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EExecutivee Summary
Verizon has requested to replace three (3) of existing PCS antennas with three (3) new PCS antennas and install six (6) 
new quadplexers along with the installation of two (2) new 1-5/8” nominal diameter coax cables on AEP structure 
number 95 along the Bethel – Sawmill 138kV line. Verizon also requested the rights to be reserved for the installation 
of six (6) new antennas in the future. The structure has been analyzed for a proposed Verizon configuration of twelve 
(12) antennas, six (6) quadplexers, twelve (12) tower mounted amplifiers (TMAs) and fourteen (14) 1-5/8” nominal 
diameter coax cables in addition to the electric transmission conductor, distribution conductor and shield wire loads 
supported by this structure. 

Structure number 95 on the Bethel – Sawmill 138kV line currently has the capacity to support the existing PCS mounts 
and proposed equipment for all load cases considered.

The antenna and equipment mounting system currently has the capacity to support the proposed PCS equipment 
change-out for all load cases considered. Tables 1 through 3 summarize the high-level findings of this analysis.

Tablee 11 –– Transmissionn Structuree Analysis
Type Referencee Result

Steel Monopole AEP Loading Criteria Pass

Tablee 22 –– Mountingg Systemm Analysis
Type Referencee Result

12 ft. Triangular Platform EIA/TIA-222-H Pass

Tablee 33 –– Transmissionn Structuree Afterr PCSS Equipmentt Changeout
Criteria Controllingg Failuree Mechanism Usage Controllingg Loadd Case

Pole Shaft Capacity Bending 886% NESC Heavy 250B – Full DE
Deflection Check Tip Deflection (10% of Pole Height) 29% NESC Heavy 250B – Full DE

Overall Pole Shaft // Bending 886% NESC Heavy 250B – Full DE
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IIntroduction
The purpose of this report is to summarize the results 
of the structural analysis performed on AEP structure 
number 95 along the Bethel – Sawmill 138kV line for 
Verizon. The site is located off Glencree Place in 
Dublin, Ohio at approximate GPS coordinates 
40°08'12.5"N, 83°05'42.2"W. This analysis will 
determine the effects of replacing three (3) PCS 
antennas with three (3) new antennas and associated 
equipment including additional cable runs.

Photo 1: Overall Site

The existing structure and configuration at the Bethel 
– Summit View site is a 108’-0” single circuit 

galvanized tapered steel monopole supported on a 
reinforced concrete pier foundation with Verizon 
antennas supported on a Valmont F3P-12 12 ft. 
triangular platform near the top of the pole. The 
platform currently supports six (6) PCS antennas, 
twelve (12) TMAs, six (6) combiners with twelve (12) 
1-5/8” coax cables all running up the inside of the 
monopole. The structure also currently supports three 
(3) 1590.0 kcmil ACSR 54/19 conductors on single 
tension insulator assemblies and one (1) 7 No. 8 
Alumoweld shield wire attached to the pole via single 
strain assemblies. The Structure also supports a 
distribution circuit consisting of six (6) 556.5 kcmil AAC 
conductors, one (1) 7/0 AAAC neutral wire and two (2) 
48/575 OPGW ADSS communication cables. The 
current RAD center for the platform mounted 
antennas is approximately 108’-0”.

Photo 2: Triangular Platform with Verizon Antennas
Three (3) of the existing Verizon antennas and all six 
(6) existing combiners are to be removed. The 
remaining three (3) antennas, twelve (12) TMAs and 
all twelve (12) 1-5/8” diameter coax cables are to 
remain. Three (3) new antennas, six (6) new 
quadplexers and two (2) new 1-5/8” diameter coax 
cables are to be installed. Verizon also requested to 
have the rights reserved for the installation of six (6) 
new antennas in the future. The final configuration on 
the platform will be twelve (12) antennas, six (6) 
quadplexers, twelve (12) TMAs along with fourteen 
(14) 1-5/8” diameter coax cables running up the inside 
the monopole.  There is an increase to the overall wind 
area, the total ice area, and equipment weight from 
the existing equipment. Additionally, no PLS-Pole or 
RISA models were generated when this pole was 
designed by the vendor manufacturer Valmont in 
2020; Therefore, a full analysis is required.
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AAnalysis
The existing pole was analyzed using Power Line 
System’s PLS-POLE structural analysis software. The 
software analyzes the pole as a cantilevered structure 
utilizing tubular steel sections for the members as 
required to resist the stresses. A general description of 
the program is enclosed in Sectionn 1 of this report. The 
pole was modeled based on Valmont fabrication 
drawings and photos from a recent site visit. A 
summary of the PLS-POLE model used for analysis is 
included in Sectionn 9 of this report. Drawings outlining 
the configuration of the structure and mounting 
system are included in Sectionn 5 of this report. 

The transmission line loads for the tower analysis were 
based on a model created in Power Line System’s PLS-
CADD. A general description of the program is 
enclosed in Sectionn 2 of this report. The transmission 
line model was based on a 2020 PLS-CADD model 
provided by AEP from the initial line install, as well as 
information provided on the Bethel – Sawmill 138kV 
line plan and profile drawings, Google Earth imagery, 
and photos from a recent site visit. A summary of the 
PLS-CADD model used for this analysis is included in 
Sectionn 8 of this report.

The triangular platform mount was analyzed in RISA-
3D. A general description of the program is enclosed 
in Sectionn 3 of this report. The RISA-3D model was 
used both to evaluate the effect of the new antenna 
arrangement on the platform itself as well as to 
determine the loads carried through to the structure. 
The Valmont F3P-12 platform mount was modeled 
based on design detail drawings and assembly 
drawings provided by Valmont and recent site photos. 
The analysis of the mounting system has been 
evaluated per the TIA-222-H Standard strength limit 
states. The loads carried to the transmission structure 
are per the AEP TLES 10 loading criteria and consistent 
with reliability levels of the transmission line industry. 
A summary of the platform mount model is included 
in Sectionn 7 of this report. 

Loads for the cables were tabulated in Microsoft Excel 
and applied to the PLS-POLE model. A summary of the 
cable loads is included in Sectionn 6 of this report.

