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SYNOPSIS

Construction vibrations may be harmful to adjacent and remote structures, sensitive instruments and people.
Construction vibration sources have a wide range of energy, displacement, velocity and acceleration transmitted
on the ground. Effects of different dynamic sources and soil conditions on construction vibrations is analyzed.
Consequences of construction vibrations are developed in various ways. It is important to assess intolerable
vibrations before the beginning of construction activities. Guidelines for preconstruction survey are presented.
Pre-construction survey and prediction of anticipated vibrations by IRFP method, monitoring and control of
measured vibrations are important steps in preventing intolerable vibration effect.

INTRODUCTION

Implementation of construction projects involve various sources of construction vibrations such as pile driving,

dynamic compaction, blasting and operating heavy equipment. These sources generate elastic waves in soil

which may adversely affect surrounding buildings. Their effects range from serious disturbance of working
conditions for sensitive devices and people, to visible structural damage.

The effect of construction vibrations on surrounding buildings, sensitive devices and people in the urban

environment is a significant consideration in obtaining projects approvals from appropriate agencies and
authorities. Disruption of some businesses, possible structural damage and annoying people are the problems.

The dynamic effect of construction vibrations on adjacent and remote structures depends on soil deposits at a site
and susceptibility ratings of structures. It is likely that intolerable structure vibrations may be induced in close

proximity of the driven piles, but foundations settlements resulting from soil vibrations in loose soils may occur
at various distances from the source.

There are two opposite extreme opinions regarding vibration effects on surrounding neighborhood. On the one
hand according to human perception and psychology, construction vibrations are the causes of all damage in
structures, but on the other hand the vibration effect from construction activities is negligible, Oriard (26). Both
opinions are wrong and misleading. Proper evaluation of vibration effect is necessary.
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It is important to assess the dynamic effect before the beginning of construction activities and at the time of

construction. Therefore monitoring construction vibrations have to be started prior to the beginning of
construction works at a site and be continued during construction to provide the safety and serviceability of

sound and vulnerable structures.

Monitoring and control of construction vibrations were studied by a number of researchers €.g. Attewell and
Farmer (1), Barkan (2), Crockett (6), Clough and Chameau (4), Dowding (&), Heckman & Hagerty (13), Lacy

and Gould (16), Massarsch (21), Mayne (23), Richart et al. (29), Svinkin (37), Wiss (42), Wood and Theissen
(43), Woods (44) and others.

This paper presents some guidelines for preconstruction survey, prediction, measurement, analysis and control of
soil and structure vibrations generated by construction activities at a site.

CONSTRUCTION VIBRATIONS

Vibrating, impacting, rotating, and rolling construction equipment is used for soil excavation, modification and
improvement. Machinery with dynamic loads and blasting are sources of construction vibrations. The most

prevalent powerful sources of construction vibrations are pile driving, dynamic compaction, and blasting.
Blasting energy is much larger than energy of other sources of construction vibrations. For example, the energy
released by 0.5 kg of TNT is 5400 kJ, Dowding (8). Such energy is 50 to 1000 times the energy transferred to

piles during driving and 15 to 80 times the energy transferred to the ground during dynamic compaction of soils,
Svinkin (37).

Vibration Classification

Ground vibrations generated by construction sources can be roughly separated into two categories: transient and
steady-state vibrations.

The first category includes single event or sequence of transient vibrations and each transient pulse of varying
duration is dying away before the next impact occurs. Such vibrations are excited by air, diesel or steam impact

pile drivers, by dynamic compaction of loose sand and granular fills, and also by highway and quarry blasts. The
dominant frequency of propagating waves from impact sources ranges mostly between 3 Hz and 60 Hz, Svinkin

37).

The vibration records of ground vibrations close to the pile driver are similar to those from forge and drop
hammers, Steffens (31). The vibration effects from impact hammers are alike to those from vibrations generated

by forge hammers because of comparable energy released and the dominant frequency range.

