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Abstract. Vietnam is planning to build a North-South high-speed railway with a train speed
of 350 km/h. When a train runs at a high speed, it generates ground vibrations. If the vibration
amplitude is large, it can affect the operational safety of the train. Therefore, the influence of
train speed on ground vibrations is an important issue that received a research attention. This
paper presents a study on the influence of train speed on ground vibrations generated by a
high-speed train. The considered train speed ranges from 72 km/h to 360 km/h. The method
used is a three-dimensional finite element simulation in the time domain. The study result
shows that when the train speed is less than 108 km/h, the ground displacement field behaves
quasi-statically. Whereas, when the train speed is greater than 108 km/h, the ground
displacement field behaves dynamically. The displacement amplitude generally increases with
increasing train speed. Especially when the train speed approaches the critical speed of the
system (252 km/h), the displacement amplitude reaches a maximum value.
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Tom tait. Viét Nam dang c6 ké hoach xay dung duong sat cao téc Bac-Nam véi toc do co thé
Ién toi 350 km/h. Khi tau chay véi toe d6 cang cao, dao dong nén do tau sinh ra c6 bién do
cang lén va c6 thé anh hudng dén sy an toan van hanh cia tau. Do vay, cic van dé lién quan
dén dao dong nén do tai trong tau cao téc, cu thé hon 1a van dé anh huong cua van toe tau dén
dao dong nén, tro thanh cha dé quan trong can nhan duoc sy quan tdm nghién cau. Bai bao
trinh bay nghién ctu anh huéng caa van toc tau dén dao dong cia mot nén nhiéu lép do tai
trong tau cao toc. Van tdc tau dugc khao sat nam trong khoang 72 km/h dén 360 km/h.
Phuong phép nghién ciru duoc sir dung 1a md phong phan tir hitu han theo mién thoi gian. Két
qua nghién cttu cho thay rang khi van tc tau nho hon hoac bang 108 km/h, truong chuyén vi
mat nén c6 dang “gia tinh”, nghia 1a chuyén vi nén sinh ra boi doan tau dang chay c6 dang
gidng nhu chuyén vi nén tinh sinh ra boi doan tau dang ding yén. Khi van téc tau 1on hon 108
km/h, bién d6 dao dong nén ting theo van tc tau va tau sinh ra séng lan truyén ra méi truong
xung quanh. Dic biét, khi van tdc tu bang vai van téc téi han caa hé (252 km/h), bién do dao
dong nén dat gid tri cuc dai.

Tiur khoa: Dao dong nén, dudng sit cao tdc, tai trong tau, van tc tau

@2024 Truong Pai hoc Giao thdng vdn tai

1. PAT VAN DE

Hé thong duong sit & Viét Nam dang phuc vu cho tau van hanh véi téc @6 trung binh
dudi 100 km/h. Toc dd nay dugc coi la thap néu so vai toc do caa cac con tau cao toc trén the
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giéi hién nay. Khi tau chay véi téc do thap, dao dong nén do tau sinh ra thuong cé bién do
khong 16n, do vay it anh huong dén sy an toan van hanh cua doan tau [1-4]. Vi ly do nay,
trong nudc cd it nghién ctru duoc thuc hién vé dao dong nén dudng sit do tai trong tau cao
tdc. Phan 16n cac nghién ciru trong nudc tap trung vao dao dong cua két ciu tang trén duong
sat va st dung mé hinh “dam trén nén dan hdi” cho nén dat [5-8], nghia 1a gia dinh toan bo
nén dét c6 ang xir trong duong véi mot hé 16 xo dan hdi ¢ do cing chi phu thuge vao mot he
s6 nén. C6 the nhan thay rang gia thiét qua don gian nay khong con phu hop dbi voi cac
nghién ctiu Ve dao dong nen, vi du nhu: dnh huong cua dao dong nén dén sy an toan van hanh
cua tau cao téc; hiéu qua coa céc giai phap gia cb nén ddi véi viéc giam bién d6 dao dong
nén; anh hudng cua song dao dong nén dén cac cdng trinh xung quanh.

