
Chapter 16
Studies on Modeling of Dynamic
Compaction in a Geocentrifuge

B. V. S. Viswanadham and Saptarshi Kundu

16.1 Introduction

The engineering properties of various problematic soils, fills and waste materials
existing in the field need to be improved prior to their use as construction sites and
their exposure to various loading conditions. The problematic sites encountered in
the field involve weak compressible soils, collapsible soils, expansive soils, fills,
MSW materials, fly ash/coal ash deposits, etc. The selection of a particular
improvement method depends on the type and degree of improvement required and
the soil type. The standard ground improvement methods adopted in the field can be
broadly classified as reinforcement techniques, densification techniques, grouting/
mixing techniques and drainage techniques. Dynamic compaction (DC) is one of
the most widely adopted densification techniques for geomaterials in view of its
simplicity, cost-effectiveness and ease of implementation (Menard and Broise 1975;
Leonards et al. 1980; Mayne et al. 1984; Lukas 1986; Rollins and Rogers 1994).
The technique, also referred to as impact densification and heavy tamping, has
evolved as a routine method of site improvement for treating poor soils in situ.
Densification by DC is performed by dropping a heavy tamper of steel or concrete
in a grid pattern from heights of 5–30 m. Liquefaction is initiated locally beneath
the drop point making it easier for the sand grains to densify. When the excess pore
water pressure from dynamic loading dissipates, additional densification occurs.
The process is usually repeated in several passes until the required post-treatment
density is achieved.
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Numerous studies have been reported in the literature on DC being applied on
diverse geomaterials (Mayne and Jones 1983; Lutenegger 1986; Zou et al. 2005; Bo
et al. 2009; Feng et al. 2011; Zekkos et al. 2013; Kundu and Viswanadham 2018,
2020). The effectiveness of DC in the context of remediation of loose soil deposits
is hereby illustrated in Fig.16.1a–d. Figure 16.1a depicts the problems encountered
in loose subsoils, wherein superstructure load from adjacent infrastructural facilities
results in large differential settlements of the foundation and subsequent instability
of the building. Figure 16.1b, c presents two alternatives in this regard, in the form
of installation of conventional pile foundations and adoption of DC for soil den-
sification, respectively. The resultant improvement achieved using DC is presented
in Fig. 16.1d, wherein reduced settlements and enhanced stability to superstructure
loads can be observed in the soil stratum densified by DC.

DC possesses a number of advantages compared to other ground improvement
methods. DC has been successfully applied over a range of soil types, including
loose granular deposits, saturated clayey soils, MSW, rockfills and mine spoils. As
per the compilation of Yee and Ooi (2010), DC has the third least CO2 emission as
a ground improvement method after vacuum consolidation and vertical drain
installations. Furthermore, as per the database of Geotechnical Engineering Circular
No. 1 prepared by Lukas (1995) (Table 16.1), the cost for executing DC in the field
is significantly less compared to other ground remediation methodologies.

During DC, the blow energy is applied in single or multiple passes in a grid
pattern over the entire area. In the first stage, the blows are spaced at a distance
dictated by the depth of the compressible layer, the depth of existing groundwater
table and the grain size distribution of soil. Initial grid spacing is usually at least
equal to the thickness of the compressible layer, and 6–50 tamper drops are
imparted at each point. This first phase of the treatment with widely spaced blows is
designed to improve the deeper layers. In saturated fine-grained soils, a sufficient
time interval is planned between succeeding passes to allow the excess pore water
pressure to dissipate. After each pass, backfilling is done periodically with sur-
rounding materials available at the site. The initial passes are also called ‘high-
energy pass,’ as the tamper energy is higher than subsequent passes. The second
pass is generally made at the centroid points of the first pass and consists of several
tamper drops at the same point, which lead to closure of the voids for achieving
minimum void ratio. Finally, an ‘ironing’ pass with a low-energy blow and reduced
drop height is performed to compact shallow soil layers. The field procedure of DC
as discussed is shown in Fig. 16.2.

