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Tém tat:

Puong sét cao toc la mét giai phdp giao théng cong cong twong lai cho vung dé thi va
lién viing. Mét sé co cdu tau hdéa cao téc duoc mé ta. Hé théng tau c6é khép ndi ma dang
duoc van hanh & Chau Au, Han Quéc chirng té cé nhiéu wu diém. Mét sé phuong phép
phén tich dong luc hoc tau khi dang véan hanh duoc gidi thiéu. M6 hinh tuvong tac dong
lyc tau- dwong sé&t- nén/ céu dwoc ing dung dé 1ap chuwong trinh tinh toan tau cao téc
loai c6 khop néi tiong tac véi cau. Viéc lwra chon loai tau phil hop, tinh toan déng luc hoc
khi thiét ké tau - cdu - duong sat can duoc quan tdm hon, thiét thuc véi Viét Nam khi ma
hé théng duwong sét toan quéc dang duoc 14p ké hoach nang cép.

Abstract:

High-speed railway is concluded one of future mass transport solutions for congested
urban regions and larger inter- regions. Several types of high-speed train are described.
The articulated train systems, which are operating in Europe, Korea are proved more
avantageous. Series of dynamic analysis models of train during operating are introduced.
The train-track-bridge dynamic interaction is modeled, formulated and programmed for
practical analysis of articulated high-speed train and bridge interaction. Proper choice of
train type and dynamic analysis in design of train-track- bridge need more care,
essetianlly for the case of Vietham as the national railway systems are planed to be
upgraded.

1. Gi&i thiéu chung

Trong cac ving dé thi déng dan, cac loai hinh giao théng mat dat nhw xe buyt, tau thuong,
tau dién tré thanh kho kha thi béi sy giao cét voi cac phuong tién khac gay ach téc giao théng, téc
dd van hanh cham, va chiém dung déat Ién. Mét trong nhirng gidi phap tét nhat la tau chay trén cao.
Loai hinh nay c6 wu diém I&n nhw la an toan cao, khéi lwong van chuyén Ién, khdng giao cét voi
cac phwong tién khac, dién tich dat str dung téi thiéu, va néu thiét ké dep sé 1a canh quan hién dai
clia dd thi, va hon niva, rat thich hop cho téc d6 van hanh cao. Trong cac ving réng hon, hay gita
céac vung d6 thi, giao thdng céng cong bang tau hdéa, dac biét |a tau cao tbc dwoc danh gia cao &
nhiéu nwéc, va cé day dd wu diém nhw trong giao théng db thi néi trén. Tuy gia thanh xay duwng
cla hé thédng duong sat- tau héa, nhét la tau cao téc 1a kha cao, lai yéu ciu dau tw ban dau lon,
tuy nhién day la gidi phap tét cho phat trién bén viing, bdo vé mai trwdng tbt va co hiéu qua kinh
té- x& hoi cao [1]. Hé thdng dwdng sat cao téc can rat nhiéu ciu séng, cau can dé tranh giao cat
v&i cac phwong tién khac, va ciing gidm thiéu anh hwéng tiéng 6n, chan dong gay ra véi moi
trwong xung quanh. Chang han [4], hé thdng dwéng sét cao tbc Han Quéc KTX dai 412 km, thi
trong d6 112 km (27%) la dwdng sét trén cao.

