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Show Your Work! PILA Mesa

Engineers and Consultants

I. Show your work!

- Some of the tools included with PLS that help fully document a
PLS deliverable.

- Component Library Notes
- Criteria Notes

- Project Report

- Reference Manager
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Showing Your Work in PLS %esa

Engineers and Consultants

I1II. Do the work!
- No Red = OK! ...Right?
- Did you find the weakest link? Are you sure?
- Tools and methods to create accurate PLS Models

- Manual Calcs: Exporting Data

- Foundation

- Dead Loads & Drag Areas

- Connections and Anchors (CAN)
- Capacities and Overrides

- Rupture

- Quality Control Checks
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Showing Your Work in PLS %@Sﬂ

Engineers and Consultants

I. Show Your Work!
- Component Library Notes
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Show Your Work: Component Library R4t

Engineers and Consultants

- Tower & Pole
- Easy to find
- CAN be “rich text” formatted

Suspension Properties (From file "C:\Users\Public\Documents\PLS\pls_cadd\examples\components\basic.inl")

Suspension Insulator Notes:
"Example" Library included with PLS Install
There was nothing here?

Label Stock Length Weight Wind Tension
Number Area Capacity
(ft) (Ibs) (ft~2) (Ibs)
1 |suspension-prop#l 6.92001 200 0 10000
2 |rte 13.1234 200 0 10000
3 |éfc TM-1B-138 6 200 0 10000
4 |[sfc TM-1B-345 g 300 0 15000
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Showing Your Work in PLS %@Sﬂ

Engineers and Consultants

I. Show Your Work!

- Component Library Notes
- Criteria Notes
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Show Your Work: Criteria Notes

Associates,Inc.

Engineers and Consultants

Criteria Notes

ink the following notes at the top of all ieports
[ ] P LS - CA D D o n I y Updated 06/28/2023 REV.3.1 [comected structure weight load Factor from 1.5 to 1.0 for Rule 250C)

NESC 2023 Medium Loading District
lce Measurement changed to 56 lbe/ft™3, bul.’vas decided to keep 57 Ibs/ft"3 a5 the desian
MESC Medium Combined |ce and ‘wind District Loading (Rule 2508,
@ PH Estreme 'wind Loading (Rule 250C) b base map wind speed + 1 0rmp (TP =ddet
@ Ctreme ce with@MPH Concunent Wind Loading (Pule 2500)
Mawimurn Dperating Temperature 212°FA100°C
1" Extreme lce (Man-NESC)

Grade B Construction
- Can NOT be formatted
Load Case 1: Rule 2508 [Medium District]

Load Case 2: Rule 250C [Extieme wind]

Load Case 3 Rule 2500 [Concurrent lce and Wind]
Load Case 4: Extreme lce

Load Case &: Uplift

Load Case & Shinging [Fule 25042)

Load Case 7- Rule 2614 NESC Unsupported MAX, [mph]
Load Case & Camber [self supporting stiuctures only] 14t
Load Case 3 Rake [seli-supporting)

Load Case 10: Zero Tension (concrete only)
- Can be added to all reports
Structure Load Notes:
LC Mate 1: Load factars per NESC 2023, Table 253-1
L3 LC Mate 2: Strength factars per NESC 2023, Table 261-1
° L t f t I I I tt h t t LC Mate 3 Project Engineer is responsible for verifying loading far engineered structures load trees.
O s O n O e S W I C u e r S O r re O r s LC Mate 4 Max angle wind shall be considered in 10-degree increments for LC #1,2.3.4 and 7
LC Mate 5 Wwhen considering foundation failures, apply the non-recaverable ratation or deflection on the pole far an everyday load case

Clearance Check Reference
Reference 1: 2022 Edition of the NESC
Reference 2 enzion Insulator Swing Enlema-\_me Design Manual
Reference 3 Ling Design Marwal - Clearances
Reference 4 DSHA
Reference & RS Design Manual

Criteria St ru ctu res Sech ons L[ nes D rafti n g \ Cleaance Check Note: Maximum operaling temperatures are referenced in( I and Uine Design Manual

‘wire Tensions Reference
1

-1a and Rule 281H-1b/c

NOteS... 2 WL\HE Design Manual

“Wire Tension Note: Engineer responsible for coordinating with Substation Engineering for teiminal span designs

Code-Specific Wind and Terrain Parameters ‘nEg'g'nggggjig:g;;:;e%"f{?;u}e .

Load Case 14: Rule 277 (Rule 2500)
Weather...

Inzulator Nate 1-specmes the insulatar strength properties in PLS-POLE's Camponents libram with the lawest combined walue fram all me
Insulator Mate 2 MESC Rule 277 specifically excludes Rule 253 Load Factors far checking the mechanical strength of insulatars. This Criteriz
Inzulator Nate 2 Insulatars in PLS-Pale Companent files use the recommended SF with the exception to glazs suzpension bell insulators. The:

C reen- Stt E,r h Guying or associated hardware loading is bazed upan the following references:

Reference 1 MESC, Aule 2648
Reference 2! ine Design Manual Chapters
DISCLAIMER:
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Showing Your Work in PLS %@Sﬂ

Engineers and Consultants

I. Show Your Work!

- Component Library Notes
- Criteria Notes
- Project Report
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Show Your Work: Project Report AL 0N

Engineers and Consultants

. CADD, Pole, Tower Drafting Window Help
New Window >
- CAN be “rich text” formatted ‘Sear  Save Window State
- Project Report
Plan View
- This is one good option for — _

Project Name:

What When Who WhY? Insert your notes, comments, pictures, etc. here. You can also check the
! ! ! "Enable Automatic Project Revision Tracking” option in the General Data dialog
H H and the program will automatically append a list of changes made to this model
Englneerlng notes and Calcs to the end of this report. This report is automatically saved whenever you save
. your project.
References used for creation
Standards and deviations

general model notes tens peciaes

Previous Project Rephrl: has been archived in the Reference Manager: (IIINENNEEENNNNNED

- “Enable Automatic Project
Revision Tracking”
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Show Your Work: Project Report peod

