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RICHARD PRICE AND THE MOUNTAIN PLAINS CONSORTIUM: 

Use of Wind Power Maps to Establish Fatigue Design Criteria for 

Traffic Signal and High-Mast Structures

Traffic Signal Arm

High-Mast Pole
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CONCLUSIONS: 

TRAFFIC SIGNAL ARMS

HIGH WIND

XHIGH-MAST POLES

WPC

PURPOSE: 



B A C KG RO U N D

HIGH-MAST POLES

• Typically 100-120 ft tall

• Lighting device at top (Luminaire)

• Constructed of multi-sided tube steel

• Fixed to a concrete pad

• Failures
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VORTEX SHEDDING

• Occurs when fluid passed over a blunt object

• Alternating pressure zones

• Across-wind movement
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VORTEX SHEDDING

• Natural Frequency

• Critical Velocity

• Lock-in
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VORTEX SHEDDING

First Mode Second Mode Third Mode 

Increasing
Frequency 
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WHY A TRANSFER SHEET?

• Purpose – easy prediction of high-mast results 

• Why it is called a transfer sheet

INPUT

• Pole 
Dimensions

• Pole Dynamic 
data

• Area data

TRANSFER 
SHEET

• CSA building 
code

• Loops 
separate wind 
velocities

OUTPUT

• Critical wind 
velocity for 
pole

• Maximum 
displacement 
and location

• Base moment 
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EMILY AHEARN: 

REDUCTION OF WIND-INDUCED VIBRATIONS IN

HIGH-MAST LIGHT POLES
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HIGH-MAST POLE LOCATION
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• Strouhal Number

• Natural Frequency

• Wind Speed Fit

Vortex Shedding 
Excitation

• Equation Estimation 

• Found from SAP 
Model by Emily

Modal Shapes
• Band-limiting 

random process for 
small disp.

• Harmonic Lock-in if 
large

Modal Coefficient 
of Magnitude

• Velocity “bin size” 
chosen

• Macros written to 
loop from low to high 
velocities

Velocity Looping

TRANSFER PROCESS
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MORE ON TRANSFER SHEET “LOOPING”

CSA Code

Maximum 

Displacement

 & Maximum Stress

Estimation of Critical 

Velocity

Estimation of Critical 

Height

Estimation of Critical

Mode

Transfer 

Sheet

Maximum 

Displacement

 & Base Moment

Exact Critical Velocity as 

all are tested

Exact Critical Height as all 

points along pole are tested

Exact Critical Mode as all 

are tested

Base moment found from 

summation of stresses and 

pole geometry
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TRANSFER SHEET OUTPUT
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lower upper max disp (in) height (ft)

11 12 5.46 97.60

Velocity Range (mph) Max Displacement

Second velocity max at 
19-20 mph with disp. of 2.7 inches
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COMPARISON OF OUTPUT TO FIELD DATA
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• EFFECTIVENESS OF THE TRANSFER SHEET

• Estimation of Critical Velocity

• Estimation of Critical Mode Shape

• Estimation of Critical Height and 

Displacement

• POSSIBLE FLAWS

• Magnitude of base moment predicted
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FUTURE WORK
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• COLLECTION OF MORE FIELD DATA

• DYNAMIC VARIABLES

• ADDITION OF WIND VARIABLES

• Wind direction

• INPUT OF ACTUAL WIND DATA

• Airport reports or WPC maps

• CAFL COMPARISONS

• STATE-ENGINEER DATA COLLECTION



QUESTIONS?

T HIS RESEARCH HAS BEEN FUNDED BY…


