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T6m tét - Bai bao gi¢i thiéu két qua phan tich bang sé vé dao déng
clia két cu nhip chinh ctia cidu Nhat Lé 2 tinh Quang Binh do tai
trong di ddng gay ra. M6 hinh phan tich dao déng clia cau nay dua
trén mo hinh ctia phwong phap phan t& hiu han. Trong d6 két cau
cau dwoc md hinh hod tir cac phan t&r dAm, thap va cap. Phan t&
dam duwoc xét theo moé hinh twong tac tryc tiép véi tai trong di
déng. Phan mém KCO05 dwoc (ng dung d& mé hinh héa va phan
tich dao déng cta cau Nhat Lé 2 tinh Quéng Binh dud¢i tac dung
clia tai trong di dong theo mo hinh 2 khéi lwgng. Két qua phan tich
da chira cac mien van tbc theo ly thuyet c6 thé gay cdng hwo’ng
I&n va hé sb dong lwc trong mién toc do khai thac clia xe qua cau.

T khéa - md hinh phan t& hitu han; cdu day vang; tai trong di
doéng; hé s6 dong lwc; dao dong; md hinh hai khoi lvgng.

1. Pit van dé

Trong khoang thoi gian tir nim 1990 cho dén nay,
nganh cau duong cua Viét Nam da dat duoc nhitng thanh
tiru to 16n. Nhiéu cong trinh ciu nhip 16n dugc thiét ké va
xdy dung, dic biét 1a dang két cAu cu day ving (CDV)
dugc ap dung & nhiéu tinh, thanh phd nhu Vinh Long, Can
Tho, Quang Ninh, Pa Ning, Hai Phong, H5 Chi Minh va
Ha Noi.

Tiép budc sy thanh cong ciia cac dia phuong trén, Cau
Nhat Lé 2 (Hinh 1) da duge Uy ban Nhan dan tinh Quang
Binh quyét dinh dau tu xdy dung véi muc tiéu chung la
phat trién kinh té - xd hoi cia thanh phd Pdng Héi. Cau
Nhat Lé 2 1a mot cong trinh ¢6 quy mé 16n gop phan tao
canh quan cho ving trung tdm cua tinh Quang Binh la
thanh phé Pdng Héi. Cong trinh nay nbi lién cac ving
trong diém & hai bén b séng Nhat L&, gop phan hoan thién
mang ludi giao thong cta thanh phé, tao diéu kién cho su
phat trién kinh té, xa hoi, an ninh qudc phong cta thanh
phd Pong Héi va tinh Quang Binh.

Hinh 1. Cdu Nhdt Lé 2 — Qudng Binh
Phan két cau nhip chinh cia Cau Nhat Lé 2 1a két cdu
day vang xién vdi chiéu dai 2x150m. Két cau nay rat thanh
manh, vi vy né rat nhay cam vdéi tai trong déng, tai trong

Abstract - This paper presents the results of numerical analysis of
Nhatle’s main span vibration under moving loads. The vibration
analysis is perfomed using the finite element model. The structure
of this bridge is modeled from the beam, tower and cable elements.
Beam element is considered in direct interaction with moving loads.
The KCO05 software was applied in modeling the bridge Nhatle 2
(Quang Binh Province) and analysing its vibration under the impact
of moving load with the two-mass model. The results point to the
theoretical velocity area that cause large resonance, and the
dynamic coefficients in allowable speed area of the vehicles over
the bridge.
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¢6 chu ky, trong do6 c6 tai trong xe di dong trén cau. Viéc
nghién ctru dao dong clia ciu Nhat Lé 2 1a mot trong nhitng
van dé phure tap, co tinh khoa hoc va thoi sy cao.

