
50 YEARS OF

BLAST VIBRATION 

MONITORING & CONTROL
(No, this isn’t my retirement speech. There’s too much left to do.)

Quick Review of Historical Trends

Deep Dive into RI 8507



HISTORICAL TRENDS
Loss of Contact w/ Primary Studies    8896?

Greater Definition of Blasting Regulations Z

Shrinkage of the Control Crack         Nail pops 

Comparison of Vibratory and Weather Response of Cracks

Computerization of Instrumentation    

Increasing Analytical Ability fdom, FFT

Improving Close-In Blasting Capability   

Application of Blasting Research to Construction Vibrations

Increasing Sophistication of Explosive Technology Elect Dets



LOSS OF CONTACT w/ PRIMARY STUDIES

Who Has a Copy of RI 8507, 8896, or  9523 ? 

Who Has Read These RI’s from USBM

Summarize 10’s of Millions of Dollars of Vibration 
Research

See OSM for complete collection 

https://www.osmre.gov/resources/blasting/ARblast.shtm



8507 Structure Response & Damage Produced by Ground Vibrations from Surface Blasting

Siskind classic that introduces the concept of a frequency based vibration control limit; 
the Z curve. 

These limits are based upon the observation of cosmetic, hair sized cracks

8896 Effects of Repeated Blasting on a Wood-Frame House

Loose ends of RI 8507 are tied up in this report, which contains results of full scale fatigue tests 
(important for vibratory construction equipment) as well as full scale tests of in-plane shearing of 
concrete masonry units..

9523 Surface Mine Blasting Near Pressurized Transmission Lines

Reports response of field tests on pressurized pipelines subjected to full-scale surface coal mine 
blasts. Demonstrates that they can sustain very high particle velocities. 

Reprints available from ISEE and OSM ARblast .



Memories of the birth of “Z”
Top 10 from RI 8507 



10) Of the 76 
homes inspected 
many were 
distressed:
and subjected a 
total of 240 
blasts



Structure 51 –
plaster and lath walls 
Over abandoned coal mine
wall paper stripped to 
expose extensive cracking 



9) Homes included a wide 
variety of construction types
gypsum drywall lowest PPV to 
induce cracking ~0.79 ips

Structure  20



Structure 27
Lowest PPV – 0.72 ips
to produce 
cosmetic cracking in 
plaster and lath

Example foundation support



Structure 19 Plaster and Lath
Cracking: PPV-Fdom plots along
Line of constant displacement 
on the Z curve



PPV = 25.6 mm/s ~ 1.05 ips

PPV = 47.2 mm/s ~ 1.85 ips

PPV = 216.9 mm/s ~ 8.53 ips

8) Interior wall coverings were inspected 
immediately before and after each blast



7) Home velocity response was amplified 
(eg was greater than peak particle ground velocity)

Upper Corner
Superstructure

Midwall



6) Observations of 
blast –induced 
cracking were based 
on threshold of 
cosmetic cracking 
lower than previous 



Dvorak

shaker

Lowest USBM PPV & threshold
house 27 plaster and lath

Structures 19, 27, 51
Plaster & Lath, Old, Distressed
Old in the late 1970’s
Lowest PPV = 0.72 ips (18.2 mm/s)
Threshold Crack

Structure 20
Newer, Gypsum Wallboard
Lowest PPV = 0.79 ips (20 mm/s)
Threshold Crack

5) 0.72 ips -- lowest single axis, peak particle velocity associated w/ 
blast induced cosmetic cracking observed by USBM personnel. 



Unpublished Siskind document in Dowding files identifies points
At the constant displacement line in the Z curve

Now available on iti.northwestern.edu/acm



4) Probability of 
blast induced 
cosmetic 
cracking is zero 
below 0.5 ips

Dvorak



DOT block grant allowed accumulation 
of crack measurement in some 20 
(now ~ 30) different homes  

Typical crack response to 
changes in temperature and humidity are 
many times greater than at 
vibration levels that are annoying to humans



3) The Z curve integrates structural dynamics principles with the 
control of blast induced ground motions to prevent cosmetic cracking.

Structure response frequency 
less than dominant frequency of 
ground motion and thus on 
displacement bound of response 
spectrum = 0.008 in

0.03g

Fg>>Fs
Lower rel disp
Lower strain



2) Dominant frequency for development of the Z curve was 
based upon data presented in Figure 54 and Figure 10-2 in CV

3 = structure 51
4 = structure 20

0.008 in



1) To extend 8507 experience beyond residential structures 
measurement of velocity time histories can be 
supplemented with calculation of response spectra and 
strain from measured structure velocity response 



Addresses cracking 
from multiple events and
of stronger materials 
first use of micrometer 
crack response  

RI 8896 Test House  
companion document to 8507 



Lower level of 
threshold of 
cosmetic cracking
plaster popping 
over nail heads 

Measurement of
micro-meter 
deformation at
stress risers

Instrumentation difficult at 
dawn of digital age



5) Micro-inch response of cracks to 
weather and occupant activity 
are larger than typical blast excitation





4) Brick work and concrete masonry unit (CMU) 
walls are less susceptible to cosmetic cracking 
from blasting than drywall 



3) Thus engineered structures are stronger



2) NBS tests confirm the high strain resistance of CMU walls 



Deep dive into low frequency excitation leads to 
Discussion of the meaning of CMU response to cyclic shearing 



Siskind Conservative interpretation
∆y = 0.013 in => 
“global” shear strain, λ, = ∆y/H = 
0.013/64 = 0.000200 = 200µλ
with no visible cracking
only slight change elastic behavior 

CMU could withstand global shear strain of 1000 µλ,
cycle 100,000 times 
increase the load (follows same slope => elastic)
To reach ~ 1300 µλ
before cyclic loading would produce a diagonal crack

Lateral displacement of top of 64 inch high CMU wall



1) Repeated excitation
at 0.5 ips
does not induce 
cosmetic cracking

One of two 
eccentrically weighted rotors to 
deform entire house



Drove test house at its 
natural frequency (~ 7 hz) at 
strains (response)  ~ those 
produced by 
ground motions at 0.5 ips
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