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Oblique Wind on Structures

an inconvenient truth

By: George T Watson, Staff Engineer

CenterPoint Energy

formerly Reliant Energy

formerly Houston Industries Inc.
formerly Houston Lighting & Power



Small Service Area (2.5%) @ CenterPoint.

Big Electrical Load (25%) Energy
———

Texas Peak Load for
2006 was 62,000mw

CNP Peak Load for
2006 was 15,700mw

(25% of Texas Total)




Typical Houston house @ LenterPoint.
with 11 Car Garage (now for sale) Energy
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61,000 Square Feet on an 11 Acre Lot



Ancient Tower Design Tools

CenterPoint.

Energy
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CenterPoint,
© Energy

Early Stress Analysis

—

Graphical Method of
Joints

‘Many Assumptions to
Allow Analysis

Multiple Load Cases
Very Time Consuming




Calculator from 1973 ($2,000) @ CentorFoint,

Energy
REREEEE BF T




CenterPoint,

1976 Tower Design on CDC 6600 & Energy




2007 NESC Code € gzzg;f’oin%

252D Simultaneous Application of Loads

Where a combination of vertical, transverse, or longitudinal
loads may occur simultaneously, the structure shall be

designed to withstand the simultaneous application of these
loads.

Note: Under the extreme wind conditions of Rule 250C, an

oblique wind may require greater structural strength than
that computed by Rules 252B and 252C.



2007 NESC Code € gzzg;f’oin%

Rules 261A1c, 261A2e, and 261A3d

All structures including those below 18 m
(60 ft) shall be designed to withstand,
without conductors, the extreme wind load
In Rule 250C applied in any direction on the
structure.



CenterPoint.
Energy

Rectangular Tangent
Towers Can be
Susceptible to Oblique
Wind Leg Overload

Do You Have a Problem?
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CenterPoint,
Energy

An Example to Consider C

/ )
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i
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All Redundants must
be Accounted for in
the Drag Area
Calculations

Tower Base Is
26’ X 10’




PLS-TOWER Face Designation Gﬁ,‘;';'ﬁ;f,”""”'@

\

==

The windward transverse face is that on which a
positive transverse wind (in the positive Y-direction)

Windward Longitudinal Face used by
the Face Based loading schemes

X-Axis
¥ (Longitudinal)

Windward Transverse Face used by
the Face Based loading schemes



Common Face Designation
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Adjust Drag Factors

CenterPoint,

Energy

'_'ﬁiIllllllllllllll..........-.

st Model Check Report

| Mo errors or relevant warnings detected.

Adjust Drag
Factors
X/ZL\Y ;
} 3
Sectian' Section Joint Dead Transverse Longitudinal Transverse Longitudinal
Lakel Color Defining Load Drag x Area Drag x Areas Ares Factor Ares Factor
Section Adjust. Factor Factor (CD From [CD From
Eottom Factor For Face For Face Code) Code]
1 |cage [ |Ess 1.310 .200 3.200 1.000 1.000
2 |Bodya I 145 R d ] .200 R 1.000 BT
3 |Bodyz | |BE B E 0 .200 4.114 1.000 ez
4 |Bodyl L |EE 1.310 .200 4,960 1.000 1.550
E I




DESIGN CONDITIONS: e CenterPoint.

Energy
/ _

*No Line Angle

*NESC 2007 Wind Load Convention

*140 mph Hurricane Wind (63 m/sec)

2 Circuits of 795 ACSR Drake Wire (2 per Phase)
eSpan Length = 777.5 feet (237 meters)



CenterPoint,
Energy

Legs are at 100% for Wind Normal @

Group Summary {(Compression Portion):

