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KEYWORDS

Phan tich déng lic hoc 14 bai todn quan trong khi phén tich Gng xt cta két cu. Viéc hiéu rd Gng x dong
s 1a tién d& @& gitp han ché chuyén vi c6 thé xay ra cho dim chu thép khi chiu tai trong di dong ctia xe cd
va tu lita... Trong nghién citu nay, phan ti dim I théng ban bung lwon séng hinh thang mit cit ngang
mot truc dbi xing duge thanh 14p dya trén 1y thuyét dAm cong thanh méng miit cit ngang hai truc dbi
xitng ctia Kang and Yoo. Mbi niit phin tit ¢6 7 bac ti do bao gdm c4 mét bac ty do warping. St dung cac
cong thdc phén ti hitu han, ham dang N, ma tran khéi lugng tuwong thich M., ma trén d6 cling dan héi
phén ti K,. Tt d6, ngdn ngi 14p trinh Matlab dugce sit dung dé phan tich déng lic hoe cho ddm I ban bung
Iwgn séng hinh thang gbi twa don chiu tai trong tip trung di dong. Nghién citu sé dwgc kiém tra trong
tridng hop dAm chit I ¢6 ban bung lgn séng hinh thang suy bién thanh ddm I phing théng thuwdng. Két
qua sé dugce so sanh v&i cic nghién ciu trude dé.

ABSTRACT

Dynamic analysis

Moving load

Warping constant

Trapezoidal web corrugations I-girder
Finite Element Method

Dynamic analysis is known as important in performing the behavior analysis of structures. To predict the
displacement induced in steel I-girders by cars or trains, a good understanding of the displacement is
critical. In this study, the straight steel I-girder element with trapezoidal web corrugations and singly
symmetric cross-section is formed on the basis of the Kang and Yoo’s thin-walled curved beam with doubly
symmetric cross-section theory. Each element node has seven degrees of freedom including warping. The
shape function N, the elastic element stiffness matrix Ke and mass matrix Me are also shown by using the
Finite Element Method (FEM). Then, a MATLAB code was developed for the dynamic analysis of simply
supported steel I-girders with trapezoidal web corrugations due to moving load. The accuracy of proposed
equations is also examined in case that steel I-girders with trapezoidal web corrugations degenerate into

flat webs I-girders. Its results are then compared with those in previous studie.

1. Gi6i thiéu

1o vé& hé sé dong clia két cAu thép sit dung cic ddm thép I c6 ban bung
lwon séng hinh thang rt quan trong, bi vi né anh hudng truc tiép

dén kha nang chiu lye ctia dAm. Do d6, hidu dwoc hé sb dong ctia ddm

DAm thép chit I c6 ban bung litgn séng hinh thang da duoc sit
dung rong rii trong nhidu két cAu khac nhau, dic biét 1a ciu va két
cAu thép dan dung tit diu nhitng nim 1960 & Chau Au, Abbas [1]. Ly
do ma cac dim thép chit I c6 ban bung lign séng hinh thang nay
duoc wa thich trong ng dung vi chiing ¢6 nhidu vu diém: Viéc sit
dung ddm I c6 ban bung lwgn séng hinh thang 1a mét phuwong phap
tdi wu dé dat dwge do cling ngoai mit phing va kha ning chéng cit;
giam gia thanh ché tao do giam trong lugng thép (trong lugng ciia
dam thép chit I ¢6 ban bung lwon séng hinh thang nhé hon 10,6% so
v6i trong lwong ctia dAm chit I thong thudng c6 cling kich thiwée hinh
hoc, Chan CL, Khalid YA va cong su. [2]). Hién nay, c6 rét it cong
trinh khoa hoc nghién citu vé ting xit dong lic hoc ctia dAm chit I ban
bung Iugn séng hinh thang. Pa phin cic nghién cifu trude day déu
tap trung vao viéc phan tich @ng x tinh hoc cta dim chit I nay.

