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TGM TAT

Dé giam tinh phirc tap cho bai todn phan tich dao déng coa céu
ddm chiu hoat tai xe di dang, thuang quy ddi phéan tich khang
gian vé bai toan phang thang qua hé sd phan bd ngang (HSPEN)
cia hoat tai. Do vay, anh hedng coa he lign két ngang (béan mat
cdu, ddm ngang) ciing chra dugc xem xét mat cach day do
trong qué trinh tinh toan. Dé lam ri them, bai bao trinh bay
mat sd ket qua phan tich trong tac dang luc gita ket cdu cau
ddm va hoat tai xe di ddng trén cdu cd xét dén do cong cia he
lign ket ngang. K&t qua nghién ciru buac dau cho théy, dao dang
cia ket cdu dam bién trong treang hop co xét dén anh hwdng
cia lign két ngang va truang hop xét dén HSPBN tueng déi pho
hop va ca chénh lach lan nhat 1a 25.99%. Nhu vay vai yéu céu
vé dd chinh xac cao hon cdn xem xét dén dd cing cia lien ket
ngang trong ma hinh tinh toan. Treang hop gén ding ca thé ap
dung HSPBN d& giam khdi legng va dd phirc tap trong qué trinh
phan tich tinh toan.

Tir khda: Dao dong; cdu dam; he sd phan bd ngang cda hoat tai;
bén mit cu; dam ngang,

ABSTRACT

To reduce the complexity of the vibration analysis of girder bridges
subjected to moving vehicle loads, the spatial analysis is often converted
into a planar problem using the transverse load distribution factor (TLDF).
Therefore, the influence of the transverse connection system (deck slab,
cross beams) has also not been fully considered in the calculation
process. [o clarify further, this paper presents several analysis results
on the dynamic interaction between the girder bridge structure and
moving vehicle loads, considering the stiffness of the transverse
connection system. The initial research results indicate that the vibration
response of the exterior girder, when considering the influence of the
transverse connection, aligns relatively well with the case using the
transverse |oad distribution factor (TLDF), with a maximum discrepancy
of 20.99%. Therefore, for higher accuracy requirements, the stiffness of
the transverse connection should be incorporated into the computational
model. In approximate cases, TLOF can be applied to reduce the
computational effort and complexity of the analysis.

Keywords: Vibration; girder bridge; transverse load distribution
factor; bridge deck; cross beam.

1.DAT VAN PE

Dao déng két cau cau dudi tac dung clia tai trong xe di dong la
mot van dé quan trong trong thiét ké va phan tich dé bén clia cac
c6ng trinh cau. Khi xe di chuyén qua cdu, tuong tac dong luc gida
cau va xe gay ra nhing dao déng phuc tap, anh hudng dén tudi
tho va tinh én dinh ctia cong trinh. Viéc nghién ciu dao déng giup
t6i uu hoa thiét ké, gidm thiéu hu hai va nang cao an toan trong
qua trinh khai thac st dung.