Két cdu cAu dwong sét hay nén dwong sét chiu tai trong dong di dong gay ra béi twong tac
clia tau dang chay. Céc tai trong dong c6 cuwong dd Ién nay gay ra xung dong Ién, va hién twong
méi cho két cu nén, cau. D&c biét, khi tau trong tai I6n chay & téc do cao trén ciu, dwdng sat sé
gay ra dao dong I&'n anh huwéng dén dé bén, tudi tho cling nhw kha nang lam viéc clia nén, cau. Vi
thé nén viéc tinh toan phan tich chinh xac dao déng cGa nén, cau trong lic tau dang van hanh, 1a
rat quan trong. Hon nira, tién nghi ctia hanh khach trén tau, do an toan cla tau ciing rat can xét
dén, théng qua dao doéng va gia tbc ctia tau khi van hanh. Viéc phan tich déng lwc hoc cla tau va
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cau, nén kha phtrc tap do twong tac Ian nhau gitra tau, hé dwdng sat, va nén, va do twong tac cuc
bo giba cac bd phan cla tau, mét mat khi tau chay sé gay ra tai trong déng c6 tan sb c6 thé kich
thich dao ddng riéng clia cau, lam cho dao déng cla cau cang Ién. Hién nay, khi téc d6 van hanh
clia tau tang cao, lén dén 300 km/gid hodc hon, thi d6 chinh xac trong viéc phan tich tinh toan
twong tac dong luc hoc tau- dwdng sét- nén/ cau tré nén yéu td quan trong trong thiét ké nén, cau
dwong sét.

3. Mét sé loai tau cao téc

3.1. Tau héa cao téc cédu tao thwong (High-speed ordinary/ classical train) (Nhat, Dai
Loan)

Trong tau c6 céu tao thwong, méi than toa xe dwoc dat trén 2 gia chuyén hwdng, va tau
dwoc ciu thanh béng cac toa doc |ap, va cac toa nay dao dong ddc lap nhau khi tau van hanh. Do
vay, khi tau chay & téc do cao, hogc tai nhirng doan ray khong déng nhét, cé thé gay ra dao déng
kha I&n. Tuy nhién, mét sb nwéc van ap dung co clu nay cho tau cao tbéc nhw Nhat (tau
Shinkansen, bét dau van hanh t» ndm 1960 véi van téc 200 km/ gi®, va dén nay téc d6 van hanh
lén dén 300 km/gi®). Gan day, hé théng nay ciing dwoc dung cho tau cao téc & Dai Loan (MRT),
dang trong giai doan xay dwng va kiém nghiém [1].

3.2. Tau héa cao toc loai néi khép (Articulated high-speed train) (Chau Au, Han Quéc)

Trong tau hda loai nbi khdp, thwéng 1a tau cao tbe, gia chuyén huéng (bogie) ndm & gitra hai
than toa xe va lién két v&i 2 than xe nay bang cac nat khép, nén duwoc goi la gia chuyen hwéng nbi
khép. Vi thé, dao dong gay ra trén moi than xe, dac biét tai chd ndi hai than xe, cO thé dwoc giam
di dang ké nh& co cau gia chuyén hwéng ndi khép noi trén. Hé thong tau ndi khép nang cao dd
tién nghi so v&i tau cé clu tao thwdng, ddc biét trong van hanh & cac toéc do cao. Mt khac, dau
may khéng dung hé théng gia chuyén huwéng ndi khép nay, ma dwoc dat trén 2 gia chuyén hwéng
loai thwérng. Mot toa xe chuyén tiép nam gitra ddu may va toa xe khach ngoai cung, toa chuyén
tiép nay dat trén mot bogie loai thwéong, va chung mét bogie loai nbi khép véi toa hanh khach. Cau
hinh nay cho phép tirng ddu may cé thé ndi thém vao, va tixng toa hanh khéch ciing cé thé néi
thém vao gitra. Cau hinh nay lam viéc co hoc khac véi cdu hinh cla tau théng thuwdng. Tau cao
tbc dang ndi khép nay, hién da van hanh véi tbe dé téi 350 km/gidr & Phap-Bi (tau TGV), Blrc (tau
ICE), va dang trong giai doan thir nghiém & Han Quéc (tau KTX) [4, 5].

Hinh 2. Tau cao téc KTX (Korea Train eXpress), Han Quéc Hinh 3. Gia chuyén hwéng co’ cdu néi
khép, tau KTX

4. Mét sé phwong phap tinh toan phan tich déng lwc hoc tau héa khi dang van hanh

4.1. M6 hinh day lwe di déng
_ Tau dwoc mo hinh bang day lwc Py,...,P, di chuyén véi van toc v. Bay la mé hinh don gian va
c0 dién nhat dung trong nghién clru dao dong, bién dang clia cau, dwdng do phwong tién gay ra.

