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TOM TAT: Bai bao trinh bay két qud phan fich
déng luc hoc cdu duong sat t6¢c dé cao dang dam
hoép bé téng cét thép du Ung luc vai chiéu dai nhip
L=20m,L=24mvaLl=32m. Mébiciu duoc
tinh todn theo 16 mé hinh tai trong, bao gém 10 mé
hinh tai frong thiét ké theo tiéu chuan Eurocode va
6 md hinh tau thuc té dang dugc si dung tai chau
Au. Két qua nghién cu da ching minh rang hién
tuong cdng hudng xay ra khi chiéu dai gitra hai truc
banh xe lién tiép cla tau la bdi s6 nguyén duong
cla budc séng do tai trong tu tau kich thich. Déng
thoi, Ung xU déng luc hoc bat loi cho ca ba cau
duoc phat hién & dai van téc trén 300 km/h.

TU KHOA: M6 hinh doan tau HSLM-A, cdu dudng
sat t6¢c d6 cao, phan tich déng luc hoc, hién tuong
céng hudng.

ABSTRACT: The paper presents the results of
a dynamic analysis of 3 prestressed reinforced
concrete bridges with different span lengths (L =
20 m, L =24 m and L = 32 m) subjected to 16
different train models including 10 conventional
HSLMA ftrains and 6 real train models used in
Europe. The study found that resonance occurs
when the length of the train carriages is a positive
multiple of the wavelength of the excitation load.
The most unfavourable conditions for the bridges
were found to occur at speeds above 300 km/h.

KEYWORDS: HSLM-A train models, High-speed
railway  bridge, analysis, resonance
phenomenon.

dynamic

1.DAT VAN DE

Trong két cau cau dudng sat téc dé cao vai téc do khai
thac trén 200 km/h, ing xir dong luc hoc trong tuong tac
gilfa tau va cau co thé gay ra cac hé qua khdng mong muén
nhu hu héng cuc bd, mat 8n dinh 16p nén ballast va rung
lac gay kho chiu cho hanh khach. Hién tugng nay déc biét

nghiém trong déi véi cac cau dam gian don nhip ngan dén
trung binh, do hé s6 gidm chan két cau thap va tan sé dao
déng riéng cling nhu khau d6 clia cau dé tao ra hién tugng
cdng hudng [1, 2.

Cac phan tng déng luc hoc cla cau dudng sat chiu
anh huéng cla nhiéu tham s6, trong d6 hién tugng cong
huéng tur tai trong truc di chuyén cé tinh 1dp lai theo chu ky
cla cac doan tau la yéu té bat Igi nhat. Nhiéu nghién ctu
trén thé gidi da chiing minh, tuong tac tau-cau gay ra tac
déng bat lgi nhat cho cau khi st dung gia thuyét don gian
hoa, coi doan tau di chuyén theo mé hinh doan tai trong
tap trung di chuyén qua cau [3]. Gia thuyét nay cling dugc
ap dung trong tiéu chuin Eurocode cho giai doan thiét ké
mat cat doc cau, sirdung mé hinh doan tai trong tap trung
HSLM-A, dam bao két qua tim dugc cho tuong tac bat lgi
hon so vGi caéc md hinh doan tau thuc té [4].

2. PHUONG PHAP PHAN TiCH VA MO HINH TAI
TRONG TiNH TOAN

2.1. Phuong phap phan tich

Viéc phan tich déng luc hoc cau dudng sat téc do cao
khéng don gian nhu tinh toan theo phuong phap ap dung
tai trong tinh tuang duang. Cac gid tri chuyén vi va gia téc I6n
nhat tai cdc mat cdt theo thai gian c6 thé udc lugng bing cong
thuc giai tich hodc m6 phéng s6. Dua trén nén ma nguén mé
Cast3M [5] dugc phat trién béi Hiép hoi Nang lugng nguyén
tl Phap, chuong trinh KD-Railway da duoc phat trién [6] cho
phép ngudi dung tinh toan dong luc hoc cau dudng sat toc
dé cao (BSTDC) theo phuong phap phan t& hiiu han, st dung
nguyén ly xép chéng dang dao déng (modal superposition
dynamic analysis). D6 tin cdy ca phan mém KD-Railway da
dugc chiing minh trong nghién ctu [6].

