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Presentation Outline

» 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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Project Overview

» Idaho Power, Boardman (BPA “Longhorn”) to Hemingway 500kV
— 300 miles, ~1150 lattice towers, 120 tubular steel
« 225 miles “as the crow flies”
- Permitting _ B oncHoRn
. 2008-2020 | - |
— Design:
o 2021-2025

— Construction:
 2025-2028
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Project Overview

& \Wilson Creek Feeders
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Presentation Outline

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
e Standard 248D
e Corner 248G

» Modeled in BPAATADS
— Proprietary
— Not compatible with PLS
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Lattice Towers: BE & LE

» Typical Tower has:

— Common Component (CC)
- Static Peak
- Cage
— 3 Body Configurations (BE)
« 60 (base common body)
* 80 (+20 body extension)
* 100 (+20 +20 body extension)
- Leg Extensions (LE)
* Range: 5 to 50 feet
» 2.5ft increments
— Height Range:
« 107 ft to 205ft
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Lattice Tower: Why Modifications?

» 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 ’Ieidos




Insulators Insulator

Movement &

» 2D vs 3D swing/clearance Clearance
: Envelope
— Suspension

— Climbing &
BT RR e Working
: T Space * leidos




Insulator

Insulators Cont’d \ivement &

Clearance
Envelope

» 2D vs 3D swing/clearance
— strain

ATWdS ONIGWIND
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Insulators Cont’d

BPA Suspension

RATED
[TEM CATALOG
. . H DESCRIPTION STRENGTH | QUANTITY
» BPA Design: 40kip bell No. A
_ : | 1 |SHACKLE, ANCHOR 719" DIA 334" X | 38" CPENNG, 1'BOLTDIA | 6067 | 60000 |
MetrlC Standard (20mm) 2 |OWAL EYE - BALL, 20NN Skl ' [45(0E DM, £ 54" LENGTH aE2 40000 i
—_ Procurement Issues 3 INSULATCR, P{H:EI.AHEJ'IHELLE MET & 104° HT X 11° DiA TS 4 000
INSULATOR, TOUGHENED LRSS 20 B BALL/SOCKET 6 14" HTX 11" DIA | 5054 t @_
> Pr I t: | r r k| ” 4 SUSPENSION ASSENELY, TRIPLE BUNCLE, SINGLE I-STRING. 2008 — 0,500 :
oject. large 50 P be BALLSOCKET. FOR ACSRITW DESCHUTES AND ACSR BUNTING
— ANSI standard (52-11) LENGTH L (NOMINAL) LS
WEIGHT (NOMMAL) 458 LBS
— Procurement Simplicity
— Strength requirements
B2H Suspension
GLOBAL ITEM NQ. | ASSEMBLY ITEM NO. DESCRIPTION IPC CATALOGID NO.| MFG. MFG. PART NO. WT. EA. (LBS) | ASSEMBLY QTY.
1038 1 ANCHOR SHACKLE, WIDE THROAT, FORGED STEEL, GALV, 60KIP - PLP AS-60WBNKCM 3.5 1
1051 2 BALL EYE, FORGED STEEL, GALV, 52-11, S0KIP - PLP BE-50CM 1.6 P e
1042 3 INSULATOR, GLASS, 6-1/8IN X 11IN -11, 4782 SEDIVER N21/156DC 14.1 ( 22 )
1043 4 SOCKET Y-CLEVIS, FORGED STEEL, GAIII, ANSI| 52-11§50KIP - PLP SYC-50CM 5 \1./
1044 5 YOKE PLATE, TEE CONFIG, CUT STEEL, ) - PLP YPT-66278C 33.8 1
1052 (3] Y-CLEVIS EYE, FORGED STEEL, GALY, 30KIP - PLP YC-9024CM 3 3
1047 7 CLAMP, SUSPENSION, ALUM, 1.81IN -2.36IN, 25KIP - PLP ALS-238BNKCM 7 3
1048 8 ROD, ARMOR, EHV, ALUM, 1.27 IN-1.327 IN, 99.5IN LONG, 0.365IN DIA - PLP AR-0508 13.5 3
1066 9 CORONA RING, ALUMINUM PLP CR-022 11.6 1
1062 10 SHIELD NUT, 7/8" PLP SN-78 0.2 1
1063 11 SHIELD NUT, 3/4" PLP SN-34 0.2 3
1065 12 SHIELD NUT, 5/8" PLP SN-58 0.2 3

1
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» New Hardware

BPA Strain

Insulators Cont’d

CATALOG | RATED

STRENGTH

QUANTITY

1 |SHACKLE, ANCHOR, 158" DIA, 7 1/8" X 2 5/8" OPENING, 1 34" BOLT DIA

60B738 200,000

[~

2 |LINK, CHAIN, 1 5'8" DIA, 12° X 2 1/4" INSIDE DIM

606220 200,000

» Additional Bells (Strain) Yoot i diidesibidetin

606304 200,000

4 |YOKE, DEADEND, TRIPLE BUNDLE

607318 | 200,000

! 3
40,000 3

INSULATOR, TOUGHENED GLASS, 20 M BALL/SOCKET, & 1/4” HT X 11" DIA

|SoCKET - CLEVIS, HOT LINE, 20MM SOCKET, 1 178" BOLT DIA, 16 /8"

5 |SHACKLE, ANCHOR 1" DIA, 4 5/16" X 1 mwe=E BOTDIA | 606720
i EYE - ,b' Hi | LEH c‘.. L = 1 e ol E
g |OVAL EYE - BALL HOT UNE, LONG REAJH 20WMBALL | X 112 INSIDE | -
DIM, 24° LENGTH
INSULATOR, PORCELAIN, 20 MM BALL/SOCKET, 6 1/4" HT X 11" DIA 505475
sosarp | 000

8 | Enem 608931 40,000 3

9 |GRADING RING, 17" RING I.D B02366 2

10 |SPREADER ASSEMBLY, TRIPLE BUNDLE, 30" X 21 1/4" X 21 1/4' SPACING 607304 1

11 |DEAD END ASSEMBLY, COMPRESSION, 15° PAD 3

12 | JUMPER TERMINAL, COMPRESSION, 15° PAD 3

LENGTH"L" (NOMINAL) 23105
S WEIGHT (NOMINAL) 1973 LBS
B2H Strain
GLOBAL ITEM NO.| ASSEMBLY ITEM NO. DESCRIPTION IPCCATALOGIDNO.| MFG. MFG. PARTNG. | WT. EA. {LBS) | ASSEMBLY QTY.

