
Project Considerations 

Close-In Construction 
Blasting: Impacts & 
Mitigation Measures 

Simple, practical techniques 
can be used to minimize 
potential damage from close-in 
blasting by minimizing the effects 
of elastic ground vibrations & 
non-elastic ground deformations. 

ANDREW F. MCKOWN 

As development pushes further and 
further into areas of shallow bedrock, 

. and as existing facilities expand at rock 
sites, there is an increasing need to perform drill 
and blast rock excavation in close proximity to 
existing structures. If not carefully controlled, 
the release of high energy from the explosives 
required for the blasting process can have un
desirable side effects that could pose a threat to 
the adjacent structures. 

Possible Damage Mechanisms 
Some of the undesirable side effects of blasting 
that could result in damage to nearby struc
tures include: 

• Elastic ground vibrations 
• Non-elastic (permanent) ground defor-

mations 
• Flyrock 
• Airblast overpressure 

Flyrock can be very dangerous, since it 
causes real damage and can result in physical 
injury or even death. Airblast overpressure is 
generally only a nuisance, since for most blast
ing where explosives are confined in boreholes 
by stemming, it would not cause damage to 
structures. Elastic ground vibrations and non
elastic ground deformations, which are sepa
rate and distinctly different categories of 
ground motion, are discussed here. 

The first, and most familiar (most generally 
understood), side effect from close-in blasting 
is ground vibration - the elastic ground mo
tions resulting from vibration waves emanat
ing from the detonation source. The second 
effect is potential permanent ground deforma
tions that result from cratering effects very 
close to the blast source and from block move
ment caused by explosive gasses escaping into 
open joints and seams in the rock. 

Elastic Ground Vibrations. When a buried ex
plosive charge is detonated, ground vibrations 
are generated. Several types of waves make up 
these vibrations ( compression waves, shear 
waves, Rayleigh waves, etc.). Each of these 
wave types has its own propagation velocity 
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FIGURE 1. Bureau of Mines "safe limits" of blast vibrations for residential structures. 

and direction of particle motion. 
To simplify an understanding of wave mo

tion, a near-surface detonation may be com
pared to a stone thrown into a pond. Surface 
waves travel in concentric circles out from the 
impact point. A small boat would bob up and 
down as the waves travel by. In a similar man
ner, a structure or pipeline would move as fam
ilies of ground waves travel by. The motion 
would actually be in three dimensions, al
though the surface waves (usually Rayleigh 
waves) generally have the largest particle mo
tion. The ground displacement, or the magni
tude of particle motion as the waves travel by, 
can be measured. For most blasting situations, 
the ground displacement falls in the range of a 

· few hundredths or thousandths of an inch. The 
peak particle velocity (PPV), or the speed at 
which the ground moves up and down (or 
sideways) as the wave travels by, can also be 
measured. PPV is measured in inches per sec-
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ond (in/ sec), and differs from the wave propa
gation velocity, or speed at which the wave 
travels through the ground. The vibration fre
quency is the number of waves passing a given 
point per unit time, and is measured in Hertz 
(Hz), or cycles per second. 

PPV, displacement, D, and frequency, f, can 
be related for a sinusoidal wavetrain as follows: 

D = PPV/2:rcf 

Although blasting vibrations are not generally 
sinusoidal, the approximation is generally rea
sonable for estimating displacement. 

PPV is the ground motion parameter gener
ally used to assess the damage potential of blast 
vibrations. Many states have regulations that 
limit the maximum PPV of ground vibrations 
from blasting to two inches per second at adja
cent structures. This criterion was developed 
based on research of blast damage to residential 
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FIGURE 2. Cratering rupture zone from the detonation of a confined explosive charge. 

structures conducted by the United States Bu
reau of Mines.1 More recent work by the Bureau 
has indicated that these limits, in some cases, 
should be reduced.2 Based on the vibration 
frequency and type of interior wall construc
tion, it recommends limits ranging from 0.5 to 
2 inches per second, as indicated in Figure 1. 

The lower portion of these PPV criteria are 
based primarily on surface mine blasting (most 
frequently using large charge weights in large 
diameter holes) at great distances (generally, a 
thousand feet or more) from residential struc
tures. The resulting ground vibrations at residen
tial structures sometimes occur at the relatively 
low frequencies that are in the range of natural 
frequency of structures. Typical whole-structure 
natural frequencies of residences fall in the range 
of about five to 15 Hz, and vibrations in those 
frequencies may be amplified more than the 
higher frequencies. The criteria are intended to 
minimize the possibility of cosmetic damage to 
residential structures, such as threshold crack
ing of plaster walls or wall board, or minor 
extension of existing cracks. 

