb 

w 

 
 

plf 

Ctrl. 

Face 

L1 
27.00-25.83 

0.00 12.15 A 
B 
C 

0 
0 
0 

1.2 
1.2 
1.2 

6 1 
1 
1 

1 
1 
1 

0.000 
0.000 
0.000 

0.00 0.00 C 

L2 25.83-5.00 0.00 724.60 A 
B 
C 

1 
1 
1 

1.2 
1.2 
1.2 

5 1 
1 
1 

1 
1 
1 

22.936 
22.936 
22.936 

165.43 7.94 C 
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Section 

Elevation 

 
ft 

Add 

Weight 

 
lb 

Self 

Weight 

 
lb 

F 

a 

c 
e 

e CF 

 
qz 

 

psf 

DF 

 
DR 

 
AE 

 

 
ft2 

F 

 

 
lb 

w 

 

 
plf 

Ctrl. 

Face 

L3 5.00-0.00 0.00 417.19 A 
B 
C 

1 
1 
1 

1.2 
1.2 
1.2 

5 1 
1 
1 

1 
1 
1 

8.494 
8.494 
8.494 

61.00 12.20 C 

Sum Weight: 0.00 1153.94         OTM 2702.62 
lb-ft 

226.43    

 
 
 
 

   Tower Forces - Service - Wind Normal To Face    
 

Section 

Elevation 

 
ft 

Add 

Weight 

 
lb 

Self 

Weight 

 
lb 

F 

a 

c 
e 

e CF 

 
qz 

 

psf 

DF 

 
DR 

 
AE 

 

 
ft2 

F 

 

 
lb 

w 

 

 
plf 

Ctrl. 

Face 

L1 
27.00-25.83 

0.00 10.67 A 
B 
C 

0 
0 
0 

1.2 
1.2 
1.2 

7 1 
1 
1 

1 
1 
1 

0.000 
0.000 
0.000 

0.00 0.00 C 

L2 25.83-5.00 0.00 648.06 A 
B 
C 

1 
1 
1 

0.794 
0.794 
0.794 

7 1 
1 
1 

1 
1 
1 

22.132 
22.132 
22.132 

129.36 6.21 C 

L3 5.00-0.00 0.00 393.37 A 
B 
C 

1 
1 
1 

0.6 
0.6 
0.6 

7 1 
1 
1 

1 
1 
1 

8.333 
8.333 
8.333 

36.62 7.32 C 

Sum Weight: 0.00 1052.09         OTM 2085.68 
lb-ft 

165.98    

 
 
 
 

   Tower Forces - Service - Wind 45 To Face    
 

Section 

Elevation 
 

ft 

Add 

Weight 
 

lb 

Self 

Weight 
 

lb 

F 

a 
c 

e 

e CF 

 
qz 

 
psf 

DF 

 
DR 

 
AE 

 
 

ft2 

F 

 
 

lb 

w 

 
 

plf 

Ctrl. 

Face 

L1 
27.00-25.83 

0.00 10.67 A 
B 
C 

0 
0 
0 

1.2 
1.2 
1.2 

7 1 
1 
1 

1 
1 
1 

0.000 
0.000 
0.000 

0.00 0.00 C 

L2 25.83-5.00 0.00 648.06 A 
B 
C 

1 
1 
1 

0.794 
0.794 
0.794 

7 1 
1 
1 

1 
1 
1 

22.132 
22.132 
22.132 

129.36 6.21 C 

L3 5.00-0.00 0.00 393.37 A 
B 
C 

1 
1 
1 

0.6 
0.6 
0.6 

7 1 
1 
1 

1 
1 
1 

8.333 
8.333 
8.333 

36.62 7.32 C 

Sum Weight: 0.00 1052.09         OTM 2085.68 
lb-ft 

165.98    

 
 
 
 

   Tower Forces - Service - Wind 60 To Face    
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Section 

Elevation 

 
ft 

Add 

Weight 

 
lb 

Self 

Weight 

 
lb 

F 

a 

c 
e 

e CF 

 
qz 

 

psf 

DF 

 
DR 

 
AE 

 

 
ft2 

F 

 

 
lb 

w 

 

 
plf 

Ctrl. 

Face 

L1 
27.00-25.83 

0.00 10.67 A 
B 
C 

0 
0 
0 

1.2 
1.2 
1.2 

7 1 
1 
1 

1 
1 
1 

0.000 
0.000 
0.000 

0.00 0.00 C 

L2 25.83-5.00 0.00 648.06 A 
B 
C 

1 
1 
1 

0.794 
0.794 
0.794 

7 1 
1 
1 

1 
1 
1 

22.132 
22.132 
22.132 

129.36 6.21 C 

L3 5.00-0.00 0.00 393.37 A 
B 
C 

1 
1 
1 

0.6 
0.6 
0.6 

7 1 
1 
1 

1 
1 
1 

8.333 
8.333 
8.333 

36.62 7.32 C 

Sum Weight: 0.00 1052.09         OTM 2085.68 
lb-ft 

165.98    

 
 
 
 

   Tower Forces - Service - Wind 90 To Face     
 

Section 

Elevation 
 

ft 

Add 

Weight 
 

lb 

Self 

Weight 
 

lb 

F 

a 
c 

e 

e CF 

 
qz 

 
psf 

DF 

 
DR 

 
AE 

 
 

ft2 

F 

 
 

lb 

w 

 
 

plf 

Ctrl. 

Face 

L1 
27.00-25.83 

0.00 10.67 A 
B 
C 

0 
0 
0 

1.2 
1.2 
1.2 

7 1 
1 
1 

1 
1 
1 

0.000 
0.000 
0.000 

0.00 0.00 C 

L2 25.83-5.00 0.00 648.06 A 
B 
C 

1 
1 
1 

0.794 
0.794 
0.794 

7 1 
1 
1 

1 
1 
1 

22.132 
22.132 
22.132 

129.36 6.21 C 

L3 5.00-0.00 0.00 393.37 A 
B 
C 

1 
1 
1 

0.6 
0.6 
0.6 

7 1 
1 
1 

1 
1 
1 

8.333 
8.333 
8.333 

36.62 7.32 C 

Sum Weight: 0.00 1052.09         OTM 2085.68 
lb-ft 

165.98    

 
 
 
 

 Discrete Appurtenance Pressures - No Ice    GH = 1.100   
 

Description Aiming 

Azimuth  
° 

Weight 

 
lb 

Offsetx 

 
ft 

Offsetz 

 
ft 

z 

 
ft 

Kz qz 

 
psf 

CAAC 

Front 
ft2 

CAAC 

Side 
ft2 

Omni (14.625'' OD X 2' 
tall) 

0.0000 30.00 0.00 0.00 29.00 0.975 42 1.22 1.22 

10'-0'' Light Arm (3.0 sq. 
ft. EPA, 60 lbs) 

180.0000 60.00 0.00 5.53 24.50 0.941 41 3.00 3.00 

Nokia Venus Backpack 
(37''x12.3''x12'', 100lb) 

0.0000 100.00 0.00 0.00 23.25 0.931 40 3.86 3.78 

  Sum 
Weight: 

190.00        

 
  

 Discrete Appurtenance Pressures - With Ice    GH = 1.100   
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Description Aiming 

Azimuth  

° 

Weight 

 

lb 

Offsetx 

 

ft 

Offsetz 

 

ft 

z 

 

ft 

Kz qz 

 

psf 

CAAC 

Front 
ft2 

CAAC 

Side 
ft2 

tz 

 

in 
Omni (14.625'' OD X 2' 
tall) 

0.0000 42.19 0.00 0.00 29.00 0.975 6 1.55 1.55 0.2468 

10'-0'' Light Arm (3.0 sq. 
ft. EPA, 60 lbs) 

180.0000 73.20 0.00 5.53 24.50 0.941 6 3.44 3.44 0.2427 

Nokia Venus Backpack 
(37''x12.3''x12'', 100lb) 

0.0000 117.35 0.00 0.00 23.25 0.931 6 3.99 3.91 0.2414 

  Sum 
Weight: 

232.74         

 
 

 Discrete Appurtenance Pressures - Service    GH = 1.100   
 

Description Aiming 

Azimuth  
° 

Weight 

 
lb 

Offsetx 

 
ft 

Offsetz 

 
ft 

z 

 
ft 

Kz qz 

 
psf 

CAAC 

Front 
ft2 

CAAC 

Side 
ft2 

Omni (14.625'' OD X 2' 
tall) 

0.0000 30.00 0.00 0.00 29.00 0.975 8 1.27 1.27 

10'-0'' Light Arm (3.0 sq. 
ft. EPA, 60 lbs) 

180.0000 60.00 0.00 5.53 24.50 0.941 7 3.00 3.00 

Nokia Venus Backpack 
(37''x12.3''x12'', 100lb) 

0.0000 100.00 0.00 0.00 23.25 0.931 7 3.86 3.78 

  Sum 
Weight: 

190.00        

 
  

