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Ground vibration induced by percussion piling
Les vibrations de terre à cause de percussion des pieux 
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Department of Civil Engineering, The University of Hong Kong, Hong Kong 

Victor K.S. Li 
Victor Li & Associates, Hong Kong 

ABSTRACT: Vibration and noise induced by percussion piling are alway nuissances to residents in the vicinity of a foundation
construction site. Therefore, Government authority imposes strict control on percussion piling to reduce such nuissances to nearby 
residents and to maintain the integrity of nearby fragile structures. However, it is difficult to establish adequate and practical
guidelines without high quality field data. A field study is being conducted by The University of Hong Kong, in collaboration of local 
piling contractors, to evaluate ground vibration induced by percussion piling. The preliminary results of the ongoing study from a
particular site are presented in this paper. 

RÉSUMÉ: Les vibrations et du briut provoqués par la percussion d'un pieu sont toujours nuissants aux résidents dans le voisinage
d'une site de construction. Ainsi, le gouvernement impose des règles sévères sur les pieux de type de percussion à fin de réduire la
disturbance aux résidents voisins et de protéger les structures fragiles dans les environs. Néanmoins, il est difficile d'établir les critères
adéquats et practiques sans avoir des dounées sur le terrain. En collaboration avec des constructeurs municipaux, The University of
Hong Kong est en train de faire une étude sur le terrain, pour mesurer les vibrations de terre provoquées par la percussion de pieu. Les
résultats préliminaires de l'étude en cours d'une site selectionée sont présentés dans cette article. 

1 INTRODUCTION 

The total area of the Hong Kong Special Administrative Region 
(HKSAR), China is approximately 1,103 km2, accommodating 
a population of 6.8 million and one of the world's largest trading 
economies. However, most of the population is being housed in 
215 km2 of urban development because of steep natural terrain 
and stringent planning controls.  

Due to the rapid development and urbanization, and the 
extremely high land cost of Hong Kong, most commercial and 
residential buildings are high-rise buildings. As a result, the 
most common foundation types in Hong Kong are deep 
foundations, in particular, large-diameter bored piles, driven 
steel H-piles, and prebored socketed steel H-piles for heavy 
structures; and mini-piles for lightweight structures. Due to 
some recent problems in the construction of prestressed precast 
concrete piles, this type of driven piles has not been considered 
favorably by many local designers and contractors. Therefore, 
driven steel H-pile is most economical among different types of 
deep foundations, if site and geological conditions permit. As a 
result, designers and contractors would utilize driven steel H-
piles whenever and wherever possible. However, many sites are 
prevented from using this technically feasible and most 
economical foundation system by various governmental 
administrative hurdles and social resistance. 

 data collected. 

vicinity are 
also made.  

Noise and vibration induced by percussion piling are always 
nuisances to residents in the vicinity of a foundation 
construction site. The Environmental Protection Department of 
the Hong Kong Special Administrative Region Government has 
established a construction noise permit system to limit the hours 
of operation of percussion piling and the number of piling 
machines that can be operated simultaneously so as to minimize 
the adverse environmental impact of noise. Typically, two to 
three hours a day are permitted. Although the limit for operation 
hours may cause some inconvenience to piling contractors, the 
scheduling problem can be overcome by careful planning as 
driving is only one of the many steps in the construction of 
driven steel H-piles. 

However, the ground vibration so induced may be detrimen-

tal to nearby facilities, in particular to monumental structures of 
historical value. As a result, the Buildings Department of the 
Hong Kong Special Administrative Region Government im-
poses quite stringent restrictions on percussion piling for protec-
tion of these fragile structures and public safety. However, these 
restrictions may have adverse impact on the economic competi-
tiveness of Hong Kong as compliance of these restrictions may 
eliminate the possibility of utilizing driven steel H-piles even 
though they are technically feasible, and escalate the construc-
tion costs of foundations and prolong the construction period 
tremendously. For example, the use of driven piles has been 
prohibited due to their proximity to sensitive structures even 
though the probability of causing significant damage to these 
structures by percussion piling is considered to be remote. 
However, it is difficult for the Government to relax the restric-
tions in the lack of reliable local field data.  