Céc nghién ciru vé dao dong cuia ciu dudi tac dung cia
tai trong di dong di dwoc nhiéu tac gia trén thé gisi va trong
nude quan tam nén da c6 nhiéu cong b khoa hoc ¢6 gia tri
trong nhitng nim qua. Raid Karoumi [8] d& nghién ciru vé
phan tng dong cta cau treo va CDV do tai trong di dong.
Yang Fuheng va Fonder Ghislain A [12] d3 nghién ctru vé
phan g dong hoc cua CDV dudi tac dung cua tai trong di
doéng. M.Zeman va cac cong su [13] da nghién ctru phan
g dong hoc ciia CDV do tai trong di dong bang phuong
phép tro khang. O trong nudc, tac gia Hoang Ha [1] da
nghién ctru dao dong udn cia két ciu nhip CDV trén duong
0 t6 chiu tac dung cua hoat tai khai thac theo mo hinh hai
khéi lwong. Cac tac gia Nguyén Xuan Toan, Phan Ky
Phung, Nguyén Minh Hing d3 nghién ctru va cong bd mot
s6 két qua vé dao dong cua cau va CDV duéi tac dung cta
tai trong di dong theo mé hinh tuong tac dong luc [3], [4],
(5], [6]. [7]. [S].

Vi su phat trién va hd trg manh mé cua may tinh dién
tir, hién nay hau hét cac nghién ctru vé& dao dong cua cong
trinh déu sir dung phuong phap phan tir hitu han (PTHH)
va céc phuong phép s0, cho phép mo hinh héa két cAu va
phan tich két cau bang sb theo m6 hinh cua phuong phap
PTHH. Trong pham vi bai viét nay, cac tac gia s& ap dung
phan mém KCO05 dé mé hinh hoa két cAu nhip chinh cia
chu Nhat Lé 2 va phan tich dao dong cua hé dudi tac dung
cua tai trong xe di ddng mo hinh 2 khéi luong. Phan mém
KCO05 da dugc xay dung dua trén co so cia phuong phap
PTHH va cac phuong phép s [6].

M6 hinh PTHH va két qua phan tich bang s6 vé dao
dong cua cAu Nhat Lé 2 dudi tac dung cua tai trong xe di
dong dugc gidi thiéu tom tat & muc 2.
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2. M6 hinh va két qua phan tich cAu Nhat Lé 2
2.1. M6 hinh phan tich cdu Nhgt L¢ 2
2.1.1. M6 hinh twong tdc giita tdi trong va két cau

M6 hinh PTHH ciia két cdu nhip chinh cau Nhat Lé 2
goém tap hop cac phén tir dam twong tac truc ti€p vdi tai
trong xe di dong, phan tir thap chiu nén u6n va phan tur cap
cbiu kféo c6 xét deén do cing kéo va uodn cia cap. Phan tir
dam tong quat dudi tac dung cia N tai trong di dong mo
Hinh 2 khoi lugng nhu Hinh 2.

Gy-sinyry Gsiny; Gy.sinys
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Hinh 2. M6 hinh tuwong tdc giita tai trong di dong
vd phan tir dam

CAu trac cua tryc tai trong di dong thir i dugc tach ra
nhu Hinh 3.
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v
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Hinh 3. Cdu triic cia tdi trong di dong thit i

Trong d6: P, =G;siny, =G,.sin(Q.t+¢;) - 1a luc kich
thich didu hoa do dong co va cic co cau truyén dong cia
xe truyén xudng truc xe thir i ; G; - luc kich thich ciia dong
co; £2 - van toc g0c; ;- pha ban dau; my; - khéi lwong than
xe va hang héa truyén xudng truc xe thir i; my - khdi lugng
clia truc banh xe thit i; zy; - chuyén vi tuyét d6i cua cac khoi
lwong my;j so voi vi tri trong tdm ban dau ctano; i - Chuyén
vi tuyét ddi cua céac khéi luwong myi so véi vi tri trong tAm
ban dau cua né; Ky, di; - 46 cimg va d6 giam chan cua nhip
hay hé théng treo trén truc xe thir i; kai, dai - d§ climg va do
giam chan cua 16p xe tai truc xe thir i; y1i - Chuyén vi tuong
dbi giira khoi lwong Mii 80 VOi khéi luong mai; Yai - chuyén
vi twong dbi giita khdi lugng mai so voi truc phan tir dam
tai vi tri cta truc xe thir i; wj - chuyén vi théng ding cta
dam tai vi tri cia truc xe th i; L - chiéu dai cta phan tir
dim dang xét; g - gia tde trong truong; a; - toa do cia truc
xe tht i tai thoi diém dang xét, n6 phu thudc thoi gian va
tde do xe chay trén clu.
2.1.2. Phuong trinh vi phan dao déng ciia C&c phan tir