Engineers and Consultants

Build Notes
@D 500kV Type @) Tower i
Light tangent V-String Suspensiop SR
General Data: e
Model prepared for Tension-only members were limited to 90% of maximum compression capacity.
By MVRK Engineers, Inc., and Mes Member Strength & Crossing Diagonal checks per ASCE 10.
Connection Rupture, Included Angles, and Climbing Loads are NOT checked per client I
Revision 0, 5/08/2024, Tower v.1l
Non-Family-Managed model created Redundant braces: X )
All redundant members are included in the model.
Extensions: N/A Redundant members are checked against the actual force in the member.
Legs: N/A Joint
Engineers: Loints:
gOIi inator: Tony Cufiha, DE Tower Geometry defined using the Engineerjnc Warl Dainre idenrified an rhe Darail dx
Chegkerr ' Robzrt Sm:.{:h a|the Masts, the engineering work points nafSections Table: '\J ¥
) knock-down format. Thus, the joints of tyDead load factors: fé: a:
o . . dimension of the main leg members from th{ 10% of tower weight added to account fqo ;v' ,‘-\é zing.
Additional information: Drawing. XARM and BRIDGE sections have an extra ) ;?/‘
A file called "W Detailed Repo b’f |/
; . X I
the. +bak file. It contains much |p .4 Properties: Wind Drag Area: ".'..;\'\‘.
Project Reporct. ASTM 2394 T-0, 3/4" dia. 10% is assumed to account for gusset ?’"‘;{‘
. Shear strength 16.65 kips per ASTM A394 SWING ARM and BRIDGE sections have an ¢ ’.’..‘.f‘ .
Reference drawings: Holes are assumed drilled for member thic Face, All, and SAPS Angle columns we ’f“vi';;
Design Criteria: -Sht.s 12| 4imension). Otherwise, holes are assumed } Only one face is considered for Wind Fﬁ :{‘ d case)
Design Diagrams: to Ultimate Stress Fu = 74ksi. <o
Erection Drawings to Member Face Overrides:
Steel Material Properties: Member face overrides were assigned to the efaulc
ASTM A36: Fy = 36ksi, Fu= S58ksi only assigned the members of the Windward oth
ASTM AS72 Gr.50: Fy = S50ksi, Fu= 65ksi masts is explicitly described in the origil
Angle Properties: Automatic Change Documentation:
A1l angle properties were taken from the jAnY text after the line below was automati re-
w/t ratios were calculated per ASCE 10(saved. Any changes should be reviewed then
Accurate strength properties for the Weldjincorporated in a new revision. If any chy —per and
are loaded axially. Similarly, the membejadd appropriate dates, notes, etc. Once th
should be deleted (Note: At least one save this
project report are saved. No changes are 7 ed"
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Show Your Work: Project Report peod

Engineers and Consultants

Tower Version 19.01x64
[CLIENT] [V]kV [Double/Single] Circuit Tower Type [TYPE] - Build Notes

Received from [CLIENT] on [DATE]
This model was originally created on [DATE] in Tower version [V], by
[CREATOR/ENGINEER/CHECKER/UTILITY/ETC].

Modified by Mesa Associates for [CLIENT)] project [NO.], structure [NO.] on [CIRCUIT/LINE
NAME]

[INSERT MESA ORIGINATOR, CHECKER, REVIEWER, EOR AS REQ’D]

Changes by Mesa: {VERIFY/UPDATE}

. [Created this Project Report. The original Project report was automatically created
over time as the model was updated/saved and consisted of over NN pages of text. That
report was archived to a .rtf file and attached using the Reference Manager.]

® Added existing modifications for PCS support, including center PowerMount, stem sector
mounts, and additional bracing.

Reference drawings: {UPDATE}
Design Drawings:
[DESIGN DATA DRAWINGS (IF AVAILABLE))]

Rupture: {VERIFY}
Erection Diagrams: Rupture Check not included at client regquest.

[ERECTION DRAWING NUMBER(S)]

Leg Obligue Bracing: {VERIFY}

Detail Drawings: Cbliqgue leg bracing angles are assumed to not provide support in the out-of-plane
[DETAIL DRAWING NUMBER(S) ] direction.

Tower Modeling Specification: Other Comments: {VERIFY}

[Client - Title of Spec] The model as received from{ P cid NOT include redundant braces, and adding

redundant braces was not within the scope of this project. The section table does
include factors to incrlease wind area to account for the missing redundant braces.

Automatic Revision Tracking is on. Any changes below this line were added

automatically by PLS-Tower.
e e e e e e e e e ke e e e e e e e e ke o e e ke o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
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Show Your Work: Project Report %\ Mesa

Engineers and Consultants

What?
- Voltage(s)
Structure Line Angle

Family/Framing/Grid Managed vs. Single Structure
Weather Cases

Load Cases

When?

When was the line / structure built?
When was the model created / modified?
When was LIDAR flown?

Include model file Revision History
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Show Your Work: Project Report %\ Mesa

Engineers and Consultants

Who?
Who owns the physical line/ structure?
Who originally created the model?
Who is modifying the model?
Engineer, Checker, Reviewer, Company

Why?
Why are you creating or modifying this model?
General use structure, or site specific?
If site specific, why?

www.mesainc.com | 13



Show Your Work: Project Report

Associates,Inc.

Engineers and Consultants

Other (CADD):

Any and all Assumptions!

List of Line Edits with descriptions
Single or multiple circuits w/ names
Summary of wire sizes & tensions

Is stringing from LIDAR and weather at
time of survey, or Design RS

When was LIDAR flown and by whom
One or multiple LIDAR flights

Any modifications after LIDAR

Standard or special weather cases

What load cases are considered and why

Other (Pole/Tower):

Any and all Assumptions!!!
List materials and how you know
Are materials known or assumed?
If known: Clear on drawings or testing?
Assumed: Justify assumptions
Are all redundant braces modeled?
Key “General” tab options:
% Compression in T-Only?
Redundant braces included in analysis?
Is Rupture checked, and how?
Which design code(s) & edition(s)
Possibly include calculations
Custom Angle properties
Section table, rupture, net section
Only if short... if complicated use
Reference Manager
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Show Your Work: Project Report

Associates,Inc.

Engineers and Consultants

- Formatting

Supports “Rich Text” formatting
Supports pasting images
Select text, right click on selected text, click “Font...”

If you right click without any text selected it selects
all text automatically

Tip: Create default formatted templates using MS
Word (or similar) then copy-paste into the Project
Report

PLS-CADD Versg oo cenmerm 2T
Mesa Associat Print...
Project Name: rgy
Cut Ctrl-X
Insert your n Copy Ctrl-C et
" Lo s
Enable Autom Paste Ctrl-V cki]
and the progr =nd|
to the erlxd of Font... A1
your project.
Autosize Font
Previous Project Report has been archived|

Font

Font:

Font style:

Courier New

Ebrima |

kegusa: O]

Italic

Fixedsys Bold
Franklin Gothic Bold Italic
Gabriola

Effects Sample

() Strikeout

() Undesline AaBbYyZz

Color:

Black v|  Scrpt:
Westem v |

This is an OpenType font. This same font will be used on both your

printer and your screen.
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Show Your Work: Project Report AL 0N

Engineers and Consultants

Enable Automatic Project Revision Tracking: Highly recommended!

