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BLAST-INDUCED LIQUEFACTION:  A PROBABLE FIELD CASE 
 

D.F.LAEFER1, J. GREENE1, & K. ROBERTS1 
1School of Architecture, Landscape, and Civil Engineering, University College Dublin,  

Dublin, Ireland 
 
 
 
Abstract 
Increasingly, industrial operations adjoin residential communities. As the demand for natural 
resources increases, this problem is only more likely to exacerbate in coming decades. Thus, 
it is imperative to fully understand all potential damage mechanisms that may imperil nearby 
structures. This paper presents a case history that introduces a potential new mechanism, 
namely the unintentional triggering of liquefaction due to industrial blasting. The site in ques-
tion is an early twentieth century town in the southeastern United States located adjacent to a 
granite quarry. Despite diligent control of blasting levels, there is a clear pattern of repeated 
damage radiating from the quarry area. This paper presents evidence collected to date that the 
damage mechanism is blasting-induced partial, repetitive liquefaction. 
 
Keywords:   Quarry, Blasting, Liquefaction 
 
 
1.  Introduction 
 
In the Spring of 2004, the corresponding author was asked to investigate possible blast-
induced damage to 26 properties in the small American town of Fountain North Carolina. 
The town was founded in 1904 and has a little more than 400 residents (fig. 1). In the 1950s a 
granite quarry opened on the town’s southeast perimeter. In the ensuing decades the mining 
has come closer to the community. The encircled area dates from 1997. The surrounding area 
without vegetation has been mined subsequently.  
 
 
 

 
 

(a) Fountain, North Carolina (b) Investigated Properties versus Quarry 
Figure 1 - Case Study Location 
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2.  Background on Blast Energy, Monitoring, and Safe Practice 
 
Industrial blasting with high explosives is restricted based on monitoring of peak particle ve-
locity (PPV). This single parameter has been widely adopted. Current limits on a wide variety 
of activities (e.g. pile driving, blasting, tunnelling, heavy vehicle traffic, etc.) are irrespective 
of source and are strictly based on the limitation of the peak particle velocity (PPV) within 
each event record based on the frequency level of the blast vibration (e.g. the British Standard 
BS 7385 and German Standards DIN 4150). Some differences are shown in figure 2. 
 

 
 

Figure 2 – A Comparative Glimpse at PPV Limits 

The approach is known to be problematic as it does not consider the full time-history record, 
as is done in the seismic community. Records from construction vibrations show similarities, 
as well as divergences from earthquake records. For both types of events, the most important 
parameters to describe the time history are the vibration’s peak amplitude, principal period, 
and duration. Construction vibrations transmit energy at higher frequencies and in a less 
broad range than earthquakes, and their vibrations can be approximated as sinusoidal func-
tions, dissimilar to seismic activity, as shown in Figure 3. Figure 3(a) depicts a sample accel-
eration time history record from an earthquake ground motion. Generally, earthquake ground 
motions are characterized by a finite number of large amplitude cycles preceded and followed 
by several cycles with smaller amplitudes. On the other hand, continuous ground motions due 
to heavy vehicle traffic and construction activities generally consist of an infinite number of 
cycles of lower, constant amplitude. A portion of a sample acceleration time history due to 
construction vibrations is shown in Fig. 3(b). Although the amplitudes of construction vibra-
tions are much smaller than seismic ones, the harmonic nature of construction vibrations sig-
nificantly increases their damage potential. Finally, Fig. 3(c) depicts a sample acceleration 
time history created by blast type ground vibrations. These motions are characterized a single 
cycle of sinusoidal functions and attenuate almost immediately after this initial energy re-
lease. Despite this PPV has continued to dominate the practice of blast monitoring. 
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(a) (b) (c) 

Figure 3 – Acceleration Time Histories of (a) Earthquake Induced Ground Motions                      
(b) Continuous and (c) Blast Type Ground Motions Induced by Construction Activity 

  
3.  Field Investigation 
 
An extensive field investigation was undertaken to understand the level of blast vibrations, 
the types of damage seen, the level of that damage, and its distribution across the community. 
The preliminary findings were reported elsewhere (Laefer et al. 2008) 
 
3.1 Blast Records 
 
An examination of several months of blast records showed that the quarry was well within 
the limits that had been considered safe in Europe, which is substantially less than what has 
traditionally been considered safe within American Practice (USDOIBM, 1980).  A sample is 
shown in Figure 4. 
 