The structure was analyzed using the following data:

Neww Antennaa Configuration
Platformm Mountedd Equipment (see Sectionn 4 of this 
report for more detail on the proposed equipment):
3 – CommScope NHHS4-65C-R3B antennas 

96.0”x13.8”x8.2” – 85.8 lbs. – New
6 – CommScope SBNHH-1D65B antennas 

72.9”x11.9”x7.1” – 54.2 lbs. – Reserved
3 – CommScope NHH-65C-R2B antennas

96.0”x11.9”x7.1” – 92.6 lbs. – Existing
6 – CommScope SQX6192342Q-43 Quadplexers

7.1”x6.9”x4.6” – 14.8 lbs. – New
6 – CommScope TMA-T-19-A-V TMA

10.2”x6.7”x3.7” – 14.6 lbs. – Existing
6 – CommScope TMAT21X-11AV TMA

7.7”x6.3”x3.1” – 6.6 lbs. – Existing
Cables (see Sectionn 6 of this report for a tabulation of 
the cable loads applied to the structure)
2 – 1-5/8” nominal diameter coax cables - New

Run up the inside of the monopole
12 – 1-5/8” nominal diameter coax cables - Existing

Run up the inside of the monopole
Shieldd Wire
1 – 7 No. 8 Alumoweld 

Diameter = 0.385 in; Weight = 0.2618 lbs/ft; 
Horizontal Tension (Creep RS) = 1,800 lbs. 
at NESC Heavy

Existingg Transmissionn 138kVV Conductors
Bethel – Sawmill 138kV
3 – 1590.0 kcmil ACSR 54/19 – Falcon

Diameter = 1.545 in; Weight = 2.044 lbs./ft. 
Horizontal Tension (Creep RS) = 5,000 lbs. 
at NESC Heavy

Existingg Distributionn Conductors
6 – 556.5 kcmil AAC 19/0 – Dahlia

Diameter = 0.856 in; Weight = 0.5221 lbs./ft. 
Horizontal Tension (Creep RS) = 3,500 lbs. 
at NESC Heavy

Existingg Neutrall Wire
1 – 246.9 kcmil 7/0 AAAC

Diameter = 0.563 in; Weight = 0.2318 lbs./ft. 
Horizontal Tension (Creep RS) = 2,335 lbs. 
at NESC Heavy

Existingg Communicationn Cables
2 – 48/575 OPGW ADSS

Diameter = 0.575 in; Weight = 0.111 lbs./ft. 
Horizontal Tension (Creep RS) = 1,955 lbs. 
at NESC Heavy
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LLoadd Cases

Evaluationn off thee Transmissionn Structure
Tables 4 and 5 list the weather conditions and 
overload capacity factors, respectively, for each load 
case considered. 

Tablee 44 –– Weatherr Conditionss forr Loadd Cases
Weatherr Condition

Casee 
# Description Windd 

(mph)
Ice
(in.)

Temp.
(°F)) 

Intact
1 NESC Heavy 250B 40 0.5 0
2 NESC Extreme Wind 250C 90 0 60
3 NESC Wind and Ice 250D 40 1.0 15
4 ASCE Extreme Wind 95 0 60
5 Wind & Heavy Ice 50 1.0 0
6 AEP Heavy 1.25” Ice 0 1.25 0
7 AEP Cold Uplift 0 0 0
8 AEP Maintenance 28 0 60
9 AEP Deflection Limit 20 0 60

10 AEP Normal Everyday 0 0 60
Full Dead-End

11 NESC Heavy 250B – Full 
DE 40 0.5 0

12 NESC Extreme Wind 250C 
– Full DE 90 0 60

13 NESC Wind and Ice – Full 
DE 40 1.0 15

14 ASCE Extreme Wind – Full 
DE 95 0 60

15 AEP Heavy 1.25” Ice – Full 
DE 0 1.25 0

Tablee 55 –– Overloadd Capacityy Factorss forr Loadd Cases
Overloadd Capacityy 

FactorsCasee 
# Description

Wind Vertical Tension
Intact

1 NESC Heavy 250B 2.5 1.5 1.65

2 NESC Extreme Wind 
250C 1.0 1.0 1.0

3 NESC Wind and Ice 
250D 1.0 1.0 1.0

4 ASCE Extreme Wind 1.0 1.0 1.0
5 Wind & Heavy Ice 1.0 1.0 1.0
6 AEP Heavy 1.25” Ice 1.0 1.0 1.0
7 AEP Cold Uplift 1.0 1.0 1.0
8 AEP Maintenance 1.0 1.0 1.0
9 AEP Deflection Limit 1.0 1.0 1.0

10 AEP Normal Everyday 1.0 1.0 1.0
Full Dead-End

11 NESC Heavy 250B – 
Full DE 2.5 1.5 1.65

12 NESC Extreme Wind 
250C – Full DE 1.0 1.0 1.0

13 NESC Wind and Ice – 
Full DE 1.0 1.0 1.0

14 ASCE Extreme Wind – 
Full DE 1.0 1.0 1.0

15 AEP Heavy 1.25” Ice – 
Full DE 1.0 1.0 1.0

Evaluationn off thee Mountingg Systemm 
In addition to the AEP TLES 10 loading notated above, 
the strength limit combinations from TIA-222-H have 
also been considered for the evaluation of the 
mounting system. 

Loadd Combinationn 1 1.2D + 1.0 Wo

Loadd Combinationn 2 0.9D + 1.0 Wo

Loadd Combinationn 3 1.2D + 1.0Di + 1.0 Wi

Loadd Combinationn 4 1.2D + 1.0 E
Loadd Combinationn 5 0.9D + 1.0 E

Where: 
D = Dead Load;
Wo = Wind load without ice;
Di = Weight of ice due to factored ice thickness;
Wi = Concurrent wind load with factored ice 
thickness; and
E = Earthquake load.

