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Tom tit:

Bai bao trinh bay phuong phap tao tai trong tau cao téc trong mé hinh phan tir hitu han ¢é mé phong dao
dong nén theo mién thoi gian. Phuong phap nay gia dinh béanh tiép xtc 1y tuéng véi ray va cac banh tac dung
tai 1én ray dudi dang mot doan tai trong di dong. Céc tai di dong dwoc truyén xubng mit ba lat dudi dang
mot chudi cac tai trong tap trung twong dwong c6 thoi gian xuat hién ndi tiép nhau phu thudc vao van téc tau.
Dé kiém chiing phuong phap, tac gia trinh bay két qua so sanh dao dong nén gitta mé phong sé va loi giai
giai tich cho truong hop hé ray duong sit dat trén nén dat dong nhat chiu tac dung ctia mot tai trong di dong
& van tdc cao.

Tir khoa: Dao dong nén; tai trong tau; phan tir hiru han.

Abstract:

This paper presents a method for defining high speed train loads in finite element models to simulate train-
induced ground vibrations in time-domain. The method assumes that wheel/rail contact is perfect and that the
wheel loads act on the rails as moving forces. These moving forces are then transferred to the ballast surface
as a series of equivalent concentrated forces that appear successively depending on the train speed. To verify
the presented method, we compare numerical and analytical solution for a case of a track resting on an elastic
half space subjected to an axle force moving at a high speed.

Keywords: Ground vibration; train load; finite element method (FEM).

1. Giéi thiéu tao ra c4&c md hinh phuc tap vé mat hinh hoc va vat
liéu, nhung khé khan trong viéc tao ra doan tai
trong di dong co vi tri diém dit lyc thay doi lién
tuc theo thoi gian [1][3]. Ngay ca khi c¢6 sy ho trg
cua cac phan mém mé phong PTHH theo mién
thoi gian (vi du nhu Abaqus hoic Ansys), day van
1a mot nhiém vu khong don gian vi cc phan mém
nay khong duoc tich hop san cac mé hinh tai trong
doan tau di dong trén moét moé hinh PTHH ba
chiéu. Bai béo trinh bay mot phuong phéap tao tai
trong tau cao toc trong mod hinh PTHH d& md
phong dao dong nén theo mién thoi gian. Noi dung
duoc trinh bay gom:

Pé danh gia d6 an toan cia mot thiét ké nén mong
duong sat, nguoi thiét ké can du bao dwoc dao
dong nén sinh ra do tau chay & cac van téc cao. Co
hai cach tiép can bai toan bang mé phong phan tir
hitu han (PTHH): M& phong theo mién tan sé va
md phong theo mién thai gian [1][2][3]. Cach tiép
can theo mién tan sé thuan loi trong viéc md hinh
hda tai trong di dong, tuy nhién han ché trong viéc
xét dén cac mo hinh phuc tap vé mat hinh hoc va
vat liéu (vi du nhu méng trén nén dat yéu, mong
trén nén dat dugc gia cb,...) [1][2]. Nguoc lai, cach
tiép can theo mién thoi gian thuan loi trong viéc
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(i) Cac dic diém chinh cua tai trong di dong do
tau;

(i) Céch tao tai trong doan tau trong mot moé
hinh PTHH;

(iii) So sanh két qua mé phong sb voi két qua
giai tich dé kiém ching phuong phap duoc trinh
bay.

2. Pic diém caa tai trong di dong do tau

Tau gy dao dong nén thong qua luc tac dung cua
banh xe 1én ray. Pay 1a lyc tap trung di dong nhu
trén hinh 1 va c6 dang bién thién nhu hinh 2. Hinh
2 dwoc nhém nghién cau [4] lap ra bang cach lap
c4c thiét bi cam ung (strain gauge) vao banh cua
mot doan tau Shinkanshen chay ¢ van toc 268
km/h. Hinh 2 cho thiy hai thanh phan co ban cua
luc banh xe tac dung Ién ray: (i) Thanh phan
trung binh Ptpinh €6 gid tri khoang 48 kN; gia tri
ndy can bang vai trong lugng doan tiu phan
phdi 18n c&c banh xe; (ii) thanh phan Pp tnien bién
thién quanh gia tri trung binh vai bién do twong
d6i nho khoang +5 KN. Theo d6, dao dong nén
do mot doan tau ¢ thé duoc hiéu 1a t6 hop cua
cua hai thanh phan: Thanh phan phu thudc van
t¢ tu do Pepinn gy ra va thanh phan boi khuyét
tat ray va banh, nghia 1a do Pp.thien gay ra. Khi
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banh tiép xuc 1y tuong véi ray, dao dong nén chi
duoc gay ra boi Peinn. Khi ton tai khuyét tat
gitra ray va banh, ca Pipinh Va Po.thien CUNG gay
dao d6ng nén.