Bai toan phan tich dao déng cong trinh cau dudi tac dung cla
hoat tai di ddng da thu huat su quan tdm cta nhiéu tac gia trén toan
thé gidi ti nhiéu nam qua. Willis [1] da dé xuat va thiét 1ap phuong
trinh vi phan dao déng gilta cau va xe; sau dé rat nhiéu nha nghién
clru da tap trung phan tich van dé tuong tac dong luc cau-xe. Cac tac
gia [2,3] phan tich dao déng cau dam bé téng cot thép du tng luc
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chju tac dung cua tai trong di ddng bang phuang phap gidi tich, sau
dé mé rong phan tich cho cau day vang bang viéc thay thé cac day
cap vang bang cac géi dan héi; [4,5] phan tich tuong tac dao déng
gilta cau va xe bang phuong phap phan ti hiru han; [6] thiét 1ap va
gidi phuang trinh dao dong gitta cau dam don gién va xe di déng cé
xét dén do g6 ghé clia mat cau; Nguyén Xuan Toéan va cong su [7]
phan tich tuong tac dong luc gilia cdu day vang va xe tai di déng
trén cau cé xét dén dé map mo ngau nhién clia mat cau, sau dé mé
rong phan tich ¢ xét dén tai trong xe tai ngau nhién tng vdi nhiéu
so d6 cau khac nhau [8,9]. A. Aloisio, R. Alaggio [10] da so sanh ba
phuaong phap dé du doan phan (ing cda cau khi c6 xe di chuyén. Tac
gid st dung phuong phap mé phéng Monte Carlo dé tim phan phdi
xac sudt phu hgp, so sanh phan tng dich chuyén clia ciu trong ba
kich ban d& nham va xem xét van téc thay déi va dac diém cua xe.
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Hau hét cac nghién cliu & trén déu phan tich trén so dé phéng
(chi xét cho mét dam hodc c6 thé dugc quy déi so dé khéng gian
cla cong trinh cdu vé s¢ d6 phang théng qua hé s6 phan bd
ngang xac dinh theo céc tiéu chuin thiét ké cau AASHTO[11] va
TCVN 11823:2017 [12]). Nhu vay, c6 thé thay réng: anh hudng cla
hé lién két ngang (bdn mat cau, dam ngang) chua dugc xem xét
mot cach day du trong qua trinh phan tich dao dong. Bai bao nay
trinh bay mot s6 két qua phan tich tuong tac déng luc hoc gilra két
cdu dam cau va hoat tai xe di dong trén cau cé xét dén do cing
cla hé lién két ngang; trong dé do cing cla hé lién két ngang
dugc quy ddi thanh cac g6i dan héi tuong ducng. Phuong phap
phan t& hitu han dugc sir dung dé mé hinh hoa két ciu cau; hoat
tai xe di déng trén cau co 3 truc xe, mdi truc ducgc mé phéng thanh
2 khéi lugng gém khéi lugng hang héa trén xe truyén xuéng truc
xe va khéi lugng truc xe, 2 khéi lugng trong mai truc xe dugc 1én
két véi nhau bang 1 10 xo dan héi va 1 cadn nhét d€ mé phdng do
ciing cta nhip xe, dé clng cda I8p xe cling dugc xét dén théng
qua 1 10 xo dan hoi va 1 can nhét. Phuong trinh dao dong tuong
tac gita cau va xe dugc thiét 1ap theo nguyén ly can bang déng.
Nghiém clia phuong trinh dao déng tuong tac gilta cau va xe dugc
gidi théng qua phuong phap Runge-Kutta. Duéi day la két qua
nghién ctiu vé phan tich dao déng cau Sudi Tuong (tuyén cao téc
dudng bd Phan Thiét - Dau Gidy) dudi tac dung cla hoat tai xe
Foton 3 truc cho céac trudng hgp co xét va khéng xét dén hé lién
két ngang.

2. MO HINH PHAN TiCH DAO PONG CAU SUGI TUGNG DUGI
TAC DUNG XE DI PONG CO XET DEN DO CUNG HE LIEN KET
NGANG

2.1. Cdc tham sé két cdu cdu Suéi Tuong

Cau Sudi Tugng la mét trong cac cau trén tuyén duong bé cao
téc Phan Thiét - Dau Gidy. Cau c6 sg d6 két cdu dam don gian,
chiéu dai nhip L=24m. M4t cit ngang clia cau dugc thiét ké véi 11
dam ch@r | bé téng c6t thép; khodng céach gilra cac dam chu la 2.35
m; cac dam chu dugc lién két vsi ngang bang ban mat cau day 0.2
m va 5 dam ngang bé tri tai 2 g6i cau, 1/4L,1/2L va 3/4L. B6 tri mat
cét ngang cau Sudi Tugng dugc mo ta trong hinh 1.
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Hinh 3. So 0 mang dam tuong duong cla cau Sudi Tugng
Cau Sudi Tuong gom 11 dam (ng suat trudc dugc lién két véi
nhau théng qua ban mét cau va cac dam ngang. Ta quy déi vé so
d6 mang dam tuong duong gém 11 dam chd va 5 dam ngang nhu
Hinh 3. Trong do6:
Jaw =4
szy = Jn + J

VGi Jux 18 m6 men quén tinh tuong duong cla dam theo
phuong doc cau ox; Juy la mdé men quan tinh tuong duong cua
dam theo phuong ngang cau oy; J4 la mé men quén tinh ctia dam
ch(; Jn la mé men quan tinh ctia dam ngang; Jome 1a M6 men quan
tinh clia ban mat cau.