The situation in close-in construction blast-

ing is generally quite different from quarry or 
mine blasting. In this case, blasting is very close 
(say, less than 50 to 100 feet) to structures, with 
small charge weights in small diameter holes. 
This type of blasting most often results in 
ground vibrations with very high vibration fre
quencies, little to no amplification, and small 
ground and structure displacements. 

The adjacent structure is often not a house 
with plaster walls. Instead, it may be a rein
forced concrete or steel frame commercial or 
industrial building, a bridge abutment, a pipe
line, tunnel or other buried structure, or other 
engineered structure that is much more resis
tant to damage than a residential structure. 
PPVs have been observed in excess of five 
in/ sec at steel frame, masonry and reinforced 
concrete structures and over six in/ sec at gas 
transmission pipelines with no damage. Ori
ard3 and the Southwest Research Institute4 

have reported peak particle velocities of over 
20 in/ sec at above ground structures and up to 
about 50 in/ sec at underground pipelines with
out damage. 

Despite these differences in vibration char-
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FIGURE 3. Potential rock block movement from gas venting during blasting. 

acter (low · frequency, high displacement vs. 
high frequency, low displacement) and damage 
resistance of structures, the two in/ sec "safe 
limit" for residential type structures continues. 
to be applied when blasting close-in to these 
more massive structures. This method results 
in use of very expensive non-blasting fragmen
tation techniques in some cases, longer con
struction times in others, and generally adds 
unnecessarily to the construction cost. 

Permanent Ground Deformation. If a blast has 
a high degree of confinement, a cratering rup
ture can occur such as shown in Figure 2 that 
can cause permanent, or non-elastic, ground 
deformation. In addition, explosive gasses can 
enter open joints and heave the ground or move 
rock blocks at larger distances from the detona
tion point (see Figure 3). Dowding cites a case 
. where a 50- by 30- by 30-foot high block of rock 
was moved 2.5 inches by an eight-hole (approx
imately 150 pounds total weight) blast round 
detonated nearby with large burden.5 

In close-in blasting, these permanent ground 
deformations are often more of a threat to 
above ground structures and underground 
pipelines than the generally better understood 
and more feared ground vibrations. For exam
ple, Barenberg has correlated pipeline damage 
to permanent ground displacement caused by 
the 1971 San Fernando Earthquake. 6 These data 
indicate that for twelve-inch diameter or larger 
water main distribution pipelines, made of cast 
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iron and steel, there was no damage (less than 
one break per kilometer) at ground displace
ments up to 1.2 inches. At two inches of dis
placement, there were about four breaks per 
kilometer, while at three inches there were 
about ten breaks per kilometer. In order to get 
one inch of ground deformation from elastic 
ground vibrations, even at a low blast-induced 
frequency of ten Hz, the PPV would have to be 
over 60 in/sec. 

Potential Situations for Blast-Induced 
Permanent Ground Deformations 
There are several factors that may contribute to 
high blast-induced ground deformations. Al
though not intended as an all inclusive listing, 
some factors and situations that could lead to 
such problems are described below: 

1. High confinement. One of the major fac
tors leading to large ground deformations, 
both elastic and non-elastic, is high confine
ment. This condition may result from too large 
a burden.(distance to a free face), low angles of 
breakage (primarily less than 90 degrees), ab
sence of a free face (or only one free face) or 
other situation that tends to restrict the frag
mentation and movement of rock 

Some types of blasting, such as that for 
shafts and tunnels, which have only one free 
face and low angles of breakage, have a ten
dency to generate higher ground deforma-
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FIGURE 4. Powder factor vs. PPV for a trench blasting project near bridge abutments. 

tions. Similarly, pre-splitting, which by its 
nature has complete confinement, can lead 
to relatively higher ground deformations. In 
open cut excavations, interior corners often 
have low angles of breakage. 

2. Lack of confinement. As opposed to the 
high confinement associated with interior 
corners, exterior corners can be a problem 
for the opposite reason. Because of the two 
vertical free faces, there is a tendency for 
joints to open and for blocks to move due to 
a lack of confinement at one face when det
onating charges at the other. 

3. Open joints and seams. These geologic 
conditions, and other structural dis
continuities in the bedrock mass, can be av
enues for the escape of explosive gasses, 
which can lead to high non-elastic deforma
tions through rock block movement. 

4. Concentrated loading. Heavily concen-

trated charges, if they are near the perimeter 
of excavations, can result in overbreak and 
rock block movement outside the limits of 
excavation. 

5. Low powder factor. If the powder factor 
(weight of explosive per unit volume of 
rock) is too low for optimum fragmentation 
of the rock, the explosive energy will be 
utilized in undesirable side effects such as 
ground heaving, block movement or higher 
levels of elastic vibrations. 

