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Tom tat

Bai bao nghién citu ting xi ddng clia ciu vom thép dudng sit tbc d6 cao dudi tac dung ciia tai trong doan tau sit dung mo
hinh phan ti hitu han (FEM) va phuong phap phan tich lich sit thdi gian (THA). Ba loai sd db day treo khac nhau la day
treo théng diing, déy treo dang 1udi c6 gbc xién khong d6i, day treo dang ludi c6 diém giao cit huéng tdm dude nghién citu
nham danh gid anh huéng ctia cdc thong s6 ddy treo dén tin s6 dao dong, gia tbc cuc dai, chuyén vi va hién tugng cong
hudng. Két qua nghién ctiu cho thiy dbi véi cau vom thép, so dd day treo dang ludi (bao gém day treo cé géc xién khong
ddi va c6 diém giao cit huéng tdm) c6 ng xi dong &n dinh hon, bién do gizm nhanh hon, thoi gian tit dao dong ngan hon
so v6i dang day treo thing ditng, va dam bao yéu cau theo tiéu chuin TCVN 13594-3:2022. Cac két qua nghién citu cung
clp co s6 khoa hoc cho viéc Iua chon dang két ciu, chiéu dai nhip ciing nhu dé xuét véan toc khai thac phu hop, gép phan
ning cao do an toan va do bén ciia cdu dudng sit tdc dd cao tai Viét Nam ndi riéng va thé gidi néi chung.

Tir khod: cAu vom thép; so dd ddy treo; tai trong doan tau; dudng sit téc do cao; phuong phap lich sit thoi gian; gia tde cuc
dai; hién tugng cong hudng.

RESEARCH ON THE INFLUENCE OF VARIOUS HANGER LAYOUT ON THE DYNAMIC RESPONSE
OF HIGH-SPEED RAILWAY STEEL ARCH BRIDGES UNDER THE EFFECT OF TRAINS

Abstract

This paper studies the dynamic behavior of high-speed railway steel arch bridges under train load using finite element
modeling (FEM) and time history analysis (THA). Three different hanger layouts including vertical hangers, cable network
system with constant angle hangers, and cable network system with radial hanger distribution are investigated to evaluate the
influence of cable hanger parameters on oscillation frequency, maximum acceleration, deflection, and resonance. Numerical
results indicate that for steel arch bridges, the network system (including constant-angle and radial hangers) exhibits more
stable dynamic behavior, faster amplitude reduction, and shorter damping times compared to the vertical hanger layout,
ensuring the requirements of TCVN 13594-3:2022 standard. These findings provide a scientific basis for selecting the
structural form, span length, and proposing appropriate operating speeds, contributing to improved safety and durability of
high-speed railway bridges in Vietnam and worldwide.

Keywords: steel arch bridge; hanger layout; train load; high-speed railway; time history analysis; peak acceleration; resonance
phenomenon.
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1. Gidi thiéu
Trong bdi canh phat trién hé thdng giao thong hién dai, dudng st téc do cao (DSTPC) da tré
thanh xu huéng tit yéu tai nhiéu qubc gia nho uu diém vé an toan, hiéu qua van tai, gidm phat thai va
két ndi vung kinh té. Shinkansen 1a tuyén dudng sat téc do cao dau tién dudc dua vao khai thac nim
1964 tai Nhat Ban vdi tong chiéu dai khoang 2951 km [1]. Tiép theo d6, tuyén duong sat toc do cao
dau tién ctia Phdp dugc xay dung tif nim 1975 dén nim 1983 ndi giita Paris va Lyon va tinh dén thoi
diém cudi nim 2024, mang ludi nay di kéo dai 1550 km [2]. Nam 2008, Trung Qudc chinh thic khai
truong tuyén dudng sit tbc d cao thuong mai dau tién ndi Bac Kinh va Thién Tan dai 117 km va cho
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dén nay, Trung Qudc 1a nuéc c6 mang lusi dudng sat tdc dd cao phat trién than tde. Vao thoi diém
cudi nim 2016, khi tong sd chiéu dai tuyén dudng sat tbc do cao tai Trung Qudc dat hon 22000 km
thi dén cudi niim 2024 con sb nay da ting 1én 48000 km, va qubc gia nay tiép tuc dit muc tiéu 1én dén
khoang 60000 km vao ndm 2030, chiém hon 70% chiéu dai dudng sat tbe do cao trén thé gidi [3, 4].
Su phat trién nhanh chéng ctia mang lu6i dudng sét téc do cao kéo theo nhu ciu xay dung 16n dbi véi
cdc cong trinh cau, trong d6 bao gdm nhiéu dang cau nhip 16n véi yéu cau cao vé yéu td thim my va
kha nang chiu luc.