The second category contains continuous harmonic or some other periodic forms. These forced vibrations are
caused by vibratory pile drivers, double acting impact hammers operating at relatively high speeds, and heavy

machinery.

Vibratory pile driving equipment is wide spread dynamic source of construction vibrations. The most important
characteristics of this machines are frequency with the resultant relationships between dynamic force and
eccentric moment. Low frequency machines have vibratory frequency between 5-10 Hz and used mainly for piles
with big mass and toe resistance such as concrete and large steel pipe piles. Medium frequency machines have
the vibratory frequency range of 10-30 Hz and used with light weight piles such as sheet piles and small pipe
piles. High frequency machines operate at frequencies of more than 30 Hz. The major advantage of these
machines is their lowered transmission of ground excitation to adjacent structures, Warrington (40).

Vibration Propagation

Sources of construction vibrations generate body (compression and shear) waves and surface waves of which
Rayleigh waves are the primary type, Barkan (2) and Richart et al. (29). These waves transmit vibrations through
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soil medium. Rayleigh waves have the largest practical interest for design engineers because building
foundations are placed near the ground surface. In addition, surface waves contain more than 2/3 of the total

vibration energy and their peaks particle velocity are major on the velocity records.

Rayleigh waves induce vertical and radial horizontal soil vibrations. In horizontal layering soil medium, a large
transverse component of motion could be caused by a second type of surface waves called Love waves rather
than other wave types. Waves propagate outward the source in all directions. Spectra of the radial and transverse
components of horizontal soil vibrations may have a few maxima and the one corresponding the frequency of the
source is not always the largest. In general, faster attenuation of high frequency components is the primary cause
of changes of soil vibrations with distance from the source. However, some records can not be explained by this
mechanism and the effect of soil strata heterogeneity and uncertainties of the geologic profile should be taken
into account, Svinkin (34).

The waves travel outward from the construction source and attenuate in the results of geometrical spreading and
material damping. It is common to calculate displacement amplitude reduction of the Rayleigh wave between

)M with a factor exp[-a(r,-r,)] where a is the

two points at distances I and I, from the source as ( rl/ir2

coefficient of attenuation, Golitsin (10). However, there are certain difficulties in determination of the
coefficient, a, for ground vibrations from construction and industrial sources. This coefficient could be
inadequate for different distances between points of measurements. On account of wave refraction and reflection
from boundaries of diverse soil layers, an arbitrary arrangement of geophones at a site can yield incoherent
results of ground vibration measurements because waveforms measured at arbitrary locations at the site might

represent different soil layers, Svinkin (37).

Besides, the coefficient, a, depends on the soil resistance to pile penetration. During hard driving, these
coefficients tend to be higher than those where hard driving is not encountered. According to experimental data
from Clough and Chameau (4), the coefficients, a, were 1.3-2.5 times greater for hard driving than those for
normal driving.

A scaled-distance approach, Wiss (42) and Woods (44). uses relationship between energy, W, of source and

surface distance, D, where velocity, v, is calculated as ( D/WO'fS)ﬂ where the value of 'n' yields a slope in a log-
log plot between 1 and 2. The modified scaled-distance approach provides calculation of the peak particle
velocity (PPV) of ground vibrations as a function of the source velocity, Svinkin (35).

Mayne (23) suggested for dynamic compaction a relationship between the impact velocity of a free falling weight
and PPV of ground vibrations as PPV=0.2( ZQH)M(M())ﬂ where g = gravitational constant, H = falling height,
MO = distance normalized to the weight radius.

Empirical equations employed for assessment of expected soil vibrations from construction and industrial
sources usually only allow calculation of a vertical peak amplitude of vibrations and not always with sufficient
accuracy. These equations cannot incorporate specific differences of soil conditions at each site because
heterogeneity and spatial variation of soil properties strongly affect characteristics of propagated waves in soil
from construction and industrial vibration sources.