As an example, Figure 4 provides a plot of 
powder factor vs. PPV for a trench blasting 
project that was in close proximity to bridge 
abutments and wingwalls.7 As the blasting 
contractor approached the bridge, where blast
ing was required within several feet, the con
tractor systematically reduced the maximum 
charge weight per delay to about one lb/ delay 
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by reducing the hole loading, without reducing 
the hole spacing or burden. The result was 
incomplete fragmentation, high bottom (intact 
rock remaining above design subgrade level) 
which had to be reshot, and higher levels of 
ground vibrations that actually increased as the 
charge weight per delay was decreased. When 
hole spacing and burden were finally de
creased, which increased the powder factor, the 
contractor found that the charge weight per 
delay could be increased up to as much as four 
lb/ delay while still maintaining lower PPV s at 
similar distances, because the explosive energy 
was then going into fragmentation, rather than 
ground vibration. 

Protection Approaches 
There are several steps that can be taken in 
order to minimize the potential for high elastic 
or non-elastic ground deformations at struc
tures when blasting nearby. First, the work is 
made easier and the potential for damage is 
minimized, if blasting starts farther from the 
structure and moves towards the structure. As 
the blasting approaches the structure, similar 
improvements occur if the rock is removed 
from the blast area after each round, in order to 
provide more relief for the following round. 
Observations should be made after each round 
for cratering effects or evidence of rock block 
movement due to the venting of explosive gasses. 

It is helpful if drillers keep detailed, written 
records that identify the depths of the seams and 
fracture zones that are encountered. It is also 
helpful to study the exposed vertical rock face 
after each round so that open joints that could 
cause gas venting can be identified. If open con
tinuous joints are found at locations and orienta
tions that could result in rock block movement 
adjacent to or below the structure, grouted rock 
dowels may be used to reinforce the rock between 
the blast area and the structure. In addition, the 
blasting contractor should take precautions, 
such as stemming through open joints (filling 
the hole with course sand to fine gravel sized 
material), to avoid placing explosives in areas 
where gas venting could occur. Line drilling 
(unloaded perimeter holes), at a spacing of two 
to three times the hole diameter, can be useful 
in venting explosive gasses that might cause 
block movement or heaving outside the limits 
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of excavation. 
.Smaller blast rounds may be desirable as the 

blasting approaches the structure in order to 
minimize the explosive charge weights and 
mitigate impacts in the event the round does 
not produce the expected results. In addition, 
carefully executed perimeter control proce
dures (generally, line drilling or cushion blast
ing) should be utilized at the excavation limits 
if a structure is close by, in order to minimize 
potential damage to rock supporting the struc
ture or rock block movement under the struc
ture. Typically, perimeter control techniques in
volve closely spaced, lightly loaded (or 
unloaded in the case of line drilling) holes at the 
perimeter of a rock excavation in order to min
imize overbreak and damage to the remaining 
rock In pre-splitting or pre-shearing, the perim
eter holes are lightly loaded and detonated before 
the adjacent production blasting is performed, 
in order to create a narrow fracture zone be
tween holes to which the subsequent produc
tion holes can break With cushion blasting, or 
trim blasting, perimeter holes are fired after the 
main excavation has been blasted in order to 
remove the final berm of rock 

Several additional steps may be taken in 
order to minimize potential ground vibration 
impacts on the structure. First, it is desirable to 
specify safe but realistic PPV limits in the con
tract documents based on the type, age, condi
tion and use of the structure, as well as the 
proximity of required blasting to the structure. 
When blasting close-in to structures bearing on 
rock, vibration frequencies are likely to be over 
100 Hz, and are often much higher. At these 
high frequencies, amplification is unlikely and 
displacements are low. For example, a PPV of 
four in/ sec at 100 Hz would result in an elastic 
displacement of only 0.006 inches. Blast vibra
tion monitoring should be conducted to check 
for conformance with specified limits. 

Blasting contractors should submit details of 
proposed blasting procedures for review by those 
experienced with close-in blasting procedures, 
preferably by the person who prepared the 
specifications. It is also desirable for that person 
to make periodic site visits in order to observe 
the blasting procedures and results, and to 
work with the blasting contractor in the event 
that rock conditions or blasting results differ 



from those that were anticipated. 

Case Histories 
Three case histories are presented that detail ex
perience with blasting close-in to various types of 
structures. The first case history is that of an office 
park development that required a rock cut adja
cent to a gas transmission pipeline. The second 
involved blasting adjacent to an existing hospital. 
The final case history involved blasting for an 
underground library addition on a college cam
pus, immediately adjacent to the existing li
brary and adjacent to and below an existing 
office/ classroom building. 