Mic di Ppnien lubn ton tai, tuy nhién nhiéu
nghién ctu cho thay: Bdi véi cac tuyén duong
sat cao tdc, yéu cau vé chat luong bé mit tiép
xUc gitra ray va banh rat cao, khi d6 Pipinn gay
dao dong nén vuot troi S0 VSi Po.nien [3][5][6].
Chinh vi vay gia thiét don gian hoa “banh tiép
xuc 1y tuong véi ray” van duoc sir dung phd
bién trong nhiéu nghién ctu tap trung vao dao
dong nén do tau cao tc.
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Hinh 1. Minh hoa lyc truyén tir bAnh xe 1én ray.
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Hinh 2. Dang bién thién cua lyc banh xe tac dung 1én ray [4].

3. Tao tai trong tau trong mo hinh PTHH

Phuong phap nay gia dinh banh tiép xuc ly
tudng vai ray va cac banh tac dung tai 1én ray
dudi dang mot doan tai trong di dong. Céc tai di
dong duoc truyén xudng mat ba lat dudi dang

mot chudi céc tai trong tap trung twong duong
dwa theo nghién cau ly thuyét cua Krylov [6].
Co cau truyén tai duoc hiéu nhu sau: CO thé
hinh dung hé duoc tao thanh bai hai két ciu trén
va dudi nhu hinh 3a. Hai két cdu nay néi voi
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nhau béi cac nut tai mat tiép xuc ta vet / ba lat
va ching truyén luc tuong tac Fi(t). Boi véi két
cAu bén trén thi cac luyc Fi(t) giit vai trd can
bang tai di dong P; dbi véi két cAu bén dudi thi
céc lyc Fi(t) gitr vai tro gidng nhu céc tai trong
tap trung tac dung lén mat ba lat. Tai moi thoi
diém, vi tri cua tai P duoc xac dinh va két cu
bén trén duoc xap xi bang mé hinh dam Euler-
Bernoulli trén nén dan hdi chiu tai tap trung nhu
hinh 3b. Loi giai cua bai toan cho ra chuyén vi

(a)
Ray Ta vet

. !
— .

Céc luc tucmf tac F(1)

Ba lat

Tiép

xtic
! ,/ diém

dam va ap luc dam phan b 1én nén dan hoi. Ap
luc dam sau d6 duoc tap trung vé cac vi tri ta
vet trong pham vi duong vong dam.

Qua trinh trén dugc thuc hién cho tung thoi
diém tiép theo khi tai trong P di dong véi van
téc V, nhu vay thu dugc ham luc Fi(t) tai tit ca
tiép xuc diém. Cac luc Fi(t) nay duoc dua vao
trong mo hinh PTHH nhu 1a cac luc tap trung tai
nhitng nat phan ti ¢d vi tri twong g vVai cac vi
tri tiép x(c ta vet / ba lat.

(b) P Dam
vt l Euler-Bernoulli
SSSSSS3S =S =55=3
Nén dan hoi

Cac luc 1én ba lat Fi(1)
N T T

‘ Ba lat ‘

Hinh 3. Minh hoa co cAu truyén tai trong.

Sau day la cac budc tao tai trong di dong trong
mot mé hinh PTHH.

3.1. Trwong hgp mat tai trong di dong

Budc 1: Chon gbc O, day la xuat phat diém cua
tai di dong P. Vi tri caa P tai mot thoi diém sé& 1a
Vt. O day V la van téc di dong va t 1a thoi gian.

Budc 2: Dbi voi mdi ta vet, ta dinh nghia
bién phu thuoc thoi gian x = x, — Vt, vai Xs 1a
khoang céch gitta gbc O va ta vet dang xét. Lic
nay, chuyén vi cua dam w(x) tai vi tri ta vet
duoc xac dinh theo phuong trinh (1).

Budc 3: Thay phuong trinh (1) vao (2) sé thu
dugc ham lyc F(t) caa ta vet dang xét.