1041 1 ANCHOR SHACKLE, LONG, FORGED STEEL, GALV, 150 KIP PLP A5-150LBNKCM 15
1055 2 EYE- EYE TURNBUCKLE, FORGED STEEL GALV, 185 KIP PLP TB-EE-2-24CM 5.3 1
1045 3 YOKE PLATE, TEE-CONFIG , CUT STEEL GALV, 150 KIP PLP YPT-66286CM 106 2
1059 4 BALL CLEVIS LINK, FORGED /PP sy . : PLP BCL-50WBNKCM 47 7N
1042 5 INSULATOR, GLASS, 6-1/8IN X 1in, ansisz-uflsoor |l a2 | sEDIVER N21/1560C 14.1 { % )
1054 6 SOCKET CLEVIS LINK, FORGED\isiuniasinbideniilliiiimm PLP CSL.50BNKCM. 61 i
1069 7 CORONA RING, ALUMINUM PLP cR-026 24.8) 1
1056 8 JAW-JAW TURNBUCKLE, FORGED STEEL, GALV, 76 KIP PLP TB-1- 117 12BNKCRA ~ 3
1057 9 COMPRESSION DEAD END, ALUMINUM | VARIES SEE LH1-9 VARIES 3
1053 10 ¥-CLEVIS EVE LINK, FORGED STEEL, GALV, 50 KIP PLP OYCL 50-15D5CM 7.8 1
1062 11 SHIELD NUT, 7/8" PLP SN-78 0.2 4
1064 12 SHIELD NUT, 1-1/8" PLP SN-118 0.2 6

12
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Insulators Cont’d

» RESULT: modified tower arm lengths
6@3-6" =|5C2]'1'—0"| 8-0" 7@3-6" § 246" SECTION@

(S0A)

wn

)
sy 4 i i

52
>
54

VN,
» RESULT: new swing angles

$ SECTION/ A Y A

CONDUCTOR CLEARANCE
AIMUM sf WIND = i &
MAXIMUM SWING AT 2psf WIND =@
P e

CONDUCTOR SLOPE =\(8&" UP 70 20° DOWN
CLEARANCE TO STEEL AT 6psf INSULATC SWING = 977
CLEARANCE TO SURFACE OF WORKING AND CLIMBING SPACES AT 2psf INSULATOR SWING = 126"
WORKING SPACE = 12"
CLIMBING SPACE = 30"

#» leidos
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Hardware

» Check/Modify all details as needed
| e
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» BPA Tower design: 2x 32Fiber Ot s |17l

. . . —® — -
» Project Requirements: 2x 96Fiber _ 0 | Ot —] i
— Insulation Requirements 2: yrr
2

» Result: Static Peak Redesign

1/2" PL (TYP)

TO BOTTOM OF BRIDGE

~
)
4
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Helicopter Erection

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

=i
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Different Line Configuration

» B2H project required many more deadends than “normal”

- Many “medium” Pls (6°-30°)

* Due to routing requirements
» 248 Series has no optimal design
- Heaviest Tangent “248B”: 6° max None

Pl

— Standard Deadend “248D”; 0-60° | ’ “-ATY
‘ ' " 3°<|A<=6°

*  “Full Containment
6°<LA<=30°

— No Running Angle

30°<LA<=60°
-~ No “Light’ Deadend l

60°<LA<=90°

(Line Angle)

Minimum
Structure
TYPE

248M (Tan)
248A (Tan)
248B (Tan)
248D (DE)
248D (DE)

248G (DE)

935 73%
90 7%
46 4%
119 9%
73 6%
6 <1%

» Pull Length Limitations
« 16,000 ft max due to conductor reel length

# leidos




Different Line Configuration Cont’d

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

g'l'ﬂ“hfr‘:_ i:é
36" MARKER BALL, TYP 4
K 2429 9
\\
4200 \, p/ ’
99?\\ e
\ #
4000 ! \k ! i
T8 /
3800 :g ;
o
-
a
%o
3600 \ \rj 24 B
74
3400 . o
DIXIE CREEK i
[+']
i 1B6/3 187
185/1 186/1 186/2 - B2HC 186/4 B2t
BZ2HB B2HC BZHB T 140° B2ZHD 144
3200 188.5" 1671° 0 260 130° 158.5" = 140" 28(
9740+00 a760+00 9780+00 9800+00 8820+00
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Different Line Configuration Cont’d

» 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

69 configurations, 69 in analysis, 1 selected

*iB2ZHC_53BE_40_40_40_40 B2HC LIGHT NON-CONTAIN DEADEND 0°-

STRUCTURAL DESIGN
TYPE “B2HC* TOWER

Idaho Power Company, Boise, [D
BDMN - HMWY 500 kV LINE #833

SAE TOWERS MEXICD S.de R.L. de C.V

ENGINEERING
Made by M H. C. (SAE BR) RC SCALE:
Chid. by R.P. G CSAE BR) Completed APPR. 1=

Reference-  based on BPA 248D tower design
drawing #318345

CONTRACT DRAWING Rev. Mol
NUMBER- NUMBER- BeHC-01 Al
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Load Case Development

» 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)

B2HA Interaction Point Details
1/2" Pt Wind | Weight | Line
ICE Span | Span | Angle
1* 1 | 2000 3000 6
2* 2 | 2300 2300 6
3* 3 | 2400 2000 6
4* 4 | 2000 1700 6
5* 5 | 1200 1000 6
1* 6 | 2300 3000 3
2% 7 2600 2300 3
3* 8 2700 2000 3
4% 9 2300 1700 3
5* 10 | 1500 1000 3
1* 11 | 2650 3000 0
2" 12 | 2850 2300 4]
EM 13 | 3050 2000 0
4* 14 | 2650 1700 0
5% 15 | 1850 1000 0

20

B2*
B2*
B2*
B2*
B2*
B2*
B2*
B2*
B2+
B2*
B2*
B2*
B2*
BZ**
Bo**
BZ***

B2¥**

B2*%x

B2*%*

B2*%*

B2*#%

B2*#%

B2*%%

B2*%#

B2*%%

B2*%#

B2*##

DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN

DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN
DESIGN

DESIGN

CONDITICN
CONDITICN
CONDITICN
CONDITICN
CONDITICN
CONDITION
CONDITICN
CONDITICN
CONDITICN
CONDITICN
CONDITICN
CONDITICN
CONDITICN
CONDITICN
CONDITION
CONDITICN

CONDITICN

CONDITICN

CONDITICN

CONDITICN

CONDITICN

CONDITION

CONDITION

CONDITION

CONDITION

CONDITION

CONDITION

IN

BRG1 +L
BRG1 —-L
BRGZ +L
BRGZ —-L

B1G1G2 +L
B1G1G2 —L

BRC1 +L
BRC1 -L
BRCZ +L
BRCZ —-L
BRC3 +L
BRC3 -L

DE -L
DEG2C1C3

DEG2C1C3

DEG2C2C3

DEG2C2C3

DEG2C1C2

DEG2C1C2

DEG1C1C3

DEG1C1C3

DEG1C2C3

DEG1C2C3

DEG1C1C2

DEG1C1C2

ALL WIRES INTACT

LEFT GROUNDWIRE AHEAD BROKEN (G1B: V=T=L=0)

LEFT GROUNDWIRE BACK BROKEN (G1A: V=T=L=0)

