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Tém tit

V6i yéu cau khai thac & tbe do cao (trén 200 km/h) so v6i cau dudng sat thong thudng, viéc phan tich tinh toan
thiét ké cAu cho dudng sit cao tbc doi hoi nhitng yéu cau méi, dic biét 1a yéu cau vé dao dong ctia két cdu cau
nhiam dam bao su ém thudn ciing nhu an toan ctia doan tau khi chay qua. Viéc phan tich tinh toan két cAu cau &
cdc trang théi tinh khong di d€ dam bao cic yéu ciu khai thic trong nhiéu trudng hop. Khi d6, phan tich dong
Iuc hoc clia két cAu cau déng vai tro diic biét quan trong trong tinh todn va thiét ké két cAu ciu dudng sit cao
téc. Bai bao nay trinh bay mot s6 phuong phap phan tich dong Iuc hoc ctia két ciu ciu dudng sit cao toc dudc
4p dung theo tiéu chuin Eurocode (b6 tiéu chudn dugc tham khio chinh ctia tiéu chudn thiét ké ciu dudng sat
ctia Viét Nam dang dudc bién soan) trong d6 tip trung vao trinh bay phucng phap phan tich truc tiép theo lich
st thoi gian (time history analysis). Phuong phap nay sau d6 dudc 4p dung vao mot vi du tinh todn cu thé 1a
mot két cAu cau dudng sit cao tde dang dude dé xudt cho du an dudng sit cao tdc Bic Nam. Céc két qua phan
tich tinh todn trinh bay trong nghién cifu nay c6 thé 12 tai liéu tham khdo hitu ich khi phén tich dong luc hoc
cho céc cong trinh cau dudng sit cao téc sap dudc trién khai tai Viét Nam.

Tir khod: cAu dudng sit cao tbc; phan tich dong luc hoc; phudng phap phan tich theo lich sit thoi gian; phan tit
hitu han; Eurocode.

RESEARCH ON THE DYNAMIC RESPONSE OF HIGH-SPEED RAILWAY BRIDGES
Abstract

With high-speed operation (more than 200 km/h) compared to a regular railway bridge, the design of high-
speed railway bridge requires strict criteria, of which bridge vibration due to the need for train stability and
passenger comfort is one of the most important ones. Static structural analysis is not sufficient to meet oper-
ational requirements in many cases. Therefore, the dynamic analysis is necessary, even playing a particularly
important role in the calculation and design for the high-speed railway bridge structures. This paper presents
some methods for dynamic analyses of high-speed railway bridge structure using Eurocodes (the main reference
standards for Vietnam’s railway bridge design standard which being developed) and focuses on the time history
analysis method to analyze the dynamic behavior of the high-speed railway bridge structure under passing train
excitation. This analysis method is then applied to an example for analyzing a HSR bridge structure proposed
by the TEDI - TRICC - TEDISOUTH joint venture consulting for the North-South high-speed railway project.
The results from this computational analysis can be served as useful references when analyzing the dynamics
of HSR bridges in Vietnam.

Keywords: high-speed rail bridge; dynamic analysis; time history analysis; FEM; Eurocodes.
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1. Giéi thiéu

Xay dung dudng sat cao tdc 1a mot giai phap dam bao su di lai clia ngudi dan gitta cac do thi 16n
ctia nhidu qubc gia trén thé gidi. Hién nay, hé théng dudng sit cao tdc da va dang dudc xiy dung &
trén 20 trén qudc gia trén thé gidi va nhiéu nudc khac ciing dang 1én ké hoach xay dung va phat trién
hé théng dudng sit cao tdc ctia minh trong d6 c6 Viét Nam. O cdc tuyén dudng sit cao tdc, cong trinh
cau chiém mot ty trong dang k& chidu dai toan tuyén, chang han & tuyén Kyushu Shinkansen ¢ Nhat
Ban 12 64%, tuyén Bic Kinh-Hongkong va Thuong Hai-Con Minh ty 1¢ nay 1a 70%. Trong cac két
cAu cau dudgc st dung cho dudng sit cao toc, két ciu cau bétdng du tng luc gian don nhip nhé va viia
chiém mot ty trong rit 16n, nhu & tuyén Bic Kinh-Thugng Hai, 90% cong trinh ciu c6 két ciu nhip
gian don [1].