A new Impulse Response Function Prediction method (IRFP) has been originated by Svinkin (34, 36) for

determining complete time domain records on existing soils, structures and equipment prior to installation of

construction and industrial vibration sources. The IRFP method has significant advantages in comparison with
empirical equations and analytical procedures.

Vibration Damage and Disturbance Criteria

A number of attempts have been made to connect vibration parameters (displacement, velocity and acceleration)
with observed human annoying, disturbances of sensitive devices, and structural damage, for example, Crandell
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(5), Medearis (24), Nichols et al. (25), Raush (28), Siskind et al. (30) and others. Richart et al. (29) demonstrated
some results of such studies in graphical form for structure and machine vibration limits combined with human

perception limits.

It was found that structural damage could be well correlated with the peak particle velocity (PPV) of structure

vibrations. The same criterion for structural damage of residential buildings was set at 50 mm/s peak particle
velocity in the frequency range of 3-100 Hz, Nichols et al. (25). For commercial and engineered structures, Wiss

(41) suggested to use a conservative limit of 100 mm/s.

Building damage occurs in the result of combined influence of structure vibration displacement, velocity,
acceleration and frequency. The necessity to take into account the vibration frequency to assess the vibration
effect on structures was underlined in a number of publications, for example, Dowding (7. 8), Medearis (24),
Siskind et al. (30), Svinkin (32) and others. Intensive studies of residential structural damage in connection with
measured displacement and velocity was made by the U.S. Bureau of Mines, Siskind (30). As the results, a set of
criteria was developed for the frequency range of 1-100 Hz, involving both displacement and velocity, Figure 1.

The peak particle velocity is the parameter most commonly used to evaluate the effect of construction vibrations
on structure. However, other vibration parameters should be used in assessment of vibration effects as well. So
Figure 1 shows the importance of displacement limits to evaluate structural damage. Displacement of 0.1 mm

and acceleration of 2.5 m/ sz, not velocity, are vibration limits for computing systems, Boyle (3).

There are simple mathematical relationships between peaks of displacement, velocity and acceleration.
Displacement calculations from velocity records are correct, but analogous acceleration calculations do not
always yield proper results because velocity measurement cannot detect high frequency components of ground
vibrations. Accelerometers and geophones have the opposite principles for vibration measurements. If
acceleration limits are available for sensitive devices or foundation settlements, acceleration must be measured in
parallel to velocity measurements. For example, Clough and Chameau (4) made acceleration and velocity
measurements at the same time. One more important point is to use devices with proper calibration curves.
Otherwise it is possible to receive misleading results.

SURVEY OF CASE STUDIES

There are numerous publications regarding vibration
effects from construction operations. Several references
are presented in the introduction section of this paper. In
B this section, an attempt was made to analyze obtained

' results and assess contribution of different factors on
construction vibrations.
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Pile impedance is a significant factor in the transfer of dynamic longitudinal force into the pile and from the pile
into the surrounding soil. The greater the pile impedance, the greater the pile capacity and the greater the
dynamic force that can be transferred to the ground. However, pile impedance affects the intensity of ground
vibrations in two opposite ways at the same time. On the one hand, increasing pile impedance increases the force
transmitted to the pile and surrounding ground, but on the other hand, increasing pile impedance decreases the
peak particle velocity of pile and ground vibrations. An increase of hammer energy magnifies ground vibrations
until the pile impedance allows to increase the force transmitted to the pile and the surrounding soil. The
impedance affects in opposite ways the force and the velocity transmitted to the ground and therefore the pile
impedance effect on the intensity of ground vibrations is not obvious. Pile impedance cannot be always used as a

predictor of intensity of ground vibrations, Svinkin et al. (38).

Soil Resistance and Pile Length. During driving, the various soil resistances to pile penetration are developing as
the pile penetration depth is increasing. Pile-soil load transfer is realized by means of both concentrated loads
from the pile toe and distributed loads generated along the pile shaft. Generally speaking, dynamic loads
transferred from the pile to the ground should be increasing with augmentation of a pile penetration depth.
However, this does not always occur. Accumulated experience in pile driving shows that the intensity of ground
vibrations is mostly independent of the pile penetration depth and depends on soil properties, for example,

Clough and Chamean (4), Holloway et al. (15), Svinkin et al. (38) and others.