Group Group Angle Angle Steel Max Max Comp . Comp . Comp .
Label Desc. Type 5ize Strength Usage Use In Control Force Control
Comp . Member Load Ca=se
(ksi) % ] (Kips)
TLS 3.5¥3.5E0.25 Je.0 94.35 94.85 9P -49.73%9Hurricane
TE4 4XAX0 .25 50.0 100.00 100.00 13P -65.480Hurricane HE
T4 4E4E0.3125 S0.0 95.69 95.69 15F -74.16lHurricane




Add Wind at Obligue Angles

?=iIIIIIIIlIIlIIIIIIIIII....-.-.--.__

CenterPoint,

Energy

Structure Loads Criteria

Dezcription ﬁeather Ccase Cable Wind Bisector
condition | Direction || Wind Dir

(deg)
{Hurr -390 Hurricane Initial B3 |BI+ -90.00
& [(Hurr -89 Hurricane Initial B3 |BI+ —-89.00
3 |Hurr -38& Hurricane Initial B3 [BI+ —-8&. 00
4 |Hurr -87 Hurricane Initial B3 |BI+ —-87.00
3 |Hurr -36 Hurricane Initial B3 [BEI+ -36.00
g |Hurr -35 Hurricane Initial B3 |BI+ -85.00
7 |Hurr -S54 Hurricane Initial B3 |BI+ -g4.00
g |Hurr -33 Hurricane Initial B3 [BI+ -53.00
8 |Hurr -5Z Hurricane Initial B3 |BI+ - .00
10 |(Hurr -51 Hurricane Initial B3 [BEI+ -31.00
11 |Hurr -30O Hurricane Initial B3 |BI+ —g0.00




CenterPoint,
© Energy

R

Legs Overstressed by 21%

Group Summary {(Compression Portion):

Group Group Angle Angle Steel Max Max Comp . Comp . Comp .
Label Desc. Type 5ize Strength Usage Use In Control Force Control
Comp . Member Load Case
(ksi) % % (Kips)
TAS LEG1L SAE 3.5X3.5X0.25 36.0 108.57 108.57 10¥ -56.991Hurr -28,I HG
TE4 LEG2 SAE 4X4E0 .25 H0.0 121.46 121 .46 13¥ -79.531Hurr -30,I HE
T4 LEG3 SAE 4¥4X0.3125 50.0 118.05 118.05 16¥ -88.706Hurr -35,I HG

*At 35 degrees from Normal, Bottom Legs are overloaded

*At 30 degrees from Normal, Middle Legs are overloaded



Lacing Overstressed by 33%

Group Summary

- :iii.llIllIlIlIIII.III.....-.-.--.__

CenterPoint,
Energy

| ‘

sroup | Group |Angle ingle Steel Max Max Comp . Comp . Comp .
|Lakbel] Desc. | Type Dlize Strength| Usage |Use In| Control Force Control
Comp . Member Load Case
(k=i) 5 E: (kip=)
11 |TE4 TEIES |ZALE N T T B R B o FEE 0 e 2 o 0 e o 5 ) B -7.620 |Hurr -58,I1 BI+ [(140mph)

Group Summary

Group | Group |Angle Lngle Zteel Max Max Comp . Comp . Comp .
|Lakbel] Desc. Type Size Strength | Usage |Use In| Control Force Control
Comp . Member Load Case
(k=1 £ % (kips)
35 |TAEB4 |LOMG13 |50 i e e B e S o | 110.49 (110.49 [66F -3.401 |Hurr -61,I BI+ (140mph)
e (TArg |LOMG14 |SAT e e B e S S o | e B B e B B —3..378: Husr:—59_ T BT+, [I40mpl

*At 58, 59, and 61 degrees from Normal, Lacings are
overloaded



Graph of Foundation Loads .g:gﬁz;”"iﬂﬁ

/——ﬁ—\

Wind Angle vs Foundation Reaction

Foundation Load

-90 -85 -80 -75 -70 -65 -60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0]
Angle



GenterPoint.
@ Energy

S

Wind Angle vs Foundation Reaction

Run 10 Degree Increments

Foundation Load

Wind Normal to the Wire

-90 -85 -30 -75 -70 -65 -60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0
Angle



Square Base Towers Behave & CenterPoint.