Viét Nam ¢ dia hinh trédi dai doc theo bién, vi vy viéc quy hoach, xay dung pht trién mang Iué6i
dudng sat trong d6 c6 dudng sat tc dd cao lam co s& d€ quy hoach xiy dung cic mang luéi giao thong
khéc ciing nhu c4c trung tdm kinh té, viin héa, ... tai cic dia phuong. Theo Nghi quyét s6 106/NQ-CP
ngay 23/4/2025 ctia Chinh Phii vé k& hoach trién khai Nghi quyét s6 172/2024/QH15 ngay 30 thang
11 ndm 2024 ctia Qudc hdi vé chi truong dau tu Dy dn dudng sat téc dd cao trén truc Bic — Nam véi
yéu cau trién khai du 4n theo quy md chiéu dai khoang 1541 km, téc do thiét ké 350 km/h, tai trong
22,5 tan/truc, gom 23 ga hanh khach va 5 ga hang héa [5]. Véi khéi lugng cong trinh cau du kién
chiém dén 60% khéi luong tuyén trong dé c6 nhiéu cau 16n.

Dbi v6i cau dudng st téc do cao, dic biét 1a cdc cau nhip 16n, nghién cifu ing xi dong 1a hét
stic quan trong va dugc yéu cau bt budc. Theo khuyén nghi ciia Hiép hoi dudng sit qubc té UIC, hé
théng dudc coi 1a dudng sit toc dd cao khi khai thac v6i van tde t6i thi€u 200 km/h [6], khi van toc
cang ting dong nghia véi viéc tai trong dong tac dung 1én cong trinh ciu ciing ting vé c4 bién do ciing
nhu tan s6 kich thich. Khi d6, hién tugng cong hudng c6 thé xay ra néu tan sé dao dong riéng clia cau
trung hodc gan bang tin sb kich thich ctia doan tau, tao ra do 16n vé gia tdc, chuyén vi va giam tudi
tho khai thac cta cong trinh. Do d6, céc tiéu chuan nhu Eurocodes [7] va TCVN 13594-3:2022 [8]
déu quy dinh gi6i han gia tbc dao dong phai nho hon 3,5 m/s> dé dim bao vé cic yéu cau khai thic
cling nhu tao cdm giac ém thudn cho hanh khéch.

C6 nhiéu phuong phap nghién citu v& dong luc hoc ciia cau dudng sat nhu nghién citu thuc dia,
tinh toan ly thuyét va phan tich mo phong sd. Phuong phép thuc dia gidp xac thuc cdc mo hinh tinh
to4n va phan 4nh chinh xic ng xit dong clia cong trinh trong diéu kién khai thic thuc té c6 thé ké
dén mot s6 nghién cifu clia cac tic gid nhu You-Liang Ding va cs. [9], Seunghoo Jeong va cs. [10],
... Phuong phép 1y thuyét dudc xay dung dua trén co hoc va ly thuyét dao dong dan hoi trong d6 cau
thudng dugc mo hinh héa dam dan hdi chiu tic dong cia tai trong di dong hoic khdi luong di dong
Fryba ciia tc gid Yang va cs. [11]. Phuong phap mo6 phong sb hién nay dugc st dung rat phd bién nho
kha niing mo hinh chi tiét tuong tac gitta tau — ray — cau (Train — Track — Bridge) [12, 13, 14, 15, 16].
Phan tich lich st thoi gian (Time History Analysis — THA) dugc xem la cong cu hitu hiéu d€ giai
phuong trinh dao dong theo mién thdi gian, cho phép danh gid cic ung xit dong nhu dao dong tiic
thoi, gia tbc cuc dai, chuyén vi va hién tugng cong hudng. Nho vay, phuong phap nay khong chi mang
tinh 1y thuyét ma con déng vai trd nén tang cho cdc nghién ciiu md phéng s va 1a co sé khoa hoc dé
80 sanh, hiéu chinh vdi dit liéu thuc dia.