The maximum basic design parameters as defined in 
TIA-222-H Annex B are as shown in Table 6.
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TTablee 66 –– TIA-222-HH Sitee Designn Parameters
Surface Roughness B
Exposure Category C

Ground Elevation ASL 934.201 ft.
Basic wind speed 108 mph

Basic wind speed with ice 40 mph
Design ice thickness 1.0 inch
SRA – short period 0.15

1-second SRA parameter 0.06
Long Period Transition Period 12 sec

Note that this site is in a region where the earthquake 
spectral response acceleration at short periods (Ss) is 
anticipated to be less than 1.00 therefore earthquake 
effects (load combinations 4 and 5) have been 
ignored.

Codess andd Standards
The analysis of the mounting system shall meet 
ANSI/TIA-222-H “Structural Standard for Antenna 
Supporting Structures, Antennas and Small Wind 
Turbine Support Structures” published October 2017. 

The analysis of the pole and mounting system shall 
meet AEP Specification TLES-10, the NESC 2017 Code, 
ANSI/AISC (360-16) 15th LRFD, and ASCE 48.

Referencess andd Drawings
380-OH215S // Bethel – Sawmill 138kV Plan and 
Profile Drawings

50-3894 -0 – 303244Z // Valmont Steel Monopole 
Design Drawings for Structure #95

Bethel – Summit View Relocation Construction 
Package for Verizon (CLMB095), Structure 95, 
Bethel – Sawmill 138kV Line by DiGioia Gray & 
Associates dated October 28, 2020

Results
Structure number 95 on the Bethel – Sawmill 138kV 
line currently has the capacity to safely support the 
proposed antenna configuration, support members, 
and cables runs in addition to the electric transmission 
conductor, distribution conductor and shield wire 
loads for all load cases considered.

The pole shaft is at 86% utilization under the NESC 
Heavy 250B Full DE load case. Maximum pole 
deflection reaches 3.16 ft. approximately 29% of the 
allowable 10% of the pole height under the NESC 
Heavy 250B Full DE load case. Deflection values for 
normal everyday conditions are well below the 1.5% 
allowable. The maximum base plate usage reaches 
89% under the NESC Heavy 250B Full DE load case.

The Valmont F3P-12 12ft. triangular platform has the 
capacity to safely support the proposed antenna 
configuration. The mounting system is at 40% usage 
controlled by combined axial and bending (ANSI/AISC 
360-16 Eq. H1-1a) of a flat bar member at the base of 
the platform under the AEP Construction load case 
applying a 2000-pound load to the standing platform 
in addition to the load from PCS antennas and 
associated equipment.

Recommendations
The structure can safely support all loads associated 
with the proposed equipment configuration 
addressed in this analysis.

Conclusions
The proposed change out will not adversely affect the 
structural integrity of structure number 95 under the 
loading considered.
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FFulll Sizee Photos

Photo 1: Overall Site
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Photo 2: 12 ft. Triangular Platform with Verizon PCS Antennas



                                                        

Section 1
Description of PLS-POLE Program
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PLS-POLE
Analysis and Design of Structures with Wood, Laminated Wood, Steel, Concrete and FRP Poles 
or Modular Aluminum Masts

PLS-POLE is a powerful and easy 
to use Microsoft Windows 
program for the analysis and design 
of structures made up of wood, 
laminated wood, steel, concrete 
and Fiber Reinforced Polymer 
(FRP) poles or modular aluminum 
masts. The program performs 
design checks of structures under 
user specified loads and can also 
calculate maximum allowable 
wind and weight spans. Virtually 
any transmission, substation or 
communications structure can be 
modeled, including poles, H-
frames, A-Frames, and X-Frames. 
These models are rapidly built 
from components such as poles, arms, guys, braces, and insulators.

PLS-POLE is the result of nearly 25 years of evolution from our earliest structural analysis 
programs. It is the direct successor of our popular CPOLE, CFRAME, SPOLE, SFRAME, 
WPOLE, WFRAME and G-MAST programs. During our years supporting these programs we 
have continually refined our algorithms, user interface and program design. The result is PLS-
POLE, a powerful and comprehensive design tool with unsurpassed reliability and ease of use.

Comprehensive Structure Modeling

PLS-POLE structures are collections of the following elements:

Concrete poles

Steel poles

Wood poles

Laminated wood poles

Fiber Reinforced Polymer (FRP)

Modular latticed masts
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Davit arms

Cross arms

Guys

Cables

Braces

Equipment (user defined items like transformers, ladders...)

Insulators (clamp, strain, post, suspension, 2-parts)

Building a structure is as simple as selecting the desired element from a library of available 
elements and telling the program where it attaches to other elements. You are free to mix and 
match the various elements at will. This gives you the power to create arbitrarily complex 
structures and even allows you to mix wood, steel and concrete elements in the same structure.

The element libraries define the sizes, weights and strengths of your standard structural 
components. You can create these libraries yourself or use libraries provided by your suppliers. 
Using libraries of standard reusable components greatly enhances your productivity by 
significantly reducing the amount of input, which also reduces the chance of error.

Simple and Powerful Finite Element Analysis

PLS-POLE takes the pain out of finite element analysis. 
An H-Frame in PLS-POLE is input as a collection of 
macro elements like poles, cross-arms and braces. These 
elements are selected from a library where you enter the 
properties of macro elements like a pole's top and base 
diameter, wall thickness and shape (round, 16 sided…). 
PLS-POLE automatically breaks your macro elements 
down into many cable, truss and beam elements. In just 
a few minutes with PLS-POLE you can build structures 
that would take days to model in a traditional finite element program.
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A special version of our SAPS finite element analysis engine powers PLS-POLE. We designed 
SAPS specifically for solving complicated transmission line and guyed communication structure 
problems that other finite element programs couldn't. For nearly 30 years of production use SAPS 
has proven to have one of the best nonlinear cable elements available anywhere.

PLS-POLE is capable of performing both linear and nonlinear analyses. Nonlinear analysis allows 
you to see P-Delta effects, to detect instabilities, and to perform accurate buckling checks. PLS-
POLE models guys, cables and 2-part insulators as 3-d cable elements. This sophisticated analysis 
works even when elements have large displacements as is the case with the 2-part insulator 
pictured above.