Hé sb dong chuyén vi (DAF) thudng duge dinh nghia 1a ty 1

gitta chuyén vi dong 16n nhét v6i chuyén vi tinh 16n nhét. Viéc hiéu

*Lién hé tic gia: anhnguyen@hcmut.edu.vn
Nhan ngay 04/12/2021, stta xong ngiy 24,/01/2022, chip nhan ding 01/04/2022
Link DOI: https://doi.org/10.54772/jomc.02.2022.263

s& 12 tién dé cho viéc 1am ting kha ning chiu Ic cho dim va clu thép.
Muc tiéu ctia nghién cttu nay 13 tim hiéu v& hé sé déng chuyén vi cta
dam thép chit I ¢c6 ban bung lwgn séng hinh thang gbi twa don chiu
tai trong tip trung di dong.

2. Co s& 1y thuyét

2.1. Lifc niit va chuyén vi miit ciia phdn tt ddm chi I bdn bung liton séng
hinh thang

2.1.1. Pdc trung mdt cdt ngang cia ddm chiz I ban bung lwon séng
hinh thang

Ta thiy, x, va L phu thudc va d; I, va L, phu thudc vao d2 Gid
tri d thay ddi trong khoang d =0 vA d=Dmax nén céc dai lvong phu
thudc vao d & trén ciing thay dbi. Nhw vay, cac dai lugng x,, L, I, va
I, dugce tinh toan g?in ding nhu sau [3]:
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a.Miit cit ngang b. Miit cit doc buéc Iwgn séng
Hinh 1. Mit ¢t ngang va miit cit doc mét bude lwgn séng clia

dim chi¥ I ban bung lwgn séng hinh thang.

2.1.2. Luc nit va chuyén vi niit cia dam chiz I bdn bung lwon séng
hinh thang

Node 7)

z=0

M.~V
Vygg)

<o

Vyivop S 1)
b By

My;7;

Hinh 2. Lic niit va chuyén vi niit twong tng.

Céc thanh phan chuyén vi u, v, va w twong éng truc x, y, and z.
Cac thanh phén noi lvc: F,, My, M,, B;, Ty, V,, V,, tiong &ng e doc,
moment uén theo phiiong x, moment uén theo phiong y, bimoment,
moment xodn, lyc cit theo phuong x, luc cit theo phwong y (Hinh 2).
Hai thanh phén Iyc cit V,, V, c6 mbi quan hé véi moment uén My, M,
theo cong thiic:

’

V,=-M,;V, =M, )
Mot ntit ¢6 7 ndi lvc F,, My, M,, B;, T, V,, V, tong tng v&i 7
-1, B, Uy V-

chuyén vi trong mit phing; trong khi d6 —v,, —7, B, v,la chuyén

chuyén vi w,, vy, —v,, Trong d6, w,, v, upla

vi ngoai mit phing. Hai thanh phin chuyén vi nay khong duge phép

di cting véi nhau va duge tinh todn mot cach riéng biét. M&i phin ti

dim trong Hinh 1 dugec tinh ton trong hé toa dd Cartesian. Mbi niit

ctia phén tit ¢6 7 bac tw do, bao gdm ca béc ti do warping.

2.2. Coéng thitc phdn t¢ hitu han ctia ddm chit I bdn bung liton séng
hinh thang

Céng thitc phan tit hitu han ctia dAm chi I ¢6 ban bung lugn
séng hinh thang dugc trinh bay dua theo Kang and Yo [4;5]. Trong
d6: N, K., M,, C tuong Gng la ham hinh dang, ma trdn d6 clng cta
phin ti dan hdi, ma tran khéi lugng tuwong thich va ma trdn can
phan tir.

2.2.1. Ham dgng

N(Iix‘t) 0
N = N(Ml/xz) (6-3)
0 N("Z’;tg)
=[1-382+28 L(E—-282+¢8%) 382-28 L(=§+¢H](6-D)
NY=[1-¢&¢ ¢&] (6-c)
H; H 0 0 H, H
L A S B P ()
Véi:
aL —e?®l 4 q Le?™t +1  eMZ(q L — el +1)
L ' ) L HS L L ) HS +
+z(e":6 -1) _e™ el “11)(04::“1 —e%1ly1) (6-d1)
2a,Le®t — 20l + 1 e®Z(q Le®k — g%l 4+ 1)
277 H * H
L L,(—a1z L
+z(e":6—1) e@1le(-ay )I(;?L—e"‘l +1) (6-d2)
Hy = alL—e"’lL:Il:lLealL+1 n %:Z _ e“lL:(E D Z(a1+:;e“1L) (6-d3)
H,=—H;+ alL—Ze"‘lLI-;alLe"‘lL+2 (6-d4)
Hg = 2a, — 4a,et + 2a,e?@t + @2 — a?Le?™it (6-d5)
Hg = a;L — 2%t + q Le®t + 2 (6-d6)
§=1z/L (6-d7)
a = /% (6-d8)