Ew | General Components Geometry Loads
B General Data...
Output Options...

p al
. Post Processor Options...

0

— Wood Pole Buckling Assumptions...

EIA Options...

Interaction Diagram Options...

Reference Manager

Moq

General Data

Project Title

Project Notes \Shuclum for Dema Project

Enable Automatic Project Revision Tracking During Each Save ¥

(-5 uem

[Double Circuit Tubular Steel Davit Arm Stiucture l

|

| Py

ons Lines Drafting Window Help
& Reports
Design Rule Check

File Reference Check

General Data...
Edit...

Project General Data

Label

| Default

Value

Project Name

Line Name

ACTIVE DESIGN

Line Code

[Voltage

161 (kV)

Company

Mesa Associates

Company Division

Last Inspection Date

Thermal Rating (deg)

Wl IN|A (O W[N] -

Last Thermal Rating Date

-
=]

[Vegetation Survey Date

-
=y

Last Vegetation Analysis

-
~N

Right of Way Width

150 (ftr)

PLS-GRID Options

Project Options

] Enable Automatic Project Revision Tracking During Each Save
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Showing Your Work in PLS %@Sﬂ

Engineers and Consultants

I. Show Your Work!
- Component Library Notes
- Criteria Notes
- Project Report
- Reference Manager
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Show Your Work: Reference Manager Wi=ts

Engineers and Consultants

General Components Geometry Load{ | Lines Drafting Window Help

- Different from “Attachment Manager” | ...c..

Design Rule Check

* Any file type may be attaChed : File Reference Check

General Data...

) Exa m p I es : Optimization Options... it

Merge...

Cover Letter (EOR Stamp) e Clea Al

Post Processor Options... N

EXte rna I Ca |CU Iations Reference Manager Project Estimator...
- Strength, Component Properties o
S ketc h e S Reference Manager @ Reference Manager
. . . File Marmne Huobes Fewaords
Fa b rica tl on D rawin g S Cover Letter oot Few 0, 5/8/2024, Signed by...

Pa rtlal if too blg ?:ﬁ:!?gk?ezlmkﬁdﬂﬁliHesponses.:-:lsx IE);:I:Z!ECCl:otir::ri:;:nghl
QC Documentation
Automatic Revision History

£ >

Attach Detach I Table I

Search v| | Reset Search www.mesainc.com | 18




Doing the Work with PLS %@Sﬂ

Engineers and Consultants

I. Show Your Work!

- Component Library Notes
- Criteria Notes

- Project Report

- Reference Manager

I1I. Do the work!
- Manual Calcs: Exporting Data
- Foundation
- Dead Loads & Drag Areas
- Connections and Anchors (CAN)
- Capacities and Overrides
- Rupture
- Quality Control Checks
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No Red = OKL.... Right? @1\7688

Engineers and Consultants

Why bother?
- Structure Check -> No Red? Yay! -> Move on

Many pole models only accurately model the tubes, but often
other things “control”

Lattice Towers are complex 3-Dimensional structures
Full-scale testing often reveals unexpected failure points
Framing eccentricities can have a huge effect on strength
The only loads that you know work are the full-scale test loads

If you don’t locate the weak spot gravity WILL do it for you
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NO REd — OK!---- Right? Assoch?tess,%lc.

Engineers and Consultants

Item Pole Tower ASCE 48-19 ASCE 10-15
Vang tear-out X X Sec.6.2.7 Sec. 4.6, C4.6
Anything welded X X Sec. 6.3

Foundation capacity X X

Concrete anchorage X X Sec. 9.3, App. D Sec. 7.4-7.6
Bolts combined Tens. and Shear X X Sec. 6.2.4 Sec.4.3.4
Bolt spacing, end dist., edge dist* X Sec. 4.5
Block Shear X Sec. 3.10.2
Bending / Moment X Sec. 3.12-3.14, Comm.
Non-standard shapes X Sec 3.8-3.9
Anything not steel X

Component Connections X Sec. 6.2, App. H

Some Holes in Tubes X 27?7

Baseplate capa(:ity2 X App. F, 1, )

Notes:

1. Can be checked using “Rupture”, sometimes.

2. Can be checked, but method is limited to the version in the Appendices of the referenced version
of ASCE 48. This is the “bend line” method for -05 and the “Wedge” method for -11 and -19. Many
fabricators use their own proprietary baseplate design methods.
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NO REd — OK!---- Right? Assoch?tess,%lc.

Engineers and Consultants
Item Pole Tower Solution?
Vang tear-out X X CAN
Anything welded X X CapOver or CAN
Foundation capacity X X Foundation or CAN
Concrete anchorage X X Foundation or CAN
Bolts in combined Tens. and Shear X X CapOver or CAN
Bolt spacing, end dist., edge dist X Rupture, CapOver or CAN
Block Shear X Rupture, CapOver or CAN
Bending / Moment X CAN?
Non-standard shapes X CapOver or CAN
Anything not steel X CapOver
Component Connections X CAN
Some Holes in Tubes X Manual
Baseplate capacity X Baseplate, Foundation, or CAN

www.mesainc.com | 22



No Red = OKL.... Right? @1\7688

Engineers and Consultants

Bending moment in Tower: NOT CHECKED under ASCE 10!

X and Y Bending moments now respect Beta angle
Belgian NNA code DOES check bending stress

- ASCE 10: Any load resisted by bending is

Excessive Moment Warning
- The effect of beams is minimal in a well-triangulated tower

- Beams in a poorly-triangulated tower can mask a critical
modeling error
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Associates,Inc.

Engineers and Consultants
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Doing the Work with PLS %@Sﬂ

Engineers and Consultants

I. Show Your Work!

- Criteria Notes
- Project Report
- Reference Manager

I1I. Do the work!
- Manual Calcs: Exporting Data
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Doing the Work with PLS %@Sﬂ

Engineers and Consultants

- Copy-paste from tables to a spreadsheet
Output Report: Right click in report, “Table View”
Left click upper-left cell
“Copy” or "Copy with Column and Row Headings”

- XML Export

Output Reports or “Input Echo” report
Right click in report -> XML Export
Individual tables from a report or “Export All”

- Direct data mining
All PLS files are basic text
Not suggested unless you know what you are doing

www.mesainc.com | 26



Doing the Work with PLS %@Sﬂ

Engineers and Consultants

I. Show Your Work!

- Criteria Notes
- Project Report
- Reference Manager

1I. Do the work!
- Manual Calcs: Exporting Data
- Foundation
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No Red = OK? Foundations %MGS?