In soils with a low penetration resistance such as loose fill, peat or silt, a large portion of the hammer energy is

used in overcoming soil friction and thereby moving piles down. Therefore less energy is transmitted for
generating ground vibrations in comparison with pile driving in soil with a high penetration resistance. The high

blow count resulted in increased ground vibrations at the pile penetration depth approximately between 4-8 m
below the ground surface but did not effect ground vibrations at the greater depth. These results were obtained
from driving of concrete, steel shell and H piles and also of sheet piles.

Dynamic Compaction. For dynamic compaction of loose sands and granular fills, large and heavy steel or

concrete blocks weighing typically 49.1-137.3 kN are usually dropped from heights of up to 30 m, Hayward

Baker (12). The size of weights could be larger at some construction sites. The maximum falling weight found in
publications was 397.3 kN, Gambin (9).

The wide range of impact loads on the ground determines a wide range of ground vibrations. Vibration levels

increase as the treated field becomes densified. A maximum level of particle velocity might be achieved after one

or two passes of heavy tamping. It is necessary to point out that localized liquefaction may occur around the
contact area of impact, Mayne (22).

Dynamic loads on the ground induce elastic waves in the soil medium and these waves are transmitted through
the soil in all directions. The spectra of soil vibrations excited by impacts show a few maximums with the

dominant frequency of the surface wave. Actually, these frequencies are the natural frequencies of the soil layers
and the values obtained do not practically depend on conditions at the contact area where impacts are made

directly on the soil. In general, soil profiles are nonlinear systems and the dominant frequency of soil profiles
depends on the applied impact. Nevertheless, over a certain range, the system behavior may be linear and if the
system is restricted to this range it is possible to safely use the linear approach. However if sizes of falling

weights are considerably different, such impacts on the same contact area might generate surface waves with
different dominant frequencies, Svinkin (33, 34).

Blasting. Blasting energies are much larger than energies of other sources of construction vibrations. Blast design
depends on the large number of factors and is aimed to enhance blasting productivity and diminish generated
ground vibrations without increasing the cost. The following describes effects of different factors on ground
vibrations, Nicholls et al. (25), Dowding (8) and OZA Inspections (27).

Explosive type and weight, delay-timing variations, size and number of holes, distance between holes and rows,
method and direction of blast initiation, geology and overburden are the most important causes which effect

ground vibrations. The explosive types affect ground motion through detonation velocities of explosives and a
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square root of the charge weight. Microsecond-delayed blasts are used for reduction of PPV of ground vibrations
which are connected with the maximum charge weight detonated per delay. A choice of the proper delay is not a
simple problem. Wave propagation might differ with direction if there is geologic complexity. The effect of
overburden manifests itself in attenuation of high-frequency components of ground motion.

Energy of Dynamic Sources. The energy of construction sources is important source property which effects
intensity of surface waves, €.9. Attewell and Farmer (1), Mayne (23), Wiss (42), Woods (44) and others. In
general, ground vibration level increases if the source energy increase. However the energy of source is not

always the dominant factor in determination of the intensity of ground vibrations. The following case studies
shows that influence of other factors should be considered.

The effect of energy level of dynamic compaction on PPV of ground vibrations at different distances from the
source was studied by Mayne (23). It was revealed that the exponent term for energy of the source, W, decreases
with distance away from the point of impact. At distances of 6.1, 15.25, and 30.5 m, the observed effect of

energy level was ( W)M, ( W)M, and ( W)M, respectively, as determined from linear regression analysis of
obtained data.

