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25000 kN·m on a miscellaneous fill site was analyzed. Using the LIBSVM al-
gorithm for modeling and Sobol sensitivity analysis, findings indicate that the 
primary vibration frequency centers around 15 Hz. Frequency fluctuation in-
creases with tamping energy, but the main frequency remains largely stable. 
Vibration velocity decreases exponentially with distance from the vibration 

final (>60 m). Vibration velocity rises initially with hammer height, stabilizing 
optimally at 0.7 m, then declines in a negative exponential trend. Over cumula-

increase, and stabilization—due to factors like soil compactness, pit depth, and 
particle rearrangement. Characteristic vibration velocity peaks around an 18 m 
drop distance, then gradually diminishes. Sensitivity ranking indicates that 
hammer height and drop distance are the most significant factors, followed by 
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Abstract. To examine the key factors influencing vibration reduction in dynamic 
compaction, the influence of vibration source distance, hammer height, tamping 
settlement, and falling distance at energy levels of 4000 kN·m, 12000 kN·m, and 

source, showing three attenuation zones: main (0–30 m), middle (30–60 m), and 

tive tamping settlement, velocity follows three stages—rapid increase, gradual 

vibration source distance and tamping settlement. Thus, in dynamic compaction 
design, controlling hammer height and drop distance optimally reduces vibration, 
while adjusting source distance and tamping settlement offers additional control. 

Keywords: Miscellaneous fill; Dynamic compaction; Vibration velocity; Sen-
sitivity analysis 

Introduction 

ic compaction method is a kind of foundation treatment method whic
ve foundation strength, increase soil compactness and eliminate collapsibilit
ime. It has the advantages of wide application range, good reinforcement 
mple construction conditions [1]. However, the dynamic compaction constru
s is often accompanied by huge energy and strong vibration waves, which h
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non-negligible impact on construction personnel, residents and surrounding buildings 
[1-2]. 

Research on dynamic compaction vibration domestically and internationally has 
concentrated on three areas: vibration prevention, isolation, and control. In vibration 
prevention, Chun et al. [3] and Liu et al. [4] investigated the effects of dynamic com-
paction on fill foundations and marine cut-off walls, identifying vibration attenuation 
patterns through experiments and monitoring and providing recommendations for 
construction and reinforcement. For vibration reduction, Li et al. [5], Chun et al. [3], 
Wang et al. [6] studied the effectiveness of vibration reduction ditches through simula-
tions and field tests, offering practical insights for engineering applications. In vibra-
tion control, numerous field tests have been conducted on soils such as sand [7], sand 
soil [8], andesite [9], gravel soil [10] compacted at energy levels up to 15000 kN·m. These 
studies, including those by Wu et al. [11], show a power or exponential relationship 
between vibration velocity and source distance, contributing valuable data for des
Additionally, Vlček et al. [12], using measured data from gravel soil sites (130-240 

growth rate decreases and terrain elevation amplifies acceleration time histories. Cao et 

trochemical energy storage power station of a power plant. The site is flat as a whole. 
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kN·m), observed that beyond a soil’s original shear strength, the vibration velocity 

al. [13] explored how factors like tamping energy, drop distance, and hammer diameter 
affect vibration propagation, adding to the understanding of vibration dynamics. In 
summary, current research on dynamic compaction vibration control, both domesti-
cally and internationally, primarily relies on model tests and numerical simulations. 
Studies based on actual measurements of high-energy compaction in heterogeneous 
soil sites are limited. Dynamic compaction vibration is influenced by multiple inter-
acting factors, making it challenging to control through any single factor alone. 

This paper examines the field vibration response of a miscellaneous fill site, ana-
lyzing how vibration source distance, hammer height, cumulative tamping settlement, 
and falling distance affect vibration velocity at energy levels of 25000 kN·m, 12000 
kN·m, and 4000 kN·m. A comparative test was conducted on the slope top to study the 
propagation patterns of dynamic compaction vibration across the surface. The findings 
aim to offer guidance for controlling dynamic compaction vibration in miscellaneous 
fill engineering projects. 