Cau vom thép c6 day treo dudc sit dung khd phd bién trén thé gidi bsi kha ning vugt nhip tuong
dbi 16n, uu diém vé kha ning chiu luc va thim my kién tric. Day treo c6 thé ¢ dang thang ding,
dang ré quat, dang Nielsen, dang ludi c¢6 goc xién khdng d6i so véi phuong ngang hoic c6 cic diém
giao nhau huéng tam [17]. Cau vom day treo dang ludi (Network Arch Bridge) vé6i cdc ddy treo xién
(Hangers Inclined) cit nhau (Intersect) it nhat hai 1an [18]. Cau vom day treo dang ludi huéng tam c6
cic diém giao cat day hudng tim, géc xién va khoang cach day khong ddi so véi vanh vom [19]. Day
12 loai két cAu cau dat hiéu qua cao vé kha niing chiu luc, tiét kiém dudc vat liéu va do d6 lam cho két
cAu cau trd nén thanh méanh.
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Hién nay, trén thé gi6i da c6 mot sd nghién cifu vé dao dong clia cau vom dudi tic dung ctia tai
trong doan tau téc dd cao. Tac gia W. Radomski va R. Oleszek [20] nghién citu tng xit dong luc hoc
clia cau vom bé tong c6 chiéu dai nhip tinh todn 1 44,22 m, tiét dién dim dang chit C bé tong cbt thép
du ting luc véi thanh treo thang ditng, chiu tii trong doan tau theo md hinh tai HSLM theo tiéu chuin
Eurocodes. Nghién cifu tip trung ddnh gia chuyén vi, gia téc, m6é men udn, ndi luc va hé sb khuéch
dai dong ctia két cAu ciu trong dai vén tdc tau tir 160 km/h dén 360 km/h va két luan két cu cau vom
nay dap dng céac yéu ciu dong luc hoc theo tiéu chuan chau Au (EN) dbi v6i doan tau chay véi van toc
nhd hon 230 km/h. Tai Trung Qudc, nhiéu tic gia cling nghién ctiu vé ing xit dong luc hoc clia mot
s6 dang két cAu cau dudng sit, mot trong sb d6 c6 thé ké dén nghién ciiu ciia Qing Zeng va cs. [21]
vé ting x1r dong luc hoc cAu vom gian thép dudi tic dung clia tai trong doan tau. Ciy cau dudc nghién
ctiu ndm trén hé thdng cau Danyang — Kunshan thudc tuyén dudng sat toc do cao Bac Kinh — Thudng
Hai. Nghién ctiu tip trung xdy dung va d4p dung mo hinh sé 3D dé phan tich tuong tac dong luc hoc
gitfa doan tau cao toc va cau vom gian thép, nham danh gia phan ing dong ctia cau khi tau cao toc
chay qua, xem xét 4nh hudng tuong tic thu — cau (train — bridge interaction, TBI) dén chuyén vi, gia
téc, noi luc va kiém tra diéu kién khai thac va do an toan dong luc hoc ctia cau. Tuy nhién, nghién citu
nay chd yéu tap trung vao md phong chi tiét trong khong gian 3D, trong khi chua ddi chiéu truc tiép
cac két qua vé gia tdc, chuyén vi va do ém thuin tau chay vé6i cic gii han theo quy dinh trong céc
tiéu chuén thiét ké tuong dng.

Tai Viét Nam ciing da ¢ nhiing nghién citu vé dao dong cau dudng sit tdc do cao, phan 16n tap
trung vao cic dang két cAu dim don gian, dim lién tuc dang hop. Tic gia Pham Duy Hoa, va cs. [22]
ciing da nghién citu, phan tich dong luc hoc ciu dudng sit toc do cao v6i dang két ciu nhip dam bé
tong cbt thép ting suit trude gian don tiét dién chit T c6 chiéu dai nhip 30 m. Trong nghién cifu nay,
cdc tic gia da phan tich va danh gia do vong, gia tbc tai vi tri gifta nhip, cling nhu dudng bao gia
téc ctia két cAu tuong ting véi cac dai van tdc tau tir 140 km/h dén 420 km/h, xét cho 10 mo hinh tai
HSLM-A1 dén HSLM-A10. Trén co sé két qua phan tich, tic gid dé xuat giai phap gidi han toc do
thiét k& ctia doan tau xubng dudi 250 km/h nham dam bao yéu cu khai thac an toan va ém thuén cta
cong trinh.

