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Tém tit - Bai bao gidi thidu mot s6 két qua phan tich hé sé dong
Iwc (HSPL) cua chuyén vi trong ciu dam bé tong cbt thép dudi
tac dung cua tai trong xe thay di. Ung xir cua két ciu ciu-xe
dugc phan tich bang phuong phap phén tir hitu han. M6 hinh sé
dugc 4p dung vao phén tich cho cau Séng Quy thudc doan dudng
bo cao téc Phan Thiét - Dau Giay, Viét Nam véi loai xe ba truc
c6 tai trong thay dbi. Két qua nghién ctru cho thdy, vdi tai trong
xe thay d6i, HSPL cua cAu dim ting dang ké khi so sanh véi gia
trj trong quy trinh thiét ké ciu hién nay. Nhitng két qua nghién
clru ctia bai bao gitip hd tro thém thong tin trong qué trinh phan
tich thiét ké va kiém tra an toan khi khai thac cong trinh ciu.

Tir khéa - Hé sb dong luc (HSDL); phuong phép phin tir hiru
han; tai trong xe thay doi; cau Song Quy.

1. Pit van dé

Cau dam 1a mot trong nhimg loai cdu phd bién nhét trén
khap thé gi6i. Nhiéu nghién ctru da dugc thuc hién dé phan
tich tuong tac dong luc hoc cia cau dam - xe ([1]; [2]; [3D).
Mot s6 nghién ctru dé phén tich HSDL cua cdc cdy cau don
gian do tai trong xe ([4]; [5]). Dya trén viéc phan tich cac cau
dam lién tuc hién c6, Fafard va cOng su [6] da chira ré“lng cac
thong s6 k¥ thudt tiéu chuan cia AASHTO [7] ¢6 xu hudéng
wéc tinh HSPL thip cho cac cdu ddm lién tuc nhip dai. Panh
gia cAc HSPL khac nhau cho m6 men udn va luc cit duge ap
dung bdi mot s6 ma thiét ké clu co thé duoc tim théy trong
Deng va cong su [8]. Nhiéu nha nghién ctru da chi ra ring
HSDL cua céc két ciu cau khac nhau 1a khéc nhau, va mot s
nhan thdy rang, HSPL thu dugc tir cac két cau cau khac nhau
nén dugc xtr 1y khac nhau ([9]; 10]; [6]; [11]).

Cong trinh cau thuong dao dong manh dudi tac dung
cla hoat tai xe di dong va tai trong xe thay di anh huéng
dang ké t&i phan g dong cia két cau. Mot s6 cong bd cho
viéc phan tich cac két cAu chiu tai trong xac dinh. M6 hinh
duoc ap dung phé bién nhit cho dim hodc tdm, chiu tai
trong tap trung ([12]; [13]) hodc tai trong phan b6 [14]. [15]
phan tich mot dam don gian chiu tai trong di chuyén tap
trung voi cung cuong do, di chuyen véi toc do khong doi.
Hau hét cac bai toan méi chi xét dén tai trong tap trung Xac
dinh di chuyén trén cau.

Trong nghién ctru ndy, cac md phong sé duogc thuc hién
dé phén tich HSPL cua ciu Séng Quy thudc doan dudng
bd cao téc Phan Thiét - Dau Gidy, Viét Nam. Xe voi tai
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trong thay d6i khi di chuyén qua cdu dugc xem xét va khao
st trong ing véi cac toc do khac nhau. Thuc hién mé hinh
phan tich sb trén cau dam don gian gdm 1 nhip chiéu dai
33m dudi tac dung cua tai trong xe 03 truc theo mé hinh
tuwong tac dong lyc.

2. M6 hinh phén tich twong tic dong lyc giira xe — ciu
va phwong trinh vi phin dao djng
2.1. M6 hinh phén tich twong tic giita xe va ciu

So db tai trong xe ba truc di chuyén trén két ciu cau dam
bé téng cot thép gdom 1 nhip dam | dugec mé ta nhu Hinh 1.

