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♦ Abstract
Billboards signs are commonly used by the outdoor media
companies to deliver a message to the public and society. High-
intensity winds could cause severe damage to the sign structure
causing sudden collapse. After hurricane Maria, during field
inspections, a local buckling and plastic yielding type of failure
was noted at the lower ends of poles supporting the sign's
structure. In this project we selected a case study at the
Municipality of Bayamon, and developed a refined Finite Element
Model to perform advanced analysis that may capture the
billboard collapse mechanism, allowing us to backward compute
the wind speed that may have produce such failure.

♦ References

• The high winds produced by hurricanes, tornadoes and other
severe storms can cause widespread destruction.

• On September 20, 2017, the island was hit by strong Category
IV hurricane called “Maria” [1].

• Wind speeds of 155 mph were recorded by weather agencies
in different places of Puerto Rico.

• As shown in the next figures wind force acting on existing signs
face was excessive enough to produce local buckling and
plastic yielding failures at the base of the free standing
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♦ Analytical Model

♦ Methodology
• Different cases of billboard failures were identified.

• Field visits were developed to perform a visual inspection,
take measurements, and perform a general assessment of
the failure, and identified main damages as caused by local
buckling and yielding of the post.

• 14’ x 48’ Billboard Sign located at Christian Church parking at
the Municipality of Bayamon was selected.

• Dimensions of the structure were obtained from the site visit.

• Linear Elastic Buckling Analysis was performed to find the
critical load factor and the bucking modal shape, and
determine which velocity of wind produced the critical
condition that may produce caused the buckling failure.

• Full Static Nonlinear Analysis (Pushover Analysis)
considering material nonlinearity and geometric P-Delta
effects was performed with the same purpose.

♦ Analysis & Results

• A discretization of shell element pin connected at the base with 48
division on Z direction and 24 on the angular direction.

• A rigid diaphragm plate was inserted between both poles to
connect one each other.

• Additional diaphragm plate was located on top of the upper pole.

♦ Conclusion
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♦ Introduction

Load Considered:

Base Shear vs. 
Displacement Curve

Stress vs. Strain Diagram

• After linear buckling analysis modeling was performed, the most
reasonable model was the linear buckling analysis in Trial 2. That
trial resulted in the lower critical load factor, meaning that this
condition was the governing one. And the buckling mode showed
a strong resemblance to the field observation.

• An estimated velocity of 209 mph was calculated using the
analytical procedure established by ASCE Code 7-05 [2].

• From the static nonlinear analysis (Pushover) an estimated
velocity of 111 mph was calculated for A-36 steel material.

• From this results lower loads were obtained, it clearly shows that
the failure condition was not initiated by elastic buckling and that
perhaps it was due to plasticization accompanied subsequently of
local buckling or yielding accompanied by an inelastic local
buckling.

• It is recommended to obtain more information about the properties
of the material, the original design specifications and perform
laboratory tests, in order to be able to do additional analysis of
"pushover" and determine the wind speed more assertively.

• There is no doubt that Hurricane Maria established an
unprecedented event for the signs industry in Puerto Rico since
we must learn. The future of sign design parameters was directly
changed after the mentioned above-declared disaster. It is
reasonable to believe that the current code must be changed to a
higher amount of wind speed.
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