Viéc xac dinh d6 ciing ctia méi géi dan hoi dugce xac dinh theo
trinh ty nhu sau: i) m6 phéng khéng gian hé dam mat cau theo so
d6 mang dam tuong duong bang phuang phap phan ti hitu han
nhu Hinh 3; ii) Ging véi méi dam chu dugc phan tich, loai bo dam
chu dang xét ra khdi so @6 mo6 phdong khéng gian ctia hé dam
tuong duong; iii) tuong Ung vai vi tri goi dan hoi th i, dat luc P=1T
tac dung lén so d6 mang dam da duoc loai bd & budc ii) va xac
dinh chuyén vi thdng ding 4; iv) xac dinh dé ciing goi dan héi thu
i bdng céng thic Kni=1/4i. K& qua do cing cta go6i dan hoi trén
dam bién dugc thé hién trong Bang 1.

Bang 1. K&t qua d6 cling cta gdi dan hoi

M

bme

Cac g6i dan hoi Chuyén vi(mm) K(T/m)
Kn1 0.614 1628.66
Kn2 0.7159 1396.84
Kn3 0.614 1628.66
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Hinh 1. Mdt cit ngang cau Sudi Tugng

Céc tham s6 cau nhu sau: mé dun dan héi bé téng
E=3647750.59 T/m?% mdé men quén tinh dam chu J4=0.3762 m#*
dién tich mat cat ngang dam Fs=1.0275 m?; khoi lugng don vi cla
dam pre=2.93 T/m; dam ngang c6 kich thudc 20x100 cm; hé s6 ma
sat trong va ngoai lan lugt la 6=0.027 va f=0.01.

2.2. S0 dé phan tich cdu Suéi Tuong c6 xét dén hé lién két
ngang

Theo phuong ngang cau, cac dam cha dugc lién két véi nhau
théng qua ban mat ciu va cac dam ngang. D€ phan tich dao déng
cGa m6i dam trong ciu Sudi Tugng trén sg d6 phang co6 xét dén
anh huéng cla hé lién két ngang (ban mat cau va dam ngang), tién
hanh quy d8i d6 ctng ctia hé lién két ngang bang cac géi dan héi
dat tai cac vi tri dam ngang (1/4L, 1/2L va 3/4L) nhu Hinh 2. Cac géi
dan hoi ¢ do cing tuong duong vdi dé cing cta hé lién két
ngang.

rﬁ& Kn1 mﬁ ani Knsﬁ nﬁ,

Hinh 2. S¢ do phén tich dao dong cau Sudi tugng c6 xét dén hé lién két ngang

2.3, Thiét Idp mé hinh tuong tdc cdu va xe di déng

Két cdu cau Sudi Tugng dugc phan tich dao déng dudi tac
dung xe tai di dong trong hai truéng hop:

M6 hinh phan tich dao ddng khong xét hé lién két ngang dugc
mo hinh héa nhu Hinh 4.
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Hinh 4. S¢ d0 phan tich dao dong cau Sudi Tugng
M6 hinh phan tich dao ddng c6 xét hé lién két ngang dugc mé
hinh héa nhu Hinh 5.

,;j;} Kn1 5_ ani Kn3§_ ,.E.,

Hinh 5. S¢ d6 phan tich dao dong cau Sudi Tugng cd xét hé lién két ngang

Cau dugc chia thanh nhiéu phan td, trong trudng hop cé xét
dén hé lién két ngang thi dam dugc chia sao cho cac lién két dt tai
nut. Tuong tac gitta phan t&r dam va xe di ddng dugc mo ta nhu
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Hinh 6. V&i chuyén vi theo phuong ding tai vi tri truc xe thid i la wi.
Hoat tai xe di dong dugc moé phéng thanh cac truc xe, méi truc xe
dugc m6 hinh héa thanh hai khéi luong, méi khéi lugng dugc lién
két vai mot 16 xo va mét lién két gidm chén can. Khéi lugng than xe
va hang héa phan bé 1én truc xe thiti dugc mé hinh héa thong qua
khoi lugng mii, khéi lugng clia truc xe thit i dugc mé hinh hoda
théng qua khéi lugng my; kii va dii lan lugt la d6 cing va d6 giam
chan cén cda nhip xe & truc xe thi i; ka va dai 1an luot 1a d6 ciing va
dd gidm chan can 16p xe & truc xe thuri.
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Hinh 6. M6 hinh tuong téc giira phan tl dam va xe di dong

trong d0: z1;, z2- lan lugt la toa dé tuyét déi ctia khoi lugng m
va mai theo phuong thang dimng so véi géc toa do tai trong tam
cta khéi lugng mii va mai khi hé chua dao déng.