ASCE and Other Code Checks

Once PLS-POLE has calculated the forces and moments experienced in the different pieces of 
your structure it compares them against code capacities. The results of these checks can be 
displayed in text reports, spreadsheets or color-coded graphics.

Either ASCE/SEI 48-11 (previously ASCE manual 72) or other international standards can be used 
to check steel poles and tubular steel elements. Wood poles are checked against their ultimate 
stress and the fiber stress can be reduced with height according to ANSI O5.1 (2002, 2008, 2015, 
2017). PLS-POLE detects wood pole buckling by your choice of exact nonlinear analysis, the Gere 
and Carter method, the REA method or a user programmable method. Concrete poles are checked 
against a moment capacity diagram. The PLS-POLE manual describes how these checks are 
implemented and lists the assumptions made.

Text summary of allowable spans for different heights and classes of wood poles In addition to 
these code checks PLS-POLE can calculate pairs of allowable wind and weight spans for a 
specified value of their ratio, or better yet, determine entire interaction diagrams between the 
allowable wind and weight spans. Optimum spotting performed with these interaction diagrams 
will result in a more economical solution than traditional spotting where a single wind and weight 
span pair is used.
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Intuitive Graphical User Interface

PLS-POLE makes extensive use of 3-d graphics to help you 
visualize your structure. We draw all elements as accurately 
as possible and let you view the structure from any direction 
making modeling mistakes immediately apparent. If you see 
a mistake you simply click on it to edit the problem element.

After an analysis, elements are color-coded based on their 
utilization with overstressed elements graphically shown in 
red. Of course, these elements can be edited with a single 
click. Overstressed elements are also colored red in text and spreadsheet reports.

Just as important as the graphical feedback are the many sanity checks PLS-POLE makes on your 
input data. In the course of reviewing thousands of problematic structure models we have identified 
many common modeling errors. PLS-POLE automatically detects these errors and flags 
questionable input to save you time.

Interoperability

While PLS-POLE is a stand-alone program its open design allows it to easily interface with other 
programs.

PLS-POLE provides a well-defined XML output file and hooks 
that enable pre and post-processors to be connected to the program 
making it the ideal engine of your custom pole process.

PLS-POLE can read files from our CPOLE, CFRAME, SPOLE, 
SFRAME, WPOLE, WFRAME and G-MAST programs. We 
recognize the investment our clients have in structure models 
created in these programs and have made backwards compatibility 
a high priority. If you are a user of these earlier programs please 
see the PLS-POLE page on our web site for a more detailed list of 

improvements made in PLS-POLE.

PLS-POLE structures used in PLS-CADD Users of our PLS-CADD line design program can use 
PLS-POLE to prepare allowable wind and weight span or interaction diagram files for optimum 
spotting. They can also take PLS-POLE structures and spot them in a line. PLS-CADD can 
calculate the loading on a structure at a particular location and display the results of a PLS-POLE 
check with those loads.
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PLS-POLE results are presented in a combination of graphical views, spreadsheet views and text 
reports. All of this information can easily be exported to other programs. Graphical results can be 
saved in DXF files compatible with most CAD systems. Spreadsheet results may be pasted into 
spreadsheet programs, exported to ODBC compliant databases or saved to an XML file. Text 
results can be customized by the user and saved to files or pasted into word processing programs.

Summary

PLS-POLE provides all of the capabilities a structural engineer requires to design transmission, 
substation or communications structures. It does so using a simple easy to use graphical interface 
that rests upon our time tested finite element engine. Regardless of whether you want to model a 
simple wood pole or a guyed steel X-Frame; PLS-POLE can handle the job simply, reliably and 
efficiently.
If you would like more information about PLS-POLE please contact us or view an online tour.

Summary of Features
A Microsoft Windows 7, 8 or 10 (x64) environment that lets you:

Specialized program for the analysis and design of transmission, distribution and 
substation structures made up of wood, laminated wood, FRP, steel and concrete poles or 
modular aluminum masts. (Single poles, H-Frames, A-Frames, X-Frames…)

Structures are made of standard reusable components that are available in libraries. You 
can easily create your own libraries or get them from a manufacturer

Structure models are built interactively using interactive menus and graphical commands

Automatic generation of underlying finite element model of structure

Linear and Nonlinear finite element analysis options

Implements the 2017 edition of ANSI O5.1 including reduction of fiber stress with height

Wood poles can be selected from ANSI O.5 standard

Steel poles can have circular, 4, 6, 8, 12, 16, or 18-sided, regular, elliptical or user input 
cross sections (flat-to-flat or tip-to-tip orientations)

Base plate analysis and design for steel poles

Steel and concrete poles can be selected from standard sizes available from 
manufacturers

Automatic pole class selection

Steel pole shaft optimizer that considers stresses and allowable deflections

Cross brace position optimizer

Capability to specify pole ground line rotations

Capability to model foundation displacements
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Can optionally model foundation stiffness

Guys are easily handled (modeled as exact cable elements in nonlinear analysis)

Automatic distribution of loads in 2-part suspension insulators (v-strings, horizontal vees, 
etc.)

Design checks for ASCE, AS/NZS 7000 or other requirements

Automatic calculation of dead and wind loads

Automated loading on structure (wind, ice and drag coefficients) according to:

o ASCE 74-1991, 2009

o NESC 2002, 2007, 2012, 2017

o IEC 60826:2003

o IS 802 : 1995, 2015

o EN50341-1:2001 and 2012 (CENELEC)

o EN50341-3-2:2001 (Belgium NNA)

o EN50341-3-9:2001, EN50341-2-9:2015, 2017 (UK NNA)

o EN50341-3-17:2001 (Portugal NNA)

o AS/NZS 7000:2010

o ESAA C(b)1-2003 (Austalia)

o TPNZ (New Zealand)

o REE (Spain)

o Russian 7th

o ISEC-NCR-83

Detects buckling by nonlinear analysis

Easy to interpret text, spreadsheet and graphics design summaries

Automatic determination of allowable wind and weight spans

Automatic determination of interaction diagrams between allowable wind and weight 
spans

Automatic tracking of part numbers and costs

Detailed user's manual with examples

On-line/electronic user's manual linked in to provide context sensitive help (also 
available in French)

User interface available in English, French and Spanish

US or SI (metric) units
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Powerful graphics module (members color-coded by stress usage)

Graphical selection of joints and components allows graphical editing and checking

Poles can be shown as lines, wire frames or can be rendered as 3-d polygon surfaces

CAD design drawings, title blocks, drawing borders or photos can be tied to structure 
model

Can link directly to line design program PLS-CADD

Automatic generation of structure files for PLS-CADD

Links

Technical Notes: You can find many technical notes here which discuss topics such as available 
loading methods, applying NESC insulator requirements, importing and exporting data, weight 
spans, customization and localization, etc.

