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Study on the Possibility of Safety belt’s Slipping out of Buckle*

by Kiyoshi FUKAYA**

There was an accident that a worker fell down from a ladder with leaving his wearing safety belt on it
because the belt slipped out of the buckle. Similar accidents might occur if safety belts do not work well
in the case like this. In this context an experimental study was conducted to investigate the cause of the
accident.

Although the safety belt was later found to have some faults, they were not attributable to the cause of
this accident. Because it could experimentally suspend a human dummy, it was suggested that the cause was
related to the other facts such as a relative position of the buckle to the body, an angle between buckel and
belt (draw angle) , etc.

First, draw angles were measured in the condition that a man actually wears the belt. It was found that
the draw angle was greater in condition that the buckle is at the side of the body than in front of the body,
and the value varied 27 degree to 35 degree.

Following this, the slip resistances which are the force needed to slip off belt out of buckle in a fixed draw
angle were measured for various draw speeds.When the draw algle was decreased stepwise, the resistance
increased suddenly at a certain draw angle. These angles (limit of draw angle) were between 30 and 60 degrees
according to the belt.

In case of the same buckle as the type used in the accident case, the limit was not greater than that under
‘actual wearing condition, but the slip resistance for the draw angle greater than the limit was 1 kgf at most.
This result seems to be applied to the folding type buckle.

In conclusion the cause of the accident is presumed as follows: Something happened to touch the buckle,
leading to the buckle in the put-up condition, i. e. its draw angle became greater than the limit. As the result,
the victim fell down from the ladder while the buckle remained loose.

There is a possibility of belt slip-off accident reguarding folding type buckles. Therefore some measures,
such as the use of a loose stopper, are recommended.
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Table 1 Draw Angle under wearing condition
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Load condition | Without load With load

Waist
Position of Body [Body |Body [Body
buckle front [side front |side (cm)

Subject A 22° 35 18° 30° 76°
B 23° r 2r 26° 76°
C 19° 27 16° 23° 83
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Fig. 4 Measurement of slip resistance
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Table 2 Samples for measurement of slip resistance
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Kind of Belt width | Maker | Remarks
Sample
: buckle
No. 1 folding type 50cm A | The same type as the one victim used
No. 2 pass type 45¢cm B | with spring
No.3 pass type 50cm B | with spring
No. 4 pass type 50cm C
No.5 pass type 50cm C | The same as sample No.4 buckle
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Table 3 Limit of draw angle
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Table 4 Relaxation test of buckle
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Weight [kef] 1.24 2.24 3.24 4.55 5.55 | Mean
Put-up force [kgf] | : 1.1 2.4 2.6 5.8 6.2
Tangent 0.89 1.07 0.80 1.27 1.12 1.03 |.
Draw angle [degree] 41.6 47.0 38.5( 51.9 48.2 45.5
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