Cac tham s6 co ban clia hoat tai xe Foton 3 truc nhu sau: khéi
lugng truc xe thit 1 1a m11=3.6T, m2:=0.06T; khé&i lugng truc xe thi 2
1a m12=7.2T, m»=0.11T; khéi lugng truc xe thd 3 la m3=7.2T,
mM23=0.11T; khodng cach tu truc 1 dén truc 2 la 3.9m, khoang cach
tUr truc 2 dén truc 3 1a 1.35m; dé cling va dé can cuda nhip xe tuong
Ung vdi cac truc xe 1, 2, 3 nhu sau: ki1=240 T/m, ki2=ki3=520 T/m,
d11=0.7344 Ts/m; d12=d13=0.3672 Ts/m; d6 ciing va d6 can cua l6p
xe tuong Ung véi cac truc xe 1, 2, 3 nhu sau: kn=240 T/m,
k22=k23=380 T/m, d21=0.4 Ts/m, d22=d2= 0.8 Ts/m.

Theo Nguyén Xuan Toan va cac cong sy [5,7] dao déng cua
phan t&r dam chiu tai trong phan bé p(x,zt) c6 xét dén anh hudng
clla ma sat trong va ma sat ngoai nhu sau:

o'w ow Fw  ow
EJ,|—+0 +pF +f—=p(x,z,t
“’[aﬁ aﬁ.a;j PR gty =pnal)

p(x,z,t) = ié(z‘).[—(mh +my, ).g- mh.%],—mz,.%z, S(x-a,) 2

-my.zytd, 2t k2 = dy 2y =k 2y =—myg

_mzrz.z"*'(dh. +d27)'z.z;+(k11 +hy).z,, _dli‘z.h_kll'zlx ="y.8 +d2z"’.Vf+k2r
trong d6: Elg: @6 ciing chéng udn cdia phan ti dam; pra: trong

lugng ctia phan ti dam trén 1 don vi chiéu dai; 6 va B: hé s6 ma sat
trong va hé s6 ma sat ngoai cGa phan ti dam; p(x, z, t) 1a tai trong
phan b6 déu trén dam; & (x-aj) la ham Delta-Dirac; i=1 + N (N la s6

truc, N=3).

1 khi ¢ <t<t+T, L

E(0) - _L

vl

T —
0 khi t<t, va t>t+T oy 3)
Phuong trinh (1) sau khi bién d6i vé dang ma tran theo phuong
phap phan t&r hiru han (PTHH) ctia phan t&r dam dugc viét nhu sau :

Mo+ cafe k. la=1r) @
trong dé: M., Ce, Ke: 1an lugt la ma tran khéi lugng, ma tran can,
ma tran do cing hén hgp; {q} {q}, {q}, {f} Lan lugt la vécto gia
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t6c, van té¢, chuyén vi va luc tuong tac. Cac ky hiéu con lai va chi
tiét c6 thé xem trong céc tai liéu [5,7].

Ap dung thuat toan cta phuong phap PTHH dé thiét lap
phuong trinh dao déng cho toan hé théng cau-xe va giai bang
phucng phap Runge-Kutta ta sé thu dugc chuyén vi tuong (ing tai
cac nut cta két cau dam.

3. KET QUA PHAN TiCH DAO DONG CUA DAM BIEN

Ap dung phuong phap don bdy dé xac dinh HSPBN cho dam
bién theo TCVN 11823:2017 [12]. HSPBN cuia dam bién Cau Sudi
Tugng dugc xac dinh la 0.681.

Ap dung phan tich dao déng cia dam chiu tai trong xe di ddng
vGi van t6c lan lugt la 5m/s, 10m/s va 15m/s tuong Ung véi 3
trudng hop nhu sau:

a) Khong xét lién két dan héi véi HSPBN=1.

b) Khéng xét lién két dan héi véi HSPBN=0.681

c) Co xétlién két dan hoi véi HSPBN=1.

