Amirkabir Journal of Civil Engineering

Amirkabir J. Civil Eng., 54(5) (2022) 371-374
DOI: 10.22060/ceej.2021.19978.7305

Design and Numerical Modeling of Light Compactor for Very Low Energy Dynamic
Compaction by Finite Element Method

M. Zahedaqae', M. Parvizi** , S. Sirouspour?

"Department of Civil Engineering, Islamic Azad University, Dezful Branch, Dezful, Iran
“Civil and Geotechnical Engineering Department, Yasouj University, Yasouj, Iran
3Young Researchers and Elite Club, Ramhormoz Branch, Islamic Azad University, Ramhormoz, Iran

ABSTRACT: The purpose of this study is to find a method for obtaining all soil dynamic parameters
numerically. Moreover, it is intended to predict the dynamic parameters after each impact and to obtain
the predicted compaction as well as the desired dynamic parameters after a certain number of impacts.
In the study, four hammers with different dimensions are modeled on sandy soil using ABAQUS.
Additionally, the activated wave stiffness test is used to extract the dynamic parameters of each hammer
for loose sand, and it is shown that which hammer under what conditions yields the highest efficiency.
The peak particle velocity is obtained using the finite element technique for each hammer, and the results
are used to determine the safe distance after each blow. The results indicate that the unsafe distance of
the compactor from the location of impact increases with the weight of the compactor. In the study, a
hammer with a mass of 875 kg, falling through a distance of 1 m. A safe horizontal distance of 3.80
m, and a safe vertical distance of 2.30 m are designed to deliver five blows to achieve the maximum
stiffness with an improved depth under the foundation from 0.9 to 1.2 m in loose soil and a relative
error of 5% is obtained. The improvement depth obtained numerically is in good agreement with the
experimental results of centrifuge tests at accelerations of 1, 10, 20, and 30 g, as well as the field results
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1- Introduction

Access to suitable land is an important factor in
construction activities, especially for various coastal
and marine structures. The growth in population has
largely hindered access to lands with good geotechnical
characteristics [1]. Deep foundation construction, earthwork,
and replacing high-quality materials are very costly
processes. Consequently, various methods, such as dynamic
compaction, which is a very popular ground improvement
technique, have been proposed to improve the stiffness and
quality of soil [2]. From ancient times to the 1930s, the
Russians drove piles into the ground using hammers falling
from certain heights. For example, they released 1- or 2-ton
hammers from a height of 5 or 6 meters to drive piles into the
ground. In the late 1960s, a French engineer, Louis Ménard,
developed a new idea for compacting soil to greater depths
using high-energy waves. After Ménard, many researchers
have conducted experimental studies on soil dynamic
compaction, including Kuhlemeyer and Lysmer [4], West et
al. [5], Leonards et al. [6], Charles and et al. [7], Scolombe
[8], and Lukas [9]. In 1994, research on low-energy dynamic
compaction was led by Cardiff Metropolitan University and
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the University of Manchester. In this research, a field study
was conducted by Cardiff University, while the University of
Manchester designed the experimental model of the research.
Some experimental studies on dynamic compaction have
been conducted by Orrje [10], Merrifield et al. [11], GU et
al. [12]. In the present study, ABAQUS FEA software is used
for numerical modeling. The main purpose of this study is to
present a method for easily obtaining all dynamic parameters
based on numerical approaches. Moreover, this study aims at
predicting the soil dynamic parameters after each blow and
obtaining the predicted compaction as well as the desired soil
dynamic parameters after a specific number of blows.

2- Methods
2- 1- Prediction of soil dynamic parameters

In the present study, four types of compactors with
different dimensions are modeled for improving sandy soils.
Moreover, the wave activated stiffness K (WAK) test is used
to extract the dynamic parameters of each compactor for loose
sand. Finally, the compactor with the highest efficiency under
different conditions is chosen. For the sake of brevity, the
results from the less efficient compactors have been omitted
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Table 1. Specifications of the compactor

Diameter of circular

Falling height

Weight of Compactor

foun(i?;[ion (m) kg) Number of impact Compactor
0.8 0.8 448 10 1
1 1 875 10 2
1.2 1.2 1512 10 3
1.5 1.5 2950 10 4