Engineers and Consultants

Everyone designs foundations, baseplates, concrete anchorage,
etc. to the max capacity of the structure... right?

- Unless the owner wants to save money:

A Foundation Cost Comparison: Alternate Methods of
Specifying Loads for the Design of Rigid Base Tower Foundations

For QRN 500KV transmission

line, the estimated foundation costs made up 21% of the total estimated construction
cost for the entire project. Although G B has historically designed
foundations using the tower’s ultimate design loads, this was identified as an area of
potentially significant cost savings. With sophisticated transmission line design
software and minimal additional effort by the engineer, the foundations could, in
effect, be optimized when designed using site or leg specific tower loads.
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No Red = OK? Foundations

? IVT_esa
Associates,Inc.

Engineers and Consultants

Everyone designs foundations, baseplates, concrete anchorage,
etc. to the max capacity of the structure... right?

- Unless strength doesn’t control the structure design:

160-ft 2/c DE Monopole, 105.25” B.C.
Anchor for major crossing span
High-visibility, high traffic location
Maximum Design Data GLM = 10,655 ft-kip
Design was controlled by deflection limits
Maximum Design Data Pole Stress = 27.9%

NOTES:

1. MAXIMUM DESIGN REACTION AT BASE (INCLUDES 1 OLF).

MAXIMUM MOMENT TAKEN FROM 50% POLE MOMENT CAPACITY.
MAXIMUM FORCES TAKEN FROM BACK SPAN DEAD-END GO-95 LIGHT LOAD.

TRAN=X | LONG-Y | AXIAL-Z
MOMENTS (FtKips) 00 | 14646.0 | 0.0
FORCES (Kips) 249 | 468 94.35
RESULTANT MOMENTS: | 14646.0 [FtKips
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No Red = OK? Foundations

- Pole: Geometry -> Miscellaneous -> Foundation Strength
- Tower: Geometry -> Foundation Strength

Associates,Inc.

Engineers and Consultants

Foundation Strength
Restrained Long. Trans. Horz. Comp. Uplift Resultant | Trans. Long. | Bending | Torsional Long. Trans. Vertical Long. Trans. Vertical Run CAISSON
Joint Shear Shear Shear | Capacity | Capacity | Capacity | Moment | Moment | Moment | Moment Stiffness Stiffness Stiffness Rotational Rotational Rotational Design and
Label Capacity | Capacity | Capacity Capacity | Capacity | Capacity | Capacity Stiffness Stiffness Stiffness Analysis
(Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (ft-1bs) (ft-1bs) (ft-1bs) (ft-1bs) (Ibs/ft) (Ibs/ft) (Ibs/ft) (ft-Ibs/deg) (ft-Ibs/deg) (ft-Ibs/deg)
1 |Pl:g 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000|No

- Round Conc. Pier: Horiz. Shear, Compression, Uplift, Moment Capacities

- If you add Foundation Strength: Show Your Work!
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No Red = OK? Baseplates

Associates,Inc.

Engineers and Consultants

- Added as part of pole definition Bave Pae - 0E-159) BN

(=]

Enter O for the thickness if you want the program to design your base plate;

Steel Pole | Stock | Length | Default Base Shag otherwise, it will check the plate with the thickness you input.
Property |Numbe: Embedded Plate Plate shape Steel density  (Ibs/ft"3) @
Label Length Plate diameter (n)|755 | Bolt pattem diameter (i) 63.5
(ft) (ft) Hole shape =122 + | Bolt diameter (in)| 2.25
DE—135 135.00 ldit (6 bolts)|L2T Hole diameter  (in)|55 Plate steel yield stress(ksi)| 50
Plate thickness (if O program will determine by ASCE /SE| 48) (in)| 3
Bend line length override 0

- - - -
C D e S I g n I I m Ite d tO C O m m e n ta ry I n co d e Enter the coordinates (like you describe a steel shape) or the angle of the anchor
- gmm - b9|ts in 3 single quadrar_ll. The program assumes lhg pattem is dqubly symmetric and
S p e C I fl e d I n G e n e ra I ta b will multiply these coordinates by the bolt pattern radius (1/2 the diameter sbove).

Bolt X BoltY Bolt o
Coord. Coord. Angle
. Current code doesn’t do well with (deg)
1 1] 0 0
clustered anchor bolts 2 ; ;
3 Q 0 36
4 Q 0 54
- Many vendors qualify baseplates with - - : -
their own testing ]
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Doing the Work in PLS @Mesa

Engineers and Consultants

I. Show Your Work!
- Component Library Notes
- Criteria Notes
- Project Report
- Reference Manager

1I. Do the work!
- Manual Calcs: Exporting Data
- Foundation
- Dead Loads & Drag Areas
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Features: Dead Loads & Drag Areas %\ Mesa

Engineers and Consultants

Used to add point weights and wind areas
More precise than modifying the Sections table
Similar to the Equipment Library, but more flexible

Example uses
Ladders, stairs, platforms
Signs, solar panels, lights
Antennas / “Joint Use” attachments

Are part of the base model
Can complicate Tower Family Managed models
Must take care if redundants are excluded from FEA model

If DL&DA are added to a model: Show Your Work!
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Features: Dead Loads & Drag Areas

Associates,Inc.

Engineers and Consultants

Miscellaneous
Insulators

PLS-CADD

Dead Leads and Drag Areas...
Foundation Strength...

Soil and Caisson Settings...

ks Geometry Loads Model Drafting Window Help ents Geometry Loads Model Drafting Window Hg Dead Loads and Drag Areas
— Joints... \ HHY S S - — Primary Joints...
. Load Attach Vertical Transverse |Longitudinal
Wood Poles... v ‘ Secondary Joints... - Poi -
Steel Poles v Prompt For Joint Label On Creation Point <L Dead Wind Wind
== Concrete Poles... — Rename Joint... = Label :::::; ;::;) :::;,
Laminated Wood Poles... =
3 a8
FRP Poles... T 1 [Sign 115 0.253 4 0.€8
Masts... Groups z
Switch Pole Material... Members 3
Rake Pole... Guys...
P Adjust Guy Tensions...
Guys... Cables...
Connections and Anchors...
Cables...
Show Your Work!
-
Tubular Steel Davit Arms... Dead Loads and Drag Areas...
Cross Arms... Foundation Strength...
Tubular Steel Cross Arms...
Connections and Anchors...
X Insulators
Equipment...
Vangs... PLS-CADD
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Doing the Work in PLS @Mesa

Engineers and Consultants

I. Show Your Work!

- Component Library Notes
- Criteria Notes

- Project Report

- Reference Manager

1I. Do the work!
- Manual Calculations
- Foundation
- Dead Loads & Drag Areas
- Connections and Anchors (CAN)
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Features: Connections and Anchors %AISEIS?S%C.