K¢ tir khi nhitng cdy cAu dudng sit du tién dudc xdy dung, cdc nghién ctiu vé anh hudng dong
luc hoc ctia két cAu cau chiu tai trong di chuyén da dudgc tién hanh. Su quan tim dén dng xi dong clia
cong trinh cau cang dudc ting 1én trong nhitng nim gan day, do su ra doi ciia dudng st cao toc. Dudi
tac dung ctia tai trong & tc dd rét cao, cac hiéu ing dong ctia tai trong d6i véi két cau ciu c6 gia tri
16n hon va phtc tap hon. Theo dinh nghia ctia Hiép hoi dudng sit quéc té (UIC) hé thdng dudng sit
cao tdc co toc do khai thac tdi thiu 1a 250 km/h hoic it nhit 13 trén 200 km/h [2].

Do yéu cau khai thic & tbc do cao (trén 200 km/h), cac phén tich tinh toan két cAu ciu & cic trang
thai tinh 12 khong dd dé€ ddm béo cdc yéu cau khai thac trong nhiéu trudng hop. Khi d6, phan tich
dong luc hoc clia két cAu cau 1a can thiét, thAm chi déng vai tro dic biét quan trong trong tinh todn va
thiét ké két ciu cau dudng sit cao tbc nham dam bao su ém thuin ciing nhu an toan ctia doan tau [3].
Thong thudng khi thiét ké cau dudng sat, cac hidu ting dong luc hoc thudng dude xem xét biang cach
dua vao cic hé s6 khuéch dai dong luc hoc (hay con goi 1 hé sb xung kich), dugc quy dinh trong tiéu
chuén thiét ké cau. Trén thuc té, ding xi ctia két cAu cau dudng sit do tai trong chuyén dong phu thudc
vao chiéu dai nhip, khéi luong két cu, do cting va gidm chin, tii trong truc clia doan tau, khoang
cach giita cdc truc, chiéu dai toa tau, va téc do ctia doan tau. Cac hé s6 dong luc thudng 13 mot ham
clia tan sd tu nhién hoic chiéu dai nhip clia cau, va cho biét cic tidc dong tinh phdi dugc ting thém
bao nhiéu 1an dé€ c6 thé xem xét nhu tai trong dong. Phuong phdp phan tich truyén thong nay khong
nhiing din dén céc thiét ké than trong va ton kém cho mot s6 ciy cau, ma con cé thé danh gid thap
cdc hiéu ing dong d6i véi nhitng ciy cau khac dic biét véi cac cau dudng sit cao toc. Hon nita, cic
yéu t6 khuéch dai dong luc khong thé tinh dén miic gia téc rung va nguy co cong hudng cla két cAu
cau [4].

Véi dudng sat cao tde, do khai thac & tbe do cao (trén 200 km/h), tan sb tac dong ctia doan tau gan
v6i tan s6 dao dong riéng clia cong trinh. Nguy co x4y ra hién tugng cong hudng 12 hién hitu can phai
dugc xem xét, phan tich va khéng ché. Ngay ca khi di chuyén & cic tbe d6 thip hon, gia téc rung clia
két cAu ciing c6 thé dat dén céc gid tri khong thé chip nhan dudc. Trong trusng hdp véi ciu dudng sat
c6 st dung da ballast, gia tbc rung 16n ¢6 nguy co gdy mat 6n dinh cho nén d4 ballast. D& ddm bio 6n
dinh ctia nén da ballast v ddm bdo tiép xuc gilta banh ctia doan tau vé6i cau, mot diéu hét siic quan
trong 14 phai dam béo ring gia tdc rung tdi da ciia cdu phai dudc duy tri dudi 0,35g [5, 6]. Trong thiét
ké thuc té, tiéu chi gia toc rung gidi han nay thudng sé 1a yéu td quyét dinh.

Theo tiéu chuidn Eurocodes (bo tiéu chuidn dudc tham khao chinh cia tiéu chuin thiét ké cau
dudng sat cia Viét Nam dang dudc bién soan), khi tinh toan thiét ké cau dudng sat cao toc, viéc xic
dinh xem két cAu cau c6 can thiét phai phan tich dong luc hoc hay khong dudc tién hanh theo so do
Hinh 1 [7].

Trén Hinh 1, V 1a téc do tbi da ctia doan tau (km/h); L 1a chiéu dai nhip (m); n, 12 tan s6 dao dong
udn tu nhién dau tién ctia cau (Hz); nr 1a tan s6 dao dong xo4n tu nhién diu tién cta ciu (Hz); v 1a

2



Hoa, P. D., va cs. / Tap chi Khoa hoc Cong nghé Xay dung

van tdc danh dinh t6i da (m/s); (v/n,)iim 12 gidi han theo Phu luc F — Tiéu chuidn EN 1991-2:2003.