2.2.2. Ma trdn d6 citng dan hoi phdn tiv ddm chit I bdn bung lon séng
hinh thang

Ke}t(4><4) 0
K, = Ki2x2) (7-a)
0 Keloxs)
K&%; = EL, [ Ny; Ny;dz ij=1234 (7-b)
K% = EA [, Ny N, ;dz ij=56 (7-0)

K::;t = El, fNoutlz outljdz + Elymf( outli GutZJ + NoutleautZL)dZ
L

+Elw fNuutZL out2j dz + GKTf outZiNouthdZ; i’j =78.14 (7‘d)
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2.2.3. Ma trdn khéi lwong twong thich phdn it ddm chit I ban bung lwon
song hinh thang

Mg'(4><4) 0
M, = Mi2x2) (8-a)
0 Mea(%txs)
Mg = pA [, Ny; Nyjdztpl,, [, Ny Nyjdz ij=1234  (8b)
M = pA [, Nyy; N, ;dz ij=56 (80

Mout PAf[ outli outl] xO(NoutllNautZJ +N0ut1] outZL)]
eij —
+x0 out2i out2]

+pIy fNoutZi outhdZ + plx f (NautZiNauth + Nt;utliNoutlj) dz +
L L

+pl, f(Nt;utliNt;uth + N;utle;utZi) dz + pl, fN;utziN;utzj dz
L L

i,j=178,...,14 (8-d)

2.2.4. Ma trdn cdn tong thé

Ma trin can tdng thé ctia ddm dugc tinh todn ti 1y thuyét
Rayleigh [6]:

C=axM(t)+bxK(t) ®)
Véi:a = 201wz (P102-Pow1), 9)
' wi-w? ’
2(Yrwa— 1lilwl)
i (10)

Hé sb a, b thay dbi theo thdi gian va phu thudc vao sy thay dbi

clia tin sb ty nhién w,, w, ctia dim tai mbi buée thoi gian.

2.3. M6 hinh ddm twa don chiu tdi trong di dong

A F
V(t
VO
—>
z
k %W .
< >
le L N
b "

Hinh 3. DAm twa don c6 tai trong di dong v&i van tde v(t).

Dam dugc rdi rac titng phin ti va phan tit dAm th s mang tai
trong F di d6ng v&i vén tée v(t) tai thoi diém t. M3i nit ctia phin tir s
¢6 4 Iyc nit va 4 chuyén vi. Vi tri cta tai di déng trong toa do téng
thé z,(1). Dam ¢6 n ph?m t¢ va (n+1) nidt. Giai tri tic thoi z,(t) va s
dugc xac dinh nhu sau [7]:
Zn(t) = 2y () — (s — DL an
s léy phin nguyén (z,(t)/D+1,s=(1+n) (12)

2.4. Phutong trinh chuyén dong cdn bing ciia todn hé

Theo phuwong phdp phin t& hitu han, phwong trinh cin bing
chuyén déng ctia dAm nhidu bac tu do, c6 can duge viét duéi dang
ma tran sau:

M) + C(O)2(t) + K () z(t) = F(£) 13)

M(t), C(t),K(t)tuwong Gng v&i ma tran khéi lugng, can, d6 cing
tdng thé titc thoi clia hé;

#(t),2(t), z(t) twong ng véi vecto gia tde, vecto van tde, vecto
chuyén vi;

F(t) tuong tng vecto ngoai luc tdng thé titc thoi cta hé tai thoi
diém t.

Vecto lic téng thé tie thovi clia két cAu ciing phu thude vao thai
gian, cac phin ti¥ cta vecto lyc tbng thé bing 0 ngoai trit lyc nit cua
phan t dim thit s dang mang tai tip trung di déng.

FO=[0...f1 2 fs fa fs fo f7 fg--0]" 14)

f; = gxFxN;({i=1+8) (15)

Trong d6: g 1a gia téc trong tridng; N; (i=1+8) 12 ham hinh
dang twong ty nhu céc cong thie (6-d).