Viét Nam dang c6 ké hoach xay dung duong sit cao toc Bic-Nam véi toe do c6 thé Ién
t6i 350 km/h. Nhiéu nghién cau trén thé gigi [1, 9-14] da chi ra rang khi tau chay véi téc do
cang cao, dao dong nén do tau sinh ra co bién d6 cang 16n va c6 thé anh huong dén su an toan
van hanh cua tau. Do vy, cac van dé lién quan dén dao dong nén do tai trong tau cao toc, cu
the hon 14 van d& anh huéng cia van tée tau dén dao dong nén, tro thanh chu dé quan trong
can nhan dugc sy quan tam nghién ctru trong nudc. Gan day, bang cach tiép can md phong so
trén phan mém phan tir hitu han, [15] da khao sat cac dic trung co ban cua dao dong nén do
tai trong tau cao toc; Nghién ciru tap trung vao hinh dang cua truong séng mat va hién tuong
van toc t6i han. Mic du [15] d3 minh hoa khéi niém va cach xac dinh van téc t6i han, nhung
nghién ctru nay c6 han ché 1a chua phan tich chi tiét nhitng dic diém cua phan (ng gia tinh,
phan mg dong va cuc dai cta nén dat.

Bai bao nay trinh bay nghién ctu anh huéng cua van te tau dén dao dong ciia mot nén
nhiéu 16p dudi tac dung cua tai trong tau cao toc. Pau tién tac gia trinh bay s liéu dia chat, tai
trong tau cao tdc va phuong phap md phong. Sau do, tac gia trinh bay két qua md phong dao
dong nén cho cac trudng hop van toc tau tir thép dén cao, vai van toc tdi da 1a 360 km/h. Cac
két qua duoc thao luan tap trung vao cac Van dé sau: Quan hé gitra van toc tau vai phan tng
gia tinh, phan tmg dong va cyc dai cia nén dat; Cac dac diém cua phan tng gia tinh cua nén
khi tau chay ¢ véan téc thap, phan ng dong cua nén khi tau chay ¢ van toc cao va phan tng
cuc dai cua nén khi tau chay & van téc toi han.

2. TAI TRONG TAU CAO TOC VA SO LIEU PIA CHAT

2.1. Tai trong tau cao tdc

Theo [16], tai trong tir banh tau tac dung 1én ray gom 2 thanh phan chinh: (1) Thanh phan
Pt do tinh tai cia tau phan phéi Ién mdi banh; (2) Thanh phan Py do twong tac dong giita banh
va ray; thanh phan nay duoc sinh ra cha yéu bai dao dong uén cua truc banh va khung toa tau
va bai khuyét tat cia banh va ray [9]. B4i vai cac tuyén duong sit cao tc, do yéu cau chat
lugng cua bé mit tiép xdc giita ray va banh rat cao nén anh huong cua khuyét tat banh va ray
khong 16n, do vay thanh phan Pg chiém ty 1& nho so vai thanh phan Pr. Tur két qua do thuc
nghiém trén mot doan tau cao toc Shinkansen, nghién ctiu [11] da chi ra rang thanh phan Py
chiém khoang 10% t6ng tai trong. Qua d6 c6 thé nhan thiy Py 1a ngudn chinh gay ra dao dong
nén. Pé don gian hoa trong tinh toan dao dong nén, nhiéu nghién ciru da gia dinh bo qua anh
hudng cua thanh phan Pg va xap xi tai trong tau nhu 14 cac tai trong tap trung di dong c6 vi tri
tuong GNg VGi Vi tri cac truc banh tau, nghia 1a chi xét thanh phan Pr. Cac nghién ctu [4, 14,
17-20] da ap dung gia thiét nay va két qua cho thiy rang dao dong nén tir md phong sé phu
hop véi dao dong nén dugc do dac tai hién truong. Nhu vay, mac du gia thiét bo qua anh
hudng cua thanh phan Pg 1a mot diém han ché khi mé ta tai trong tau, tuy nhién gia thiét nay
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¢ co s& khoa hoc va c6 thé dugc ap dung trong nghién ciru dao dong nén dudng sét do tai
trong tau cao toc.