 Force Totals      
 

Load 
Case 

Vertical 
Forces 

 

lb 

Sum of 
Forces 

X 

lb 

Sum of 
Forces 

Z 

lb 

 Sum of 
Overturning 

Moments, Mx 

lb-ft 

 Sum of 
Overturning 

Moments, Mz 

lb-ft 

Sum of Torques 
 

 

lb-ft 
Leg Weight 1052.09      
Bracing Weight 0.00      
Total Member Self-Weight 1052.09   331.88 0.00  
Total Weight 1332.09   331.88 0.00  
Wind 0 deg - No Ice  0.00 -1183.44 -19543.65 0.00 0.00 
Wind 30 deg - No Ice  591.72 -1024.89 -16880.83 -9937.76 371.66 
Wind 45 deg - No Ice  836.82 -836.82 -13722.24 -14054.12 525.60 
Wind 60 deg - No Ice  1024.89 -591.72 -9605.89 -17212.71 643.73 
Wind 90 deg - No Ice  1183.44 0.00 331.88 -19875.52 743.31 
Wind 120 deg - No Ice  1024.89 591.72 10269.64 -17212.71 643.73 
Wind 135 deg - No Ice  836.82 836.82 14385.99 -14054.12 525.60 
Wind 150 deg - No Ice  591.72 1024.89 17544.58 -9937.76 371.66 
Wind 180 deg - No Ice  0.00 1183.44 20207.40 0.00 0.00 
Wind 210 deg - No Ice  -591.72 1024.89 17544.58 9937.76 -371.66 
Wind 225 deg - No Ice  -836.82 836.82 14385.99 14054.12 -525.60 
Wind 240 deg - No Ice  -1024.89 591.72 10269.64 17212.71 -643.73 
Wind 270 deg - No Ice  -1183.44 0.00 331.88 19875.52 -743.31 
Wind 300 deg - No Ice  -1024.89 -591.72 -9605.89 17212.71 -643.73 
Wind 315 deg - No Ice  -836.82 -836.82 -13722.24 14054.12 -525.60 
Wind 330 deg - No Ice  -591.72 -1024.89 -16880.83 9937.76 -371.66 
Member Ice 101.85      
Total Weight Ice 1487.22   404.89 0.00  
Wind 0 deg - Ice  0.00 -310.17 -4423.11 0.00 0.00 
Wind 30 deg - Ice  155.08 -268.61 -3776.28 -2414.00 62.98 
Wind 45 deg - Ice  219.32 -219.32 -3009.02 -3413.91 89.07 
Wind 60 deg - Ice  268.61 -155.08 -2009.11 -4181.17 109.09 



 
 
 

ttnnxxTToowweerr  
Job 

CC City of Denver Pole

Page  

10 of 19 

Vector Structural Engineering 

651 W. Galena Park Blvd 

Project 

U0142.1756.231 

Date 

10:05:24 05/15/23  

Draper, UT 84020 
Phone: 801-990-1775 

FAX: 801-990-1774 

Client 

RayCap 
Designed by 
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Load 

Case 
Vertical 

Forces 

 
lb 

Sum of 

Forces 

X 
lb 

Sum of 

Forces 

Z 
lb 

 Sum of 

Overturning 

Moments, Mx 

lb-ft 

 Sum of 

Overturning 

Moments, Mz 

lb-ft 

Sum of Torques 

 

 
lb-ft 

Wind 90 deg - Ice  310.17 0.00 404.89 -4828.00 125.97 
Wind 120 deg - Ice  268.61 155.08 2818.89 -4181.17 109.09 
Wind 135 deg - Ice  219.32 219.32 3818.81 -3413.91 89.07 
Wind 150 deg - Ice  155.08 268.61 4586.07 -2414.00 62.98 
Wind 180 deg - Ice  0.00 310.17 5232.90 0.00 0.00 
Wind 210 deg - Ice  -155.08 268.61 4586.07 2414.00 -62.98 
Wind 225 deg - Ice  -219.32 219.32 3818.81 3413.91 -89.07 
Wind 240 deg - Ice  -268.61 155.08 2818.89 4181.17 -109.09 
Wind 270 deg - Ice  -310.17 0.00 404.89 4828.00 -125.97 
Wind 300 deg - Ice  -268.61 -155.08 -2009.11 4181.17 -109.09 
Wind 315 deg - Ice  -219.32 -219.32 -3009.02 3413.91 -89.07 
Wind 330 deg - Ice  -155.08 -268.61 -3776.28 2414.00 -62.98 
Total Weight 1332.09   331.88 0.00  
Wind 0 deg - Service  0.00 -246.35 -3766.64 0.00 0.00 
Wind 30 deg - Service  123.17 -213.34 -3217.54 -2049.26 67.29 
Wind 45 deg - Service  174.19 -174.19 -2566.21 -2898.09 95.17 
Wind 60 deg - Service  213.34 -123.17 -1717.38 -3549.42 116.56 
Wind 90 deg - Service  246.35 0.00 331.88 -4098.51 134.59 
Wind 120 deg - Service  213.34 123.17 2381.13 -3549.42 116.56 
Wind 135 deg - Service  174.19 174.19 3229.96 -2898.09 95.17 
Wind 150 deg - Service  123.17 213.34 3881.29 -2049.26 67.29 
Wind 180 deg - Service  0.00 246.35 4430.39 0.00 0.00 
Wind 210 deg - Service  -123.17 213.34 3881.29 2049.26 -67.29 
Wind 225 deg - Service  -174.19 174.19 3229.96 2898.09 -95.17 
Wind 240 deg - Service  -213.34 123.17 2381.13 3549.42 -116.56 
Wind 270 deg - Service  -246.35 0.00 331.88 4098.51 -134.59 
Wind 300 deg - Service  -213.34 -123.17 -1717.38 3549.42 -116.56 
Wind 315 deg - Service  -174.19 -174.19 -2566.21 2898.09 -95.17 
Wind 330 deg - Service  -123.17 -213.34 -3217.54 2049.26 -67.29 

 
 
 

 Load Combinations    
 
Comb. 

No. 

Description 

1 Dead Only 
2 1.2 Dead+1.0 Wind 0 deg - No Ice 
3 0.9 Dead+1.0 Wind 0 deg - No Ice 
4 1.2 Dead+1.0 Wind 30 deg - No Ice 
5 0.9 Dead+1.0 Wind 30 deg - No Ice 
6 1.2 Dead+1.0 Wind 45 deg - No Ice 
7 0.9 Dead+1.0 Wind 45 deg - No Ice 
8 1.2 Dead+1.0 Wind 60 deg - No Ice 
9 0.9 Dead+1.0 Wind 60 deg - No Ice 

10 1.2 Dead+1.0 Wind 90 deg - No Ice 
11 0.9 Dead+1.0 Wind 90 deg - No Ice 
12 1.2 Dead+1.0 Wind 120 deg - No Ice 
13 0.9 Dead+1.0 Wind 120 deg - No Ice 
14 1.2 Dead+1.0 Wind 135 deg - No Ice 
15 0.9 Dead+1.0 Wind 135 deg - No Ice 
16 1.2 Dead+1.0 Wind 150 deg - No Ice 
17 0.9 Dead+1.0 Wind 150 deg - No Ice 
18 1.2 Dead+1.0 Wind 180 deg - No Ice 
19 0.9 Dead+1.0 Wind 180 deg - No Ice 
20 1.2 Dead+1.0 Wind 210 deg - No Ice 
21 0.9 Dead+1.0 Wind 210 deg - No Ice 
22 1.2 Dead+1.0 Wind 225 deg - No Ice 
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Comb. 

No. 

Description 

23 0.9 Dead+1.0 Wind 225 deg - No Ice 
24 1.2 Dead+1.0 Wind 240 deg - No Ice 
25 0.9 Dead+1.0 Wind 240 deg - No Ice 
26 1.2 Dead+1.0 Wind 270 deg - No Ice 
27 0.9 Dead+1.0 Wind 270 deg - No Ice 
28 1.2 Dead+1.0 Wind 300 deg - No Ice 
29 0.9 Dead+1.0 Wind 300 deg - No Ice 
30 1.2 Dead+1.0 Wind 315 deg - No Ice 
31 0.9 Dead+1.0 Wind 315 deg - No Ice 
32 1.2 Dead+1.0 Wind 330 deg - No Ice 
33 0.9 Dead+1.0 Wind 330 deg - No Ice 
34 1.2 Dead+1.0 Ice 
35 1.2 Dead+1.0 Wind 0 deg+1.0 Ice 
36 1.2 Dead+1.0 Wind 30 deg+1.0 Ice 
37 1.2 Dead+1.0 Wind 45 deg+1.0 Ice 
38 1.2 Dead+1.0 Wind 60 deg+1.0 Ice 
39 1.2 Dead+1.0 Wind 90 deg+1.0 Ice 
40 1.2 Dead+1.0 Wind 120 deg+1.0 Ice 
41 1.2 Dead+1.0 Wind 135 deg+1.0 Ice 
42 1.2 Dead+1.0 Wind 150 deg+1.0 Ice 
43 1.2 Dead+1.0 Wind 180 deg+1.0 Ice 
44 1.2 Dead+1.0 Wind 210 deg+1.0 Ice 
45 1.2 Dead+1.0 Wind 225 deg+1.0 Ice 
46 1.2 Dead+1.0 Wind 240 deg+1.0 Ice 
47 1.2 Dead+1.0 Wind 270 deg+1.0 Ice 
48 1.2 Dead+1.0 Wind 300 deg+1.0 Ice 
49 1.2 Dead+1.0 Wind 315 deg+1.0 Ice 
50 1.2 Dead+1.0 Wind 330 deg+1.0 Ice 
51 Dead+Wind 0 deg - Service 
52 Dead+Wind 30 deg - Service 
53 Dead+Wind 45 deg - Service 
54 Dead+Wind 60 deg - Service 
55 Dead+Wind 90 deg - Service 
56 Dead+Wind 120 deg - Service 
57 Dead+Wind 135 deg - Service 
58 Dead+Wind 150 deg - Service 
59 Dead+Wind 180 deg - Service 
60 Dead+Wind 210 deg - Service 
61 Dead+Wind 225 deg - Service 
62 Dead+Wind 240 deg - Service 
63 Dead+Wind 270 deg - Service 
64 Dead+Wind 300 deg - Service 
65 Dead+Wind 315 deg - Service 
66 Dead+Wind 330 deg - Service 

 
 

  Maximum Member Forces   
 
Section 

No. 