Tuy nhién, &nh hwéng cua twong tac gitka cau/ p P. V
N . . a A P £ N 1 n

dwong v&i phuong tién khdng dwoc xét dén, va lyc * * * *

quan tinh cta phwong tién cling bi b6 qua. M6 hinh

nay chi phu hop khi khoi lwong cda tau 1a nhé hon

rat nhieu so voi khoi lvgng cla cau, va khong xét Hinh 3. Md hinh tau bang lwe di déng

dén do tién nghi clia tau.
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4.2. Md hinh day khéi lwong di déng
Tau dwgec mo hinh bang day cac khéi lupng My,...,M, di chuyén voi van tdc v. M6 hinh nay
chinh xac hon mé hinh day lwc di dong, dac biét I§hi cac thanh phan lwc quan tinh cla tau la Ion.
Tuy nhién, md hinh nay cé mét s6 nhwgc diém,

nhw khéng tinh dugc dao dong ciing nhu do tién M; Mnl)
nghi clta tau, nhat trong truong hop ray hoac mat M ol
duwdng khéng dong nhat bang phang, hay khi tau L

chay voi toc d6 cao. Day ciing khong phai 1a mo
hinh chinh xac cao khi xét dén hé thong giam xoc,
gidm chan cla tau.

Hinh 4. M6 hinh tau bang day
khoi Iwong di déng

4.3. M6 hinh twong téc 2 chiéu cta Tau cao téc céu tao thurong véi Ray - Cau/ duong
Mbi toa hay dau may clia tau cao tbc cau

YA M,
tao thwong chay trén cau/ dwéng ray dwgc mo A y T v
hinh riéng ré bang hé gdbm mét dam cing dat 0, (JD\- I, —
trén hai bd phan giam x6c- giam chan nhw hinh
5. M6i bd gidm xdc- gidm chén co6 d6 cing theo
va can dong phwong ding ky,c,.

Ray khong
Cy dong nhat r(x)
D clrng nén
Trong hé nay, hinh dang khéng ddng nhat da dém ray ks
cla ray la r(x), dém ray (thwong bang da dam)
dwoc mo hinh bang céc 10 xo dan hoi véi do Chul nén duong
cing theo phwong dirng k.

Chuyén déng cta dam cing (md hinh than xe)

Hinh 5. Toa xe tau c4u tao thwwéng mé hinh bang
. . hé twong tac 2 chiéu Tau-Ray- Pwong
bang 2 toa do tong quat {yv 0 } trong do Y,

\

la chuyén vi ding va 6, la géc xoay quanh khdi tam clia than xe. Chuyén dong quay trong mat
phang cua than xe cé thé tinh dwgc bang mé hinh nay qua chuyén ddng cla 2 bo gidm xdc- giam
chan. Hai hé phwong trinh dao déng clia toa xe va clia cau/ dworng la phu thudc 1an nhau do sy
tiép xuc cha banh xe véi ray. Dé giai ta can phai dung dén thuat toan 13p. Mé hinh nay dap rng
yéu cau khi cho phép xét dén tinh toan dao déng cuia toa xe dé xét do tién nghi cla tau, tuy nhién
khéi lwong tinh toan tang do dung phép I&p [10].