Engineers and Consultants

- Used to establish strength of manually calculated or test-
verified properties

Vangs s v o (1~
Tear-out strength ! .
Limit a M4 model to full-scale test loads ! /,a"“'“mw-”m
Pole arm connections Fosive Trns L
Bolts in combined tension/shear B Oy v’ —
Multi-member connections Force )
Swing bracket attachments
Non-axial forces in Tower .
Many other possibilities Force o Lo

Force (Z-axis)

Figure 3.7-1 CAN Coordinate System
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Features: Connections and Anchors % Mesa

Engineers and Consultants

Component Library must be defined first
Moment Capacities only usable in Pole

Assign Labels so failure is easily identified

Multiple CANs may be required to check a single point
Provide Ultimate Strength, then Strength Factor

If you create a CAN: Show Your Work!
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Features: Connections and Anchors paesd

Engineers and Consultants

Vang Tearout: Manual Calc 2 hEpl e

| | /l? _

Ii"-i .

D 5 :
@"" Heoss ~ 7

5ua'f_"£mru £ ﬁt.nm N
T Crene s Bor w Soes

KeerBaces 1al(

L:=1.25in d;:=1.25 in F, =60 ksi
t:=0.625 in d:=1.0 in Ci=0.125 in

2

= ) t-F,=16.172 kip

2
PT:=D.75-[L—EI.5 dp—

Pg:=1.35-d: (t—2:Cy) - F,=30.375 kip

P:=min (PT,PB) =16.172 kip
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Features: Connections and Anchors

Associates,Inc.

Engineers and Consultants

Vang Tearout CAN

CAN Stock | Strength Strength Resultant | Long. | Tran. | Vert. | Long. | Long. | Tran. [Tran. | Vert. | Vert. (W-Long.|Vl-Long.| M-Tran. [M-Tran.|M-Vert. [M-Vert.
roperty Labe| Number | Factor Check Capacity | Shear | Shear | Shear | Pos. Neg. | Pos. | Neg. | Pos. Neg. Pos. | Neg. Pos. | Neg. | Pos. | Neg.
Cap. | Cap. | Cap. | Cap. | Cap. | Cap. |Cap.|Cap. | Cap. [apacity.apacit|Capacity|.apacit|-apacit|.apacit
(kips) | (kips) | (kips) | (kips) | (kips) | (kips) | (kips) |(kips) ((kips) | (kips) | (ft-k) | (ftk) | (ftk) | (ftk) | (fk) | (ft-k)
Vang566 Steel Independent 16.172 (1] 0 0 0 0 0 0 0 0 0 0 0 1] 0 0
Vang624 Steel Independent 16.172 1] o 0 0 0 0 0 0 o 0 ] ] 0 0 0
Vange50 Steel Independent 16.172 (1] 1] 0 0 0 0 0 0 0 0 0 0 0 0 0
CAN Attach CAN Azimuth |zimuth/Connect|\zimuth/Connecti| Connect2 [ Connect2 |Connect3 | Connect3 | Connect4 | Connectd [ Connectl | Connectl
Label Label | Property Member Member Member | Member | Member | Member | Member | Member Insulator Insulator
Set Type Label Type Label Type Label Type Label Type Label
(deg)
Vang-ShldB 4TS Vang566 0 Strain 1-1
Vang-ShlA 4TS VangS€6 ] Strain 11-1
Vang-ShldT 4P Vang566 0 Strain 26-1
Vang-ShldB2 4P Vang566 0 Strain 12-1
Vang-CTLB 7P [Vangé624 0 Strain 3-1
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Features: Connections and Anchors

Vang: Original Design Data Loads

CAN Stock | Strength Strength Resultani| Long. | Tran. | Vert. | Long. | Long. | Tran. | Tran. | Vert. | Vert.

2roperty Label| Number | Factor Check Capacity | Shear | Shear |Shear| Pos. Neg. Pos. | Neg. | Pos. | Neg.

Cap. | Cap. | Cap. | Cap. | Cap. | Cap. | Cap. | Cap. | Cap.

(kips) | (kips) | (kips) | (kips) | (kips) | (kips) | (kips) | (kips) | (kips) | (kips)
1 Cond_ Long Steel Independent 0 0 0 0 0.5 0.5 0 0 0 v}
2 [Cond Trans Steel Independent 0 0 0 0 0 0 9.75| 9.75 0 0
3 [Cond Vert Steel Independent 0 0 0 0 0 0 0 0 22.5| 22.5
4 Shld _Long Steel Independent 0 0 0 0 0.5 0.5 0 0 v} 0
5 Shld _Trans Steel Independent 0 0 0 0 0 0 ) s v} 0
6 [Shld Vert Steel Independent 0 0 0 0 0 0 0 0 2.55| 2.55

Associates,Inc.

Engineers and Consultants

Note: Currently can only be attached to a structure joint, so doesn’t
work with V-Strings or chained insulators
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Features: Connections and Anchors %AISOTCS?S%C.

Engineers and Consultants

Pole / A C ti '
o e r m o n n ec I o n Positive Vert. Moment ]
N
1 4
= | s
1 # |]Positive Long. Moment
/j j
I ’
1 s
Positive Trans. VFa
Moment I s
r3 i
\/ Positive Tra
Force (Y-axis)
Positive Long
Force (X-axis)
¥ Positive Vert.
Force (Z-axis)
Figure 3.7-1 CAN Coordinate System

= - - » VE;I?"
DR R 2 i AP o, A
s e
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Features: Connections and Anchors anesd.