Elevation 

ft 

Component 

Type 

Condition Gov. 

Load 
Comb. 

Axial 

 
lb 

Major Axis 

Moment 
lb-ft 

Minor Axis 

Moment 
lb-ft 

L1 27 - 25.83 Pole Max Tension 34 0.00 0.00 0.00 
      Max. Compression 34 -142.18 0.00 -0.04 
      Max. Mx 10 -120.33 -266.39 -0.17 
      Max. My 18 -120.31 0.00 -266.42 
      Max. Vy 10 115.26 -266.39 -0.17 
      Max. Vx 18 115.29 0.00 -266.42 
      Max. Torque 10     0.03 

L2 25.83 - 5 Pole Max Tension 1 0.00 0.00 0.00 
      Max. Compression 34 -1257.78 0.00 -472.83 
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Section 

No. 

Elevation 

ft 

Component 

Type 

Condition Gov. 

Load 

Comb. 

Axial 

 

lb 

Major Axis 

Moment 

lb-ft 

Minor Axis 

Moment 

lb-ft 

      Max. Mx 10 -1125.90 -14502.23 -399.85 
      Max. My 18 -1125.88 0.00 -14902.01 
      Max. Vy 10 981.83 -14502.23 -399.85 
      Max. Vx 18 981.85 0.00 -14902.01 
      Max. Torque 11     -743.05 

L3 5 - 0 Pole Max Tension 1 0.00 0.00 0.00 
      Max. Compression 34 -1753.64 0.00 -472.82 
      Max. Mx 10 -1598.51 -19914.97 -399.80 
      Max. My 18 -1598.51 0.00 -20314.77 
      Max. Vy 11 1183.43 -19905.08 -299.56 
      Max. Vx 18 1183.43 0.00 -20314.77 
      Max. Torque 11     -743.04 
        

  
 

   Maximum Reactions    
 

Location Condition Gov. 

Load 

Comb. 

Vertical 

lb 

Horizontal, X 

lb 

Horizontal, Z 

lb 

Pole Max. Vert 34 1753.64 0.00 0.00 
  Max. Hx 27 1198.88 1183.43 -0.00 
  Max. Hz 3 1198.88 0.00 1183.40 
  Max. Mx 3 19604.87 0.00 1183.40 
  Max. Mz 10 19914.97 -1183.43 -0.00 
  Max. Torsion 27 743.04 1183.43 -0.00 
  Min. Vert 19 1198.88 0.00 -1183.40 
  Min. Hx 11 1198.88 -1183.43 -0.00 
  Min. Hz 18 1598.51 0.00 -1183.43 
  Min. Mx 18 -20314.77 0.00 -1183.43 
  Min. Mz 26 -19914.97 1183.43 -0.00 
  Min. Torsion 11 -743.04 -1183.43 -0.00 
      

 
 

 Tower Mast Reaction Summary    
 

Load 

Combination 
Vertical  

 
lb 

Shearx 

 
lb 

Shearz 

 
lb 

 Overturning 

Moment, Mx  
lb-ft 

 Overturning 

Moment, Mz 
lb-ft 

Torque 

 
lb-ft 

Dead Only 1332.09 0.00 -0.00 332.50 0.00 0.00 
1.2 Dead+1.0 Wind 0 deg - No 
Ice 

1598.51 0.00 -1183.39 -19514.31 0.00 0.00 

0.9 Dead+1.0 Wind 0 deg - No 
Ice 

1198.88 0.00 -1183.40 -19604.87 0.00 0.00 

1.2 Dead+1.0 Wind 30 deg - No 
Ice 

1598.51 591.72 -1024.88 -16847.07 -9957.49 371.48 

0.9 Dead+1.0 Wind 30 deg - No 
Ice 

1198.88 591.70 -1024.86 -16938.16 -9952.24 371.52 

1.2 Dead+1.0 Wind 45 deg - No 
Ice 

1598.51 836.81 -836.81 -13682.21 -14082.01 525.35 

0.9 Dead+1.0 Wind 45 deg - No 
Ice 

1198.88 836.81 -836.81 -13775.46 -14075.02 525.41 

1.2 Dead+1.0 Wind 60 deg - No 
Ice 

1598.51 1024.88 -591.72 -9557.69 -17246.87 643.42 

0.9 Dead+1.0 Wind 60 deg - No 
Ice 

1198.88 1024.88 -591.72 -9652.98 -17238.30 643.49 
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Load 

Combination 
Vertical  

 

lb 

Shearx 

 

lb 

Shearz 

 

lb 

 Overturning 

Moment, Mx  
lb-ft 

 Overturning 

Moment, Mz 
lb-ft 

Torque 

 

lb-ft 
1.2 Dead+1.0 Wind 90 deg - No 
Ice 

1598.51 1183.43 0.00 399.80 -19914.97 742.95 

0.9 Dead+1.0 Wind 90 deg - No 
Ice 

1198.88 1183.43 0.00 299.56 -19905.08 743.04 

1.2 Dead+1.0 Wind 120 deg - 
No Ice 

1598.51 1024.88 591.72 10357.28 -17246.87 643.42 

0.9 Dead+1.0 Wind 120 deg - 
No Ice 

1198.88 1024.88 591.72 10252.10 -17238.30 643.49 

1.2 Dead+1.0 Wind 135 deg - 
No Ice 

1598.51 836.81 836.81 14481.81 -14082.01 525.35 

0.9 Dead+1.0 Wind 135 deg - 
No Ice 

1198.88 836.81 836.81 14374.57 -14075.01 525.41 

1.2 Dead+1.0 Wind 150 deg - 
No Ice 

1598.51 591.72 1024.88 17646.67 -9957.49 371.48 

0.9 Dead+1.0 Wind 150 deg - 
No Ice 

1198.88 591.72 1024.88 17537.86 -9952.54 371.52 

1.2 Dead+1.0 Wind 180 deg - 
No Ice 

1598.51 0.00 1183.43 20314.77 0.00 0.00 

0.9 Dead+1.0 Wind 180 deg - 
No Ice 

1198.88 0.00 1183.40 20203.94 0.00 0.00 

1.2 Dead+1.0 Wind 210 deg - 
No Ice 

1598.51 -591.72 1024.88 17646.67 9957.49 -371.48 

0.9 Dead+1.0 Wind 210 deg - 
No Ice 

1198.88 -591.72 1024.88 17537.86 9952.54 -371.52 

1.2 Dead+1.0 Wind 225 deg - 
No Ice 

1598.51 -836.81 836.81 14481.81 14082.01 -525.35 

0.9 Dead+1.0 Wind 225 deg - 
No Ice 

1198.88 -836.81 836.81 14374.57 14075.01 -525.41 

1.2 Dead+1.0 Wind 240 deg - 
No Ice 

1598.51 -1024.88 591.72 10357.28 17246.87 -643.42 

0.9 Dead+1.0 Wind 240 deg - 
No Ice 

1198.88 -1024.88 591.72 10252.10 17238.30 -643.49 

1.2 Dead+1.0 Wind 270 deg - 
No Ice 

1598.51 -1183.43 0.00 399.80 19914.97 -742.95 

0.9 Dead+1.0 Wind 270 deg - 
No Ice 

1198.88 -1183.43 0.00 299.56 19905.08 -743.04 

1.2 Dead+1.0 Wind 300 deg - 
No Ice 

1598.51 -1024.88 -591.72 -9557.69 17246.87 -643.42 

0.9 Dead+1.0 Wind 300 deg - 
No Ice 

1198.88 -1024.88 -591.72 -9652.98 17238.30 -643.49 

1.2 Dead+1.0 Wind 315 deg - 
No Ice 

1598.51 -836.81 -836.81 -13682.21 14082.01 -525.35 

0.9 Dead+1.0 Wind 315 deg - 
No Ice 

1198.88 -836.81 -836.81 -13775.46 14075.02 -525.41 

1.2 Dead+1.0 Wind 330 deg - 
No Ice 

1598.51 -591.72 -1024.88 -16847.07 9957.49 -371.48 

0.9 Dead+1.0 Wind 330 deg - 
No Ice 

1198.88 -591.70 -1024.86 -16938.16 9952.24 -371.52 

1.2 Dead+1.0 Ice 1753.64 0.00 -0.00 472.82 0.00 0.00 
1.2 Dead+1.0 Wind 0 deg+1.0 
Ice 

1753.64 0.00 -310.16 -4364.58 0.00 0.00 

1.2 Dead+1.0 Wind 30 deg+1.0 
Ice 

1753.64 155.08 -268.61 -3716.43 -2418.92 62.93 

1.2 Dead+1.0 Wind 45 deg+1.0 
Ice 

1753.64 219.31 -219.32 -2947.61 -3420.87 89.00 

1.2 Dead+1.0 Wind 60 deg+1.0 
Ice 

1753.64 268.60 -155.08 -1945.66 -4189.70 109.00 

1.2 Dead+1.0 Wind 90 deg+1.0 
Ice 

1753.64 310.16 -0.00 473.27 -4837.84 125.87 

1.2 Dead+1.0 Wind 120 
deg+1.0 Ice 

1753.64 268.60 155.08 2892.19 -4189.69 109.00 
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Load 

