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 Project Overview
 Lattice Tower Overview

− Modifications
− Load Case Development
− Testing

 Lattice Tower Modeling
− Developing preliminary models 
− Models change over design life
− Family Manager

 Leg Extensions Design 
− PLS-CADD automatic spotting
− Requirements
− results
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 Idaho Power, Boardman (BPA “Longhorn”) to Hemingway 500kV
− 300 miles, ~1150 lattice towers, 120 tubular steel

• 225 miles “as the crow flies”
− Permitting

• 2008-2020
− Design:

•  2021-2025
− Construction: 

• 2025-2028

Project Overview
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Project Overview



 Project Overview
 Lattice Tower Overview
 Lattice Tower Modeling
 Leg Extensions Design 
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 Modified BPA 248 Series
− Freestanding
− Delta
− 3Bundle Conductor

• Deschutes ACSR/TW 
− 2x OPGW
− 3x Tangents

• Light 248M
• Medium 248A
• Heavy 248B

− 2x Deadends
• Standard 248D
• Corner 248G

 Modeled in BPA ATADS
− Proprietary 
− Not compatible with PLS
            

Lattice Towers:  Overview
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 Typical Tower has:
− Common Component (CC)

• Static Peak 
• Cage

− 3 Body Configurations (BE)
• 60 (base common body)

− Height Range:
• 107 ft to 205ft

            

Lattice Towers:  BE & LE
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 Almost every large 500kV Project has unique requirements:
− Different Insulators 

• Hardware, OPGW, Details
• Helicopter Erection

− Different Line Arrangement
• Structure Types
• Optimization

− Load Cases
• Standards Change
• Different Utility Requirements

− Testing
• Prototype test fitment
• Full scale loading

− Construction Means & Methods
− Foundations

 12 month effort in conjunction with SANPEC & SAE / KEC

Lattice Tower:  Why Modifications?
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 2D vs 3D swing/clearance
− suspension 

Insulators Insulator 
Movement & 
Clearance 
Envelope

Climbing & 
Working 
Space
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 2D vs 3D swing/clearance
− strain 

Insulators Cont’d Insulator 
Movement & 
Clearance 
Envelope

Climbing & 
Working 
Space
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 BPA Design: 40kip bell
− Metric standard (20mm)
− Procurement Issues

 Project: larger 50kip bell 
− ANSI standard (52-11)
− Procurement Simplicity
− Strength requirements

Insulators Cont’d BPA Suspension

B2H Suspension
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 Additional Bells (Strain)
 New Hardware

Insulators Cont’d
BPA Strain

B2H Strain
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 RESULT:  modified tower arm lengths

 RESULT:  new swing angles

Insulators Cont’d
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 Check/Modify all details as needed 

Hardware
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 BPA Tower design: 2x 32Fiber
 Project Requirements: 2x 96Fiber

− Insulation Requirements
 Result: Static Peak Redesign

OPGW
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 Requires modification of tower details (splices & temporary members)
                                        Original:

                                        Modified:

Helicopter Erection
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 B2H project required many more deadends than “normal”
− Many “medium” PIs (6°-30°) 

• Due to routing requirements

 248 Series has no optimal design
− Heaviest Tangent “248B”: 6° max
− Standard Deadend “248D”: 0-60°

•  “Full Containment”
− No Running Angle
− No “Light” Deadend

 Pull Length Limitations 
• 16,000 ft max due to conductor reel length

Different Line Configuration

PI 
(Line Angle)

Minimum
Structure 

TYPE

Qty
Count

% of 
Total

None 248M (Tan) 935 73%

0°<LA<=3° 248A (Tan) 90 7%

3°<LA<=6° 248B (Tan) 46 4%

6°<LA<=30° 248D (DE) 119 9%

30°<LA<=60° 248D (DE) 73 6%

60°<LA<=90° 248G (DE) 6 <1%



18

 Uplift structures (requires Deadend)
• Mountainous terrain for ~30% the project.
• Total 250 deadend out of 1270 structures. (20%)

Different Line Configuration Cont’d



19

 Developed new “248C” tower:
− 0°-30° Light angle Deadend
− Non-containment Loading
− Same footprint as D tower

 Approx 140 “C” towers used
− Average 11,000lbs lighter 
− $3+ million saved

Different Line Configuration Cont’d
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 Towers are inherently complex
− Individual members controlled by different cases
− Tension or Compression can control

 Why do we end up with 100s of LC?
−  (max 1000)

Load Case Development
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 Original Tower designs based on BPA standards
− BPA developed Interaction Diagrams of Permissible Span Lengths
− Must model each point on each diagram, not just largest

Load Cases Interaction Diagram

248A Medium Tangent 248D Standard Deadend
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 Develop loads for intact, broken wire iterations
− For deadends: multiple wires broken, and all wires broken

 Consider wind applied on different angles of tower
 Fall protection loading, Construction & Rigging Loading
 If tower is not completely symmetric, must iterate +/-T and +/-L

Load Cases Other Considerations
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 Notice the variety of load cases controlling design (248D)

Load Cases Results (248D, 100-95%)
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Load Cases Results (248D, 95-90%)
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Load Cases Results
(Utilization)

 Efficient, well utilized tower
− Yellow = 75-100%

 Runtime: 30-45 minutes
− all family manager iterations
− all load case iterations

 No “surprises” in PLS-CADD
− PLS-CADD generated loads:

• Actual individual line angles
• Unbalanced tensions
• Finite Element
• Concentrated Loads
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 Prototype Fit Test (never perfect on paper)
− 7 tower types

• 2 extended bodies 
• 30-50 unique leg extensions per type
• ~1500 pages of detail/erection drawings