Better than Rectangular Base Energy

(8mx8m)




DESIGN CONDITIONS: e CenterPoint.

Energy
/ _

*No Line Angle

*NESC 2007 Wind Load Convention

*140 mph Hurricane Wind (63 m/sec)

2 Circuits of 795 ACSR Drake Wire (2 per Phase)
«Span Length = 750 feet (229 meters)



Square Base Tower Legs are Q CenterPoint.
Overstressed by less than 7% Energy
?=ﬁIIIlllIIIIIII--....-______r__

— _

Group Summary {(Compression Portion):

Group Group Angle Angle Steel Max Max Comp . Comp . Comp .
Label Desc. Type S5ize Strength Usage Use In Control Force Control
Comps . Member Load Case
(k=si) % % (Kips)
TAS LEGL SAE G S b 45 el e A | LR 36.0 102.58 102.58 10¥ -53.848Hurr -35,1I HEG
TE4 LEG2 SAE 4X4X0 .25 50.0 106.71 106.71 12¥ -69.186Hurr -35,1I HG
T4 LEG3 SAE 4X4X0.3125 50.0 103.87 103.87 14¥ -77.417Hurr -14,1I HEG

*At 35 degrees from Normal, Middle Legs are overloaded by
6.71%

*At 14 degrees from Normal, Bottom Legs are overloaded by
3.87%



Foundation Loads € g:g:;;”"""%

/—-'——\

Square Base Tower

Foundation Load

-90 -85 -80 -75 -70 -65 -60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0
Wind Angle



But My Line is in Nixa, Missouri @ CenterPoin.
Energy
(90mph, Heavy Ice)

_—
*The previous examples were for the Texas Gulf
Coast or Florida.

Do | need to consider Obligue Wind outside of
Hurricane Zones?



DESIGN CONDITIONS: e CenterPoint.

Energy
/ _

*No Line Angle

‘NESC 2007 Wind Load Convention

*90 MPH Wind (40 m/sec)

‘NESC Heavy Ice District

2 Circuits of 795 ACSR Drake Wire (3 per Phase)
eSpan Length = 1302 feet (397 meters)



CenlerPoint.
Energy

Legs are at 100% for NESC 250B @

=

/5 _ . s

Croup 3urtnary [(Compression Portion) @

GZroup Group Angle ingle Steel Max Max Comp . Comp . Comp .
Lakhel Desc. Type Size 3trength Uzage Use In Control Force Control
Comp . Memnber Load Case

[k=1) % % [kips)
TLS LEG1 SAE 3.50E3.5X0.25 36.0 29,94 99,94 10X -52.460NESC 250EB
TE4 LEGZ SAE 4E3E0.25 S0.0 27.84 97.84 13P —-64.065NE3C 250EB
T4 LEG3 SAE 4¥4¥0.3125 S0.0 25.41 95.431 15F -71.694NE3C 250EB

Leg Loads Maximum for NESC 250B
Heavy Ice (1/2” Radial and 40 MPH wind)



Foundation Reaction .CenterPoint®
NESC Heavy and 90 MPH Wind Energy

- .

NESC Heavy Ice

90 MPH Wind

80
o 75
70
65
60

55

Foundation Load

50

45

40

. . . . . . . . . . . 35
-90 -85 -80 -75 -70 -65 -60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0
Angle

—e—Heavy —=— 90 MPH



CenlerPoint.
Energy

\

Analysis Results: [ —

*Based on this particular 26’x10’ Tower Model
*Obligue Wind Cases Never Controlled Leg Design

Foundation Loads were Slightly Higher for Oblique
Winds at 90 MPH



ATLANTA, GEORGIA @ Centerpoint.

