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4. Working Limits and Safety Limits in Regards to Accidental Falls for
Wind-Induced Vibration during High-Rise Construction Work*

by Katsutoshi OHDO™* and Hisao NAGATA**

Abstract: During the construction of high-rise structures, weather has a strong influence on work
efficiency and safety. Especially, bridge pylons under construction are likely to vibrate due to winds
even less than 10m/s, which is a widely used criterion for suspension of construction work in Japan.
In fact, at a site workers, who were welding, felt it difficult to work due to wind-induced vibration
and construction work had to be interrupted. Although these problems are recognized there are
no construction work efficiency standards or even safety standards for working in wind-induced
low-frequency motion, particularly in regards to accidental falls.

Therefore, criteria of construction work efficiency and safety regarding falls under wind-induced
vibration were experimentally investigated by an originally designed linear accelerator. In this study,
limits of welding work were assumed to be criteria of construction work efficiency, and limits to keep
an upright posture were assumed to be safety limits regarding falls during wind-induced vibration.
In the experiments, low-frequency sine-wave acceleration was transmitted to each subject by the
accelerator. The critical acceleration was investigated while straight line drawing, simulated welding
tasks, and the critical limits to keep an upright posture were being conducted. Thirty young males
and females, and five welders participated in a series of experiments.

From the results obtained, it was found that the critical acceleration for an upright posture for
the male subjects was larger than the female subjects. Subjects were more likely to lose balance
due to backward forces. The critical acceleration for an upright posture increased in proportion to
frequencies, which ranged from 0.5 to 2.0 Hz, but under 0.5 Hz the critical acceleration tended to
keep constant. On the other hand, the relations between the critical acceleration during straight
line drawing tasks and for welding tasks showed similar tendencies and they were almost at the
same levels. Both critical accelerations increased in proportion to frequencies between 0.5 to 2.0 Hz.
However they were in inverse proportion to frequencies under 0.5 Hz. These results are different
from the international standards of ISO 6897, which are used to evaluate the response on occupants
on offshore structures to low-frequency horizontal motion. 3

As the result of this study, standards for construction work efficiency and safety standards, par-
ticularly for falls are proposed to be in the range of 0.1 to 2.0 Hz. Using these results for wind
frequencies, it was found that construction work efficiency was negatively affected during the con-
struction of the Hakucho Bridge or the Rainbow Bridge. Therefore, in case where vibration in the
range from 0.25 to 2.0 Hz is expected and welding work is scheduled, the critical point at which
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the vibration control system is activated, should be lowered from 10 cm/s?, which was used on the

Hakucho Bridge or Rainbow Bridge, to the critical point of 5 cm/s?.

Keywords; Horizontal motion, Low frequency vibration, Welding work, Human standing posture,
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Fig. 1  Result of questionnaires about vibration.
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Fig. 2 The acceleration curve and the direction in case
of one cycle wave of 1.11 Hz.
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Photo 2 Limits to an upright posture.
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Fig. 3 The acceleration curve and the direction in case
of continuous cycles of 1.0 Hz.
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waist.
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Fig. 6 Relationship between frequency and critical ac-
celeration for male upright posture.

FBRB A ERBREFORAMEENE R (BF)

400

300

BBRNMEE (cm/s)
N
(=)
(=]

RBE# (Hz)

Fig. 7 Relationship between frequency and critical ac-
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Fig. 11 Critical acceleration for straight line drawing
tasks in cases of one cycle wave, male.
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Fig. 13 Critical acceleration for straight line drawing
tasks in cases of one cycle wave and continuous
cycles.
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Fig. 12 Critical acceleration for straight line drawing
tasks in cases of one cycle wave, female.
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Fig. 14 Critical acceleration for straight line drawing
tasks and welding tasks (continuous cycles).
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Fig. 15 Displacement of the head in one cycle wave.
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Fig. 17 Displacement of the head in continuous cycles.
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Fig. 16 Displacement of the waist in one cycle wave.
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Fig. 18 Displacement of the waist in continuous cycles.
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Fig. 19 Velocity of head and waist in one cycle wave.
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Fig. 20 Velocity of head and waist in continuous cycles.
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Fig. 23 Working limits and safety criteria regarding accidental falls for wind-induced vibration.
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