2 Overview of Dynamic Compaction Vibration Test 

2.1 Overview of the Test Site 

The site is located in the suburbs of Yangquan City, Shanxi Province. The latitude and 
longitude are 113 ° 34 ' 35.0'E, 37 ° 58 ' 39.9'N. It is a 500 MWh ~ 1000 MWh elec-

According to the exploration, the strata are miscellaneous fill (Q4
ml) and sandy shale 

(C) from top to bottom, and no groundwater is found in the exploration. The basic 
physical and mechanical properties of the rock and soil are shown in Table1. 



Table 1. Physical and mechanical properties of rock and soil index 

Index Sandy shale Miscellaneous fill 
γ/(kN/m3) / 18.5 

Number of dynamic penetrationsN63.5 / 7.4 

Single axis compressive strength (MPa) 13.42 0.07 
RQD 20～30 / 

Rock quality grade IV / 
Modulus of deformation E0 (MPa) 50 / 

Bearing capacity fa (kPa) 600 / 

2.2 Test 

The dyn h mainly 
includes  vibrom-
eter and computer app. The nonlinear accuracy of the three-way vibration velocity 
sensor is be firmly 
connecte  without 
knowing the direction of motion at a certain point. The model of vibrometer is 
TC-4850 /s. In the 
dynamic dynamic 
compaction machinery, and the three-way vibration velocity sensor is connected to the 
vibrome st data is 
exported

Vibrating source Three-dimensional speed 
sensors & Instrument

Computer software  
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Equipment 

amic compaction vibration test equipment is shown in Fig.1, whic
 dynamic compaction machine, three-way vibration velocity sensor,

 0.2 %, and the ambient temperature is-40 ~ 70 °C. The sensor can 
d with the measured object before testing the acceleration signal

-3N, the reading accuracy is 0.1mm / s, and the range is ± 35mm
 compaction vibration test, the vibration is first manufactured by the 

ter by the data line to collect the vibration signal. After the test, the te
 by the computer app. 

Vibration 
wave

Transmit Storage

Fig. 1. Dynamic compaction vibration test equipment 



2.3 Test Scheme 

Based on site geological conditions and reinforcement depth, the following tamping 
energy levels are established: 4000 kN·m is Suitable for shallow preliminary compac-
tion of loose miscellaneous fill. 12000 kN·m is Suitable for medium thickness mis-
cellaneous fill and shallow sandy shale to enhance bearing capacity. 25000 kN·m is 
Suitable for reinforcing thick miscellaneous fill and broken sandy shale for deeper 
effects. Each tamping energy is associated with a measuring line spaced 10 m apart, 
with 8 measuring points on each line. The vibration source distances are 10 m, 20 m, 30 
m, 40 m, 60 m, 80 m, 90 m, and 100 m. The distribution of tamping and check points is 
shown in Fig. 2, and the parameters for the dynamic compaction vibration test are 
detailed in Table 2. 

e
 

3

3.1 Effect of Tamping Energy on Vibration Frequency Distribution 

The distribution of vibration frequency under different tamping energy is shown in Fig. 
3.  
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Fig. 2. Distribution of tamping points and check points 

Table 2. Dynamic compaction vibration test parameters 

Tamping 
nergy / kN∙m 

Tamping 
point number 

Check point 
number 

Hammer  
Height of
drop/ m Height 

/m 
Diameter 

/ m 
Weight/ 

t 
25000 a a-(1~8) 3.9 

2.4 
138 18.5 

12000 b b-(1~8) 1.9 67 18.2 
4000 c c-(1~8) 0.7 25 16.3 

 Test Results and Analysis 
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Fig. 3. Vibration frequency distribution 

When the tam  kN·m, the vibra-
tion frequency i 0 Hz respectively, 
and the median crease of tamping 
energy, the fluc nds, but the main 
frequency distrib  that the dynamic 
compaction ene of vibration fre-
quency, but has 

3.2 Effect of

The maximum v  According to the 
characteristics o ation velocity at-
tenuation curve is divided into three stages:  