Trong nghién ctiru nay, tac gia 4p dung gia thiét bo qua anh huong caa thanh phan Py va
mO ta tai trong tau nhu 1a céc tai tap trung di dong c0 vi tri twong (ng vai Vi tri cac truc banh
cia mot doan tau Shinkansen (Hinh 1). S6 toa tau dwoc gia dinh 1a 5 toa. Theo [21], tai trong
tau ung Vvéi 5 toa 1a du dé dai dién cho mot doan tau dai co s toa nhiéu hon 5. Mdi toa cé 4
truc banh. Khoang cach gitra cac truc banh va gia tri tai trong trén moi tryc duoc trinh bay
trén hinh 1.

Toa 5 Toa 4 Toa 3 Toa 2 Toal

2,5 25 25 25 25 25 25 2,5 25 2,5
15 15 5 15 5 15 5 15

PP PPPP PPPP PP PP PP P, P; P, P;

Wl W Wl W

P=150 KN; Pr=150KN

Hinh 1. Tai trong tau cao tdc.
2.2. S liéu dia chat

Hinh 2 trinh bay mit cét dia chét dwoc gia dinh trong nghién ctiu. Nén c6 nhiéu 16p, gom céc
I6p ba lat, lop cat pha, hai lop sét va I6p cat. Cac vat lieu duogc gid dinh 6 tng Xu dan hoi va
cac tham so vat ligu dugc cho trong bang 1. Trong do, p 1a khoi lugng riéng, Vs la van toc song cat,
va Vg la van toc song Rayleigh [22]. Ghi chu, trong bai toan tinh, cac tham so dan hoi thuong duoc
str dung la mo dun dan hoi va hé so6 Poisson; ngugc lai, trong bai toan truyén song, cac tham so dan
hoi thuong duoc st dung la cac van toc truyén song (sdng cat, song nén va song Rayleigh) va khoi
lugng riéng cua vat liéu [17, 20, 23].

Céc co cau tiéu tan nang luong trong hé duoc dic trung bang mo hinh can Rayleigh [24].
M®& hinh nay gia dinh ma tran can nhét ty 1€ vai ma tran @6 cang va ma tran khoi luong théng
qua hai tham s6 o va . Theo [15], hai tham s6 nay dwoc chon d€ cho ra ty so can trung binh
khoang 5%. Dua vao do, tac gia chon o = 0,0005 va p = 1,7135. C&c gi tri nay cho ra ty so can
tir 3% déen 6% trong pham vi tan so6 tir 3 Hz dén 40 Hz nhu trén hinh 3.

Bang 1. Tham s6 vat liéu.
Vit liéu Vs VRr p
(m/s) (m/s) (kg/m?®)
Balatvabalatphu 210 194,8 2000

Catl 63 58,5 1900
Sét 1 60 55,7 1800
Sét 2 87 80,7 1800
Cat2 98 90,9 1850
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Balat Ba lat phu
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(Nam trén nén da)
Y

Hinh 2. Mit cit dia chat.

Tham s6 ty 1& khdi lwong: 1,7135

Ty s6 can (%)

Tham sé ty 1& do cimg: 0,0005 |

0 10 20 30 40 50
Tan sb (Hz)
Hinh 3. Céc tham s6 m hinh can Rayleigh.
3. PHUONG PHAP MO PHONG

Trong nghién cau nay, dao dong nén do tai trong tau cao téc duoc md phong bing
phuong phap phan tir hitu han (PTHH). Trinh ty thyc hién duoc tém tit nhu sau: (1) xay dung
moé hinh PTHH cho hé ba lat va cac 16p dat; (2) dua doan tai trong di dong vao mé hinh
PTHH bang phuong phép dugc trinh bay trong [16]; (3) gidi h¢ phuong trinh chuyén dong tim
dao dong nén. Bé tro gilp qué trinh md phong, tac gia sir dung phan mém ABAQUS [25].

Loai phan tir dugc ap dung cho ba lat va nén dat Ia phan tir khéi lién tuc ba chiéu C3D8R
[25]. Phan tir nay c6 8 nit, trudng chuyén vi tuyén tinh va dung thuat toan tich phan thu gon
cho luc can va ndi luc tai ndt phan ti [26]. Tai cac bién xung quanh mé hinh, tac gia ap dung
phan tir vo han CIN3D8 [25]. Phén tir vO han c6 kha nang hap thu cac song téi, tr do han ché
duoc hién tuong phan xa s6ng anh huong xau dén két qua mo phong [15, 23, 27]. Dudi day
mo hinh, diéu kién bién ngam duoc &p dung dé md ta nén d4 cung.

