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ABSTRACT:

This paper presents updates from a joint EFEE-ISEE study on blast vibration standards and limit values intended to
prevent structural damage, particularly cracking of wall materials. The study reviews and compares vibration standards
applied in Austria, the United Kingdom, France, Germany, Norway, Sweden, Switzerland, and the United States,
which are often misunderstood due to differences in documentation, historical background, and language.

Many countries adopt or reference standards developed elsewhere; however, significant differences exist in
measurement methods, sensor placement, and evaluation locations. As a result, direct comparisons between standards
are often misleading or not possible. Although the standards are interconnected, their underlying objectives,
assumptions, and application principles vary.

Several standards rely on complex formulas that consider ground conditions, structural characteristics, foundation
types, and blasting methods, making limit values difficult to apply in practice. Limits intended to prevent wall cracking
are frequently conservative, leading to increased costs and reduced efficiency in rock excavation.

This paper encourages audience participation to examine the intent and application of existing standards, identify
deviations in current practice, and discuss potential modifications that allow blasting to be carried out both safely and
economically.

1. BACKGROUND

Ongoing work of the EFEE Environmental committee since 2018 has focused on understanding similarities and
differences among norms, guidelines or standards imposed on blasting vibration velocity limits in Europe and
abroad. Findings show that standards and the implementation of geophones measurements are highly divergent and
restrictive for identical rock blasting works. Limits are allegedly set to prevent structure material cracking while no
scientific evidence has been produced to support this concept or explain the diversity in standards (Gjedvad & Jern,
2019; 2020).

Field measurements were initiated in May 2021 with the installation of seven geophones from two manufacturers,
three crack gauges and two microphones, monitoring air-overpressure, on a commercial building at the Aitik mine in
northern Sweden comparing different country limits during blasting operations and summarized in Gjedvad et al.
(2022; 2024). This study was the first attempt to instrument a structure in compliance with various standards and
geophone mounting locations. The far distance from blasting to the structure did not result in significant vibration
amplitudes but provided an opportunity to introduce the concept of global wall strains as the response of an existing
wall crack to vibration and effects of weather changes.

A third phase of the study began in 2023 with instrumentation of residential structures in Ohio and Michigan in the
U.S. near quarries continued the focus on wall material cracking potential based on global strain rather than on ground
vibrations (Aimone-Martin et al., 2025a and 2025b). Although blast-induced ground vibrations exceeded the U.S.
limits for several blasts, they far exceeded international standards but did not result in any observed wall cracking.
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The highest computed wall strain at the Ohio house for 68 blasts was 12 p-strain in tension and 72.1 p-strain in shear
while many blasts exceeded international standards up to 6-fold without the formation of wall cracking. Blasting near
the Michigan house produced wall strains of 37 p-strain in tension and 151 p-strain in shear with no observed wall
cracking. The highest exceedance occurred for the Swiss standard at a vector sum of 35.1 mms/s that far exceeded the
limit of 6 mm/s.

The notion that limits are adopted to allegedly prevent threshold cracking in structure materials when

vibration limits are exceeded cannot be supported when in fact there have been few, if any, documented cracks
originating from rock blasting-induced vibrations well above current standards. Two studies in which structures
were subjected to increasing high levels of blasting vibrations to intentionally cause material wall cracking validate
that existing standards are highly conservative and cannot lead to wall cracking

In a study reported by Noren-Cosgriff et al. (2020) no visible cracking was observed in two structures subjected to
vibration levels in the ground in excess of 260 mm/s resulting in high wall strain of 1750 p-strain. Aimone-Martin et
al. (2022) equally documented a new vertical crack in mortar over the height of a one-story residential structure in
mortar at 280 mm/s horizonal ground motion well above the U.S. limit of 51 mm/s resulting in 700 p-strain wall
shear strain. This strain amplitude was consistent with observed mortar wall cracking during lab studies reported by
the US Bureau of Mines (Stagg et. al. 1984).

2. CURRENT STANDARDS FOR RESIDENTIAL STRUCTURES

A summary of compliance limits and monitoring for represented counties included in this study is provided in Table
1, Plots of vibration standard limits as currently interpreted are given in Figure 1. Allowable limits are shown on the
Y-axes with the X-axes representing either distance between the blast and monitoring location, zero-crossing peak
frequency or FFT (Fast Fourier Transform) frequency for the highest component velocity. For this discussion, these
standards apply to inhabited residential structures of normal or average sensitivity residing near mining or quarry
blasting as was employed at the Ohio and Michigan house studies. In this study we have focused on quarry blasting
and the effect hereof on regular dwellings. The study has not addressed human response or annoyance.

A discussion of each standard is presented herein. The information is intended to be general in nature and not
necessarily comprehensive, complete, accurate or up to date. Many of the details have been translated from non-
English languages possibly affecting the meaning and not completely recognizing cultural undertones. As indicated,
some details for compliance determination are unclear. It is the authors’ goal that clarity can be accomplished into
the near future.