Combination 
Vertical  

 

lb 

Shearx 

 

lb 

Shearz 

 

lb 

 Overturning 

Moment, Mx  
lb-ft 

 Overturning 

Moment, Mz 
lb-ft 

Torque 

 

lb-ft 
1.2 Dead+1.0 Wind 135 
deg+1.0 Ice 

1753.64 219.31 219.31 3894.14 -3420.87 89.00 

1.2 Dead+1.0 Wind 150 
deg+1.0 Ice 

1753.64 155.08 268.60 4662.96 -2418.92 62.93 

1.2 Dead+1.0 Wind 180 
deg+1.0 Ice 

1753.64 0.00 310.15 5311.11 0.00 0.00 

1.2 Dead+1.0 Wind 210 
deg+1.0 Ice 

1753.64 -155.08 268.60 4662.96 2418.92 -62.93 

1.2 Dead+1.0 Wind 225 
deg+1.0 Ice 

1753.64 -219.31 219.31 3894.14 3420.87 -89.00 

1.2 Dead+1.0 Wind 240 
deg+1.0 Ice 

1753.64 -268.60 155.08 2892.19 4189.69 -109.00 

1.2 Dead+1.0 Wind 270 
deg+1.0 Ice 

1753.64 -310.16 -0.00 473.27 4837.84 -125.87 

1.2 Dead+1.0 Wind 300 
deg+1.0 Ice 

1753.64 -268.60 -155.08 -1945.66 4189.70 -109.00 

1.2 Dead+1.0 Wind 315 
deg+1.0 Ice 

1753.64 -219.31 -219.32 -2947.61 3420.87 -89.00 

1.2 Dead+1.0 Wind 330 
deg+1.0 Ice 

1753.64 -155.08 -268.61 -3716.43 2418.92 -62.93 

Dead+Wind 0 deg - Service 1332.09 0.00 -246.34 -3771.89 0.00 0.00 
Dead+Wind 30 deg - Service 1332.09 123.17 -213.34 -3221.95 -2052.40 67.26 
Dead+Wind 45 deg - Service 1332.09 174.19 -174.19 -2569.62 -2902.54 95.12 
Dead+Wind 60 deg - Service 1332.09 213.34 -123.17 -1719.49 -3554.86 116.50 
Dead+Wind 90 deg - Service 1332.09 246.34 -0.00 332.91 -4104.80 134.53 
Dead+Wind 120 deg - Service 1332.09 213.34 123.17 2385.31 -3554.86 116.50 
Dead+Wind 135 deg - Service 1332.09 174.19 174.19 3235.45 -2902.53 95.12 
Dead+Wind 150 deg - Service 1332.09 123.17 213.33 3887.77 -2052.40 67.26 
Dead+Wind 180 deg - Service 1332.09 0.00 246.34 4437.71 0.00 0.00 
Dead+Wind 210 deg - Service 1332.09 -123.17 213.33 3887.77 2052.40 -67.26 
Dead+Wind 225 deg - Service 1332.09 -174.19 174.19 3235.45 2902.53 -95.12 
Dead+Wind 240 deg - Service 1332.09 -213.34 123.17 2385.31 3554.86 -116.50 
Dead+Wind 270 deg - Service 1332.09 -246.34 -0.00 332.91 4104.80 -134.53 
Dead+Wind 300 deg - Service 1332.09 -213.34 -123.17 -1719.49 3554.86 -116.50 
Dead+Wind 315 deg - Service 1332.09 -174.19 -174.19 -2569.62 2902.54 -95.12 
Dead+Wind 330 deg - Service 1332.09 -123.17 -213.34 -3221.95 2052.40 -67.26 

  
 

 Solution Summary   
 
 

Load 

Comb. 

Sum of Applied Forces Sum of Reactions  

% Error PX 

lb 

PY 

lb 

PZ 

lb 

PX 

lb 

PY 

lb 

PZ 

lb 

1 0.00 -1332.09 0.00 0.00 1332.09 0.00 0.000% 
2 0.00 -1598.51 -1183.44 0.00 1598.51 1183.39 0.002% 
3 0.00 -1198.88 -1183.44 0.00 1198.88 1183.40 0.002% 
4 591.72 -1598.51 -1024.89 -591.72 1598.51 1024.88 0.000% 
5 591.72 -1198.88 -1024.89 -591.70 1198.88 1024.86 0.002% 
6 836.82 -1598.51 -836.82 -836.81 1598.51 836.81 0.000% 
7 836.82 -1198.88 -836.82 -836.81 1198.88 836.81 0.000% 
8 1024.89 -1598.51 -591.72 -1024.88 1598.51 591.72 0.000% 
9 1024.89 -1198.88 -591.72 -1024.88 1198.88 591.72 0.000% 

10 1183.44 -1598.51 0.00 -1183.43 1598.51 -0.00 0.000% 
11 1183.44 -1198.88 0.00 -1183.43 1198.88 -0.00 0.000% 
12 1024.89 -1598.51 591.72 -1024.88 1598.51 -591.72 0.000% 
13 1024.89 -1198.88 591.72 -1024.88 1198.88 -591.72 0.000% 
14 836.82 -1598.51 836.82 -836.81 1598.51 -836.81 0.000% 
15 836.82 -1198.88 836.82 -836.81 1198.88 -836.81 0.000% 
16 591.72 -1598.51 1024.89 -591.72 1598.51 -1024.88 0.000% 
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Load 

Comb. 

Sum of Applied Forces Sum of Reactions  

% Error PX 

lb 

PY 

lb 

PZ 

lb 

PX 

lb 

PY 

lb 

PZ 

lb 

17 591.72 -1198.88 1024.89 -591.72 1198.88 -1024.88 0.000% 
18 0.00 -1598.51 1183.44 0.00 1598.51 -1183.43 0.000% 
19 0.00 -1198.88 1183.44 0.00 1198.88 -1183.40 0.002% 
20 -591.72 -1598.51 1024.89 591.72 1598.51 -1024.88 0.000% 
21 -591.72 -1198.88 1024.89 591.72 1198.88 -1024.88 0.000% 
22 -836.82 -1598.51 836.82 836.81 1598.51 -836.81 0.000% 
23 -836.82 -1198.88 836.82 836.81 1198.88 -836.81 0.000% 
24 -1024.89 -1598.51 591.72 1024.88 1598.51 -591.72 0.000% 
25 -1024.89 -1198.88 591.72 1024.88 1198.88 -591.72 0.000% 
26 -1183.44 -1598.51 0.00 1183.43 1598.51 -0.00 0.000% 
27 -1183.44 -1198.88 0.00 1183.43 1198.88 -0.00 0.000% 
28 -1024.89 -1598.51 -591.72 1024.88 1598.51 591.72 0.000% 
29 -1024.89 -1198.88 -591.72 1024.88 1198.88 591.72 0.000% 
30 -836.82 -1598.51 -836.82 836.81 1598.51 836.81 0.000% 
31 -836.82 -1198.88 -836.82 836.81 1198.88 836.81 0.000% 
32 -591.72 -1598.51 -1024.89 591.72 1598.51 1024.88 0.000% 
33 -591.72 -1198.88 -1024.89 591.70 1198.88 1024.86 0.002% 
34 0.00 -1753.64 0.00 0.00 1753.64 0.00 0.000% 
35 0.00 -1753.64 -310.17 0.00 1753.64 310.16 0.001% 
36 155.08 -1753.64 -268.61 -155.08 1753.64 268.61 0.001% 
37 219.32 -1753.64 -219.32 -219.31 1753.64 219.32 0.001% 
38 268.61 -1753.64 -155.08 -268.60 1753.64 155.08 0.001% 
39 310.17 -1753.64 0.00 -310.16 1753.64 0.00 0.001% 
40 268.61 -1753.64 155.08 -268.60 1753.64 -155.08 0.001% 
41 219.32 -1753.64 219.32 -219.31 1753.64 -219.31 0.001% 
42 155.08 -1753.64 268.61 -155.08 1753.64 -268.60 0.001% 
43 0.00 -1753.64 310.17 0.00 1753.64 -310.15 0.001% 
44 -155.08 -1753.64 268.61 155.08 1753.64 -268.60 0.001% 
45 -219.32 -1753.64 219.32 219.31 1753.64 -219.31 0.001% 
46 -268.61 -1753.64 155.08 268.60 1753.64 -155.08 0.001% 
47 -310.17 -1753.64 0.00 310.16 1753.64 0.00 0.001% 
48 -268.61 -1753.64 -155.08 268.60 1753.64 155.08 0.001% 
49 -219.32 -1753.64 -219.32 219.31 1753.64 219.32 0.001% 
50 -155.08 -1753.64 -268.61 155.08 1753.64 268.61 0.001% 
51 0.00 -1332.09 -246.35 0.00 1332.09 246.34 0.001% 
52 123.17 -1332.09 -213.34 -123.17 1332.09 213.34 0.001% 
53 174.19 -1332.09 -174.19 -174.19 1332.09 174.19 0.001% 
54 213.34 -1332.09 -123.17 -213.34 1332.09 123.17 0.001% 
55 246.35 -1332.09 0.00 -246.34 1332.09 0.00 0.001% 
56 213.34 -1332.09 123.17 -213.34 1332.09 -123.17 0.001% 
57 174.19 -1332.09 174.19 -174.19 1332.09 -174.19 0.001% 
58 123.17 -1332.09 213.34 -123.17 1332.09 -213.33 0.001% 
59 0.00 -1332.09 246.35 0.00 1332.09 -246.34 0.001% 
60 -123.17 -1332.09 213.34 123.17 1332.09 -213.33 0.001% 
61 -174.19 -1332.09 174.19 174.19 1332.09 -174.19 0.001% 
62 -213.34 -1332.09 123.17 213.34 1332.09 -123.17 0.001% 
63 -246.35 -1332.09 0.00 246.34 1332.09 0.00 0.001% 
64 -213.34 -1332.09 -123.17 213.34 1332.09 123.17 0.001% 
65 -174.19 -1332.09 -174.19 174.19 1332.09 174.19 0.001% 
66 -123.17 -1332.09 -213.34 123.17 1332.09 213.34 0.001% 