RIGHT GROUNDWIRE AHEAD BROKEN (G2B: V=T=L=0)

RIGHT GROUNDWIRE BACK BROKEN (G2A: V=T=L=0)

BOTH GROUNDWIRE AHEAD BROKEN (G1B, G2B: V=T=L=0)

BOTH GROUNDWIRE BACK BROKEN (G1A, G2A: V=T=L=0)

MIDDLE CONDUCTOR AHEAD BROKEN (C1B: V=T=L=0)

MIDDLE CONDUCTOR BACK BROKEN (C1A: V=T=L=0)

LEFT CONDUCTOR AHEAD BROKEM (C2B: V=T=L=0)

LEFT CONDUCTOR BACK BROKEN (C2A: V=T=L=0)

RIGHT CONDUCTOR AHEAD BROKEN (C3B: V=T=L=0)

RIGHT CONDUCTOR BACK BROKEN (C3A: V=T=L=0)

ALL AHEAD WIRES BROKEN (C1B, C2B, C3B, G1B, G2B: V L=0)

ALL BACK WIRES BROKEN (C1A, C2A, C3A, G1A, G2A: V=T=L=0)

RIGHT GROUNDWIRE, MIDDLE CONDUCTOR, & RIGHT CONDUCTOR
AHEAD BROKEN (G2B, C1B, C3B: V=T=L=0)

RIGHT GROUNDWIRE, MIDDLE CONDUCTOR, & RIGHT CONDUCTOR BACK

BROKEN (G2A, C1A, C3A: V=T=L=0)

RIGHT GROUMNDWIRE, LEFT CONDUCTOR, & RIGHT CONDUCTOR AHEAD

BROKEN (G2B, C2B, C3B: V=T=L=0)

RIGHT GROUNDWIRE, LEFT CONDUCTOR, & RIGHT CONDUCTOR BACK

BROKEN (G2A, C2A, C3A: V=T=L=0)

RIGHT GROUNDWIRE, LEFT CONDUCTOR, & MIDDLE CONDUCTOR

AHEAD BROKEN (G2B, C2B, C1B: V=T=L=0)

RIGHT GROUNDWIRE, LEFT CONDUCTOR, & MIDDLE CONDUCTOR BACK

BROKEN (G2A, C2A, C1A: V=T=L=0)

LEFT GROUNDWIRE, MIDDLE CONDUCTOR, & RIGHT CONDUCTOR

AHEAD BROKEN (G1B, C1B, C3B: V=T=L=0)

LEFT GROUNDWIRE, MIDDLE CONDUCTOR, & RIGHT CONDUCTOR BACK

BROKEN (G1A, C1A, C3A: V=T=L=0)

LEFT GROUNDWIRE, LEFT CONDUCTOR, & RIGHT CONDUCTOR AHEAD

BROKEN (G1B, C2B, C3B: V=T=L=0)

LEFT GROUNDWIRE, LEFT CONDUCTOR, & RIGHT CONDUCTOR BACK

BROKEN (G1A, C2A, C3A: V=T=L=0)

LEFT GROUNDWIRE, LEFT CONDUCTOR, & RIGHT CONDUCTOR BACK

BROKEN (G1A, C2A, C3A: V=T=L=0)

LEFT GROUNDWIRE, LEFT CONDUCTOR, & MIDDLE CONDUCTOR AHEAD

BROKEN (G1B, C2B, C1B: V=T=L=O)
By -
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Load Cases Interaction Diagram

» 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

TOWER UTILIZATION CAPACITY (/5" ICE ZONE)

248A Medium Tangent

248D Standard Deadend

TOWER UTILIZATION CAPACITY (1/2” ICE ZONE)

VERTICAL SPAN (FEET)

5000

3500
I 4000
3000 1 200,3000_ 2303090 _ 3650, 3000
; DESIGN SPANS 3000
2500 - ! { | -
. 7300 =
1 2300, 2300 2050, 2300 g w0
[ 2700\2000 z
2400, 2000 : ‘ =
2000 1 3050, 2000 W6 3 1000
2000, 1700 -3 9
1500 1 oo 17004~ 2650, 1700 - B o
! : >
1000 11200, 1000 , | 1000
- 1850, 1000
f 1500, 1000
4 2000
500 b ot e e e e b e e
500 1000 1500 2000 2500 3000 3500 5z
TRANSVERSE SPAN (FEET) 1000

21

2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000

TRANSVERSE SPAN (FEET)
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Load Cases Other Considerations

» 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

, > leidos




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

» Notice the variety of load cases controlling design (248D)

Group  Angle Angle Steel Max |Usage | Max Comp. Comp. Comp.
Label  Type Size Strengtt| Usage | Cont- | Use Force Control Control
rol In Load Model
Comp. Case
(ksi) % % (kips)
1 [9317.5 saE [8xexl 50.0 99.28/Tens | 92.14| -654.239[DM 1 DE -L -T B2HD 93BE_42.5 12.5 7.5 32.5
2 [s3L10  SAE  [8x3xl 50.0| 98.86[Tens | 94.54| -649.336/DM 1 DE -L -T B2HD 93BE_47.5 22.5_10_27.5
3 [o3n15  saE  [sxexl 50.0| o8.81lcomp | 98.81| -€45.478|pM 1 DE +L B2HD 93BE 15 40 50 22.5
4 (93145  SAE [8x8xl 50.0| 98.46[Comp | 98.46| -595.653|DM 1 DE +L B2ZHD_U3BE_45 45 45 45
5 o SAE  |8x8xl 50.0| 98.17|Tens | 92.70| -651.752[DM 1 DEmimgT B2HD 93BE 42.5 12.5 7.5 32.5
6 [13 SAE  |6x6x5/8 50.0| 98.17|comp | 98.17| -282.043[p1 1 1 20 +} B2HD_93BE_42.5_12.5 7.5 32.5
7 [93L35  sAE  [8x3xl 50.0[ 97.95/comp | 97.95| -602.788[oM 1 pE~E” BZHD 93BE_35 45 40 30
8 |56 SAE  |5x5x3/8 50.0| 97.80|rens | 81.05| -96.756|82 4 DE 0 -L (L-0) -T B2HD 93BE 15 40 50 22.5
9 [93L25 | SAE [8x8xl 50.0| 97.65/Comp | 97.65 -615.453|DM 1 DEcleclo B2HD_93BE_45 _37.5_25 30
10 [re1 SAE  [2-1/2%2-1/2x3/16 | 50.0| 97.13[comp | 97.13| -5.323[s2 ifmRc2 -1 | B2HD 93BE 50 50 50 50
1" SAE  [8x8xl 50.0| 96.74|rens | 89.07| -626.262fom v -1 -1 | B2HD 93BE_42.5 12.5 7.5 32.5
12 |51 SRE  |6x6x1/2 50.0[ 96.71]comp | 96.71| -189.287p2 1 _nsslr:mz_lu +L (L-3) [B2HD 93BE 15 40_50 22.5
13 [43-801 saE [2-1/2x2-1/2x3/16| 50.0| 96.70[Redun | 96.70] -4.834[a1 1N l B2HD 93BE 45 37.5 25 30
14 [93L32.5 SAE [8x8x1 50.0| 96.53|Comp | 96.53| -609.934[DM 1 DE +L B2HD_93BE_32.5_37.5_47.5 40
16 [93122.5 SAE [sx8x1 50.0| 96.41jcomp | 96.41| -626.287|oM 1 DE -L B2HD 93BE 15 40 50 22.5
16 (93040 | SAE [8x8xl 50.0| 96.07|comp | 96.07| -607.766[DM 1 DE -L B2HD 93BE_47.5 45 37.5 40
17 |93142.5 SAE  [8x3xl 50.0| 95.89|comp | 95.89| -593.867|DM 1 D B2HD 93BE_42.5 42.5 _42.5 42.5
18 |12 SAE |3x8x3/4 50.0| 95.35/comp | 95.35| -350.904/81 1 RE_20 4 B2HD 93BE 42.5 12.5 7.5 32.5
19 |57 SAE  [4x4x3/8 50.0] 95.35/Tens | €3.98| -58.544|B2 4 DEWR™®c3 60 +L (L-2) [B2HD 93BE_30 32.5 12.5 7.5
20 [56n SAE  [5x5x1/2 50.0| 95.25|Tens | 69.06| -108.338[B2 4 DE 0 +L (L-0) B2HD 93BE 42.5 12.5 7.5 32.5
21 [93012.5  SAE |8x8x1 50.0| 95.24|Tens | 94.08| -636.004[DM 1 DE +L B2HD_93BE_12.5 35 37.5_15
) P
. leidos