in the present study and the results of the most efficient
compactor are only presented in the article. In some sites
with underground utilities, such as water pipes, electricity
cables or tunnels, the effective depth of the compactor should
not exceed the depth of the underground utilities, while
maximum dynamic stiffness should be achieved. To avoid the
destructive effects on nearby structures, an appropriate type
of compactor should be used, considering the distance from
the nearby structures. The WAK test can be carried out only
by a computer and one user. The proposed method is verified
by comparing the numerical results with the laboratory results
obtained from the centrifuge test. The laboratory results were
obtained based on the following process. In the laboratory, the
force and acceleration signals were recorded for each blow
and the data were transferred to MATLAB software. Then,
the soil dynamic parameters were determined using a custom
written MATLAB program. In the range where the blow was
predicted to be effective, stress sensors (designed by Parvizi)
were placed in both vertical and horizontal directions to
record the signals generated by each blow. These signals
needed to be calibrated before plotting the desired curves by
the custom written program. After applying the calibration
coefficients, the peak of each signal was determined in
vertical and horizontal directions at different depths. During
each low-energy dynamic compaction test, a large amount of
data (1024 data points) was recorded from different devices.
However, these data in the 2N form could be used for different
purposes, such as transformation from the time domain to the
frequency domain in fast Fourier transform (FFT).

2- 2- Safe distance

In the first step, the finite element method was used to
obtain the maximum velocity at the points located between the
tamping site and the desired structure, and then, the curve of
the maximum velocity of the particles versus the distance was
plotted. In the second step, the maximum allowable velocity
was specified on the curve, and then, the intersection point
between the line and curve was determined. The velocity near
the structure should be less than the allowable velocity, so in
the third step, the safe distance was determined based on the
impact point and allowable velocity.
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3- Conclusion

1- In this research, a compaction system with constant
energy (constant tamper mass and height of fall) was
developed. This research focused on a low-energy compactor
(low tamper mass and low height of fall). Therefore, the
results of this research can be generalized to high-energy
compactors (higher tamper mass and low height of fall).

2- Software-based dynamic compaction analysis provided
the user with the dynamic parameters after each blow. As an
example, for compactor No. 2 (875 kg), the fifth blow on
loose soil yields the maximum stiffness and further blows
reduce the stiffness. Therefore, the user had to set the number
of blows to “5” for loose soil.

3- The maximum particle velocity in compacted soil was
less than that in loose soil. However, during the fifth blow,
the maximum particle velocities in both compacted and loose
soil samples were equal. Consequently, the safe horizontal
distance was the same for both soil samples, or in other
words, the soil had reached the maximum stiffness after the
fifth blow.

4- The minimum horizontal distances between the nearby
structures and the impact point should be more than 3.30 m in
compacted soil and 3.80 m in loose soil.

5- The minimum depths of underground utilities from the
surface (impact surface) had to be more than 1.60 and 2.3 m
in compacted and loose soils, respectively.

6- The improvement depth was obtained using the WAK
test and stress-depth curve. The improvement depth from
ABAQUS based on Boussinesq stress distribution was
compared with the results from the laboratory tests and
there was a good agreement between these results. Accurate
calculation of the improvement depth from the stress-depth
curve is relatively difficult, so the concept of improvement
depth range was used. For example, the second blow on
compacted soil led to an improved depth of about 1 m using
the WAK method, while the improvement depth from the
stress-depth curve was about 1.05, with a relative error of 5%.

7- To compact loose soil, the compactor used in this study
has the following specifications:
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Tamper mass: 875 kg

Height of fall: 1 m

Horizontal safe distance: 3.80 m

Vertical safe distance: 2.30 m

Number of blows required to achieve maximum stiffness:
5

Improvement depth underlying the foundation: 0.9 to 1.2
m
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Fig. 1. Modeling of soil environment, circular foundation and percussion in the first stage.
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Table 1. Specifications of the soil environment.
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Table 2. Specifications of the circular foundation.
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Table 3. Specifications of the compactor in the model.
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Fig. 2. Assemble of defined components.
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Fig. 4. One-sided meshing of soil surface and two-sided soil model in the presence of dampers.
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Fig. 5. Mesh modeling of soil model in conditions without damper.
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Fig. 6. Display speed results in Z direction in graphical environment.
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Fig. 7. Display the results of Von Mises stress in the Z direction in a graphical environment.
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Table 4. Specifications of the compactor.
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Table 6. Unsafe horizontal distance from the impact location in loose soil.
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Fig. 8. Maximum particle velocity diagrams - distance to determine the safe horizontal distance for

adjacent structures - loose soil. (Continude)

YATA




- UM... - num...
expe... impact 9 expe... impact 10
1200 1200
2 1000 & gmoo 3
E
£ 800 £ 800
2 600 2 600
2 400 2 400
2 200 S 200
0 0
distance (m) distance (m)
—nUm... —UM... .
expe... impact 7 expe... impact 8
1200 1000 —;
2 1000 5 = 800
E 800 |3 g \
E £ 600
z 600 2 400 N
g 400 .
=] =]
= 200 \T 2 200 \.\N
OIIIIIIIIIIIIIIIIIIII OI —tt
0 1 2 3 4 0 1 2 3 4
distance (m) distance (m)