 
 
 

 Non-Linear Convergence Results   
 

Load 
Combination 

Converged? Number 
 of Cycles 

Displacement 
Tolerance 

Force 
Tolerance 

1 Yes 6 0.00000001 0.00000001 
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2 Yes 6 0.00000001 0.00014271 
3 Yes 6 0.00000001 0.00000001 
4 Yes 7 0.00000001 0.00000001 
5 Yes 6 0.00000001 0.00014457 
6 Yes 7 0.00000001 0.00000001 
7 Yes 7 0.00000001 0.00000001 
8 Yes 7 0.00000001 0.00000001 
9 Yes 7 0.00000001 0.00000001 

10 Yes 7 0.00000001 0.00000001 
11 Yes 7 0.00000001 0.00000001 
12 Yes 7 0.00000001 0.00000001 
13 Yes 7 0.00000001 0.00000001 
14 Yes 7 0.00000001 0.00000001 
15 Yes 7 0.00000001 0.00000001 
16 Yes 7 0.00000001 0.00000001 
17 Yes 7 0.00000001 0.00000001 
18 Yes 7 0.00000001 0.00000001 
19 Yes 6 0.00000001 0.00000001 
20 Yes 7 0.00000001 0.00000001 
21 Yes 7 0.00000001 0.00000001 
22 Yes 7 0.00000001 0.00000001 
23 Yes 7 0.00000001 0.00000001 
24 Yes 7 0.00000001 0.00000001 
25 Yes 7 0.00000001 0.00000001 
26 Yes 7 0.00000001 0.00000001 
27 Yes 7 0.00000001 0.00000001 
28 Yes 7 0.00000001 0.00000001 
29 Yes 7 0.00000001 0.00000001 
30 Yes 7 0.00000001 0.00000001 
31 Yes 7 0.00000001 0.00000001 
32 Yes 7 0.00000001 0.00000001 
33 Yes 6 0.00000001 0.00014457 
34 Yes 6 0.00000001 0.00000001 
35 Yes 6 0.00000001 0.00000001 
36 Yes 6 0.00000001 0.00000001 
37 Yes 6 0.00000001 0.00000001 
38 Yes 6 0.00000001 0.00000001 
39 Yes 6 0.00000001 0.00000001 
40 Yes 6 0.00000001 0.00000001 
41 Yes 6 0.00000001 0.00000001 
42 Yes 6 0.00000001 0.00000001 
43 Yes 6 0.00000001 0.00000001 
44 Yes 6 0.00000001 0.00000001 
45 Yes 6 0.00000001 0.00000001 
46 Yes 6 0.00000001 0.00000001 
47 Yes 6 0.00000001 0.00000001 
48 Yes 6 0.00000001 0.00000001 
49 Yes 6 0.00000001 0.00000001 
50 Yes 6 0.00000001 0.00000001 
51 Yes 6 0.00000001 0.00000001 
52 Yes 6 0.00000001 0.00000001 
53 Yes 6 0.00000001 0.00000001 
54 Yes 6 0.00000001 0.00000001 
55 Yes 6 0.00000001 0.00000001 
56 Yes 6 0.00000001 0.00000001 
57 Yes 6 0.00000001 0.00000001 
58 Yes 6 0.00000001 0.00000001 
59 Yes 6 0.00000001 0.00000001 
60 Yes 6 0.00000001 0.00000001 
61 Yes 6 0.00000001 0.00000001 
62 Yes 6 0.00000001 0.00000001 
63 Yes 6 0.00000001 0.00000001 
64 Yes 6 0.00000001 0.00000001 
65 Yes 6 0.00000001 0.00000001 
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66 Yes 6 0.00000001 0.00000001 

 
 
 

 Maximum Tower Deflections - Service Wind   
 

Section 
No. 

Elevation 
 

ft 

Horz. 
Deflection 

in 

Gov. 
Load 

Comb. 

Tilt 
 

° 

Twist 
 

° 

L1 27 - 25.83 0.187 59 0.0586 0.0056 
L2 25.83 - 5 0.173 59 0.0560 0.0056 
L3 5 - 0 0.003 59 0.0000 0.0002 

      

  
 

 Critical Deflections and Radius of Curvature - Service Wind 
 

Elevation 
 

ft 

Appurtenance Gov. 
Load 

Comb. 

Deflection 
 

in 

Tilt 
 

° 

Twist 
 

° 

Radius of 
Curvature 

ft 

29.00 Omni (14.625'' OD X 2' tall) 59 0.187 0.0586 0.0056 46414 
28.00 Top Plate 59 0.187 0.0586 0.0056 46414 
27.00 Bulkhead 59 0.187 0.0586 0.0056 46414 
25.83 Bottom Plate 59 0.173 0.0560 0.0056 46414 
24.50 10'-0'' Light Arm (3.0 sq. ft. EPA, 60 

lbs) 
59 0.157 0.0527 0.0055 46414 

23.25 Nokia Venus Backpack 
(37''x12.3''x12'', 100lb) 

59 0.143 0.0493 0.0054 46414 

  
 
 

 Maximum Tower Deflections - Design Wind   
 

Section 

No. 

Elevation 

 
ft 

Horz. 

Deflection 
in 

Gov. 

Load 
Comb. 

Tilt 

 
° 

Twist 

 
° 

L1 27 - 25.83 0.821 18 0.2527 0.0310 
L2 25.83 - 5 0.761 18 0.2389 0.0310 
L3 5 - 0 0.012 18 0.0224 0.0012 

      

  
 

 Critical Deflections and Radius of Curvature - Design Wind 
 

Elevation 

 
ft 

Appurtenance Gov. 

Load 
Comb. 

Deflection 

 
in 

Tilt 

 
° 

Twist 

 
° 

Radius of 

Curvature 
ft 

29.00 Omni (14.625'' OD X 2' tall) 18 0.821 0.2527 0.0310 12091 
28.00 Top Plate 18 0.821 0.2527 0.0310 12091 
27.00 Bulkhead 18 0.821 0.2527 0.0310 12091 
25.83 Bottom Plate 18 0.761 0.2389 0.0310 12091 
24.50 10'-0'' Light Arm (3.0 sq. ft. EPA, 60 

lbs) 
18 0.692 0.2230 0.0306 12091 

23.25 Nokia Venus Backpack 
(37''x12.3''x12'', 100lb) 

18 0.629 0.2078 0.0297 12091 
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 Compression Checks   
 
 

 Pole Design Data    
 
Section 

No. 
Elevation 

 

ft 

Size 
 

L 
 

ft 

Lu 

 

ft 

Kl/r 
 

A 
 

in2 

Pu 

 

lb 

φPn 

 

lb 

Ratio 
Pu 

φPn 

L1 27 - 25.83 (1) P3.5x.226 1.17 0.00 0.0 2.6795 -120.31 101287.00 0.001  
L2 25.83 - 5 (2) P12x1/4 20.83 0.00 0.0 9.1430 -1125.88 345607.00 0.003  
L3 5 - 0 (3) P20x.375 5.00 0.00 0.0 23.1202 -1598.51 873942.00 0.002  

                    

 
 

 Pole Bending Design Data    
 
Section 

No. 

Elevation 

 

ft 

Size 

 

Mux 

 

lb-ft 

φMnx 

 

lb-ft 

Ratio 
Mux 

φMnx 

Muy 

 

lb-ft 

φMny 

 

lb-ft 

Ratio 
Muy 

φMny 

L1 27 - 25.83 (1) P3.5x.226 266.42 10151.75 0.026 0.00 10151.75 0.000 
L2 25.83 - 5 (2) P12x1/4 14902.00 111585.00 0.134 0.00 111585.00 0.000 
L3 5 - 0 (3) P20x.375 20314.75 444739.17 0.046 0.00 444739.17 0.000 

                  

 
 

 Pole Shear Design Data    
 
Section 

No. 