Thong qua cic nghién ctiu di cong bb, c6 thé nhan thiy nhiéu tic gia da dé xuit cac khuyén cdo
vé gidi han van toc khai thac clia cAu dua trén phan tich dng xt dong luc hoc theo nhiing tiéu chuin
cu thé. Tuy nhién, c4c nghién ctiu lién quan dén ting xit dong ctia cau vom thép c6 day treo dang ludi
duéi tac dong clia doan tau tdc do cao hién van con han ché, dic biét d6i véi cac cong trinh c6 chiéu
dai nhip trung binh dén 16n va van tbc khai thac 1én t6i 350 km/h. Viéc danh gid tGing xi dong clia loai
két cAu ndy, dong thdi so sdnh véi cdc gidi han khuyén cdo trong nhiing tiéu chuan thiét ké hién hanh
12 can thiét nham lam ré miic d6 phi hgp va an toan trong diéu kién khai thac tbe do cao. Do dé, viéc
nghién ctiu ting xit dong ctia loai két cAu nay khong chi gép phan bd sung khoang tréng trong tai liéu
nghién ctiu quéc t& ma con mang lai co s6 khoa hoc cho thiét k& va van hanh hé théng dudng sit tbc
dd cao trong nudec.

Bai bdo ndy tap trung nghién ctiu Gng xi dong clia ciu vom thép c6 day treo véi chidu dai nhip
100 m dudi tic dong doan tau téc dd cao theo tidu chuin 13594-3:2022 (dudc bién dich dua trén tiéu
chuin Eurocodes 1991-2:2003). Ba dang so d6 day treo dugc nghién ctiu nhim danh gid dnh hudng
ctia cac dang hé day treo dén ting xt dong ciia tong thé két ciu cau. Két ciu ciu dugc md hinh bang
phan ti hitu han (Finite Element Model — FEM), st dung phuong phdp THA dé phan tich, x4c dinh
céc thong s6 dic trung ctia két cAu cau nhu tan sb riéng, hé s6 tham gia khbi luong, gia téc va chuyén
vi tai vi tri gilta nhip dudi tic dung clia cic doan tau tiéu chudn HSLM-A. Két qua nghién ciu cung
clp co s khoa hoc cho viéc Iva chon giai phap két cAu, thong s6 hinh hoc clia cu vom thép c6 day
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treo va vén toc khai thac t6i vu, gép phan phuc vu dinh huéng phat trién dudng sit toc do cao tai Viét
Nam.

2. Phuong phap phan tich lich st thoi gian

THA 12 mot phuong phap phan tich dong luc hoc phi tuyén hoic tuyén tinh theo mién thdi gian,
dudc st dung d€ gidi cac phuong trinh cin biang dong Ivc hoc khi két cAu chiu tai trong dong. Phucng
phap nay cho phép xdc dinh truc tiép dap ing dong (chuyén vi, van tbc, gia toc, ndi luc) cia cong
trinh tai tiing thdi di€ém duéi tac dung tai trong dong [23, 24].

Céc tinh toan dao dong tu nhién dugc xdc dinh dua trén gia thiét quy ddi trong luong cia céc
thanh phan két cAu thanh trong lugng niit tuong duong. Do s bic tu do 16n hon, viéc phan tich s6 cic
mo hinh két ciu dua trén dang phuong trinh chuyén dong dudc stia ddi nhu sau:

-1
K-0,-M-w-0,=0; K=L-L"; k' = (L") - L (1)

L' M- 0,=L"-6,-L; x=L" -6, 6,= (L") -x; 1= iz M- (L) @
w

trong d6 M 12 ma trin khéi lugng, K 13 ma tran do cing, w 1 tan s6 dao dong riéng ciia hé; 6, 1a vecto

dao dong tu do; L 1a ma tran tam giac.

Phuong phap tich phén thai gian dya trén thuét toan Newmark dugc st dung cho céac phuong trinh
tich phan chuyén dong. Trong cic phucng phap nay, phudng trinh cin bing tham chiéu dén diém phan
tich trong thoi gian ¢ + k - At (k = 1,2,3,...) va do d6 dang clia cong thic (3) dugc két hop vdi cac
mbi quan hé van tdc tai cong thiic (4) va chuyén vi & cong thiic (5) d€ dua ra nhém céc phuong trinh
sau theo phuong phap Newmark:

M-iit(t+AD+C-u(@+AD)+K-u(t+At) =P+ Ar) 3)
u@+AH=u@)+[(1=08)-iu@+06-i(t+Ar)]- At 4
u(@+A)=u@)+u() - At+ (%—a)-ﬁ(t)+a-u(t+At) - (AD)? 5)

Hé phuong trinh chuyén dong tong quat:
[M] - ii(r) + [C] - u(®) + [K] - u(®) = p(?) (6)

trong d6: M 1a ma tran khbi luong, K 12 ma trin do cing, P (¢t + Af) 14 vector tai, At 1a budc thdi gian
phan tich, # + k - At 1a cac diém thdi gian phén tich tuong ting véi trang thai cin biang clia hé, a; ¢ 1a
cdc tham s6 tuong ing véi su thay ddi gia téc trong budc thoi gian da cho va tuong ting véi dd &n dinh
va do chinh x4c clia phuong phdp phan tich; u (¢t + Af), it (t + Af), ii (t + Af) 12 vector chuyén vi, vector
van tbc, vector gia toc tuong ting tai cic thdi diém thdi gian dudc phan tich [25, 26].

