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1. Introduction*

by Kiyoshi FUKAYA** and Shigeo UMBEZAKI***

Abstract: In the field of the civil engineering and construction business, there are many accidents
caused by construction machinery. The number of accidents is large next to that of fall accidents.
Above all, the number of accidents due to excavators is greater number of accidents due to all
construction machinery. The ratio of the fatal accidents due to excavators to the all of the civil and
construction accidents is increasing.

The accidents in relation to excavators were investigated and analyzed. These accidents were
divided into 4 types; “caught and crushed”, “overturn”, “struck by falling or flying object” and the
others. Nearly the half of the accidents belongs to the first type. Therefore the countermeasures
against the “caught and crushed” were studied during 1997-1999 fiscal years.

The “caught and crushed” accident has two factors, excavator and sufferer, and there are two
approaches in prevention of the accident. Both approaches were studied.

An excavator is controlled by a person and the prevention of an accident depends on the operator.
Therefore human factors of the operators are very important, especially in the situation where acci-
dents occur. From this point of view, researches to clarify operator’s human factors were conducted.
The devices that help operators also were studied.

Sufferers could avoid the accidents unless they approached the excavator. Therefore the counter-
measures to prevent a person from approaching an excavator were investigated.

To sum up this specific research report, the following research subjects were conducted.

(1) Development of the excavator simulation system in order to clarify operator’s human factors,
especially in dangerous situations such as presence of co-workers near the excavator.

(2) Experiments using the simulator to clarify the operator’s human factors, especially visual recog-
nition of working circumstances.

(3) Proposals of the methods to detect a person near an excavator in order to alarm the operator
or to stop the excavator.

(4) Proposal of the system to prevent workers from approaching an excavator.
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Fig. 1  The numbers of death in construction business.
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Fig. 2  The death rate of construction machinery.
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Table 1  Typical patterns of accidents.
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Fig. 5 FTA of a crushed accident by an excavator.
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Fig. 6 Mutual interlock of a worker and an excavator.
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Table 2 Classification of safety system.
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Fig. 7 Back Hoe with safety devices.
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Table 3 The difference of safety measures between in
factory and in construction sites.
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