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Outline
1. Vibration fundamentals

 Human perception

 Ambient levels

 Building damage

 Contents (art)

2. Vibration criteria

 Historic buildings

 Art objects and other fragile 
building contents

3. Effects of construction equipment

 Wiss/FTA/CALTRANS/NCHRP

 Vibration Type

 Magnitude
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0.03

The human body can 
perceive very low levels of 
vibrations

Roughly, perception 
threshold for steady-state
vibrations is 0.03 in/sec

Vibrations become 
disturbing at 0.1-0.2 in/sec
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Ambient (Background) Levels in Buildings
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Common Values:

 Closing doors, crowds 
walking: ~0.02 to 0.05 
in/sec

 Running, jumping: 
~0.05 to 0.10 in/sec

 Trains next to AIC: 
~0.03 to 0.07 in/sec

 Moving tables and 
chairs for event: ~0.10 
to 0.15 in/s

0.03
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0.02

0.10



Vibration Criteria to Protect Historic Buildings

 No commonly 
accepted standard

 NCHRP 2012 report 
identifies 20+ possible 
references with limits

 Four primary sources:

 British standard

 Swiss standard

 German standard

 USBM RI-8507

Table 1. Summary of Vibration Limits (NCHRP 25-25 Task 72, 2012)

USBM RI-8507, Siskind, Stagg, Kopp, and Dowding, “Structure 

Response and Damage Produced By Ground Vibration from 

Surface Mine Blasting,” 1980

1

2

3

4



3 Key Factors (in Selecting Appropriate Criteria)

Solutions for the Built World

1. Building Type and Condition

 Responsiveness (sensitivity) to vibration input

 Fragility

2. Vibration Type 

 Transient / Short Term:  Blast, impacts

 Steady-State / Continuous:  Vibratory pile driving, vibratory 
compaction

 Potential for resonance (dynamic amplification) and 
fatigue

3. Importance Factor

 Additional conservatism, cultural or economic value



1. USBM RI-8507, 1980

 Rigorous scientific testing over 
many years

 Pre- and post-blast surveys

 Statistical analysis of 
damage data

 76 residential buildings

 Most timber framed, drywall

 Some brick, concrete block

 Some 100+ years old with 
plaster on wood lathe

 Blast loading, but also 
explored fatigue and 
resonance

Blasting
Test building

John F. (Jack) Wiss Instrumentation setup



USBM RI-8507 Damage Levels for Buildings

Damage Observed PPV
(in/sec)

Threshold damage 
(hairline cracking in 
plaster, opening of old 
cracks, etc.)

3.0

<0.5
(never)

Minor damage 
(hairline cracking in 
masonry, breaking of 
windows)

4.5

Major structural damage
(cracking or shifting of 
foundations or bearing 
walls)

8.0

PPV (in/sec)
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USBM RI-8507
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2.0
 Safe limit to prevent threshold 

cracking in plaster

 Vibrations measured in 
ground at base of building

1. Building Type / Condition:

 Residential buildings 
(natural f ~5 to 10 Hz)

 Condition varied

2. Vibration Type:

 Blast

 Limited steady-state testing

3. Importance Factor

USBM RI-8507



2. British BS 7385
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Line 2: Unreinforced or light

framed structures; 

residential or light 

commercial type 

buildings

USBM RI-8507

Line 2

1. Building Type / Condition:

 See legend

 Part 1, Annex A –
Classification of Buildings

2. Vibration Type:

 Transient

 Continuous:  Reduce by up to 
50% 

3. Importance Factor

 “Important buildings which 
are difficult to repair may 
require special consideration 
on a case-by-case basis….”

Line 2 (Continuous)

Line 1
2.0



2. British BS 7385

0.001

0.01

0.1

1

10

1 10 100

P
P

V
 (

in
/s

)

Frequency (Hz)

Line 1: Reinforced or framed 

structures; industrial

and heavy commercial 

buildings

Line 2: Unreinforced or light

framed structures; 

residential or light 

commercial type 

buildings

USBM RI-8507

Line 2

1. Building Type / Condition:

 See legend

 Part 1, Annex A –
Classification of Buildings

2. Vibration Type:

 Transient

 Continuous:  Reduce by up to 
50% 

3. Importance Factor

 “Important buildings which 
are difficult to repair may 
require special consideration 
on a case-by-case basis….”

