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Perceptie van trillingen in hoogbouw
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Motion can be 
pleasant

Motion effects

Motion can be 
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Kinematics

Motions

Newton’s 1st law: F = 0  dv/dt = 0

Newton’s 2nd law: F = ma

Senses

• Threshold for perception of linear motion 
= threshold for acceleration                           
 0.01 - 0.1 m/s2

• Depends on environmental factors,          
e.g., distraction / focus of attention
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Motion effects

(dis)Comfort @ motion
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Sickness = #1
cause of discomfort
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https://www.youtube.com/watch?v=md8fJEShpZM

Motion effects
Slenderness limited by
height/width < 7 not to
sway in the wind 
potentially causing
motion sickness
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Motion sickness
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Motion = #1

Pavlov

......

Motion sickness
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warmth
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Symptoms

weakness
vary between
people

stomach awareness
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Motion sickness
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Motion sickness

vo
m

iti
ng

 (%
)
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Typical for
little motion

mean misery
= all symptoms

vomiting only
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Motion sickness
Vertical sinusoidal motion (McCauley & O’Hanlon, 1970’s)

• % vomiters
within 20 Ss
and 2h

Ss > 500

• a(n arbitray) 
mathematical fit

• + obs. @ sea = 
ISO2631-1(1997)

• sickness peaks 
@ 0.16 Hz
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Motion sickness
Vertical sinusoidal motion (McCauley & O’Hanlon, 1970’s)

• % vomiters
within 20 Ss
and 2h

Ss > 500

• a(n arbitray) 
mathematical fit

• + obs. @ sea = 
ISO2631-1(1997)

• sickness peaks 
@ 0.16 Hz

0.16 Hz peak
also holds  for

horizontal motion
typical for

high buildings

1st

reason why
(high) building motion

can be sickening
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• ISO 2631-1 (1997) Mechanical vibration and shock - Evaluation of human exposure to whole-
body vibration - Part 1, General requirements
NB: applies to seasickness  motion sickness in (high) buildings

Yet...

• ISO 2631-2 (2003) Mechanical vibration and shock - Evaluation of human exposure to whole 
body vibration Part 2, Vibration in buildings (1 to 80 Hz)
NB: >1 Hz  not motion sickness

• ISO 6897 (1984) Guidelines for the evaluation of the response of occupants of fixed 
structures, especially buildings and off-shore structures, to low-frequency horizontal motion 
(0,063 to 1 Hz)
NB: applies to: a) basic thresholds, b) intrusion, alarm and fear associated with adverse 
comment levels, c) interference with activities  motion sickness

• SRB Trillingen: meet- en beoordelingsrichtlijnen - Hinder voor personen in gebouwen - Deel B 
(ook 1 - 80 Hz)
NB: >1 Hz  not motion sickness
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• ISO 2631-1 (1997) Mechanical vibration and shock - Evaluation of human exposure to whole-
body vibration - Part 1, General requirements
NB: applies to seasickness  motion sickness in (high) buildings

Yet...

• ISO 2631-2 (2003) Mechanical vibration and shock - Evaluation of human exposure to whole 
body vibration Part 2, Vibration in buildings (1 to 80 Hz)
NB: >1 Hz  not motion sickness

• ISO 6897 (1984) Guidelines for the evaluation of the response of occupants of fixed 
structures, especially buildings and off-shore structures, to low-frequency horizontal motion 
(0,063 to 1 Hz)
NB: applies to: a) basic thresholds, b) intrusion, alarm and fear associated with adverse 
comment levels, c) interference with activities  motion sickness

• SRB Trillingen: meet- en beoordelingsrichtlijnen - Hinder voor personen in gebouwen - Deel B 
(ook 1 - 80 Hz)
NB: >1 Hz  not motion sickness

!
by appreciating the 

basics of motion 
sickness
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Motion sickness
Key = organs of balance
• people without functioning organs of balance (e.g., deaf mutes) do not suffer 

from motion sickness ...
• NB1: not even from VIMS

• NB2: blind people do suffer
• as do sighted people with 

eyes closed

• SCC = 3D angular rate sensors

• cochlea = hearing
• otoliths = 3D linear accelerometers
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Motion sickness

expectation

Motion sickness

NB: used to
predict / anticipate
self-motion

NB: people
without ...
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Motion sickness

expectation

expectation = 
neural store / internal model
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Motion sickness

Bos & Bles 
(1998)

McCauley
& O’Hanlon (1970s)
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Motion sickness

Bos & Bles 
(1998)

McCauley
& O’Hanlon (1970s)

Motion sickness
• explainable
• (partially) predictable

... a natural response to 
an unnatural stimulus

• not avoidable 

How about
vision ?
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visual
self-motion = ship motion

Visually modulated motion sickness

congruent
 less sickness

physical
self-motion = ship motion
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no visual
self-motion

Visually modulated motion sickness

expectation

incongruent
 more sickness

physical
self-motion = linear

building motion
high altitude  scene @ inf.
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no visual
self-motion

Visually modulated motion sickness

expectation

incongruent
 more sickness

physical
self-motion = lateral

building motio
high altitude  surround @ inf.

relates to
fear of heights

2nd

reason why
(high) building motion

can be sickening
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Motion sickness

expectationcan move

Motion sickness
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Motion sickness

expectation can’t move

 more
motion sickness

3rd

reason why
(high) building motion

can be sickening,
despite small
amplitudes!
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Wrap-up
Most stressful about high building motion = motion sickness
• syndrome more than only nausea and vomiting!

Key = organs of balance
• motion sickness is a natural response 

to an unnatural stimulus

No standard available
• office vs residence?
• exposure duration?
• habituation?
• ...

PoC
jelte.bos@tno.nl

www.jeltebos.info