A full-scale field study is being carried out by The 
University of Hong Kong, in collaboration with some local 
piling contractors, to quantify the degree of ground vibration 
induced by percussion piling as a function of hammer 
characteristics, distance between pile and sensitive receiver, 
penetration depth of pile and subsurface conditions. The ground 
vibration characteristics will also be evaluated on the basis of 
the field

Sites of different and representative subsurface conditions 
are identified. Moreover, different pile sizes are chosen. 
Accelerometers are installed at different distances from the pile 
being driven to measure both vertical and horizontal 
accelerations. The ambient vibrations are measured prior to the 
piling operation to develop the vibration baseline. During pile 
driving, the ground accelerations induced by each blow of the 
hammer are measured for approximately an hour. The 
measurements are continued for the full-length penetration of 
the selected pile. As no more than three hours per day are 
normally allowed by the Noise Permit for percussion piling in 
Hong Kong and it also takes time to splice the pile and to test 
the weld, the process usually takes a few days for each pile. 
Observations of the performance of facilities in the 
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The collected field data are being analyzed to evaluate the
acceleration and velocity characteristics in the time and fre-
quency domains. Fourier analysis of the acceleration and veloc-
ity will be performed. Moreover, quantification of these vibra-
tion characteristics as a function of hammer characteristics,
distance between pile and sensitive receiver, penetration depth
of pile and subsurface conditions will be developed.

Details of the full-scale field investigation, as well as the
preliminary results of analyses, of one of these sites will be pre-
sented in this paper. The results will be useful for the develop-
ment of appropriate guidelines for the geotechnical profession
in the design of driven piles and formulation of monitoring pro-
gram and remedial measures, if necessary.

2 EQUIPMENT

Eight Model VM-5122 servo type vibration meters manufac-
tured by IMV Corporation of Tokyo, Japan as shown in Fig. 1
are being used for this research program. The meter measures
vibrations in low frequency band such as earthquake motion,
and vibrations of structures, vehicles, ships, etc. It can measure
acceleration, velocity, or displacement. The ranges of measure-
ments of the vibration meter are tabulated in Table 1.

Table 1:  Ranges of Measurements of the Vibration Meter
Parameter Measurement range Frequency range 

Acceleration
Velocity
Displacement

0.005 – 1000 cm/s2

0.002 – 100 cm/s
0.004 – 100 mm P-P

dc – 100 Hz 
1 – 50 Hz 
1 – 20 Hz 

Note: P-P = peak to peak 

Each meter is connected to a servo type acceleration pickup 
as shown in Fig. 2 by cables. The maximum acceleration that
can be measured by the pickup is ±2000 cm/s2. The arrow en-
graved on the acceleration pickup indicates the direction of
measurement. Therefore, the setup shown in Fig. 2 is for the
measurement of acceleration in the horizontal direction. A 
schematic of the pickup is shown in Fig. 3 and the diagram of
principle of operation is depicted in Fig. 4. Two pickups are lo-
cated at the same position so that one pickup measures accelera-
tions in the horizontal direction while the other pickup for ac-
celerations in the vertical direction. The four pairs of pickups 
are located at different distances from the pile being driven to
monitor the spatial variation of vibration.

Figure 3.  Schematic of Servo Type Acceleration Pickup 

Figure 1.  Servo Type Vibration Meter

Figure 4.  Principle of Operation of Servo Type Acceleration Pickup 

3 SITE DESCRIPTION

The test site is located in a reclamation area along the northern
shoreline of Hong Kong Island. The existing ground level is at 
approximately 4.5 m above the principal datum of Hong Kong.
A site investigation program was carried out in July 2000 to
obtain subsurface information of the site. The program included
the drilling of 27 boreholes, performance of standard
penetration tests, vane shear tests, and in-situ permeability tests,
and monitoring of groundwater levels.

The geology of the site, in particular the area in close prox-
imity of the test piles, is revealed as follows. The site is covered
by 7 m to 8 m of miscellaneous fill materials on the surface, un-
derlain by approximately 2 m of marine sand. Below the marine 
sand is a layer of alluvium of 15 m to 18 m thick. The alluvium 
in Hong Kong is typically composed of interlayers of clay and
sand. The alluvium overlays completely decomposed granite.

Figure 2.  Servo Type Acceleration Pickup 
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The degree of decomposition of granite decreases with depth 
and bedrock is located at approximately 33 m below the exist-
ing ground level.