Elevation 

 
ft 

Size 

 

Actual 

Vu 

lb 

φVn 

 
lb 

Ratio 
Vu 

φVn 

Actual 

Tu 

lb-ft 

φTn 

 
lb-ft 

Ratio 
Tu 

φTn 

L1 27 - 25.83 (1) P3.5x.226 115.29 30386.00 0.004 0.00 10082.17 0.000 
L2 25.83 - 5 (2) P12x1/4 981.85 103682.00 0.009 0.00 114104.17 0.000 
L3 5 - 0 (3) P20x.375 1183.43 262183.00 0.005 0.00 452369.17 0.000 

                  

 
 
 

 Pole Interaction Design Data    
 
Section 

No. 

Elevation 

 

ft 

Ratio 
Pu 

φPn 

Ratio 
Mux 

φMnx 

Ratio 
Muy 

φMny 

Ratio 
Vu 

φVn 

Ratio 
Tu 

φTn 

Comb. 

Stress 

Ratio 

Allow. 

Stress 

Ratio 

Criteria 

L1 27 - 25.83 (1) 0.001 0.026 0.000 0.004 0.000 0.027  

 

1.000 
4.8.2  

L2 25.83 - 5 (2) 0.003 0.134 0.000 0.009 0.000 0.137  

 

1.000 4.8.2  

L3 5 - 0 (3) 0.002 0.046 0.000 0.005 0.000 0.048  

 

1.000 4.8.2  
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 Section Capacity Table 
 

Section 

No. 

Elevation 

ft 

Component 

Type 

Size Critical 

Element 

P 

lb 

øPallow 

lb 

% 

Capacity 

Pass 

Fail 

L1 27 - 25.83 Pole P3.5x.226 1 -120.31 101287.00 2.7 Pass  
L2 25.83 - 5 Pole P12x1/4 2 -1125.88 345607.00 13.7 Pass  
L3 5 - 0 Pole P20x.375 3 -1598.51 873942.00 4.8 Pass  

              Summary   
            Pole (L2) 13.7 Pass  
      RATING = 13.7 Pass  
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N:\Logos\VectorLogo.gif

PROJECT: CC CITY OF DENVER POLE

Port Design:

Label:

Geometry Input

Pole Diameter 4 in

Pole Thickness 0.226 in

Pole Yield Strength 42 ksi

Effective Reinforcing Rims? No

Rim Yield Strength 50 ksi

# of Ports 1

Port 1

Azimuth (°) 0

Height (in) 5.5

Width (in) 1.5

Depth (in) 0

Thickness (in) 0

Projection (in) 0

 Port Weight (lbs) -1

Composite Section Properties

Original w/ ports

A 3 2 in2

Ixx 5 4 in4

Iyy 5 5 in4

Smin 2 2 in3

Port Check

0.027 (optional)

Rim Fy Reduction: 100% (rims not considered in section properties)

Result: 4%

Copyright © 2023 Vector Structural Engineering, LLC

This Excel workbook contains proprietary information belonging to Vector 
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Port in 3 1/2" STD Pipe

Pole unity at port location

from tower model:
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N:\Logos\VectorLogo.gif

PROJECT: CC CITY OF DENVER POLE 

Port Design:

Label:

Geometry Input

Pole Diameter 12.75 in

Pole Thickness 0.25 in

Pole Yield Strength 42 ksi

Effective Reinforcing Rims? No

Rim Yield Strength 50 ksi

# of Ports 1

Port 1

Azimuth (°) 0

Height (in) 6

Width (in) 4

Depth (in) 0

Thickness (in) 0

Projection (in) 0

 Port Weight (lbs) -2

Composite Section Properties

Original w/ ports

A 10 9 in2

Ixx 192 149 in4

Iyy 192 185 in4

Smin 30 23 in3

Port Check

0.137 (optional)

Rim Fy Reduction: 100% (rims not considered in section properties)

Result: 18%

Pole unity at port location

from tower model:

Copyright © 2023 Vector Structural Engineering, LLC
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Port in 12" SCH 20 Pipe at 25'-4" A.G.L.
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N:\Logos\VectorLogo.gif

PROJECT: CC CITY OF DENVER POLE 

Port Design:

Label:

Geometry Input

Pole Diameter 12.75 in

Pole Thickness 0.25 in

Pole Yield Strength 42 ksi

Effective Reinforcing Rims? No

Rim Yield Strength 50 ksi

# of Ports 1

Port 1

Azimuth (°) 0

Height (in) 8.75

Width (in) 8

Depth (in) 0

Thickness (in) 0

Projection (in) 0

 Port Weight (lbs) -6

Composite Section Properties

Original w/ ports

A 10 8 in2

Ixx 192 116 in4

Iyy 192 175 in4

Smin 30 18 in3

Port Check

0.137 (optional)

Rim Fy Reduction: 100% (rims not considered in section properties)

Result: 23%

Pole unity at port location

from tower model:
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Port in 12" SCH 20 Pipe at 24'-6" A.G.L.
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PROJECT: CC CITY OF DENVER POLE

Port Design:

Label:

Geometry Input

Pole Diameter 12.75 in

Pole Thickness 0.25 in

Pole Yield Strength 42 ksi

Effective Reinforcing Rims? No

Rim Yield Strength ksi

# of Ports 1

Port 1

Azimuth (°) 0

Height (in) 5

Width (in) 3

Depth (in)

Thickness (in)

Projection (in) 0

 Port Weight (lbs) -1

Composite Section Properties

Original w/ ports

A 10 9 in2

Ixx 192 158 in4

Iyy 192 186 in4

Smin 30 25 in3

Port Check

0.137 (optional)

Rim Fy Reduction: 100% (rims not considered in section properties)

Result: 17%

Pole unity at port location

from tower model:

Copyright © 2023 Vector Structural Engineering, LLC

This Excel workbook contains proprietary information belonging to Vector 
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LLC.

Port in 12" SCH 20 Pipe at 23'-7 3/4" A.G.L.
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PROJECT: CC CITY OF DENVER POLE 

Bolted Annular & Spoked Plates:

Upper Pipe Outer Dia., d1 (in) 4

Upper Pipe Thickness, t2 (in) 0.226

Monopole Flat - Flat, D (in) 12.75

Monopole Thickness, t1 (in) 0.25

Moment Capacity of Member (kip-ft) 10.2
Moment @ Splice Mu (kip-ft) 0.3

Axial @ Splice Pu (kips) 0.1

Shear @ Splice Vu (kips) 0.1

Bolt Design

Bolt Circle Diameter BC (in) 6.5

Number of Spokes / Bolts, n 3
Tu / Bolt (kips) 12.5

Vu / Bolt (kips) 0.0

Bolt Designation A325

Bolt Diameter (in) 0.75
φTn (kips) 29.8

φVn (kips) 15.9

Combined Tension and Shear 0.42 42%

Upper Annular Plate
Plate Fy (ksi) 36.0

Has Gussets? No

Plate Hole Radius, rp (in) 2.0625

Bolt Circle Radius, rb (in) 3.25

Plate OD (in) 8.75
φplate 0.9

Required Plate Thickness, T1 (in) 1.00 44%

Lower Spoked Plate
Plate Fy (ksi) 36.0

Plate Thickness, T2 (in) 1

Spoke Width, w (in) 3.5

Inside Flat Length (in) 1.81

Span of Spoked Plate (in) 12.25

distance, a (in) 9.38

distance, b (in) 2.88
Plate Moment Mu (kip-in) 19.2

Edge Reaction (kip) 6.653

φMp (kip-in) 28 68%

Upper Flange Weld

 Upper Fillet Weld Size, f2 (in) 3/16

 Lower Fillet Weld Size, f3 (in) 3/16

Weld Strength, φRn (k/in) 12.5

Weld Stress, Ru (k/in) 4.9 39%

Lower Plate Weld

Fillet Size, f1 (in) 4/16

Fillet Length (in) 3.5

Top Groove Weld Eff. Throat, g (in)

Weld Strength (kips) 19.5 34%

Copyright © 2023 Vector Structural Engineering, LLC
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PROJECT: CC City of Denver Pole

DESIGN APPROACH: LRFD

PLATE IN BENDING Location: Light Arm Mount Plate

Plate depth: 1 in

Plate width: 1.875 in Lbd/t
2

0.28444444

Moment arm/unbraced length: 1 in Sx 0.3125 in
3

Yield strength: 36 ksi Zx 0.469 in
3

Moment capacity: 1265.63 ft-lbs

Load: 2100 lbs

Moment: 175 ft-lbs

Check Plate: 13.8%

Result: Selected plate is adequate.

Note:

BOLTED TENSION CONNECTION Location: Light Arm Mount

Bolt Grade:

Bolt Diameter: 0.75 in

Number of Bolts: 1

Bolt Capacity: 29821 lbs (AISC Equation J3-1)

Tension Load: 2100 lbs

Check Bolt: 7.0%

Result: Select (1)  0.75 in. dia. ASTM A325 bolt.

Note:

Load = tension in bolt

ASTM A325

Load = tension in bolt

Copyright © 2023 Vector Structural Engineering, LLC
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Engineering, LLC, and may be neither wholly nor partially copied or reproduced without the 

prior written permission of Vector Structural Engineering, LLC.