2.2. M6 hinh tai trong s dung cho nghién ctiu

Trong nghién ctru nay, tai trong thiét ké HSLM-A theo
tiéu chuan Eurocode [7] bao gédm 10 mé hinh tai trong véi
s6 lugng toa tau, chiéu dai toa xe, khoang cach truc banh
va tdi trong truc khac nhau dugc st dung. Ngoai ra, nghién
clru con sir dung 6 moé hinh doan tau thuc té dang dugc st
dung tai cac nuSc chau Au bao gém ICE2, Thalys2, Eurostar,
ETR-Y, Talgo AV2, Virgin. M6 hinh tai trong di chuyén trong
dai van téc tir 200 km/h dén 400 km/h.
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3.TRUONG HOP TiNH TOAN

3.1.Théng sé dac trung ctia két cau

Trong nghién ctu nay, ba cau dam nhip gian don véi
kh&u d6 20 m, 24 m va 32 m dang dam hop bé téng cot
thép (BTCT) du (ng luc dugc st dung cho phan tich dong
luc hoc. Théng s6 vé kich thudc tiét dién cda 3 cau theo
nghién clru téng hop clia Yan va cac cdng su [4].

Dang dao déng riéng dau tién theo phuong uén trong
mat phang dling cda cau nhip 20 m, 24 m va 32 m ¢ tan s
dao dong lan lugt la 12,99 Hz, 11,08 Hz, va 6,23 Hz. Cac tan
s6 nay co so sanh doi chiéu véi két qua tinh toan cdia nhiing
cau cuing loai da dugc cdng bé trong nghién ctu khac lién
quan tdi cau dam BTCT du ting luc dang dugc xay dung cho
hé théng dudng sat HS2 tai Anh [8].

3.2, Hién tugng cdng huéng

Hinh 3.1 va Hinh 3.2 so sanh chuyén vj va gia t6c thang
ding 16n nhat cda 3 cau chiu tac déng clia tau Talgo AV2 va
tau ETR-Y-500. Khi xét riéng tac dong cla tau AV2 (Hinh 3.1), ta
nhan thdy chuyén vi clia cau c6 khdu do L =32 m la I16n nhat
trong 3 cau nhung gia toc I6n nhat lai xuat hién trén cau cé
khau dé L = 20 m khi t6c d6 di chuyén cla tau 1a 310 km/h.
Nhan dinh trén chi con ding cho chuyén vi trong trudng haop
tai trong tac dung la tau ETR-Y-500 (Hinh 3.2). Xét vé gia tri
chuyén vitrong 2 trudng hop tai trong, su khac nhau la khéng
ré rét va dugc giai thich bai tai trong truc cia ETR-Y-500 la 120
kN, trong khi tai trong truc cdia Talgo AV2 la 170kN. Tuy nhién,
gia tri gia toc trong hai trudng hop tai trong co sai khac téi
400% khi xét riéng cau c6 khau dé L =20 m chiu tdc dung clia
tai trong di chuyén vai van téc v =310 km/h.
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Hinh 3.1: Buong bao chuyén vi va gia tdc tau Talgo AV2
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Hinh 3.2: Buong bao chuyén vj va gia téc tau ETRY-500

Nhu vay, gia tri gia téc xuat hién trén cau bi anh hudng
bdi su thay d8i vé tai trong tac dung va van toc di chuyén
cUa tau hon 1a chuyén vi thang ding tai mat cat gidia cau.
Mot trong cac ly do chinh gay ra su khac biét vé gia toc
trong hai trudng hgp nay con la hién tugng cong hudng
xuat hién trong trudng hap tau Talgo AV2 di chuyén véivan
t6c 310 km/h qua cau c6 khdu do L=20m.

Hién tugng cdng hudng xay ra khi tan s6 cla tai trong
kich thich trung véi tan s6 dao déng riéng cua két cau.
Trong trudng hgp cau dudng sat toc do cao, hién tugng
cdng hudng c6 thé dugc xac dinh qua ty 1& gira budc séng
cla tai trong kich thich A (m) va khodng cach lap lai cta tai
tac dung (xac dinh theo chiéu dai dién hinh clia toa tau). Ty
I& nay la s6 nguyén duang hodc gan bang moét s6 nguyén
duong thi hién tugng cong hudng sé xay ra [9]. Budc song
clia tai trong kich thich dugc xac dinh theo cong thtic
A=v/ f,, trong d6 v la van toc di chuyén clia doan tau, fla
tan s6 dao dong dau tién cla cau.

L&y vi du trudng hgp cau c6 khdu dé L = 20 m, tan s8
dao dong riéng dau tién clia cau la f, = 12,99 Hz, véan téc di
chuyén ctia doan tau la 320 km/h tuang ting v = 86,11 m/s.
Budc sdng cla tai kich thich 2 =v/ £, =6,29m.Tau Talgo AV2
c6 khodng cach truc dién hinh 1a D= 13,14 m, sé tao ra hién
tugng cong hudng & van t6éc 310 km/h do ty 1é D/A = 2.

