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ABSTRACT: The Supreme Court of India has ordered the demolition of Jain Coral Cove, a pile-supported 17 storied, 55m high 
residential apartment complex at Maradu, Cochin for violating the Coastal Regulation norms. To prevent damages to nearby 
buildings, controlled demolition using a delayed detonation technique was adopted. This paper presents the procedure adopted for 
controlled demolition along with the results of the ground vibration measurement carried out during the demolition of the building. 
Soil profile consists of very soft marine clay up to a depth of 16m, followed by stiff lateritic clay up to 35m and very dense sand 
extending up to 50m depth. The measurement of ground-borne vibrations generated during the demolition of buildings was carried 
out using accelerometers fixed in the ground at selected locations within a radial distance of 50m to 240m from the building. The 
measured peak particle acceleration (PPA) varied from 0.24 to 10.37 m/s2 and the maximum duration of the vibration is found to be 
about 11.5s. Based on the vibration data, the vibration attenuation relationship was proposed for the estimation of the damage 
potential of the adjacent structures due to the demolition of buildings 

RÉSUMÉ : La Cour suprême de l'Inde a ordonné la démolition de Jain Coral Cove, un complexe d'appartements résidentiels sur 
pilotis de 17 étages et 55 m de haut à Maradu, Cochin pour avoir enfreint les normes de la réglementation côtière. Pour éviter 
d'endommager les bâtiments voisins, une démolition contrôlée utilisant une technique de détonation retardée a été adoptée. Cet article 
présente la procédure adoptée pour la démolition contrôlée ainsi que les résultats de la mesure des vibrations du sol réalisée lors de 
la démolition du bâtiment. Le profil du sol se compose d'argile marine très molle jusqu'à une profondeur de 16 m, suivie d'argile 
latéritique rigide jusqu'à 35 m et de sable très dense s'étendant jusqu'à 50 m de profondeur. La mesure des vibrations au sol générées 
lors de la démolition des bâtiments a été réalisée à l'aide d'accéléromètres fixés dans le sol à des endroits choisis à une distance 
radiale de 50 à 240 m du bâtiment. L'accélération maximale des particules (PPA) mesurée variait de 0,24 à 10,37 m/s2 et la durée 
maximale de la vibration est d'environ 11,5 s. Sur la base des données de vibration, la relation d'atténuation des vibrations a été 
proposée pour l'estimation du potentiel de dommages des structures adjacentes dues à la démolition de bâtiments. 

KEYWORDS: Ground vibrations; vibration monitoring; building demolition; blasting; peak particle velocity. 

 

 
1  INTRODUCTION 

Rapid urbanization and land scarcity resulted in the development 
of high-rise buildings since the past century. When multistoried 
buildings are constructed in densely populated areas, sufficient 
importance is not given in planning for the deconstruction of the 
structure after its life span. Hence demolition of the building 
structures is a major challenge to the safety of neighboring 
buildings and structures. Building demolitions generally are 
initiated due to structural damages arising from the depleted life 
span of the building, severe damages due to corrosion/ fire, 
change of utility and legal violations. Typically building 
dismantling is carried out in a pre-planned and controlled 
manner, the method for which is selected based on preliminary 
surveying and stability analysis report. The building demolition 
method involves the time-consuming, non-explosive demolition 
using sledgehammers and bulldozers and the rapid implosion 
method using explosives.  Building deconstruction using 
implosion or explosion reduces the cost of demolition and time 
for bringing multistorey structures to the ground compared to 
conventional demolition methods. For speedy deconstruction of 
high-rise structures in urban areas, demolition by delayed 
detonation blasting technique is adopted recently. The implosion 
practically involves the strategic placing of explosive material 
and timing of detonation such that the building collapses over 
itself in seconds, thereby minimizing structural damage to the 
adjacent structures and surroundings. The technique weakens or 
removes critical supports at crucial locations such that the  
 

collapse happens due to the force of gravity, allowing the 
structure to fall under its weight. 