Load Cases Results (248D 95-90%)

Group | Angle Angle Usage Comp. Comp. Comp.
Label Type Size Btrurlﬂtl’ Uuﬂo Cont- | Use Force Control Control
rol In Load Model
Comp. Case
(ksi) | % % (kips)

23 |53 SAE  [3x3x3/16 0.0 94.68|comp | 94.68 | -29.234[B2_4 BRC3 +L B2ZHD 93BE_30_32.5 12.5 7.5
24 |3 SAE  [8x8xl 50.0| 94.68|Tens | 88.93 |-625.233|DM 1 DE I-L -T B2HD 93BE 42.5 12.5 7.5 32.5
25 (93120 | SBE  |8x8xl 50.0| 94.63|Comp | 94.63 |-€31.404[DM 1 DE |+1. B2HD 93BE 20 40 45 22.5
26 |53n SARE  |3x3x3/16 50.0| 94.55(Comp | 94.55[| -29.193 32_4_BR£12 +L -T B2HD 93BE_30 32.5_12.5 7.5
27 |9315 SAE  [3x8xl 50.0| 94.32[Tens | 90.97 |-629.716[oM 1 DE fL -T BZHD 93BE 25 12.5 5 17.5
28 (34 SAE  [3x3x3/16 50.0| 94.14fcomp | 94.14 | -10.944[p2_4_IN|T B2ZHD_93BE_50_50_50_50
29 |93L47.5 | SAE 8x8x1 50.0| 94.05/Comp 94.05 | -595.983|DM 1 DE jL BZ2HD 93BE 47.5 47.5 47.5 47.5
30 1 SAE  [8x8x7/8 50.0| 94.01|Comp | 94.01/|-518.911/B2 1 DEGZCIC3 60 -L (L-2) [B2HD 93BE 15 40 50 22.5
31 |54 SAE |SxS5x3/8 50.0| 93.68{Tens | BB.15|-102.740[B2_4 BRCZ -L -T B2HD 93BE 30 _32.5 12.5 7.5
32 |37 SAE  [Sx5%5/16 50.0| 93.53/comp | 93.53 | -48.843|B2 1 DEGICIC2 60 +L (L-3) [B2ZHD 93BE 47.5 22.5 10 27.5
33 [93L37.5 | SAE  [8x8x1 50.0| 93.52/comp | 93.52/|-604.006/pM 1 DE -L -T B2ZHD 93BE 47.5 45 37.5 40
34 |59 SAE 3x3x3/16 50.0| 93.51|Comp 93.51 -27.483|B2 4 BRC2 -L BZHD 83BE_15 40 50 _22.5
35 (30T SAE  |éx6x3/8 50.0| 92.50/Tens | B80.68|[-128.271[B2 4 DEG1C1C2 60 -L (L-3) [B2HD 93BE 30 32.5 12.5 7.5
36 |25T SAE [3-1/2x3-1/2x5/16 50.0] 92.50|Comp | 92.50/| -56.624|B2 1 BRGl +L B2HD 93BE_30 32.5_12.5 7.5
7 |23T DAE 3-1/2x3-1/2x1/4 50.0] 92.47|Comp 92.47 -85.301|B2 1 BRGZ +L -T [B2HD 93BE 30 32.5 12.5 7.5
38 (43-802 |SAE [2-1/2x2-1/2x3/1€ | 50.0| 92.40[Redun | 92.40 | -5.464a1f1 N B2ZHD 93BE_45 37.5_25 30
39 |93L27.5 | SAE 8x8x1 50.0] 92.30(Comp 92.30 | -€10.824|DM §1 IDE +L BZ2HD 83BE 27.5_37.5_40_32.5
40 |5 SAE  [8x8x1 50.0| 91.66(Tens | B84.81 [-587.026/DM| 1_IDE -5 -1 B2HD 93BE 42.5 12.5 7.5 32.5
41 |43-8 SARE  |3x3x3/16 50.0| 91.59Redun | 91.59 -4.941[n1 | l_IIN B2HD 93BE_45 37.5_25 30
42 16 SAE  |5x5x5/16 50.0| 91.31|rens | 78.31 | -93.543[s1 [ [BRG12 +L BZHD 93BE 50 50 50 50
43 [93L17.5 | SAE  [8x8x1 50.0| 91.23|rens | 90.26 |-616.74sjpm}i foE +L B2ZHD 93BE_17.5 40 _27.5 10
44 |33L50 SAE 8x8x1 50.0] 91.18(Comp 91.18 || -595.651|DM | 1]DE‘. +L B2ZHD 83BE 50 50 50 50
45 (93D15 | SAE  [5x5x5/16 50.0| 91.00|Comp | 91.00 | -47.725/DM| 4_IBRC2 +L B2HD 93BE 15 40 50 22.5
46 |6 SARE  |8x8xl 50.0| 90.92|Tens | B3.30/|-585.685 DH_T_'DB =L =T B2HD 93BE 42.5 12.5 7.5 32.5
47 |2 SAE  [3x8x7/8 50.0| 90.24|Tens | 86.26 |-534.672|B2_1 DEG2C1C3_60 -L (L-2) [B2HD 93BE 47.5_22.5_10_27.5
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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

, > leidos




Fitup Testing

» 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

. # leidos




Fitup Testing Cont’d
: R i

L -
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R g T T R —
oy
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Full Scale Load Testing

e j
» Test each tower type oS e

— Tallest configuration = g
: I.fl ‘",?‘!l e s
— 10 load cases each type i DO \?\

— o )
Test up to 110% et
3
e
g ’
J
3 Lre), 3 : —
'y e Lo \ i
J iy 5o }‘\« AN g HP-.HL!I_;E;-}.E;LA
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o e Bay of Bengal
e ,uﬁ“d; %
h Le o "
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Full Scale Load Testing Cont’d

o |
St P
o1
l” P L\'{
G\‘ 9 y
- Dal
2
_f_ﬂ:?ﬂg
3}';62
Longest crossgfm
TRANSY—
LONG.
LOAD e LOAD
VERTICAL
L&D

Mote:
«  Loads being tested are design loads
= Allloads are indicated in kg!

