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Introduction

In tall building design, not only strength and safety requirements need to be satisfied, but, it is often the
serviceability criteria that govern the design. These serviceability criteria tend to be of increased
importance for slender buildings constructed in regions of high winds, such as Hong Kong. Interference
with building occupants’ daily activities resulting from wind-induced building motion is of increased
concern. However, the majority of the previous research that has been conducted to determine perception
thresholds of motion has been confined to single degree-of-freedom sinusoidal motion. The response of
individuals to this type of motion and to the actual narrow-band random motion typically found in
modem tall buildings may be potentially quite different. To date there is little information on the effects
of this low-frequency narrow-band random motion on cognitive efficiency and mental performance. This
paper outlines the preliminary results acquired from an investigation involving the response of humans
subjected to uni-axial and bi-directional random motion.

Methodology

Under carefully controlled laboratory conditions, utilizing the motion simulator in the CLP Wind and
Wave Tunnel Facility (WWTF) at the Hong Kong University of Science and Technology (HKUST), a
population sample of 250 human test subjects was subjected to various low-frequency motions.

WWTF’s motion simulator is designed to reproduce both sinusoidal and dual-axis, narrow-band random
motion. For the current study, random test input drive signals were compiled from model building tests
conducted in the boundary layer wind tunnel at WWTF. For the majority of test cases, the motion
simulator amplitude was found to match the input drive signals to within 5 %, with a negligible frequency
distortion.

The tests were designed to incorporate three frequencies, 0.125, 0.25, and 0.5 Hz, four peak accelerations,
1, 2, 4, and 8 milli-g, and fore-aft and bi-directional motion. One random acceleration signal, generated
in the wind tunnel, was independently scaled in frequency and acceleration amplitude to generate the
desired control signal for the motion simulator. The signal was processed so that each test was one hour
in length. For the higher frequencies the data was spliced together with the result that the peak
acceleration was experienced more often than at the lower frequencies. For the bi-directional motion, an
identical signal was used in both orthogonal directions, but the lateral direction was offset by ten and a
half cycles. This enabled the peaks in one orthogonal direction to occur approximately at the nadirs of the
opposing orthogonal direction. This is similar to the response of a tall building that has similar
frequencies in orthogonal directions, where energy may be transferred between directions, but the
component responses are largely uncorrelated.

Prior to the initialization of the test, and before going into the simulator, each subject was given a pre-
bricfing and was asked to fill out a consent form. Inside the simulator, subjects completed tests
developed according to a Cognitive Abilities Management framework (ETP test battery). The ETP Test
Battery included six cognitive measures tasks and two non-cognitive measures tasks, which were outlined
in Burton et al. (2003). The first non-cognitive measures task was a motion sickness susceptibility
questionnaire, developed by Golding in 1998, and was used to measure the strong links between motion
sickness and the perception and tolerance of motion. The second non-cognitive task measures the five
major factors of an individual’s personality: openness, conscientiousness, extraversion, agreeableness,



and neuroticism (OCEANIC). Developed by Roberts (2001), OCEANIC was used to test the relationship
between different factors of the personality and the effects those personality factors had on the detection
and tolerance of motion.

Upon the completion of the test and after exiting the simulator, each subject was given a de-briefing and
was asked to fill out a research questionnaire which required answering approximately 60 questions
regarding their observations about the test, their previous experiences with building motion, their current
health status, and their overall impression of the test battery.

Results and Discussion

An accelerometer, mounted to the frame of the motion simulator, was used to monitor the actual peak
acceleration and to verify that there was no excessive jerk in the motion cycles during testing. The results
from the perception of motion investigation are displayed in Figure 1 for each of the motion conditions.
The graphs display the cumulative percentage of people perceiving motion versus the measured peak
accelerations at the three separate frequencies.

Perception of Motion at 0.125 Hz Perception of Motion at 0.250 Hz Perception of Motion at 0.500 Hz
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Figure 1: Perception of Motion at Various Frequencies

It is noted that the perception threshold of bi-directional motion was consistently lower then that of fore-
aft motion. This can be attributed to the lateral component of the bi-directional motion as previous
research (Chen and Robertson, 1972) has indicated that people are more sensitive to lateral motion than to
fore-aft motion at these frequencies. Figure 1 also demonstrates quite clearly that for the same levels of
acceleration, the percentage of the population perceiving motion at 0.5 Hz is greater than at 0.125 Hz.
These findings strongly suggest a frequency dependence of motion perception.
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Pre-Conditioning:

The perception of motion information gathered in a laboratory
environment is bound to involve pre-conditioning, as subjects are
ethically required to be informed about all details of testing prior to
their involvement. This was confirmed when 74 % of subjects
answered “Yes” to the question “When you originally volunteered for
this investigation did you expect to feel motion?”. Furthermore, as
shown in Figure 3, people with previous building motion experience,
were found to be more likely to perceive motion in this investigation.
Using a chi-square test it was determined that the relationship between
the people who previously experienced building motion and those who
perceived motion in the investigation was statistically significant at the 5 % significance level. It is also
of interest to note that 19 % of the subjects volunteering for this investigation had previous experience
with building motion, 50 % of those people experienced the motion in their place of residence. It is
speculated that the percentage of subjects who claim to have previous experience with building motion is
highly dependent upon the city in which the investigation is carried out.
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Motion Sickness Susceptibility

Results from the Motion Sickness Susceptibility Questionnaire demonstrated a relationship at the 5%
significance level, between the subject’s susceptibility to motion sickness and the perception of motion.
Individuals believing themselves to be more sensitive to motion more readily experienced motion in this
investigation. This self-awareness suggests that if potential residents are informed about wind-induced
building motion, some people who would be sensitive to motion, and potentially likely to complain, may
choose not to occupy upper levels.

Education

Two questions were asked of each subject to investigate the acceptability of the perceived motion. The
first inquired about complaints if the motion was frequently or infrequently perceived either in the home
or office. The second question was identical to the first but with the addition of an educational statement
that the motion was completely safe. For every instance, fewer respondents said they would complain if
they were educated about the safety of their building motion, with the results suggesting an average
percent reduction in complaints of about 30 %. This highlights the importance of education in increasing
the tolerance threshold of motion. Combined with the widespread experience of wind-induced building
motion reported by the Hong Kong population, which indicates that many people understand that
buildings move in wind without collapsing, this suggests that tolerance thresholds of wind-induced
building motion may be higher in Hong Kong than in most other world cities.

Physical Effects

The perception of motion does not define the tolerance of motion. It is important to understand the
effects of the motion on factors other than perception, such as the ability to induce nausea, headaches, or
dizziness. The ability of motion to induce headaches is important because it was determined that how
often a subject suffers from headaches significantly affected the perception of motion (o = 0.053).
Results of this investigation showed that at the higher levels of acceleration at 0.5 Hz subjects suffered a
greater incidence of disruption from their tasks. Up to 83 % of the subjects at 0.5 Hz, compared to 45 %
and 42 % at 0.125 Hz and 0.25 Hz respectively, complained of undesirable effects, mainly annoyance,
dizziness, and the feeling of lethargy.

Cognitive Effects

The effects of the motion on cognitive performance appear to be minimal. An independent two-tailed #-
test was used to analyze the relationships between cognitive performance and the perception of motion.



The subjects that perceived motion were more inclined to complete the tasks at a faster pace, at the 5%
significance level, without noticeable degradation in the performance level. The subjects perceiving
motion and the subjects not perceiving motion both completed the task measuring working memory and
fluid intelligence with a mean score of 71%, however those perceiving motion finished 12% faster (a =

0.050).

The final task in the test battery was a measure of crystallized intelligence and cognition of semantic
relations. Using the independent two-tailed #-test, it was determined that those who perceived motion
finished the task faster and finished with a significantly better score. In general, this demonstrates that, at
these frequencies and accelerations, motion perception may positively affect the speed at which some
tasks are completed. The idea of motion acting as a stimulus is concurrent with some findings in previous
research (Lovesey, 1976).

Under the current method of analysis no statistically significant correlations were found between the five
personality factors and the perception of motion. One-way Analysis of Variance (ANOVA) was utilized
to analyze the effect of acceleration on cognitive performance; however, there was no statistically
significant correlation between the acceleration of motion and the performance in any of the tasks.

Conclusions

The results of the average perception threshold of low frequency motion determined using dual-axis,
narrow-band random motion showed good agreement with previously published data, indicating that
motion perception is frequency dependent. The effects of narrow-band random motion on cognitive
performance and mental efficiency were shown to be minimal for the acceleration range investigated. It
was demonstrated that individual susceptibility to motion sickness significantly affects the perception of
motion. Education of the public about safety and expectation of wind-induced tall-building motion may
be an important factor in overcoming the anxiety of building occupants.
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