Int. j. adv. multidisc. res. stud. 2026; 6(3):323-326

Received: 21-03-2026

International Journal of Advanced Multidisciplinary
Accepted: 01-05-2026

Research and Studies

Frequency-Based Vibration Energy Indicators for Assessing Mechanical
Degradation in Riverbank Soils

ISSN: 2583-049X

1 Bao Quynh Le, > Hong Dien Le
1.2 Infrastructure Development Department, Ho Chi Minh City University of Transport, Vietnam

Corresponding Author: Bao Quynh Le

Abstract

Progressive mechanical degradation in riverbank soils is
governed by gradual reductions in small-strain stiffness and
concurrent increases in material damping under repeated
low-amplitude environmental excitation. These processes
modify wave propagation characteristics within the soil
mass and result in systematic changes in the frequency
distribution of vibration energy. This study evaluates
frequency-based vibration energy indicators as physically
grounded measures for assessing mechanical degradation in
riverbank soils within a soil dynamics framework. Ground
vibration records are analyzed in the frequency domain
using power spectral density (PSD) techniques to quantify
band-limited vibration energy within low-, mid-, and high-
frequency ranges. Energy ratios between frequency bands
and high-frequency spectral attenuation slopes are derived to
characterize stiffness- and damping-controlled components

redistribution of vibration energy from high- to low-
frequency bands along the riverbank, reflecting progressive
softening of the soil skeleton and enhanced energy
dissipation at small strain levels. In particular, increases in
the low-to-high frequency energy ratio and steepening of
high-frequency  spectral decay are indicative of
mechanically degraded zones. Because the proposed
indicators are normalized in the frequency domain, they
exhibit reduced sensitivity to excitation amplitude and allow
meaningful spatial comparison between measurement
points. The findings demonstrate that frequency-based
vibration energy indicators provide a non-invasive and
mechanically interpretable approach for assessing
progressive mechanical degradation in riverbank soils,
complementing conventional geotechnical investigations
focused on large-strain behavior.

of the dynamic response. The results show a consistent

Keywords: Ground Vibration, Frequency-Domain Analysis, Power Spectral Density, Vibration Energy Redistribution,
Mechanical Degradation, Riverbank Soils

1. Introduction

Riverbank soils are inherently vulnerable to progressive mechanical degradation driven by water level fluctuations, seepage,
erosion, and repeated low-amplitude environmental loading. These processes gradually alter the soil fabric, leading to
reductions in small-strain stiffness and increases in material damping, which weaken bank stability over time. Importantly,
such mechanical degradation often develops well before visible deformation or failure occurs, making early-stage assessment
particularly challenging (3],

Conventional geotechnical investigation methods, including strength testing and deformation monitoring, are primarily
sensitive to medium- to large-strain behavior. As a result, they provide limited insight into early degradation processes that
occur at very small strain levels under cyclic or ambient excitation . In contrast, ground vibration measurements capture the
dynamic response of soils at small strains and directly reflect changes in stiffness, damping, and energy dissipation
mechanisms BJ.

From a soil dynamics perspective, wave propagation in viscoelastic media is strongly frequency-dependent. Progressive
stiffness degradation and increased damping preferentially attenuate high-frequency vibration components while relatively
enhancing low-frequency energy, even when excitation amplitude remains nearly constant [ 7. This behavior leads to a
systematic redistribution of vibration energy across frequency bands, which can be quantified using power spectral density
(PSD) analysis. High-frequency energy has been shown to be sensitive to inter-particle contact stiffness and microstructural
integrity, whereas low-frequency components reflect the overall dynamic response of the soil mass and boundary conditions 1.
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Based on these principles, frequency-based vibration energy
indicators—such as band-limited spectral energy, low-to-
high frequency energy ratios, and high-frequency
attenuation  slopes—have emerged as  physically
interpretable metrics for assessing soil mechanical
conditions at small strains . PSD-based approaches further
reduce sensitivity to excitation amplitude, enabling spatial
comparison between measurement points along riverbanks
under similar loading conditions [ Nevertheless, a
coherent synthesis of these indicators and their relevance for
assessing progressive mechanical degradation in riverbank
soils remains limited. This study therefore focuses on
frequency-based vibration energy indicators as tools for
evaluating mechanical degradation in riverbank soils, with
emphasis on their physical interpretation and applicability
within a soil dynamics framework.

