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Abstract: Bollard installed on the street is a facility that protects pedestrians by restraining cars from

entering on the sidewalk. It is basically classified into manual, semiautomatic, automatic type and mostly

manual type is widely used because the automatic type is imported and much expensive. However, in

case of manual handling type in practice,
cars are permitted, and in case of automatic type,

it is very troublesome and difficult to remove
since underbody of a bollard is very

it whenever

long, it is

difficult to dig a deep hole in the ground because a pipe, a hose or a cable is under the surface. In

order to reduce these difficulties, this paper proposed new design of the multistage bollard that moves

up and down automatically by using hydraulic system. This is developed by 6 step creativity of TRIZ

inventive problem solving and structural analysis. The developed bollard can be installed in

shallow hole

and allow entry of vehicles through up-and-down movement without its removal manually. Finally, we

could see smoothly motion through the manufactured bollard.
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Fig. 1 Bollards installed along a road
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Table 1 Different types of the bollards

Type Contents
* Use of a hydraulic system
O
* Oil leakage
* Use of a pneumatic system
* Very speed
Pneumatic . Di;gcuft to control(Inaccurate)
* Risk of explosion
* Use of a electric system
Electric . Af:curaFe control
* High risk by water leakage
* Noise by friction and short life
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Fig. 2 Operation of the bollard used to prevent or

permit cars
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| Problem definition |

1

| Cause analysis |

!
| Application of TRIZ

I

| Structural analysis

Design
Condition

Fig. 4 Design procedure
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Fig. 7 Element-Interaction between the bollard body

and the concrete
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Table 3 Material properties for FE simulation

Young's Modulus(GPa) 193
Yield Strength(MPa) 207
Ultimate Strength(MPa) 586
Poisson's ratio 0.31
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