Kich thudc mo hinh 1a 100 m x 48 m X 352m (hinh 4). Mé hln,h céd 4592700 phé’n tur hitu
han va 93312 phan tir vd han. Cé thé nhan thay rang mé hinh cé s6 Iwgng phan ta rat 16n do
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kich thudc cua phan tir dugce chon khé nho. Diéu nay la can thiét vi theo [28], séng dao dong
nén do tai trong tau sinh ra la cong tac dung cua nhiéu con séng riéng (generalized modal
waves) c¢6 budc séng khac nhau. Kich thuéc cua phan tr phai nho ¢é mé phong du tét cac
song riéng ¢ budc séng ngan, tir d6 méi dam bao do chinh xac cua song dao dong nén do tai
trong tau.

Hé phuong trinh chuyén dong duoc giai bing phuong phap sai phan trung tim nira budc
(half-step central difference method) [25]. Theo [26, 28, 29], phuong phap nay phu hop cho
nhitng bai toan dao dong va truyén song c6 kich thugc md hinh 16n. Sé gia thoi gian (time
increment) duoc chon 1a 7,5x10° s. Gia tri nay du nho dé thoa diéu kién 6n dinh sb cua
phuong phap sai phan va dam bao d6 chinh xac cua két qua tinh toan dao dong.

(@)

A

Diéu kién bién hép thu song
(st dung phan tt CIN3D8)

(b) Phin tir C3DSR

l

Phan tir vo
han CIN3D8

Hinh 4. (a) M6 hinh phan tir hitu han; (b) Mat cat ngang mé hinh.
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Pé kiém ching phuong phap mé phong, tac gia xét bai toan tai trong di dong trén ray duoc
dat trén nén dan hoi déng nhat. Tai trong c6 dang tai don vi va di dong véi van téc 60 m/s.
Nén c6 cac dic trung vat liéu: khdi lugng riéng 1800 kg/mé, van téc séng cat Vs = 65 m/s va
van téc song Rayleigh Vr = 60,3 m/s. Bai toan dugc giai bang hai phwong phap: mé phong
PTHH va giai tich. M6 hinh PTHH cua bai toan duoc trinh bay trén hinh 5. Phuong phap giai
tich dugc dé xuat boi Krylov [9]. Dya trén ly thuyét ham Green, Krylov da phat trién loi giai
giai tich cua dao dong nén cho trudng hop tai trong tap trung di dong ray dwoc dit trén ban
khong gian dan hoi. Hinh 6 trinh bay két qua dao dong tai diém quan sat (xem hinh 5) tir hai
phuong phép. So sanh hai biéu @6 trén hinh 6 cho thiy ring két qua tr md phong PTHH sat
Véi két qua tir phuong phép giai tich trong toan bo pham vi tan sé quan trong, qua do6 kiém
chimg dugc d6 tin cay cua phuong phap moé phong dugc &p dung trong nghién ciru nay.

(a) -

:

Bién doi xung

biéu kién bién
hap thu song

(b) Phan tt C3D8R

l

Phan tir vo han
CIN3DS

- >

Hinh 5. Bai toan kiém chang: (a) Mé hinh PTHH; (b) Mat cat ngang mé hinh.
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2.5 x 10 ' ,
mmsmm  Phuong phap PTHH
= Phuong phap giai tich
2,0 1 -
2
= 1,5 1
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0,5 1
0 T T T T
0 10 20 30 40
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Hinh 6. Phé bién do dao dong mat nén.
4. KET QUA VA THAO LUAN

4.1. Phan ng “gia tinh” ciia nén khi tau chay & van téc thip

Hinh 7 trinh bay két qua mé phong truong chuyén vi mit nén (dugc phong dai 1000 Ian)
tai mot thoi diém khi tau chay vai van téc 72 km/h. C6 thé nhan thy ring tau gay ra chuyen
vi nén tai cc vi tri tai trong truc béanh, tuy nhién khdng c6 sy xuét hién caa séng trén mat nén.