Intermediate Values



N:\Logos\VectorLogo.gif JOB NO.: U0142.1756.231

PROJECT: CC CITY OF DENVER POLE 

Bolted Annular Plates:

Plate Fy (ksi) 36

Upper Pipe Outer Diameter (in) 12.75

Upper Pipe Thickness t1 (in) 0.25

Lower Pipe Outer Diameter (in) 20

Lower Pipe Thickness t2 (in) 0.375

Moment @ Splice Mu (kip-ft) 14.9

Compression @ Splice Pu (kips) 1.3

Shear @ Splice Vu (kips) 1.0

Bolt Design

Bolt Circle Diameter BC (in) 16

Number of Bolts, n 6

Tu / Bolt (kips) 7.5

Vu / Bolt (kips) 0.2

Bolt Grade A325N

Bolt Diameter (in) 3/4

φTn (kips) 29.8

φVn (kips) 15.9

Combined Tension and Shear 0.25 25%

Plate Design

Upper Plate Hole Radius, rp (in) 6.4375

Bolt Circle Radius, rb (in) 8

Plate OD (in) 19.125

φplate 0.9

Req'd Upper Plate Thickness, t (in) 1.25 14%

Welds

Fillet Weld Size F (in) 3/16

Weld Strength, φRn (k/in) 6.3

Weld Stress, Ru (k/in) 0.7 11%
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PROJECT: CC CITY OF DENVER POLE

Internal Splice Connection:

Pole Diameter, D (in): 20.0

Pole Thickness, t2 (in): 0.375

Moment at Splice, Mu (kip-ft): 14.902

Axial @ Splice, Pu (kips): 1.257

Shear @ Splice, Vu (kips): 0.981

Bolt Design:

Number of Bolts, n: 6

Bolt Circle, BC (in): 16

Bolt Type: A325N

Bolt Diameter (in): 0.750

Bolt Tension, Tu (kips): 7.5

φTn (kips): 29.8

Bolt Shear, Vu (kips): 0.16

φVn (kips): 15.9

Combined Tension and Shear: 0.25 25%

Plate Design:

Plate Fy (ksi): 36

Effective Width, beff (in): 3.25

Moment Arm (in): 2

Plate Moment (kip-in): 14.9

Min. Plate Thickness (in): 0.75

Plate Thickness, t (in): 1 57%

Weld Design:

Fillet Weld Size, F (in): 4/16

Weld Strength, φRn (k/in): 8.4

Weld Stress, Ru (kip/in): 0.3 4%

This Excel workbook contains proprietary information belonging to Vector 

Structural Engineering, LLC, and may be neither wholly nor partially copied 

or reproduced without the prior written permission of Vector Structural 

Engineering, LLC.
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PROJECT: CC CITY OF DENVER POLE 

Bolted Annular Plates:

Plate Fy (ksi) 36

Upper Pipe Outer Diameter (in) 12.75

Upper Pipe Thickness t1 (in) 0.25

Lower Pipe Outer Diameter (in) 20

Lower Pipe Thickness t2 (in) 0.375

Moment @ Splice Mu (kip-ft) 20.3

Compression @ Splice Pu (kips) 1.8

Shear @ Splice Vu (kips) 1.2

Bolt Design

Bolt Circle Diameter BC (in) 23.5

Number of Bolts, n 4

Tu / Bolt (kips) 10.4

Vu / Bolt (kips) 0.3

Bolt Grade A325N

Bolt Diameter (in) 1

φTn (kips) 53.0

φVn (kips) 28.3

Combined Tension and Shear 0.20 20%

Plate Design

Upper Plate Hole Radius, rp (in) 6.4375

Lower Plate Hole Radius, rp (in) 10.0625

Bolt Circle Radius, rb (in) 11.75

Plate OD (in) 27.5

φplate 0.9

Req'd Upper Plate Thickness, t (in) 1.25 45%

Req'd Lower Plate Thickness, t (in) 1.25 9%

Welds

Fillet Weld Size F (in) 3/16

Weld Strength, φRn (k/in) 6.3

Weld Stress, Ru (k/in) 1.0 16%
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PROJECT: CC City of Denver Pole 
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PIPE IN BENDING Location: Embedded Pipe

Steel Shape: 12" SCH 120 Pipe

Diameter, D: 12.75 in

Thickness, t: 0.25 in

Design Thickness, tdes: 0.23

D/t: 54.8

Mod. of Elasticity, E: 29000 ksi

Yield Stress, Fy: 42 ksi

Compact D/t ratio, λp: 48

Noncompact D/t ratio, λr: 214

Column compactness: noncompact

Inner diameter, ID: 12.3 in

Plastic Section Modulus, Z: 36 in
3

Moment of Inertia, I: 179 in
4

Elastic Section Modulus, S: 28 in
3

Slender Section Critical Stress, Fcr: 175 ksi

Nominal Moment Capacity, Mn: 1492 k-in

Moment Capacity: 112 k-ft

Maximum Moment: 28 k-ft

Check Member: 25.0%

Result: Selected member size is adequate.

Note:
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PROJECT: CC CITY OF DENVER POLE 

Drilled Pier Design:
Design Loads:

Design Methodology: LRFD For ASD methodology, input ASD loads

Required Foundation Capacity: 100% For LRFD methodology, input LRFD loads divided by φs = 0.75

Max. Shear, V = 1.6 k Max. Down, Pdown = 2.3 k

Max. Moment, M = 27.1 k-ft Max. Uplift, Puplift (opt'l) = 0.0 k

Pier Properties:

Pier Shape Round

Pier Diameter, b: 1.1 ft Volume of Concrete: 9 ft
3

Min. Pier Diameter, bmin (opt'l): ft Volume of Concrete: 0.3 yd
3

Top of Pier Elevation: 0.00 ft Weight of Concrete: 1.3 k

Pier Depth, d: 9.8 ft

Min. Pier Depth, dmin (opt'l): ft

Max. Pier Depth, dmax (opt'l): ft

Soil Properties:

Allow. Bearing Pressure: 1,500 psf

Gross or Net? Net

Factor of Safety: 2 Skin Friction: 0 psf

1/3 increase for short term loads? No Factor of Safety: 2

Top Length to Ignore: 0.0 ft

Lateral Bearing, S: 150 pcf

Factor of Safety: 2 No

Max. Lateral Bearing (opt'l): psf Combine w/ Bearing: No

Top Depth to Ignore: 0.0 ft

1/3 increase for short term loads? No

1/2" deflection at t/o pier allowed: Yes

Check Bearing:

Bearing Capacity: 2.7 k Bearing capacity OK.

Check Uplift:

Uplift Capacity: 1.2 k Uplift capacity OK.

Check Lateral Bearing: Per IBC 1807.3.2

Lateral constraint at ground surface? No

Applied Lateral Force, P: 1,577 lb

Point of Application, h: 17.2 ft

S1_max: psf

S1: 1,950 psf

A = 2.34*P/(S1b): 1.78

Required Pier Depth, dreqd: 6.7 ft IBC Eqn. 18-1 Lateral bearing capacity OK.

Design Loads:

Optional Parameters for Uplift:

Copyright © 2023 Vector Structural Engineering, LLC
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Description 
Ø20” STD Pipe Base Assembly w/ large openings 
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 Analyzed with SOLIDWORKS Simulation Simulation of Base Assembly 2 
 

Model Information 
 

 
Model name: Base Assembly 

Current Configuration: Default 

Solid Bodies 
Document Name and 

Reference 
Treated As Volumetric Properties 

Document Path/Date 
Modified 

Boss-Extrude5 

 

Solid Body 

Mass:25.7682 kg 
Volume:0.00328257 m^3 

Density:7850 kg/m^3 
Weight:252.528 N 

 

N:\2023 Projects\U0142 
RayCap\U0142-1756-231 
CC23-00849S-00 CC City 
of Denver Pole 40 (CO, 

small 
cell)\ENG\Solidworks\Base 

Assembly.SLDPRT 
May 15 11:42:17 2023 
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 Analyzed with SOLIDWORKS Simulation Simulation of Base Assembly 3 
 

Boss-Extrude6 

 

Solid Body 

Mass:7.88053 kg 
Volume:0.00100389 m^3 

Density:7850 kg/m^3 
Weight:77.2292 N 

 

N:\2023 Projects\U0142 
RayCap\U0142-1756-231 
CC23-00849S-00 CC City 
of Denver Pole 40 (CO, 

small 
cell)\ENG\Solidworks\Base 

Assembly.SLDPRT 
May 15 11:42:17 2023 

Split Line1 

 

Solid Body 

Mass:175.206 kg 
Volume:0.0223193 m^3 

Density:7850 kg/m^3 
Weight:1717.02 N 

 

N:\2023 Projects\U0142 
RayCap\U0142-1756-231 
CC23-00849S-00 CC City 
of Denver Pole 40 (CO, 

small 
cell)\ENG\Solidworks\Base 

Assembly.SLDPRT 
May 15 11:42:17 2023 
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Study Properties 
Study name Load Direction 3 (45°) 

Analysis type Static 

Mesh type Solid Mesh 

Thermal Effect:  On 

Thermal option Include temperature loads 

Zero strain temperature 298 Kelvin 

Include fluid pressure effects from SOLIDWORKS 
Flow Simulation 

Off 

Solver type Direct sparse solver 

Inplane Effect:  Off 

Soft Spring:  Off 

Inertial Relief:  Off 

Incompatible bonding options Automatic 

Large displacement Off 

Compute free body forces On 

Friction Off 

Use Adaptive Method:  Off 

Result folder SOLIDWORKS document (N:\2023 Projects\U0142 
RayCap\U0142-1756-231 CC23-00849S-00 CC City of 
Denver Pole 40 (CO, small cell)\ENG\Solidworks) 