Ground-borne vibrations caused due to blast-induced building 
demolition activities in densely populated urban areas raise 
serious concern about the strength and stability of adjacent 
buildings and infrastructures. The building blasting and 
subsequent collapse result in a combination of ground vibrations: 
blasting vibration, backlash vibration, and touch-down vibration 
(Wang and Li 2016; Wang,2020). In controlled implosions, the 
effects of backlash movement of the buildings and touch-down 
vibrations create high-ground vibration amplitudes. Problems 
envisaged during demolition include possible developments of 
cracks in the neighboring structures due to touch-down 
vibrations, damages due to impact on utilities such as 
underground pipes and tunnels in the vicinity, and containment 
of demolished materials and flying debris. Vibration monitoring 
during such blast-induced demolition is essential to assess the 
damage induced to the nearby structure by the impact of 
explosion and vibrations induced during the fall of the 
dismantled components of the building on the ground. The 
monitoring of vibrations generated by blasting is an essential 
component in controlling environmental stability and blast 
effectiveness. 

Ground-borne vibrations caused by blasting demolition are 
commonly estimated in Peak Particle Velocity (PPV) since 
empirical correlations on PPV, and building damage are well-
established (Wu et al. 2003). The PPV in the frequency range of 
8 Hz to100 Hz rising from construction and demolition activities 
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can be measured using geophones and acceleration transducers 
in the site. In the case of ground vibrations caused by blasting 
demolition, the magnitude of damage to adjacent structures is 
defined by the attenuation of wave energy radiated from the 
source. The wave attenuation is characterized by geometric 
damping due to the energy radiated in the geometry of the 
transmitting medium and by material damping from the frictional 
energy losses within the soil medium. The vibration impacts in 
terms of PPV are highly influenced by the energy radiated from 
the source, property of the transmitting medium, and wave 
characteristics. 

This paper presents the procedure adopted for controlled 
demolition along with the results of the ground vibration 
measurement carried out during the demolition of the building. 
The PPV values and duration of the ground vibrations were 
assessed at various locations from the building during the 
building lasting and collapse from the recorded time history of 
acceleration, and the damage potential in the neighboring 
structures was studied. 

2  CONTROLLED DEMOLITION OF THE BUILDING 

The supreme court of India had issued an order in 2019 to 
demolish the multistoried residential apartment named Jain Coral 
Cove situated in Maradu municipality, Cochin, for violating the 
coastal regulation zone norms. The building to be demolished is 
a 17 story RCC framed structure with shear walls constructed in 
2014, with a height of 55m. Bored cast-in-situ pile end bearing 
in very dense sand strata noted from a depth of 40 to 48m is 
provided for the structure. To reduce the impact of blasting, brick 
walls and part of the shear walls and other structural elements 
were removed, thereby reducing the building weight by 
approximately 50%. An estimated weight of 22500 tons hit the 
ground in phases. 

Since the ultimatum to raze the buildings for the completion 
of demolition was limited and the buildings were constructed in 
densely populated areas with many adjacent structures, it was 
decided to go for controlled demolition using delayed detonation 
technology. About 500 kg of explosives were installed within the 
structural elements in charging holes and tightly warped using 
steel wire mesh and geosynthetics to prevent throw up of rubbles 
and debris during the implosion.  Pre-weakening of the structure 
includes cutting out a portion of the shear walls and other 
structural elements.  The explosion would be carried out on 
several floors to weaken the columns. The key concept of 
controlled implosion is that central support/columns are 
destroyed, and adjoining columns are weakened. Once the 
columns are destroyed, the building would collapse due to the 
gravitational force.  The millisecond delay initiating technique 
was applied during the blasting of charges/explosives to decrease 
the blasting-induced shock wave impact. The collapse of the 
structures was sequenced to reduce the impact of the touchdown 
vibration to limit significant damages to the nearby structures. 
Blasting of charges/explosives work is carried out in a controlled 
manner such that there will be a time gap of 1/100 second 
between two successive blasts. The trigger of charges is done in 
such a control manner to minimize noise pollution and air 
pollution. Figure 1 shows the Jain Coral Cove apartment during 
the blasting demolition process of the structure. 
 
 
 
 
 
 
 
 
 
 

 

3  SOIL PROFILE  

The apartment Jain Coral Cove is located on the northernmost 
branch of the Champakara canal. As per the coastal regulation 
zone notification2019, the project site is classified as a critically 
vulnerable coastal area. The apartment site is located within a 
distance of 10 m from the waterfront and comprises critical 
strategic assets like underground oil and gas pipelines in the 
impact area. The site falls in seismic zone-III as per Indian 
standard IS 1893 (2000). The soil profile in the area comprises 
of soft marine clay extending up to a depth of 16 m with a SPT 
N value in the range of 1 to 6. Further, medium-stiff laterite strata 
are noted up to 36 m, followed by dense sand, medium-stiff clay, 
and very dense sand strata up to a depth of about 50 m. 