Hinh 7. Truong chuyén vi mat nén khi V = 72 km/h.

Pé quan sat & hon dang chuyén vi nén phia dudi doan tau, hinh 8 trinh bay chuyén vi
mit ba lat doc theo chiéu dai tau (di chuyén cing tau). Ghi chd, mdi biéu dd chuyén vj trén
hinh 8 dugc xac dinh bang cach sau: Pau tién, xac dinh lich sir chuyén vi A(t) tai diém quan
sat dugc ky hiéu PQS trén hinh 4a; Sau d6, chuyén do6i A(t) qua toa do khong gian A(d) bang
quan hé d = -Vt, véi V la van téc tau va d 1a khoang céch doc theo tuyén duong sat. Co thé
nhan thay trén hinh 8 rang biéu d6 chuyén vi co tinh d6i xang; dang chuyén vi dudi mdi toa
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tuong tu nhau; phia sau dudi tau, chuyén vi tit dan ma khong bién thién ting giam. Nhiing
ddc diém vira néu (tir hinh 7 va 8) chung to rang chuyén vi mit nén c6 dang “gia tinh”, nghia
la chuyén vi nén duoc sinh ra bai doan tau dang chay ¢ dang giéng nhu chuyén vi nén tinh
duoc sinh ra boi doan tau dang dung yén.

Chuyén vi mat ba lat trong truong hop van téc tau 108 km/h ciing duoc trinh bay trén
hinh 8. So sanh 2 trueong hop van téc tau 72 km/h va 108 km/h cho thdy ring chuyén vi bién
thién giéng nhau va c6 gia tri gan nhu bang nhau. Nhu vay, mac du van toc tau di tang lén
108 km/h nhung truong chuyén vi van cé dang gia tinh gidng nhu trong trudng hop van toc
tau 72 km/h.

0 -
=
o
~«Q
=y
23t |
QO

4L =——V=72km/h

R V =108 km/h :
5 ‘ 1 : l ]
0 50 100 150 200 250

Khoang céch (m)
Hinh 8. Chuyén vi mit ba lat doc theo chiéu dai tau khi V = 72 km/h va 108 km/h.
4.2. Phan wng dong ciia nén khi tau chay & vén toc cao

Hinh 9 trinh bay truong chuyén vi mat nén (dugc phong dai 1000 1an) tai mot thoi diém
khi tau chay vai van téc 360 km/h. C6 thé nhan thay rang mat nén c6 tng xt dong va tau sinh
ra song lan truyén ra méi truong xung quanh. DPay chinh 1a diém khéc biét co ban khi so sanh
Vi trudng chuyén vi gia tinh dugc sinh ra khi tau chay ¢ van téc thap (hinh 7).

Hinh 10 trinh bay biéu d6 chuyén vi mat ba lat doc theo chiéu dai tau (di chuyén cing
tau). So sanh hai truong hop van tc tau 360 km/h va 72 km/h cho thay rang ching c6 dang
bién thién chuyén vi rat khac nhau. Khi tau chay ¢ van téc cao, tai trong tau kich thich cac
hiéu tmg dong, tir d6 1am cho bién d6 chuyén vi 16n hon dang ké so vai bién do chuyén vi khi
tau chay ¢ van toc thap. Biéu dd chuyén vi co tinh ddi xang khi van toc tau thap va khéng con
tinh dbi xang khi van téc tau cao. Khi tau chay & van tdc cao, phia sau dudi tau, chuyén vi
bién thién ting giam trudc khi tat han, nguoc lai didu ndy khong xay ra khi van téc tau thap.