16.2 Scaling Considerations of DC

Physical modeling of geotechnical engineering problems can be executed at
full-scale level or as a reduced scale model to replicate various field situations.
However, a limitation of small-scale laboratory models under normal gravity is that
the stress levels are much smaller than in prototype structures. Only full-scale
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Fig. 16.1 Effectiveness of DC as a ground remediation technique for geomaterials
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physical models can include all these complexities, but they are expensive,
time-consuming and difficult to replicate with dynamic loadings similar to earth-
quakes, DC, blasting, etc. In such situations, geotechnical centrifuge modeling can
be used as an effective tool to replicate identical stress–strain response in the model
as that of the prototype (Schofield 1980; Taylor 1995; Madabhushi 2014). This
enables study of the behavior of engineered earth structures in a controlled envi-
ronment by deriving standard scaling laws linking the model behavior to that of
corresponding prototype. The main governing parameters for modeling DC in a
geocentrifuge include scaling of the mass of tamper, height of fall and frequency of

Table 16.1 Comparative cost of different ground improvement techniques [based on the
compilation of Lukas (1995)]

Treatment method Basis of cost calculation

Volume of treated
soil (US$/m3)

Surface (US$/m2) Length (US$/m)

aDynamic compaction 0.7–3 4.3–22 –

Vibro-replacement 4–12 – 30–52

Vibro-compaction 1–7 – 16–39

Excavate–replace 10–20 – –

Slurry grouting 40–80 – –

Chemical grouting 160–525 – –

Compaction grouting 30–200 – –

Jet grouting 100–400 – 82–325
bFreezing 275–650 110–160 –
aEstimate is prepared based on projects undertaken during 1985–1993
bPlus $2–$10.75 per sq-m/week for maintaining frozen zones

3rd phase points
(compaction of
surface layers)

2nd phase points
(compaction of

Intermediate
layers)

1st phase points
(compaction of

deep layers)

Fig. 16.2 Typical phases involved in the field during DC process
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tamper drops. Considering a soil deposit of thickness dp in the field and corre-
sponding centrifuge model (Ng model) of thickness dm, the relevant scaling law is
presented in Eq. (16.1):

dm ¼ dp
N

ð16:1Þ

where the notations p and m are used to denote the prototype and model, respec-
tively, and N indicates the gravity level or scale factor. The above scaling factor is
also applicable for modeling the tamper radius (r), drop height (H), improvement
depth (di), crater depth (dc) and radial distance from tamper center (x) (Eq. 16.2a–e).

rm ¼ rp
N

ð16:2aÞ

Hm ¼ Hp

N
ð16:2bÞ

ðdiÞm ¼ ðdiÞp
N

ð16:2cÞ

ðdcÞm ¼ ðdcÞp
N

ð16:2dÞ

xm ¼ xp
N

ð16:2eÞ

The base area of tamper (A) (A = pr2) used in inducing DC in centrifuge is
reduced by N2 times that of the tamper used in the prototype [Eq. (16.3)], while the
volume of crater (Vc) induced in model surface is scaled by a factor of N3

[Eq. (16.4)]. In addition, the tamper velocity [v = (2gH)0.5] at the moment of blow
(v) is related to its height of fall (H) and gravitational acceleration (g), and is scaled
using Eq. (16.5):

Am

Ap
¼ pr2m

pr2p
¼ 1

N2 ð16:3Þ

Vcð Þm
Vcð Þp

¼ 1
N3 ð16:4Þ

vm
vp

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2ðNgÞHm

2gHp

s
¼ 1 ð16:5Þ

The work done by tamper in inducing crater at the soil surface is derived from its
kinetic energy (KE) at the onset of tamper blow. By definition, work done is the
product of force and displacement, and is scaled by a factor of 1/N3 [Eq. (16.6)].
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Based on scaling of the tamper velocity and kinetic energy, scale factor for tamper
mass (m) can be further derived [Eq. (16.7)].

KEm

KEp
¼ FmðdcÞm

FpðdcÞp
¼ 1

N3 ð16:6Þ

mm

mp
¼ 2 KEð Þm

v2m

� �
v2p

2 KEð Þp

" #
¼ 1

N3 ð16:7Þ

As the tamper strikes the soil surface, Rayleigh waves are generated, which spread
radially on the ground. The peak ground velocity (PGV) of the soil surface is used for
quantifying these waves, which is scaled as in Eq. (16.8) similar to tamper velocity.

PGVð Þm
PGVð Þp

¼ vm
vp

¼ 1 ð16:8Þ

The relevant scaling laws for modeling DC in centrifuge are summarized in
Table 16.2.