4  DETAILS OF MEASUREMENT LOCATION 

The vibration measurement was carried out during the controlled 
demolition operation of the buildings in around eight different 
locations located at radial distances varying from 47 m to 150 m 
from the building. The vibration measurement was carried out at 
selected locations, and was monitored at two stations. The 
vibration measurement locations and distances are presented in 
Figure 2 and Table 1 respectively 
 
Table 1.  Details of vibration measurement locations near the Jain Coral 
Cove building 

Location of vibration 

Measurement 

Distance between building 

and the sensors (m) 

J1 50 

J2 114.8 

J3 140.2 

J4 196.8 

J5 178.3 

J6 173.2 

J7 179.5 

J8 228.5 

 

5  DETAILS OF VIBRATION MEASUREMNT 

Vibrations generated due to the demolition of buildings were 
measured with a help of piezoelectric type accelerometers fixed 
directly on the concrete blocks embedded in the ground as shown 
in Figure 3(a). In addition, inductive type acceleration 

Figure 1. Photographs of the controlled demolition of building 
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transducers were fixed on to nearby building/bridge as shown in 
Figure 3(b). The vibration measurement was carried out using 
acceleration transducers connected to a Data Acquisition system 
consisting of HBM make multi-channel digital carrier frequency 
amplifier system (model: QuantumX – MX1615BR and 
MGCplus). CatmanEasy V4.1.2 software installed on a computer 
was used to monitor and record the vibrations as digital data 
(Figure 3c &d). The time history of vertical acceleration during 
the controlled demolition operations was continuously recorded 
and stored. Ground-borne vibrations were measured at different 
distances from the target buildings at locations of importance, 
primarily in the vertical direction also in the horizontal direction 
at few locations from which the waveforms of vibration can be 
examined. The recorded time history of acceleration data is 
analyzed to determine peak particle acceleration (PPA), peak 
particle velocity (PPV), frequency content and duration of 
ground vibration. 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 3. Photographs of vibration measurement devices used: (a) &(b):

piezoelectric acceleration transducers (c) HBM amplifier (d) recordings 

during blasting in Catman Easy software 
 

6  RESULTS 

6.1 Peak particle acceleration 

The time history of acceleration during the controlled demolition 
operations was continuously recorded. The typical wave forms 
of time history acceleration recorded during the building collapse 
due to blasting is presented in Figure 4. From the recorded time 
history of acceleration, the peak vertical acceleration was 
identified and it varied from 0.24 m/s2 to 10.37 m/s2. The 
duration of the ground vibrations recorded was 11.5 s for the 
building collapse. 

Figure 2. Site plan showing the Jain Coral Cove building, vibration measurement locations and stations 
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6.2 Frequency content of the ground motion 

The frequency content of the ground vibrations was determined 
from the Fourier Spectra obtained from the measured time 
history of acceleration using Seismosignal 2020 software. The 
frequency content of the motion was found to consist of both low 
frequency (2-10Hz) and high frequency (50-150 Hz) components 
likely due to blasting and sequential collapse of buildings 

6.3 Peak particle velocity 

The peak particle velocity (PPV) is a measure of the damage 
potential of vibration. The time history of velocity is computed 
from the measured time history of acceleration using the 
Seismosignal 2020 software. Typical velocity-time history plots 
recorded stations of the site are presented in Figure 5. The Peak 
particle acceleration (PPA) and PPV extracted from the time 
history of acceleration at different locations during blast 
operations are detailed in Table 2. Peak particle velocity varied 
from 10.2 mm/s to 147.4 mm/s at different locations near the Jain 
Coral Cove building. 

6.4 RMS acceleration, velocity, duration and bracketed duration  

It is discussed earlier that PPV is commonly used as the measure 
of damage potential. Other ground motion parameters like 
frequency content and duration can also be used to indicate the 
potential of the ground motion for damage. The single parameter, 
rms acceleration, includes the effect of the amplitude and 
frequency content of a strong motion record. The rms 
acceleration, rms velocity and bracketed duration at different 
locations during the blasting demolition of Jain Coral Cove are 
 
 

 

presented in the Table 3. Bracketed duration can be defined as 
the time between first and last exceedance of a threshold 
acceleration (here, it is taken as 0.05g). The bracketed duration 
of ground vibration during blasting demolition is 11.5 sec. The 
rms acceleration values near the Jain Coral Cove building varies 
from 0.11 m/s2 to 0.75 m/s2. 
 

