NGHIEN CUU - TRAO DOI

NGHIEN Cl*U DAP ’'NG PONG CUA HE DAM CONG - DAY - TAM
CHIU TAC DUNG CUA KHOI LUONG DI DONG

STUDY THE DYNAMIC RESPONSE OF A CURVED BEAM - WIRE - PLATE
SYSTEM SUBJECTED TO MOVING MASS
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Khoa Co khi, Truong Pai hoc K¥ thuat Lé Quy Bén

TOM TAT

Nghién civu trinh bay két qua phan tich dong liwc hoc hé lién hop dam cong — ddy — tam mé td
hinh dang cau vom chiu téc dung cia khoi lwong di dong. Qud trinh phan tich ddp iing ciia hé dwoc
thuee hién trén co s6 phirong phdp phan tir hitu han (PTHH), khoi lwong di dong dwoc mé phong nho
ky thudt phan tir Sinh — Diét véi viéc sir dung ngén ngir ldp trinh ANSYS APDL cho phép khao sdt
danh hwong ciia cdc thong sé két cdu, tai trong dén déap g dong ciia hé. Két qua nghién civu la tdi
liéu tham khao khi tinh todn thiét ké két cau cau va cdc két cau chiu tac dung cua tai trong di dong
khac.

Tir khéa: Cau vom; Dam cong; Khéi lwong di déng; Phan tir sinh — diét; ANSYS.
ABSTRACT

This paper presents the results of dynamic analysis of the curved beam-wire-plate system
describing the shape of an arch bridge under the influence of moving mass. The process of analyzing
the response of the system is carried out on the basis of the finite element method. The moving
mass is simulated using the Birth and Dead element technique with the use of the ANSYS APDL
programming language for allowing to investigate the influence of structural parameters and
loads on the dynamic response of the system. The research results are reference documents when

calculating the design of bridge structures and other structures affected by moving loads.
Keywords: Arch bridge, Curved beam,; Moving mass, Birth and dead element; ANSYS.
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1. MO PAU

Trong thiét ké cac cong trinh cau giao
thong, ngoai viéc phai dam bao két cau phai
chiu duogc tai trong cho phép, viéc dam bao
tinh thim my ctia cong trinh ciing 13 mot trong
nhitng yéu t6 quan trong can dugce xem xét. Do
vay, trong thuc té, khi trién khai céac y tuong
thiét ké khac nhau, viéc thay doi hinh dang,
kich thudc két ciu thudng xuyén duogc thuc
hién. Ly y tuong tir viéc tinh toan két cau cau
vom, trong nghién clru nay, cac tac gid hudng
dén viéc giai quyét bai toan tinh toan hé lién
hop dam cong — ddy — tdm chiu tac dung cua
khéi lwong di dong. Viéc xay dung chuong
trinh tinh toan dugc thiét 1ap trén nén ngon ngir
lap trinh ANSYS APDL chay trén phan mém
ANSYS. V6i chuong trinh thiét 1ap, nguoi tinh
toan c6 thé d& dang thay ddi kich thude két cau
cling nhu tai trong, tiry bién dé giai quyét nhiéu
16p bai toan khac nhau.

Bai toan két cdu chiu tac dung cua tai
trong di dong khong phai 1a mdt bai todn qua
moi, da c6 nhiéu cong trinh cong bo lién quan
nhom bai toan ndy voi nhimg cach tiép cin
khéc nhau: Wen-Yu He va cong su [1], Zhang
[2], Ahmad M. [3], C. Johansson [4], Ladislav
Frysba [5]; Trong bai bao nay, trén co soO
phuong phédp PTHH, tac gia su dung k¥ thuat
phan tir Sinh — Diét va phan mém ANSYS dé
mo phong khoi lwong di dong tac dung lén két
ciu va xem xét dap ung dong cua hé. Két qua
bai bao 13 nén tang dé huong dén giai quyét cac
bai toan phuc tap hon cé vé tai trong tac dung
va két cau.

2. MO HINH BAI TOAN
Xét hé hen hop dam cong — day — tam

nhu hinh 1. Hé gdm tdm c6 gin ting clng gan
v6i dam cong thong qua cac day cap va lién két
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ngam tai ddu dam. Cac dam cong duoc ndi véi
nhau nho céc thanh gidng. Phia dudi tam 1a hai
cot thfmg dtimg c6 nhiém vu d& hé thm — dam
cong. Ngoai trong lugng ban than, tai trong tac
dung lén hé¢ 1a khéi lugng m di chuyén doc theo
chiéu dai tam.

Dam cong

Tém c6 gan
tang cirng

Hinh 1. M6 hinh hé dam cong — ddy — tam

3. PHUONG PHAP PTHH VA GIAI
THUAT PHAN TU SINH DIET

Qua trinh phan tich dap trng dong cua h¢
dugc thuc hién trén co s¢ phuong phap PTHH,
dac biét, tai trong di dong dugc mo phong nho
phan k¥ thuat phan tir Sinh — Diét.

