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T GM TAT: Trong phén tich dao déng riéng, fcét qua phu thugc vio viéc mé phong chinh

xdc ddc diém cdu tao cia két céu. Viéc mé phong két cau cang sdt véi thue 1é thi két qua tinh
fodn cang chinh xdc, tuy nhién sé lam cho badi todn phat sinh thém nhiéu phan tir va viée xii ly
trén may linh tré nén rdt chdm chap. Vdy viéc qui‘ddi ban mt cdu vé dim doc phu thanh tinh tdi
dat lén dam ngang sé lam cho bai todn bot di nhiéu phan ti, viée xir Iy trén mdy tinh dwoc nhanh
hon ma két qua vé noi lyc trong swon vom van khéng thay doi, tuy nhién s€ lam giam dé ciing
cua hé mdt cau. Noi dung bai bdo € phdn tich dao dpng riéng cia edu vom éng thép nhéi bé
16ng Vi hai truong hop khong xét dén anh hwomg ciia hé méit cdu v cé xét dén anh hucng cua
hé mdt cau.

1. GIOI THIEU

Qua nhiéu nghién ciru da cho thdy, cau vom éng thép nhdi bé tong c6 thanh kéo va duong xe
chay duéi c6 wu diém phdi hop va phat huy t6i da hiéu qua chiu lyc ciia céc b phan két chu,
khién cho kich thuéc mit cét ngang ciia c4c bd phin duge gidm nhd, nhé d6 ma két ciu c6 hinh
dang thanh manh, tiét kiém vt liéu, kién tric dep. Tuy nhién do kich thudc két ciu thanh manh,
tai trong ban than nhe nén c6 dic diém nhay cam voéi trang théi dao dong, anh hudng do cic tac
dung ddng lyc thuong cé mirc db bat loi 16n hon so véi céc dang két cAu théng thuong. Vi ly do
trén, trong bai toan thiét ké, bén canh cdc tinh todn theo md hinh bai toan tinh thuong phai két
hop phén tich két cAu theo mé hinh bai todn déng dé dam bao an toan va do tin cdy cia cong
trinh. Trong pham vi bai bdo s& nghién ctru dao dong riéng ciia két cAu theo mo hinh bai todn
khoéng gian véi 2 trudong hop:

(1) Khong xét dén anh hudng ctia ban mit ciu va dim doc phuy;

(2) C6 xét dén anh hudng ciia ban mit ciu va ddm doc phu.

M&i trudng hop dugc nghién ciru véi 4 chidu dai nhip thuong gip (97.6m; 87.2m; 76.8m;
66.4m) g v6i mbi chiéu dai nhip nghién ctru véi 4 duong kinh vom (1.8m; 1.6m; 1.4m; 1m).

2.THANH LAP PHUONG TRINH VI PHAN DAO PONG RIENG CUA HE:

C6 nhiéu phuong phép x4c dinh tin sb dao dong riéng cia két cu. Trong pham vi bai toén
nay sir dung phuong phép dya trén nghiém ciia phuong trinh vi phan chuyén dong, cich giai
theo dinh thirc.

- Phuong trinh’chuyén déng cta hé s6 c6 n bac tu do dao dong tu do trong méi trudong khong
c6 luc can dugce viét dudi dang ma trén: [3]

MV +KV=0 (1)

Trong do:

M: Ma trén khéi luong hay ma trdn quan tinh.

K: Ma trén d9 ciing c4c phan tir

V: Ma tran chuyén vi (ma trin cot)
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V : Ma trén gia tbc
_ Khi dao dong & dang dao dong thit j, cée khéi luwong trong két cAu déu dao dong déng b,

diéu hoa, ciing chu ky va cung pha.

Nghiém ctia phuong trinh trén cé dang : V = V' sin (ot + D))

Trong do:

- V bién d6 cia dang dao dong i, Vi =V, VLV, )

- 5 tin s6 vong.

- @;: pha cia dao dng.