Hinh 1. So d6 tai trong xe di chuyén trén cdu

M0 hinh hda két cau cau nhu phan tir thanh (dam), hoat
tai xe di dong duwgc mo hinh hoa g(“)m ba truc xe. M6 hinh
tuong tic dong luc gitta hoat tai xe ba truc di dong va phﬁn
tir ddm dwoc mé ta nhu Hinh 2. Trong d6, G.sinyi la luc
kich thich diéu hoa cta dong co truyén 1én truc xe thir i;
Khéi lwong cua than xe va hang héa phan b 1én truc xe
thir i dwgc mo hinh héa théng qua khdi lugng myi; Khdi
lwong cua truc xe thtr i duge mé hinh hoa thong qua khdi
lwong myi; Ky, daj 1an luot 1a do cimg va do giam chan cua
nhip xe; Kai, dzi 1an luot 1a d6 ctmg va do giam chén cua 16p
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xe; L 1a chiéu dai ciia phan tir ddm; wi(xi,t) 1a chuyén vi cia
phan tir dim tai vi tri ctia tai trong thr i & thoi diém dang
X€t; z1i 1a chuyén vi thang dimg cta khung xe tai vi tri truc
i; z2i 1a chuyén vi thang dung cta truc xe tht i; y1i 13 chuyén
vi twong d6i gitta khung va truc xe tht i; y»i 1a chuyén vi
tuong ddi gitra truc xe thiri va phén ttr dAm; x; 12 toa do cua
truc xe thir i tai thoi diém t (i = 1, 2, 3).

Hinh 2. M6 hinh tirong tac gitta phan tir dam va xe 3 truc
2.2. Phwong trinh dao dong uodn ciia phin tiv dim chiu
tdi trong di dong

Khi xét dén anh huong cua ma sat trong va ma sat ngoai,
phuong trinh dao dong u6n cua phéan tir dam chiju tai trong
phén bo p(x,z,t) dugc xac dinh theo [16] va [17] nhu sau:

Ey.. o'w o°w ’w  , ow

— 0. —— B.— = p(x,z,t
o axat * p(x.2.0)

TR TP

p(x, th) = if. (t)'[Gi sin ql: 7(m1i + mz:)-g —My.2y — mzi'.z.zi]-é(x 7ai)

i=1
My Zy +dy 2y +Ky 2y —dy 2y — K2, =Gisin ¥ —my,.g
MLy + (dy + 0y )2y + (Ky 4 Kyi)-Zp — Ay 2y — K2y = =My g+ Ay W+ kW,
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Trong d6, EJy1a do cimg chdng udn cua phan tir dam;
pF4 trong luong cua phan tir dam trén 1 don vi chiéu dai;
0 va B 1a hé s6 ma sat trong va hé s ma sat ngoai ctia phan
tir dam; p(X, z, t) 1a tai trong phan bd déu trén dam;
5(x—a,) la ham Delta-Dirac; i=1 to N (N 1a s6 truc, N=3).

oL K bststT R
SO=10 kni t<t va t>t+T ' ' v

Bién d6i cac phuong trinh (1) thanh dang ma tran béng
cach ap dung phuong phap Galerkin ket hop véi 1y thuyet
Green, két qua thu duoc phuong trinh vi phan cua phan ti
dam nhu sau:

M.6+C,.d+K,.q=T, (3)

Trong d6 Me 13 ma tran khdi luong, Ce 12 ma tran can, Ke
la ma trin d6 cirng hon hop cta toan hé ( xe va phan tr dam):

M, M, M, Cow 0 0

M,=| O M, 0 |; C= 0 Cun Cup
0 0 M,, Cone Cum Cum| @)
K, 0O 0

K.=| 0 Kun  Kaz
K, K, K

2w 2271 2222

4.q.q, f, lan luot 1a vécto gia tde, van toe, chuyén vi, luc
hdn hop duoc xac dinh nhu sau:
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W=u ¢ u " 1a vecto do doi nit cha phin
tr dam trong h¢ toa do dla phuong. Uy, @1, Uz, @2 lan luot
1a chuyén vi thang dung, chuyén vi xoay trén n(t trai va nit

phai ciia phan tir dam.