LC 11
12_1_DE_40-L{L-1)-T(56.6MPH wind on 1* Radial Glaze lce / Full

. | B » leidos




248D Tower Leg

- 109% compression
— Was further strengthened

» All other structures nominal




Presentation Outline

Project Overview

Lattice Tower Overview
Lattice Tower Modeling
Leg Extensions Design

>
>
>
>
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Lattice Tower Modeling

» BPAATADS, 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!

., # leidos




Lattice Tower Modeling: METHOD 2

» Interaction Diagram

TOWER UTILIZATION CAPACITY (/5" ICE ZONE)

3500
3000 + 4‘ 2090,3000 _230_0‘.30?0.
_— t DESIGN SPANS
=
w
i 2500
g
& 2000
-
<
o |
E 1500 .
w
> |
1000 1 1200, 1(?00 l |
b | 1850, 1000
1 1500, 1000
500‘}!-"{!0!‘!"-‘5-0-‘+’
500 1000 1500 2000 2500
TRANSVERSE SPAN (FEET)
33

3

+—+—1

3000

. 2650,3000

/2950, 2300

3050, 2000

2650, 1700

+———+

3500

~&-6° LINE
=r=3" LINE
=0 LINE

? |23
Structure file name  C\Users\grimeshiDeskiop\PLS ATIUG 2026 . \2488-0 Sice-100k
Description  248B: 326108. 1/2* ice strength: CC-27962, CC-27920; Use Ht. Offsetin PLS-CADD f () Allowable Spans (Method 1)
Height (ground 1o top of structure) (i) 48.50 9 Inte.racnon Diagram (Method 2)
Embedded length (for report purposes only) (ff) 250 ) Griticel Camponants (Methad 3)
Lowest wire attachment point height abowve ground () -16.66 oK Cancel
Set | Phase | Dead Set Insulator Insul. Insul. Insul. Attach. Attach. Attach.
# # End Description Type Weight | Wind Length Trans. Dist. Longit.
Set Area Offset Below Offset
Top
(lbs) | (ftA2) (ft) (ft) (ft) (ft)
1 1 1|No cl,c2,cC3 Suspension 14.1¢ 51.00
2 1 2| NA NA 2-Part 15.83 13.17
3 1 3l ma NA Suspension 14.16 51.00
4 5 1Mo Gl Suspension 5.00 ). 38 0.71 0.50
5 é 1No G2 Suspension 5.00 ). 38 0.71 17.00 0.50
6 NA NA NA
L Angle Range ¥
| Angle Rang e — - .
Sl 34 28£MME‘W5 for 248B-0.5ice- = = =
—— 300 ——
9 2880 o NA NA NA
0| 2760 *r T
10 2640 . — - N A
1| o 2520 R RS NA NA NA
— @ 2400 T
12/ o 2280 A NA NA NA
3|00 2160 o
(81~ 2040 A7 e i b
14| O } ggg T MR NR NE
15 g 16803 SIS > o NB NB NA
16 15603 A v NA NA NA
L 1440 - - 7
17 1320 ——F —~ NA NA NA
— 12003 = = 7
O e S
[ 0 600 1200 1800 2400 3000 3600 i i L
20 Wind Span NA WA N
[ 21] ) x NA NA NA
—— to 3 DU (deq) Maximum angle (deg)
22 3 00to 630 (deg) NR MR NB
[ a2 | |MewAngle R
23| |ToneETeneT Accept | Delete | Edit | oK | NA NA NA
S Edit Single Side Limits
25 NA NA HA
26 | | [ Na | NA | NA [ ma [ wa | NA NA
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Lattice Tower Modeling: METHOD 2 Cont’d

» 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

Structure #M2/1
Line angle (deg) 0.00

248680 Sice-100k

Stahon

(i) 1470392909

Height adjust ()| 125.000

M2/1 Strit

248 Type C=
173.5Total Height  48.5 |
100 BE

Oftset adjust () 0.000

Onentation (deg) 0

34

»s LE (estimate)

S o=l | | O | | LB B | =

Z=0 (for M2) /

—

Thwd R BODY

a-6"

40 |

60 FT. TYPE B2HB

SpAgsPenaa —_—
I |
{ [N Y N 1Y)
r\ﬁ 2 j 2 )
(A /5
50 )
ik DETAIL /2
: ) 6
L1591 ~—
A AN
(_|S )
AN Cf =
vf” Ae S ) 54 5
2 et =
Y SO K8
52 41 ‘\51 50
y G
\ 2 p
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Lattice Tower Modeling: METHOD 2 Cont’d

» 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

1 ¥ EDGE DISTANCE (TYP)

Tower Crossarm Elev

RND. EDGES 1/16™ R

VERTICAL DIM. TO HERE

Attachment Elev

> leidos



>

Lattice Tower Intermediate Method 4

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

36
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Lattice Tower Method (4) Cont’d
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Lattice Tower Method (4): Foundation

» Must think about foundations as that affects LE length
CONCRETE DRILLED PIER

- PRESSED F;LATE / GRILLAGE

e ?
fonmmnn_smsnbn S
mm;\“;ﬁ\ DIM_'C* 10 ¢ OF PLATE FOOTING
GRONDING | o,
STD NEMA f-igj ‘\\\ 10.84
RN \t.ﬁ ON HegL WIRKING POINT ELEVATION
s SN ON TOP PART OF PLATE FIA
GROUND LINE, BACKFILL & COMPACT EARTH o D & CG GRAVITY OF ANGLE FI .
S PAN N o
. SlfeuncH mark S o
T N
~ SANH//S
e g N
DAVANON T e S s B o &
NS 68er i
s et all h
PUNCH MARK i o4
\,\ ——— 182° CSK
N D
-~ @2 Dm
(ﬁﬁ)_ W
2H N e
R @ HOLES FLR
GROUNDING {
RS7D NEMA PAD |
UNCLASSIFIED N\
EXCAVATION .
N B2
A= Fi
) o
— L
II L=
)
A
SMOOTH LEVEL C
¥4
BEARING -~ : @ ~

S -0 {a-a)

ELEVATION VIEW A-A
PRESSED PLATE FOOTING

38

04/16/2085

04/15/2025

0470772025

03/28/2085

10/02/2024

03/25/2024

03/20/2024

Mo

o 10§ OF CONCRETE FOOTING

.