Table 2. PPA and PPV at different locations during the demolition of Jain 

Coral Cove 

Position of 

sensor 

Peak particle 
acceleration, PPA 

(m/s2) 

Peak particle 
velocity, PPV  

(mm/s) 

J1 10.37 147.4 

J2 4.99 66.26 

J3 1.60 44.00 

J4 0.24 27.28 

J5 1.06 41.18 

J6 1.08 24.70 

J7 6.49 24.75 

J8 4.385 10.2 

J9 0.94 19.8 

 
 
 
 

 

 

 

 

Figure 4.Acceleration-time history recorded at J1 during the demolition of Jain Coral Cove 

 

Figure 5.Velocity-time plot recorded at J1 during the demolition of Jain Coral Cove 
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Table 3. RMS acceleration, RMS velocity, and bracketed duration at 

different locations during the blasting demolition of Jain Coral Cove 

Position 

of 

sensor 

RMS acceleration 

(m/s2) 

RMS particle 

velocity 

(mm/s) 

Bracketed 

duration (S) 

J1 0.75 18.62 10.09 

J2 0.37 10.21 9.28 

J3 0.16 6.25 7.5 

J4 0.15 3.63 4.86 

J5 0.14 6.19 8.69 

J6 0.12 6.98 6.55 

J7 0.67 14.11 7.79 

J8 0.34 3.65 6.28 

J9 0.11 3.62 4.72 

6  ATTENUATION RELATIONSHIP 

It is found that the peak particle velocity of the ground borne 
vibrations tend to attenuate as the distance from the impact 
increases. The prediction of PPV at different locations is possible 
if an attenuation relationship can be established using the 
measured vibration data.  The plot of variation of measured PPV 
with the distance for Jain Coral Cove building.  The attenuation 
relationship is developed using Figure 6 and it is standardized to 
the form (see Eq. 1). 
 𝑃𝑃𝑃𝑃𝑃𝑃 = 𝐾𝐾𝐾𝐾−𝑐𝑐                                                                        (1) 
 
where PPV is Peak Particle Velocity at any distance from the 
impact source in mm/s, K and C are site constants and x is the 
distance from the impact. This equation can be used to predict 
the PPV at various distances from the impact for sites. K and C 
are found to be 30323 and 0.82 respectively. 
 

 

Figure 6.Attenuation relationship for the blasting of Jain coral cove 

7  DAMAGE POTENTIAL 

The PPV is accepted as the most practical descriptor of damage 
potential for residential structures. A review of the reports on 
vibration related damages to buildings has shown that there is 
only 5 % probability that buildings would receive structural 
damages due to particle velocities less than 50 mm/s (Nelson and 
Saurenman 1983, Nicholls 1971). Most studies agree that there 
is no risk of architectural damage to normal buildings due to 
vibration less than 15 mm/s. 

The US Bureau of Mines had recommended a safe limit of 50 
mm/s peak particle velocity for frequencies above 40 Hz, to 
prevent damages to residential units due to ground vibrations. 
The damage potential of buildings however, varies widely 

depending on the type and quality of construction, nature of 
excitation, the surrounding soil strata, structural resonance, etc. 
In the present case, the bracketed duration of ground vibration is 
considerably short, with widely varying frequency content and 
hence its damage potential may not be significant. No major 
damages to the buildings nearby locations were reported. 

8  CONCLUSIONS 

The ground vibration caused by controlled demolition of RC 
framed buildings namely Jain Coral Cove was recorded using 
accelerometers. The accelerometer locations varied from as close 
to 29 m to 228 m from the center of the buildings.  
The measured peak vertical acceleration during demolition of 
Jain Coral Cove building collapse varied from  0.24 m/s2 to 10.37 
m/s2. The PPV of ground vibration varied from 10.2 mm/s to 
147.4 mm/s. The duration of the ground vibrations recorded was 
11.5 s The frequency content of the motion was found to consist 
of both low frequency (2-10 Hz) and high frequency (50-150 Hz) 
components. 

The damage potential of buildings / structures however, varies 
widely depending on the type and quality of construction, nature 
of excitation, the surrounding soil strata, structural resonance, 
etc. In the present case, the bracketed duration of ground 
vibration is considerably short, with widely varying frequency 
content and hence its damage potential may not be significant. 
The PPV obtained at certain locations close to the demolished 
buildings are found to be very high, and it may be due to debris 
falling close to the sensors.The proposed attenuation relationship 
using the available data may be used to establish the PPV at other 
locations. 
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