Muw 12 ma tran khdi lugng, Cuw 12 ma tran can, Ky la
ma tran d¢ cig ctia phan tir dam chiu udn cé xét dén anh
hudng clia ma sat trong va ma sat ngoai khi tinh theo
phuong phép phan tir hitu han cua bai toan co ban xac dinh
theo cong thirc (6):
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2.3. Phwong trinh vi phin twong tic dao déng uon ciia
toan hé thong

Pé ung dung vao phan tich dao dong theo mo hinh
tuong tac dong luc hoc gitra cau va tai trong xe di dong
duoc mo ta nhu Hinh 1, két ciu cau duoge roi rac hoa thanh
céc phan tir thanh co ban va phéan tir dam chiu tai trong xe
di dong. Phuong trinh vi phan dao dong cho toan hé duoc
viét dudi dang ma tran khi 4p dung thuat toan cia phuong
phap phan tir hitu han (17):

[M]{U}+[C]{u}+[K] U} ={F}

Trong d6, [M] 1a ma tran khdi luong, [C] 1a ma tran can,
[K] 12 ma trdn d6 ctng cua toan hé thong theo mé hinh
tuong tac dong lyc hoc giira cAu va tai trong di dong;
{U'} 1a vecto gia toc, {U} 1a vecto vén tc, {U} 1 vecto

(17)

chuyén vi, {F} la vecto lyc twrong duong mo rong cho toan
h¢ thong. {U} 12 vecto chuyén vi bao gdm chuyén vi thang
dimg, chuyén vi ngang va chuyén vi xoay tai cac niit ciia dam.
2.4. Phan tich HSPL ciia cau dim

HSBL (1+IM) trong AASHTO [7] va TCVN11823-
13:2017 [18] duogc xac dinh nhu sau:

(1+1M )= Zamac

tmax

(18)

Trong d6, Sdmax, Stmax 13 gid tri chuyén vi dong va
chuyén vi tinh 16n nhat do tai trong xe di dong gay ra.
3. Ap dung phan tich HSPL trén ciu S6ng Quy
3.1. C4c 56 liéu co bin ciia két cdu va xe

Céu Séng Quy thudc du én xay dung duong bo cao tbe
doan Phan Thiét — Dau Gidy, cau mét nhip, co chidu dal
nhip L=33 m. Mit cit ngang ciu gdm 11 ddm I bé tong cbt
thép tmg sudt trude duge biéu dién nhu Hinh 3.
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Hinh 3. Mdt cdt ngang cau bé téng cot thép — cau Séng Quy

Cac s liéu co ban cua cAu nhu sau: E = 3230769,23 T/m?;
Ja=0,30921 m* F4=0,9522 m?, pFq = 2,8 T/m, hé s ma sat
trong va ngoai lan luot 1a = 0,027 va #=0,01.

Xe duge xét 1a loai xe Foton ¢ ba truc véi cac tham sb
nhusau: M1 =15+10T; M2 =m13=3+20T; M1 = 0,26 T;
M2 = Moz = 0,87 T; k11 =120 T/m; k12 = k13 = 260 T/m;
k21 = 240 T/m, kzz = k23 = 380 T/m; d11 = 0,7344 Ts/m;
d12: d13 = 0,3672 Ts/m; d21 = 0,4 Ts/m; dzz = dzs = 0,8 Ts/m.
3.2. Phan tich HSPL trén cau S6ng Quy

Tién hanh phan tich dao dong ciu dam bé tong cdt thép
Séng Quy khi tai trong xe thay doi, cu thé 13 ting tir 3T dén
22T bang phuong phap phén tir hitu han, twong (g véi van
toc 5m/s, 10m/s, 15m/s, 20m/s va_25m/s. HSDL cua
chuyen vi tai mdi nt gdm 2 thanh phan duoc khao sat bao
gdm chuyén vi thang dtng (Uy) va chuyén vi xoay (Uz).