Office Park Development. Drill and blast rock 
excavation was required for a hotel/ office/ ga
rage complex near a 24-inch diameter gas trans
mission pipeline on Route 1 in Saugus, Massa
chusetts. At one end of the site a 25-foot rock cut 
was required immediately adjacent to the pipe
line right-of-way as shown on Figure 5. Because 
of the close proximity of the blasting to the 
pipeline, and because the granitic bedrock had 
open, near horizontal joints, there was concern 
about possible ground heaving or block move
ment under or adjacent to the pipeline. In order 
to minimize the possibility of rock block move
ment from blasting, several steps were taken: 

1. The blasting contractor was required to 
submit a report on intended blasting proce
dures for review prior to starting work. 

2. The blasting contractor was required, 
prior to any blasting within 100 feet of the 
pipeline, to install near vertical grouted 
dowels immediately behind the perimeter of 
the excavation. The purpose of this rock sup
port procedure was to first fill any open 
joints with grout so explosive gasses would 
not have an escape route and, second, to 
reinforce the rock at the excavation limits in 
advance of blasting. 

3. The blasting contractor was required to 
start blasting away from the pipeline and 
cautiously advance towards the pipeline. 
Within 75 feet of the pipeline, the contractor 
was required to remove all blasted rock from 
the face of the excavation after each round, 
so that adequate relief would be provided 
for the next round and so that the geology 
could be observed. 

FIGURE 5. Schematic section view showing 
the proximity of blasting to a gas pipeline and 
open, near horizontal joints. 

4. Careful perimeter control techniques 
were required at the excavation limits. Pre
splitting, cushion blasting or line drilling 
were all allowable methods of perimeter 
control, and guidelines were provided for 
hole spacing and loading for each technique. 

In addition to these four steps, blast-induced 
ground vibration limits of five in/ sec PPV were 
specified at the ground surface at the pipeline. 

The blasting contractor chose to pre-split the 
rock at the perimeter and used four- by four
foot spacing for production holes within 30 feet 
of the excavation limits, with a powder factor 
of about one pound per cubic yard. Grouted 
dowel locations and pre-split procedures are 
shown schematically in Figure 6. The blasting 
was successfully carried out, with no rock block 
movements or other detrimental impacts on 
the pipeline. PPVs at the pipeline exceeded four 
in/ sec without damage. 

Hospital Addition. Drill and blast rock ex
cavation was required immediately adja
cent to existing hospital structures in two 
areas at Carney Hospital in Boston. The first 
area was a foundation excavation for an 
addition within an existing courtyard. Rock 
excavation was required within three feet of 
an existing three-story brick hospital build
ing to a depth about ten feet below the exte
rior footings, which were bearing on bedrock. 

The rock was a moderately to severely 
weathered conglomerate with an average 
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20 ft 

Grouted Rock Dowel 

r Pre-Split Hole 1.5 ft OC 

200 gr/ft Primacord 
Column Charge 

0.5-lb Bottom Charge 

Pre-Split Loading: 4 Holes/Delay at 1.3 lb/Hole 

Maximum Charge Delay= 5.2 lbs 

FIGURE 6. Section showing rock dowels, 
pre-splitting to prevent rock block movement. 

rock quality designation (RQD) of about 25 
percent. RQD is the percentage of less than 
severelyweathered pieces ofrockcore within a 
core run that are greater than four inches long. 
An RQD above 90 percent denotes an excellent 
quality rock mass, while an RQD less than 50 
percent is indicative of a poor quality rock 
mass. The rock was heavily jointed, with one 
joint set dipping into the excavation at an ori
entation of about 30 to 40 degrees from horizon
tal. 

As a result of the relatively poor quality 
bedrock below the existing footings, the ad
verse orientation of joints and the close proxim
ity of required rock excavation, there was con
cern about overbreak or rock block movement 
under the existing building footings. Therefore, 
several requirements to address these condi
tions were included in the project plans and 
specifications. The blasting contractor was re
quired to start work in the middle of the infill 
area and work out towards the buildings, using 
small rounds and relieving the face after every 
round. In an area where the excavation 
wrapped around a corner of the building, near 
vertical grouted steel dowels were required to 
be installed prior to blasting within 50 feet. At 
the limits of the excavation, cushion blasting or 
line drilling was required. 

With regard to elastic ground vibration, a 
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TABLE 1 
Maximum PPV at the Brick Structure 

for the Hospital Addition 

Distance PPV 
(ft) (in/sec) 

> 30 1.9 
20 to 30 3.0 
10 to 20 4.0 
< 10 5.0 

maximum PPV was specified that was based on 
the distance away from the structure and is 
presented in Table 1. 