2. Phwong Phap Nghién CUU

2.1 Nguyén Iy tiép cgn

Nghién ctru nay dya trén co sd co hoc rang su suy giam do
cling va gia tang kha nang tiéu tan nang luong cua dat bo
song s€ gdy ra nhimg bién d6i c6 hé thong trong dap (ng
dao dong nén ¢ muc bién dang nho. Theo 1y thuyét dong luc
hoc dat, su suy yéu vat liéu 1am suy giam cac thanh phan
dao dong tan s6 cao va dan dén sy tai phan bd tuong ddi
nang luong vé phia cac dai tin thip. Do do, phan tich ning
lwong dao dong trong mién tan sb co thé dugc sir dung nhu
mot chi bao gian tiép cho qué trinh suy giam co hoc tién
trién cia dat.

2.2 Phén tich phé va mét dj pho cong sudt

Tin hiéu van toc nén dat v(t) dugc bién doi sang mién tan s
bang phép bién ddi Fourier nhanh (FFT). Mat d¢ phd cong
suat (Power Spectral Density — PSD) cua tin hiéu dugc xac
dinh theo ph6 mét phia:

S.(f) =2V (NI? )

Trong d6 V() 1a bién ddi Fourier cua tin hiéu van toc va T 1a
thoi gian ghi nhan. PSD cho phép biéu dién phan b nang
luong dao dong theo tan s6 va giam anh huéng cia nhidu
tirc thoi trong mién thoi gian.

2.3 Phén tich ning lwong theo ddi tin

Mién tan sb duoc chia thanh ba dai dac trung:

= Dai tan thap (LF): 1-10 Hz

= Dai tan trung binh (MF): 10-30 Hz

= Dai tan cao (HF): 30100 Hz

Ning luong dao dong trong mdi dai tin dugc xac dinh bang
tich phéan cua PSD:

E = [1? S,(Ndf o

Trong d6 i € {LF, MF,HF}  Téng nang lugng dao dong dugc
xac dinh boi:

Etor = Erp + Eyr + Epr (3)
bé giam anh huong cua bién do qguén kich, nang lugng
trong moi dai dugc chuan hoéa theo tong nang luong:

Ej=—L
' Eror 4)

www.multiresearchjournal.com

2.4 Cdc chi sé dinh gid suy giam co hoc

Ty sb giita nang lugng dai tan thip va dai tan cao (LF/HF)
duoc sir dung nhu mot chi $6 phan anh mtrc d¢ tai phan bd
ning lugng dao dong theo tan so:

E
RLF/HF == (5)

Enr

Gia trj Furimr _tang cho thdy sy suy giam twong ddi cia cac
thanh phan tan s6 cao, phii hop vé6i qua trinh giam do cing
hiéu dung va gia ting suy giam noi tai cia dat.

Do doc suy giam niang luong tan s cao: Dic tinh suy giam
clia nang luong tin s cao dugc phan tich thong qua ning
lugng tich liy trong dai HF. Trong khong gian log—log,
nang lugng HF tuan theo quan hé¢ suy giam dang lily thura
theo tan sd, va d6 dbc suy giam duoc xac dinh bang hoi quy
tuyén tinh. D6 ddc nay phan 4nh mirc d6 suy giam va tan xa
nang luong trong vat liéu dat.

2.5 Phén tich theo phwong dao dong

Céc chi s6 nang luong duoc tinh toan riéng cho ting thanh
phan dao dong nhiam danh gia mic do nhay cam cia ting
phuong chuyén dong d6i voi qua trinh suy giam co hoc.
Viéc so sanh gilra cac phuong gitp lam rd vai tro cua bién
dang cit va co ché truot tiém nang trong 6n dinh bo song.

2.6 Quy trinh phdn tich

Quy trinh nghién ctu bao gom: (1) thu thap tin hiu dao
d6ng nén theo ba phuong dudi ngudn kich cb dinh; (ii) phan
tich PSD va phén tach nang luong theo dai tan; (iii) chuén
hoa nang luong va tinh toan cac chi s LF/HF va suy giam
nang luong tan s6 cao; va (iv) so sanh khong gian cac chi s0
deﬂnhan dién cac khu vue c6 dau hiéu suy giam co hoc tién
trién.