Engineers and Consultants

Pole / Arm Connection

CAN Stock | Strength Strength  |Resultani|Long.| Tran. | Vert. |Long.| Long. | Tran. | Tran. | Vert. | Vert. M-Long. | M-Long. (M-Tran. | M-Tran. | M-Vert. | M-Vert.
Property Label [Number| Factor Check Capacity|Shear| Shear |Shear| Pos. | Neg. | Pos. | Neg. | Pos. | Neg. Pos. Neg. Pos. Neg. Pos. Neg.
Cap. | Cap. |Cap. |Cap. | Cap. | Cap. | Cap. |Cap. | Cap. | Capacity |Capacity |Capacity| Capacity |Capacity | Capacity
(kips) |(kips) | (kips) |(kips) |(kips) | (kips) | (kips) | (kips) |(kips)| (kips) (ft-k) (ft-k) (ft-k) (ft-k) (ft-k) (ft-k)
12ftArmConn Steel Interaction 0 0 0 0 0 0 0 0 0 0 150 150 ] 0 200 200
1
CAN Attach CAN Azimuth | Azimuth/Connect1 |Azimuth/Connecti Positive Vert. Moment (|3
Label Label Property Member Member : ,
Set Type Label I ‘
d 1 ’/ Positive Long. Moment
(deg) L,
12ftBrkt_Lt VCTL 12fcArmConn Tubular Davit 41 Positive Trans. : /’
12fctBrkt_Rt VCTIR 12fcArmConn Tubular Davit 41 Momenh ] /,
C o

Arm is along Positive Trans axis (Green Arrow)

- M-Long: From Vertical Load o)

. M-Trans: Torsion Flaure 37 CAN Coornat Systam
- M-Vert: From Longitudinal Load
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Associates,Inc.

Features: Connections and Anchors

Engineers and Consultants

104 .I.é'-i
/ 14
K
of N
1 t nw“} 34 T
- - |
o Q
2
; =126 | &
= [
£ &* 41e
.
3 3 2" [5‘-/0
i 0
42 3
™
7133 34 '
! S
9
x
444 *?J - N R 8 |yt
7 Fir lh2f
b Mtk B“Cn; :,565'12 57_'L-5.r51-~,2.rl4'-5@ 1 =
Freo 6T
Br1-5-3403x+ 9 €29 ' Ore o
I e \r\i % e 'f)l
3

Mibpee Cross Arm
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Doing the Work in PLS @Mesa

Engineers and Consultants

I. Show Your Work!

- Component Library Notes
- Criteria Notes

- Project Report

- Reference Manager

1I. Do the work!
- Manual Calcs: Exporting Data
- Foundation
- Dead Loads & Drag Areas
- Connections and Anchors (CAN)
- Capacities and Overrides
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Features: Capacities and Overrides %\ Mesa

Engineers and Consultants

Geometry Loads Model Drafting Window Help

- Only checks axial forces HHE & &

Secondary Joints...

- Required if Tower cannot # P e
CaICUIate capaCities Change Leg Slope...

Rupture, if Rupture isn’t checked e T
N O n = Sta n d a rd S h a peS Guys... Capacities and Overrides...
Adjust Guy Tensions... A

Anything not Steel
Welded connections
Axial load limited by bending
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Features: Capacities and Overrides Aok

Engineers and Consultants

Member Capacities and Overrides
|})-iodel Check Report
No errors or relevant warnings detected.
[ <)
Group | Design Comp. Deq Override | Override | Override | Override | Override | Override | Override | Override | Override | Heuristic | Override
Label Comp. Control Ten| Comp. Comp. Comp. Tension Tension Face Climbing | Climbing RL Beta Beta
Capacity | Criterion | Cap| Capacity | Capacity | Control | Capacity | Control Member Status Load Climb
Unsup. Criterion Criterion ship
(kips) (ki (kips) (kips) (kips) (Ibs) (deg) (deg)
143 |[674P 674 21.6888|L/x 9.3 NA 19.9 v (iTrans. Automatic 0 0 180 O|Limit to test load |Rupt
144 |674Y €74 21.6888|L/x 9.3 NA 19.9 o Seer th utomatic 0 0 270 O|Limit to test load |Rupt
145 |677P 677 20.9165|L/x 1 0 NA Ofshear rans. |Aucomacic 0 0 180 0
146 677y 677 20.9165[L/x b o Na o[earing  gans. |Aucomac1c 0 0 180 0
Rupture
147 |65-2P 65-2 38.9216|L/x 41 0 NA O[RTE End rans. utomatic 0 0 270 0
148 [65-2Y 65-2 38.9216|L/x 41 ol Na o|RTE Edge  jhen Automatic 0 0 180 0
149 |65-2AP €5-2 38.9216|L/r 41 0 NA 0 [Automatic |[Automatic 0 0 180 0
150 |65-2RY 65-2 38.9216|L/x 41 0 NA 0 Automatic [Automatic 0 0 270 0
151 |615P 615 0.0885752[L/x 11 0 NA 0 Trans. Automatic 0 o] 188.314 0
152 |615Y 615 ).0885752|L/x 11 0 NA 0 Both utomatic 0 0 261.686 0
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Features: Capacities and Overrides

Associates,Inc.

Engineers and Consultants

s LapEsieand s @ Angle Member Connectivity 5l @
Model Check - Angle "€10B' -
Report Isometric View v Growp "610" Other " |Connection View v Model Check
No exrors or ! R Repore
relevant warnings N X -
detected. Dimensions (in) No errors or
- - 1 [relevant
t = 0.2500 fil e R |} |warnings
L= 13104 : '
3/47=1/472354 (60T) = / @ |detected.
Member Label €10P b =2 = [ole: 1
Group Label 610 - :};cl,;zzc tt. ............................ }.\:I
Design Comp. Capacity (kips) 21.e888 h = 0.2750 - |
Comp. Control Criterion = &= 1.2500 CG \
s = 4.0000 4.
Design Tension Capacity (kips) 22.5 £=1.2500 |
Tension Control Criterion Shear g = 0.0000 [
Lir 139 Wgt = 48.1 (1bs) :
Length (ft) 10.820 Comp. = 5.200
Lir Comp. Capacity (kips) 21.6888 Overridder 27 v
Connection Shear Capacity (kips) 22.5 nr
Connection Bearing Capacity (kips) 32.6249 Me!
mber Label 610
Net Section Tension Capacity (kips) 28.6976
Rupture Tension Capacity (kips) (1]
RTE End Dist. Tension Capacity (kips) (1]
RTE Edge Dist. Tension Capacity (kips) (1]
Connect. Modifier N
Override Comp. Capacity (kips)
Override Comp. Capacity Unsup. (kips) E Cancel Overrides
Override Comp. Control Criterion
Override Tension Capacity (kips) 1.9
‘Override Tension Control Criterion
Override Face Member ship [Trans.
Override Climbing Status [Automatic N t n Th H H o N LY d 't th A\Y P H n
— ote. IS version edaits e rimary
Override Climbing Load (Ibs) 1] —————
Overide . Clnd ° ber. Click the T b d
i member. Click the Transpose button to update
Heuristic Beta (deg) 180
Override Beta (deg) o b d b
members create y symmetry.
Warnings or Errors
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Features: Capacities and Overrides %\ Mesa

Engineers and Consultants

Tower can only calculate strengths using these shapes

@ Round

«JL DoubleLBB

wDoubleSBB
L

Cruciform
r
™p=DoubleCruci
¥

L L
O T
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Features: Capacities and Overrides %\ Mesa

Engineers and Consultants

Tower CANNOT calculate strengths of these shapes:

Y4

DY, T
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Features: Capacities and Overrides AL

Engineers and Consultants

With the excluded shapes,
Tower CANNOT calculate
strengths of:

- L/r Buckling < ® Round
* Ru pture *JVL DoubleLBB
If varying thicknesses: tuDoublesss
= L i
- Net Section 3;““”"‘“‘
T DoubleCruci

- Bolt Bearing

Tower CAN calculate:
- Bolt Shear
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Features: Capacities and Overrides %AISOTCE?S%C.