Bén canh do, quan sét biéu dd chuyén vi khi van toc tau 72 km/h trén hinh 10, tai vi tri
hai truc banh truc cia toa dau tién, cac dinh chuyén vi ¢6 vi tri gan nhu tring véi vi tri cac
truc banh cua tau, nghia 1a tau di chuyén cing pha voi trudng chuyén vi nén bén duéi tau.
Nguoc lai, khi tu chay vai van toc 360 km/h, tai vi tri hai truc banh trudc cua toa dau tién,
cac dinh chuyén vi c6 vi tri cham phia sau so v&i c4c truc banh cua tau, nghia 1a tau nhanh pha
hon so véi trudng chuyen vi nén bén dudi tau. Hién twgng ndy c6 thé duoc giai thich da theo
nghién ctu Iy thuyét [30]: khi tai trong di dong c6 véan td¢ 16n hon van téc song Rayleigh
riéng (specific Rayleigh wave) cua nén dat thi tai trong di chuyén nhanh pha hon so vdi
truong chuyén vi nén duoc tao ra bén dudi tai trong di dong.
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1_ [

Chuyén vi (mm)

-4 s\ = 72 km/h
—V =360 km/h
_5 1 | 1 i I
0 50 100 150 200 250

Khoang cach (m)
Hinh 10. Chuyén vi mat ba lat doc theo chiéu dai tau khi V = 72 km/h va 360 km/h.

4.3. Dao ddng nén cwe dai khi tau chay & vén tdc t6i han

Hinh 11 trinh bay két qua chuyén vi mat ba Iat cho 9 trudng hop van téc tau tir 72 km/h
dén 360 km/h. Trong mdi trudng hop, gia tri 16n nhat cua chuyén vi (Amax) duoc ghi lai. Sau
d6 cac gia tri nay duoc tong hop trén hinh 12 dudi dang quan hé gitta Amax Va van tdc tau.
Hinh 12 thé hién khé rd viing phan wng gia tinh khi tu chay ¢ van téc 72 km/h va 108 km/h.
Tiép theo la ving phan tmg dong khi van téc tau 16n hon 108 km/h. Khi van téc tau ting, Amax
tang. Tuy nhién, Amax khong ting don diéu ma dat gié tri cuc dai (5,8 mm) tai van tc 252
km/h va giam dan khi van toc tau I6n hon 252 km/h. Van téc tau ma 1am cho Amax dat gia tri
cuc dai chinh Ia van téc téi han (Vth), nghia 13 hé dang xét c6 Vrn = 252 km/h.

Dé quan sat rd hon dao dong nén duogc sinh ra khi tau chay ¢ van téc téi han, hinh 13
trinh bay truong chuyén vi mat nén tai mot thoi diém (dugc phong dai 1000 lan). C6 thé nhan
thiy rang tai trong tau sinh ra séng lan truyén ra méi truong xung quanh. So sanh truong séng
trén hinh 13 va hinh 9 cho thay rang séng dugc sinh ra bai tu ¢6 V = Vi = 252 km/h ¢6 bién
d6 16n hon dang ké so véi bién do song duogc sinh ra boi tau c6 V = 360 km/h.
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Hinh 11. Chuyén vi mit ba It doc theo chiéu dai tau, cac trudng hop V = 72 kmv/h dén 360 km/h.
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Hinh 12. Quan hé giira chuyén vi Ams va van tdc tau.

Hién twong van téc toi han c6 thé duoc giai thich nhu sau: Theo ly thuyét truyén song
trong nén dan hoi do tdi trong di dong, mot he o tinh chat phan tan vat liu s& bi chi phoi boi
mot vai dang song t6ng quat va ching c6 cac van téc truyén song riéng. Khi tai trong di dong
c6 van toc sat vai van tdc truyén song riéng caa hé thi dao dong sé bi khuéch dai 1én cyc tri
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[3]. Hé dang khao sat duoc tao thanh boi nhidu 16p vat lidu khac nhau nén hé cé tinh chét
phan tan vat liéu va bi kiém soat boi mot 'dang séng tong quat c6 vat tdc truyén song riéng
khodng 252 km/h. Khi tau chay véi van t6C gan véi van tdc song riéng nay thi bién do dao
dong nén duogc khuéch dai 18n cuc tri nhu quan sat trén hinh 12 va 13.