Phuong trinh vi phan chuyén dong cia
h¢ [6,7]:

[M]{g} +[C]{a} +[K]{a} = (R

Trong do, {q}, {q} {4} 1an luot 1a véc to
chuyén vi, van tdc, gia toc nit cta hé;

[M]:ZZ([MQ]{M%}),
[K]= 2 ([xe J+[xs]).

[§]
(=3 ([ce]+[ct]). RI=24p (),

€ €

Twong tng 1a ma tran khoi luong tong
thé, ma tran do ciing téng thé, ma tran can
tong thé ctia hé va véc to ngoai luc nit tong
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thé cua hé. Ma tran can cua két ciu duoc xac
dinh thong qua cic hiang s6 can Rayleigh:
[C], =a[M] +B[K], , trong do, cac héng sO
can Raylelgh duo’c xac dinh thong quaty sO can
¢ va hai tan s6 dao dong riéng dau tién ®, O
cuia két cAu. Cac dai lugng [Me ], Lﬁ%], [K%T
tuong tng la thanh phan ma tran khoi luong,
ma trdn can, ma tran dg cing sinh ra do khéi
lwong m chuyén dong véi cac thanh phan van

toc va gia toc X,V,X,y trén phan tir tam.

Tan dung tdi da k¥ thudt giai bai toan
theo phuong phap PTHH trong phian mém
ANSYS, tac gia lap trinh giai bai toan dat ra
voi viée st dung ngon ngt APDL va st dung
cac dang phan tir khac nhau dé mo phong két
cau:

Pé mo ta tdm chiu udn, cac tic gia sir
dung phan tr SHELL63, ddy Ia phan ti vo tu
giac 4 diém niit, mdi nut c6 6 bac ty do U, Vi W,
0., Oyl, 0. VO’l phan toe SHELLG63, ta ¢6 the mo
ta cho ket céu tm, vo co d6 day thay doi. Tai
trong tac dung c6 thé 12 tai co, nhiét.

Két cau dim cong, thanh giing, cot va cac
dam d& dugc mo ta boi phan tir dam BEAM188
¢6 2 nat, mdi nit 6 bac tw do. DAy 1a phan tir rat
da ning v6i kha ning mo ta két cau thanh véi
nhiéu loai miat cit ngang khac nhau twong mg
mdi Iya chon Sectype, diéu nay cho phép nguoi
tinh toan thir nghiém véi két cau c6 nhiing dang
mit cat ngang khac nhau chi véi viéc diéu chinh
mot vai cau Iénh trong chuong trinh.

Day cap duoc mé ta nho phan tir link 10.
Phan tir ndy c6 2 nat, mdi nat c6 3 chuyén vi
théng lau, v, w. Phan tar LINK 10 véi lya chon
keyopt(3) c6 gid tri 0 hodac 1 twong tng vdi
phén tir chi chiu kéo hodc chiu nén. Lua chon
keyopt(3) =0, ta c6 md ta phan tir dung véi tinh
chat chiu tai cua day cap.

Khdi lugng di dong dugc md phong boi
phan tir khoi luong MASS21, phan tir nay duoc
dat vao moi vi tri ma tai trong di dong di qua.
K§ thut phan tr Sinh — Diét dugc ap dung véi
nhom phan tir MASS21 nay. Quy tic hoat dong
cua k¥ thuat sinh dié¢t nay nhu sau:

1) Tét ca cac phan tr MASS21 trén quy
dao di chuyén cta khoi lugng di dong duoc diét
di (kill - inactive phan tir).

2) Tuy thudc vao van toc va thoi gian
xét, phan tr MASS21 twong Gmg vi tri c6 mat
ctia khdi lugng di dong duoc active, sau khi
khéi lwong di dong di qua, phan tir lai duoc
inactive.

Thuat toan nay duogc cu thé hoa br:ing
ngoén ngtt APDL trong ANSYS.

4. KHAO SAT SO

Thong s6 mé hinh tinh: Chiéu dai nhip
Ly = 50m, l}é c6 2 nhip, bé répg tam B. = 8m,
chiéu day tam th = 0,3m, chiéu cao dinh vom
so voi mat térp H‘v = L./5. Dam cong va cac
thanh giang noi dam cong hai bén nhip duogc
lam tir thép mit cit ngang hinh vanh khan, thi
tu thong sb kich thude mit cit ngang: Pudng
kinh ngoai D = 0,3m, D, = 0,15m, bé day th =
0, 05m th,=0,04m. Tur cac dam cong & hai ben
moi nhlp, n6i 7 doan day cap voi khoang cach
chia déu dén tim theo phuong thang dung, cac
day cap co duong kinh D_= 0,08m. Vi tri ndi
dam cong va tim (or chlnh giita tim) duoc d&
boi cap cot c6 chiéu cao H.= 10m, k,1ch thudce
mat catngang ax a=1,0m x 1,0m. N6i hai dinh
ctia hai cot chéng giﬁ:a tam va 2 goc tAm (theo
kich thude B.) 1a dam chinh c6 kich thudc mat
cét ngang H, xB, =0,8m x 0,5m; Nbi gitra vi
tri nbi cac day cap v6i tam 1a dam phu c6 kich
thuée H, x B, = 0,4m x 0,2m, c4c dam chinh
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va dam phu nay lién két chit voi tim véi vai tro
cac gan tang ctng (hinh 1).