Budc thdi gian phan tich Ar = 0,001 s dugc xac dinh theo khuyén cédo clia Vién nghién ciu dudng
sat Chau Au (ERRI), gi4 tri nay nén liy nhd hon gia tri nhd nhit trong 4 dai lugng [22]:

hy =1/8 "+ fmax) s h2 = Lmin/ (200 -v); h3 = Liin/ (4 -n-v); hs = 0,001 s (7)

Qua trinh phan tich lich si thdi gian dugc tién hanh tuan tu qua cic budc tinh i = 0,1,2,... dé
xédc dinh phan tng dong tai budc i + 1 truée hét phai biét dugc cic dai lugng dap dng tai budc i va
diéu kién ban dau. Tiing budc tinh todn nhu vay cho phép md phdng chinh xéc su bién thién theo thai
gian cia tai trong [27, 28].
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3. Phan tich dong luc hoc két chu cau vom thép day treo
3.1. Doéi tuong nghién ciiu

CAu vom day treo 12 dang két cAu da dudc sit dung tai mot s6 tuyén dudng st cao toc trén thé gidi
va ciing c6 thé xem xét lya chon 4p dung cho tuyén dudng sit cao téc Bic — Nam ctia Viét Nam sip
dugc dau tu xdy dung. Trong nghién ciiu nay, 3 dang so dd day treo la diy treo thang diing, day treo
dang 1uéi c6 géc xién khong ddi (so véi phuong ngang) va day treo dang 1udi c6 diém giao cit hudng
tam ctia két cAu cau vom thép chiéu dai nhip 100 m dugc nghién citu. Céc thong sb vé tai trong tinh
toan, khd dudng sat, hé sd can nhét, trong lugng riéng ciia da ballast, v.v. dugc lua chon dua trén tiéu
chuén TCVN 13594-3:2022 [8] va thé hién trong Béng 1.

Bang 1. Thong s6 dau vao

Day treo Day treo Day treo ludi

Thong s6 thang  1udi goc xién giao cat
diing khong doi huéng tam

Chiéu dai nhip (m) 100 100 100
Bé rong cau (m) 8,5 8,5 8,5
Chiéu cao dudng tén vom (m) 20 20 20
Khé dudng sit (mm) 1435 1435 1435
S6 lugng day (trén 1 mit phang) 42 42 42
Goc gitta day treo va thanh cang (hoac giilra ddy treo va 90° 61° 41°
ban kinh dudng tron)
Vit liéu thép A709-36
+ Modun dan hdi (MPa) 199950
+ Trong luong riéng (kN/m?>) 77,09
Vit liéu bé tong C35
+ Modun dan hoi (MPa) 31220
+ Trong lugng riéng (kN/m?) 24,5
Hé s6 can nhét & (%) 0,5
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Hinh 1. B4 tri chung ciu vom déy treo thang diing Hinh 2. B4 tri chung cau vom day treo dang lugi c6
gbc xién khong d6i

3.2. Mo hinh két cdu cdu

Két cAu cau vom day treo dugc mo hinh bang phin mém Midas Civil 2022 khai b4o phan ti dang
thanh (Frame), v6i diéu kién bién 12 mot dau gbi ¢ dinh, mot dau gbi di dong; cac diém lién két gitia
day treo v6i thanh ciing — vom gia thuyét 12 tuyét ddi ciing. Két cAu nhip, ban mit cau, d4 ballast dudgc
quy ddi thanh cac khdi lugng dé xét tinh chit dong Iuc hoc bang viéc quy ddi tai trong — khdi lugng
véi gia tbe trong trudng g = 9,8 m/s>. M6 hinh 3 dang két ciu cAu vom thép day treo dugc thé hién
trén Hinh 8, Hinh 9 va Hinh 10.
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Hinh 7. Mit bang ciu