Martin (20) reported similarity of PPV of vertical ground vibrations observed for displacement piling on peat and

corresponding PPV observed for sheet piling on silt and clay. Although the impact energy of the hammer used
for driving of close-ended steel pipes was in ten times the energy of the hammer used for sheet piling, the

intensity of vertical ground vibrations was similar at the compared construction sites. The minor reason of these
results was explained by differences in the geometry of the piles. The displacement pile had a circular section

and the energy transmitted from this pile to the eround was shared between vertical and two horizontal
components of ground vibrations. The sheet pile had a 'U' shaped section and driving of this pile produced
predominantly vertical ground vibrations. The major reason for the comparatively low level of vertical vibrations

from displacement piling operation was the low penetration resistance of the peat. A large portion of the energy
transferred to the pile was absorbed in moving the pile through the peat.

Dowding (8) made comparison of ground vibrations induced by pile driving with a diesel hammer and by Franki

pile driving and revealed that the latter developed two times more energy but induced smaller ground vibrations
at the same distances from the sources. Perhaps the cause of this phenomenon was a higher attenuation of surface

waves in the loose soil deposits where Franki piles were driven. This observation underlines the significance of
soil contribution to the formation of ground vibrations.

Soil Effect on Vibrations Propagation

Distance from Sources. Waves travel in all directions from the source of vibrations forming a series of fairly
harmonic waves with the dominant frequency equal or close to the frequency of the source. Higher frequencies

being attenuated faster than lower frequencies with distance from the source. However, the soil medium does not

consistently play the role of a low-pass filter and ground vibrations with higher frequencies and amplitudes may
arise after certain vibration attenuation.

The inherent spacial variations of soil properties are not always readily identifiable by routine boring, sampling,

and testing. For instance, Hammond (11) reported a case history of the influence of heterogeneity in soil strata on
soil and building vibrations at the site where a foundation was installed for a forge hammer with a falling weight
of 75.8 kN. The dominant frequency of propagated waves was 22.0 Hz to the west of the hammer foundation,
while, at the same time, in opposite direction to the east of the source, the dominant frequency was 10.0 Hz. In
another interesting case, Svinkin (34), forge hammer foundation vibrations with a frequency of 14.0 Hz excited
soil vibrations with a similar dominant frequency except at one location where the dominant frequency was 25.0
Hz with enhanced amplitudes.

Soft and Stiff Soils. Attenuation of surface waves with distance from the source is important for reduction of
ground vibrations. Clough and Chameau (4), Wiss (42) and Wood and Theissen (43) made intensive
measurements of eround vibrations from construction sources and revealed that values of geometric and material
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damping are higher in soft soils than those in denser, firmer soils. Moreover, PPVs of ground vibrations tend to
increase as soil materials become more dense with the number of blows, Mayne (22). Nevertheless, there is an

opposite point of view. Taniguchi and Okada (38) described a case where soft ground was improved to depth of
12 m by means of the lime pile method. As a result, the acceleration at the ground surface decreased to 10-60 %

in the frequency range less than 10 Hz. Indeed, various soil conditions require different solutions to diminish
ground vibrations.

Martin (20) reported results of measured ground vibrations which had been induced by Love waves. A closed-
ended pipe pile was being driven by a drop hammer into the soft clay to the depth of about 8 m and then into the
gravel layer. When the pile reached the gravel level, PPV of transverse ground vibrations increased two times but
PPV of vertical and radial motion were almost the same. The large transverse vibrations were a Love surface
wave. Similar large transverse ground motion was recorded by Clough and Chameau (4) during driving sheet

piles through the rubble layer by an ICE Model vibratory hammer at an operated fixed frequency of 1,100 rpm.

CONSEQUENCES OF CONSTRUCTION VIBRATIONS

Vibrations transmitted through the ground during construction operations may annoy people and detrimentally
effect structures and sensitive devices.

Construction vibrations effect structures in two major ways. Those vibrations may produce direct damage to
structures and make damage due to vibration-induced settlement.

Structure Vibrations. Structure vibrations depend on soil-structure interaction which determines a structure
response to the ground excitations. Structure vibrations measured from construction operations vary in a wide

range of frequency content and intensity.