Table 16.2 Scaling laws applicable for modeling DC in a geotechnical centrifuge

Parameters Prototype Model scale

Cohesion (c) (kPa) 1 1

Angle of internal friction (/) (°) 1 1

Unit weight of the soil (c) (kN/m3) 1 aN

Relative density of soil (RD) (%) 1 1

Pore water pressure in soil (u) (kPa) 1 1

Seepage time (ts) (s) 1 1/N2

Coefficient of permeability (k) (m/s) 1 N

Tamper mass (m) (t) 1 1/N3

Tamper radius (r) (m) 1 1/N

Tamper drop height (H) (m) 1 1/N

Time interval between successive blows (ti) (min) 1 1/N

Time for generation of pore water pressure (tg) (s) 1 1/N

Frequency of blows (fb) (min−1) 1 N

Velocity of tamper (v) (m/s) 1 1

Peak ground acceleration (PGA) (m/s2) 1 N

Peak ground velocity (PGV) (mm/s) 1 1

Crater depth (dc) (m) 1 1/N

Crater volume (Vc) (m
3) 1 1/N3

Depth of improvement (di) (m) 1 1/N

Kinetic/potential energy of tamper blow (E) (t-m) 1 1/N3

Momentum of tamper (M) (t-m/s) 1 1/N3

N Gravity level or scale factor
aFor example, cm/cp = N; m: model; p: prototype
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16.3 Design Details of Actuator

An actuator was custom-designed and developed in the present study based on the
scaling laws presented in Table 16.2. The model test package and actuator assembly
are shown in Fig. 16.3. The developed actuator consists of primarily four different
components, referred to as the support system, impactor assembly, tamper—hook

Strong box

Stand-pipe
to maintain
water table 

Electric Motor

Swing basket

Sensors to data
acquisition system

Wind-shield enclosure

Dynamic compaction actuator

Base plate of
strong box

Guide rods

Fig. 16.3 Model test package with DC actuator assembly
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arrangement and guiding rod assembly. The support system of the developed
actuator consists of three distinctive components, referred to as supporting beam,
supporting columns and associated flanges with slot arrangement. The beam has
been custom-designed to support the loading transferred by the entire actuator and
subsequently transfers the structural load to the supporting columns by a suitably
designed nut–screw arrangement. In addition, the presence of supporting columns
on either side of the beam component ensures elevation of tamper to a considerable
height above the model soil surface in centrifuge, thereby increasing the drop height
to the range that is usually adopted in the field. Supporting columns distribute the
loads to the strongbox through two properly designed flanges made of 10-mm-thick
mild steel plates. Slots provided along the centerline of the flanges enable horizontal
shift of the DC assembly, which is advantageous while modeling the effects of
variable tamper radii in centrifuge.

The impactor assembly is the fundamental lifting component of the developed
in-flight actuator. It is responsible for elevating tamper to a specified height and
releasing it under the influence of gravity with the help of four fundamental com-
ponents, namely drive shaft, sheave, steel hoist rope and a pair of bearing housings.
Besides, an assembly of guide rods is provided at the impactor assembly base to
ensure vertical alignment of tamper during all stages of centrifuge test. Tamper and
hook arrangement are the core components of the tamping module of the in-flight
actuator. Three distinctive components, namely base plate, guide shafts and collar,
are integrated to constitute the tamper. The base plate is half-circular in shape, as
only one-half of circular tamper used in the field was modeled during centrifuge
tests. In order to model the effects of variable tamper radii and variable mass of
tamper in centrifuge, the base plate is proportioned accordingly to comply with
scaling requirements, while keeping guide shafts and collar components unaltered.
Hook arrangement consists of two primary components, the hook itself and hook
holding block. The guiding rod assembly comprises two individual sets of guiding
rods, referred herein as central rods and peripheral rods. The central guiding rods
are made to pass through hollow guide shafts and enable linear guidance of tamper.
The peripheral guide rods are compactly secured to the bottom surface of impactor
assembly. Their primary function is to counter Coriolis acceleration generated
during flight.