BAT PAU

A

Khi phén tich Str dung Bang
dong luc hoc, sir FlvaF2(2)
dung eigenform
dang uén va
xodn
Str dung
[ ecigenform
dang ubn 1a
du
Khéng yéu cdu phan tich
Yéu cau phan tich dong luc hoc. dong luc hqc: N
Xac dinh gia téc ctia mat cau, hé Khéng yéu cau kiém tra moi
s6 xung kich va cac thong s& vakiém tra cong huong.
khéc nhu yéu ciu ciia myc 6.4.6 Str dung hé s6 xung kich ¢ khi
(ghi chu 4). phan tich tinh.

Hinh 1. So d6 kiém tra su can thiét phai tién hanh phan tich dong luc — Eurocodes (EN 1991-2-6.4.4)

Khi phan tich dong luc hoc dugc xic dinh la can thiét, phan tich dudc tién hanh véi cac thong sb
dic trung ctia chinh cdc doan tau thuc té du tinh sé& dugc dua vao sit dung hoiic md hinh cic doan tau
HSLM vé6i céc tuyén dudng st cao tde c6 xét dén kha ning két ndi giao thong qudc té [7, 8].

Bai bio nay trinh bay mdt s6 phuong phap phan tich dong luc hoc ctia két cAu cau dudng sit cao
téc dudc dp dung theo tiéu chuin Eurocodes trong d6 tip trung vao trinh bay phuong phap phén tich
truc tiép theo lich st thoi gian (time history analysis) d€ phan tich ing x{t dong luc hoc ctia két cAu
ciu dudng sat cao toc khi cé doan tau chay qua. Phuong phap phan tich nay sau d6 dudc dp dung vao
mot vi du tinh todn cu thé 1a mot két cAu ciu dudng sat cao tde dang dudc lién danh tu vin TEDI —
TRICC - TEDISOUTH dé xuit cho du 4n duding sit cao téc Bic Nam. Céc két qua phan tich tinh toan
c6 thé dugc st dung 1am tai liéu tham khao hitu ich khi phan tich dong Iuc hoc cho céc cong trinh cau
dudng st cao tbc tai Viét Nam.

2. Mt s6 phuong phap phén tich dong luc hoc dp dung cho cau duong sit cao toc

2.1. M6 hinh tdi trong doan tau

Tuong tic gilta cau va doan tau di chuyén qua cau 12 mot bai toan dong luc hoc tuong tic, phi
tuyén. Thong thudng, khi chi quan tdim dén tng x{ dong clia cong trinh cau, d€ don gian trong phan
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tich tinh toan, doan tau dugc mé hinh nhu mdt doan tai trong di dong (moving loads model) hodc doan

khéi lugng di dong (moving masses model) [4].
MO hinh téi trong di dong 1a loai m6 hinh don »

gian va thudng dudc ap dung trong tinh toan phin l —>

tich rung dong clia cau do hoat ti giy ra. Trong

mo hinh nay, tic dung cida tai trong hoat tai 1én

cong trinh dudc md phéng nhu cic Iuc di dong Hinh 2. Mo hinh téi trong di dong

(moving loads) di chuyén qua ciu (Hinh 2). V6i

mo hinh ndy, cdc dic trung dong luc hoc co ban clia cau gy ra bdi chuyén dong clia hoat ti c6 thé

dudgc xic dinh v6i miic do chinh x4c vira di. Mét s6 nhiing nghién cifu ban dau vé mo hinh tai trong di

dong c6 thé k& dén nhu Timoshenko [9]; Jeffcot [10]; Fryba [11]. Tuy nhién, trong mé hinh nay anh

hudng tuong tic (interaction) giita cau va hoat tai da bi bd qua. Vi vy, md hinh tdi trong di dong chi

phtt hop v6i trudng hop khdi lugng clia hoat tai 1a tuong dbi nhod so v6i két cAu cau, va khi chi quan

tam dén tng xir dong clia cong trinh cau ma khong quan tim xem xét dén ng xt clia doan tau khi

chay qua.

AN O

V6i nhiing truong hop khong thé coi Iuc quan M
tinh cia doan tau 1a nho, mo hinh khdi luogng ® .y
di dong (moving masses model) (Hinh 3) thutng AN 0
dudc ap dung thay cho md hinh tai trong di dong. Hinh 3. M6 hinh khéi lugng di dong

V6i mo hinh nay, Iuc quan tinh duge xac dinh ca &
két cAu cAu va doan tau trong phan tich dao dong
ctia két cAu. T4c dung quén tinh clia cd dAm va phuong tién chuyén dong da dugc nghién ciiu s6m
nhét vao nim 1929 bdi Jeffcott [10], sau d6 dudc tiép tuc nghién cttu béi Ting va cs. [12], Sadiku va
Leipholz [13], va Stanisic [14]. Tuy nhién, trong mo hinh nay dnh hudng tuong tic gitta doan tau va
cAu ciing chua dudc xem xét dén.