-

-
" ‘?;A-} WORKING POINT ELEVATION

ez
b
22

/BHM [/
i) i
HOLES FOR - $
¢ “GROUNDING g g?
iz Lm0t
= N/
5 e, ~
Y . SR
AT N LS foe ~A
o~ { / CRONDING
&; PUNCH MARK I &/ sTh NEwA PAD_ S
T " T0P [F CONCRETE
= N )
A= v I rr’
= )ff‘ GROUND LINE
fa AT
4 SOV
N4
T
CENTER OF GRAVITY
N
I \//

7

Ve

CL OF CONCRETE FOOTING
INTERSECTS WITH CG. OF
AT THIS POINT

ELEVATION VIEW A-A

CONCRETE FOOTING

o= |r e | o e |~ |
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Lattice Tower Method (4): Foundation Cont’d

» Pressed Plate / Grillage

b GRINDING ] o,
STD NEMA PADF T N | 1084
=gl N \\:‘ ON
SEERNNEN
GROUND LINE, BACKFILL & COMPACT EARTH 5 RN LN
[ prs eed T3]
N\ TN

™ —
. AN

O

WIORKING POINT ELEVATION

SiEE e mime /8

ON TOP FPART OF PLATE FIA

& Co GRAVITY OF ANGLE Fi

iJ/_

(UNCLASSIFIED
EXCAVATION

SMOOTH LEVEL
BEARING

SAND

ELEVATION VIEW A-A

PRESSED PLATE FOOTING

39

Mz o

— 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 soill
Min Elev: - 4.0' AGL

Don’t want stub/WPE
buried
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* 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

» Concrete (Drilled Pier) Footing
— Working Point Elev (WPE) —

oM e’ 10 € OF CONCRETE FOOTING

“("_"'""'-,- &

~
-?’f’-_!r WORKING POINT ELEVATION

{ s e

T~

VERTMLAL

6
RTI A1

~

e,

W e

£/ GRONDING 3
Y 4 STO NEWA PAD.
¢/ " T0P OF CONCRETE
I

GROUND LINE
NN
NN

<
X CENTER OF GRAVITY
X

AVA

.

~__CL. OF CONCRETE FODOTING
INTERSECTS WITH C6. OF
AT THIS POINT

ELEVATION VIEW A-A

CONCRETE FOOTING

Y PSS PR [P PP PP B PN
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Lattice Tower Method (4): Requirements

» 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)

Family Manager

*i46+46+46+46
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Lattice Tower Method (4): Requirements Cont’d

» Leg actual heights
— What it’s called vs actual length

20 FT. BODY EXTENSION T0 60 FT. B0DY
SEE DW. No. BZHM-E0BR

» X/Y of corners
: :  +3
— Sets impact footprint
I
— Calculated by slope of Tower |
P <C
OO
| =
LO) | O
— | Lo
—~
o 492: _ ;;;"- RIGGING EYEBOLT
m@@ﬁ@\ \ \\\ | S :g +25
\ﬁ ~ N\pEmLz %ﬁ
VERTICAL SLOPE (a)= 7. 7118924127° o
LEG SLOPE (k)= 10. 8413403585°

IN FACE SLOPE (c)= 7. 6429693807°
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Lattice Tower Method (4): Requirements Cont’d

= UNDER 93 ft TOWER (53 ft BASIC TOWER + 20 ft B.E + 20 ft B.E)
: LEG EXT'N| DIM.A DIM.B DIM.C DIM.C
GRILLAGE FOOTING | CONCRETE FOOTING STUB
5-0" 29.739 21.138 33.551 31.973
C.L OF TOWER —
- 7-6 30.372 21.586 34,185 32.607
10'-0" 31.006 22.034 34.819 33.241
12'-6" 31.640 | 22.482 35.452 33.874
15'-0" 32.274 22.93 36.086 34.508
; 17'-6" 32.908 | 23.379 36.720 35.142
= 20'-0" 33.541 23.827 37.354 35.776
WORKING POINT w -
‘\/W S 22 -6 34175 | 24.275 37.988 36.410
\ 3 25'-0" 34.809 | 24.724 38.621 37.043
27'-8" 35.443 | 25172 39.255 37.677
30'-0" 36.076 | 25.620 39.889 38.311
. 32'-8" 36.710 | 26.068 40.523 38.945
35'-0" 37.344 | 26.517 41.157 39.578
37-6" 37.978 | 26.965 41.790 40.212
40'-0" 38612 | 27.413 42.424 40.846
472'-8" 39.245 27.861 43.058 41.480
9 | 04/28/2025 [SSUED FOR OO0 ) m
o Toarzarenes olse on 45-0 39.879 | 28.310 43,692 42.114
7| Daseerenes CLIENT (O 47'-6" 40.513 | 28.758 44,326 42,747
6 | 04/07/2025 CLIENT COI
s | o3/a1/2085 FOUNDAT 1N REAC 50'-0" 41147 29.206 44,959 43.381
4 | 1073172004 | GENERAL REVISION DRANING TITLE BLD
3 | 5/2072004 CLIENT COME
2 | ts/03re0es CLIENT COMME
1 03/13/2024 DMLY FOR TEST PRO
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Lattice Tower Method (4): Requirements Cont’d

— 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.

248A60-50k.tow -~
g 248053-150k tow

248A60-100k.tow

243A80-50k tow . 248D73-150k.tow

248A80-100k . tow

_ 2483D93-150k.tow

SHTETHTNT

248A100-50k tow

L 248A100-100k.tow

. #» leidos




Presentation Outline

Project Overview
Lattice Tower Overview
Lattice Tower Modeling

>
>
>
» Leqg Extensions Design
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eg Extension Design: Problem <

» 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

: J\\
— Aperson: one every 5-10 minutes | Y;
:A_

— Leg Optimizer: hundreds over lunch

"lf! “.-- e l.- r
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Leg Extension Design: PLS-CADD Solution

» Solution: PLS-CADD “automatic spotting” Leg Extension Selector
— Experimental ~V18

, © o Adg > [ kb YOW
— Fully Functional ~V21 Modiy H @ O
Move >

» What you need | Memor

Remove Range reets View | [B] Project Report Cross Section View

— Method 4 structures e :
Staking Table...
» (as previously discussed) siikzard * B
Copy
— Good TIN surface paste
. . Chec
— New Line edit ok . AR '_
° ESt| mate B E Automatic Spotting > Spot At Fel.ature: Coeg...
Available Structure List > Snap Station and Height to Feature Code...
® |OngeSt LE Set Material > Angle Structures...
. N Paste
* Height offset to match M2 SIS ek i | _
Edit Structure.. Spotting Constraints ¥
— Organlzatlonal DISClpllne Customize Structure » Optimum Spotting b
| o B oy nefD T Automatic Pole Selector...
° COﬂSIStent Flle'namlng i i Optimum Body and Leg Extension Selection...
| Method 1 Structure Diff... Fit Pole Lengths To TIN...