2.1 United States (U.S.) and United Kingdom (U.K.) Standards

The U.S. and U.K. standards are similar and unique among the other nations in that seismograph geophones are
coupled to the ground rather than mounted on structures. The U.S. limits were recommended as safe blasting criteria
developed from structure response studies for blasting at surface coal mines and quarries (Siskind et al., 1980).The
U.S. Bureau of Mines (USBM) chart is currently used for all types of blasting and routinely adopted as construction
project and mining specifications and as standards within the National Fire Protection Association (NFPA) 495 Code
in Chapter 11 for fire marshals that permit construction blasting. They have further been adopted as regulation by the
Office of Surface Mining (OSM) for coal mine blasting. The U.S. limits are based on cracking observations where
structure response studies correlate horizontal ground motions with global wall shear and tensile strains. This is
very important as measured velocity was translated into displacements based on dominant frequencies, recognizing
that cosmetic cracking is not related to velocity but rather to strains from displacements imparted to surface wall
materials.



Table 1. Interpretation of various standards for comparisons for eight counties

Limits Geophone . . C li limits for ground motions for
Reference for standards Geophone Location of b (s)in Attact . N . N
Country . frequency | frequency N inhabited, residential structures and quarry
and | actual practice methods A
based? range (Hz) blasting
On foundation:
Vew =Ve * B¢ * A
V; = baseline vibration of 9 mm/s
Austria SNORM S 9020:2015 Peak vector yes 2-250 On foundation (basement) no more Bolting E¢ = 3.5 for average sensitivity building class
sum then 0.5 m above the ground. (residential)
A¢= 1 for blasting with duration less than 2 sec,
otherwise 0.75 for longer durations
Circular No. 96-52 of
02/07/.96 relating tz.) quarry Peak Basement wall fully coupled with the| Bolting, cementing |10 mm/s for ponerated ampltidues at all
France operations. Appendix II: yes 1-150 e .
" . component structure or similar freugencies
Vibration Measurement
Method
On foundation:
On foundation (basement) no more <10 Hz-5 mm/s
DIN 4150-3 (1999); than 0.5 m above the ground. ;g'igx' 51’5152"?/5
Germany Vibrations in buildings - Peak ves 1315 Bolting 100 Hz -ZZO mm/s mm/s
Part 3: PPV limits based on| component In addition, at the highest floor
type of structure, where the horizontal direction At upper floor over all frequencies:
should be monitored horizontal component - 15 mm/s
vertical - 20 mm/s
Vertical compliance limit or peak component
when blasting <10 m
Peak V'=Vo * Fg * Fb * Fm * Ff * Fd* Fk
component at d Vo — Uncorrected vibration - current standards
NS 8141-1:2022¢ <10 m; vertical set at 20 mm/s
Norway S:r:terl:j:iilcl)r:l\:/\:)iuzsp:» C;EETS::T no 1.6-400 At load-bearing foundation close to Bolting Eiiir?u?d condition factor
¢ Hion work, ground —building type factor
pit and pit mining and wherd = Fm —material and building detail factor
traffic. distance from Ff — foundation factor
blasting to Fd — distance factor
structure Fk — blasting source factor
Vertical compliance limit, Vv
Vv=Vo*Fb*Fm *Fd * Ft
V, = vertical component of uncorrected vibration
velocity depending on geology
: X : : F, = building factor
Sweden |5 460 4866 (2011) CO\:;::‘Z'M no 5-300 ::0':’2‘; bearing foundation close to Bolting F.. = construction material factor
Fq = distance factor depending on geology
Ft = project time factor
NOTE: for quarries, site-specific limits may apply as low
at 4 mm/s
Vg - time correlated vector sum of 3 components
plotted against the maximum FFT frequency
associated with the highest component velocity
Attached to foundation wall on the Boltin (x, y, or z) based on 2 categories of blasting
side of building closest to the blast e frequency per year:
when acceleration >3 m/s’ (0.306 g), " Frequent  between 1000 and 100,000 blasts
Time-correlated securely attach to construciton If geophone weighs Occasional < 1000 blast
Switzerland SN 640 312a 1992 yes 5-150 >2.5kg, can be . . . L
vector sum elements; N and for Class Il residential dwelling, normal sensitivity
X ) bolted to or sit on )
when acceleration <3 m/s” (0.306 g), floor Frequent  Occasional
no attachment is needed FFT Frequency (Hz) Vg (mm/s) Vg (mm/s)
(placed on floor) <30 6 15
30- 60 8 20
>60 12 30
to prevent cosmetic damage.
BS7385 Part 2:1993; Part 15 mm/s at 4 Hz increasing to 20 mm/s at 15 Hz
United 2: guide to damage levels Peak In soil or solid surface measured as Burial, spiking, 20 mm/s at 15 Hz increasing to 50 mm/s at 40 Hz to
Kingdom  |from ground borne component ves 1-300 close to foundation level as possible | sandbagging, bolting |250 H2
vibration . .
1-4 Hz - 0.6 mm maximum displacement
USBM 8507 -safe levels of
blasting ; The Office of Buried in undisturbed soil or bolted
United States Surfacg Mining.(OSM) Peak ves 2-250 to rock c.>r attached tg st.ructure Burial,.spiking,l RI 8507 safe blasting criteria graph
regulation Sections 816.61-| component foundation located within +/- 0.305m | sandbagging, bolting