Pham vi ctia bai bao nay chi dé cap dén phuong phap phan tich dao dong ctia cong trinh cau duéi
tdc dung ctia doan tau chay qua st dung md hinh tai trong di chuyén.

2.2. Phuong phdp hé sé dong luc (dynamic load allowance)

Phuong phap phd bién dudc ap dung trong phan tich két ciu cau dudng bd va dudng sit néi chung
12 phuong phap phép hé dong luc (dynamic load allowance). Vi phuong phap nay, két ciu ciu dudgc
tién hanh phan tich xdc dinh cac ting xit duéi tac dung cta tai trong doan tau tinh dudc dit tai cc vi
tri bt 16i nhét trén duong dnh hudng. Két qua dugc nhan v6i mot hé sd phéng dai dong thudng dudc
2oi 12 hé sb dong luc hay hé s6 xung kich. Phuong phap nay don gian va thuén tién trong qua trinh
tinh to4n nén thudng dudc ap dung trong phan tich tinh todn két cAu cau duéi tic dung clia hoat tai.
Tuy nhién nhugc diém cta né 1a khong phan tich dugc anh hudng clia hién tugng cong hudng dao
dong clia cau dudi tic dung ctia tau dudng sit cao toc. Do vy, trong nhiéu trudng hop viéc ap dung
phuong phap phan tich hé sé dong Iuc hoc khong dii ddm bio an toan cling nhu diéu kién khai théc.

2.3. Phuong phdp phdn tich theo lich su thoi gian (time history analysis)

Phuong phép phan tich theo lich sit thdi gian 12 mdt phuong phap sd dugc st dung dé tim ra 15
giai cho phuong trinh cin bang dong luc hoc khi két ciu chiu tai trong dong. Phuong phdp nay dua
ra céc ting xt ctia két cAu (nhu chuyén vi, gia tdc, ndi luc, v.v.) trong mot khoang thsi gian nhét dinh
dua trén céc dic tinh dong luc hoc ctia két ciu dudi tac dung clia tai trong.
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Phuong trinh can bang dong luc hoc tdng quat trong phan tich theo lich sit thoi gian dugc thé hién
nhu sau:
[M]i(r) + [Cli(r) + [Ku(t) = p(2)

trong d6, [M] 1a ma tran do cting; [C] 12 ma trin giam chin; [K] 12 ma tran do ciing cta két cau; p(r)
1a vecto tai trong dong ctia doan tau; va u(r), iu(t), it (1) 1an lugt 1a chuyén vi, van tbc, va gia tdc rung
ctia két ciu.

Dé xdc dinh dudc cic ing xi cta két cAu, muc tiéu 1a gidi dudc hé phuong trinh vi phan cla hé
nhiéu bac tu do trén véi cdc diéu kién ban dau:

u=u0) va a=u0) taithdidiémzs=0

Khoang thdi gian dudc chia nhd thanh cédc budc thdi gian (time steps), thong thudng 1a cach déu
nhau mdt khoang At di nhé. Tai trong di dong clia doan tau tdc dong 1én codng trinh p(r) dudgc xac
dinh mot cdch rdi rac tai cdc thoi diém #; = iAt va dudc ky hiéu tuong ung 1a p; = p(t;). Cac dng x
ctia két cAu tai clng thdi diém ¢; s& dudc xdc dinh va ky hiéu tuong tng 13 u; = u(t;), it; = u(t;), va
i = i (). ) .

Chu trinh phan tich theo lich st thdi gian dudc tién hanh lan lugt tf cic buéc i = 0,1,2,3,... dé
xéc dinh céc tng xi ctia két cAu tai cdc bude i = 1,2,3,4, ... Chinh vi vdy, cdc Ung xit ctia két ciu tai
thdi di€ém ban dau tuong ting v6i i = 0 1a can thiét dé€ bat dAu chu trinh phan tich tinh toan. Céc ting
Xt ctia két cAu & budc i + 1 sé dudc x4c dinh tlf cic ting x{ & budce i trudc d6 [15, 16].

Day ciing 1a phuong phap phan tich dong luc hoc dugc chip thuin dp dung trong céc tiéu chuin
thiét ké cau dudng sat cao tdc trong d6 c6 tiéu chudn Eurocodes.

