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The initial conditions are x(0)=0 and 
[image: image10.jpg]EXAMPLE 34-2
Response of a
Crash Barrier

Solution

Highway crash barriers are designed to absorb a vehicle’s kinetic energy without bringing
the vehicle to such an abrupt stop that the occupants are injured. Figure 3.4-5 represents
such a barrier. The barrier’s materials and thickness are chosen to accomplish this. It can
be modeled as the mass-spring-damping system shown in Figure 3.4-1. Knowledge of the
barrier’s materials provide the spring constant k and the damping coefficient c; the mass m
is the vehicle mass. For this application, ¢ = 0 denotes the time at which the moving
vehicle contacts the barrier at x = 0; thus x(0) is the speed of the vehicle at the time of
contact and x(0) = 0. The applied force f is zero. Most of the barrier’s resistance is due to

the term cx, and it stops resisting after the vehicle comes to rest; so the barrier does not

reverse the vehicle’s motion.

A particular barrier’s construction gives k = 18000 N/m and ¢ = 20000 N-s/m. A
1800-kg vehicle strikes the barrier at 22 m/s. Determine how long it takes for the vehicle
fo come to rest, how far the vehicle compresses the barrier, and the maximum

“deceleration of the vehicle.

The equation of motion has the form of Equation 3.4-1. It is

1800x% 4+ 2x10%% + 1.8x10% = 0

FIGURE 3.4-5 A highway crash barrier.



. The characteristic roots are -0.998 and -10.1. Both are real and negative. So the case is “stable overdamped”. 
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 is the equation of motion and A1= - A2=2.417
. [image: image3.jpg]Table 3.4-1 Free Response withViscous Damping

Equation of motion: mi + ek + ko
Initial conditions: x(0) = Xo
V@
Characteristic roots: e=Y
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So 
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Also, 
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The displacement, velocity and acceleration graphs are plotted using Matlab. Max displacement is 1.6749 m which is the pick of the graph. This happened at t=0.25 seconds. At this moment the vehicle starts to move backward.
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Displacement


Max Velocity is 22 m/s which is at the beginning of the crash. At t=0.25 sec when displacement is maximum, the car stops. 
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Right at the moment that the car hits the barriers, it starts to decelerate and the acceleration at that moment (t=0) is the max acceleration which is 244 m/s2.
This is obtained by considering t=0 in the equation of acceleration. 
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