Videos

Joint use example in PLS-CADD/Lite and PLS-POLE (demonstrates new wizard 
interface)

PLS-CADD customize structure command for moving structure attachments and guy 
anchors with PLS-POLE structures

Information for Prospective Clients

PLS-POLE Users list

View a online tour of PLS-POLE

User Testimonials

Price List

Frequently Asked Questions Regarding the Purchase of PLS Software

Miscellaneous

PLS-POLE component libraries (guys, braces, crossarms, insulators, wood poles, 
laminated wood poles, FRP poles and steel pole libraries)

Recent Program Improvements

List of PLS-POLE improvements for users of our our earlier structure programs 
(WPOLE, WFRAME, SPOLE, SFRAME, CPOLE, CFRAME or G-MAST)
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Example Structures

Sample Steel Poles

Sample Steel Frames
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PLS-POLE Hall of Fame

© 2020 Power Line Systems All Rights Reserved. 



                                                        

Section 2
Description of PLS-CADD Program



610 N. WHITNEY WAY, SUITE 160
MADISON, WI 53705, USA

PHONE: (608) 238-2171
INFO@POWERLINESYSTEMS.COM

PLS-CADD
Power Line Systems – Computer Aided Design and Draft

PLS-CADD is the most powerful overhead power line design program on the market. PLS-CADD 
runs under Microsoft Windows and features an easy to use graphical user interface. It integrates 
all aspects of line design into a single stand-alone program with a simple, logical, consistent 
interface. No other program can match the sophisticated engineering capabilities available in PLS-
CADD. This sophistication and integration leads to more cost-effective designs being produced in 
only a fraction of the time required by traditional methods. The PLS-CADD solution is so clearly 
superior to any alternative that it has been adopted by more than 1600 organizations in over 125 
countries.

Three-Dimensional Engineering Model

At the heart of PLS-CADD is a sophisticated three-dimensional engineering model. This model 
includes the terrain, the structures and all the wires. The model can be viewed in a number of 
different ways: profile views, plan views, plan & profile sheets, 3-D views, staking lists... The 
PLS-CADD model is much more than just a picture or CAD drawing since PLS-CADD 
understands the relationship between these elements. When you drag a structure off the current 
alignment PLS-CADD will generate new profiles and update all affected structure and wire 
positions. The effects of this structure move will be instantly visible in all views including the plan 
& profile sheet view. In PLS-CADD you concentrate on designing your line instead of wasting 
your time drafting

Terrain Model

PLS-CADD easily adapts to the wide range of technologies used for line surveys including total 
station instruments, airborne lasers and photogrammetry. It accepts survey data in both the plan 
and the profile coordinate systems. Survey data can be keyed in, can be digitized using the built in 
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heads-up digitizer, or can be electronically imported from a survey data file. PLS-CADD has a 
customizable data import routine that can read a wide range of survey data formats.

Superposition of planimetric maps and aerial photographs can be used to better visualize the area 
around your line. When sufficient data are available PLS-CADD can give you an even better 
perspective using contour lines, color renderings and even draped aerial photographs.

Altering your line route is easily accomplished by dragging P.I. points with the mouse or by 
clicking on locations where you want to add or delete P.I. points. Line route changes are instantly 
reflected in all views.

Engineering Standard & Calculations

PLS-CADD’s engineering functions are very flexible and are easily adapted to conform to your 
standards. You start by defining the combinations of wind, ice, temperature and safety factors you 
wish to use. Next, you tell the program which combinations to use for loading trees, for insulator 
swing checks, for clearance checks, wire tension checks... PLS-CADD will check things your way. 
You can work in either imperial or metric units and can even switch back and forth between these 
unit systems. The fact that over 125 countries use PLS-CADD is a testament to its adaptability to 
a wide range of standards.

Once standards are setup you are only a few mouse clicks away from engineering calculations. 
Select "Structure/Check" and click on a structure and you are told if you have a structure strength 
or insulator swing problem. Select "Section/Sag-Tension" and click on a span and you get a sag-
tension report. Clearances, loading trees and many other functions are just as easily accessed.

PLS-CADD supports both automatic and manual spotting. With manual spotting you use the 
mouse to add, delete, edit or move a structure. In automatic spotting the program spots structures 
for you to obtain the lowest cost design possible subject to your constraints. Automatic spotting 
often results in designs as much as 10% lower in cost than human generated designs. PLS-CADD 
gives you the best of both the automatic and the manual spotting worlds: cost and time savings 
while still maintaining control.
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Advanced Sag-Tension

PLS-CADD has built in sag-tension routines. You 
can quickly display your line in 3-d for any 
weather condition complete with insulator swings 
and wire blowout. Clearances from wires to 
ground or between phases can also be calculated 
under any weather conditions. Loading trees, 
stringing charts, galloping ellipses, IEEE Std. 738 
and Cigre Brochure 207 thermal ratings, and offset 
clipping results are all easily accessed.

PLS-CADD goes beyond ordinary sag-tension 
programs. Running ACSR conductors at high 
temperature can cause the aluminum strands to go 
into compression. Most sag-tension programs do 
not model this effect and thus underestimate the sags. PLS-CADD can model your line both with 
and without the compression effect so you can see how severe it is.