Engineers and Consultants

Limit load to original design value

T apacities (kips)
i Comp. = 17.983
: i C-Control= L/x
_ e 3 < i Tension = 22.500
@-q\“ 4”“: a2 C T-Control= Shear
Be~_ _ _ b i : T ot 0 ’“l
Tl LIS & ' T T
s -+
Y "> . t,,;“ wu s -
. i l CNG S
1 e 't-‘;. N 'Y 3, _-—..._.._'—..-.—..-_...]!—
e a-al ) B a—"
3 1 ‘ A (3 ] L
e 1@ e a0-@ | A
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Features: Capacities and Over Rides

Associates,Inc.

Engineers and Consultants

Limit load to original design value

— S o eoawme

]
-0

P

ffff

[ A _- A
= el e

{;'"E"fgﬁ E@j Al
i T ok S B v e L . T | :.;_".:__1

e

"4 1

-
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Features: Capacities and Overrides %\ Mesa

Engineers and Consultants

If you override the capacities, face membership,
or heuristic beta of any members...

Show Your Work!
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Doing the Work in PLS @Mesa

Engineers and Consultants

I. Show Your Work!
- Criteria Notes
- Project Report
- Reference Manager

I1I. Do the work!
- Manual Calculations
- Foundation
- Dead Loads & Drag Areas
- Connections and Anchors (CAN)
- Capacities and Overrides
- Rupture
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Features: Rupture

? IVT_esa
Associates,Inc.

- More than just Block Shear

- End Distance, Edge Distance, Bolt Spacing

Current ASCE 10 requires reducing the strength of ALL bolts if any ONE bolt is
too close to the end, edge, or another bolt

Can be entered as default values in the Angle and Bolt libraries

If short edge distance is entered into both bolt and angle tables, the angle table
value is used.

Engineers and Consultants

Bolt Bolt Hole Ultimate | Default | Default | Shear Shear |Ultimate| Short
Label Diameter | Diameter Shear End Bolt Capacity | Capacity | Stress | Edge
Capacity | Distance | Spacing | Hyp. 1 Hyp. 2 Fub Dist.
(in) (in) (kips) (in) (in) (kips) (kips) | (ksi) [ (in)

Angle Angle Long | Short | Thick. | Unit Gross wit | Radius of |Radius of |Radius of| Angle | Wind | Short | Long

Type Size Leg | Leg Weight | Area | Ratio | Gyration | Gyration |Gyration | Cross | Width | Edge | Edge

Rx Ry Rz | Section Dist. | Dist.

(in) (in) (in) | (Ibs/ft) | (in~2) (in) (in) (in) (in) (in) (in)
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Features: Rupture M0

Engineers and Consultants

“Single" gage line Short Edge Dist. (in) 1.s
Long Edge Dist. (in) 0
- Tower can handle RS o
Multiple gages requires entering Shear Path Length (in 0
Shear and Tension path lengths fron Pan L 1) :
END SPACE SPACE END SPACE SPACE
S e o -—— -— I—— ot o —
SPACE

SHORT
EDGE

SHORT
EDGE

SHORT
EDGE
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Features: Rupture RS EN

Engineers and Consultants

Multiple gage lines: Regular

- MUST enter Shear and Tension Path Length values
These must be manually calculated

- For “sloped” tension segments use net section modification:
Horizontal distance, minus extra bolt hole, plus (s~2/49)
For left condition, also check straight horizontal path without hole

END SPACE s END SPACE s

SHORT
EDGE
SHORT
EDGE
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Features: Rupture i\ Mets'ﬁl

Engineers and Consultants

Multiple gage lines: The really fun ones
Engineering judgement, and VPL and TPL are required

| s S N k) |
2 78/? \\\ - 2M@t§ @/ i -
Y |
Q. e OO L.
S — |
2 -4 & O Q i
|
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Doing the Work in PLS @Mesa

Engineers and Consultants

I. Show Your Work!

- Component Library Notes
- Criteria Notes

- Project Report

- Reference Manager

I1I. Do the work!
- Manual Calcs: Exporting Data
- Foundation
- Dead Loads & Drag Areas
- Connections and Anchors (CAN)
- Capacities and Overrides
- Rupture
- Quality Control Checks
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Doing the Work in PLS