Theo [5], phuong trinh vi phan dao dong uén va kéo
nén doc truc cia phan tr dam chiu tac dung truc ti€ép cia

tai trong xe di dong mo hinh 2 khéi lwong dugc viét lai nhu
phuong trinh (1):

4 A5, 2
EJ, [a +. 0W]+ F, afwf

X, Z,t
o’ oxt ot P )
ol U du
EF, =~ 74P F—+ﬁ— q(%)

p(x, Z,I) = Zé:.(t)[Gl Siani _(mli +m2i)'g —m,

E(0).(my.Z, +dy.2 +K.z; —dy 2, =K .2y) = & (1).(Gsin P, —my,.9)
G(U)-Imy; 2y +(dy + 0y ).25 + (kg +Ky )25 =02y =y 2] =
e‘.( )-(=My;.Q + Vi + kW)

=1+N) (1)
Trong do: EJg - d6 cimg chéng ubn ctia phan tir dam; pFy -
trong luong cua phan tir dam trén 1 don vi chiéu dai; 6 va
ﬂ hé s6 ma sat trong va hé s6 ma sat ngoa1 cua phan tr

dam; w - chuyén vi thang dung cua tiét dién dam; u -
chuyén vi doc truc cia tiét dién dam; 8(x a ) ham delta

le —My 'ZZi]-5(X - ai)

—

— dirac; & (t)- ham tin hiéu diéu khién logic; c4c ky higu
con lai xem muc 2.1.1.
Sau khi bién dbi (1), ta dua vé dang ma trén (2):
Me'{q}+ Ce'{q}+ Ke'{q}: {fe} (2)
Trong d6: ma tran Me, Ce, Ke lan luot 1a ma tran khdi
lugng, ma tran can, ma tran do ctimg hén hop. {q}, {q}, {q}
- Véc to gia tdc, van toc va chuyén vi hdn hop, tham khao
tai liéu [5].

_Déi véi thap clu viéc mo hinh héa ciing twong tw nhu
phan tir dam nhung khéng c6 su twong tac truc tiép cua tai
trong di dong nén ta str dung ket qua nghién ctru cua phan
tir thanh co ban trong tai liéu [14].

Déi véoi day vang, theo [9] phuong trinh vi phén dao
dong ctia phan tir cap duoc viét lai nhu phuong trinh (3):

- a4y(>:,t) Tt )62y(x 0, oyxt) +m82y(>2<1t) ~p(x)
ox ot at
EF azu(>2<,t) s MY azu(>2<,t) =q(x)
oX ot ot (3)

Trong dé: EJ - d§ cing chéng uén cua cap; EF - do
cling chong kéo (nén) theo phuong doc truc cua cap; u(x,t)
- 1a chuyén vi doc truc cua phan tir cap tai tiét dién dang
X€t; y(x,t) - 1a chuyén vi ngang ctia phan tir cap tai tiét dién
dang xét; T(t) - luc cang trong cap x¢ét tai thoi diémt; c - hé
s6 ma sat cua cap; m - khéi luong phan bd trén 1 don vi
chidu dai cua cap; q(x), p(x) - luc phan bd trén cap theo
phuong ngang va doc truc phan tir cap.

Roi rac (3) dé dua vé dang ma tran nhur sau:
M, {i}+C, {0} + K, {u}=1f,} @

Trong do: ma tran My, Cy, Ky 14n lwot 1a ma tran khdi
lurong, ma tran can, ma tran do cung cia phan tir cap;
{U }, {U}, {u} - Véc to gia toc, van toc va chuyén vi cua nut
dang xét.

2.1.3. Phuong trinh dao dong cua CDV

Bing cach roi rac CDV thanh cac phan tir co ban, tién

hanh 14p cic ma tran khoi lugng, ma trdn can va ma tran do
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clng tuong ng vdi ting phan tr, 4p dung thuat toan cua
phuong phap PTHH dé ghép cic ma tran con vao ma trin
téng thé, ta c6 phuong trinh dao dong ciia toan hé thong co
dang nhu phuong trinh (5):

M. }+CcU+ KU ={F) )

Trong d6: M, C, K - Ma trdn Kkhéi luwong, ma trén can,
ma trdn do cimg cua toan hé thng cau; {U } {U } u}-
Véc to gia tde, van tdc va chuyén vi nat cua cac phﬁn tr
trén toan hé thong cau; {F} - Véc to luc tuong duong trén
toan hé théng cau.