Cac két qua phan tich dao dong clia chuyén vi thdng ding (Uy)
dugc thé hién trén cac hinh vé tai cac vi tri 1/4L,1/2L va 3/4L tuang
Ung v@i cac nut 2,3 va 4.

3.1. Truong hop v=5m/s

Hinh 7. Chuyén vi dong tai nit 2 Hinh 8. Chuyén vi dong tai nit 3

Couaybin v Uiy fmem}

Tretmg hey

Hinh 9. Chuyén vi dong tai nit 4
3.2. Truong hop v=10m/s

N 25 g ey

Hinh 10. Chuyén vi dong tai niit 2 Hinh 11. Chuyén vi dong tai nit 3

Chuyde] Udy mm)

Trrémg hap o

Thin glania)

Hinh 12. Chuyén vi dong tai nit 4
3.3. Truong hop v=15m/s

Hinh 13. Chuyén vi dong tai nit 2 Hinh 14. Chuyén vi dong tai nit 3
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4, KET LUAN
Bai bao trinh bay két qua phan tich dao déng clia két cau cau

£ AY4& dam chiu hoat tai xe di déng trong trudng hgp khong xét va cé xét
3 dén d6 cung cta hé lién két ngang thong qua cac goi dan hoi
tuong duong. Két qua nghién ctu cho thay dao dong ctia dam
5 - trong trudng hop khéng xét hé lién két ngang I6n hon trudng hop
Truéng hop e c6 xét hé lién két ngang 1én téi 74.96%. Trong trudng hgp khéng
Taingantn T v xét dén dé ciing cha hé lién két ngang nhung c6 xét dén HSPBN
Hinh 15. Chuyén vi dong tai nit 4 cho két qua tuong d6i phu hgp véi trudng hgp c6 xét hé lién két
3.4. Két quad phan tich so sdnh theo cdc trudng hop: ngang va c6 chénh léch I6n nhat la 25.99%. Véi yéu cau vé do
Bang 2. K&t qua so sanh hai trudng hop c va b khiv=5m/s chinh xac cao hon can xem xét dén dé cing cla lién két ngang
K&t qua phan tich dao déng  Chuyén vi dong Ién nhat (mm) trong mo hinh tinh toan. Trudng hop gan ding c6 tlhé"ép dung
dam bién Nt 2 Nt 3 Nt 4 I_!SPB,N de glam khéi lugng va do phurc tap trong qué trinh phan
tich tinh toan.
Trudng hop ¢ 1.684 2.421 1.715

Trudng hop b 1.947 2.782 1.966 TAILIEU THAM KHAO
Chénh léch (%) 15.62 14.91 14.64 [1]Willis, R. The effect produced by causing weights to travel over elastic bars. Report
Bang 3. K&t qua so sanh hai trudng hap c va b khiv=10m/s of the commissioners appointed to inquire into the application of iron to railway structures,

Appendix B, Stationery office, London, England (1849).

&t qua phan ti 0 Chuyén vj dong I6n nhat
Két qua phan tich dao dong uyen vi dong Ion nhat (mm) [2]Nguyen Van Khang, Nguyen Minh Phuong, “Transverse vibration of continuous

dam bién Nut 2 Nut 3 Nut 4 beam on rigid and elastic supports under the action of moving bodies”. Technische
Trudng hop ¢ 2.054 2.798 1.936 Mechanik 22, Heft 4 (2002), pp. 306-316, Magdeburg.

Truong hop b 2.005 2.854 1.977 [3INguyen Van Khang, Nguyen Phong Dien, Nguyen Thi Van Huong, “Transverse
Chénh léch (%) 239 2.00 2.12 vibrations of prestressed beams on rigid supports under the action of moving hodies”.

Bang 4. K&t qua so sanh hai trudng hop c va b khi v =15m/s Archive of Applied Mechanics 79(2009), pp.939-953, Springer.