3. Vidu ap dung phueng phap phan tich theo lich su thoi gian

Vi du dudc 4p dung trong phén tich dong Iuc hoc 1a mot két ciu ciu dudng sat cao toc dang dudc
lién danh tu vin TEDI — TRICC - TEDISOUTH dé xuét cho du 4n dudng sit cao téc Bic Nam — Giai
doan nghién ctiu tién kha thi. Cau c6 két cAu nhip gidn don gébm 4 dam chit T bé tong cbt thép (BTCT)
du ting luc (DUL) nhip L = 30 m ¢6 mit diing va mit cat ngang dudc thé hién trén Hinh 4.
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Hinh 4. Két cAu dién hinh ciu can dim T nhip 30 m — Dy 4n dudng st tbc do cao truc Bac Nam
(giai doan Nghién ctiu tién kha thi) [17]
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Ciu dudgc thiét ké v6i bé rong 11,9 m, ¢6 2 lan dudng sat cao tde khd 1,435 m va tde do thiét ké
V =350 km/h.

Cho dén thdi diém soan thio bai bdo niy, du 4n mdi dang & giai doan nghién cifu tién kha thi,
nhoém tac gia chua tim dudc thong tin va tai liéu nao lién quan dén viéc phan tich dong luc hoc clia
két cau can nay. Cac két qua phan tich va nghién ctiu ctia vi du nay 1a céc phan tich doc 1ap ctia nhém
tac gia, khong lién quan dén dy an dudng sét tbc do cao truc Bic Nam.

3.1. Mé hinh két cdu cdu

Két cAu cau dugc md hinh bing phucng phap phan ti hitu han va sit dung phan mém Midas/Civil
2019 (v1.1) d€ mo phong va phan tich két ciu. Két cAu nhip dugc mé hinh bang cac phan tit thanh
(frames) trong khong gian véi chiéu dai moi thanh bang 0,5 m. Tiét dién clia phan ti thanh dugc sir
dung 1a toan b tiét dién ctia dAm chi va ban mit cau. Gbi cau dudc mo hinh bing cac gbi gian don.
M0 hinh két ciu trong phan mém Midas/Civil dudc thé hién & Hinh 5. Céc dic tinh khéi lugng cia
két cAu nhip dugc phan bd déu va dit tai cic di€ém nit ctia phan ti thanh. Khoi luong clia phan da
ballast dudc phan bd déu va dit tai tim clia dudng ray. Khoi lugng thé tich ctia phan da ballast dugc
liy bing y = 17 kN/m>, va chiéu day 16p ballast dudc iy bing 0,6 m.

Hinh 5. M6 hinh phan ti hitu han két cAu cau dim T nhip 30 m — Dy 4n dudng sat toc do cao truc Bic Nam
(giai doan Nghién ctiu tién kha thi)

3.2. M6 hinh doan tau

Theo tiéu chuin Eurocodes, phan tich dong Iuc hoc clia cau dudng sat cao téc véi te do V > 200
km/h dugc thuc hién véi cic thong sd dic trung clia chinh cic doan tau thuc té du tinh sé dudc dua
vao st dung hodc mo hinh céc doan tau HSLM véi cdc tuyén dudng sit cao téc c6 xét dén kha ning
két ndi giao thong qudc té. V6i cau c6 két ciu nhip gian don va chiéu dai L > 7 m, phan tich dong luc
hoc ¢6 thé dugc tién hanh v6i 10 md hinh doan tau HSLM-A bao gdm tit A1 dén A10 vdi céac thong
s6 nhu thé hién & Hinh 6 va Bang 1.
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Hinh 6. M6 hinh doan tau HSLM-A [7]
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Bang 1. Céc thong s6 md hinh doan tau HSLM-A [7]

Poanthu S6toagita N Chiéu daitoa xe D [m] Khoang cich truc banh d [m]  Tii trong truc P [kN]

Al 18 18 2 170
A2 17 19 3.5 200
A3 16 20 2 180
A4 15 21 3 190
AS 14 22 2 170
A6 13 23 2 180
A7 13 24 2 190
A8 12 25 25 190
A9 11 26 2 210
Al0 11 27 2 210

3.3. Két qud phdn tich déng luc
a. Phan tich tri riéng (Eigenvalue Analysis)

Trong qu trinh tau chay qua, két cAu cau dao dong cudng biic véi tan sb cudng biic do doan tau
gdy ra. Sau khi doan tau chay qua, két cAu cau dao dong tu do véi tan sb dao dong riéng. Do d6, can
tién hanh phan tich tri riéng d€ xdc dinh cdc tan sb dao dong riéng (natural frequencies), cdc mode
dao dong riéng (eigenmode shapes), va hé sé tham gia khéi lugng ctia két cau (mass participantion
factors) tng véi tiing mode dao dong. Céc thong s6 nay phu thudc vao dang két cAu, su phan b khdi
luong, va miic do chinh xdc yéu cau ciing nhu kha niing tinh toan. Sau khi phan tich, cin x4c dinh tan
s6 dao dong udn va xoin dau tién ctia két cAu nhip dé tir d6 ki€m tra xem két cAu cau c6 can tién hanh
phan tich dong luc hoc hay khong.