Pg
w(x) = 5 —exp(—f]x]) [cos(fx)

1)
+ sin(B|x])]
F(t) = PE(W(JC)> (2)
xO Wmax

Trong do:
P: Tai trong di dong;

x =x; — Vt;

B =\ a/(4EI);

Wmax : Gid tri 16n nhat cua w(x);

a : Hé sb dac trung cho d¢ cang cua nén dan
hoi. Theo [6], a phu thudc vao do cting cua 16p
ba lat, nén dat va tim dém gitra ray va ta vet;

El: D6 cng udn cua dam twong duong;
d: Khoang céch gitra cac ta vet;

x, = m/B: Chiéu dai dic trung cua duong
vong.

Budc 4: Lap lai budc 2 va 3 cho cac ta vet
con lai. Tap hop tat ca céc luc ta vet nay cho ta
mo hinh md ta cach ma tai trong di dong P tao
ra song lan truyén trong dat nén.

Hinh 4 minh hoa ham luc F(t) cho ba ta vet
lién tiép trong truong hop mot tai trong don vi
di dong véi van tdc 60 m/s trén ray ¢ d = 0.54
m, B = 1.25 m™. Hinh nay cho thiy céc luc c6
cung mot kiéu phan bé theo thoi gian nhung
khdng xuat hién dong thoi, ma xuat hién ndi tiép
nhau. Khoang léch thoi gian At gitra hai ham
luc bang véi khoang thoi gian dé tai trong di
chuyén qua hai ta vet lién tiép.
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Hinh 4. Ham luc F(t) cho 3 ta vet lién tiép.

3.2. Trwong hgp mot doan tau

Mot doan tau gdm nhiéu truc banh xe. Mdi truc
banh xe twong ng v&i mot tai trong Pi trén hinh
5 va cung di dong voi van téc V. Ham luc
Fps,(t) cho mdi ta vet & chong chét cua tit ca
cac ham lyc do céc tai trong di dong Pi gay ra.
Céc budc thuc hién giéng nhu trudng hop mot
tai trong di dong, riéng phuong trinh (2) dugc
M rong nhu sau:

3)

n
Fiy () = Z F(x + Ax;, P;)
i=1

Trong do:

n: S6 truc banh xe cua doan tau;

Ax;: Khoang céch giita truc banh thir i va
truc banh dau tién. Khi i = 1 thi Ax = 0;

Pi: Trong luong tau phan phéi lén truc banh
tha it

F(x + Ax;, P;): Ham luc cua ta vet dang xét
do truc banh xe i gay ra, x4c dinh theo (2).

N

Ps Ps PPy

NIV

Hinh 5. Tai trong di d6ng ctia mot doan tau.

Hinh 6 minh hoa ham luc F, (t) cho mot ta vet
do mot doan tau ba toa chay qua véi van téc 60
m/s va 100 m/s. Cac dinh nhon tuong ung voi
c4c thoi diém ma truc banh xe chay qua ta vet

dang xét. Tap hop tat ca cac luyc ta vet hinh
thanh mo hinh mo ta cach tai trong doan tau tao
ra song lan truyén trong dat nén.

]
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Hinh 6. Ham luc F(t) cho mot ta vet do tau gy ra.
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4. Kiém chieng phwong phap

Pé kiém ching phuong phéap da trinh bay trong
phan 3, téc gia so sanh dao dong nén tir mod
phong PTHH véi dao dong nén tir 1oi giai giai
tich cho truong hop hé ray va ta vet dat trén nén
dan hdi déng nhat chiu tac dung cia mot tai
trong di dong & van téc cao. Hé ray va ta vet c6
d=0.54 mva B =1.25 m™. Nén dan hdi cd khéi
luong riéng p = 1800 kg/m®, mé dun dan hdi E
= 20x10% N/m? va hé sb Poisson v = 0.3. Tai
trong cé dang tai don vi di dong trén ray véi van

4 81m
\

tbc 60 m/s (216 km/h). Hinh 7 trinh bay mé
hinh PTHH cua nén dat duoc tao trong phan
mém Abaqus [7]. M6 hinh c6 kich thuéc 81 m x
16.2 m x 10.8 m. Loai phan t dugc dung la
phan tir khdi 8 nit véi kich thudc canh trung
binh 12 0.25 m. O bién dbi xtng, diéu kién ngin
chuyén vi theo phuong Z dugc st dung. O céc
bién con lai, diéu kién bién hap thu song [2]
duogc st dung dé chdng phan xa soéng. Tai trong
di dong dugc dua vao mod hinh theo phuong
phap da trinh bay trong phan 3.