Energy
/ _

*No Line Angle

‘NESC 2007 Wind Load Convention

«100 MPH Wind (45 m/sec)

*NESC Medium Ice District

2 Circuits of 795 ACSR Drake Wire (3 per Phase)
«Span Length = 1135 feet (346 meters)



Normal 100 mph Wind Results @ Coniorroint,

Energy
/ _

Group Summary {({Compression Portion):

Group Group Angle Angle Steel Max Max Comp . Comp . Comp .
Lahel Desc. Type 5ize S5trength Usage Use In Control Force Control
Comp . Member Load Case
(ksi) % 5 (Kkips)
TLS LEG] SALE B e A 36.0 95.01 95.01 XY —-49.875Hurricane
TE4 LEGZ SAE 4X4¥0,.25 s0.0 92,99 99,949 13F -65.4653Hurricane
T LEG3S SAE 4xa¥0.,.3125 S0.0 98.12 98.12 15XY 73 .719Hurricane

Legs at 99.99% for Wind Normal to Wires



Obligue 100 mph Wind Results @ Coniorroint,

Energy

Group Summary (Compression Portion):

Group Group Angle Angle S5teel Max Max Comp . Comp . Comp .
Lahel Desc. Type S5ire Strength Usage Use In Control Force Control
Comp . Member Load Ca=se
(ksi) % & (kip=)
TAG LEG] SAE 3.5¥3.5X0.25 36.0 93.05 953.05 10¥ -51.468Hurr -13,1
TE4 LEGZ2 SAE 4¥4¥0.25 50.0 103.54 103.54 13¥ -67.792Hurr -11,T HG
T4 LEG3 SAE 4¥4X0. 3125 50.0 102.55 102.55 15¥Y -77.044Hurr -11,T HG

At 11 degrees from Normal, Legs are
overloaded by 3.5%



Foundation Reaction e CenterPoint.
100 MPH Wind Energy

N

—=— 100 MPH

12% Increase in
Foundation
Reaction

Foundation Load

Angle



CenterPoint,
© Energy

—\

BUT | DO NOT USE LATTICE TOWERS

| HAVE WOOD H-FRAME LINES
(Wood is always Good)

DO | HAVE A PROBLEM?



Wood Is always Good? € gggg;miﬂt@




Concrete H-Frame Failure € gggg;”f’iﬂ%

Hurricane Lilly
damage in
Louisiana.




CenterPoint,
¢ Energy

\

Class 2 Wood Pole %B)AE

Pole Length = 100’
(30m)

Height = 88’ (27m)

H-Frame Structure




CenterPoint,

H-Frame Analysis ¢ Energy

—

*No Line Angle

‘NESC 2007 Wind Load Convention

«140 MPH Wind (63 m/sec)

*NESC Light Ice District

1 Circuit of 795 ACSR Drake Wire (1 per Phase)
eSpan Length = 443 feet (135 meters)



CenterPoint,
© Energy

\

H-Frame Analysis

Summary o0f Wood Pole Usages:

Wood Pole Maximum Load Case Segment Weight
Label Usage % Humbher (1bs)

Fole 99.07 Hurricane MNL-,I Ni- [(140mph) 17 5584353.6
EFol 99 .07 Hurricane NL+,I Ni4+ [(140mph) 17 5843 .6

140 MPH Wind Normal to Wires



H-Frame Analysis @ Centerpoint.

Energy
summary of Wood Pole Usages:
Wood Pole Maximum Load Case S5egment Weight
Labhel Usage % Humber (1h=s)
Pole 271.26 Hurr -90,1I BI+ (140mph}) 18 »H843.6 HE
RPol 271.29 Hurr -90,I BI+ (140mph} 18 5843.6 HE

271% Overstress on Pole at 90° obligue angle
with no Wire on Structure
(Wind Along Line, NESC Rule 261A2¢)



CenterPoint,
© Energy

R

Too Many lterations

*#*% Analysis Results:

Haximam element usage is 271.29% for Wood Pole "RFPol" in load case "Hurr -90,T BI+ {1d40mph}" HG

10000
%Tﬂ: of Imbalante vs.| Iteratjon

1000

100 \

10

Logl1O of Imbkalance (lkbs)

Hurr -90(1 Bl+ (140mph) \

0.1 ]

i

] 120 240 380 430 g0 T20 340 250 1030

0.01

Iteration #

%% Alnalysis REesults for Load Case No. 1 "Hurr -20,1 BEI+ (140mph) ™ - Number of iterations in 34P3 1062



CenterPoint,
© Energy

\

Frame Stabilization

Advanced Nonlinear Analysis Convergence Options Elg] G ener al _G ener al Dat a-
Alernate Corvvergence Process 0 CO n V . O p t I O n S

Ilze the altermative convergence process if you have a highly nonlinear
gtructure [one with swing brackets or a guyed mast] and are having
cohvergence problems.

[ Usze alternative convergence process

Longitudinal Frame Stabilization C h eC k th I S b O X | f yo u h a.ve

ze artificial longitudinal frame stabiliziation if vou have a frame or guyed pale

with all quus in the transverse plane that is longitudinally unstable unless its O H GW att aC h ed tO t h e

zhield wirez are included in the model

YWhen selected the program will insert fictitious ground wires that will not d

contribute load to the structure, but that will provide zome longitudinal stability, p O I eS fo r t h e | O a C aS e .
Mote that thiz approsimation iz only valid if the structure iz placed in a line

with structures that actually provide sufficient longitudinal suppaort,

[ Usze longitudinal frame stabilization

Lonaitudinal 2-part Stabilization . U n C h eC k th | S b O X W h e n n O

Uze longitudinal 2-part stabilization when you have horizontal % tppe 2-part

inzulators that “'flip" acrozz vour structure, The stabilization iz provided by an WI re I S O n t h e S t r u Ct u re fo r

artificial zpring.  Enter the spring constant belaw,

[ Usze longitudinal 2-part stabilization (Ibsft)] 0000 R u I e 26 1A I O ad C aS eS

Ok | Cancel




90 MPH H-Frame Analysis @ LenterPoint.

Energy
/ _

*No Line Angle

‘NESC 2007 Wind Load Convention

*90 MPH Wind (45 m/sec)

*NESC Medium Ice District

1 Circuit of 795 ACSR Drake Wire (3 per Phase)
eSpan Length = 770 feet (235 meters)



H-Frame Analysis @ LenterPoint,

Energy
/-, T —
Summary of Wood Pole Usages:
Wood Pole Maximim Load Case Segment Weight
Label U=sage % Humher (1hs)
Pole 99 .54 Hurricane NL-,I1 Ni- [(S0mph) 17 S584353.6
EFol 99 .54 Hurricane NL+,I Ni+ [(S0mph) 17 58453.6

90 MPH Wind Load Normal to Wires



H-Frame Analysis @ Centerpoint.

Energy
/# T —
Summary of Wood Pole Usages:
Wood Pole Maximim Load Ca=se Segment Weight
Label Usage % Humber (l1lbs)
Pole 150.74 Hurr -90,I BI+ {(90mph) 16 5843.6 HE
RPol 150.82 Hurr -90,I BI+ {(90mph) 16 5H843.6 HEG

151% Overstress on Pole at 90° oblique for 90
MPH Wind Load (45 m/s) with no wire on
structure.