3.3. Ung xtrdéng luc hoc véi cau c6 khdu dd L=20m

Vi tac dong cta 6 md hinh tai trong thuc té (Hinh
3.3), tau Thalys 2 va Eurostar cho chuyén vi I16n nhat, tuy
nhién tau Talgo AV2 lai cho gia t6c dao ddng I6n nhat do
hién tugng cong hudng xay ra khi tau di chuyén véi van
t6c 310 km/h.



N 7/202.2‘51[’:7’4?; KHOA Hoc couG NGH[

o
IS
&

o
IS

o
©
&

o
w

ETR-Y-500 Talgo AV2

Chuyén vi (mm)

o
I
o

Eurostar Thalys2

ICE2 Virgin
02 | I T T il
200 250 300 350 400
Van téc (km/h)
1
ETRV-500
0.8 Eurostar
_ Ice2
o Talgo AV2
06 Thalys2
@ Virgin
£ o4
s
<
r3
1o}
0.2
0 L J
200 250 300 350 400

Van téc (km/h)
Hinh 3.3: Chuyén vj va gia téc cdu c6 khdu dé L = 20 m
chiu téc déng cta 6 mé hinh tai trong thuc té€

VGi 10 mé hinh tai trong HSLMA, chuyén vi thdng diing
do tau HSLM A9 va HSLM A10 la I6n nhat do tai trong truc
cla hai mé hinh tai trong nay la 210 kN, I6n nhat trong s6
10 mé hinh HSLMA. Gia t6c 1&n nhat xuat hién trén cau tng
v6i 3 mo hinh tai trong HSLM A3, HSLM A9 va HSLM A10. &
3 mé hinh tai trong nay, khodng cach truc dién hinh lan lugt
la 20 m, 26 m va 27 m, tuong Uing tao ra cac gia tri ty lé so
VGi budc séng kich thich & van t6c 310 km/h 1a 3,01, 3,92 va
4,07.Nhuvay, cac doan tau nay di chuyén &khoang van téc
310 km/h t6i 320 km/h sé tao ra hiéu (ing cong hudng bat
loi nhat. Diéu nay cing dugc khdng dinh qua két qua tinh
gia téc thang ding I6n nhat theo Hinh 3.4.
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Hinh 3.4: Chuyén vi va gia tdc ctia cdu c6 khdu dé L =20 m
chiu tic déng cda 10 mé hinh t3i trong HSLMA

Dé thay ré hon hién tugng céng hudng do 6 mé hinh
doan tau thuc té tao ra, xét riéng tau Talgo AV2, Hinh 3.5 thé
hién chuyén vi va gia téc theo thai gian xuat hién tai mat

cat gitta dam cau khi cau chiu tac dung ctia tau Talgo AV2
di chuyén va6i cac van t8c khac nhau. Gia tri chuyén vi va
gia téc I6n nhat déu xay ra trong trudng hgp v=310 km/h.
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Hinh 3.5: Chuyén vi va gia téc theo thoi gian tai mat cit
gitta ddm cau L = 20 m dudi tac dung cda tau Talgo AV2
di chuyén véi cic van téc khac nhau

3.4.Ung xt déng luc hoc ctia cau c6 khau ddL=24m

Hinh 3.6 thé hién dudng bao chuyén vi va gia téc clia
cau chiu tac déng ctia 6 mé hinh tai trong thuc té, tau
Virgin cho chuyén vi va gia t8c 16n nhat do hién tugng cong
huéng xay ra khi di chuyén véi van t6c 320 km/h.

Ly gidi cho két qua nay, c6 thé tinh ty lé gita buéc séng
cUa tai trong kich thich A (m) va khoang cach Iap lai clia tai
tac dung (xac dinh theo chiéu dai dién hinh cda toa tau). Cu
thé, budc sdng clia tai kich thich 1=v/ f, =8,02m. Tau Virgin
c6 khoadng cach truc dién hinh laD=(21,8-2,1-2,7=17m),
sé tao ra hién tugng cong hudng véi cau & van téc 320 km/h
do ty lé D/ A = 2 (Ia s6 nguyén duong).

0.7 .