Close coordination was required between 
the blasting contractor and hospital personnel 
so that sensitive equipment or procedures 
within the affected portion of the building 
could be temporarily suspended if necessary 
for several minutes during each blast. 

At the limits of the excavation, cushion blast
ing or trim blasting was used by the blasting 
contractor to remove a final three- to four-foot 
wide berm of rock after production blasting 
was completed. Figure 7 provides a view of the 
final rock berm left just before cushion blasting. 
The twelve-foot deep, 2.5-inch diameter cush
ion blast holes were spaced at one foot on center 
and loaded with a 0.5-pound bottom charge 
and a column charge of 400 grains per foot de
onating cord (0.06 lb/ ft). The holes were fully 
stemmed around the detonating cord and the 
upper two to three feet of the hole was left 
unloaded and stemmed. 

The results of the cushion blasting can be 
seen in Figure 8. There was very little over
break, no block movement and no need for 
rock bolts or other temporary rock support 
procedures. The maximum recorded vibra
tion at the lowest adjacent building slab was 
3.2 in/ sec, and no damage was observed to 

· the building. 
Additional blasting was required at the hos

pital site for a utility trench between a hospital 
building and a parking garage. The trench re
quired rock excavation below one small con
crete retaining wall and immediately adjacent 
to and about ten feet below the corner of an
other larger concrete retaining wall. Figure 9 



FIGURE 7. Final berm prepared for cushion blasting for the hospital infill foundation. 

FIGURE 8. Results of cushion blasting for the hospital infill foundation. 
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FIGURE 9. A view of the utility trench excavation looking towards the hospital. The small 
retaining wall supported by needle beam is in the center; the large retaining wall is on the right. 

offers a view of the blasting area. looking from 
the parking garage down the trench towards 
the hospital building. The smaller wall can be 
seen supported by a needle beam, while the 
larger wall is to the right. Figure 10 presents 
another view looking towards the parking ga
rage, with the corner of the larger retaining wall 
on the left. 

Figure 10 also shows a continuous, steeply 
dipping, moderately weathered joint surface 
that extends under the corner of the wall. This 
j9int was oriented about 30 degrees from the 
orientation of the trench perimeter and dipped 
into the trench excavation at an angle of about 
75 degrees from horizontal. There was concern 
that explosive gasses from the blasting would 
enter the joint and cause block movement 
under the corner of the wall. In this area, the 
blasting contractor left a three- to five-foot wide 
berm of rock in the area of the wall and used 
cushion blasting to trim off the remaining rock 
adjacent to the corner. Cushion blast holes were 
2.5 inches in diameter, spaced at two feet on 
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center and alternately loaded with 0.06 and 0.30 
lb/ ft column loading. The holes were fully 
stemmed and 2.5-inch diameter unloaded 
guide holes were drilled midway between each 
cushion blast hole. 

The results of the cushion blasting can be 
seen in Figure 11. There was no block move
ment under the wall and no overbreak be
yond the cushion blast holes. Vibrations at 
the wall were estimated to be about eight 
in/ sec with no cracking. At the other retain
ing wall, vibrations from trench blasting were 
estimated to be in excess of 20 in/ sec with no 
damage, and at the hospital building mea
sured vibrations were as high as 4.8 in/ sec 
with no observed damage. 

Underground Library Addition. Blasting was 
required for an underground library addition 
at Cornell University, immediately adjacent to 
three existing university buildings. Figure 12 
offers a view to the southwest toward the two 
closest structures. On the left is Stimpson Hall, 
a four-story woodframe structure with stone ma-



FIGURE 10. A view of the utility trench excavation looking towards the parking garage. The 
larger retaining wall is at the left, with the continuous joint extending under the comer of the wall. 

sonry exterior walls and load bearing interior 
walls. At the time of construction, Stimpson 
Hall was being used as a laboratory and as 
office space. To the right of Stimpson Hall is 
Olin Library, a seven-story reinforced concrete 
structure. Another three-story masonry build
ing, Goldwin Smith Hall, is located out of sight 
at the other side of the excavation limits. 

The total excavation depth required was about 
50 to 60 feet from the original ground surface, 
through about 25 to 30 feet of soil and 25 to 30 feet 
of rock. Figure 13 shows the site from the south
east, with Stimpson Hall to the right. Concrete 

. underpinning was used to carry the load of soil 
supported wall footings down to the top of bed
rock Along the east side of the excavation the 
30-foot deep earth excavation was supported 
with an innovative soil nailing system that con
sisted of shotcrete sprayed over the earth cut, in 
combination with grouted steel anchors into the 

soil mass. A conventional soldier pile and lag
ging earth support system was used in some 
areas (as shown in the left of Figure 13). Figure 
13 also shows a steel needle beam supporting 
the center of the exterior wall of Stimpson Hall. 
A proposed entrance stairwell in that area re
quired blasting for a shaft-like excavation 
within the building limits. 