Fitup Testing
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Fitup Testing Cont’d
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 Test each tower type
− Tallest configuration
− 10 load cases each type
− Test up to 110%

Full Scale Load Testing
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Full Scale Load Testing Cont’d
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Full Scale Load Testing Cont’d

 248D Tower Leg 
− 109% compression
− Was further strengthened

 All other structures nominal



 Project Overview
 Lattice Tower Overview
 Lattice Tower Modeling
 Leg Extensions Design 
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 BPA ATADS, not compatible with PLS-TOWER
 Developed Method 2 “interaction diagram” models first

− Preliminary 10% - 60% design stages
 Intermediate  method 4 models

− 60-90% design stages
− Final tower models from SAE/KEC not available till after 90% phase
− Developed using ATADS -> TOWER model conversion
− Not for structural analysis, only for:

• Insulator strength check
• Leg Extension Design
• Staking / Footprint

 Final SAE/KEC complete & accurate tower models inserted at 100%.
− Don’t want any “surprises” at this point!

Lattice Tower Modeling
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 Interaction Diagram

Lattice Tower Modeling: METHOD 2
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 Carefully track height of tower 
− Common (C) + Body & Body Extension (BE) + Leg Extension (LE)
− Aim for middle third of Leg Extension Range
− Give yourself buffer

Lattice Tower Modeling: METHOD 2 Cont’d

Z=0 (for M2)

Str#
Type
Total Height
BE
LE (estimate)

C = 
48.5
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 Must get insulator attachment points exact
− Triple Bundle modeling: PLS defaults to centroid of triangle

• Affects Insulator length
− Clearance Line and Blowout

• Use centroid of bundle
− Survey point clearance

• Checks to all wire bundles
− Also account for drop vangs

Lattice Tower Modeling: METHOD 2 Cont’d

Tower Crossarm Elev
vs
Attachment Elev
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 GOALS
 design LE using PLS-CADD

− Leg Optimizer Tool
− Determine impact footprints
− Insulator analysis 

• Method 2 doesn’t check

 Hold wires in correct spot
− Same as Method 2
− Manage heights

• Dependent on foundations

 Not for structural analysis
− Still must be stable 

Lattice Tower Intermediate Method 4
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Lattice Tower Method (4) Cont’d
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 Must think about foundations as that affects LE length
− PRESSED PLATE / GRILLAGE                  CONCRETE DRILLED PIER

Lattice Tower Method (4): Foundation
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 Pressed Plate / Grillage
− Working Point Elev (WPE)

• 4’ above tower joint
− Tower joint below ground
− Max Elev: -2.5’ AGL

• Relies on sufficiently 
burying the Plate/Grillage

• Weight soil
− Min Elev: - 4.0’ AGL

• Don’t want stub/WPE 
buried

Lattice Tower Method (4): Foundation Cont’d
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 Concrete (Drilled Pier) Footing
− Working Point Elev (WPE)

• 4’ above tower joint
− Tower joint above ground
− Max Elev: +4.5’ AGL

• Max Conc Reveal +4ft
− Min Elev: +1.5’ AGL

• Min Conc Reveal +1ft

Lattice Tower Method (4): Foundation Cont’d
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 Must have family manager properly setup
− One line for each LE
− Default to Largest
− Z=0 must be set at “interaction plane”

• Everything above stays same
• Everything below can change (BE, LE)

Lattice Tower Method (4): Requirements

Z=0
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Lattice Tower Method (4): Requirements Cont’d
 Leg actual heights

− What it’s called vs actual length 
 X/Y of corners

− Sets impact footprint
− Calculated by slope of Tower

+3’

+2.5’



43

Lattice Tower Method (4): Requirements Cont’d
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− One model per BE
• PLS “optimum spotting” Leg optimizer tends towards longest LE

› Takes a lot longer with multiple BE
• Recall want to hit middle of LE range.

Lattice Tower Method (4): Requirements Cont’d



 Project Overview
 Lattice Tower Overview
 Lattice Tower Modeling
 Leg Extensions Design 
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 Changing leg length moves leg footprint
− Due to slope of tower

• changes elevation @ TIN surface
• changes leg length needed
• changes elevation @TIN surface
• ...

 Could do a handful manually
− Guess & Check
− This Project has 1150 towers 

•  4600 Leg Extensions
− A person:  one every 5-10 minutes
− Leg Optimizer: hundreds over lunch

Leg Extension Design: Problem



47

 Solution: PLS-CADD “automatic spotting” Leg Extension Selector
− Experimental ~V18
− Fully Functional ~V21

 What you need
− Method 4 structures

• (as previously discussed)
− Good TIN surface
− New Line edit

• Estimate BE
• longest LE set 
• Height offset to match M2

− Organizational Discipline
• Consistent File-naming
• Structure Comment Fields
• Excel is your friend

Leg Extension Design: PLS-CADD Solution
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− Before (m2):                                                             (m4)

Leg Extension Design: Prepare

Str#
Type
Total Height
BE
LE (estimate)
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Leg Extension Design: Before
Before (m4)                                 (m2+m4) 
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Leg Extension Design: Optimum Leg Menu

Do first before 
modifying model

Foundation 
Dependent

Applicable 
Structures

TIN surface never perfect, limited 
LE iterations (consider impact to 
design)
Newer feature to assist with 
grillage

Uneven 
terrain

M4 models 
populated
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Leg Extension Design: Optimizer Report

New FilenameOld filename

   
  Leg Reveal, all okay
  If a solution cannot 
be  found, RED warning

Height change
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Leg Extension Design: Success
After (m4)                                 (m2+m4) 
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Leg Extension Design: Verify
 Using Leg 
& Guy Extension Report

Reval
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Leg Extension Design: Result
Individual Files

Heights Adjusted



Questions
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