Phuwong trinh vi phin chuyén déng ctua hé dugc giai bing
phuong phap Newmark st dung ngén ngit 14p trinh Matlab.

Phuwong phép tich phian Newmark dwa trén co s& gia thiét ring
gia téc tuyén tinh giita hai khoang th&i gian khéng dbi.

3. Vi du khao sat
3.1. Kiém chitng chitong trinh tinh

Trong nghién cifu ndy, bai béo tién hanh khao sat mot vi du sb
nhim kiém ching d6 tin cdy ciia chiong trinh duge viét bing ngén
ngit 14p trinh Matlab, két qua sé dugc so sanh v&i két qua cua tic gia
khéc dugce cong bd.

Bai toan kiém chitng dugc thyc hién v6i dim thing twa don
v6i cac thong sb bai toin theo Raid Karoumi [8]: Luc tip trung
F=347000N, di chuyén v&i van téc v=68,1m/s, chidu dai dim
L=34m; c6 d6 citng EI=9,92x10°N.m? chidu cao hinh thang
Dpax=0; ddm duoc chia thanh 30 phin t&, chon buéc thoi gian
At=0,005s (Hinh 4). Két qua sé dugc so sanh vdi két qua trude d6 khi
dim I ¢6 ban bung lign séng hinh thang suy bién thanh dim I thing
thong thuong (D, = 0).

A F
V(t
Ve o
—>
Z
e Z, J
< >
e L N
b "

Hinh 4. So d6 chiu lyc ctia dim.
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——— Exact
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------ Static (present)
—--— ABAQUS

Nomalized vertical mid-spa

+
0 02 04 0.6 08 1

Vehicle position, x /L
Hinh 5. Két qua hé s dong chuyén vi tai giita nhip ctia
Raid Karoumi [8].

0.2

0.2

0.4

UdUs

0.6

0.8

o 01 02 03 04 05 06 07 08 0.9 1
Zp(L

Hinh 6. Két qua hé s dong chuyén vi tai giita nhip ctia

nghién ctiu.

Nhan xét: Két qua hé s6 dong chuyén vi ctia dim tai diém
twong tic duge thé hién trong Hinh 5 v Hinh 6 ctia nghién ctu
trong triedng hop van tée khong ddi thi kha tring khép véi két qua
ctia Raid Karoumi [8]. Sai s6 gitta hai két qua 14 rit nho, chénh 1éch
gia tri hé s6 dong chuyén vi 16n nhét ctia ddm U,/U; 14 0,55%. Do
d6, ¢6 thé két lusn ring phuong phép ctia bai bdo va chwong trinh
Matlab ¢6 d6 tin ciy cao c6 thé sit dung dé giai cdc bai ton ciia clia

nghién ct?u nay.
3.2. Bdai todn khdo sdt

Khao sat thém mot sé bai toan khic nhdm phan tich r6 hon anh
huéng ctia tai di déng 1én dao déng ctia dAm twa don véi cac thong sb
tai trong: Luc tdp trung F=347kN, v=68,1m/s, E=2,0x 10" N/m?
dim dugc chia thanh 30 phan ti, phiwong phap Newmark duge diing
dé phan tich bai todn dao déng ctia dim, chon hai hé sb tich phan
Newmark aa=1/2, B=1/4, chon buéc thoi gian At =0.005s. bé
tiép tuc qua trinh nghién citu, ta chia bai toan thanh 3 trwdng hop

khao sat:
3.2.1. Khdo sdt dnh hiténg ctia chiéu cao ddm

Bang 1. Thay dbi theo chidu cao dim.

0 0,2 0,4 0,6 0,8 1
Vi tri (Zo(t)/L)
——H=1500 H=1400
H=1300 H=1200
——H=1100  ——H=1000

Hinh 7. Biéu db bién thién DAF theo chiéu cao dim H.

Nhan xét: Tt d6 thi Hinh 7 ta nhé4n thiy khi giam chidu cao
dam thi hé sé déng chuyén vi cang tadng va vi tri cyc dai c6 xu hudng
dich chuyén v@ phia bén phai, ciing chidu v&i chidu chuyén dong. Gia
tri cuc dai khong nim tai chinh gitta ddm ma nim 1an can gin d6 vi
do anh hudng hiéu @ng cua bai todn dong, trong trudng hop nay cu
thé 12 anh hwdng cta van tde chuyén dong. Hé sé dong chuyén vi 16n
nhét ti 1& nghich v&i chiéu cao dim.