68 and 817.61-68 (1983)-
coal mining only

(1 ft) from ground level
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Figure 1. Graphical interpretations of various standards

The concept of wall strains as a compliance criteria is recognized in the U.S. in New York City as adopted into
Chapter 56 of the 2022 Fire Code! based on over five years of structure response studies to support this criterion
(Meyers & Aimone-Martin, 2019).

The U.K. limits based on BS 7385 provides guidance on safe blasting limits that closely follow the USBM safe
criteria above which cosmetic damage (cracking) could occur. Limits to prevent minor and major damage are also
discussed without describing these categories of structure damage. Guidelines further include methods of
seismograph deployment, recording and analysis of vibrations. A discussion of building strains related to ground
strains based on P- and S-wave velocities and relative displacements leading to structure cracking provide support
for frequency-based damage criteria.

2.2 Austria

The Austrian blasting standards ONORM S 9020 (figure 1C) vibration protection for above-ground and
underground systems are based on peak vector sum as a function of FFT frequency. Terms include structure
sensitivity class, how often blasting occurs (referred to as frequency class), and duration of events. Geophones are
bolted on the foundation and the allowable vibration is computed as

Vew = Vg * Er * Ar

1 (https://www.nyc.gov/assets/fdny/pdfviewer/viewer.html?file=chapter-56-2022.pdf&section=firecode 2022
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where

Vs = baseline vibration of 9 mm/s

Er = building sensitivity factor 3.5 for average sensitivity (residential) building class
Ar = reduction factor for frequencies up to 10 Hz and beyond 40 Hz = 1

For quarry and construction blasting, the frequency class of “seldom” likely applies and defined as up to 1,000
events per year. The reduction factor Ar for impulsive vibration occurring seldomly equals one for frequencies up to
10 Hz and above 40 while guidance for the interval 10 to 40 Hz is similarly interpreted resulting in Ar = 1 over all
frequencies as shown in Figure 2 where “frequency” is the FFT frequency.

2.3 Germany

DIN 4150-3 (1999), figure 1D, prescribes structure measurements in two horizontal directions on the top structure
floor or can be recorded at the foundation. Since frequency was not specifically defined within the main body of the
DIN standard, a zero-crossing frequency for the peak is assumed.

However, the DIN 4150-3 document (English translation) provides an example recorded vibration velocity time
history (Figures D-1 and D-2) for a mechanical machine start up that is transformed into the frequency domain to
identify what is referred to as the “significant” frequencies, The FFT peak is then used to find the allowable limit
from the compliance curve for residential dwellings as given in Figure 1. The measured peak velocity is compared to
the compliance limit at the FFT peak on Figure 1 to show that the measurement falls below the limit and is within
safe limits. This infers that the German standard X-axis should be FFT frequency rather than zero-crossing
frequency

2.4 Norway and Sweden

The Norwegian (figure 1E) and Swedish (figure 1F) guidelines are distance-based and similar in the consideration
of the factors contributing to guidance levels. These include overburden geology near the structure and structure
details such as building type or use and materials used in construction.

The Norwegian standards are distance based and employ six factors multiplied to a base vibration limit of 20 mm/s
to include the influences of site geology, building foundation fill material, structure type and building materials,
building type, and vibration source. Factors are found in various tables and noted below for the Ohio study house
case.

Vertical compliance limit, V' = Vo * Fg * Fb * Fm * Ff * Fd* Fk
where
Vo — uncorrected vibration (current standards set at 20 mm/s)
Fg — ground condition factor
Fb — building type factor (1 for residence)
Fm —material and building detail factor (1 for unreinforced)
Ff— foundation factor (0.8 for soil)
Fd — distance factor (varies with a complex function)
Fk — blasting source factor (0.5 for mine and quarries)

The Swedish standard is also based on distance where the base vibration is a function of geology with other
multiplying factors applied similar to the Norwegian standard.