e Structure Comment Fields
» Excel is your friend
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Leg Extension Design: Prepare

— Before (m2):

Structure #M21
Line angle (deg) 0.00

24880 5ice-100k

Station (i) 1470392.909
Height adjust (i) 125.000
Oftset adjust. () 0.000
Cnentation (deg) 0

48

M2/1 Str#

2488 Type

173.5Total Height

100

BE

29

LE (estimate

B o~d| o O | e | G| B[ =

(m4)

Structure #M2/1
Line angle {deq) 0.00

2468100100k fow

Station (t) 33689 603
Height adjust. | () -27500
Ofisstadjust i) 0,000
Onentation (e 0

M2/1

2468

173.5

100

oy | o | e | e | RS | =
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Leg Extension Design: Optimum Leg Menu

r Applicable

Optimum Body and Leg Extension StI’UCtur‘eS Optimum Body and Leg Extension
Optimum Body and Leg Extension Sdecthn| Structurig ! BT
This command will select the best body and leg extension configuration from a Family Select the struchures 1o use
Manager TOWER model.
M4 models o
Q Auto-detect parent Family Manager model for each structure «
27973
Manually specify the parent Family Manager Model {use same one for all structures) po p u | ated 279/4
28041
28072
U 28073
) Use only predefined body and leg extension configurations n eve n 230{;
2680/
O Automatically generate all permutations of body and leg extensions < te rrai n 200
Directory to save new TOWER models in (optional) gg}ﬁ
Desktop\FLS ATUG 2026 Tower Presentation)75pct\PLS-CADD\StructuresiLeg Extens 2814

28145

O Create report only G DO fi rSt before 282h1

- 28ef2
_) Create report and modify the line . . 28243
modifying model | =
28312
Number of sub-optimal solutions to report on for each structure H . 2813
Alloweable reveal range (ft) 1.5 o (ft) 4.5 Fou ndatlon 23K
Select All SelectNons Selectby Groups
Allowable attachment movement (/) 0 to (ft) 2.5 D e pe n d e nt

Selection summary.

For a grillage foundation you may want to guarantee that the center of the grillage is a
certain distance below ground. One way to do this is to optimize to the location over the

center of the grillage in addition to the foundation joints. TI N SU rfaCe never pe rfect, |im ited
Grillage Stub Angle Length (enter 0 unless using grillage) (ft) . . . .

Allowable grillage reveal at center of grillage () L E Ite ratlo n S (CO n S I d e r I m pa Ct tO
Place markers to show stub angle position and grillage depth deSig n) . .

Cloar makars b satng @ Newer feature to assist with

grillage ]
o » leidos




Leg Extension Design: Optimizer Report

Leg Reveal, all okay
If a solution cannot

be . found, RED warning
Height change

Old filename New Filename

Optimum Body anl Leg Extension Selection

Structure | = ==cccccccc==Existing-=—===c=ccccccn | ccccccccccccccc N cccccc W mm e c e e e e ————— | Attachnent Height | ===--===-=<Reveal--========
____________________________________________________________________ Hei ht Adjust
Name Height Weight

100-100 NB+2 20 .00 =0 . 00

———————————————————————————————————————————————————————————————————————————— | Attachment Height e ———— = ——————
————————————————————————————————————————————————————————————————————— Height Adjust

Name Height Weight i i Change Leg 2 Leg 3 Leg 4

(644 (644 ($44]
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Leg Extension Design: Success
After (m4)




Leg Extension Design: Verify

Terrain  Criteria  Structures [ g Wind He
T

» Using Leg =
& Guy Extension Report .

Wt

Automati
Structure Member From To Member Member Member Member Memu.-. TIN Z at Reveal at Slope Slope Slope Intersect Intersect OK
Number Label Joint Joint Length Top Bottom Bottom Bottom Mel v Member Intersect Intersect Intersect Addl. Len Total Len or
or (£E) 4 X Y 4 Bot. XY Bot. XY X b 4 Z Required Required NG
Type (£t) (£t) (£t) (£t) (£t) (£t) (£t) (£t) (£t) (£t) (£t)
M1/1 ALBOFP 120P 1000p 21.003 Z2664.09 2311911.62 666633.85 2643.59 1.16 2311911.36 666633.87 1.19 22.20 OK
LX ALBOP 121 LX 1000P 26.126 Z664.09 2311938.23 666657.44 26308.59 1.00 2311938.25 666657.867 1.05 27.18 OK
LXY ALBOP 122P LYY 1000P 26.126 2664.09 2311961.73 666625.72 2638.59 2.13 2311962.23 666629.68 2.30 2B8.43 OK
LY ALBOP 123F LY 1000p 21.003 2664.09 23115934.10 666607.33 2643.59 1.72 2311934.07 666606.96 1.74 22.75 OK
M1/2 AL100OF 140P 1000p 41.49594 Ze2e.32 2313089.32 e65234.86 2585.82 25684 .82 1.00 2313089.09 e65234.87 25684.80 1.05 42.54 0K
L¥ AL100OP 141F LX 1000P 3B.932 2626.32 2313125.41 665264.93 2588.32 2587.13 1.19 2313125.43 665265.20 2587.13 1.22 40.15 OK
LXY AL10OF 142F 1LXY 1000P 33.810 2626.32 2313154.42 665229.49 2593.32 2590.55 2.77 2313155.02 6652259.44 2590.61 | 36.59 OK
LY AL100P 143F LY 1000P 36.371 6.32 2313120.04 865199.83 2590.82 2588.90 1.92 2313120.01 665199.41 2588.92 1.95 38.32 OK
M1/3 [ 104p 1000p 31.980 2661.72 2313871.11 664304.84 2630.72 1.80 2313870.67 664304.71 . 1.86 33.84 OK
LX 73LE 105p LX 1000p 34.560 2661.72 2313891.66 6064344.49 2628.22 1.28 23136891.56 664344.81 .93 1.33 35.89 OK
LXY 73LFP 106F LXY 1000P 34.560 266l1.72 2313931.49 604323.34 2628.22 1.00 2313931.74 664323.42 .2 1.04 35.80 OK
LY 73LFP 107p LY 1000P 31.980 Zeel.72 2313910.1¢ co4284.11 2630.72 1.79 2313910.29 e64283.68 .93 1.85 33.83 OK
M2/1 BL10OF 1601F S000p 23.341 2799.92 2315581.95 664113.3° 65.92 2.18 7 3155B81.67 664113.12 .79 2.16