Két qua phan tich tri riéng ctia 6 mode dao dong dau tién dugc thé hién trén Bang 2 va Hinh 7,
trong d6 mode thi 1 14 dang dao dong ubn doc dau tién, mode thi 2 12 dang dao dong xoin dau tién,
va mode thif 6 12 dao dong udn ngang dau tién.

Bang 2. Tan s6 dao dong va hé s tham gia khéi lugng ctia 6 mode dao dong dau tién

Heé s6 tham gia khéi luong ctia két cau

Mode Tan so (Mass participation factors)
No. [Hz]
Dx (%) Dy (%) Dz (%) Rx (%) Ry (%) Rz (%)
1 3911 0 0 79,36 0 0,03 0
2 5.247 0 0 0 77,03 0 0
3 10.489 0 0 0 0 0 0
4 14.855 0 0 0 0 56,61 0
5 15.724 0 0 0 8,53 0 0
6 19.281 0 77 0 0 0 0,03
(a) Eigenmode 1, f; =3.911 Hz (b) Eigenmode 2, f, = 5.247 Hz
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(c) Eigenmode 3, f; = 10.489 Hz (d) Eigenmode 4, f; = 14.855 Hz
(e) Eigenmode 5, f5s = 15.724 Hz (f) Eigenmode 6, f; = 19.281 Hz

Hinh 7. Sdu mode dao dong diu tién ctia két cAu nhip

b. Kiém tra yéu cau phan tich dong Iuc hoc

Viéc xdc dinh xem két cAu cau c6 can thiét phai phan tich dong luc hoc hay khong dugc tién hanh
theo so dd trinh bay & Hinh 1. Trinh tu ki€m tra véi cdc thong s ctia vi du cau duong sat cao toc 1an
lugt nhu sau:

- Téc d6 khai thac tdi da V = 350 km/h > 200 km/h;

- Két cAu nhip gidn don ¢6 L = 30 m < 40 m;

-np/ng = 1,35 > 1,2;

-v/ng = 24,86 > (v/ng)m, = 18,33.

Két luan: Phan tich dong Iuc hoc 1a can thiét d€ xac dinh gia téc trén mit cau va hé sb xung kich
v6i mo hinh doan tau HSLM-A (theo Diéu 6.4.6 - Ghi chd 4 — EN 1991-2:2003 [7]).

c. Phan tich theo lich st thoi gian (time history analysis)

Theo tiéu chudn Eurocodes [7] khi tién hanh phén tich dong theo lich st thdi gian, tic dong clia
tai trong doan tau tac dung 1én mo hinh c6 thé 4p dung mo hinh tai trong tap trung di dong va dudc
mo hinh thanh céc chubi tai trong thay d6i theo thdi gian dit tai cdc diém niit & vi tri tam dudng ray.
Céc ham luc tac dung Ién cac di€ém nut sé dugc xay dung v6i cdc gia tri tuong dng vdi thdi gian, van
toc chuyén dong va khoang cach gitta hai nit lién tuc trén md hinh.

Nguyén tic xdy dung ham tai trong trén mot nt thit i ctia md hinh khi truc banh xe di chuyén trén
2 phan tii c6 chifa niit i s&é chuyén thanh 2 luc theo ty 1¢ giita khodng cédch ctia diém dit luc t6i niit chia
cho chiéu dai phan t& ma tai trong dang di chuyén qua. Nguyén tic xdy dung ham tai trong tic dung
1én 2 niit thi i va i + 1 cia mo hinh dugc mo ta trén Hinh 8. Vi du vé ham tai trong tic dung 1én hai
nit 1 & vi tri dAu dam va miit 10 & cach niit 1 12 5 m trong mo hinh dudgc thé hién trén Hinh 9. Gia tri
bién do ctia tai trong dugc lay bang tai trong truc banh xe.

D€ tién hanh phan tich dong hoc clia cdu dudng sit bang phuong phap phan i hitu han st dung
phuong phép phan tich theo lich sii thdi gian, hai thong s6 quan trong c6 anh huéng dén két qua phan
tich ctia mo hinh 13 budc thdi gian At va hé sb can nhét ap dung cho mo hinh. Hé s can nhét theo
tiéu chuan Eurocodes [7] c6 thé gia thiét = 1,0% vé6i cau bé tong cdt thép ting suit trude cé nhip 16n
hon 20 m. Budc thdi gian At thong thudng cang nhd sé cho két qua tinh todn chinh x4c hon, tuy nhién
thoi gian tinh s& 1au hon. Theo khuyén céo ctia Vién nghién cttu dudng sat Chau Au (ERRI) [18], gid
tri nay nén lay nhd hon gid tri nhd nhét trong 4 dai lugng:

h = 1/ (8fmax); hy = Lmin/(zoov); h3 = Lmin/(4nv); hg = 0,001 s
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trong d6 finax 12 tan s6 dao dong 16n nhit dudc st dung trong phan tich theo mode dao dong (modal
analysis), n 12 s6 mode dao dong dudc sir dung trong phan tich, v 13 vén tbc ctia doan tau. Trong vi du
nay st dung budc thoi gian Az = 0,001 s trong phan tich tinh toan.