Section I: In the main attenuation section (0–30 m), vibration velocity sharply de-
creases as energy dissipates. At energy levels of 12000 kN·m and 25000 kN·m, vibra-

15.69 mm/s at 12000 kN·m, and 11.63 mm/s at 25000 kN·m, indicating stable attenu-
ation. 

n velocity stabi-
lizes across all energy levels. At this distance, vibration velocities remain at approxi-

From Fig.4, it can be seen that the determination coefficient R  of the fitting formula 
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ping energy is 4000 kN·m, 12000 kN·m and 25000
s concentrated in 15 ~ 18 Hz, 14 ~ 17 Hz and 12 ~ 2
is 16 Hz, 15 Hz and 15 Hz respectively. With the in
tuation range of vibration frequency gradually expa
ution is still concentrated at about 15 Hz, indicating

rgy mainly affects the dispersion and fluctuation 
little effect on the main frequency. 

 Vibration Source Distance on Vibration Velocity 

ibration velocity attenuation curve is shown in Fig.4.
f vibration velocity attenuation, the maximum vibr

tion velocity drops by approximately 110 mm/s and 90 mm/s, respectively, and around 
40 mm/s at 4000 kN·m, showing that higher energy levels produce significant 
near-field vibration effects. 

Section II: In the middle attenuation section (30–60 m), the vibration velocity at-
tenuation rate slows, with the curve flattening due to soil damping and the heteroge-
neous nature of the fill. Vibration velocity declines to about 6.05 mm/s at 4000 kN·m, 

Section III: Beyond 60 m, in the final attenuation section, vibratio

mately 6.05 mm/s for 4000 kN·m, 15.69 mm/s for 12000 kN·m, and 11.63 mm/s for 
25000 kN·m, indicating minimal long-distance vibration impact. 

2

of vibration velocity attenuation curve under each energy level is above 0.99, which 
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25000 kN∙m 

Fig. 7. Rela ng settlement 

Fig. 7 illustrates mulative tamping 
settlement, whic

Section I (Su beit with a small 
amplitude. Initia y facilitates pore 
compression and tlement decreases 
quickly, and the r diminishes. 

Section II (S dually. As cumu-
lative settlement y to absorb impact 
energy, leading 25000 kN·m, the 
greater rammer or the attenuation 
caused by incre quence of stages 
compared to 400

Section III (Stabilization): Vibration velocity stabilizes. After multiple tampings, 
soil density increases, weakening its ability to absorb impact energy. Simultaneously, 
more energy is transmitted to deeper layers, resulting in low and stable surface vibra-

tially, as falling distance increases, characteristic vibration velocity (including maxi-

surface diminishes with greater fall distance. 
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tionship between vibration velocity and cumulative rammi

 the relationship between vibration velocity and cu
h can be divided into three stages:  
dden Increase): Vibration velocity rises rapidly, al
lly, the soil is loose, and tamping energy primaril
 particle rearrangement. Consequently, tamping set

 soil’s capacity to absorb the impact from the hamme
low Increase): Vibration velocity increases more gra
 rises, soil compactness improves, reducing its abilit
to a slower increase in vibration velocity [14-15]. At 
height and wider energy propagation compensate f
ased ramming pit depth, resulting in a different se
0 kN·m and 12000 kN·m. 

tion velocity. 

3.5 Effect of Drop Distance on Vibration Velocity 

Fig. 8 illustrates the relationship between vibration velocity and falling distance. Ini-

mum, average, and minimum) rises rapidly, peaking at around 18 m before gradually 
decreasing. This trend indicates that while increased drop distance elevates tamping 
energy and consequently ground vibration velocity, it also leads to greater tamping 
settlement. This increased settlement allows vibration energy to penetrate deeper, 
reducing energy density. As a result, the vibration velocity measured at the ground 
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Fig. 8. Relationship between vibration velocity and falling distance 

4 Sensitiv mic 
Compa

Support Vector M ped by Vapnik et 
al. [16] that is base statistical theory. 
It represents an a ively addressing 
their limitations, underfitting, and 
local minima. SV ession problems. 
The LIBSVM al s of the Sequen-
tial Minimal presentation of 
high-dimensiona