4 FIELD MEASUREMENTS

Ground vibrations during the driving of 305×305×223 kg/m 
steel H-piles at approximately 1 m from the site boundary by a
16-ton hydraulic hammer were monitored during the period of
30 August 2004 to 5 October 2004 for 6 days. There is a con-
crete paved parking lot adjacent to the site where measurements
were made. Therefore, the measured vibrations are practically
free-field vibrations without interference from constructed fa-
cilities. The 8 servo type acceleration pickup were installed on 
the concrete pavement of the parking lot so as to eliminate any
disturbance of research work to the progress of site work and
any safety problems to research personnel.

The 8 acceleration pickups were installed at four locations at
different distances from the pile being driven. Two pickups 
were installed at each location. One acceleration pickup was 
used to measure vertical accelerations and the other acceleration
pickup was used to measure horizontal accelerations radiating 
from the pile being driven. A photo of the field measurement 
setup is shown in Figs. 5 and 6.

5 RESULTS AND DISCUSSION

5.1 Ambient ground accelerations

Ambient ground accelerations were measured on site upon in-
stallation of the acceleration pickups as a functionality check of
the equipment and an evaluation of the accuracy of vibration
measurements. Typical ambient ground accelerations in the ver-
tical and horizontal directions are presented in Figs. 7 & 8, re-
spectively. The results indicate that the vibration meters were
functioning properly. Moreover, the magnitudes of ambient ac-
celerations relative to those induced by percussion piling were
quantified. It should be noted that the characteristics of ambient
vibrations vary from time to time depending on many factors
such as local traffic conditions, the number of heavy construc-
tion equipment being operated on site, etc. However, the ambi-
ent ground accelerations are small relative to those induced by
percussion piling.

5.2 Ground accelerations during pile driving 

The vertical and horizontal ground accelerations as a function of
time for a pile being driven at distance of approximately 4.5 m
from a pair of acceleration pickups are shown in Figs. 9 and 10,
respectively. The pile tip was at approximately 37.4 m below 
ground level and the pile was being driven into a hard stratum.
It can be observed that the ground acceleration induced by each
blow can be easily recognized. Moreover, the first blow by the
hydraulic hammer and subsequent rebound and re-hitting of the
pile can be recognized. The interval between blows was ap-
proximately 8 seconds. It should be noted that the interval var-
ied with drop weight of the hammer that was a function of the 
geologic conditions at the pile tip.

Figure 7.  Ambient Vertical Ground Acceleration 
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Figure. 5. Layout of Acceleration Pickups (Covered by Plastic Boxes)

Figure 8.  Ambient Horizontal Ground Acceleration 

Figure 6.  Steel H-Pile being Driven
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6 THE WAY FORWARD

Only preliminary analyses of the data collected to date are pre-
sented in this paper. Further analyses are being carried out.
Moreover, more field data are being collected so that valid rec-
ommendations can be made. 

The acceleration pickup used in this research program can 
measure acceleration, velocity, or displacement. However, ac-
celeration is the primary measurement. Velocity and displace-
ment are basically products of data processing by the vibration
meter using a pre-programmed algorithm. Accelerations are be-
ing measured in this research program so that raw data are being
collected. Integration algorithms are being developed to elimi-
nate electronic drifts and noises collected during measurements
so as to obtain accurate velocities and displacements.

It is difficult to estimate the absolute input energy into the 
ground by the pile driving operation. Although the hammer 
weight is always known, the drop height is varied by the opera-
tor to suit ground conditions from time to time as he sees fit.
Therefore, the energy input for each blow is not constant.
Methodologies to normalize various parameters with distance 
are being developed.

7 CONCLUSIONS

The following conclusions can be drawn from this full-scale site 
evaluation of vibration induced by the driving of steel H-piles 
so far: 

�� Ground vibrations during percussion piling can be measured
with reasonable accuracy using servo type vibration meters.

�� The relative magnitudes of vertical and horizontal accelera-
tions depend on site characteristics.

�� Input energy is a difficult parameter to obtain, as the drop
height of hammer has to be adjusted by the operator continu-
ously during the driving of pile to suit site conditions.
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�� Further analyses are required and more field data of different
site conditions have to be collected. 
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Figure 9.  Vertical Accelerations during Pile Driving 
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