Khi chidu cao ting gip d6i ti 750mm +1500mm, hé sé dong
chuyén vi giam (1,619-1,188)/1,188 =36,3 %.

3.2.2. Khdo sdt dnh hiténg ctia vdn toc di dong

Bang 2. Thay dbi van tdc tai di dong.

Van tbc v(m/s)

Dmax (m) Chiéu cao dim H (m)
0,02 15 |14 ] 13 | 12 | 11 | 10

681 | 80 | 100 | 125 | 1362 160 | 190
1,8
16
14
1,2
lgl- 1
0,8
0,6
0,4
0,2
0
0 0,2 0,4 0,6 0,8 1
Vitri (Zp(t)/L)
—V=68,1 V=80
V=100 V=125
——V=136,2 V=160
—V=190

Hinh 8. Biéu dd bién thién DAF theo vén téc tai di dong.

Nhan xét: Theo dd thi Hinh 8 khi vén téc thay dbi tit 68,1 m/s

dén 190 m/s, ta nhan thdy khi vin tbc cang ting thi hé sb dong
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chuyén vi ciing cang ting va vi tr cue dai c6 xu huéng dich chuyén
vé phia bén phai, ciing chidu v&i chidu chuyén déng. Hé sb dong
chuyén vi 16n nhét quan hé ti 1& thuan v6i vén tdc tai di dong trong
viing van téc nghién citu trong bai.

Khi vén tdc ting gép doi tit 68,1m/s dén 136,2m/s thi hé s6 dong
chuyén vi ting (1,690 - 1,188)/1,188=42,3 %.

3.2.3. Khdo sdt dnh hiténg ctia chiéu cao buéc liton séng

Bang 3. Thay d6i chiéu cao buéc livon séng Dmax.

Chiéu cao lvgn séng Dmax (m)

0 [ 001 [ 002 | 003 | 004 | 005 [006] 007

1,4
1,2
1
w 08
<
o
0,6
0,4
0,2
0
0 0,2 0,4 0,6 0,8 1
Vitri (Zp(t)/L)
~—Dmax=0 Dmax=0,01
Dmax=0,02 Dmax=0,03
—— Dmax=0,04 ——Dmax=0,05
~——Dmax=0,06 ~—Dmax=0,07

Hinh 9. Biéu dd bién thién DAF theo chiéu cao lign séng.

Nhan xét: Theo d6 thi Hinh 9, v6i cling mét loai tiét dién v&i
cic gid tri Dmax khac nhau, ta nhan thdy khi chidu cao budc lwon
séng Dmax cang ting thi hé s§ déng chuyén vi clia dAm cang giam.

Hé s6 dong chuyén vi 16n nhit quan hé ti 1& nghich v&i Dmax.
4, Két luan

Bai bdo di trinh bay céc co s 1y thuyét v& phan t& dim chit I
¢6 ban bung lwon séng hinh thang. Phin ti nay dam bao do tin ciy,
dd chinh x4c va ching to sy hgp 1y trong viéc x4c dinh ¥ng x&¢ dong
Iuie hoc ctia dAm chit I ban bung lwgn séng hinh thang dwéi tic dung
cta tai trong di dong.

Mot loat cac bai toan khao sat v& sy thay ddi ctia chidu cao
dim, van tdc tai di dong va chidu cao lugn song ciling duoc thuc hién
@8 rit ra céc két luan:

+ Chiéu cao ddm ty 1€ nghich v&i hé sb dong chuyén vi (DAF).
Hé sb dong chuyén vi (DAF) ti 1é thuan v&i van tde tai di déng trong
viing van téc duge nghién citu trong bai.

+ Chidu cao buéc lvgn séng Dmax cang ting thi hé s6 dong

A PN .2
chuyén vi cang giam.

+ Céc gia tri 16n nhét cua chuyén vi khong nim & giita dim,
ma & mét vi tri gin d6. Chuyén vi 16n nhit 6 xu hwéng di chuyén
sang phai ciing huéng chuyén dong.
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