Membe Section Symmetry | Origin | End Joiat [ Ec [Re |Ra Bolt Type = 8 | 8 | Cossect [Short| Long | End | Bolt | Shear [ Tensi | Rest. | Conn Secti | Symmetr | Origi | Esd |Ec Rati | Rati | Bolt Type s | s|=
* Label Label Code Joint < |2t |tio Bolt [Bolt [Shea| Leg | Edge | Edge [ Dizt. | Spaci | Path [ on |Coef. | cct. on | gCode | = |[Joist|ec o | o She [ Leg RDS Comments Response
XN Tl - . H Di Di { O - Les Lo Mo bel Joint Co RLY | RLZ s ar
n N - 2 hd hd hd hd hd A | hd| Bd| A4 Tlallar Al T MY [T Ml T de Plas
203F GWF  XV-Symmewy 2P 105 T4 1 1 1 OMAIMTOPuched & 2 1 Both o o o 0 ] L) ] WP PoY-Symmete 2P| 108 14 A334-T0_Puncl Both
20%iP GWP  XY-Symmetry 105 0P 1 4 1 1 1 SMAIMTO Puched 2 2 1 Shoreonly O o o 0 0 (] [] WP POV -Symmate] 105 | 100P 14 ATSATO_Pun Short orly|
201P GWP  XY-Symmewy 3P s 14 1 1 1 MAIMTOPuched & 2 1 Both o o o 0 0 [ [) i ¥ | s 14 A334-T0_Punchd Both
201 GWP  XY-Symmeuy 1S P 1 4 1 1 1 OMAINTOPuched 2 2 1 Shortosly 0 o o 0 0 [] [] 0 TS| 0P 14 A334TO_Pund] hort o
207P GWP  XY-Symmetry 9P 108 34 1 1 1 GMAINTOPunched 1 1 1 Longenly O [ [ 0 0 [} [] ik 3 | w5 14 ASIATO_Punc _ong on
208P GWP_ XY-Symmeuy 105 s 3 4 1 1 1 34AINTOPuched 1 1 1 Longeny O o o 0 0 [} [) 0 w05 | its 14 ATSETO_Punchd .ong onl
2108 GWP  XY-Symmeuy 113 100F 5 4 1 1 1 OMAIMTOPuched 1 1 1 Longenly O o [ [] [] [] ] W S| 100 14 AT34TO_Pund) ong ol
2 GwWP Acrozz-Rot 2P 0Y 3 4 1 1 1 34 AFI4-TO_Punched 1 1 1 Long enly o o o 0 0 o o A 2P 107 14 A334-TO_Puncl .ong onl
21zp G AcrosRot 10T 105 3 4 1 1 1 34AINTOPuched 1 1 1 Longenly O o o 0 0 [} [) i 107 | 105 14 ATSETO_Punchd .ong onl
2100 G Acrozs-Rot 105 00V 3 4 1 1 1 J4AINMTOPuched 1 1 1 Lowgonly O o o ] ] [] ] i 105_| 1007 14 A338T0_Pund) ong o
205F GwWP Acrozg-Rot. 3 4 1 1 1 34 AF94-TO_Punched 1 1 1 Long enly. o o o 0 0 o o A 14 A334-TO_Puncl .ong onl Adrced. revision performed .
206P GwP Acrozs-Rot 115 1Y 3 & 1 1 1 GMAINTOPnched 1 1 1 Longeny O [ 0 0 0 [} [] i 115 14 ATSETO_Punchd
211e GwF Acrozs-Rot 3 4 1 1 1 JMAINMTOPwched 1 1 1 Logonly O o o ] [] [] ] [ Gw 14 A334T0_Pund) Agreed, revicion performed
218F GwP XY-Symmetry 2P P 1 4 1 1 1 34 AF94-TO_Punched o o 0 Continuous o o o 0 0 0 o P 2P 3P 14 A334-TO_Puncl
216P GwP X-Symmatiy F2 256 1 & 1 11 GMAINTOPuched 0 0 0  Contimous 0 [ [ 0 0 [} [] i 2 | 255 14 A3I4TO_Punchd
216 GwF X-Symmetry 255 2v 14 1 1 1 3MAIMTOPuched O 0 0 Contiwows 0 o o 0 0 [ [] WE 253 | 2v 14 A338T0_Pundl
213dP Gw X-Symmatry ® 855 1 4 1 1 1 OMAINTOPuched 0 0 0 Continwous 0O o o 0 0 0 [ WE 5P| 958 74 A334-T0_Punc)
216eF G X-Symmetry 355 oY 18 1 1 1 OM4AI4TOPuched O 0 0 Contiwows 0 [ 0 0 0 [} [] i 555 | or 74 AGISTO_Punchd
2161P G X-Symmetry 258 * 18 11 1 OMAIMTOPuched O 0 0 Contiwows O o o 0 0 [} [] i 255 | 0 14 A338T0_Pund)
21igP GWP  XV-Symmetry  SP 258 1 & 1 1 1 GMAINTOPumched 0 0 0  Costiuous O o o 0 0 ] [] W 5P | 258 74 A338-T0_Pun
2184P GWP XY -Symmetry 2P 358 1 4 1 1 1 304 A334-TO_Punched o o o o a o o o o o 2P 358 14 A334-TO_Punchd
254ip XARM  XY-Symmctry  200P 2408 1 & 1 1 1 OMAI8TOPunched 1 & 1 ] [ [ [} [ 0 [ 200P | 2405 74 A334TO_Pund
254ip XARM  XY-Symmery 2408 250P 1 4 1 1 1 OMAIIMTOPuched 0 & 0 [ o o 0 0 ] [ 2405 | zsop 78 A333T0_Pun
254iiip XARM  XY-Symmetry 250 2605 1 4 1 1 1 OMA33TO Punched O 5 0 Costiwous 0 o [ 0 0 [} [ 350p | 2605 74 A334-T0_Punchd
254ivp XARM  XY-Symmetry 2605 2108 1 4 582 1 1 OMASMTOPuched 0 8 0 Costiwews 0 o o 0 0 0 [ 2605 | o705 EX]] 74 AG34TO_Punc
254vP XARM | XY-Symmetry 2705 2605 1 4 24 1 1 OMAIMTOPunched 0 3 0 Comtimwous 0 [ [ 0 0 [ [ 2708 | 2805 243 14 A334T0_Punchd
254w KARM  XY-Symmewy 2805 S00P 1 4 13 1 1 OMAISTO Punched & 5 1 Both o o o 0 0 [ [ 2805 | 300P 735 74 A334T0_Punchd
220 XARM  XV-Symmetry  100P 2208 1 4 1 1 1 OMA3MTO Punched & 5 1 Both o o [ 0 0 [} [ 0P | 2205 7 74 A334-T0_Punc
221ip. XARM | XY-Symmetry 2208 200P 1 4 1 1 1 OMAISTO Punched & 3 1 Both o o o 0 0 ] ] 2208 | 230p 1 14 A334T0_Punchd
246ip RARM  XY-Symmery 230  260HS 2 4 1 1 1 3MAIMTOPuched 2 2 1 Longenhy 0O o o 0 0 0 0 230P | 260HS 1 14 A334TO_Punchd Long only
Agreed to Rect=d snd Hboltz=3,
246iP 2460 246 XARM  XY-Symmey  260HS  S00P 2 5 1 1 1 OMASS4TOPunched 1 Llesgenly O o o 0 0 0 o 260Hs| 300p | 2 | 5| 1 | 1 [ 1 |4 AS34TO Punch 1 | Longonly 4 e o ’:“" Lo
redundant 3t member midpoint
256 : 256 XY-Symmetry  200P 2407 z Il 05 05 05 3MAITO Punched 2 1 1 Shortonly o o [ [ [ 0 [ 200P | 2407 | 2 - 05 | 05| 05 P4AIS-TO Punchd 2 | 1 | 1 | Shore onlyl one end connccts to gy good cateh, agreed.
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Show Your Work! PILA Mesa

Engineers and Consultants

QUESTIONS?
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