Ap dung cac phuong phap s6 dé giai phuong trinh (5)
ta thu dugc ket qua v€ chuyén vi, van toc va gia toc cua ket
cau CDV.

2.2. Ap dung phdn tich tinh va dao dgng cdu Nhdt L¢ 2
2.2.1. CAC 6 liéu co ban vé két cdu va tdi trong

~ So d6 két chu nhip chinh clia cAu Nhat L¢ 2 gdm 2 nhip
keét cau CDV 150m, phan hang 5,6m noi véi 2 nhip dam
Super-T 38,2m, so d6 phan tich nhu Hinh 1. Két cau dam
Cbv C('E mat cat ngang dang chit © rong 23,6m, cao 2,0m.
Nhip dan gom 10 dam Super-T cach nhau 2,4m. Trong
luong tinh d6i ctia ‘bén mit cau, 16p pht va hé dém mat cau
trén 1m dai cua dam chinh 1a 13,50T/m, cua dam dan la
1,68T/m. Day vang duoc lam tir cc tao thép cuong do cao
¢6 duong kinh danh dinh 15,2mm. Thap cau bang bé tong
cot thep co tict dién thay doi tir chan thap dén dinh thap:
2,5x6m+2,5x4m. H¢ sO ma sat trong va ngoai cua két cau
0=0,027; [3=0,0;I. (Theo két qua nghién qfru E.S.Soquin va
N.A.Popov). Cau tao, kich thudc chi tiét cia két cau, dic
trung hinh hoc \{&‘1 dac trung co hoc cua vat liéu xem tai liu
[2]. Céc tham s cua tai trong xe nhu Bang 1.

Bing 1. Cdc tham s6 cia tdi trong xe di dong

Truc truée Hai truc sau
M 5,945 Tén M1 11,893 Tén
ki1 36 T/m k12 200 T/m
dus 0,7344 T.s/m di 0,3672 T.s/m
ma1 0,055 T4n ma2 0,107 Tin
ka1 120 T/m k22 260 T/m
dz 0,4 T.s/m d22 0,8 T.s/m

Hinh 4. So d6 phan tich cau Nhdt Lé 2
2.2.2. M{t s6 két qua phan tich tinh va dao dong

Tién hanh phén tich tinh va dao dong cau Nhat L¢2
dudi tac dung cua tai trong xe di dong bang phan mém
KCO5 ta thu dugc cac két qua vé ndi lyc va chuyén vi trong
két cau cau. Mot s6 két qua dai dién trong tap hop ciia rat
nhiéu két qua phén tich tinh va dao dong cia CDV Nhat L¢
2 dugc thé hién trén hinh 5+10. Trong d6 hinh 5 14 bién
dang cua cau tai thoi diém 4,101s, hinh 6+10 1a biéu dd
chuyén vi tinh va dong tai mot s nit dai dién.

D

@ Famiteh  Xom dieg 9 Hoa thiHo thiTirh banayi[¢] ] )| véeds [« ]

Hinh 5. Bién dang ciia cdu tqi thoi diém t=4,101s
5 ki 0 5 =

T0(s), Ko = 1367
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o2 |\ o e = Chuyén vi tinh
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Hinh 6. Biéu do chuyén vi Ux tai mit 6
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Hinh 7. Biéu do chuyén vi Uy tai mit 14

) 0083 chuyn 7 UKy 26 trong
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Hinh 8. Biéu do chuyén vi Uy tai niit 6
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Hinh 9. Biéu do chuyen vi Uz tai nut 35
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~ Hinh 10 Bzeu do chuyen Vi Uy tat it 50
2.2.3. Phdn tich anh hwéng cua toc do tai trong di dong
dén dao dong cdu Nhdt Lé 2

Dé phén tich anh huong ciia te do tai trong di dong dén
dao dong cua cAu, tién hanh khao sat hé sb dong luc cua
chuyén vi doc truc, chuyén vi thing dimg, chuyén vi ngang
va chuyén vi xoay tai cac nut dai dién trén dam va thap cia
cau Nhat Lé 2 khi xe chay véi van toc gia dinh v=1,5+80
m/s (5,4+288 km/h), két qua khao sat hé s6 dong luc trén
dam nhu Hinh 11+13:

40

a5 fl3531
N AN
AN

/
%/

—a—Nit 4

——Nit 6

Nt 8

—o—Nat 11

—— Nt 14

He sb déng luc Kd
~
s

— —Nat 22

—a— Nt 24

—=— Nt 26

Van téc (mis)
Hinh 11. Biéu d@é hé sé dong lyc cua chuyén vi doc truc
tai cdc nut trén dam khi toc do xe thay doi

5.0

4.362
g

4.5

—=—Nat 4

40 —— Nt 6

3.5

—+— Nat 8
3.0

—e—Nat 11
25

20

15 7 4
hﬁ = 4 |

10 —

05 —— NGt 28

—8—Nat 14

—— Nat 16

Hé s6 dong lwc Kd

=
]
I~

—=— Nt 26

0.0

15 5 10 15 20 25 30 35 40 50 60 70 80

Van téc (mis)

Hinh 12. Biéu do hé sé dong luc cua chuyén vi thang dirng
tai cdc niit trén dam khi téc dg xe thay déi

50
45
w0 4388 —=—Nat2g
g .5 —e—Nit6
£
- 30 ——Nas
& Z
525 —o—Nit14
L4 2.0 o
@ 2
£ T = Ny &; —=-Nt26
1.0 —+—NGt22
05 —aNit2e
0.0

15 5 10 15 20 25 30 35 40 50 60 70 80

Van téc (mls) ,
Hinh 13. Biéu dé hé sof dong luc cia chuyén vj xoay
tai cdc nut trén dam khi toc do xe thay doi
Tuong ty, két qua khao sat hé sé dong luc trén thap nhu
Hinh 14+16:

us — % Nit30
10 885 e N3
35 ]
- —— Nt 34
g s
< 30 —]
o —a— Nt 37
s g
S 25
9 3 —e— Nit40
o 20 b
I
15 s ---B--- NGt44
10 — - NI4T
05 —o—Nt48
0.0

15 5 10 15 20 25 30 35 40 50 60 70 80
, . Vantée (ms) i
Hinh 14. Bieu do hé so dong luc cuia chuyén vi ngang
tai cac nut trén thap khi toc do xe thay doi

45 —»—— Nat 30
4.063
4.0 —= NGt 32
35
—e— Nt 34
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2 30
2 —A— NGt 37
B 25
E | —e— NGt 40
@ 20
15 NGt 44
10 — % - — NGt 47
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Van téc (n/s)

Hinh 15: Biéu do hé s dong lu’crcu"a chuyén Vi cj_oc truc
tai cac nut trén thap khi toc do xe thay doi

4301
20 /g‘\ = Nat32
35 [ N —e— N34
o
2 30
> = —a— NGt 37
&
g 25 —d
2 — —e— Nat 40
@ 20 — e
s --e@-- NaGta4
10 i‘ ————— Nat 47

15 5 10 15 20 25 30 35 40 50 60 70 80
Van téc (m's)

Hinh 16. Biéu do hé sé dong luc cua chuyén vi xoay
tai cac nut trén thap khi toc do xe thay doi

Qua két qua phan tich va khao sat hé s6 dong luc ciia
chuyén vi doc truc, chuyén vi thang ding va chuyen vi
xoay tai cac nut dai dién trén dam va thap cua cAu Nhat Lé
2 khi xe chay véi van téc gia dinh v=1,5+80 m/s (Hinh
11+16) ta c6 nhan xét sau:

Khi téc do tang thi h¢ s6 dong luc thay d6i va dat cac
cuc tri ¢6 xu hudng ting 1én, hé s6 dong luc 16n nhat phd
bién trong khoang toc d6 xe chay v=50+60 m/s, dic biét
khi v=50m/s, hé s6 dong luc tai nhidu vi tri trén cu dat gia
tri 16n nhét va khi tiép tuc ting toc do v>50m/s thi hé sb
dong luc c6 xu hudng giam, diéu nay cho thay két ciu CDV
Nhat Lé 2 ¢6 xu hudng cong hudng 16n tng véi the do xe
chay v=50m/s (180km/h). Vi tbc d6 khai thac nhé hon tdc
d6 thiét ké ve=22m/s (80km/h) thi cdu Nhat Lé 2 khong bi
cong hudng 16n.