Bedrock at the site was a gray, horizontally 
bedded mudstone of the Ithaca Formation. The 
average intact compressive strength of the rock 
was about 22,000 pounds per square inch (psi). 
The overall rock quality as measured by RQD 
was "good to excellent," with an average RQD 
of 91 percent. Rock with lower RQD values, 
which would be classified as "fair" quality 
rock, was found in several borings near the top 
of rock where weathering and jointing were 
more severe. 

Figure 13 shows the two primary joint sets 
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FIGURE 11. Results of cushion blasting at the retaining wall for the hospital utility trench. 

that influenced the blasting results (excluding 
the horizontal bedding plane joints). One joint 
set, called the" strike joints," was oriented ap
proximately parallel to the face of Stimpson 
Hall in an east-west direction, with a dip of 
about 90 degrees (near vertical). The other 
joint set, called the" dip joints," was oriented 
perpendicular to the strike joints and was 
also dipping nearly vertically. Spacing of 
these joint sets typically varied between five 
and ten feet. 

In excess of 35,000 cubic yards of rock had to 
be excavated by the project contractor within the 
three-month summer recess to minimize the im
pacts on students and faculty. The project spec
ification required the blasting subcontractor to: 

• Forward for review details of the 
subcontractor's proposed blast rounds. 

• Conduct pre-blast condition surveys on 
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the adjacent structures. 
• Maintain blast vibration within a set of lim

its at the nearest structures (see Table 2). 
• Maintain air blast overpressure at less 

than 0.014 psi at the nearest structures. 
• Conduct blast vibration monitoring for 

every blast round. 

In addition, provisions were included in the 
project specification to minimize the potential 
for rock block movement, including: 

• A maximum ten-foot rock cut depth when 
blasting within 50 feet of adjacent structures. 

• A requirement to muck out after every 
round, or pull blasted rock away from the 
face, in order to maintain a free face. 

• Requirements for grouted dowels at the 
excavation limits in the area of adjacent 
buildings (see Figure 14) that would be 



FIGURE 12. Looking southwest towards Stimpson Hall (to the left) and Olin Library (to the 
right). 

FIGURE 13. Looking southeast, Stimpson Hall is to the right, with underpinning and needle 
beam at the proposed stairwell shaft. The soil nailing earth support system is visible beyond 
Stimpson Hall (to the left). 
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TABLE 2 
Maximum PPV 

for Underground Library Addition 

Distance 
(ft) 

> 20 
10 to 20 
<10 

PPV 
(in/sec) 

2 
3 
4 

installed prior to blasting in the area. 
• Requirements for prestressed rock an

chors installed into the rock face at the 
excavation perimeter as the excavation 
was carried down at the perimeter (see 
Figure 14). 

• A requirement for careful perimeter con
trol blasting. 

The blasting subcontractor started blasting 
at the interior of the site where the rock cuts 

Olin 
Library 

Rock Excavation Area 

were shallowest and where the distance to the 
nearest structure was the largest. The subcon
tractor utilized a four- by five-foot drill pattern 
with three-inch diameter holes for much of the 
excavation. A non-electric delay detonation 
system was used, with two- by 16-inch car
tridges of a high-energy dynamite formulated 
for trenching and submarine applications. Fig
ure 15 illustrates a typical hole loading at the 
interior of the site. Generally, four decks ( explo
sive charges separated from other explosive 
charges in a blasthole by stemming) were used 
in each hole, with each deck on a separate delay 
in order to allow full depth rock excavation 
while minimizing charge weight per delay. 

As the blasting subcontractor approached 
Stimpson Hall and Olin Library, a face parallel 
to each building was developed. Once within 
20 feet, the subcontractor changed to a three- by 
three-foot pattern with up to five decks per 
hole, each on a separate delay. Figures 12 and 
13 offer views of the excavation face approxi
mately 20 feet from Stimpson Hall, and approx-
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-----E:::-;;::...-=--~ -...-
~ / Prestressed 

8 
Rock Anchors 

8 (2 rows) 
- - - --e::.,-..::::-;.::- --~ 

Underpinning 

Rock 
Excavation 
Limits 
(Line Drilled) 

Near Vertical Rock Dowels 

111111 5 ft OC, 10 ft Long 

fflllffl 4 ft OC, 25 ft Long 

Se~tion 8-8 

~ 3-in Diameter Drill Hole 

No. 10 Bar Grade 60 
Tremie Cement Grout 

FIGURE 14. Grouted dowel and anchor locations are shown to the left; a typical section of the 
rock dowel and rock anchor is shown to the right. 
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imately 25 feet from Olin Library. The non-elec
tric delays are laid out. Figure 13 also shows that 
the muck pile was pulled away from the face in 
order to ensure a free face for the next round. 