Conw S — ygloee ool (5l (B8 poul Aol yuad Cpa dlold —0,d Cus g dipin (sL1,5L0 A JSUS

Fig. 8. Maximum particle velocity diagrams - distance to determine the safe horizontal distance for
adjacent structures - loose soil.
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Table 7. Unsafe horizontal distance from the impact location in dense soil.
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Fig. 9. Maximum particle velocity diagrams - distance to determine the safe horizontal distance for
adjacent structures - dense soil. (Continude)
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Fig. 9. Maximum particle velocity diagrams - distance to determine the safe horizontal distance for
adjacent structures - dense soil.
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Fig. 10. Comparison of horizontal unsafe distance in dense and loose soil (numerical results).
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Fig. 11. Maximum particle velocity-buried depth diagrams to determine vertical safe distance
for buried structures - loose soil. (Continude)
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Fig. 11. Maximum particle velocity-buried depth diagrams to determine vertical safe distance
for buried structures - loose soil.

Conwr S 33 0o Colol S 51 (63508 (pos] ué dlold A Joun

Table 8. Vertical unsafe distance from the impact location in loose soil.
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Fig. 12. Maximum particle velocity-buried depth diagrams to determine vertical safe distance for buried

structures-dense soil. (Continude)
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Table 9. Unsafe vertical distance from the impact location in dense soil.
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Table 10. Material specifications.

SL gy JERUWEIPC 1 PRV kg/m?) JE>  (pa) SL aipmiwy! Joso
s ARZAN V0« 0/ Vox) o *
oSy YA/A VEVAIY Fox)e?

J33le s 63935 sloodb clie a ogSUl J58le 0 Sl ool s 4y g5 5
o 855 5 318 3BT 350 5 0 03l I3l 4y ite LB v e
035 1 98 soloj 05> )3 S Joga3 Jols aoliyy (sl 295 T
o 2 Sals (ol sl olS 3 ajgm 5 JU 5 sl
ol 5 sl ylges > 2Kislejl Jao b o] duwolie a5 aisl o ool
ol 0l 02l
Gos ™ i laged dawg 4 390 Bos (e ip e Al yo —F ¥
buwg (g 259 SB gaw 59y > 5 polie Ll (o) ol
(F) ably Sizjor 15 2358 Aoy 42 5 005 lsetsl LogSLT I380p 5
3 5 polie e bl e Cand @ il glages 3 S polie
P S G185 @i g pogSUl JIPle s Sl ool b o 25 slaas
L) )3 3,5 o duglie aKislejl polie b g ok puwy Hges

YV Cawl oael ¥ oyleud (5 0 o&wd (gl Bos — i (sl yloges

ol caley 8558 e VEe Gl i (dlalols 3 b gise (slaojle
dler (Snld w815 (sl (B lisebl ails g 5> dlold

S (Senlid sloyiall (s ipg dl o =1 ¥

‘e I3l g GagSUl Il Sl 295 @l dlo e ol
alpsl SB (Seelad slajially 5 48,5 )8 3T 2050 S5 g
2 olKud o a5 A8l oo Stow (jrps oS ¥ Jold golis L9 oo
odol Vo Jodo )3 S clasuiie 4S8 0 5 g 4 ys SB 55 93 (59,
o]

@ o sl jl okl L g Sy 29y bawg &5 (ol yial)y alox 5]
{C) SB e oy (K) S (o5 8 5l a)e a0l o o

Cas Lgl.b)by;.} (D) 4,\31) Dok (B 9 (M) W) U“’J)" Sk £y

1  Matlab

YAV



e UM erical

SG ik
—¢— Experimental

35
30
) 25

Z 20 V
2 15
X 10
5
0

0o 1 2 3 4 5 6 7 8 9

Number of impacts

10 11

ez NUmMerical

—3é— experimental °Mu Sl
2000
1500
é” 1000
=
500
0

0 1 2 3 4 5 6 7 8 9
Number of impacts

10 11

== Numerical .
Al S gngd G058
—<«— Experimental

1.25
1 m_

2075
2 05
0.25

0

01 2 3 4 5 6 7 8 9 10 11

Number of impacts

ez N\ UMerical

e

—se— Experimental

350

300 y%
250
\

: /
> 200
: WAV
© 100
50
0

01 2 3 4 5 6 7 8 9
Number of impacts

10 11

P lojT e gl b usSUT 415810 5 51 el Cowd 4 gl dulio N JSUS

Fig. 14. Comparison of the results obtained from Abacus software with the results of the laboratory model.
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Table 11. Determining the improved depth range of in dense soil.
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Table 12. Determining the improved depth range of in loose soil.
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