5. Md hinh twong tac 2 chiéu ctia Tau cao téc néi khép - Ray - Cau/ duéng (dang KTX, TGV)

Mbi toa tau gdm than tau, hé gidm xdc trén, gia chuyén hwdng, hé giam xéc dwdi va hé truc-
banh xe. Dac tinh riéng biét ctia tau cao tdc ndi khép 1a hai toa xe hanh khéach canh nhau lién két
v&i nhau bang mét gia chuyén huéng co cau ndi khdp. Ca doan tau lién két tb hop véi nhau bang
céc gia chuyén huwéng (bogie), nén chuyén déng doc 1ap cla méi toa xe bi ngan can. Vi thé, cac
hién twong dao dong thudng xay ra trong cac tau co co céu phd théng dwoc kiém ché bét & tau
c6 gia chuyén huéng nbi khdp nay

e Tau KTX gébm 02 dau may, 02 toa xe chuyén tiép, va cac toa xe hanh khach, nhw hinh vé 6.

o Toachuyéntiép  Toa hanh khach Toa chuy&n tiép
Dau may trudc L, L, L; Dau méay sau
<1 -« -
> ar < >a; < » <« » a <« » - < /
Than xe —
Gia chuyén ) ; T p ksj, ; 5 “ —_ Hé gidm xdéc trén
hwéng % % ? - g KPP % ?%E ﬁ Hé giam xoc duai
Tryc- banh xe : - 6 4. K ‘ . Tiép xdc banh
|< >|2< > < > < > Xe - fay

Hinh 6. M6 hinh 2 chiéu, cac b phan va thong sé
cla tau cao tdc kiéu ndi khép, Han Quéc (KTX)
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5.1 M6 hinh va |ap céng thirc tinh todan
e CAac bac tw do (toa d6 tbng quat) toa xe thi i (nhw hinh 7)

vj=  Chuyén vj dirng cta than toa xe
uj=  Chuyén vi ngang clia gia chuyén huéng
6 = Chuyén vi xoay cua bogie |

W,;.,= Chuyén vi dirng cla truc banh xe thir 1

. e ——
W,; = Chuyén vj dirng cta truc banh xe thir 2 Vi ;V £ $ £b v,+1¢ £

* Hai gia thiét 1a than toa xe va gia chuyén huéng
(bogie) la cac miéng cing cé khoi lwgng, va toc do tau ;‘;? Wit ;‘ . ;‘;?
khi van hanh tai khoang thoi gian khdo sat la khong r a
doi.

* Trong qua trinh tuwong tac tiép xtic gira tau va Hinh 7. Béc i do (toa d6 tong quat)
ray, lyc twong tac truyén qua dién tich tiép xic gitra cua tau KTX
banh xe va ray. Sy tiép xGc nay, qua quan hé gitra luc )
nén va bién dang, dugc md hinh la 10 xo dan héi cé d6 clrng k;, va don gidn héa lam viéc tuyén
tinh.

e Hé phwong trinh dao ddng clia toan bd tau KTX c6 dang:

[M]" (@ +[c]" (B +[K]" )" ={F)" )

Trong d6 [M]" Ia ma tran khéi luvong, [C]" |a ma tran can dong, [K]" 1a ma tran d6 cing, va
{U} la vecto chuyén vi (hay béac tw do) cla tau.

d|oT oT oV oD
Hé dworc khai trién tlr phuong trinh Lagran +
° Phuong trinh Lagrang: dt{a@&} {agi} {agi} {a@&} o
2

Trong d6 T, V va D lan lwot 1a téng dong néng, thé nang, va nang lwong tiéu tan do can nhét
clia toan hé tau, g; la toa do téng quat, va g; la ngoai lyc twong trng voi toa do tong quat gi. Lan
lwot 1ap céc biéu thirc ddng nang, thé nang va ning Ivgng tiéu tan do can nhét cla cac dau may
trwdce, dau may sau, toa xe hanh khach va toa xe chuyén tiép réi thay vao phwong trinh (2), dé
khai trién ra hé phwong trinh dao déng (1).

e Mb hinh tinh toan dwong ray (Track):
Puong ray gébm cO ray

(rail), ta vet (sleeper) va nén da
dam (ballast)

- Ray md hinh nhw dam vLMVMQ
phang Ray —— SRS FRED ’ 1L 0

a 2 o Vs
bém da dam—» \\%:\._,

- Hé ta vet va nén da dam . far
md hinh bang dam Winkler. ~ Mat cau/nen—>l
Mé&i phan t&r dam Winkler gébm
c6 4 nat, moi nut co 2 bac tw Hinh 8. M6 hinh dwong ray (track) bdng phdan tie ddm Winkler
do la chuyén vi ding va
chuyén vi xoay. Nén da dam
dwoc gia thiét 1a co do cing
phan phéi déu.

