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Highlights
 There’s no “building code” for vibration and noise
 Users, Facilities Groups, A/Es have to talk about it
 I want to give you the tools to have good conversations

 ANSI (ASA) S3/SC1WG5
Working group tasked to develop / maintain standards, guidelines, 
and technical reports for evaluation of noise and vibration and their 
effects in the design and construction of facilities conducting 
laboratory animal research. 
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Data – Complete Statements
2,000 µin/sec RMS in the 1/3 octave band at 25Hz

48 dB

55 dB(R)

re: 20µPa in the octave band at 120kHz

36 µg 0-Peak at 44Hz (bandwidth = 2Hz)
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Vibration

Animations from Dan Russell at PSU under CC BY-NC-ND 4.0 
@drussellPSU; http://www.acs.psu.edu/drussell/demos.html
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Vibration – in Structures
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Vertical Vibration – Superstructure
 Performance determined by local sources, for soft floors, anyway

 For typical lab floors, walker impact dominates (in good designs)

Usually, vibration levels on the order of 1,000’s of µin/sec
 Vibration levels highly-localized across building, w.r.t. column grid

Lspan

Dfloor
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Vertical Vibration Levels
 16,000+ µin/sec: office, workshop, etc.
 8,000 µin/sec: residential settings
 4,000 µin/sec: threshold of human perception
 2,000 µin/sec: routine laboratories 
 1,000 µin/sec: very good general laboratories

 Ground floors: 10s (maybe 100s) of µin/sec
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Generic VC Criterion System

10

100

1,000

10,000

100,000

1 10 100

Ve
lo

ci
ty

 [µ
in

/s
]

Freq. [Hz]

Human/Animal-scale (feelable)

General Laboratories 

Highest-End Imaging

Byron Davis / www.vibrasure.com



Vibration – Criteria
 Instruments: generic VC for hand-built, or vendor-supplied
 Animals: no good system of criteria exists
 lots of data suggest behavioral and physiological effects
 few data on sensitivities
 fewer treatments on developing and meeting criteria

 Architects, engineers are familiar with VC System
 Current best-practice: VC language for animal facilities
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Vibration – Criteria for Animals
 Chronic sensitivities
 impacts considered over longer periods
 for example, noise-induced stress in holding rooms
 undermines experimental assumptions

 Acute sensitivities
 impacts considered “in the moment”
 for example, distractions during behavioral testing
 injects confounding variables into datasets
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“Empathic Design”
 Consider the animals’ physiologies 

 Consider the animals’ perspectives

 Examples:
 Maintenance catwalk over primate holding
 Incompatible species sharing cage change swing space
 Acute vs. chronic forcings
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Measurements and Data
 The animals can’t easily communicate annoyance 

We really need spectral (rather than overall) data

 Importantly, animals’ bodies don’t respond like human bodies
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Vibration – Instrumentation
 Need data to single-digit Hz and 100’s of µin/sec

 For structures, high sensitivity sensors (1 ~ 10V/g)
 For cages, modest sensitivity (10 ~ 100mV/g)
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Vibration – Sensors

that’s 20,000µin/sec
(5x typical criteria)
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we need data to 1Hz
(criteria start at 1 or 4Hz)
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Sound – Airborne Vibrations
 Still have environmental sources, but local sources dominate
 Frequency is more important, due to range of sensitivities
 Your sense for “problematic” sounds is pretty good 
 Data can inform your intuition about what the animals hear

 But there are still no hard-and-fast rules
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Hearing thresholds: Human from ISO Standard (1961); Mouse from Heffner & Masterson (1980)
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Threshold data compiled by R. Heffner; http://homepages.utoledo.edu/rheffne/Hearing%20in%20Mamm/HearingMamm.html 

-20
-10

0
10
20
30
40
50
60
70
80

10 100 1000 10000 100000

SP
L 

[d
B 

re
: 2

0µ
Pa

]

[ Hz ]

Byron Davis / www.vibrasure.com



Sound – Criteria for Animals
 Again: chronic-vs-acute
 Again: no good systems of criteria
 All well-developed criteria are human-focused
 “Empathic design” 
 Best-practices approaches
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Ultrasound – f > 10kHz
 Bad news: you can’t hear it
Worse: poorly supported by instrumentation

 Good news: highly localized
 Even better news: easily attenuated 
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Noise – Meters?  It depends…
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A-weighting is for 
human hearing
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10~190kHz works 
for small mammals 
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¼” mics for ultrasound
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Now for some real-life data
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We can attempt an R-Weighting
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After E. Bjork, T. Nevalainen, M. Hakumaki, H.M. Voipio (2000)

R-weighting proves better estimation for rat hearing sensitivity. Laboratory Animals (2000) 34, p136~144
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R-Weighted Sound Data
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Cages, Racks Create Vibrations
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Cages Handling is Huge
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Take-away Thoughts
 No formal criteria, but we have ideas
 “Empathic design” is required
 Be careful with instrumentation and data
 Chronic vs acute impacts
 Building vibration/sound only part of the picture
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Thanks for listening!
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