Line 2 (Continuous)

Line 1
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Class 3 (“Frequent” / Continuous)

Class 3, (Transient)
0.59

0.24

3. Swiss SN 640 312

Class 2: Industrial buildings

Class 3: Residential buildings in brick 

or concrete, office buildings, 

schools, hospitals, 

churches, well designed

Class 4: Buildings with plaster walls or 

brick arch floors, newly built or 

renovated buildings, historic 

buildings

(Only available in German or 
French)

1. Building Type / Condition

 See legend

2. Vibration Type:

 Transient:  < 1,000 cycles

 Continuous:  < 100,000 cycles

3. Fragility and Importance Factor

 Built into Class 4

 Guide value for Class 4 is a 
range “between the values 
for Class 3 and half thereof”

 i.e., professional judgment

USBM RI-8507
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or concrete, office buildings, 
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churches, well designed
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brick arch floors, newly built or 

renovated buildings, historic 

buildings

Class 4 – Range of reduction 

up to 50% depending on 

judgment for individual case

~60% reduction for 
“frequent” / continuous

(Only available in German or 
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1. Building Type / Condition

 See legend

2. Vibration Type:

 Transient:  < 1,000 cycles

 Continuous:  < 100,000 cycles

3. Fragility and Importance Factor

 Built into Class 4

 Guide value for Class 4 is a 
range “between the values 
for Class 3 and half thereof”

 i.e., professional judgment

USBM RI-8507



4. German DIN 4150
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to vibration, do not 
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1 and 2, and are of 

great intrinsic value 

(e.g., buildings that 

are under a 

preservation order)

1. Building Type / Condition:

 See legend

2. Vibration Type:

 Transient (“short term”) only

Markedly lower than other 3 standards; 
no known basis; possibly more of “an 
annoyance standard not based on 
observed cracking” (Dowding 2000)

3. Importance Factor

 Extra degree of conservative 
apparently already included

 Set reduction for historic 
buildings

Line 2

Line 3
0.12

0.50
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Limits for Historic Buildings

Solutions for the Built World

1. Initial screening procedure assuming conservative thresholds 
(0.2 in/sec transient; 0.1 in/sec continuous) and simple vibration 
prediction methods

2. If exceedance of conservative thresholds is anticipated at a 
particular building, then perform higher level of analysis

 Detailed vibration prediction (field testing, structural analysis)

 Detailed evaluation of building for sensitivity and fragility

 Develop a project- and building-specific protection limit



Limits for Historic Buildings

Solutions for the Built World

3. Develop a project-specific and building-specific protection limit 
based on 3 key factors:

 Building type/condition

 Vibration type

 Importance factor

 Human disturbance

4. Final limit likely in the range of 0.12 to 0.5 in/sec depending on 
the individual case

5. Swiss standard most comprehensive reference (if properly 
understood)



Artwork (and Other Fragile Building Contents)

Solutions for the Built World



Artwork (and Other Fragile Building Contents)

Solutions for the Built World



Limits for Museum Art Collections

Solutions for the Built World

 Given extreme variability, value and non-repairable nature of 
most art objects, a very high degree of conservatism (i.e., 
Importance Factor) is usually desired by museums

 Limit of 0.1 in/sec judged very conservative and used successfully 
on several U.S. museum construction projects

 Possible exceptions / caveats:

 “Walking” of light objects on smooth surfaces

 Resonance of objects with natural frequencies similar to 
construction vibrations

 Extremely fragile objects or those with serious pre-existing 
weaknesses



Project Examples

Solutions for the Built World

 Historic Buildings (many)

 Museum Art Collections

 Art Institute of Chicago (several phases) - HISTORIC

 Saint Louis Art Museum Expansion - HISTORIC

 Clark Art Institute, Williamstown, MA - HISTORIC

 University of Chicago

 Oriental Institute Museum - HISTORIC

 Smart Museum

 Taft Museum of Art, Cincinnati, OH - HISTORIC

 Pulitzer Foundation for the Arts, St. Louis, MO



The Art Institute of Chicago Campus



The Art Institute of Chicago Campus

Sullivan Arch

(c. 1893)

Vibration Limits:

Buildings: 0.5 in/sec*

Artwork: 0.1 in/sec*

* frequency dependent

Modern Wing Addition

(2009) Original museum buildings

(c. 1893)



Chicago Stock Exchange Arch



Chicago Stock Exchange Arch

Chicago Stock Exchange (1893)

Vibratory pile driving (30 ft)

Site demolition and grading (5 ft)

Vibration Limits:

Continuous: 0.2 in/sec*

Transient: 0.5 in/sec*



The Saint Louis Art Museum



The Saint Louis Art Museum

Hydraulic breakers (10 ft)

Hydraulic processor (10 ft)

Tangent pile wall with tiebacks (5 ft)

Vibration Limits:

Buildings: 0.50 in/sec*

Artwork: 0.12 in/sec*

* frequency dependent



The Taft Museum of Art (Cincinnati, OH)



The Taft Museum of Art (Cincinnati, OH)

Duncanson murals on plaster walls (c. 1850)Various art objects

Vibration Limits:

Building: 0.12 in/sec*

Artwork: 0.12 in/sec*



The Robie House (Frank Lloyd Wright)



Vibration Limits:

Building: 0.20 in/sec*

Building roof: 0.50 in/sec*

* frequency dependent

The Robie House (Frank Lloyd Wright)

Heavy truck traffic (40 ft) Excavation and sheeting (70 ft) Demolition on building wall (110 ft)



The Oriental Institute Museum (Chicago)



The Oriental Institute Museum (Chicago)

Assyrian reliefs, gypsum (8th century BC)

Heavy truck traffic and 

light demolition (20 ft)

Hydraulically installed sheet piling, deep 

excavation, heavy demolition (70 ft)

Oriental Institute Museum

Vibration Limit:

Reliefs: 0.06 in/sec
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 Understand the principles behind the limits and each standard’s 
limitations

 Just because a building is historic does not necessarily mean it has 
higher vulnerability to vibrations

 Evaluate each building/project on its own merits

 For historic buildings, limits should be determined on a case-by-
case basis:

 Considering 1) Building type and condition, 2) vibration type, 
3) importance, 4) human disturbance

 Likely 0.12 to 0.5 in/sec depending on the individual case

 Swiss standard most comprehensive (if properly understood)

Conclusions / Main Take Aways
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For example, pile driving, sheet piling, vibratory roller compaction, 
grading/bulldozers, demolition, heavy truck traffic…

Important to know the TYPE of the
vibration to properly compare with
vibration criteria

 Transient

 Steady-state, continuous 

 In between

Typical Effects of Construction Equipment



Preliminary Estimation Methods (Screening)

 Wiss 1981

 FTA 2006

 CALTRANS 2004

 NCHRP 2012

 Others

More accurate prediction methods

 Analytical

 Site-specific testing (before construction)

 Field trials with actual equipment (at start of construction)

Typical Effects of Construction Equipment



 Blasting

 Impact pile driving

 Pavement breaker

TYPE of Vibration*

 Vibratory pile driving

 Vibratory sheet piling

 Dynamic soil composition

 Vibratory roller compaction

 Demolition

 Hydraulic breakers and similar

 Heavy construction equipment 
(bulldozers, etc.)

 Mass excavation, grading

Transient Steady-state / continuous

* Important to know the type of the vibration to properly compare with vibration criteria



Preliminary Estimation - Wiss 1981

Wiss, John F. 1981. Construction vibrations: State-of-the-art. Journal of the Geotechnical Engineering Division, American Society of Civil Engineers..



FTA / CALTRANS / NCHRP

1. Transit Noise and Vibration Impact Assessment, Federal Transit Authority, U.S. Department of Transportation, (Washington, DC., 2006) Hanson, Towers, 
and Meister.

2. Transportation- and Construction-Induced Vibration Guidance Manual, prepared for Noise, Vibration and Hazardous Waste Office, California 
Department of Transportation, 2004, Jones, Stokes.

3. Current Practices to Address Construction Vibrations and Potential Effects to Historic Buildings Adjacent to Transportation Projects, National 
Cooperative Highway Research Program Report 25-25/Task 72 (Washington, D.C.: National Academy of Sciences, 2012).

PPVequip = PPVrefx (25/D)n



 Analytical

 Site-specific testing (before construction)

 Calibrated modal hammer impacts

 Drop weight impacts

 Soil characteristics / effects of soil-to-building interface

More Accurate Prediction Methods



 Field trials with actual equipment on location (at start of construction)

Most Accurate Prediction Method



Consider the TYPE of the vibration to properly compare with 
vibration criteria (transient vs. steady-state)

Preliminary estimation methods (screening)

More accurate prediction methods

 Analytical

 Site-specific testing (before construction)

 Field trials with actual equipment (at start of construction)

Typical Effects of Construction Equipment



Questions / Discussion