Case studies made by Wood and Theissen (43) included ten projects with vibration levels measured in buried

structures and buildings supported on piles at soft soil sites and on spread footings at firm soil sites. It was
concluded that vibratory hammers of about 23 kg-m eccentric moment or impact hammers of about 94 kJ rated
energy with a weight of striking parts of 43.3 kN operating immediately adjacent to unreinforced brick or
reinforced concrete structures in poor conditions may be in some degree dangerous for building. Similar

construction sources operating immediately adjacent to reinforced concrete structures in good conditions will
probably do not produce dangerous structure stresses. Results obtained by Mallard and Bastow (19) and Martin

(20) showed that vibrations of light floors are larger and concrete floors are smaller than ground vibrations.

The proximity of the frequency of soil vibrations to one of the structures natural frequencies may generate the

condition of resonance in the building. Continuous forced vibrations produced by vibratory hammers have
potential to set up resonant vibrations in certain building structures. Moreover transient vibrations might trigger

resonant vibrations as well. Levin (17) found that 3-4 cycles of ground vibrations could generate the condition of
resonance in the building. Rausch (28) described a case history where intolerable vibrations occurred in an
administrative building located 200 m from the foundation of a forge hammer with a falling weight of 14.7 kN.
This weight was considerably less than that in the described above case, Wood and Theissen (43), but obviously
the condition of resonance played the major role.

The damage criteria in Figure 1 are used as a threshold level, but it does not mean that exceeding this level
immediately entail some structural damage. For example, ground vibrations measured nearby the school building
located at distance of 24.4 m from a construction blast are shown in Figure 2, OZA Inspections (27). It can be
seen that PPV of vertical, radial and transverse ground vibrations were higher of the threshold levels for the wide
frequency range. Such vibrations did not result damage of one story brick school building supported on concrete
foundations.
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Figure 2 Velocity spectra of ground vibrations measured nearby the school building located at distance of 24.4m
from a construction blast, after OZA Inspections (27)

One more important comment. The damage criteria displayed in Figure 1 do not make distinction of type, age
and conditions of structures and foundations. Probably more objective and informative damage criteria are a
subject for future research.

Crockett (6) and Dowding (8) suggested to take into account the accumulated effect of repeated dynamic loads,
for example from production pile driving. This approach is especially important for historical and old buildings.

On the basis of probabilistic analysis of a numerous published data, Siskind et al. (30) made a damage

description for Uniform Classification. The three damage categories included the following. Threshold:
loosening of paint, small plaster cracks at joints between construction elements. Minor: lengthening of old
cracks, loosening and falling of plaster, cracks in masonry around openings near partitions, hairline to 3 mm
cracks, fall of loose mortal. Major: cracks of several millimeters in walls, rupture of opening vaults, structural
weakening, fall of masonry, load support ability affected. This classification can be useful in assessment of

structural damage from construction vibrations.

Settlements Induced by Vibrations. Vibrations may change properties of loose sands saturated with water. This
physical phenomenon produces settlement of the ground around the pile and building foundations. Lacy and
Gould (16) collected 19 reported cases with different settlements of sands caused by pile driving, described a few
approaches to calculate ground settlement, and underlined problems in calculation of settlement of loose sand
during pile driving.

It is not clear what vibration parameter and its value should be considered as a trigger of a liquefaction

phenomenon of sand. Lacy and Gould (16) consider PPV of ground vibrations of 2.5 mm/sec as a threshold of
possible significant settlements at vulnerable sites. Clough and Chameau (4) and Lukas and Gill (18) used an

acceleration for assessment of ground and foundation settlement. Barkan (2) reported an important role of the
static pressure on the soil for dynamic settlement of a foundation. Therefore different criteria should be taken into
consideration in assessment of potential liquefaction problem.

Human Responses. Human perception of vibrations is subjective and human response to arisen vibrations may

have false reasoning. Therefore contractor have to provide proper public relations to inform residents regarding
possible negative effects of construction vibrations.