CenterPoint,
&

Oblique Wind Conclusions Energy

*90 MPH did not show a significant increase in
Foundation and Leg Loads for Towers

«100 — 150 MPH Winds do show a significant
Increase in Foundation and Leg Loads

Research is Based on a Specific 26’x10’ Tower

«10° Increments in Wind Angle can effectively
bracket the maximum value

*Your Results May Vary



Oblique Wind Conclusions eCenterPoint®
Energy
H-Frame

sLongitudinal Wind May Be a Big Problem for
90MPH to 150MPH Winds with no wire on
structure

*Oblique Wind is a Problem in 100 — 150 MPH
Zones

Analysis Considered New Wood Poles

In-Line Guys Solve the Oblique Wind Problem



PLS-CADD WIND FACTORS @ gﬁﬁﬁ;}”’im@

/ Available Wind on Tower Methods

e «Code Based Methods do include
any factors in the codes listed

*\WWIND ON ALL does not include

Mode 1l

e = any factors for flat

lascr 74 _zo0em . «WIND ON FACE does not include
InEsc zoo7 - any factors for flat or shielding

{IEC E08ZA i

ol | *ASCE 74-1991 based on Fastest
_Eggttilgz;iﬂ?ﬂ . Mile wind speed

i - *ASCE 74-2006M and ASCE 2006F
bons G | are proposed methods

'iiii on A1l




PLS-TOWER DRAG FACTORS

CenterPoint,

Energy

S —

- Model Check Report

) o errors or relevant warnings detected.

Section. Section Joint Dead Transverse Longitudinal [ Transverse Longitudinal [ ALf Flat Ar Round Transverse Longitudinal SAPS Angle SAPS Round Force
Lahbel Color Defining Load Drag x Area Drag x Area Area Factor Area Factor Factor Factor Drag x Area Drag x Area Drag x Area Drag x Area Solid
Section Idjust. Factor Factor (CD From (CD From For Face For Face Factor Factor Factor Factor Face
Eotcom Factor For Face For Face Codg) Code) EIL Only EIL Only For A1l For A1l
1 | |EEs 1.310 3.200 3.200 1.000 1.000 0.000 0. 000 .600 1.600 1.600 1.000 Ione
Z |Body3 _ 1435 1.310 3.200 3.636 1.000 1.136 0.000 0.000 L 600 1.818 1.70% 1.000 |NUnE
3 |Body2 _ 173 1.310 3.200 4.114 1.000 1.286 0.000 0.000 L B00 2.057 1.829 1.000 |N0ne
4 |Bodyl _22P 1.310 3.200 4.960 1.000 1.550 0.000 0.000 L 600 2.480 2.040 1.000 |NDnE

Geometry — Sections — Define Table

Modify Drag Factors to account for missing redundants



PLS-TOWER DRAG FACTORS @ CenterPoint.

\

Energy

Changing Wind Methods can be Dangerous

o/f columns are blank, no wind on tower will be
applied when that column becomes active



CenterPoint,

PLS-TOWER DRAG FACTORS Energy

BE Model Check Report
I I
| | INo errors or relewvant warhings detected.
""hmﬁfmﬂm ! ! -
#“*H T ”#“ Adjust Drag
l 1?;11119.*.:;:.1& i
Section Section Joint Dead Transwverse Longitudinal | Transwverse Longitudinal
Label Color Defining Load Drag = Area Drag =x Area Area Factor Area Factor
. Jection Adjust. Factor Factor [CD From [CD From
Bottom Factor For Face For Face Code) Code)
1 ([Cage 11iF 1.310 3.200 3.200 1.000 1.000
2 |Body3 145 1.310 3.200 3.636 1.000 1.13¢6
3 |BodyZz 173 1.310 3.200 4,114 1.000 1.258¢6
4 |Bodyl 22P 1.310 3.200 4,960 1.000 1.550
5

CD From Code is used for NESC 2002, NESC
2007 and ASCE 74-2006F




PLS-TOWER DRAG FACTORS

CenlerPoint.
© Energy

Dection Section Joint Dead Transverse Longitudinal
Label Color Defining Load Drag = Area Drag = Area
Section Adjustc. Factor Factor
Bottom Factor For Face For-itase
1 |cage B 1.310 3.200 3.200
2z |Bodys | 1.310 3.200 P
3 |Bodyz I 1.310 3.200 4.114
4 |Bodyl I zzF 1.310 3.200 4.960