Like most line design programs, PLS-CADD uses ruling span approximations in its sag-tension 
calculations. Unlike these other programs, PLS-CADD can work together with our SAPS multi-
span finite element sag-tension program when the ruling span isn't appropriate. When used in this 
manner PLS-CADD bypasses its built in sag-tension routine and uses SAPS instead. This allows 
modeling of broken conductors, unbalanced ice, marker balls, and flexible structure scenarios that 
are incompatible with ruling span approximations. It also allows fixing the length of wire in each 
span to see the impact of moving structures, inserting structures or cutting out wire in an existing 
line.

Structure Modeling

PLS-CADD provides several methods for modeling structures. The simplest is the wind & weight 
span method for which you need only enter values of allowable wind & weight spans, allowable 
suspension insulator swing angles and the coordinates of the wire attachment points. A far more 
powerful method of modeling structures is available when using our structure programs. These 
programs construct a finite element model from some basic input quantities such as pole height, 
pole class, cross-arm size and guy placement. When such a structure is checked PLS-CADD not 
only tells you if the structure is adequate but it also displays a color-coded picture showing which 
parts of the structure are most highly stressed. You have complete flexibility in changing tensions, 
conductors and loading agendas and can see the results of these changes on structure usage in 
seconds. Guyed structures, frames and even lattice towers are all easily accommodated. This 
method is ideal for upgrade studies of existing lines and is far more powerful and accurate than 
any other alternative.
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Material Subsystem

PLS-CADD features a powerful material subsystem for cost estimation and material list 
generation. Parts data such as stock-number, part description, cost and custom user defined 
columns can be entered directly into PLS-CADD. Next, assemblies can be created from parts 
and/or other assemblies. Alternatively, PLS-CADD can extract parts information from an 
existing company database. All ODBC compliant databases such as Oracle, Access and DB2 are 
supported and PLS-CADD is easily configured to access existing database schemas.

Parts and assemblies are tied to structures enabling PLS-CADD to estimate the cost of structures 
or your entire line. A number of different material and staking list reports are available and can 
be easily exported to spreadsheets or ODBC databases for use in asset management or work 
order systems.

Drafting

PLS-CADD totally automates plan & profile sheet drafting. Your plan & profile sheets are updated 
real-time as you make changes to your design. With a few keystrokes these sheets can be plotted 
to a Windows compatible printer/plotter or they can be imported into your CAD system. 
Planimetric drawings, aerial photographs, custom drawing borders, title blocks and company logos 
are all automatically integrated into these drawings. Once again, PLS-CADD adapts to your 
standards giving you full control over page size, page layout, text size, scales and many other sheet 
parameters. Customers typically report that PLS-CADD reduces their drafting time by over 95%.

Summary

PLS-CADD addresses the reality that terrain modeling, engineering, spotting, and drafting are not 
disjoint processes but are all interrelated. By integrating all these functions into a single 
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environment PLS-CADD streamlines the design process. The result is simplicity, flexibility and 
efficiency not attainable when using a collection of programs from different vendors. PLS-
CADD’s engineering features are unsurpassed giving you the state-of-the-art in sag-tension, 
structural analysis and automatic spotting. From distribution wood poles all the way to 500 kV or 
higher guyed frames and lattice towers, PLS-CADD has the power and flexibility to do it all. 
Proven in over 1600 organizations in more than 125 countries, PLS-CADD is the worldwide 
standard in line design.

If you would like more information about PLS-CADD please Contact Us or download the Tour.

Summary of Features

A Microsoft Windows Vista, 7, 8 or 10 (32 bit or x64) environment that lets you:

Run on powerful yet inexpensive computers

Use the most common graphical user interface (GUI) in the world

Print reports and plot drawings directly on a wide variety of printers and plotters

Run the user interface in English, French or Spanish

A 3-dimensional terrain model (including automatic TIN triangulation) that lets 
you:

o Select your route by clicking the mouse on line angle points

o Move structures in the plan or profile views

o Automatically generate centerline or side profiles

o Identify any terrain or obstacle with a unique feature code and symbol

o Automatically draw the required vertical clearance line for any specified voltage

o Render terrain in color by elevation and light incidence

o Import terrain data from GPS, photogrammetry or total station surveying 
equipment

A simple system for strength and clearance design criteria that lets you specify:

o Weather cases with individual wind, ice, temperature, and reliability adjustments

o Load factors for checking the strength of the structures

o Cable conditions (Initial, after Creep or after Heavy load)
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A 3-dimensional model of the line that lets you:

o Represent all structures with all attached cables and insulators

o Select structures and cables from user editable libraries

o Spot structures interactively or automatically (global cost optimization)

o String and sag the line interactively or automatically

o Perform any sag and tension calculation, including the effect of creep

o Select various conductor models to better represent behavior at high temperature

o Determine complete design loading trees

o Compute vertical or lateral clearances from ground or obstacles to any cable

o Check structure strength by allowable wind and weight spans methods

o Check structure strength by direct link to structural analysis programs

o Check clearances between conductors and structures (including guy wires)

o Visualize the line in 3-d with actual wind blowout and insulator swings

A graphics system that lets you:

o Generate plan & profile sheets automatically

o Control drawing scales and page layout

o Plot directly or send drawings to commercial CAD system

o Export plan & profile sheets to PDF (requires Adobe Acrobat)

o Superpose aerial photographs or maps on your plan view

o Digitize scanned plan & profile drawings

A material management system that lets you:

o Import parts, assemblies and labor units from existing databases

o Automatically generate structure costs for optimization

o Automatically generate material lists for construction
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Technical Notes A complete list of technical notes is available here. These include topics such 
as terrain modeling, engineering calculations, sag-tension and finite element sag-tension, drafting 
and materials as well as a variety of miscellaneous topics.

Videos: A variety of videos that demonstrate features are available here.