Additional components associated with the developed actuator include stand-
pipes for maintaining groundwater level, electric motor for providing the
mechanical power necessary for rotating the drive shaft, digital camera for
recording proceedings of experiment, windshield enclosure to prevent disturbances
from artificial air currents above the model soil surface and illumination arrange-
ment in the form of thin strips of LED light. The instrumentation included
accelerometers and pore water pressure transducers. The accelerometers are DJB
piezoelectric sensors (models: A/23/S and A/23/TS), whereas the pore water
pressure transducers are Druck PDCR81 type miniature PPTs (GE make, UK).
These miniature Druck PDCR 81 PPTs have been used extensively by researchers
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to monitor pore water pressure variations in centrifuge (Muraleetharan and Granger
1999; Ghayoomi et al. 2011; Bhattacherjee and Viswanadham 2018). The data from
PPTs were acquired at sampling rate of 10,000 data per sec during DC and at a
normal rate of 1 datum per sec before and after inducing DC. The accelerometers
were positioned on the soil surface at 0.15, 0.30 and 0.45 m distances from tamper
center to measure vertical vibrations (A1_V, A3_V and A5_V) and horizontal
vibrations (A2_H, A4_H and A6_H).

16.4 Salient Features of Developed Actuator

The in-flight actuator exhibits the following advantages over existing simulators:

• The actuator is robust and versatile and can be controlled remotely in-flight for
replicating DC on geomaterials with variable drop heights, tamper shapes,
tamper radii and tamper mass. Thus, the actuator can model the effects of both
low-energy and high-energy DC processes adopted in the field within the
controlled conditions of a geotechnical centrifuge.

• Adequate measures are taken by providing an assembly of guide rods to counter
Coriolis effects in centrifuge and to prevent lateral shift of tamper.

• Another notable advantage of the actuator is its capability to model the time
interval between successive drops during DC by regulating the drop frequency
through a remotely operated motor. This facilitates monitoring of pore water
pressure response in saturated soils subjected to DC.

16.5 Test Procedure and Model Materials

Centrifuge model tests were conducted at 30 gravities using the 4.5-m radius large
beam centrifuge available at IIT Bombay, India. Details of the centrifuge facility are
summarized briefly in Table 16.3. During discussion, model values have been
referred, with corresponding prototype values within parenthesis. Model tests were
conducted on loose granular soil deposits of 330 mm (9.9 m) depth subjected to DC
under dry and saturated conditions. The model soil used is poorly graded Goa sand
(SP) of specific gravity of 2.654, having a permeability of 1.85 � 10–4 m/s at a
relative density (R.D.) of 35%.Detailed properties of sand are presented in Table 16.4.

A rigid container with internal dimensions of 720 mm � 450 mm � 410 mm
provided with a front transparent perspex plate was used for model preparation and
testing (Fig. 16.3). Permanent markers made of thin transparency sheets were
pasted at fixed intervals to serve as reference points for subsequent GeoPIV anal-
ysis. The sand bed was prepared in a loose dry state at 35% R.D. by adopting the air
pluviation technique. Details of model preparation are outlined in Kundu and
Viswanadham (2021). Among the two tests conducted (Table 16.5), Model TC1
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Table 16.3 Details of the large beam centrifuge facility at IIT Bombay

Sr. no. Parameters Details

1 Configuration type Beam centrifuge

2 Radius 4.5 m (measured up to top surface
of the basket from center of the shaft)

3 Radial acceleration range 10–200 g

4 Maximum pay load (at 100 g) 2.5 tons

5 Capacity 250 g-tons

6 Run-up time from 1 to 200 g 6 min

7 Model area 1.00 m � 1.2 m (up to 0.66 m height)
0.76 m � 1.2 m (up to 1.20 m height)

Table 16.4 Summary of properties for Goa sand

Properties Unit Soil A (sand)

Specific gravity (Gs)
a
– 2.654

Sand (0.075–4.75 mm) % 100

Effective particle size (D10) mm 0.101

Average particle size (D50) mm 0.191

Coefficient of uniformity (Cu)
a
– 2.065

Coefficient of curvature (Cc)
a
– 1.117

Maximum void ratio (emax)
a
– 0.94

Minimum void ratio (emin)
a
– 0.63

bCohesion (cʹ) kPa 0
bFriction angle (/ʹ) ° 32
dCoefficient of permeability at 35% relative density m/s c1.85 � 10–4

aNot relevant
bCU test [35% R.D.]
cAverage of three tests
dConstant head permeability test

Table 16.5 Summary of centrifuge tests conducted in the present study

Test
legend

aParameters
varied

aConstant parameters

TC1–
TC2

Depth of
groundwater
table
dw = Nil, 1.5 m

N = 30, cd,i = 14.22 kN/m3, m = 20.79 t, r = 1.2 m,
H = 10 m, E = 208 t-m, soil type: sand