Hinh 8. M6 hinh ciu vom déy treo thing diing Hinh 9. M6 hinh ciu vom dy treo dang lu6i c6 géc
xién khong d6i
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Hinh 10. M6 hinh ciu vom day treo dang lugi c6 diém giao cit huéng tim

3.3. M6 hinh doan tau

Theo [8] viéc phan tich dong luc hoc ciu dudng st khi van toc tau vugt qua 200 km/h dudc thuc
hién dua trén cdc thong sb dic trung ctia doan tau thuc t& hoic cic doan tau chuin HSLM. Trong
nghién cifu, phan tich dong luc hoc dugc tién hanh v6i 10 mo hinh doan tau HSLM-A (tir Al dén
A10) véi céac thong sb dugc thé hién nhu trén Hinh 11 va Bang 2.

D NxD D
4x P 3xP 2xP 3 2xP 3 2xP 3xP 4x P
y O yylyy @ @ 4y @ yly ® yly @ gy @ gylyy O yy
[e)e) 0000 [e)e) [eXe} [eXe) [e)e) 00 00 0000 [e]e)

ool Tl T ]

3,52|5 3,525
Hinh 11. Thong s6 doan tau HSLM-A [7]

Bang 2. Thong s6 10 doan thu HSLM (tt A1 dén A10) [7]

STT Poan S6 toa Chiéu dai Khoang céch giiia Tai trong
tau N toa xe D (m) tim truc banh d (m) truc P (kN)
1 Al 18 18 2 170
2 A2 17 19 3,5 200
3 A3 16 20 2 180
4 A4 15 21 3 190
5 A5 14 22 2 170
6 A6 13 23 2 180
7 A7 13 24 2 190
8 A8 12 25 2,5 190
9 A9 11 26 2 210
10 A10 11 27 2 210

Ham tai trong tdc dung 1én nit 1 va 2 tai 2 van tdc thiét ké 350 km/h va 250 km/h dudc thé hién
trong Hinh 12.
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300 300

N

(a) V =250 km/h (b) V =350 km/h

Hinh 12. Ham tai trong tac dung 1&én nut 1 va nit 2

3.4. Két qud phdn tich

10 dang dao ddng dau tién ciia cac dang két ciu vom ddy treo thang diing, ddy treo dang lu6i
c6 gbc xién khong doi va day treo dang ludi ¢ diém giao cat hudng tam lan lugt dugc thé hién tai
Hinh 13, Hinh 14 va Hinh 15.
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(i) fo = 2,661 Hz () fio = 2,756 Hz

Hinh 15. 10 mode dao dong d4u tién — CAu vom day treo dang 1udi c6 diém giao cét huéng tam

Két qua vé tan sd dao dong va hé s tham gia khéi luong ctia ba dang két cu dugc thé hién tai
Bang 3, Bang 4 va Bang 5.
Bang 3. Bang tin s6 dao dong va hé sb tham gia khbi lugng — Cau vom day treo thing diing

Hé s6 tham gia khdi luong ctia két cau

Dx (%) Dy (%) Dz (%) Rx (%) Ry (%) Rz (%)

Mode Tan s6 (Hz)

1 0,412 0 65,49 0 3,99 0 0,14
2 0,641 0,98 0 0 0 55,38 0
3 0,988 0 0 0 0 0 45,03
4 1,210 0,36 0 15,14 0 0,01 0
5 1,305 0 9,37 0 62,27 0 0,06
6 1,777 0 10,99 0 0,77 0 0,02
7 1,911 0 0,43 0 0,21 0 1,93
8 2,068 0 1,54 0 4,13 0 0,55
9 2,222 7,83 0 63,73 0 0,1 0
10 2,528 0,25 0 0,29 0 10,74 0

Bang 4. Bang tan s6 dao dong va hé s6 tham gia khéi luong — Cau vom day treo dang ludi c6 géc xién
khong ddi

Hé s6 tham gia khdi luong ctia két ciu

Dx (%) Dy(%) Dz(%) Rx(%) Ry(%) Rz (%)

Mode Tan s6 (Hz)

1 0,413 0 65,34 0 4,01 0 0,13
2 0,988 0 0 0 0 0 44,58
3 1,355 0 10,46 0 59,16 0 0,11

11
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Hé s6 tham gia khdi luong ctia két cau
Dx (%) Dy (%) Dz (%) Rx (%) Ry (%) Rz (%)

Mode Tan s6 (Hz)