a) Nguyén tic phan bé tii trong di déng lén cac niit thir i va i+1

t=t t=tAL =oAL t= At t=trAt
F T F T F
i i+1 i+2 i i+1 i+2 i i+1 i+2 i i+1 i+2 i i+1 i+2
F F
0.75F 0.75F
L 0.2‘5F 0.5F 0.5F 0.2$5F l
i i+1 i+2 i i+1 i+2 i i+1 i+2 i i+1 i+2 i i+1 i+2

F
0.75F
o N 5F
o, 05 0.25F
\ .
.
y b by ! b b Y [P 4 [T ! by by
¢) Ham tai trong di dong tai niit thit i ' 1 o - 0.75F i
0.25F /" RN N
/ s
/ P \ p N

$ $ 4 $ b Yo Y [® Yz Y b1 Yo Y (¥ Yo

50

0 0.1 0.2 03 0.4 05 0.6 0.7 0.8 09 1
Thai gian [s]

Tai trong tai nat 1 Tai trong tai nit 10

Hinh 9. Minh hoa xay dung ham tai trong tic dung 1én nit 1 va nit 10 v6i van téc v = 350 km/h
trong 1 s dau tién

Hé s6 can nhét c6 dnh hudng 16n dén viée tinh todn chuyén vi va gia téc cuc dai clia mit cau.
Theo tiéu chuin Eurocodes EN 1991-2:2003 Béng 6.6, v6i két cAu cau bé tong cbt thép du dng luc c6
nhip L = 30 m, hé s can nhét dugc liy ¢ = 1,0%.

d. Két qua phan tich

Phan tich dong Iuc hoc dudc tién hanh véi 10 doan tau HSLM-A1+A10. V6i mdi mo hinh doan
tau, tién hanh phan tich & céc tdc do khac nhau tir 140 km/h (x4p xi 40 m/s 14 tbc dd nho nhét can tién
hanh phén tich dong theo Eurocodes) dén 420 km/h (bang 1,2 1an t6c do thiét ké V,; = 350 km/h theo
Eurocodes) véi cdc bu6e 1a 5 km/h. Mot s6 két qua phan tich dao dong clia cau tai vi tri giita nhip
dudi tac dung clia hoat tai doan tau HSLM-A1 va A10 dugc thé hién trén Hinh 10.
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Hinh 10. Gia toc va D6 vong tai vi tri gitta nhip dudi tac dung clia doan tau HSLM-A1 va A10 chay qua vdi vin
toc V = 200 km/h va 365 km/h

Qua két qua phan tich, c6 thé thly vdi cac tdc do khac nhau ctia doan tau khi chay qua, néu khong
gdy ra hién tuong cong hudng, ting xif dao dong ctia két cAu nhip c6 thé chia 1am 4 giai doan. Giai
doan 1 khi céc truc dau tién ctia doan thu chay vao cau, chuyén vi tai gifta nhip va gia toc clia mit cau
dat gi4 tri 16n. Giai doan 2 khi cdc toa tau khac chay tiép vao cau, két cAu nhip dao dong & gia tdc thap
hon va chuyén vi ciing nhd hon. Giai doan 3, khi toa cudi chay qua cau, ing xit ciia két cdu nhip gan
gibng giai doan 1. Giai doan 4, sau khi toan bd cic toa tau chay qua cau, két cAu tiép tuc dao dong véi
chuyén vi va gia toc gidm dan nhu hé dao dong tu do tit dan.

Tuy nhién, khi doan tau chay qua véi téc dd gan téc dd nguy hiém c6 kha niing gy nén dao dong
cong hudng véi két cu nhip, dng xi cia két ciu c6 su thay ddi ro rét. Gid tri chuyén vi va gia toc clia
miit cAu ting dan tir khi toa thu dau tién chay vao cu va dat gid tri cuc dai khi toa tau cubi chay vao
cau. Sau khi toan bd cdc toa tau chay qua cau, két cdu dao dong tu do tit dan.