ETR-Y-500

Eurostar

0.6 ICE2
Talgo AV2
Thalys2

05 Virgin

Chuyén vi (mm)

0.4

03 | u|
200 250 300 350 400

Van téc (km/h)

ETR-Y-500
Eurostar
ICE2

Talgo AV2

Thalys2

Gia téc (m/s

200 250 300 350 400

Hinh 3.6: Chuyén vi va gia téc ctia c3u cé khdu dé L =24 m
chiu tdc déng cta 6 mé hinh tdi trong thuc té
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Hinh 3.7 mé ta chuyén vi va gia téc theo thai gian tai
mat cat gitra dam cau khi chiu tac dung ctia 4 doan tai trong
thuc té€ di chuyén vai van téc 320 km/h. Chuyén vi I6n nhat
tai mat cat gilra dam cho thay su anh hudng cua hiéu ting
cdng huéng, tau Virgin cho chuyén vi Ién han 50% cac tau
con lai. K&t qua gia t6c thang diing phan anh hién tugng
cdng hudng ré rang hon déi vai tau Virgin.
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Hinh 3.7: Chuyén vi va gia toc theo thoi gian tai mat cat gitta dam
c4u L = 24 m khi cdu chiu tac dung cda 4 doan téi trong thuc t&
di chuyén véi van téc 320 km/h

Xét anh hudng cta 10 mé hinh tai trong HSLMA,
chuyén vi thang ding do tau HSLM A9 va HSLM A10 la
I&n nhat tai hai van t6c 340 km/h va 355 km/h. Tuy nhién,
gia t6c 16n nhat tng v6i 2 mé hinh tai trong HSLM A7 va
HSLM A9 tai cac van téc di chuyén tuang tng 1a 320 km/h
va 345 km/h. Gia tri dinh tai cac bi€u dé bao van téc va gia
téc vai moéi mé hinh tau déu ting véi mot gia tri van téc di
chuyén cu thé cla tau, van téc nay dugc coi la van téc gay
ra cong hudng. Tuy thudc vao téc d6 khai thac cta tuyén
dudng ma ching ta lya chon gid tri phu hgp cho céng
trinh trong giai doan thiét ké.
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Hinh 3.8: Chuyén vi va gia téc ctia cdu c6 khdu dé L = 24 m
chiu tdc déng cta 10 mé hinh t3i trong HSLMA
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3.5.Ung xtdéng luc hoc ctia cau c6 khau ddL=32m
Hinh 3.9 thé hién dudng bao chuyén vi va gia téc cau
chiu tac déng ctia 6 mé hinh tai trong thuc té, cac tau déu
khéng gay ra hién tugng cédng huéng khi di chuyén véi van
téc dudi 350 km/h. Hién tugng cong hudng chi bat dau
xuat hién véi tau Thalys va Eurostar & van toc trén 400 km/h.
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Hinh 3.9: Chuyén vi va gia téc cla c3u cé khdu dé L = 32 m
chiu tac déng cda 6 mé hinh tai trong thuc té€

Chuyén vi va gia toc theo thai gian xuat hién tai mat
cat gitra dam khi chiu tac dung clia 6 doan tai trong thuc
té di chuyén véi van t8c 400 km/h dugc thé hién trén Hinh
3.10. Hién tugng cong hudng xay ra vdi hai tau Eurostar va
Thalys2. Cau c6 khau d6 L = 32 m sé& nhan téng téi trong cla
toan bd toa tau do cac mo hinh tau thuc té€ déu co chiéu dai
toa tau nho hon 30 m. Pay cling la ly do gay ra su khac biét
rd rét vé chuyén vi thdng ding trong nhiing trudng hop c6
va khong xay ra hién tugng cong hudng (so sanh vai véi
trudng hop cau c6 khau do L =20 m, nhd hon hau hét chiéu
dai cac toa tau trong mé hinh tau thuc té).
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Hinh 3.10: Chuyén vi va gia téc theo thoi gian xuat hién tai mat cit
giita ddm cdu L = 32 m khi cdu chju téc dung cua 4 doan t3i trong
thuc té di chuyén vaéi van téc 400 km/h

Xét anh hudng ctia 10 mo hinh tai trong HSLMA, khong
€6 hién tugng cong hudng xay ra khi van téc di chuyén cltia
cac mo hinh tai trong nay nhé hon 350 km/h. Hién tugng
cdng hudng xay ra véi mo hinh tau HSLM A1 khi véan toc di
chuyén I6n hon 400 km/h.
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Hinh 3.11: Chuyén vi va gia téc ctia cdu cé khdu dé L = 32 m
chiu tac déng cda 10 mé hinh tai trong HSLMA

4, KET LUAN

Dua trén két qua phan tich dong luc hoc cta 3 cau
BTCT du Ung luc ¢6 khiu dé khac nhau L=20m, L =24 m,
vaL=32m, co mét sé két luan:

- Hién tugng céng hudng xay ra khi chiéu dai dién hinh
cUia cac toa tau la boi sé nguyén duong ctia budc séng clia
tai trong kich thich.