Phan t&r Ray-nén

e M hinh cau:

- Cau dugc mé hinh bang dam co tiét dién khong déi, thay dbi, dang tiét dién co thé 1a dac
(chir nhat, chiv 1), tiét dién hop hé, hop kin, hodc dac trwng tiét dién cho trwdc [3].

- Phuong trinh dao dong cda cau:  [M]° {Lﬁs +[cT® {Lﬁ}s +[KP U ={F® (6)
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Vecto ngoai lyc tac dung 1&n tau {F}"" va vécto ngoai luc tac dung Ién cau {F}° tai cac bac tw
do 1a phu thudc 1an nhau tai vi tri tiép xtc gitra banh xe va ray, nén phwong trinh dao dong cua tau
(1) va cau (6) phai giai déng thei bang phwong phap lap, dung tich phan s Newmark [7].

Thuat giai hai phwong trinh (1) va (6) dwo'c m ta chi tiét & [7]. M6 hinh twong tac tau - dwdng
ray - cau va thuat giai dwoc lap thanh chwong trinh tinh toan bang ngén ngtr FORTRAN, tré& mot
mo-dun m&i cGa bé chwong trinh tinh toan — phan tich két ciu bang phwong phéap phan ti hivu
han XFINAS [3] dang phat trién.

5.2. Vi du tinh todn: KTX chay qua cdu Yeonjae, Han Quéc, V.= 350 km/gio

~® Tau cao toc (KTX) bao gém 02 dau may, 02 toa trung gian, va 16 toa hanh khach, véi tong
chiéu dé‘i tau jé 380.15m. Van téc I&n nhat cla tau & Vi ax= 350 km/gio. )
e Cau: dam lién tuc 2 nhip 2 x 40 m, dang tiét dién hop bé tong ng suat trwéc, nhw hinh 9.

Seoul A Pusan

o S S Wy /o

Cross section A-A
w Hwéng tau chay
ﬁ

106 107 108 208 209 21

<« Ray

1 2 3 52 53 10 104 105 N
? 0 : =3 = o o s « Cau

20E-02 20802 . .
T T T T R S A A
T A N T H A A
1.0E-02 ABED2 Lo L bl bbbl
~ - T ek el el el el el i et il il it
o 9 T T T A AR A
£ £ I T T T T A
= 0.0E+00 < o0s00 ] I et I ey | L e
P e sl R j o o H
.E 0 =4 32 24 38 38 4D 42 44 48 4.8 50 52 54 58 5.8 8.0 82 B4
-] ® ] I I 1 ] | 1 ] ] ] | I ] ] 1
B Lo =t B P O S S S S S
o - e el el el e ol el Bl b et it it
8 i T S R A N R
- < 1 | | | 1 | | 1 1 1 1 1 1 1 1
AL R S L e e S e
g L i i i i i i i i i i i i i i i
H 5 T T T I
S0E02 B 1T ikl e el e e i et et St Sl S
[ T T T T R T B AR
40E02 : i : oem oL bbb b Time(seq)
—Ver Acce DOFE-First Car-lANA=1-17Nov05  —Ver Acce DOF51-Midle — Ver Acce DOF6-First Car-IANA=1-17NovD5  — Wer Acce DOF51-Midle Car
(a) Giatoc dwng, tai dau may, t = 0.-3.2sec (b)Gia téc dirng, dadu may& toa khach, 3.2—
6.4sec
20E02 2.0E02
1 1 1 1 1
B e 1 1 . 10E02 4 - === ==~ E— ————————— 4: ---------- 4: —————————— *: ---------- :L ----------
%W % : /\ | :
Eooem Eo,nsmn : ; i
H ols c 2o 22 28 i3
K 4 1 | |
L _1.0E-02 1 L | — (R —— 8 40ED2 4+----------! e R e e
3 H i ] |
] 2 i i i
T 20802 : Gt LR PR R e
& E . 3
(s = U S | . oo aoE0z L A R, e [
! ' [ Time (sec i i i i Time (sec)
4002 : : ! -4.0E02 . ! ! ! !
— Ver Acce DOFB-First Car-lANA=1-17TNovD5  —— Ver Acce DOF51-Midle —Ver Acce DOF6-First Car-IANA=1-17Nev05  —Ver Acce DOF51-Midle Car
(c) Gia téc ding, tai dau may, t = 0.8 -1.6 (d) Giatoc dirng, tai toa khach, t =2.0 — 3.2 sec