Trong nghién ciu ndy, véi diéu kién dia chat nhu trén hinh 2, tac gia da xac dinh duoc
van toc téi han 12 252 km/h. Trong mét nghién ciru khac, [31] da phan tich dao déng cua mot
nén dip (embankment) dit trén nén nhiéu 16p dudi tac dung cua tai trong tau X2000. Nén dit
goém c6 16p sét yéu day 3 m va bén dudi 12 16p sét bién co6 do cung ting dan theo do sau. [31]
da xac dinh dugc van tdc toi han 1a 235 km/h. Ngoai ra, [32] da phan tich dao dong cua mot
nén dip dit trén nén dat yéu dudi tac dung cua tai trong tau cao téc. Nén dat yéu 1a sét bun va
c6 chiéu day 11,3 m. [32] da xé4c dinh dugc 2 van toc t6i han la 72 km/h va 216 km/h. Céc
truong hop nghién ciwu trén cho thdy rang van téc téi han phu thuéc manh vao tinh chat va
chiéu day cua cac 16p dat. Céc hién truong cd mit cét dja chat khac nhau s& cho ra van tdc téi
han khac nhau.

Dao dong nén cuc dai khi van téc tau gan véi van toc téi han 1am nay sinh van dé vé an
toan van hanh cua tau, nghia 1 c6 nguy co tau bi trat khoi ray. Vi mot diéu kién dia chét cho
truéc, dé co6 mot thiét ké nén dudng sat an toan thi van tc téi han va dao dong nén cuc dai
can duoc dy béo va danh gid. Néu bién d dao dong nén I6n qua mac va/hodc van toc toi han
ctia hé thap hon so vei van toc thiét ké cua tau thi nguoi thiét ké can dua ra mot giai phap phu
hop, vi du nhu: gia ¢6 nén dat, sir dung cau can, v.v. hodc dua ra canh bao vé han ché téc do
khi tau chay qua khu vuc nay.

Hinh 13. Truong chuyén vi mat nén khi V = 252 km/h (van toc téi han).

5. KET LUAN

Khi van téc tau thap (V < 108 km/h), tai trong tau gay ra chuyen vi nén, tuy nhién khong
c6 sy xuat hién cua song trén mat nén. Truong chuyén vi mat nén c6 dang “gia tinh”, nghia la
chuyén vi nén duoc sinh ra boi tai trong tau dang di dong c6 dang gidng nhu chuyén vi nén
tinh duoc sinh ra boi tai trong tau dang dimg yén. Nguoc lai, khi van téc tau cao (V > 108
km/h), tai trong tau kich thich cac hiéu tmg dong, tir d6 1am cho bién d6 chuyén vi ting 1én
dang ké, ddng thoi sinh ra song dao dong lan truyén ra méi trudng xung quanh.
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Khi van téc tau thip, tai trong tau di chuyén cting pha véi truong chuyén vi nén bén dudi
tau; Nghia la cac dinh chuyén vi nén €O Vi tri trung voi vi tri cac truc banh cua tau. Khi tai
trong tau c6 van tc Ién hon vén tdc song Rayleigh riéng (specific Rayleigh wave) cua nén,
tai trong tau bat dau di chuyén nhanh pha so véi truong chuyén vi nén bén dudi tau; Nghia la
cac truc banh cua tau cd vi tri vuot 1én phia trudc so véi vi tri cia cac dinh chuyén vi nén. Su
nhanh pha cua tai trong tau so véi truong chuyén vi nén cang tang khi van toc tau cang lon.

Khi tau chay véi van téc 252 km/h, bién d6 chuyén vi nén dat gié tri cuc dai (5,8 mm).
Van tdc tau ma lam cho bién d6 dao dong dat gié tri cuc dai chinh 1a van téc t6i han, nghia 1a
hé dang xét c6 van toc toi han 1a 252 km/h. Van téc téi han c¢6 ¥ nghia nhu sau: néu tau chay
qua khu vuc dia chat dang xét voi van toc 252 km/h, tai trong tau sé lam cho bién d6 dao dong
nén dat cyc dai, tir d6 c6 thé nay sinh van dé vé an toan van hanh cia doan tau. Mic khac, két
qua trong nghién ctru nay cung voi két qua trong [31, 32] cho thdy ring, van téc toi han phu
thugc manh vao tinh chét va chiéu day cua céc 16p dat. Céc hién truong c6 mit cit dia chat
khac nhau sé& cho ra van tdc tai han khac nhau.
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