At the perimeter of the excavation near 
Stimpson Hall, a modified line drilling method 
was used in the area of the needle beam, where 
the rock bench was only about 0.5 to four feet 
wide. Three-inch diameter holes were drilled in 
these areas at six to eight inches on center, and 
every third hole was loaded with four to five 
decks of 1.5-inch diameter dynamite explosive, 
with a loading density of about 0.10 to 0.15 
lb/ ft. These perimeter holes were detonated 
after production blasting had been completed 
in order to remove a final three-foot wide 
bench. The results of this combination line 
drill/ cushion blasting method were generally 
good, as indicated on the left side in Figure 16. 

At the right side of Figure 16, and at other 
areas where bench widths were four to 
eight feet or more, pre-splitting or cushion 
blasting was allowed at the perimeter. Cushion 
blasting was generally used, with perimeter 
holes drilled at 18 to 24 inches on center. Every 
other hole was loaded with 1.5-inch dynamite 
explosive, with an average loading of about 
0.20 to 0.40 lb/ ft. Cushion blast holes were 
generally decked with four separate delays per 
hole in order to minimize resulting vibrations 
at the adjacent structure, and were fired either 
after production blasting in the area or along 
with the final row of production holes. There 
was some overbreak and damage to the re
maining rock with the cushion blasting, espe
cially at outside corners. Although there was 
some localized block movement near the top of 
the rock in some areas, the combination of rock 
dowels and adequate bench width prevented 
rock block movement below the building foun
dations or earth support system in these cush
ion blast areas. 

One area where rock block movement was 
of particular concern was at the outside corners 
of the 35-foot deep rock cut inside Stimpson 
Hall for the proposed entrance stairway (see 
Figure 17). There was concern that there may 
be the possibility of a dip joint intersecting one 
of the corners, which would result in overbreak 
or block movement under the underpinned 
foundations. For this reason, additional near 

100 msec Surface Delay 
,11/,t"'" Between Holes 

In Hole 
Delay Timing 
(msec) 

0 

25 

so 

75 

Sticks 
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J!2L__ 
1.25 

Loading (2-in x 16-in 
Sticks at 2 .5 lbs Each) 

2.5 

2.5 

2 5.0 

Total 11 .25 lbs ± 

FIGURE 15. Typical loading for the 30-foot 
deep production holes (interior of site). 

vertical dowels 25-feet long were installed in 
this area prior to blasting. Prestressed rock an
chors were also installed as the rock cut limits 
were exposed (see Figure 14). Unfortunately, at 
the right (west) side corner, explosive gasses 
from a production round inside the building 
entered and opened a near vertical "dip" joint 
extending under the corner of the underpin
ning, resulting in small outward movement of 
a large slab of rock. Figure 18 shows a close-up 
view of this area. A small rock block was re
moved at the top of the rock (see Figure 17). 
Additional block movement and/ or overbreak 
was prevented by the pre-installed rock dowels 
and one rock anchor that had been installed. 
Two additional rock anchors were installed to 
stabilize this rock block prior to proceeding 
with further work. 

Additional block movement/ overbreak re
sulted from explosive gasses entering "dip" 
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FIGURE 16. A view of the excavation limits at Stimpson Hall, showing line drilling results at 
left, pre-splitting at right. Note the damage to the outside corner. 

FIGURE 17. A view of the excavation limits at the stairway area that was blasted inside 
Stimpson Hall, showing the opened II dip" joint at the right side corner. A rock block at the top 
was removed from this area. 
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FIGURE 18. A photo of the opened II dip" 
joint that caused the block movement at the 
corner of the stairway area inside Stimpson 
Hall. 

joints subparallelto the east side of the excava
tion, below the soil-nailed earth support wall 
(see Figure 19). Again, a combinatio;n of the 
grouted pre-installed dowels and an adequate 
bench width avoided problems from rock block 
movements that might otherwise have ex
tended beneath and undermined the soil slope. 

Vibrations at Stimpson Hall were monitored 
for each round with a conventional digital seis
mograph, and recorded vibrations were gener
ally below the specified limits. When blasting 
within ten feet of the structure, the maximum 
recorded PPVs generally ranged from about 
two to three in/ sec at recorded frequencies in 
excess of 100 Hz. No damage was found within 
the adjacent buildings. 