 

 

Units 
Unit system: SI (MKS) 

Length/Displacement mm 

Temperature Kelvin 

Angular velocity Rad/sec 

Pressure/Stress N/m^2 
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Material Properties 

Model Reference Properties Components 

 

Name: ASTM A36 Steel 
Model type: Linear Elastic Isotropic 

Default failure 
criterion: 

Max von Mises Stress 

Yield strength: 2.5e+08 N/m^2 
Tensile strength: 4e+08 N/m^2 
Elastic modulus: 2e+11 N/m^2 

Poisson's ratio: 0.26   
Mass density: 7850 kg/m^3 

Shear modulus: 7.93e+10 N/m^2 
 

SolidBody 1(Boss-
Extrude5)(Base Assembly), 
SolidBody 2(Boss-
Extrude6)(Base Assembly), 
SolidBody 3(Split Line1)(Base 
Assembly) 

Curve Data:N/A 
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Loads and Fixtures 

Fixture name Fixture Image Fixture Details 

Foundation 
Bolt-1 

 

Entities: 1 edge(s), 1 plane(s) 
Type: Bolt(Head/Nut 

diameter)(Foundation 
bolt) 

Head diameter: 42.8625 mm 
Reference: Plane1 

Nominal shank diameter: 28.575 
Preload (Torque): 10 
Young's modulus: 2.1e+11 

Poisson's ratio: 0.28 
Preload units: lbf.in 

 

Foundation 
Bolt-2 

 

Entities: 1 edge(s), 1 plane(s) 
Type: Bolt(Head/Nut 

diameter)(Foundation 
bolt) 

Head diameter: 42.8625 mm 
Reference: Plane1 

Nominal shank diameter: 28.575 
Preload (Torque): 10 
Young's modulus: 2.1e+11 

Poisson's ratio: 0.28 
Preload units: lbf.in 

 

Foundation 
Bolt-3 

 

Entities: 1 edge(s), 1 plane(s) 
Type: Bolt(Head/Nut 

diameter)(Foundation 
bolt) 

Head diameter: 42.8625 mm 
Reference: Plane1 

Nominal shank diameter: 1.125 
Preload (Axial): 10 

Young's modulus: 2.1e+11 
Poisson's ratio: 0.28 
Preload units: lbf 

 

Foundation 
Bolt-4 

 

Entities: 1 edge(s), 1 plane(s) 
Type: Bolt(Head/Nut 

diameter)(Foundation 
bolt) 

Head diameter: 42.8625 mm 
Reference: Plane1 

Nominal shank diameter: 28.575 
Preload (Torque): 10 
Young's modulus: 2.1e+11 
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Poisson's ratio: 0.28 
Preload units: lbf.in 

 

Virtual wall-1 

 

Type: Virtual wall  
Entites: 4 face(s), 1 plane(s) 

Wall Type: Rigid 
Axial Stiffness: 0(N/m)/m^2 

Tangential Stiffness: 0(N/m)/m^2 
 

 

Load name Load Image Load Details 

Force-1 

 

Entities: 1 face(s) 
Type: Apply normal force 

Value: 1257.78 lbf 
 

Force-2 

 

Entities: 1 face(s) 
Reference: Load Direction 3 (45°) 

Type: Apply force 
Values: ---, ---, 981.85 lbf 

 

Torque-1 

 

Entities: 1 face(s) 
Reference: Axis4 

Type: Apply torque 
Value: 178824 lbf.in 
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Gravity-1 

 

Reference: Top Plane 
Values: 0  0 -386.22 

Units: in/s^2 
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Connector Definitions 
 
 
 
Pin/Bolt/Bearing Connector 

Model Reference Connector Details Strength Details 

 
Pin Connector-1 Segment 1 

Entities: 2 face(s) 
Type: Pin 

Connection type: With retaining 
ring (No 
translation) 

Rotational stiffness 
value: 

0 

Units: English (IPS) 
 

 
No Data 

Connector Forces 
Type X-Component Y-Component Z-Component Resultant 

Axial Force (N) 0 -596.96 0 596.96 

Shear Force (N) 94.386 0 1461 1464.1 

Torque (N.m) 0 -6.2655e-12 0 6.2655e-12 

Bending moment (N.m) 16.765 0 -1.5424 16.836 
 

 
Pin Connector-2 Segment 1 

Entities: 2 face(s) 
Type: Pin 

Connection type: With retaining 
ring (No 
translation) 

Rotational stiffness 
value: 

0 

Units: English (IPS) 
 

 
No Data 

Connector Forces 
Type X-Component Y-Component Z-Component Resultant 

Axial Force (N) -0 -397.8 -0 -397.8 

Shear Force (N) -59.942 0 1785.9 1786.9 

Torque (N.m) 0 6.7113e-12 0 6.7113e-12 

Bending moment (N.m) -23.998 0 0.3783 24.001 
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Pin Connector-3 Segment 1 

Entities: 2 face(s) 
Type: Pin 

Connection type: With retaining 
ring (No 
translation) 

Rotational stiffness 
value: 

10 

Units: English (IPS) 
 

 
No Data 

Connector Forces 
Type X-Component Y-Component Z-Component Resultant 

Axial Force (N) -0 -294.78 -0 -294.78 

Shear Force (N) 1031.5 0 -1145.4 1541.4 

Torque (N.m) 0 1.2323e-07 0 1.2323e-07 

Bending moment (N.m) 14.739 0 13.502 19.989 
 

 
Pin Connector-4 Segment 1 

Entities: 2 face(s) 
Type: Pin 

Connection type: With retaining 
ring (No 
translation) 

Rotational stiffness 
value: 

0 

Units: English (IPS) 
 

 
No Data 

Connector Forces 
Type X-Component Y-Component Z-Component Resultant 

Axial Force (N) -0 609.6 -0 -609.6 

Shear Force (N) -150.76 0 1572.5 1579.7 

Torque (N.m) 0 -6.7746e-12 0 6.7746e-12 

Bending moment (N.m) 17.781 0 1.7145 17.864 
 

 
Pin Connector-5 Segment 1 

Entities: 2 face(s) 
Type: Pin 

Connection type: With retaining 
ring (No 
translation) 

Rotational stiffness 
value: 

0 

Units: English (IPS) 
 

 
No Data 

Connector Forces 
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Type X-Component Y-Component Z-Component Resultant 

Axial Force (N) 0 -182.3 0 182.3 

Shear Force (N) 426.37 0 -1866.4 1914.5 

Torque (N.m) 0 -5.9719e-12 0 5.9719e-12 

Bending moment (N.m) -22.69 0 -6.0879 23.492 
 

 
Pin Connector-6 Segment 1 

Entities: 2 face(s) 
Type: Pin 

Connection type: With retaining 
ring (No 
translation) 

Rotational stiffness 
value: 

0 

Units: English (IPS) 
 

 
No Data 

Connector Forces 
Type X-Component Y-Component Z-Component Resultant 

Axial Force (N) 0 438.53 0 438.53 

Shear Force (N) 1022.7 0 -1277.7 1636.6 

Torque (N.m) 0 6.796e-12 0 6.796e-12 

Bending moment (N.m) 16.8 0 13.665 21.656 
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Contact Information 
 

Contact Contact Image Contact Properties 

Global Contact 

 

Type: Bonded 
Components: 1 component(s) 

Options: Compatible 
mesh 

 

Component Contact-1 

 

Type: Bonded 
Components: 2 Solid Body (s) 

Options: Compatible 
mesh 
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Mesh information 
Mesh type Solid Mesh 

Mesher Used:  Curvature-based mesh 

Jacobian points 4 Points 

Maximum element size 3.3322 in 

Minimum element size 0.66644 in 

Mesh Quality Plot High 

 

Mesh information - Details 

Total Nodes 104016 

Total Elements 59398 

Maximum Aspect Ratio 7.0436 

% of elements with Aspect Ratio < 3 88.6 

% of elements with Aspect Ratio > 10 0 

% of distorted elements(Jacobian) 0 

Time to complete mesh(hh;mm;ss):  00:00:04 

Computer name:  VSE166 
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Mesh Control Information: 

Mesh Control Name Mesh Control Image Mesh Control Details 

Control-1 

 

Entities: 3 Solid Body (s) 
Units: in 
Size: 0.624788 

Ratio: 1.5 
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Study Results 
 

Name Type Min Max 

Stress1 VON: von Mises Stress 0.041     ksi 
Node: 85687 

17.434    ksi 
Node: 70219 

Base Assembly-Load Direction 3 (45°)-Stress-Stress1 
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Name Type Min Max 

Displacement1 URES:   Resultant Displacement 0.000     in 
Node: 85630 

0.101     in 
Node: 43887 

Base Assembly-Load Direction 3 (45°)-Displacement-Displacement1 
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Name Type Min Max 

Strain1 ESTRN: Equivalent Strain 0.0000      
Element: 54541 

0.0004      
Element: 58272 

Base Assembly-Load Direction 3 (45°)-Strain-Strain1 
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Name Type Min Max 

Stress2 VON: von Mises Stress 0.041     ksi 
Node: 85687 

17.434    ksi 
Node: 70219 

Base Assembly-Load Direction 3 (45°)-Stress-Stress2 

 
 

Conclusion 
No parts exceed the permissible Von Mises Stress. Therefore, OK.  
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