L¥ BL10OOP 1602P LX 5000P 30.952 2799.92 23155B4.87 66414B.5€ 1. 42 1.29 7 315564.73 664148.73 2768.10 1.34 32.:
LXY BL10OFP 1603F LXY 5000P 30.952 2799.92 2315620.89 664144.6: 1. 42 1.00 £315621.03 664144.74 2766.40 1.03 31.98 OK
LY BL10OF 1604F LY 5000P 23.341 2799.92 2315616.15 664109. 62 .92 2.73 1315616.44 ©64109.26 2774.24 2.72 26.06 OK
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Structures >

Leg Extension Design: Result

Individual Fileg_

Leg Extension > dividual Files

MName
L 248M60-50k+ NE+13+ 10+ 10+ 1300w
L 248M60-50k+ NB+15+ 18+ 18+ 15.t0w
L 248M6B0-50k+ NB+31+33+31+ 31 tow
. 248D73-150k+ NB+ 21+ 26+ 24+ 19.tow
. 248D73-150k+ NB+24+21+ 21+ 21 tow
L 248D73-150k+ NB+ 11+ 24+ 24+ 11 tow
. 248D73-150k+ NB+ 24+ 26+ 21+ 19.tow
. 248D73-150k+ NB+ 26+ 26+ 26+ 24 tow
. 248D73-150k+ NB+ 26+ 26+ 20+ 26.tow
. 248D53-150k+ NB+13+21+ 18+ 11.tow
. 248D53-150k+ NB+ 13+ 26+ 36+ 24 tow
. 248D53-150k+ NB+ 21+ 24+ 24+ 21 tow
L 248A100-50k+ NB+18+23+ 23+ 21 tow
L 248A100-50k+ NB+21+21+ 21+ 26.tow
L 248A100-50k+ NB+21+23+ 21+ 21 tow
L 248A100-50k+ NB+21+23+ 23+ 21 tow
L 248A100-50k+ NB+ 26+ 18+ 21+ 21 tow
L 248A100-50k+ NB+ 28+ 33+ 48+ 38 tow
L 248A100-50k+ NB+13+23+ 28+ 18.tow
L 248A100-50k+ NB+ 33+ 43+ 46+ 30.tow
L 248A100-50k+NB+41+38+ 33+ 36.tow
L 248A100-50k+NB+48+48+51+51 tow

L. 248B80-100k+NB+36+28+ 28+ 33.tow

54

Structure (t| Height |fs X Y i Structure
r Adjust.  |ju Easting Northing a Name
Rl | () e
1 |272/1 9 -8.600 2288530.352 686677.784|6| 2947.386(1 |!9248:-[1!1!1—5!11:—1\:3—36—41—36—3!1 . tow]
12 |272/2 0 -7.310 2289340.918 686010.699|2| 2907.80201 |192-18:-11|:I:-5|:k+1\15+3c;*-11+3e+33.ton
13 |272/3 1 -7.060 2200280.986] 685237.035/0] 2847.080[7| [Bl\248M30-50k+NR+38+41+46+43 . Lo
14 (272/4 8 -5.000 2291102.884 684560.624|5| 2900.33413| [MH\248R60-50k+NB+26+23+26+26.tow
16 |273/1 1 -4.710 2292430.3%6 ©83468.100|1| 2854.6B81j4 |l9EGSBJIZIZ—SIZk-—NB-H-—M-—BS-—BB Lo
16 |273/2 5 -10.230 2293866.750 682286.000|1| 2909.141)0 9#0248393—1 S0k+NE+54+51+44+46 . tow|
17 |273/3 5 -6.650 2295021.000| 681696.000(6| 3160.836[2 4#?24SESC-JCCk*NB*dJ*Sﬁ*BS*dJ.ton
18 [|274/1 7 -7.500 2296045.764| 681031.593|6| 3007.856[0 PdEdSRJCC—SCkaBvEEvd3*46*36.t:h
19 |274/2 7 -0 0 2297338.091 680193.711|3| 2854.103(6 3|ll 248D053-150k+NB+21+24+24+21 . tow
20 |274/3 3 =5.000 2298425.939 679222.744|9| 2802.489(7 |H' 2482100-50k+NB+13+23+28+18.tow
21 |274/4 0 -8.360 2299485.363 678277.147|0| 2764.470|9 |M'\248A8I:—5I:k—NB—33—38—4 3+38.tow
22 |275/1 9 -4.240 2300622.363| 677262.309|0|] 2718.26001 F?248516G—SGk*NB*26*28*28*26.toh
23 |275/2 0 2301520.53%| 676460.635(8) 2777.508[5 PT\ZJSRGE—EEkTNBTZGTZGTZSTZG.t:h
24 |275/3 5 -5.500 2302490.921 675594.514|3| 2700.093[1 lez-ls:)?l—15':k—NB—11—2-I—2-I—11,to.
25 |275/4 6 =7.320 2303041.979 674874.611|2| 2674.482(1 |!3\2il8!‘18l3—5l3k—NB—38—IIE-—iIE-—3B LLOW
26 |276/1 7 -4.8680 2303836.375 673836.810|0| 2693.080(6 |}3\248.‘-18'2—5!:L——NB—EE—ES—ES—EE..r_:n.-
27 |276/2 3 -4.130 2304428.690| 673063.010{1| 2683.760(6 hs\zqemer S0k+NB+28+38+36+26.tow
28 |276/3 9 -6.180 2305123.107| 672155.822(7| 2723.307j4 PE\24336&—5&kaBvZEvZévZETZE.t:h
29 |276/4 3 -5.55% 2305774.957 671304.244|3| 2702.6333 |l3\2-18!‘-18':—5':k—NB—21—26—26—21,t-'x..
30 |276/5 6 —'.'.dl\ 2306577.299 670256.064|1| 2635.491[5 3|!52118:!93—_150]{—1\]]3—26—28—3_1—26.to‘a
31 P71 o] -s.2a0f| | 2307022.934] 668701.991/0] 2775.990M4fShl|>45D73-150k+NB+29+29+29+26. tow
32 |277/2 5 -10.030 2307899.380| 667577.236(1| 2B808.371[9 SFB248353—156k~NE~13~26~36~24.toh
33 [277/3 4 -5.000 2308954.698 667592.588|8| 2664.388(1 |!E\.ZHASI:—EI:kaBvif.virivirivif,.t:n.-
34 |277/4 5 -3.290 2309966.942 667607.313|6| 2653.54¢6(6 IN-Z-;es\Z-ISMr;':-5|Z-k—18—18—18—18,r.-'ﬁ.
35 |278/1 1 -10.500 \ 2311095.268 667623.727|0| 2564.920[9 T|19:43:ﬂ 3-150k+NB+26+34+31+24 . tow
& 1S fi 180 ‘ 2311628114 AARATT _A4ln DEAN . ANGIN hiﬁdﬂn.ﬂl‘. 100 +R+2E+2T1+23T1+28 _ tow

Helghts Adjusted
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