To establish a model between the influencing factors of dynamic compaction vi-
bration and the vibration velocity with good adaptability, the following assumptions are 
made: 

(1) The input variables are independent of each other, and there is no obvious cor-

(2) The output of the LISVM model is smooth and measurable when the input var-
iable changes, ensuring that the variance is decomposable.  

fitted with the function and the function is 
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ity Analysis of Influence Factors of Dyna
ction Vibration 

achine (SVM) is a machine learning method develo
d on the principle of structural risk minimization in 
dvanced version of neural network algorithms, effect
 such as network structure determination, overfitting, 

M excels in small sample sizes and nonlinear regr
gorithm enhances SVM by incorporating the strength
Optimization algorithm, enabling precise re
l functions [17]. 

relation.  

(3) The kernel function can properly map the input data to capture the nonlinear 
relationship, and the mapping will not make the relationship between variables too 
complex.  

(4) Variance decomposition can quantify the contribution of each input variable. 
A total of 288 sets of dynamic compaction vibration test data were obtained in this 

test, which were brought into the model as training samples. Suppose that the input 
sample x and the vibration velocity v obey the function v= f (x). Firstly, the data set is 

minimized. According to the principle of structural risk minimization, g(x) should 
minimize J: 



         (7) 

That is: 

                   (8) 

        (9) 

ω-weight vector; b-deviation; ε > 0, fitting accuracy; ,  is the error variable, 
indicating the part above and below the target value exceeding ε, i = 1, 2, ∙∙∙ , k ; c is the 
regularization parame
above problem into a

   (10) 

 

problem into a high-dimensional nonlinear problem, and the regression function can be 
obtained by solv

 (12) 

To quantify t
the functional r
distance S, the h
expressed as v 
dynamic compa
independent random variable. Firstly, assuming that the expected value of each com-
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ter. The Lagrange optimization method is used to transform the 
 dual problem: 

            (11) 

 is the Lagrange factor, greater than 0. 
The kernel function  is used to replace the above two-dimensional linear 

ing:  

 

he influence of various factors on the dynamic compaction vibration, 
elationship between the vibration velocity and the vibration source 
ammer height h, the ramming amount D, and the drop distance H is 

= f (x). The Sobol sensitivity analysis method is used to analyze the 
ction vibration data, where x = [ S, h, D, H]T is a four-dimensional 



ponent is zero and orthogonal to each other, the function can be decomposed into the 
sum of all components. 

   (13) 

f0 is the average value of the function. 
Using the orthogonality between variables, the total variance of f (x) can be ex-

pressed as : 

          (14) 

 

 

The Sobol global sensitivity index (Q) can be obtained by the variance ratio: 

When z=i, the calcu
which indicates the mai

Fig. 9. Sensitivity index 
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Each variance can be calculated by the following formula: 

  (15) 

. 

            (16) 

lation result is the main effect index (M) of the parameter xi, 
n influence of the parameter xi on the output f (x).  

 



The sensitivity index histogram of vibration source distance S, hammer height h, 
ramming settlement D and drop distance H to vibration velocity v is shown in Fig.9. 
From the figure, the global sensitivity of the above factors to vibration velocity is as 
follows: 

 h H  S D      (17) 
The results indicate that hammer height (h) and drop distance (H) are the most in-

fluential factors affecting vibration velocity, with full effect indices of 0.590 and 0.529, 
respectively, and main effect indices of 0.080 and 0.071. Vibration velocity is primarily 
impacted by interactions with other factors. The vibration source distance (S) has a full 
effect index of 0.391 and a main effect index of 0.212, reflecting moderate direct and 
indirect effects. Tamping settlement (D) has the least influence, with a full effect index 
of 0.202 and a main effect index of 0.039, mainly affecting vibration velocity indirectly 
through interactions.  