Bién dbi xuang

N

Bién hap thu song

y

Hinh 7. M hinh phan tir hitu han.
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Hinh 8. Van téc dao dong tai diém quan sat.

Hinh 8a trinh bay két qua dao dong tai diém
quan sat (diém A trén hinh 7) tr phan tich
PTHH. Két qua duoc chuyén vé mién tan s
bang phwong phap bién d6i FFT (Fast Fourier

Transform) [8] va duoc trinh bay trén hinh 8b.
Tai hinh 8b, 10i giai theo mién tan sé bing
phuong phap giai tich cua Krylov [6] cling dugc
trinh bay. Loi giai giai tich cho thiy bién d6
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trong pham vi tan s6 0+40 Hz déng gop chinh
vao dao dong tai diém quan sat. So sanh hai
duong trén hinh 8 chi ra raing méd hinh PTHH
cho két qua rat sat voi loi giai giai tich trong
toan bo pham vi tan sé quan trong (0+40 Hz),
qua do chung to dugc do tin cay cua phuong
phap dugc trinh bay.

5. Két luan

Tao tai trong di dong trong mé hinh PTHH la
mot nhiém vu khong don gian, nhat 1a khi md
phong theo mién thoi gian. Phuong phap duoc
trinh bay trong bai bao da giap don gian héa qua
trinh tao tai trong tau di dong dé phuc vu mé
phong dao dong nén theo mién thoi gian. Két
qua kiém ching trong phan 4 cho thiy phuong
phap du tin cay. Bén canh do, mét trong nhiing
wu diém cua cach tiép can bang PTHH theo
mién thoi gian kha thuan loi trong viéc tao ra
cac moé hinh phuc tap vé mat hinh hoc va vat
liéu. Do d6, néu két hop phuong phap trong bai
b4o véi mot phan mém PTHH (vi du nhu
Abaqus [7]), nguoi thiét ké s& c6 dugc mot cong
cu mo phong, nd cd thé gidp nghién ciru cac dic
trung dao dong nén do tau cao toc hoic nghién
cau hiéu qua giam giao dong cua cac giai phap
xtr Iy nén khi tau di qua khu vyuc nén dat yéu.
Tai ligu tham khao

[1] V. V. Krylov; “Ground Vibrations from High
Speed Railways: Prediction and Mitigation”.
London, UK: ICE publishing. 2019.

[2]

[3]

[4]

[5]

[6]

[7]

[8]

Y. B. Yang, H. H. Hung; “Wave propagation
for train-induced vibrations”. Danvers, MA,
USA: World scientific. 2009.

L. Hall; "Simulations and analyses of train-
induced ground vibrations in finite element
models". Soil dynamics and earthquake
engineering. 2003; 23:403-413. DOI: 10.1016/
S0267-7261(02)00209-9.

M. Katou, T. Matsuoka, O. Yoshioka, Y.
Sanadac, T. Miyoshi; "Numerical simulation
study of ground vibrations using forces from
wheels of a running high-speed train". Journal
of Sound and Vibration. 2008; 318(4-5):830 —
849. DOI: 10.1016/j.jsv.2008.04.053.

A. M. Kaynia, C. Madshus, P. Zackrisson;
“Ground vibration from high-speed trains:
Prediction and countermeasures”. Journal of
Geotechnical and Geoenvironmental
Engineering. 2000; 126(6):531-537. DOI:
10.1061/(ASCE)1090-0241(2000)126:6(531).
V. V. Krylov; “Chapter 9: Generation of ground
vibration boom by high-speed trains”; in Noise
and vibration from high-speed trains. London,
UK: Thomas Telford; 2001; pp. 251-284.
Dassault Systémes Simulia Corp.; “Abaqus
theory manuals”. Providence, RI, USA. 2016.

P. V. O’neil; “Chapter 15: The Fourier integral
and Fourier transforms” in  Advanced
Engineering Mathematics. Toronto, Cananda:
Thomson; 2007; pp.637-700.

Ngay nhén bai: 25/03/2022

Ngay chuyén phan bién: 29/03/2022
Ngay hoan thanh sira bai: 19/04/2022
Ngay chip nhan ding: 26/04/2022