3. Thi Nghiém Hi¢n Trwong va Két Qua

3.1 Thi nghiém hién truong

Nghién ctru nay nhiam khao sat diéu kién nén dét bang
phuong phap dia chin tai mot khu vuc khong dong nhat Do
do, chung t6i da lya chon mot khu vyc nen d4t mém ven
song Sai Gon. Nude séng s& thim vao nén dat theo hudng
vuodng goc véi dong song, tao ra sy khong dong nhét tai cac
vi tri khac nhau trén bé mat dat. Tai trong va cham dugc ap
dung bang biia cam tay va tim gd. Muc dich cta tim gb la
phan tan nang luong va cham cua bua thanh mdt lyc phan
bb, nham tranh tap trung ung suat nén tai vi tri nguon dao
dong. Ngudn bia chii yéu duoc sir dung cho khoang cach
ngén, thuong nhé hon 5 m tai cc vi tri nén dat va nho hon
10 m tai céc vi tri nén da ). Bén diém do, danh dau tir Diém
1 dén Diém 4, duoc khao sat, phan bd déu cach nhau 1,5 m
theo huéng vudng goc véi dong song (Hinh 1) nham nghién
ctru tinh chat dét theo huéng sat 10. Dit lidu dao dong tu do
duoc thu thap tai mdi diém do, tuong Gng véi 10 cu va bua.

Cay

a
So,,

Hinh 1: Do dao dong nén dit gan song Sai Gon
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Dt liéu dao dong duoc thu thap theo ba phuong, dugc ky
hiéu nhu sau:

= X la phuong song song véi hudng dong chay cua song;
= Y la phuong vuong goc véi dong song;

* 7 la phuong thing ding so véi mat dat;

3.2 Két qua

Duya vao hinh 2 trinh bay phan b ty 1¢ ning luong dao dong
trong ba mién tan s6 thap (LF: 1-10 Hz), trung (MF: 10-30
Hz) va cao (HF: 30-100 Hz) tai bén diém do doc theo bd
song. Két qua cho thay nang lugng dao dong tai tat ca cac
diém déu chiém uu thé trong mién tan sb cao, phan anh dic
trung dap ung dan hoi cia dat dudi tac dong dao dong moi
truong bién d6 nho. Tuy nhién, sy phan bb niang luong co sy
bién thién 1 rét theo khong gian. Tai Point 1, nang lugng
HF chiém ty 1& cao nhat (= 66.8%), trong khi cac thanh phan
LF va MF chiém ty 18 rat nho (< 3%), cho thdy méi trudng
dét con duy tri 6 cing cao. Nguoc lai, tai cac diém Point 2
va Point 3, ty 1¢ nang luong LF va MF gia tang, di kém véi
su suy giam nang lugng HF. DPac biét, tai Point 4, nang
lugng HF giam manh xudng con khoang 13.7%, trong khi
nang lugng LF va MF tang dang ké, cho thiy sy tai phan b
nang luong vé mién tan so thap. Sy dich chuyén nay phan
anh xu thé suy giam d6 ctg dong va gia ting tiéu tn ning
lwong trong dat bd song.

Phan bé nang lugng dao dong theo mién tan sg
W LF(1-10Hz) MR MF(10-30 Hz) SN HF (30-100 Hz)

Ty 1& ndng lugng (%)

Pointl Point2 Point3 Pointa
Diém do

Hinh 2: Phéan bé ning luong dao dong theo mién tan sé

Dua vao hinh 3 thé hién su bién thién cua chi sé6 LE/HF doc
theo tuyén do. Gia tri LF/HF tang dan tir Point 1 (= 0.01)
dén Point 4 (= 0.13), phan anh sy gia tang twong dbi cua
nang luong tan s6 thip so voi tan s cao. Chi sb LF/HF cho
thay kha nang phén bit ro rang gitra cac khu vuc 6on dinh va
suy yéu. Cac gia tri thap tai Point 1 tuong mg véi moi
truong dat con cimg, trong khi cc gia tri cao hon tai Point 3
va dac biét 1a Point 4 cho théy sy phat trién cta cac co ché
suy giam co hoc & muc bién dang rit nho. Sy ting manh cia
LF/HF tai Point 4 cho thiy day 13 khu vuc c6 kha ning tén
tai viing suy yéu cuc bo.