Heé s dong luc 16n nhit trong pham vi khao sat vé Iy
thuyét 13 4,362.

Hé ) dong luc lon nhét trong pham vi tdc d0 khai thac
cho phép nho hon tdc d¢ thiét ké va=22m/s 1a 1,86. Hé sb
dong lyc nay 16n hon hé sé dong luc di dung trong thiét ké
12 48,8%.

2.2.4. Phén tich anh huwong ciia khoi heong tai trong di
déng dén dao dong cia cau

Tiép theo, tién hanh khao sat hé s6 dong luc cua chuyén
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vi doc truc, chuyén vi thang dimg va chuyén vi xoay tai cac
nut dai dién trén dam cua cau Nhat Lé 2 khi tai trong xe
thay ddi trong khoang 5+80 tan, xe chay 6n dinh véi toc do
10m/s < toc d6 khai thac, két qua khao sat nhu cac biéu db
Hinh 17+19:

3.0

28 —e— Nt 2
26 —o—Nat 4
z 24 —e—Nit 6
22
% Nat 8
£ 20
5 s —A—Nat 14
2
£ 16 —e—Nut 19
14 ﬁ \T —m— NGt 26
1.2 i =
7 [ [ —x— Nut 28
10 .
5 10 20 30 40 50 60 70 80

Tai trong xe (T4n)
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Hinh 18. Biéu do hé sé déng luc ciia chuyen vi thing dimg
khi ¢di trong xe thay doi
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Hinh 19. Biéu dé hé s6 dgng hec ciia chuyen vi xoay
khi tdi trong xe thay doi

Qua két qua phan tich va khao sat hé sé dong luc cua
chuyén vi doc truc, chuyén vi thing dung va chuyén vi
xoay tai cac nut dai dién trén dim cua ciu Nhat Lé 2 khi xe
chay 6n dinh véi tbc d6 10m/s, khéi lwong thay dbi 5+80
tan (Hinh 17+19) ta c6 nhan xét sau:

Khi khéi lwong tang thi hé sb dong luc thay dbi va dat
cac cuc tri ¢6 xu hudng tang 1én, hé b dong lyc 16n nhét
trong pham vi khao sat 12 1,98 tmg vdi tai trong xe 80 tan.
Hé s6 dong lyc cua chuyén vi theo phuong ngang cta dam
16n nhét 14 1,72 Gng voi tai trong xe 70 tin. Vi tai trong
xe khai thac nho hon 30 tan, hé sb dong luc cia chuyén vi
dam 16n nhat la 1,63.

Theo ket qua nghién ctru cia Wu Yean-Seng va cong
su cho cau duong sit nhip don gian, hé s6 dong luc 16n
nhét 12 3,2 [10]. Theo nghién ctru ciia Yang Yeong-Bin va
cong su cho mo hinh cau don gian, hé s6 dong luc 16n nhét
1a 4,6 [11]. Trong bai bao nay, hé s6 dong luc 16n nhat trong
pham vi khao sat 1y thuyét 1a 4,362.

3. Két luan

Qua két qua phan tich cho thiy tc do xe chay va tai
trong xe ¢6 anh hudng 16n dén hé sb dong luc cua cau Nhat
Lé 2. PBic biét khi xe chay véi toc do 180km/h da gay ra
cong huong 16n trén phan 16n két ciu nhip chinh. Hé sb
dong lyc 16n nhat trong pham vi khao sat vé 1y thuyét la
4,362. Tuy nhién véi tbc d6 khai thac nhé hon toc do thiét
ké thi cau Nhat Lé 2 khong bi cong huong 16n. Hé s6 dong
lyc 16n nhat trong pham vi tdc do khai thac cho phép 1a
1,86. Hé s6 dong luc lon nhét trong pham vi khao sat voi
tai trong xe nho hon 80 tan 14 1,98 va vai tai trong khai thac
nho hon 30 tan 12 1,63.

Trong pham vi toc d6 va tai trong khai thac cho phép,
hé sb dong lyc 16n nhét theo nghién ctru nay déu 16n hon
hé s6 dong lyc da ding trong thiét ké. Vi vay can luu y
trong qué trinh quan 1y khai thac ciia cau Nhat Lé 2.
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