Vertical compliance limit, Vv = Vo * Fb * Fm * Fd * Ft
where
Vo = vertical component of uncorrected vibration velocity depending on geology (18 mm/s)
Fb = building factor (1 for residence)
Fm = construction material factor (1.2 for timber)
Fd = distance factor depending on geology (varies with a complex function)
Ft= project time factor (1 for quarry)



The standards do not consider the frequency of vibrations important in the analysis of strain response. Most likely
frequency can be inferred with the type of geology near or under the structure based on P-waves, but the connection
is not clear. Another issue is the use of the vertical component of structure response measured on the foundation
rather than by the lateral components that properly relate to wall strain for compliance limits. A discussion of these
and other issues with recommendations for changes to the Swiss standards is presented by Eriksson & Jansson
(2018).

2.6 France

FFT analysis is used to analyze and adjust vibration amplitudes in terms of peak velocity as it affects alleged
damage potential to structures in the French Standard Circular No. 96-52 of 02/07/96. Adjustments of velocity re
made using a ponderation (or amplification/deamplification) function based on FFT frequency shown in Figure
1G&H. The function is applied at low frequencies (< 5Hz) to adjust the velocity measurements upward and at higher
frequencies (>30Hz) to adjust downward.

The algorithm used to compute pondered peak velocities can be confusing and difficult to understand by the layman.
However, a simple explanation was provided over the interval < 5Hz (R. Wheeler, personal communication, 11
March 2025). At each frequency, N, the vibration is multiplied by weighting factor 5/N, such that at 1 Hz, the factor
is5/1 or5,at2 Hzitis 5/2, at4 Hz it is 5/4 and 5 Hz, it is 5/5 or unity (no amplification). No explanation is given
for this data transformation within the French guidelines

2.7 Switzerland

The Swiss standard (Figure 11) are considered to be the most restrictive of standards considered for this analysis.
Limits are based on maximum time-correlated vector sum of all three geophone components plotted against the FFT
frequency for the component with the highest or peak velocity amplitude.

For residential structures of normal sensitivity and frequent blasting such as in mining and quarrying, a peak vector
sum limit of 6 mm/s is applied for all FFT frequencies up to 30 Hz. Beyond 60 Hz the allowable vector sum is 12
mm/s which is over four times smaller than the U.S. and U.K. peak velocities limits verified to prevent wall
cracking. Justifications for such highly restrictive limits to prevent structure crack damage cannot be made.

The value of 6 mm/s applies if more than 1,000 events occur per year (otherwise 15 mm/s applies). However,
“events” do not refer to the number of blasts; instead, each wave cycle is counted as a separate event. This makes it
difficult to clearly define what constitutes 1,000 events, which is why the lower value is typically used to be on the
safe side.

3. Concluding remarks and recommendations

The diversity of international vibration standards applied to blasting operations near residential structures

selected for this study demonstrate the differences among guidelines for deployment and measurement of vibrations
ranging from peak component, peak vector sum, and vertical component. The dependent metric correlating velocity
ranges from zero crossing frequency, FFT frequency or distance between blasting and structures.

When making comparisons, it is important to note that the standards are not directly comparable, as these
measurement methodologies differ. For instance, measurements conducted in soil (e.g., in the US and UK) generally
result in higher vibration levels than those obtained from measurements in a building’s foundation. Furthermore,
measurements taken solely in the vertical direction typically yield lower values than those based on peak component
or peak vector, particularly at greater distances.

The high allowable limits in the U.S. are compared in Figure 5 with the Swiss standard. Although the metrics used
for guidance are slightly different, the wide difference shows how diverse limits can be when allegedly set to
prevent structure material wall cracking based on the misinformation on safe standards, fear of excessive
complaints, and not understanding implications for cost.
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Figure 5. Comparison of U.S. and Swiss standards
3.2 Suggestions for future work

It is the desire of the participants of the EFEE-ISEE on-going study to further interactions among different country
members in an attempt to unify blasting vibration standards and align the standards to address crack damage
potential in structure wall materials based on strain. Simplification of the parameters affecting structure response
and concepts that make standards a challenge to implement is the first step in this process.

The following are action items to consider for near future work:

e Educate regulators, persons enforcing standards and guidelines, engineers responsible for developing
blasting specifications for mining, quarrying and rock removal works by blasting on the science of structure
response, causes of material cosmetic cracking and vibration limits at which cracking might occur.

e Develop standards that address the fundamentals of blast-induced cracking in structures to incorporate
velocity and frequency in combination as they related to displacements acting deferentially in structure
walls in above ground structures that might lead to excessive strains and, in turn, exceed yield or failure
stresses.

e Establish instrumentation guidelines and protocols to ensure accurate and representative measurements
used to evaluate structure cracking potential.

e  Work toward a published “White Paper” that summarizes relevant peer-reviewed research on blast effects
on structures to educate and guide decision makers, seismograph manufacturers and operators, consultants,
project engineers, etc., on strain-based criteria to protect structures.
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