-Van téc di chuyén gay ra cac diéu kién bat Igi nhat cho
3 cau dugc xét t6i trong nghién ctu déu Ién hon 300 km/h.

-V&i cau c6 nhip nhé hon 22 m, su khac biét vé chuyén
vi lén nhat dugc tao ra bdi cac mé hinh tau thucté va 10 mé
hinh tai trong HSLM A la khéng 16n, ngay ca véi van téc di
chuyén gay ra hién tugng cong hudng.

- Trong trudng hop cau c6 khdu dé L = 32 m, cac tau
déu khéng gay ra hién tuong cong hudng khi di chuyén véi

van téc dudi 350 km/h. Hién tugng cong hudng chi bat dau
xudt hién véi tau Thalys va Eurostar & van téc trén 400 km/h.

- Hién tugng cong huéng thé hién ré rang hon khi xem
xét gia t6c dao déng cla cau.

- Gia tri chuyén vi va gia t6c Ién nhat do t6 hop mo
hinh tau thiét k€ HSLM A déu I&n hon gia tri chuyén vi va
gia toc I6n nhat do 6 mo hinh tau thuc té gay ra. Diéu nay
ching té t6 hgp mo hinh tau thiét k& HSLM A ¢6 tinh phé
quat, cho phép xac dinh dugc cac diéu kién bat lgi nhat do
tdi trong gay ra.

Ngoai ra, vSi cing mot két cau cau, ing xt dong luc
hoc do céc mé hinh tai trong gay ra la khac nhau, vi thé can
Iya chon phuong én két cau cho phép luu théng nhiéu loai
tau co thé khai thac trén cung tuyén trong tuong lai. Véi cac
cau da dugc xay dung, néu trong qua trinh thiét ké khong
xét tGi anh hudng ctia mot mé hinh tai trong nao do, can
€6 budc phan tich, kiém tra lai trudc khi cho phép doan tai
trong d6 luu théng véi dai van toc cu thé,

Tai liéu tham khao

[1].HoaP.D.,HungT.V, Thang P.B.vaHang N.T.N. (Nov.,
2021), Nghién ctiu phdn tich ddng luc hoc cta két cdu cdu
duong sdt cao téc, vol.15, no.7V, Art. no.7V, doi: 10.31814/
stce.huce(nuce)2021-15(7V)-01.

[2]. S. H. Ju and H. T. Lin (Nov., 2003), Resonance
characteristics of high-speed trains passing simply supported
bridges, Journal of Sound and Vibration, vol.267, no.5,
pp.1127-1141, doi: 10.1016/50022-460X(02)01463-3.

[3]. José M. Goicolea (2011), Resonant effects in short
span high speed railway bridges: modelling and design issues.

[4]. B. Yan, G-L. Dai and N. Hu (Oct, 2015), Recent
development of design and construction of short span
high-speed railway bridges in China, Engineering Structures,
vol.100, pp.707-717, doi: 10.1016/j.engstruct.2015.06.050.

[5]. D. Combescure (Jul, 17, 2014), Modelisation
des structures de genie civil sous chargement sismique
a laide de castem 2000, CEA, 2001. Accessed, [Online].
Available: http://www-cast3m.cea.fr/html/Combescure/
ModeleGCCastem2000.pdf.

[6]. L. N. Khuong and V. D. Nguyen (Jun., 2022), KD-
Railway 1.0 - A structural dynamics software for high-speed
rail bridge based on open source Cast3m platform, Journal of
Science and Transport Technology, pp.41-51, doi: 10.58845/
jstt.utt.2022.en.2.2.41-51.

[7]. Eurocode 01, Actions on structures.

[8].V.D. Nguyén va K. Le-Nguyen (2021), Phdn tich déng
luc hoc cdu dudng sat cao téc bdng phuong phdp PTHH va
chéng chdt dang dao déng, Tap chi GTVT, s6 7.

[9].Y.B.Yang, J. D.Yau and Y. S.Wu (2004), Vehicle-Bridge
Interaction Dynamics: With Applications to High-Speed
Railways, WORLD SCIENTIFIC, doi: 10.1142/5541.

Ngay nhan bai: 28/5/2024
Ngay nhan bai sia: 10/6/2024
Ngay chap nhan dang: 02/7/2024

57