N Gravity level; dw depth of GWT from soil surface; m mass of tamper; r tamper radius; H drop
height; E tamper energy in each blow
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corresponded to a dry model, whereas an initial water table was simulated prior to
DC for Model TC2. The groundwater table was established in Model TC2 at normal
gravity (1 g) by employing the bottom to top flow method. Standpipes connected to
the model container ensured maintenance of desired water head at a depth of
50 mm (1.5 m at 30 g) from the model surface. The mass of semicylindrical tamper
used in centrifuge tests was 0.385 kg (10.395 t). Due to axial symmetry, only half
of the tamper was modeled, thereby replicating a cylindrical tamper of 0.77 kg
(20.79 t) mass. An energy level of 7.7 kg-m (208 t-m) was simulated, thereby
replicating high-energy DC process. A total of 16 drops were delivered on the soil
surface in each test, in view of the marginal increase in improvement depth
observed beyond 16 blows, as per the numerical simulations of Gu and Lee (2002).
The pore water pressure generation during DC and corresponding vibration levels
induced at the ground surface were analyzed based on data recorded by PPTs and
accelerometers, whereas the ground improvement induced by DC was ascertained
through contours of displacements and volumetric strains.

16.6 Results and Discussion

The interpretation of centrifuge model tests through instrumentation data and
GeoPIV analysis on in-flight images are discussed in this section and summarized
in Table 16.6.

16.6.1 Crater Profiles Induced by DC

The crater profiles for dry sand (Model TC1) and saturated sand (Model TC2) with
increasing distance from tamper center are presented in Fig. 16.4 corresponding to
the 1st, 4th, 8th and 16th blows. The maximum crater depth is observed to be about
38 mm (1.15 m) in Model TC1 and 53 mm (1.6 m) in Model TC2. In addition, the

Table 16.6 Summary of centrifuge test results
Test legend dw (m) di,e (m) (dc)max (m) bPGA (g) bPGV (mm/s)

Radial Vertical Radial Vertical

TC1 a
–s 5.59 1.16 0.191 0.284 32.8 18.2

TC2 1.5 5.03 1.58 0.204 0.233 27.0 17.1

All tests were conducted at gravity level of 30 g (N = 30)
Note All values are reported in prototype scale
aDry soil sample
bReported after 16th blow at 13.5 m from tamper center
dw Depth of water table from soil surface; di,e effective depth of improvement; (dc)max maximum
crater depth; PGA peak ground acceleration; PGV peak ground velocity
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top view of crater observed during posttest investigations after completion of DC is
shown in Fig. 16.5a, b. In general, well-defined crater surfaces are observed in dry
soil (Model TC1) (Fig. 16.5a) with considerable collapse of crater boundaries. In
comparison, the presence of moisture due to groundwater table in Model TC2
prevented collapse of crater boundaries (Fig. 16.5b), resulting in higher crater
depths for the same blow number, as evident from Fig. 16.4.

Fig. 16.4 Crater depths for Model TC1 and Model TC2

(a) TC1, Dry sand                                      (b) TC2, Sand with water table

0.05 m
0.165 m

0.05 m

0.08 m

0.05 m

Fig. 16.5 Top view of crater induced by DC on various soil types
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16.6.2 Displacement Contours

The radial and vertical displacement contours of Models TC1–TC2 at the end of 16
blows are presented in Figs. 16.6 and 16.7, respectively. The contours were derived
from displacement vectors using GeoPIV software as per the procedure outlined in
White et al. (2003). The displacement contours indicated considerable soil move-
ment and associated disturbance in the vicinity of tamper, which reduced with depth

Fig. 16.6 Radial displacement contours for Models TC1 and TC2

Fig. 16.7 Vertical displacement contours for Models TC1 and TC2
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and radial distance from the tamper center. The extent of the disturbed zone was
found to be marginally higher in sand with water table (6.6 m in Model TC2) as
compared to dry sand (6.0 m in Model TC1), especially in the radial direction. The
reason is attributed to lesser resistance provided by saturated sand to soil
displacement.

