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ABSTRACT: Conventional casting of bored cast in situ pile which is also known as direct mud circulation (DMC) method 

was accepted as the most reliable piling system all over the world. Compared to precast pile driving, chiselling action in 

DMC piling produces low energy. This low energy can produce stress waves in the ground which may cause problems to 

the adjacent structures. This paper deals with the development of predictive equation for the peak particle velocity for 

different types of soil due to ground vibrations caused during DMC method of piling. Ground vibration analyses were 

carried out for different soil profiles with different hammer energy impacts. The ground acceleration produced during DMC 

piling at different distances and depths from the source of vibration were measured on layered soft clay and lateritic soil 

mediums. The peak particle velocity depends on the soil constants k and n. These soil constants for different soil types, such 

as soft clay and lateritic clay are compared in this paper. Developed soil constants of DMC piles are then compared with 

that of driven piles. 
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1 INTRODUCTION 

Piling methods are essential for the construction of 

buildings, transmission towers, and high rise structures 

where adequate ground support is not directly available. 

Conventional bored cast-in-situ piling methods are 

widely used nowadays over impact type piling methods. 

In contrast, vibrations originating from the piling 

instruments have serious adverse effects on adjacent 

structures and their foundations, as well as on vibration 

sensitive installation and occupants of buildings. Thus 

the vibration assessment and prediction has become a 

topic of great interest. Due to the subjective nature, it is 

difficult to determine the accurate vibration level 

associated with the piling. In order to analyse the 

vibration-related problems, the combined effect of 

several factors such as site characteristics, layering of 

soil structure, propagation of body and surface waves in 

the particular soil type etc. are to be considered. 

Accurate prediction of vibration levels are required to 

protect the construction companies from fraudulent 

claims. 

Current practices for dealing with the ground vibration 

during piling operation mainly consider Peak Particle 

Velocity (PPV) values determined by empirical 

relations which are easy to predict and compare. 

Literatures associated with the prediction of PPV values 

are originally established via empirical correlation 

determined from actual observation of low rise 

residence structural damages (Siskind et al., 1980). 
Even though there are several empirical methods 

available for prediction of PPV, most important 

empirical relations are based on the pioneer generalized 

form by Wiss (Wiss, 1981). Majority of the studies in 

ground vibration prediction are related to blasting or 

mining operations; like predictor equation developed by 

Aloui et al.,2016 etc.. Standards for limiting the ground 

vibration based on PPV values for blasting and mining 

operations such as USBM standards, 50.8 mm/s criteria 

by Svinkin (Svinkin, 2003 and Svinkin, 2013),can be 

applied to piling vibrations.  

2 MEASUREMENT OF GROUND 

VIBRATION 

2.1 Site Description 

Eight sites with different types of soil strata were 

selected for the study. Three sites were located at 

Ernakulam district, three at Alappuzha district and two 

at Thiruvananthapuram district in Kerala state.  
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2.1.1 Type 1: Soft clay stratum 

Kuttanad region in Alappuzha district is a low lying 

area. The soil in this region is highly compressible soft 

clay overlain by either poorly graded sand or filled 

laterite with water table near the ground. Typical 

borehole details of sites with soft clay are shown in 

Figure 2 in Balan et al., 2015.  

2.1.2 Type 2: Hard lateritic clay stratum 

Lateritic soil is present almost all over the state of 

Kerala except in coastal and hilly regions. Soil strata 

present in five sites located at Thiruvananthapuram, 

Ernakulam are generally laterite with high gravel 

content as top layer followed by hard lateritic clay with 

silt content with SPT N value in the range of 25-50 in 

shallow depths and >50 in deeper layers. Typical bore 

log details are shown in the Figure 3 in Balan et al., 

2015. 

2.2 Field Setup 

Ground vibrations are induced as the piling operations 

progressed. Four auxillary boreholes of diameter 10 cm 

and at a distance of 2m, 4m, 8m and 16m were made at 

radially opposite directions of piling spot as shown in 

Figure 1. Accelerometers placed over steel rods are 

themselves placed in these boreholes at different depths. 

 

Fig. 1 Field layout showing the position of point of impact 

and accelerometers. 

2.3 Peak Particle Velocity 

Accelerometers were placed over steel rods which 

themselves were placed in boreholes at different depths. 

The ground vibration signals obtained by 

accelerometers were acceleration time histories, which 

had amplitude in g’s. These acceleration signals are, for 

engineering purposes, usually quantified in terms of 

peak particle velocity (PPV). Acceleration signals are 

processed by doing numerical integration to get 

corresponding peak particle velocity. Digital filter (IIR - 

infinite impulse response filter) was used to eliminate 

noise. Figures 2 and 3 represents a typical acceleration 

time history measured using an accelerometer and PPV 

time history after application of IIR filter respectively.  

3 DETERMINATION OF SOIL 

CONSTANTS 

Vibration predictors generally have two constants such 

as k and n. These constants are entirely dependent on 

soil condition and impact source type. The PPV is 

related to chisel impact energy and distance from the 

impact by the prediction equation (1) (Wiss, 1981). 

n

nE
V k

D

 
  

    (1) 

Where: 

En          - hammer energy in joules 

D           - distance from the source in meters 

k and n  -  soil constants and 

nE

D
   - scaled distance. 