4 1,475 4,66 0 57,74 0 6,22 0
5 1,778 0 10,95 0 0,73 0 0,02
6 1,832 0,23 0 5,52 0 52,43 0
7 2,097 0 0,66 0 19,4 0 0,19
8 2,356 0 0 0 0,06 0 2,36
9 2,554 1,86 0 20,64 0 0 0
10 2,788 0 0 0 0 0 17,09

Bang 5. Bang tan s6 dao dong va hé s6 tham gia khdi Iugng — Cau vom day treo dang Iudi c6 diém giao cat
huéng tam

Heé s6 tham gia khbi Iugng clia két cAu
Dx(%) Dy(%) Dz(%) Rx(%) Ry(%) Rz(%)

Mode Tan s6 (Hz)

1 0,412 0 64,74 0 3,98 0 0,09
2 0,988 0 0 0 0 0 43,45
3 1,341 0 10,03 0 64,97 0 0,09
4 1,439 0,98 0 59,82 0 0,1 0

5 1,744 0 0,45 0 12,08 0 0,04
6 1,778 0 11,37 0 1,42 0 0,01
7 2,255 1,46 0 0,01 0 52,96 0

8 2,630 0 0 0 0 0 2,85
9 2,661 7,22 0 16,03 0 0,87 0
10 2,756 0,37 0 3,34 0 11,04 0

Mot s6 két qua gia toc va chuyén vi tai tiét dién gita nhip dbi v6i 03 dang két cAu ciu nghién cifu
du6i tac dung ciia tai trong doan thu HSLM, khai thic vé6i van toc 250 km/h va 350 km/h dudgc thé
hién tit Hinh 16 dén Hinh 21. Két qu4 tinh to4n gia toc cuc dai tai cac dai van toc ctia ba dang két cAu
ciu vom day treo dugc thé hién trén Hinh 22.
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(a) Biéu do gia tbc (b) Biéu d6 chuyén vi
Hinh 16. Biéu d6 gia tbc va chuyén vi tai tiét dién gitta nhip doan tau HSLM-AS tai van toc V = 250 km/h —

Cau vom day treo thing diing
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Hinh 17. Biéu d6 gia toc va chuyén vi tai tiét dién gitta nhip doan thu HSLM-AS tai van toc V = 350 km/h —
Ciu vom day treo théng diing
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Biéu dd gia téc va chuyén vi tai tiét dién gitta nhip doan thu HSLM-AS tai van téc V = 250 km/h —

Cau vom day treo dang lu6i c6 géc xién khong ddi
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Hinh 19. Biéu d6 gia toc va chuyén vi tai tiét dién gitta nhip doan thu HSLM-AS tai van toc V = 350 km/h —
Cau vom day treo dang lu6i c6 géc xién khong ddi
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Hinh 20. Biéu d6 gia toc va chuyén vi tai tiét dién gitta nhip doan thu HSLM-AS tai van toc V = 250 km/h —
Ciu vom day treo dang lu6i c6 diém giao cat huéng tim
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Hinh 21. Biéu db gia tc va chuyén vi tai tiét dién giita nhip doan tau HSLM-AS tai van téc V = 350 km/h —
Cau vom day treo dang ludi c6 diém giao cat huéng tim
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0
140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420

Gia e g(m/s?)

Vin toe (km/h)

—@—HSLM-AL —8—HSLMA2 —@—HSLMA3 —@—HSIMAL —@—HSLMAS —8—HSLM-AG —@—HSLMA7 —@—HSLM-AS —@—HSLM-A9 —@—HSLM-A10
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(c) Cau vom day treo dang luéi diém giao cit hudng tim

Hinh 22. Biéu d6 céc dinh gia tdc tuong ting véi ting tdc do thiét ké tir 140 km/h dén 420 km/h
(budc nhay 10 km/h)

Két qua tinh toan vé cdc gid tri gia tbc va chuyén vi tai tiét dién gitia nhip ctia 10 doan tau thiét ké
HSLM (tir A1 dén A10) ddi vé6i ba dang két cAu day treo clia cau vom thép, c6 thé rit ra mot sd nhin
xét nhu sau:

- M6 hinh phén tich dong luc hoc va phuong phap tinh toan dugc st dung trong nghién cttu phan
4nh t6t cic dic diém vé dao dong chinh clia cau va doan tau tdc do cao. Chuyén vi va gia tdc dat gid
tri 16n nhét khi cac truc gitta ctia doan tau tac dung 1én ciu. Khi doan tau tiép tuc roi khéi cau, tai
trong tac dung gidm dan, bién do dao dong gidm nhanh.