16.6.3 Volumetric Soil Strains

The volumetric strains (ev) within soil post-DC were studied for each centrifuge
model test as an indication of the extent of ground improvement. The displacement
contours shown in Figs. 16.6 and 16.7 were utilized in this regard, together with
calculation of volume of individual soil elements before the first blow occurs on the
soil surface (Vi), and at a point of time after the final blow (16th blow) is delivered
(Vf). Using the above information, R.D. of soil after every blow was ascertained. In
the present study, the depth of improvement (di) was considered as the thickness of
soil strata measured from initial ground surface to a depth below which DRD is less
than 10% (which corresponds to ev = 1.7%). Additionally, an effective depth of
improvement (di,e) was defined measured from the base of crater. Numerically, di,e
is equal to difference of depth of improvement and depth of crater, and equal to (di–
dc). The volumetric strains (ev) plotted in Fig. 16.8 along with dc, di and di,e indicate
marginally higher improvements induced during DC in case of Model TC1 with dry
sand (di,e = 5.59 m) as compared to Model TC2 with water table (di,e = 5.03 m).

Fig. 16.8 Volumetric strain contours for Models TC1 and TC2
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16.6.4 Pore Water Pressure Developments

The pore water pressures developed in Model TC2 with successive blows are
presented in Fig. 16.9 corresponding to a typical PPT placed at 100 mm (3.0 m)
below the water table and at a radial distance of 75 mm (2.25 m) from tamper. The
peak-induced pore water pressure was observed to be maximum after the 1st blow,
which was in the magnitude of 17 kPa. In addition, the excess pore water pressure
ratio (ru) defined as the ratio between excess pore pressure and the total overburden
pressure is presented in Fig. 16.9 as a measure of liquefaction potential of the soil.
The peak ru value was about 0.40 in Model TC2. Higher magnitudes of ru beyond
the observed limits could not be captured during centrifuge tests to prevent damage
of PPTs placed close to the point of tamper drop.

16.6.5 Ground Vibrations Associated with DC

The peak ground accelerations (PGAs) and peak ground velocities (PGVs) induced
during DC were investigated in the study based on data recorded by accelerometers.

The accelerometer data at the end of 4th blow and 16th blow are presented in
prototype dimensions in Fig. 16.10a to analyze the PGA induced during tamper
blows. The magnitude of PGA after 16th blow in dry sand [Model TC1] was 45 g
(1.5 g) [radial] and 37 g (1.23 g) [vertical], respectively, and that in case of

Fig. 16.9 Pore water pressures registered in Model TC2
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Fig. 16.10 Ground vibrations associated with DC
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saturated sand [Model TC2] was about 20.4 g (0.68 g) [radial] and 16.8 g (0.56 g)
[vertical]. In the next step, the ground velocities induced during DC were evaluated
by integrating the area under the acceleration–time plots with the progress of DC.
The resultant PGV values after 4th blow and 16th blow are presented in
Fig. 16.10b. The peak radial velocity near tamper after 16th blow (PGVr) was about
211 and 120 mm/s, respectively, in Model TC1 (dry) and Model TC2 (saturated).
The corresponding peak vertical velocity (PGVv) was about 112 mm/s in Model
TC1 (dry) and Model TC2 (saturated). Thus, it can be observed that the radial
component of vibrations was generally higher than corresponding vertical ones
induced by DC. Further, the PGA and PGV induced during DC decreased in the
presence of water table owing to damping effects in saturated soil.

16.7 Conclusions

The present paper discusses the development and key features of an actuator for
simulating DC on geomaterials within the high-gravity environment prevailing in a
geotechnical centrifuge. The governing laws, components of the actuator, model
materials, model test package and instrumentation details are discussed explicitly.
The actuator was employed to replicate high-energy DC process on sand with and
without water table using the 4.5-m radius beam centrifuge at IIT Bombay, India.
The primary findings are summarized herein:

• Based on GeoPIV analysis of selected images captured in-flight during exper-
imentation, crater profiles, contours of soil displacement and volumetric strains
were plotted to quantify the ground improvement induced by DC. The
improvement depth was found to be comparable for both models, with mar-
ginally higher values in dry sand.

• The pore pressure magnitudes in sand with groundwater table peaked after 1st
blow in tamper vicinity, which reduced gradually with successive blows.

• The corresponding ground vibrations induced by DC interpreted in terms of
PGA and PGV values indicated that the radial component was higher than
corresponding vertical ones. Further, the PGA and PGV induced during DC
increased with successive blows and decreased in the presence of water table.

Based on the above, it can be inferred that the actuator can effectively model DC
in dry and saturated soils within a geotechnical centrifuge. In addition, the devel-
oped actuator can provide an insight into the response of diverse field deposits
subjected to DC, including dumped fills, hydraulically deposited fills, peats,
collapsible soils, municipal solid waste landfills, dredged soils, reclaimed fills and
so on.
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