 

Fig. 2 Acceleration time history of pile driving vibrations  

 

Fig. 3 PPV signal after application of IIR filter.  
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Soil constants are determined for each mean depth of 

impacts and for each site. Table 1 shows the calculated 

soil constants for various depths and their average 

values for sites where stiff lateritic clay is present. 

Magnitude of soil constant k shows a sudden decrease 

after a depth of three meters. With the increase in the 

depth of impact, the magnitude of the surface waves 

produced will be decreased. Average values are taken 

accordingly, viz. up to three meters and below three 

meters. Average values of n are also calculated in a 

similar manner. 

Table 1 Average soil constants for stiff lateritic clay 

Depth 

(m) k n 

Average 

k n 

1 0.627 1.296 

0.610 1.315 2 0.615 1.361 

3 0.589 1.287 

4 0.479 1.194 

0.362 1.147 5 0.296 1.144 

7 0.310 1.102 

Soil constants are determined for soft clay for four sites 

having soft clay stratum present below a depth of two 

meters and the average values are shown in Table 2. 

Table 2 Average values of soil constants for soft clay. 

Depth (m) k n 
Average 

k n 

2 0.621 0.809 

0.521 0.898 3 0.432 1.051 

4 0.510 0.834 

5 0.494 0.804 
0.411 0.808 

7 0.328 0.812 

Similar to the previous case, average values of soil 

constants are taken up to four meters depth and below 

four meters depth. 

Medium stiff lateritic clay was present in two out of 

eight study sites. Water table was present near the 

ground. Average values of soil constants are calculated 

for these sites and the results are listed in Table 3. 

Average soil constants are determined for shallow 

depths and for depths more than three meters.  

Surface fills in the study sites was either poorly graded 

sand or gravelly laterite. Depth of surface fills varied 

from 0.8 meters to two meters. Table 4 shows 

calculated values of soil constants and their average 

values. 

PPV predictors are developed using the average values 

of soil constants for the five different types of soil 

strata. Table 5 shows the developed predictors for 

different soil strata. Since magnitudes of soil constants 

at shallow depths are higher, it determines the 

maximum possible values of PPV; average values at 

shallow depths are selected for three cases, viz. hard, 

medium stiff lateritic clay and soft clay. 

Table 3 Average soil constants for medium stiff lateritic 

clay 

Depth 

(m) 
k n 

Average 

k n 

1 0.409 0.937 

0.418 0.927 2 0.440 0.929 

3 0.406 0.915 

4 0.386 0.814 

0.385 0.812 5 0.399 0.796 

7 0.371 0.826 

 

Table 4 Average values of soil constants for surface fills 

Depth (m) 
Sand Gravelly Laterite 

k n k n 

0 0.391 1.111 0.326 1.194 

1 0.609 1.102 0.306 1.079 

2 0.304 1.032 0.274 1.041 

Average 0.435 1.082 0.302 1.105 

Figure 4 shows variation of predicted PPV for different 

soil types with scaled distances for shallow depths. This 

variation has more engineering significance since it 

represents the surface waves, which will propagate to a 

greater distance than the body waves with greater 

amplitudes. 

Figure 5 represents variation of PPV with scaled 

distance of impact for different soil types using 

developed predictor equation for a depth of impact 

greater than three meters. Scaled distance decreased 

when either energy of the impact decreased or distance 

from the source increased. For a particular site where 

impact energy remains constant, distance from the 

source alone is the indication of scaled distance. 

Threshold values set by different country’s standards by 

considering safety for low rise buildings includes 50.8 

mm/s criteria (Svinkin, 2003). A maximum peak 
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particle velocity of 2 in/s or 50.8 mm/s is permissible 

for most of the modern structures if the frequency of 

excitation is higher.  

Table 5 Predictor equation for different soil types 

Soil Type 

Average soil 

constants 
Predictor equation, 

PPV= k n 

Hard 

Lateritic Clay 
0.610 1.315 

1.315

0.610
nE

D

 
  
  

  

Soft Clay 

under WT 
0.521 0.898 

0.898

0.521
nE

D

 
  
  

  

Medium Stiff 

Clay under 

WT 

0.418 0.927 

0.927

0.418
nE

D

 
  
  

 

Sand 0.435 1.082 

1.082

0.435
nE

D

 
  
  

  

Gravelly 

Laterite 
0.302 1.105 

1.105

0.302
nE

D

 
  
  

  

 

Fig. 4 Variation of predicted PPV values with scaled 

distances for shallow depths.  

4 CONCLUSIONS 

Predictor equations for peak particle velocity are 

developed for each soil type. Efficiency of pile impact 

was not considered in the study. It is evident that 

presence of water table decreases the ground vibration 

amplitude. Medium stiff lateritic clay, highly 

compressible soft clay, poorly graded sand and gravelly 

laterite will propagate ground waves similar in terms of 

magnitude in immersed condition. Stuctures situated in 

these types of sites will be safe against damage during 

piling operations except for damage due to liquefaction 

of surface sand. 

Sites where hard lateritic clay is present will show 

higher magnitudes of peak particle velocity and 

susceptibility for damage at shallow depths. Maximum 

possible peak particle velocity will exceed the 

permissible limit of 50.8 mm/s when the scaled distance 

is more than 30 J
1/2 

/m. Piling vibrations at depths more 

than three meters will induce only 1/3
rd

 of that produced 

in shallow depths for higher scaled distances.  

 

Fig. 5 Variation of predicted PPV values with scaled 

distances for depth greater than 3 meters.  
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