Két qua khao sat HSPL cta chuyén vi thing dung tai
cac nut twong tng dudi tic dung cua tai trong xe thay doi
gay ra twong tmg véi van téc 5m/s, 10m/s, 15m/s, 20m/s va
25m/s nhu Hinh 4-8.
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Hinh 4. HSPL ciia chuyén vi thing dimg véi v=5 mls
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Hinh 5. HSPL ciia chuyén vi thing dimg vdi v=10 mls
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Hinh 6. HSPL ciia chuyén vi thing ditng véi v=15 mls
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Hinh 7. HSPL ciia chuyén vi thing ditng véi v=20 mls
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Hinh 8. HSPL ciia chuyén vi thing dimg véi v=25 mls
Tuong tu, két qua thu dugec HSPL ctia chuyéq vi Xoay
tai cac nit dudi tac dung cua tai trong xe thay doi gdy ra
twong (tng v&i van toc 5m/s, 10m/s, 15m/s, 20m/s va 25m/s
dugc thé hién trén Hinh 9-13.
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Hinh 9. HSPL ciia chuyén vi xoay véi v=5 mls
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Hinh 10. HSPL ciia chuyén vi xoay véi v=10 mls
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Hinh 11. HSPL ciia chuyén vi xoay véi v=15 mls
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Hinh 12. HSDL ciia chuyén vi xoay véi v=20 mls
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Hinh 13. HSPL ciia chuyén vi xoay véi v=25 mls

Két qua mé phong cho théy, khi tai trong xe di dong
thay d6i, cu thé 1a tang tir 3 T dén 22 T, HSPL cua chuyén
vi thang dimg va xoay tai cac diém khao sat co xu hudng
tang va dat t6i gia tri 1on nhat (1+IM) max.

Két qua md phong ciing cho thdy, khi tai trong thay doi,
tuong Ung v6i van tdc khao sat 1a 5 m/s; 10 m/s; 15 m/s;
20 m/s; 25 m/s thi HSPL ciing thay d6i. HSPL ty 1¢ thuén véi
tbe do di chuyén ctia xe. Khi vén tdc xe chay la v=25 m/s,
HSPL ciia chuyén vi thang dimng va xoay c6 su thay doi va do
phan tan 16n tuong ung vai tai trong cang lon.

Gié tri HSPL cuia chuyén vi 16n nhét tai cac diém khao
st khac nhau cting kh&c nhau. HSPL tai cac vi tri khac
nhau, theo phwong khac nhau thu dugc két qua khac nhau,
gié tri nay chénh léch 16n khi tbc d6 chay xe cao.

Trong pham vi nghién ctru ctia bai bao nay, khi tai trong
truc xe 16n hon 15T, xe di chuyén qua cau v&i van tbc trong
pham vi khai thac thi HSPL da sé déu 16n hon gia tri 1,33.
bay la gia tri dang duoc ap dung trong quy trinh thiét ké
cdu tai nudc ta theo tiéu chudn TCVN11823-13:2017 [18].

4. Két luan

Bai bao phén tich tuong tac dong luc giira két ciu cau
dam bé tong cdt thép véi tai trong xe thay doi béng phuong
phap phan t hiru han. Xe voi tai trong thay (101 khi di
chuyén qua cau dugc ap dung vao phan tich cho cau Song
Quy. Két qua mo phong cho thiy, khi tai trong thay doi,
tuong tmg véi van tc khao sat khac nhau thi HSPL ciing
thay d6i. Két qua phan tich HSPL trong pham vi nghién
cuu cho thay, khi tai trong tryc xe 16n hon 15T, xe di
chuyen qua cau véi van tdc trong pham vi khai thac thi da
s6 déu 16n hon gi4 tri dang dugc ap dung trong quy trinh
thiét ké cau hién nay. Két qua nghién ciru nay 1a tai lidu
tham khao gitp cho cac k¥ su c6 thém thong tin dé phan
tich thiét ké cau an toan va phu hop véi yéu cau khai thac
trong thuc té.

Loi cam on: Bai bao nay dugc tai tro boi Truong Pai hoc
Béach khoa — Pai hoc Pa Ning voi dé tai c6 mi sb:
T2021-02-32.
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