MITIGATION OF VIBRATION PROBLEMS

A pre-construction survey is the first step in the control of construction vibrations to ensure safety and
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serviceability of adjacent structures and/or distant structures with sensitive equipment like hospital facilities and
offices with precision instruments. According to pile driving practice, construction vibrations may cause direct
damage to structures at a distance about of one pile length from the driven pile. However, there is no single

opinion regarding the maximum radius of a preconstruction survey area with buildings surrounding a
construction site. Dowding (8) suggested a radius of 120 m of a construction activities, or out to a distance at

which vibrations of 2 mm/s occur. Woods (44) considered distances of as much as 400 m to be surveyed to

identify settlement damage hazards. Obviously, a radius of the area of preconstruction survey is various and
depends on building condition and utilization.

The preconstruction survey includes a few steps of site investigations.

Inspect present conditions of surrounding buildings.

Perform damage susceptibility study to establish vibration control limits.
Measure vibration background at the area under investigation.

Assess problems such as cracking of building or foundation failure.

First of all a preliminary desk study of a layout of the area for a preconstruction inspection and a site walk-over
observation should be made. Existing cracks found in buildings have to be marked. It is necessary to distinguish

cosmetic and structural cracks. Most attention should be paid to cracks in the structures themselves. The width of
cracks should be measured with a proper ruler. Determining the cause of cracking is important to predict

lengthening and dilatation of old cracks under the vibration effect of pile driving.

For assessment of the dynamic effect on surrounding structures it is necessary to take into account the thresholds

of damage, cracking and perception. Buildings inspected under the contract requirements are commonly
classified depending on structure susceptibility to cracking and proximity of structures to pile driving operations.

Structure susceptibility is usually related to the threshold of cosmetic cracking, Dowding (7), and depends on a
degree of degradation of the building structural and nonstructural systems. Apparently this terminology should be
used in the broad sense as susceptibility of the building-soil system depending on degradation of building

systems, utilization of buildings and soil conditions. It is important for certain cases. For example, a building,
located in the proximity of the driven piles, identified as having low susceptibility and built on liquefiable soils

might have substantially larger deformations than a building identified as having high susceptibility but erected
on non-liquefiable soils at long distance from the driven piles. Certainly, for some sites only the threshold of

cosmetic cracking could be sufficient.

Measurement of a vibration backeround at soil and buildings with sensitive equipment and/or computerized
technology should be a part of the preconstruction survey. The vibration measurement might reveal
microvibrations and vibrations induced by industrial machinery located nearby. A waveform recorder has to be
used for these measurements.

Assessment of the dynamic effect of construction operations on surrounding structures can be made on the basis
of prediction, monitoring and control of soil and structures vibrations from pile driving.

CONCLUSIONS

e Construction operations involve various sources of vibrations such as pile driving, dynamic compaction,
blasting and operating heavy equipment. Construction work often creates problems of disruption of some
businesses, annoying people and possible structural damage.

e Dynamic loads transmitted to the ground change in a wide range of frequency content and intensity and
generate elastic waves in soil medium.

e Empirical equations provide only calculation of a vertical amplitude of ground vibrations and not always
with sufficient accuracy.

e The impulse response function prediction method (IRFP) has obvious advantages in predicting time
domain ground and structure vibrations prior to the beginning of construction activities.
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e Parameters of dynamic sources and soil conditions effect soil and structure vibrations. Various factors such
as pile type and length, soil resistance, specific peculiarities of dynamic compaction and blasting should be
considered in analysis of vibration effects.

o The preconstruction survey should be made to ensure safety and serviceability of adjacent structures and/or
remote structures with sensitive equipment like hospital facilities and offices with precision instruments.

e It is important to assess the dynamic effect before the beginning of construction activities and at the time of
construction. Therefore monitoring construction vibrations have to be started prior to the beginning of
construction work at a site and be continued during construction to provide the safety and serviceability of
sound and vulnerable structures.
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