Additional vibration measurements were 
made during the close-in blasting by Cornell 
University, using digital equipment operating 
at a sampling rate many times greater than the 

FIGURE 19. Rock block movement along the 
11 dip" joint at the east side of the excavation. 
The soil nailing earth support is above the 
rock bench. 

conventional digital seismograph. The re
corded PPVs were generally higher than those 
recorded on the conventional seismographs, 
which sample at a rate of 1,000 to 2,000 samples 
per second. Fast Fourier Transform analyses 
performed on the waveforms obtained by the 
Cornell University equipment indicated that 
the predominant frequency of blasting vibra
tions from close-in blasting (within 40 to 
50 feet) was at about 330 Hz, and with another 
predominant frequency at about 140 Hz (see 
Figure 20). Thus, it was apparent that conven
tional seismographs with frequency ranges up 
to only 100 to 200 Hz were not measuring some 
of the high frequency energy from the close-in 
blasting, thus resulting in recording PPV s 
lower than they would actually be. 

At first glance, this situation would appear 
to be a troublesome finding, since it can be 
assumed that at many similar close-in blasting 
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FIGURE 20. Fast Fourier Transform analysis of a blast round 25 feet from Stimpson Hall, 
showing the predominant frequencies at 330 and 140 Hz. 

projects using conventional seismographs, the 
recorded PPV s may be less than the actual due 
to-the loss of high frequency energy. However, 
if the displacements associated with these high 
frequency vibrations are viewed, it can be seen 
why there was no vibration-related damage for 
this and most similar close-in blasting. 

As an example, a blast was selected for analy
sis that was detonated approximately 25 feet 
from Stimpson Hall. The maximum PPV at the 
Stimpson Hall foundation recorded by the con
ventional seismograph was approximately 
1.6 in/ sec at a frequency of about 130 Hz. Results 
with the Cornell University equipment yielded a 
PPV of 2.2 in/ sec, an increase of over 35 percent, 
at a predominant frequency of 330 Hz. 

Both these results are plotted on the Bureau 
of Mines alternate II safe limit" criteria plot (see 
Figure 21). Although the 2.2 in/sec PPV ex
ceeds the so-called II safe limit" for residential 
structures of 2.0 in/ sec (above 40 Hz), the cal
culated displacement is well below the 
Bureau's displacement criteria of 0.008 inches 
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(for 10 to 40 Hz). In fact, the calculated displace
ment .for 2.2 in/ sec at 330 Hz is only 
0.0011 inch, which is even less than that calcu
lated for 1.6 in/ sec at 130 Hz (0.0016 inches). 
Although high frequency vibrations may result 
in some energy being missed by conventional 
seismographs, the high frequency vibrations 
(even with high PPVs) result in very small, 
elastic displacements that are not generally 
damaging to structures. 

Of far more concern when blasting close-in 
to structures is the potential rock block move
ment that was illustrated at the Cornell Univer
sity project that resulted from explosive gasses 
entering joints in seams in the rock mass. The 
resulting permanent ground deformations can 
be several orders of magnitude larger than dis
placements from the elastic ground vibrations, 
and can result in loss of support for, or damage 
to, adjacent structures. 

Summary & Conclusions 
The case histories demonstrate that, with some 
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FIGURE 21. Bureau of Mines "safe limit" criteria with the Cornell University blast vibration 
data, showing low displacements at high frequencies. 

appropriate precautions, blasting can safely be 
performed in close proximity to adjacent above 
ground structures and below ground utilities. In 
order to design the appropriate specification cri
teria and safety precautions, it is important to: 

• Look at each situation and make judg
ments as to which mechanism of blast
induced ground motion poses the great
est threat to the structure or pipeline. 

• Determine the type, age and condition of 
the structure or pipeline. 

While blast vibration is often the only mecha
nism considered, permanent ground deforma
tions caused by cratering or rock block move
ment can often pose a greater threat to a 
structure. By using simple techniques such as 
grouted dowels installed prior to blasting, and 
allowing adequate relief for each round, these 

potential hazards can be overcome. 
When blasting close-in to structures bearing 

on rock, ground vibration frequencies are likely 
to be over 100 Hz and often much higher. As a 
result of these high frequencies: 

• Amplification of vibrations within struc
tures is generally not a problem, and dis
placements are low. At the Cornell Uni
versity project, PPV s over four in/ sec 
were recorded at the foundation with fre
quencies in excess of 200 Hz, and there 
was no apparent damage. The estimated 
ground displacements were less than 
0.004 inches, which was less than the Bu
reau of Mines displacement limit of 0.008 
inches between 10 and 40 Hz. 

• A significant amount of high frequency 
energy (above 150 to 200 Hz) may be 
missed by conventional seismographs 
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due to their relatively low frequency re
sponse and sampling rates. However, 
these high frequency vibrations ( even 
with high PPV s) result in very small, elas
tic displacements that are not damaging 
to structures in general. 
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