Sau khi phan tich dong, gia tri gia toc cuc dai theo phuong ding trén mit cau can dugc kiém tra
so sanh véi yéu ciu téi han nham dam bao 6n dinh cho nén da ballast va dam bao cho banh ciia doan

10
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tau ludn tiép xiic véi duong ray. Gia tri gia tdc mit cau t6i han theo Tiéu chuin Eurocodes khong vuot
qué 3,5 m/s? v6i ciu sit dung nén da ballast. K&t qua dudng bao gia tbc mit cau véi cac tbe do tau
khdic nhau ctia 10 doan thu HSLM-A1 dén A10 dudc thé hién trén Hinh 11.

Biéu db dudng bao gia téc theo téc do di chuyén tng véi 10 mé
hinh tai trong HSLM-A

Gia téc [m/s?]

Van téc V [km/h]

——HSML-A1 HSML-A2 HSML-A3 HSML-A4 ———HSML-AS

e HSMIL-AG e HSMIL-A7 e HSML-A8 e HSML-A9Q e HSMIL-A10
Hinh 11. Biéu dd dudng bao gia tdc theo tbc dd di chuyén ting v6i 10 mo hinh tai trong HSLM-A1 dén A10

Tit biéu d6 dudng bao gia tbc mit cau (Hinh 11) ¢6 thé thiy, v6i cac doan tau c6 chiéu dai khoang
ciing nhu khodng céch cic truc clia gid chuyén huéng nhd gia tbc miit cau nhé hon gid tri khuyén cdo
ctia Tiéu chudn Eurocodes v6i moi tbc do ctia doan tau tif 140 — 420 km/h. Véi cac doan tau c6 chiéu
dai khoang 16n hon (tau A5-A10), khi téc do ctia doan tau > 300 km/h hién tuong cong hudng xay
ra 1am cho gia tbc ctia mit cau ting dot ngdt va vudt qua gia tri gia toc gidi han khuyén cdo 1a 3,5
m/s?. Khi d6, mot s6 giai phap c6 thé dua ra nhu, tién hanh cic phan tich dong Iuc hoc chinh xic hon
c6 xét dén tuong tic gitta cAu va tau (train-bridge interaction); han ché tbc do thiét ké ctia doan tau
xubng dudi 250 km/h (khi d6 Vipax = 1,2Vie = 300 km/h); hoic ting do ciing ctia két cAu nhip bf?mg
cach nhu ting chiéu cao ctia dAm chi d€ dua van tdc giy ra cong hudng ra ngoai pham vi khai thac va
thiét ké.

4. Két luan

Bai béo trinh bay mot s6 phuong phap phan tich dong Iuc hoc ctia két ciu ciu dudng sat cao toc
dugc 4p dung theo tiéu chuidn Eurocode (bd tiéu chuin dudc tham khio chinh ctia tiéu chuin thiét
ké cau duong st ctia Viét Nam dang dugc bién soan), trong d6 tap trung vao trinh bay phuong phap
phan tich truc tiép theo lich sit thdi gian (time history analysis) d€ phan tich ting xt dong luc hoc ctia
két cAu cau dudng sat cao toc khi c6 doan tau chay qua. Phuong phap phan tich nay sau d6 dugc ap
dung vao mdt vi du tinh todn cu thé 1a mot két ciu ciu dudng sit cao tde dang dudc lién danh tu vén
TEDI — TRICC - TEDISOUTH d¢é xuét cho du 4n dudng sét cao téc Bac Nam.

Qua két qua phan tich, c6 thé thay dbi véi dudng sit cao toc, cac thong sb ti trong, kich thudc va
téc do clia doan tau c6 anh hudng 16n va truc tiép dén dao dong ctia két cAu nhip. Trong nhiéu trudng
hop, viéc st dung phuong phép phan tich tinh két hgp véi hé s6 xung kich khong dam bio dua ra dugc
céc gi4 tri bao cho cac hiéu tng cuc dai trong két cu. Pic biét phuong phap phén tich tinh khong

11
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phan dnh dudc ting xi ctia két ciu khi x4y hién tuong cong hudng. Khi dé viéc tién hanh phan tich
dao ddng clia cong trinh 1a bat budc.

Phuong phép phan tich dong luc hoc theo lich st thoi gian (time history analysis) dugc minh hoa

qua bai bdo va ap dung trong mdt vi du cu thé cho thiy phuong phap nay cé kha ning phan tich tng
Xt ctia két cAu dudi tac dung clia tai trong di dong ctia doan tau; phan tich dudc ting xit ctia két cAu khi
xay ra hién tuong cong hudng; tit d6 gitip diéu chinh thiét ké d€ dap tng cdc yéu cau cla tiéu chuin
cling nhu khai thac.
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