Ssec

Hinh 10. Gia téc trén tau tai dau mdy, toa khéach, V = 300 km/ gio» & cdc khoang thoi gian
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12603 6. Két |Uén:
. — 17Nov05-Y28-Train Bridge Interaction Model Y=300kmh _ Két qué tU’ mﬁ h‘lnh tu,o,ng téC téu_céu Cé
— 17Nov05-Y28-Moving Forces Model V=300kmh A - . > ~ ~ . ~ R
bién d6 I&n hon cia md hinh lyc di dong, do ké
dén anh hwéng lwc quan tinh.
- Dao déng cua cau tai gitra nhip cau dat cuwc
dai som, ngay, khi dau may 1 vira den gitka nhip,

Vertical Displacement (m)

A\M\, ul sau do giam dan ca bién do 1an chu ky, roi lai tang
Ién khi dAu may cudi cung qua ciu va bién do dbi
A0ED4 Time (sec) dau . s 2
FL - Gia toc dieng cua dau may la Ion nhat, tic
Hinh 11. Chuyén vj ding & giika nhjp céu do tién nghi & dau may thap nhat.

7. Dé xuét cai tao, nang cap hé thédng duéng sat quéc gia Viét Nam trong giai doan sap t&i

- Trong ban quy hoach [9], hé théng dwéorng sét Viét Nam trong thoi gian téi dwoc dau tw rat
lon dé nang cép tlr dwdng ray khé 1.000mm 1én khé 1.435mm, va xay dwng méi. Vi thé nén xay
dwng mét sb doan duéng ray véi co s& ha tAng (nén dwdrng, cau) dap ¢ng cho tau hda cao tc.
M6t sb tuyén cé lwu lwong van tai khach va hang héa 1én nhw Ha Noi- Hai Phong, Ha Néi- Nam
Dinh-Thanh Hoéa- Vinh, TP H6 Chi Minh- Can Tho- My Tho nén nang cép luén thanh dwdng sét
cao tbc, vi hiéu qua kinh té- xa hoi trong thoi gian dai sé rat Ion. Dé xuét phwong an chon loai tau
héa cao tc loai ndi khép (loai TGV, hay KTX) do wu diém an toan va tién nghi hon nhw da phan
tich @ muc 2. va muc 5.

- C4c cau trén tét ca cac tuyén duong sat nén duoc thiét ké, xay dwng hodc g|a cuo’ng da dap
(rng cho tau cao tbc van hanh. B&i tudi tho clia ciu it nhat 1a 50-100 nam, nén viéc nang cap mot
lan nira cho dwdng sét cao tbe trong twong lai sé tén kém va phirc tap hon rat nhiéu.

- Giao théng d6 thi & cac thanh phé 16n can khan truong xay dung cac hé thdng duwdng sét trén
cao. Dac biét 1a & Ha N6i, béi dwdng phé trong néi d6 hep, kho phét trién hon niva hé théng xe buyt.
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