Based on the research findings, prior to dynamic compaction construction, the op-
timal hammer height and drop distance should be established through field tests, fol-

maximize the distance from nearby buildings, reducing the risk of vibration propaga-
tion. If adjusting the vibration source distance is not feasible, vibration can be mitigated 

stages: Main Attenuation Section: A sharp decrease in vibration velocity occurs within 
0 to 30 m. Middle Attenuation Section: The attenuation rate slows down between 30 
and 60 m. End of Attenuation Section: Beyond 60 m, vibration velocity stabilizes. The 
relationship between vibration velocity and vibration source distance follows a nega-
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lowed by the formulation of a corresponding construction plan. In sensitive areas, it is 
advisable to choose a lower hammer height and drop distance to minimize vibration 
intensity. Additionally, the vibration source distance should be carefully adjusted to 

by altering the hammer height and drop distance. Moreover, a real-time vibration 
monitoring system should be implemented to enable timely adjustments to construction 
parameters, preventing excessive vibration. To minimize soil disturbance and ensure 
project quality and safety, tamping settlement should be controlled, with a reasonable 
maximum settlement limit set, and compaction should be performed in stages. 

5 Conclusions 

This paper examines the effects of vibration source distance, hammer height, ramming 
settlement, and drop distance on vibration velocity at energy levels of 25000 kN·m, 
12000 kN·m, and 4000 kN·m on a flat site of miscellaneous fill. The Sobol sensitivity 
analysis method was employed to rank the influence of these factors on the vibration 
velocity of dynamic compaction, leading to the following conclusions: 

(1) The main frequency of vibration is primarily centered around 15 Hz across dif-
ferent tamping energy levels. Although the range of frequency fluctuations increases 
with higher tamping energy, the main frequency remains largely unaffected, indicating 
that tamping energy primarily influences the dispersion and fluctuation of vibration 
frequency. 

(2) The maximum vibration velocity attenuation curve can be divided into three 

tive exponential attenuation law of . 



(3) The vibration velocity increases first and then decreases with the increase of 
hammer height. Under different hammer heights, the vibration velocity is mainly 
concentrated in the range of 0 ~ 65.1 mm / s; when the hammer height is 0.7 m, the 
concentration and stability of the vibration velocity are relatively high, and the char-
acteristic vibration velocity and hammer height show a negative exponential distribu-
tion of . 

(4) The growth rate of vibration velocity is divided into three stages with the in-
crease of cumulative rammed settlement: sudden increase stage, which reflects the 
influence of soil compression and particle rearrangement on vibration velocity; the 
slow increase section reflects that the vibration velocity is affected by the comprehen-
sive effect of soil compactness, tamping pit depth and hammer height, and the propa-
gation energy gradually increases. The stable section reflects that the vibration velocity 
is affected by the soil compactness and the depth of the tamping pit.  

(5) As drop distance increases, characteristic vibration velocity (maximum, average, 
and minimum) rises rapidly to a peak before gradually decreasing, with the peak oc-

affect vibration velocity through interactions with other factors, while vibration source 

model tests, numerical simulation, and theoretical analysis could be used to explain the 

whether dynamic compaction vibration responses in other soil types conform to the 
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curring at approximately 18 m. 
(6) The research findings indicate that the full effect indices for hammer height, drop 

distance, vibration source distance, and cumulative tamping settlement are 0.590, 
0.529, 0.391, and 0.202, respectively. The main effect indices are 0.080, 0.071, 0.212, 
and 0.039. Hammer height, drop distance, and cumulative tamping settlement primarily 

distance has both direct and indirect effects. Therefore, in designing dynamic com-
paction, it is crucial to control the hammer height and drop distance to optimize vibra-
tion velocity, while also reasonably selecting the vibration source distance and ram-
ming settlement to further mitigate dynamic compaction vibrations. 

This paper only conducts a sensitivity analysis of the factors influencing dynamic 
compaction vibration based on test data. In future research, methods such as laboratory 

reasons for the varying impact of different factors on vibration. Moreover, as the 
findings of this study are based on a miscellaneous fill site, it remains to be verified 

patterns observed in this study. 
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Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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