Tir hai phuong trinh trén va dao ham béc hai cia V, ta co:

— @MV sin(w;t+® )+ KV sin(@t + ;) =0

Phuong trinh nay phai thoa mén tai moi thoi diém, c6 thé don gian héa bang céch chia cho

sin(wjt + @), ta duoc:
(K-alM)V,; =0 2)

+ F

Nhan phuong trinh trén véi ty s6—, trong d6 F 13 ma tran d¢ mém céc phan tir, ta dugc:
a) :
J

ok - o2} =)
(] a

J J

[(——) FM }V. =)
i
V6i: FK = E (E: Ma tran don vi), ta co:

E ‘
i:(—-—z-) - FM:|VJ. 5} 3)
;
J

- Trong cdc phuong trinh (2), (3) didu kién dé chuyén vi VJ-’k khéc khong 13 dinh thirc cic hé
s6 chua biét phai bing khong:

det|K -o'M | =

det (£2) -FM|=0
w!
Cac phuong trinh trén dugc goi la phuong trinh dac trung clia he¢, phu'ong trinh thu nhét thiét
lap trén co s& ma tran do cimg, phuong trinh thir hai trén co s& ma tran d6 mém.
Khal trién mot trong hai ma trén trén se din tm mot hé phuong trmh dai sb tuyén tinh c6 n
4n 12 ®. Nghiém cta phuong trinh (0%, ®%, ... o?,) dic trung cho tan s cta n dang dao déng,

trong do o < 03 <...< .

2
Chu ky dao dong T; (j = 1,2,...,n) dugc x4c dinh theo : TJ' =
i .
J

Trong d6 : ©; va T dugc goi la tAn s& co ban va chu ky dao dong co ban cia hé, cic ®;>w;
vaT;>T, goila tn s6 va chu ky dao dong hang cao.
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Ung v6i mdi tén s6 dao (dong riéng o, cong trinh s& c6 mot-dang dao dong riéng goi la dao
dong chinh thir j. Mot két cau ¢ n bac tu do, s& ¢6 n tan sé dao déng riéng va tmmg ng ¢ n
dang dao dong chinh, trong d6 dang dao dong thir nhat va thir hai thuong dé xay ra va cin quan
tdm hon ca.

Pé xéc dmh duoc dang dao dong chinh thir j ta thay ®; vao mét trong cac phuong trinh trén,
s€ tim duoc V 1a bién d dao dfng ciia dang thir j.

3. PHAN TiCH DAO PONG RIENG CUA HE VOI CHUONG TRINH MIDAS:

3.1. M ta két ciu trong MIDAS: [4]

- Khéong xét dén anh hwéng ciia ban mit ciu va dim doc phu: két cau duoc md phong
voi bai todn khéng gian, ban mit cdu va ddm doc phu dugc qui dbi ra tinh tai dit trén dim
ngang. Cap treo sir dung phan tir cap (cable), thanh cang dugec mo ta bang phan tor dy Ung luc
cang ngoai (External), dam doc, dam ngang va suon vom khai bao v6i phan tir dim (beam) trong
do tiét dién ctia phén tir vom 1a tiét dién lién hcrp (SRC).

- Cé xét dén anh hu'(rng ciia bin mit ciu va dim doc phu: giéng nhu trén nhung dam doc
phu dugc mé ta bang cac phén tir dam (beam), ban mit cau duoc mé ta bang phan tur tam (plate)
va dung tinh néng lién két cac nut phén tir (link) dé lién lién két c4c nit trén phan tir tim vai cac
nit trén phin tir ddm doc va ddm ngang lai v6i nhau.

3.2. Két qua nghién ciru dao dong riéng ciia hé:

Mdi truong hop dugc nghién clru v6i 4 chiéu dai nhip (97.6m; 87.2m; 76.8m; 66.4m) tng
vl m61 chléu dai nhip nghién ctru v6i 4 duong kinh vom (1.8m; 1.6m; 1.4m; 1m). Tuong lng
v6i mdi chiéu dai nhip va dudng kinh vom cia timg trudng hop thi ¢6 10 mode dao dong riéng.
Tuy nhién trong timg truong hop c6 xét dén anh huo‘ng hay khéng xét dén anh hucmg cua ban
mit cAu va dam doc phu thi 10 mode dao dong dé glong nhau, mic du tht tu cta cac mode co
thé khéac nhau. Céc dang dao dong trong truong hop cd xem xét va khong xem x€t anh huong
clia ban mit ciu va dim doc phu duoc thé hién & (Hinh 1).