 
 

Figure 4 – Typical Blast Record from Fountain, NC Quarry. 
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3.2 Inspection of Structures 
 
A total of 26 properties at various distances from the quarry were inspected (figure 5). Most 
had both interior and exterior inspections. Particular attention was paid to the performance of 
windows, plaster, and foundations. A total of 24 of the 26 properties had damage that could 
be blast-related. The most common damage found was cracked plaster followed by cracked 
brick. A few structures had signs of foundation distress and cracked windows (items typically 
considered of a more acute damage level than crack bricks and plaster). Particularly telling 
was the higher damage levels seen in structures located closer to the quarry. Additionally, 
long structures oriented perpendicular to the quarry edge exhibited higher levels of damage at 
the quarry side. A further analysis of the data set showed that when the data set was disaggre-
gated by building group (e.g. brick or clapboard and large or small), a clear pattern of damage 
level versus quarry proximity emerged within each building group  (Table 1). 
 

 
 

Figure 5 – Location of Inspected Properties Shown with Alphabetic Designators. The 1997 
Quarry Boundary Is Shown. Further Expansion Is Evident Where the Vegetation Has Been 

Cleared 
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Table 1. Buildings Grouped to Compare Damage Levels with Respect to Quarry Distance 

 

Group 1 
 
Group 2 
Group 2 
 
 

Group 3 

 
Group 2 
 
Group 4 
Group 4 

Group 3 

Group 1 

 

Group 2 
 

  
*Scaled-Distanceground = Distance/(Charge/Delay)        
 
3.3 Inspection of Roads and Lawns 
 
During the course of the investigation dozens of depressions, cracks and potholes were seen 
in the pavements, driveways, and footpaths. Additionally many of the lawns seemed to be 
pocked with holes large enough to catch a foot deeply inside. These depressions, combined 
with an apparently high water table brought into question whether blast-induced liquefaction 
was occurring. This is a phenomenon that has been selectively applied in research to trigger 
seismic-like events in controlled field studies (Ashford and Rollins, 2004 and Rollins et al. 
2005) but has heretofore not been verified in the literature as an unintentional side effect of 
quarrying. One typical external manifestation of liquefaction is the presence of sand boils. An 
example of one documented elsewhere is shown in Figure 5. 
 

 
 

 

Figure 5 –  Documented Sand Boil in Mentasta Lodge, Alaska  
(Courtesy of Shannon and Wilson). 
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4 Seismic Analysis 
 
Given the age of the community and the relatively modest structures that have been erected 
there, only high limited geotechnical information was available. SPT values in the near vicin-
ity of some of the most damaged structures showed a 10ft (3m) layer of possibly liquefiable 
material (Figure 6(a)). Using a scaled-distance approach (eqn 1) based on the work by Char-
lie (et al. 1995), a few of the properties are definitively within a vulnerability zone (Figure 
6(b)). For actual distances between 91.5m and 1524m, the cutoff value for scaled-distance 
vulnerability is 55. This came from using a range of the actual blast records, thereby indicat-
ing the charge levels. 
 
Scaled-Distanceground = Distance/(Charge/Delay)       (1) 

Figure 6 – Two Vulnerability Analysis Approaches 

 
5 Conclusions 
 
Although the work to date is preliminary, there are strong indications that there is a potential 
for the damage in the community to be ascribed to blast-induced liquefaction being generated 
from the adjacent granite quarry.  
 
6 Further work 
 
Further work is needed to fully establish this. In particular, an extensive series of boreholes 
and observation wells are needed, along with cone penetrometer and laboratory testing, to es-
tablish the soil profile, its mechanical properties, and full likelihood of liquefaction.  Given 
the general geometry of the area, which would otherwise suggest large-scale dewatering, such 
a subsurface investigation is expected to show a bathtub condition, where a clay layer over-
lain by a sand deposit enables the containment of water, thus leading to a potential liquefac-
tion scenario. 
 

 

 

 
 

(a) SPT-based Vulnerability (b) Scaled-distance-based Vulnerability 
 

Unlikely to liquefy 

Liquefaction 
possible 

Likely to 
liquefy 
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