Bién thién chi s8 LF/HF theo khéng gian

Ty s6 nang lugng LF/HF
g g 8 s 5

Foint1 Paint2 Painta Point4
Diém do

Hinh 3: Bién thién chi s LE/HF theo khong gian

Duya vao hinh 4 trinh bay d6 ddc suy giam ning lugng tan sd
cao (P) tai cac diém do. Gia tri B déu am tai tat ca cac diém,
phan 4nh xu thé suy giam ning luong HF theo khong gian.
Tai Point 1, B c¢6 gia tri 4m 16n nhat (= —1.27), cho thiy
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nang luong tin sb cao suy giam nhanh, dic trung cho moi
truong déat con cimg va it suy giam Nguoc lai, tai Point 4,
gia tri B tang 1én gan —0.5, cho thdy sy lam phang pho nang
lwong tan s6 cao. Hién tuong nay thuong lién quan dén gia
tang suy giam vat liéu va giam do cting dong cia dat. Xu
huéng giam do 16n || tir Point 1 dén Point 4 nhét quan véi
két qua phan tich phan bd nang lugng va chi sé LF/HF.

Suy gidm nang lugng tén s8 cao doc bo séng

B déc suy giam HF (B)
oL
@

134
Pointl Foint2 Foint3 Paintd
Biém do

Hinh 4: Bién thién chi s LF/HF theo khong gian

4. Két Lusn

Nghién ciru nay da dé xuét va kiém chimg mot cach tlep can
dua trén phan tich nang lugng dao dong nén trong mién tan
s6 nham nhan dién sém qua trinh suy giam co hoc cua dat
bo song. Thong qua phén tich phan bd ning luong trong cac
mién tan sb thap, trung va cao, ket hop véi chi s6 LF/HF va
d6 déc suy giam nang luong tan sb cao, nghién ciru cho thy
cac chi s6 dong hoc nay phan 4nh rd rang sy thay ddi do
cing va ddc tinh suy giam cua dat ¢ murc bién dang rat nho.
Két qua thyc nghiém doc theo tuyen do bo song cho thay sy
tai phan bd nang luong tir mién tan sb cao sang mién tan sd
thap tai cac khu vuc c6 dau hiéu suy yéu co hoc. Dic biét,
cac diém do c6 gia tri LF/HF cao va do débc suy giam HF
nho hon vé do 16n dwoc xac dinh 1a nhitng vi tri tiém an
nguy co suy giam co hoc cao hon, ngay ca khi chua xuit
hién céc biéu hién bién dang bé mat rd rang. Piéu nay khing
dinh tinh nhay cua phuong phap dbi véi cac trang thai suy
yéu sém cua dét.

Phuong phéap dé xuét c6 uu diém 1a khong pha huy, dé trién
khai ngoai thyc dia, va co thé 4p dung véi dir liéu dao dong
moi truong hoac nguon kich thich don gian. Do d6, cach
tiép can nay co tiém nang tr¢ thanh mdt cong cu hd tro hidu
qua trong giam sat on dinh bo song va canh bao sém nguy
co sat 16.

Trong cic nghién ctu tiép theo, phuong phép s& duoc mo
rong thong qua tich hop phan tich da phuong dao dong, hiéu
chinh theo diéu kién dia chat thiy van, va két hop véi cac
mo hinh dia k¥ thuat truyén théng nhim ning cao do tin cay
va kha nang dinh luvong mirc d6 suy giam co hoc cua dit by
song.

5. Loi Cam On

Nhom tac gia xin chén thanh cam on cac thanh vién thudc
Phong Thi nghiém Co hoc tmg dung — Truong Dai hoc Bach
Khoa TP.HCM d hd trg va cung cap so liéu phuc vu nghién
ctru. Pong thoi, nhém nghién ciru ciing trén trong cam on
cac ddng nghiép da dong gép v kién va hd tro trong qua
trinh thuc hién bai bao nay.
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