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ABRIDGMENT 

•THE SAFE and efficient use of roadways requires proper illumination, and, in order 
to meet lighting requirements, luminaire supports usually have to be installed near 
the edge of traffic lanes. The increasing number of automobile collisions with these 
luminaire support structures and the severity of these collisions has led to the investi
gation of supports that will restrict impact forces to tolerable limits. 

The purpose of this study was to conduct a comprehensive parameter study by em
ploying a mathematical model verified by full-scale crash tests to investigate the ef
fects of varying the significant parameters governing the response of the structure. 
The results can be utilized in establishing design criteria and in determining a safe 
distance from the roadway at which these structures can be installed to avoid falling 
onto the traffic lane. 

THE MATHEMATICAL MODELS 

The first model studied assumes the post structure to be a rigid body under the ac
tion of constant and time-varying forces and idealizes the vehicle as a single-degree
of-freedom spring-mass system. The forces that act on the structure are the gravity 
force, the spring force due to vehicular impact, and the normal and base shear forces. 

The response of the rigid post system is governed by two sets of differential equa
tions (1). The first set predicts the behavior of the system while the post and the ve
hicle are in contact and the forces mentioned previously are present. The second set 
governs the behavior after the post has lost contact with the vehicle and is a rigid body 
moving in space under the influence of gravity. 

The second model studied was taken to be elastic and was obtained by using a finite 
element formulation. The post system in this case was idealized as an assemblage of 
twelve-degree-of-freedom beam elements, and the matrix displacement method was 
used in the development. The equations of motion were solved by a numerical scheme 
(2). A linear analysis was used in the formulation of the elastic model, and the linear 
equations derived were taken to apply only while the post and the vehicle are in contact, 
because once contact is lost, the post rotations become quite large and a linear analy
sis is no longer valid. 

The computer coding for this model allows for the determination of stresses and of 
natural frequencies of vibration. This information can prove very beneficial to the en
gineer in the design of safer and more efficient lighting structures. 

The vehicle impacting the structure was represented as a single-degree-of-freedom 
spring-mass system. The spring was assumed to be massless and incapable of resti
tution, and the rigid mass and its velocity simulate the momentum of the vehicle. In 
this study, the impact force was taken to be the value of a vehicle spring constant mul
tiplied by the difference of the vehicle displacement and the displacement of a corre
sponding point on the post. Values of the spring constant were obtained from tests con
ducted by the Texas Transportation Institute (~). 
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The effect of the base resisting force was approached from an energy consideration. 
The findings of tests revealed that it took an energy of 750 ft-lb to disengage typical 
slip type bases while an energy level of 9000 ft-lb was representative of cast aluminum 
transformer bases or steel progressive-shear type bases. The tests further revealed 
that the initial kinetic energy of the impacting vehicle was decreased by values ranging 
from 1.6 to 3 .1 times the value required to break the base. Thus, based on the test 
data and the accuracy of the reading, a decrease in the initial vehicular kinetic energy 
of three times the base fracture energy was used in the parameter study. This postu
lates that it takes twice the energy to deform the vehicle as it is fracturing the base as 
it does to disengage the base. 

PARAMETER STUDY 

Four different luminaire support posts were employed in the study. They included 
8 in. by 4.5 in. by 25 ft and 8.5 in. by 4.5 in. by 35 ft steel posts, and 8 in. by 4.5 in. by 
27 ft 2 in. and 8 in. by 4.5 in. by 37 ft aluminum posts. The weight of the luminaire 
was taken to be 50 lb., and the luminaire support arm, in all cases, was taken to have 
a length of 15 ft. 

The support structures were impacted by vehicles weighing 2500, 3500, and 4500 
lb., and the vehicular velocity was varied from 15 to 45 mph for each vehicle. Each 
case was investigated for vehicular approach angles of 5 and 15 deg. 

The results obtained from the parameter study reveal that impacting vehicle veloci
ties of 20 mph or less are hazardous since in all cases the post falls on the vehicle. 
At 15 mph, after impact the post is knocked loose from the foundation and strikes the 
ground before falling on the vehicle. At 20 mph, the response of the structure is quite 
similar except that the post does not hit the ground before falling on the vehicle. At an 
impacting speed of 30 mph the 30-ft post clears the vehicle in all cases, whereas the 
40-ft post has the tendency to clip the rear of the vehicle after hitting the ground. This 
effect is more pronounced when energies corresponding to transformer-type bases are 
used. An impacting speed of 45 mph causes the post to clear the vehicle. However, 
this does not necessarily create a safe situation because the post may fall on the road
way, causing a hazardous condition for other motorists. 

The study further revealed that the safe clearance velocity required of an impacting 
vehicle so that a hazardous condition will not be created for the occupants is always 
less for posts secured by slip-type base attachments than for posts secured by trans
former-type bases. These safe clearance velocities are defined as velocities that 
would only cause vehicle damage and not possible injury. A clip of the trunk of the ve
hicle by the post is not considered a condition that could cause injury. 

CONCLUSIONS 

The investigation revealed that: 

1. The slip-type post attachments confine impact forces to lower limits than the 
frangible-type design. 

2. Impacting velocities of 20 mph or less cause the post to fall on the vehicle. 
3. Impacting velocities of 30 mph may cause the taller post installations to clip the 

rear of the vehicle after hitting the ground. 
4. High impacting velocities cause the post to clear the vehicle, but this may create 

a hazardous condition if the post lands on the roadway. 
5. An increase in the vehicular approach angle normally causes the post structure 

to have a terminal position further from the roadway. 
6. The taller post installations have a greater tendency to fall on the vehicle after 

impact. 
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