Do 2 mode dao dong dAu tién c6 x4c sudt x4y ra la nhiéu nhét, nén cin phai nghién ctru chu
ky dao dong cua ching dé tranh xay ra cong hudng.

Trong trwong hop khong xét dén anh huong cia ban miit ciu va dam doc phu: ng voéi
nhip 87.2m, 76.8m, 66.4m thi mode 1 13 dao dong lic ngang clia hé mat cau va mode 2 14 dao
dong thang dimg cua toan két chu cau; Ung v6i nhip 97.6m thi mode 1 la dao dong thang ding
ciia toan két cdu ciu va mode 2 1a dao dong lac ngang ctia hé mét cAu (Hinh 2 va Hinh 3).

Béng 1.Chu ky dao dong riéng mg v&i 2 dang dao dong & Hinh 2 & Hinh 3 (khi khong xét dén
anh hudng clia ban mit cau va dim doc phu)

D=1.8m D=1.6m D=1.4m D=Im
Hinh2 |Hinh3 |Hinh2 |Hinh3 |Hinh2 | Hinh3 | Hinh2 | Hinh3
L=97.6m 1.6 1.6 1.6 1.9 1.6 2.1 1.6 2.8
L=87.2m 1.4 1.3 1.4 15 1.4 1.7 1.4 2.2
L=76.8m 1.2 1.0 1.2 1.1 1.2 1.3 1.2 1.7
L=66.4m 1.0 0.7 1.0 0.8 1.0 0.9 1.0 1.2
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Hinh 1. Céc dang dao ddng trong trudng hop kh

A

. dam doc phu.
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doc phu

Hinh 3.Dang dao dao dong thing ding ciia toan hé khi khong xét dén anh huéng ciia ban mit ciu va dam
doc phu

Trong trudng hop cé xét dén anh hwéng cia ban mit ciu va ddm doc phu: tmg v6i nhip
87.2m, 76.8m, 66.4m thi mode 1 1a dao dong lic ngang clia sudn vom va mode 2 1a dao dong
thing dimg cita toan két chu ciu; Ung véi nhip 97.6m thi mode 1 1a dao dong thing dimg cta
toan két ciu cau va mode 2 13 dao dong lac ngang cta suwdn vom két hop véi udn xoan cia hé
mit cau (Hinh 4 va Hinh 5). :

(a) (b)

Hinh 4.Dang dao dong lic ngang cia sudn vom khi ¢6 xét dén anh huéng cta ban mit cdu va dim doc
L , . ,
(a) Gmg véi nhip 97.6m (dao dong lic ngang cla suon vom ket hop véi udn xodn cua hé mit cau)
(b) irng vd&i nhip 87.2m, 76.8m, 66.4m (dao ddng lic ngang cua sudn vom)
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Hinh 5. Dang dao ddng thing dimg ciia toan hé khi c6 xét dén anh hudng ctia ban mit cAu va dim doc
phu

Bang 2: Chu ky dao dong riéng tmg v6i 2 dang dao dong ¢ Hinh 4 & Hinh 5 (khi ¢ xét dén anh
hwdng cia ban mit ciu va dam doc phu)

D=1.8m D=1.6m D=1.4m D=1m
Hinh4 | Hinh5 | Hinh4 | Hinh5 | Hinh4 | Hinh5 | Hinh4 | Hinh 5
L=97.6m 1.1 1.4 1.1 15 1.2 1.7 15 1.8
L=87.2m 1.5 | L1 1.6 1.2 1.8 1.3 2.3 1.5
L=76.8m 1.1 0.8 1.2 0.9 1.3 1.0 1.6 Ll
L=66.4m 0.8 0.6 0.9 0.7 1.0 0.7 1.2 0.8

4.CAC NHAN XET VE DAO PONG RIENG CUA HE:

Qua két qua nghién ciru v6i 4 khau do nhip (97.6m; 87.2m; 76.8m; 66.4m) ing voi timg
dudng kinh vom (1.8m; 1. 6m; 1.4m; 1m) theo 2 trudng hop khong xét dén anh huéng ctia hé
mit cau va c6 xét dén anh hudng ciia hé mat cau thay rang:

- Tuorng ltng v6i méi chiéu dai nhip va dudng kinh vom cia ting truong hop thi c6 10 mode
dao dong riéng. Tuy nhién trong timg truong hop khong xét dén anh hudng hay c6 xét dén anh
hudng cia hé mat cau thi 10 mode dao dong do6 giong nhau, mic du thi ty cla cac mode co thé
khéac nhau.

- Pbi véi cac nhip (87.2m; 76.8m; 66.4m) trong ca 2 truong hop khong xét dén anh huéng
hay ¢4 xét dén anh huong cta hé mit chu thi dao dong co xac suét xay ra cao nhit 1a dao dong
lac ngang ngang clia sudn vom, ké dén 12 dao dgng thang dimg cua toan hé. V&i chiéu dai nhip
97.6m khi khong xét dén anh hudng ciia hé mit cAu thi xac suét xay ra cao nhit la dao dong
thing dimg ciia toan he, ké dén 1a dao dong lic ngang ngang cla sudn vom, khi c6 xét dén anh
hudng cia hé mat cau thi x4c suét xay ra cao nhit ciing 1a dao dong thang dimg cua toan hé, ké
dén 13 dao déng lic ngang ngang cia suon vom két hop véi ubn xo0én cua hé miit cau.

- Vé chu ky dao dong: khi khong xét dén anh hudng cia hé mat cau thi ¢6 1 trudng hop chu
ky dao dong thang ding va 1 trudng hop chu ky dao dong ngang nim trong khoang bit loi da
dugc cac nha khoa hoc khuyén cdo (dé tranh xay ra cong hudng, chu ky dao dong thang dimg
khéng dugc nim trong khoang 0.3-0.7s va chu ky dao dong ngang khong dugc tring hodc bang
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bdi sb 1an chu ky dao dong thang dimg). Khi c6 xét dén anh ~hudng cia h¢ mat céu thi c6 3
trudng hop chu ky dao déng thing dimg nim trong khoang bét loi da dugc cac nha khoa hoc
khuyén céo.

=> T c4c nhén xét trén cho thdy: Néu chi nghién ctu vé hinh déng dao dong riéng thi voi
nhip ngan khoang 87.2m; 76.8m; 66.4m theo md hinh bai toan bé qua dnh huéng cua ban mat
cau va didm doc phu dugc xem 12 phu hop, dbi voi nh1p 16n twong duong 100m (97. 6m) trong
theo md hinh bai toan bd qua anh huéng clia ban mét céu va dim doc phu s& cho két qua khong
chinh xé4c véi thuc té. Con khi nghién ciru vé tan s6 dao dong riéng hay chu ky dao dong riéng
thi viéc xem xét bai todn v6i mo hinh khong gian co xét dén anh hudng cia ban mat cau va dim
doc phu 13 cin thiét.

ANALYSING THE FREE VIBRATION OF THE CONCRETE FILLED STEEL
TUBE ARCH BRIDGE WITH TIE ROD AND ROADWAY LOCATED UNDER
ARCH RIB

Le Van Nam"”, Nguyen Ngoc Long®
(1)University of Technology, VNU-HCM
(2)The Transport Service of Hau Giang

ABSTRACT: In the free vibration analysis, the result depends on exact autotyping of
the composition feature of structure. The nearer essence the autotyping is, the more exact the
result is. However that generates many elements and the processing on computer becomes slow.
So converting deck and stringer into load on diaphragm will get the problem lessening many
elements, the processing on computer becomes quicker, but the result of the arch rib internal
force is unchangeable. However the stiffness of deck system is lower. The article will anlyse the
free vibration of the concrete filled steel tube arch bridge in two cases: without considering affecting
of deck system and considering affecting of deck system.
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