Information for Prospective Clients

PLS-CADD Users list

PLS-CADD User Testimonials

Download interactive tour of PLS-CADD

Price List

Frequently Asked Questions Regarding the Purchase of PLS Software

Miscellaneous

Recent Program Improvements

An online library of conductor data ready to use in PLS-CADD format

PLS-CADD Terrain Model Animation

PLS-CADD Contour Lines and Draped Bitmap
PLS-CADD Rendered Digital Terrain Model
PLS-CADD Plan & Profile Sheet With Page Border, Plan Overlay, Logo and Aerial Photo
Re-Engineering The Transmission Line Design Process by Otto J. Lynch and Peter Hilger
Using FLI-MAP ™ data in PLS-CADD
PLS-CADD Digitizing Interface
Rendering Examples
USGS Examples
Gantry Example

These are just a few of the surveyors who are familiar with PLS-CADD:

LiDAR

o Aerial Cartographics of America

o Ayres Associates

o Interra

o Leading Edge Geomatics

o Network Mapping

o Opten Ltd.
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o Terra Remote Sensing

o WIRE Services

o XP-RS

Photogrammetry

o Aerial Cartographics of America

o Ayres Associates

© 2020 Power Line Systems All Rights Reserved. 



                                                        

Section 3
Description of RISA-3D Program
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Section 4
Antenna Installation Information
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DiGioia Gray Transmission Line Engineering PCS Co-Location Design Summary
Structural Engineer: Sachin Menasi                                   Carrier: Verizon
Drawing Number: 660–173–D–2 Rev. 4                              Site Name: Bethel – Summit View

      TRANSMISSION LINE ENGINEERING
BETHEL - SAWMILL 138kV LINE

AEP Dwg No.  660-173-D-2 Rev. 4
Date: 6/16/2022

Line Information:
Line Name: Bethel – Sawmill 138kV Line Structure No. 95 Tower Type: Steel Monopole

Circuit Name No. Description Design Condition

Transmission: 
Bethel – Sawmill 138kV 

Ground Wire:

Conductor:

1

3

7 No. 8 Alumoweld

1590.0 kcm ACSR 
54/19

1,800 lbs. NESC Heavy  

5,000 lbs. NESC Heavy  

Distribution: Sawmill 12kV Conductor: 6 556.5 kcm AAC 3,500 lbs. NESC Heavy  

Antenna Information:

Azm Ant 
Qty Ant Antenna Type

Elev
(ft)*

Azm
(deg)

Coax
Qty

Coax 
Type

Dia.
(In.)

Antenna 
Dimensions/Weight

(In./ Lbs.)
1 U NHHS4-65C-R3B – New 5 Coax 1-5/8 96.0x13.8x8.2 / 85.8
1 V NHH-65C-R2B – Existing 96.0x11.9x7.1 / 92.6
2 W SBNHH-1D65B – Reserved 72.9x11.9x7.1 / 54.2
2 X SQX6192342Q-43 – New 7.1x6.9x4.6 / 14.8
2 Y TMA-T-19-A-V – Existing 10.2x6.7x3.7 / 14.6

A

2 Z TMAT21X-11AV – Existing

108.0 10

7.7x6.3x3.1 / 6.6
1 U NHHS4-65C-R3B – New 5 Coax 1-5/8 96.0x13.8x8.2 / 85.8
1 V NHH-65C-R2B – Existing 96.0x11.9x7.1 / 92.6
2 W SBNHH-1D65B – Reserved 72.9x11.9x7.1 / 54.2
2 X SQX6192342Q-43 – New 7.1x6.9x4.6 / 14.8
2 Y TMA-T-19-A-V – Existing 10.2x6.7x3.7 / 14.6

B

2 Z TMAT21X-11AV – Existing

108.0 120

7.7x6.3x3.1 / 6.6
1 U NHHS4-65C-R3B – New 4 Coax 1-5/8 96.0x13.8x8.2 / 85.8
1 V NHH-65C-R2B – Existing 96.0x11.9x7.1 / 92.6
2 W SBNHH-1D65B – Reserved 72.9x11.9x7.1 / 54.2
2 X SQX6192342Q-43 – New 7.1x6.9x4.6 / 14.8
2 Y TMA-T-19-A-V – Existing 10.2x6.7x3.7 / 14.6

C

2 Z TMAT21X-11AV – Existing

108.0 240

7.7x6.3x3.1 / 6.6
*Elevations are above grade and are approximate. 



DiGioia Gray Transmission Line Engineering PCS Co-Location Design Summary
Structural Engineer: Sachin Menasi                                   Carrier: Verizon
Drawing Number: 660–173–D–3 Rev. 4                              Site Name: Bethel – Summit View

      TRANSMISSION LINE ENGINEERING
BETHEL - SAWMILL 138kV LINE

AEP Dwg No.  660-173-D-3 Rev. 4
Date: 6/16/2022

Loading Information: Conductor Attachment Type:  Full DE
Wind Span:  234 ft Vertical Span:  276 ft Line Angle: 0° 

Load 
Case
 No.

Load Case Name

Wind 
Speed

mph

Radial 
Ice

in

Basic 
Wind 
Press.

lbs/sqft

Wind 
Press. 

on 
Tower
lbs/sqft

Wind Press.
on Tower 
Attach’ts 

Flat 
lbs/sqft

Wind Press.
on Tower 
Attach’ts 
Round
lbs/sqft

Intact Cases
1 NESC Heavy 250B 39.5 1/2 10.0 32.0 16.0 10.0
2 NESC Extreme Wind 250C 90 Bare 23.2 74.2 37.1 23.2
3 NESC Wind & Ice 250D 39.5 1 6.40 20.48 10.24 6.40
4 ASCE Extreme Wind 95 Bare 25.0 80.0 40.0 25.0
5 50 mph Wind + Heavy Ice 50 1 7.00 22.4 11.2 7.00
6 AEP Heavy Ice 0 1 1/4 0 0 0 0
7 AEP Uplift 0 Bare 0 0 0 0
8 AEP Maintenance 28.0 Bare 2.00 6.40 3.20 2.00
9 AEP Deflection Limit 19.8 Bare 1.00 3.20 1.60 1.00