Factor For Face is used by t

adjustments

ne “WIND ON
FACE” method and does not include any height



PLS-TOWER DRAG FACTORS

—

—

Transverse Longitudinal
Drag x Area Drag x Area
Factor Factor
For Aall For Aall
1.600 1.600
1.600 1.518
1.600 2.057
1.600 2 .430

CenterPoint,

Energy

Factor For All is used for “WIND ON ALL” method and

does not include height adjustments



PLS-TOWER DRAG FACTORS @ CenterPoint.

=APS Angle

Drag = Area

Factor

1. 600

1.7085

1.53259

2. 040

Energy

SAPS Angle Factor is used for
the SAPS method and the ASCE
74-2006M method for non-round
members

The shape factor for angles is
NOT included and must be
added

Method is based in Fluid
Mechanics and does not
account for any shielding



PLS-TOWER DRAG FACTORS @ CenterPoint.

Energy

S1PS Round SAPS Round Factor is used for
Drag x Ares the SAPS method and the ASCE
Factor 74-2006M method for round
members

1.000 Method is based in Fluid

1.000 Mechanics and does not

kit account for any shielding

1.000




WIND METHOD COMPARISON Q@ CenterPoint.
- Energy
Foundation Loads

—_. )

—#— SAPS Wind —e— NESC 2007 —— ASCE 74-2006F ASCE 74-2006M ——Wind on All

115

110

105

gy 100

Foundation Vertical Load (kips)

70

-90 -85  -80 -75 70 -65  -60 -55 B0 -45 40 -35 -30 -25 -20 -15  -10 -5 0
Wind Angle



WIND METHOD COMPARISON Q@ CenterPoint.
Energy
Shear Load

—

—&— SAPS Wind ——NESC 2007 —=a—ASCE 74-2006F —< ASCE 74-2006M ——Wind on All
24

22

20

18

Compression Leg Shear Load

=2 16

-90 -85 -80 -75 -70 -65 -60 -b5 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0
Wind Angle



Wind Method Graph

Vector Load Cases - [From PLS-CADD]

v wind loads on insulataors and insulator weights included in Point Loads

Edit Loading Method Parameters ‘ Mate that SF stands for Strength Factor, MOT Safety Factor

Load Case Dead Wind 3F for

Dezcriprtion Load hrea Jteel Poles=

Factor |[Factor |Tubular Lrms

and Towers

S

Loading Method Parameters

CenterPoint,
Energy

Make that when changing the terrain categary, vou may also need ko change the wind pressure and musk recalculate all

point loads.

The ground elevation shift is used when the structure is not resting on the ground, but on top of something like a
concrete pier. It is added to the height used For calculating wind height adjustment.

Ground elevation shift
45CE 74

Terrain Cakegory

CEMELEC (ENS0341)
Terrain Cakegory

[~ EMS0341-3-9 (LK MrA)
Terrain Categary
IEC 60526
Tetrain Cakegary
SAPS
Wind Power
Reference Height
TPMZ
Terrain Categary

ESad C(b)1 2003
Terrain Cakegory
and Region

1. oo
-
L =]
—

F =

i8] W

-

2-AB -

1991 : Input wind pressure is one minute average (close to Fastest
mile),

2006: Input wind pressure is three second gust For category B,

Input wind pressure is bwao second gust For terrain category 2,

Input wind pressure is ane hour average (hased on WE*Kd).

Input wind pressure is ten minute average (based on YRE*KY).