- V6i 3 dang két cAu cau vom day treo déu can phi tién hanh kiém tra phén tich dong luc hoc dua
trén céac thong s6 nhu chiéu dai nhip, van tdc khai thac, tan sb dao dong ubn, xoan diu tién.

- Déi v6i dang két cAu ciu vom day treo thang diing, cin nhiéu thdi gian dé bién do cé thé tat
dan. Vi vay, c6 thé xem xét ting hé s can, ting kich thu6c hinh hoc hay vt liéu dé€ do cing két ciu
16n hon.

- Duéi tac dung tai trong ctia doan tau HSLM-A, gia t6c thang diing cuc dai tai vi tri gitta nhip
ting theo tbc do cta tau. Gia tde cuc dai dbi v6i cAu vom day treo thing ding 13 4,696 m/s> (HSLM-
A9; V = 360 km/h); véi cau vom déy treo dang Iudi cé géc xién khong ddi 1a 2,672 m/s> (HSLM-A9;
V = 410 km/h); ciu vom ddy treo dang 1udi c6 diém giao cit huéng tam 12 2,810 m/s> (HSLM-A10;
V =390 km/h).
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- P6i v6i cau vom day treo thang ding, khi tbc dd ctia doan tau HSLM-A3 dat van toc V =
280 km/h, HSLM-A7 dat van téc V = 330 km/h, HSLM-AS dat van toc V = 340 km/h, HSLM-A9
dat van téc V = 360 km/h, HSLM-A10 dat van tbc V = 370 km/h gid tri gia tbc dudc vudt qua ngudng
gi6i han khuyén cdo theo tiéu chudn TCVN 13594-3:2022 1a 3,5 m/s”. Ddi v6i ciu vom day treo dang
1u6i c6 géc xién khong d6i va day treo dang ludi c6 diém giao cat huéng tam, 10 doan tau HSLM
chay tai cic dai van toc tir 140 km/h dén 420 km/h déu c6 gia tbc déu nhd hon mic khuyén cdo nay.
4. Két luan

Bai bao nghién ciiu anh hudng ciia 3 dang day treo (diy treo thang ding, day treo dang ludi c6
gbc xién khong ddi va day treo dang ludi cé diém giao cit huéng tam) dén ting xi dong ciia két ciu
cau vom thép duéi tic dung cla tii trong doan tau theo tiéu chuan TCVN 13594-3:2022. Tu két qua
nghién cifu c6 thé riit ra mot s6 két luan sau:

- Duéi tdc dung ctia cic doan tau nghién citu, dao dong ctia ciu vom thép day treo dang 1usi c6
bién do gia toc va chuyén vi nhd hon so véi ddy treo thang diing. Trong thdi gian khao sat 12 30 gidy,
thdi gian dé dao dong ciia cAu vom day treo thang diing tit dan dai hon so véi hai dang cau vom day
treo dang 1uéi.

- Kiém tra theo diéu kién vé mit 6n dinh nén ballast va tao cdm gidc ém thuan cho hanh khéach
theo TCVN 13594-3:2022 cho thiy hai dang cau vom day treo dang Iudi cho két qua dat yéu cu, con
ciu day treo thang diing thi vudt qua mic khuyén cdo nay.

- Viéc lua chon thong sb két cAu nhip, so d va s6 lugng day treo anh hudng 16n dén két qua phan
tich dong Iuc hoc trong cong trinh cau. Phuong phap phan tich dong luc hoc THA cho két qua vé ing
Xt ctia két cAu du6i tac dung ctia tai trong doan tau khi xay ra hién tugng cong hudng, tir d6 c6 thé
diéu chinh hop 1y khi trién khai thiét ké ddm bao dudc yéu ciu quy dinh trong tiéu chuin ciing nhu
trong qua trinh khai thac.

- Két qua nghién ctiu cung cip co sé khoa hoc cho viéc lua chon bd tri day treo hop ly nham kiém
soat dao dong ctia két cau, ddp ting cdc yéu cau vé gi6i han gia toc va chuyén vi theo tiéu chun thiét
ké hién hanh va hd tr¢ cong tac thiét ké so bo, danh gia phuong 4n két ciu dbi v6i cau vom thép day
treo. Nhitng noi dung nay ¢ y nghia thuc tién ddi véi viéc ing dung cong nghé cau vom thép day treo
trong cac du 4n duong sat toc do cao.

- Céc két qua phan tich tinh toan trong nghién cifu niy c6 thé 1a tai liéu tham khao d6i véi cac
cong trinh c6 dang két ciu tuong tu.
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