[4]Dietz Stefan, Hippmann Gerhard, Schupp Gunter, "Interaction of Vehicles and

K&t qua phan tich dao dong  Chuyén vi dong I6n nhat (mm) Flexible Tracks by Co-Simulation of Multibody Vehicle Systems and Finite Element Track

dam bién Nut 2 Nut 3 Nut 4 Models". Vehicle System Dynamics, Supplement, Vol. 37(2002), p372,13p.
Trudng hop ¢ 1.685 2.819 2.047 [5]T. Nguyen-Xuan, Y. Kuriyama, T. Nguyen-Duy,“Analysis of Dynamic Impact Factors
Trudng hop b 2123 2.903 2.084 of Bridge Due to Moving Vehicles Using Finite Element Method”. Lecture Notes in

Mechanical Engineering. Springer, pp.1105-1119. (2018).

Chentm lech (%) " " ,25'?9 2:98 - 1.81 [6]Geert Lombaert and Joel P. Conte, “Random vibration analysis of Dynamic Vehicle-
Bang 5. K€t qud so sanh hai truong hop ¢ va a khi v=5m/s Bridge interaction due to Road Unevenness”. Journal of Engineering Mechanics (2012).

Két qua phan tich dao dong  Chuyén vj dong I6n nhét (mm) 138:816-825.

dam bién NGt 2 Nut 3 Nut 4 [7]Xuan-Toan Nguyen, Duy-Thao Nguyen, Van-Duc Tran and Thi-Kim-Loan Nguyen,

“Effects of Random Road Roughnesson Dynamic Impact Factor of Cable-Stayed Bridge

i:;g:g EZE; lgg; ;g; ;;;i ?;J(;);i()ted to Moving Vehicle”. Lecture Notes in Civil Engineering, Springer pp.147-156
Chénh léch (%) 62.53 58.28 56.97 [8]Toan Nguyen-Xuan, Cong-Thuat Dang, Loan Nguyen-Thi-Kim and Thao Nguyen-

Bang 6. Két qua so sanh hai trudng hop c va a khi v=10m/s Duy, “Dynamic Impact Factor Analysis of the Prestressed Reinforced Concrete Girder
K&t quéa phan tich dao ddng  Chuyén vi déng I&n nhat (mm) Bridges Subjected to Random Vehicle Load”. Mechanisms and Machine Science, Springer,
dam bién Nt 2 Nt 3 Nat4  PP764774Q0). o

- [9]1Toan Nguyen-Xuan, Cong-Thuat Dang, Loan Nguyen-Thi-Kim and Thao Nguyen-
Truong hop ¢ 2.054 2.798 1.936 Duy, “Application of Finite Element Methodto Analyze the Vibration and Dynamic Impact
Trudng hop a 2.871 4114 3.013 Factor of Displacement in |-Girder Bridge with Link Slab Due to Random Vehicle Load”.
Chénh léch (%) 39.78 47.03 55.63 Mechanisms and Machine Science, Springer, pp. 814-824 (2021).

Bang 7. K&t qua so sanh hai trudng hgp c va a khi v=15m/s [10] A. Aloisio and R. Alaggio, “Probabilistic Comparative Analysis of Vehicle—Bridge

Interaction Models for Predicting Bridge Response under Moving Vehicles”, J. Eng. Mech.,

Két qua phan tich dao d6 Chuyén vi déng 16n nhat (mm
=t qua phdn fich aao dong 4 1aeng ( ) vol. 150, no. 3, 2023.

dam bién Nut 2 Nut 3 Nut 4 [11] AASHTO., LRFD bridge design specifications, Washington, DC, 2012.
Trudng hop ¢ 1.685 2.819 2.047 [12] Tiéu chudn quéc gia TCVN 11823:2017 vé Thiét ké cau duding bd, 2017.
Trudng hop a 2.948 4.272 3.091

Chénh léch (%) 74.96 51.54 51.00

Trong pham vi nghién ctiu cho thay: Két qua phan tich trong
trudng hop co xét lién két dan hoi ¢) tuong déi phu hgp véi két
qua phan tich trong trudng hgp khéng xét lién két dan héi véi
HSPBN=0.681 b). Chénh I&ch I6n nhat vé chuyén vi cla hai trudng
hgp nay la 25.99%. Két qua phan tich trong trudng hgp cé xét lién
két dan héi c) gidm dang ké so vdi két qua phan tich trong trudng
hgp khong xét lién két dan hoi véi HSPBN=1 a). Chénh léch 16n
nhat vé chuyén vi ctia hai trudng hgp nay la 74.96%.
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