Input wind pressure is three second gust (based on
L o O il A

Input wind pressure is three second gust (Eu;ased on
YRHMAHMS ML),

Create Graphs




Wind On Tower Methods @ CentorFoint,

\

Energy

Wind Method Comparison

METHOD Gust Eesponse Wind Pressure on Tower Drag Coeff
=SAPE Wind NOT APPLICAELE | User Defined Tzer Defined Constant
NESC 2007 Wariable with Height | Constant at 25 Height 3.2 % User Defined

ASCE 74-2006F WVariable with Height | Variable with Section Height | Variable with Solidity
ARCE 74-200610d YVariable with Height | Variable with Member Height | User Defined Constant
Wind on All NOT APPLICABLE | Constant Tzer Defined Constant




PLS-CADD Criteria File @ gggﬁgf‘”'"’@

Weather Cases

See Cntena/Code Specific “Wind and Ternain Parameters for maore infarmation on height adjustments and gust responze factor:

Description . Air Wind . Wind WMire Wire

Density Velocity | Fressure Ice Ice
Factor (mph) [psL) Thickneszs | Density
(] fimn) 1bs/£23)

(psf/mph* 2}

11 |Hurricane 0O.00256 140 50176 a a
12 |NESC LIGHT O.00z256 59,2927 = o W]
13 |NE3C HMediwm O.00z258 39,5285 q 0.z25 57
14 |NE3C Heawvy 0O.00256 39.5285 9 0.5 57
15 |Fule 250 D 0O.00256 30 2.304 0.5 57




PLS-CADD Criteria File

Structure Loads Criteria

CenlerPoint.
© Energy

\

Description iﬁeather case Cable Tind Eisector
condition | Direction | Wind Dir
{deg]

Z6 |Hurr -50 Hurricane Initial R3 |BI+ -90.00
27 |Hurr -850 Hurricane Initial B3 |BI+ -&0.00
28 |Hurr -70 Hurricane Initial B3 |BI+ =70.00
29 |Hurr -o0 Hurricane Initial B3 |BI+ -60.00
30 |Hurr -50 Hurricane Initial B3 |BI+ -50.00
31 |Hurr -45 Hurricane Initial B3 |BI+ -45.00
32 |Hurr -40 Hurricane Initial B3 |BI+ -40.00
33 |Hurr -30 Hurricane Initial B3 |BI+ -30.00
34 |Hurr -Z0O Hurricane Initial B3 |BI+ —-20.00
35 |Hurr -10 Hurricane Initial R3 |BI+ -10.00
36 |Hurr 10 Hurricane Initial R3 |BI+ 10.00
3% |Hurr ZO0 Hurricane Initial R3 |BI+ Z0.00
38 |Hurr 30 Hurricane Initial R3 |BI+ 30.00
39 |Hurr 40 Hurricane Initial R3 |BI+ 40.00
40 |Hurr 45 Hurricane Initial R3 |EI+ 45.00
41 |Hurr 50 Hurricane Initial R3 |EI+ 50.00
42 |Hurr 60 Hurricane Initial R3 |EI+ g0.00
43 |Hurr YO Hurricane Initial R3 |EI+ To.00
44 |Hurr S50 Hurricane Initial R3 |BEI+ g0.00
45 |Hurr 50 Hurricane Initial R3 |BEI+ S0.00

Structure
Loading Criteria.

39 wind cases
added to this
table will
provide oblique
wind on
structures.



Do You Have a Problem? @ gzgg;”f"m@

“I Don’'t Have a
Problem. All my
structures are fine
when the wind
blows In the
direction | want it
to.”




Do You Have a Problem? @ gzzg;”f"ﬂt@

“I Don’'t Have a
Problem. My wood
H-Frame line is In
Missouri in the 90
mph zone.”




Do You Have a Problem? @ CentorFoint,
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“I don’t have time to
evaluate all the
wind cases. The
cost savings now
will pay for the
restoration later.”




CenlerPoint.
© Energy

Do You Have a Problem?

“We have had
structures in the
field for 50 years
and have not seen
any failures yet.
Besides, the wind
does not blow on
the bottom 60 feet.”




CenterPoint,
© Energy

QUESTIONS?

George.Watson@CenterPointEnergy.Com