Thong s6 vat liéu: Vat liéu lam tAm,
cac dam d& va cot: M6 dun dan hoi E| =
2,9.10" N/m?, hé s0 poisson u, = 0,18, kbéi
luong riéng p, = 2500 kg/m?. Vit li¢u lam dam
cong va thanh giang: E, = 2,1.10" N/m?, p, =
0,28, p, = 7850 kg/m’. Vat li¢u lam day cap:
E,=2,5.10" N/m? p, = 0,3, p, = 7850 kg/m’.

Thong sb tai trong: Trong luong ban
than hé P, tic dung 1én moi phén’tﬁ (lay gia toc
trong truong g = 9,8 m/s?); Khoi lwgng M di
dong tac dung 1én hé két cau c6 gia tri M = 10*
kg di chuyén doc chiéu dai tir dau phai qua dau
trai, chinh gitra tAm voi van téc 30 km/gio.

Giai bai toan dao dong riéng, cac tac gia
thu dugc cac tan so dao dong riéng dau tién cua
h¢ va dang riéng tuong tng nhu hinh 2.

Giai bai toan dao dong cudng buc véi
khéi luong di dong M tac dung, tac gia ldy thoi
gian tinh la Tt =T, +2s, voi T 1a t‘h(‘yi gian
tai trong di hét quang duong 2 nhip dam cong.
Diém xuat két qua: Piém A: Chinh giita dam
nbi 2 cot gitra 2 nhip; diém B: Chinh giita tim
trong nhip bén phai; diém C: Chan cot gan phia

ngudi quan sat; vi tri ndi ddy cap dai nhét trén 2
nhip véi tam mo phong mat cau (xuat lyc cang
day cap).

b) Dang riéng thir hai
Hinh 2. Cdc dang riéng dau tién ciia hé két cau
(f,= 09558 Hz, f, = 0,9962 Hz)

Badng 1. Gia tri cuc tri dap wng tai diém tinh:

WAmax [cm] WBmax [cm]

F apl’hzu max [N] F aptral max [N]

C C

cm max [N]

Gia tri 0,162 6,922

184087 183945 2,1207.10°
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Hinh 3. Luc cdng ddy cdp dai nhat trén 2 nhip
dam [N]

TINE

TINH TOAN HE LIEN HOP DAM - DAY - TAl

Hinh 5. Chuyén vi thang ditng tai diém B [m]

TINH TOAN HE LIEN HOP DAM DAY

Hinh 6. Phan lyc F ' tai chdn cot chéng [N]

Nhén xét

Chuyén vi thang ding tai diém B (giita
doan nhip phai) 16n hon khd nhiéu so véi
chuyén vi tai diém A, do A 1a vi tri gitra doan
c6 cot chong & hai bén, con ¢ B khong co cot
chdng. Luc cing 16n nhét xuat hién trong day
cap trén 2 nhip 1a gan bang nhau, dat gia tri
cuc tri khi tai trong di qua vi tri mt tim c6 gin
day cép. Khi tai trong di qua hoac trudc khi tai
trong di dén, dao dong tai diém xét 1a kha nho
(giam dao dong nhanh). C6 diéu nay 1a do tai
tac dung ¢ day la trong lugng ban than hé va
khéi luong di dong chtr khong phai 1a mot dang
tai trong co tan s kich thich.

5. KET LUAN

Trong pham vi ndi dung nghién cuu,
tac gid da su dung ngon ngir 1ap trinh ANSYS
APDL va k¥ thuét phan tir Sinh — Diét dé giai
bai toan hé két cdu chiu tic dung cua khbi
luong di dong. Két qua cho ra dap tmg dong
cua hé va chuong trinh tinh cho phép khao sat
nhiéu thong sé két cau, tai trong, giup danh gia
duoc anh hudng cua cac thong s6 d6 dén dap
g dong cua hé. Két qua ciing di chi ra duoc:
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- Ky thuét phan tir Sinh — Diét hoan
toan gidi quyet dugc bai toan két cau chiu tac
dung cua tai trong di dong.

- Vé6i truong hop tai trong tdc dung
12 khoi luong di dong, su dao dong cua hé la
khong nhiéu. Tai cac diém tinh, gia tri cuc tri
ctia dap Ung tang 1én nhanh khi tai di dén, giam
di nhanh khi tai di qua.

V6i nhimg két qua dat duoc trong
nghién ctru, day s& 1a nén tang tot dé tac gia
phat trién tinh toan v&i bai toan c6 dang két
cAu, tai trong phirc tap hon (hé chiu tac dung
cua doan tai trong di dong, chiu tac dung cua
hé dao dong di dong, ...).

Loi cam on: Nghién clru nay dugc tai
trg boi Quy hd trg nghién ciru khoa hoc clia
Truong Pai hoc Ky thudt Lé Quy Don véi ma
sb dé tai #23.1.09”.%
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