10 AEP Normal Everyday 0 Bare 0 0 0 0
Full Dead-End Load Cases

11 NESC Heavy 250B – Full DE 39.5 1/2 10.0 32.0 16.0 10.0
12 NESC Extreme Wind 250C – Full DE 90 Bare 23.2 74.2 37.1 23.2
13 NESC Wind & Ice 250D – Full DE 39.5 1 6.40 20.48 10.24 6.40
14 ASCE Extreme Wind – Full DE 95 Bare 25.0 80.0 40.0 25.0
15 AEP Heavy Ice – Full DE 0 1 1/4 0 0 0 0

Loading Notes:
1. NESC Loading includes overload factors.  A vertical overload factor of 1.5 should be included in the 

weight of the structure and attachments. NESC constant (K) of 0.31 lbs/ft is included in wire loads.  
2. The wind pressure on tower shall be applied to the projected area of the tower.  The wind pressure acts in 

the positive transverse direction.  It includes adjustments for shape and gusts.
3. The basic wind pressure represents the wind load applied to the conductors.  For conductor loads see 

attached loading sheets.
4. The reduction of 45% can be applied to the differential tension for the unbalanced ice condition due to 

insulator deflection and 20% reduction can be applied to the broken wire condition for suspension 
structures.







































                                                        

Section 5
Structure Design Profile
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Section 6
Coax Cable Loads







                                                        

Section 7
12 Ft. Triangular Platform RISA-3D Model for Analysis 

and Reactions







ASCE 7 Hazards Report
Address:
No Address at This 
Location

Standard: ASCE/SEI 7-16
Risk Category: II
Soil Class: D - Default (see 

Section 11.4.3)

Elevation: 940.01 ft (NAVD 88)
Latitude:
Longitude:

40.137228
-83.095062

Wind
Results:

Wind Speed 108 Vmph
10-year MRI 75 Vmph
25-year MRI 81 Vmph
50-year MRI 85 Vmph
100-year MRI 93 Vmph

Data Source: ASCE/SEI 7-16, Fig. 26.5-1B and Figs. CC.2-1–CC.2-4, and Section 26.5.2
Date Accessed: Mon Jun 06 2022

Value provided is 3-second gust wind speeds at 33 ft above ground for Exposure C Category, based on linear 
interpolation between contours. Wind speeds are interpolated in accordance with the 7-16 Standard. Wind speeds 
correspond to approximately a 7% probability of exceedance in 50 years (annual exceedance probability = 
0.00143, MRI = 700 years).

Site is not in a hurricane-prone region as defined in ASCE/SEI 7-16 Section 26.2.

Page 1 of 3https://asce7hazardtool.online/ Mon Jun 06 2022



SS : 0.121
S1 : 0.059
Fa : 1.6
Fv : 2.4
SMS : 0.193
SM1 : 0.143
SDS : 0.129

SD1 : 0.095
TL : 12
PGA : 0.061
PGA M : 0.098
FPGA : 1.6
Ie : 1
Cv : 0.7

Design Response SpectrumDesign Response Spectrum

S  (g) vs T(s)a

MCE   Response SpectrumRMCE   Response Spectrum  

S  (g) vs T(s)a

Design Vertical Response SpectrumDesign Vertical Response Spectrum

S  (g) vs T(s)a

MCE   Vertical Response SpectrumRMCE   Vertical Response Spectrum  

S  (g) vs T(s)a

Seismic

Site Soil Class: 
Results:

Seismic Design Category

D - Default (see Section 11.4.3)

B

Data Accessed: Mon Jun 06 2022
Date Source: 
USGS Seismic Design Maps based on ASCE/SEI 7-16 and ASCE/SEI 7-16 Table 1.5-2. Additional data for 
site-specific ground motion procedures in accordance with ASCE/SEI 7-16 Ch. 21 are available from USGS.

Page 2 of 3https://asce7hazardtool.online/ Mon Jun 06 2022



Ice
Results:

Data Source: 
Date Accessed: 

Ice Thickness: 1.00 in.
Concurrent Temperature: 5 F
Gust Speed 40 mph

Standard ASCE/SEI 7-16, Figs. 10-2 through 10-8
Mon Jun 06 2022

Ice thicknesses on structures in exposed locations at elevations higher than the surrounding terrain and in valleys 
and gorges may exceed the mapped values.

Values provided are equivalent radial ice thicknesses due to freezing rain with concurrent 3-second gust speeds, 
for a 500-year mean recurrence interval, and temperatures concurrent with ice thicknesses due to freezing rain. 
Thicknesses for ice accretions caused by other sources shall be obtained from local meteorological studies. Ice 
thicknesses in exposed locations at elevations higher than the surrounding terrain and in valleys and gorges may 
exceed the mapped values.

The ASCE 7 Hazard Tool is provided for your convenience, for informational purposes only, and is provided “as is” and without warranties of 
any kind. The location data included herein has been obtained from information developed, produced, and maintained by third party providers; 
or has been extrapolated from maps incorporated in the ASCE 7 standard. While ASCE has made every effort to use data obtained from 
reliable sources or methodologies, ASCE does not make any representations or warranties as to the accuracy, completeness, reliability, 
currency, or quality of any data provided herein. Any third-party links provided by this Tool should not be construed as an endorsement, 
affiliation, relationship, or sponsorship of such third-party content by or from ASCE.

ASCE does not intend, nor should anyone interpret, the results provided by this Tool to replace the sound judgment of a competent 
professional, having knowledge and experience in the appropriate field(s) of practice, nor to substitute for the standard of care required of such 
professionals in interpreting and applying the contents of this Tool or the ASCE 7 standard.

In using this Tool, you expressly assume all risks associated with your use. Under no circumstances shall ASCE or its officers, directors, 
employees, members, affiliates, or agents be liable to you or any other person for any direct, indirect, special, incidental, or consequential 
damages arising from or related to your use of, or reliance on, the Tool or any information obtained therein. To the fullest extent permitted by 
law, you agree to release and hold harmless ASCE from any and all liability of any nature arising out of or resulting from any use of data 
provided by the ASCE 7 Hazard Tool.

Page 3 of 3https://asce7hazardtool.online/ Mon Jun 06 2022



                                                        

Analysis of Platform





































































                                                        

Determination of Loads Carried to Tower


