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Tém tit

Theo phuong phap thiét ké ngiu nhién, ham trang thai cta cac diéu kién thiét ké thuong
dugc xay dung vai sy xuat hién ctia cac bién ngiu nhién dau vao tuan theo cac ham phéan b
gia dinh va cic dap tmg ngau nhién thu dugc tir viéc gidi mo hinh tinh toan. Bai bao tap
trung nghién ctru cac dic trung dong luc hoc cia cau truc khi cac tham sé mé hinh 1a dai
lwong ngiu nhién. Pau tién, mo hinh vat 1y va hé phuong trinh vi phan chuyén dong cua co
hé¢ dugc thiét 1ap st dung phwong trinh Lagrange. Tiép dén, phuong phap sé Newmark-3
duogc 4p dung dé tim cac tmg xtr dao dong cua hé thdng. Cubi cung, cac dép ung dao dong
ctia dam chinh cau truc s& dugc khao sat khi xem xét cac tham sé mo hinh tuan theo phan
bd chuan. Két qua nhan duoc cho thiy cac ddc trung phan b clia cac tham s dap tmg dao
dong cua ddm ciu phu thudc vao do 1éch chuén cua tham sb ddu vao va vi tri cia xe toi
trong qué trinh khao sat. Cu thé, voi gid tri 6 léch chudn 0,15 thi c6 thé gdy ra muc bat

dinh ~75 % cua chuyén vi & mit cit gitia dam.

Tir khéa: Cau truc; dép iing dao déng; dinh heong tinh bdt dinh;, mé phong Monte-Carlo.

1. Pit van dé

Cau truc 1a dang may truc dugc dung rat phé bién dé nang ha hoac di chuyén vat
nang (hang hoa, ciu kién, vat liéu...) trong cac nha xudng va day chuyén san xuit ché
tao. Thiét bi dugc trang bi ba co cau cong tac duoc dan dong doc lap gém co ciu di
chuyén xe cau, co cdu di chuyén xe toi va co cdu nang vat cho phép ciu tryc lam viéc
hiéu qua trong pham vi véi téi [1]. Vi nhiing wu diém vé cong niang va két ciu, cau
tryc nha xudng néi riéng va may truc dang cau noi chung (bao gdm ca cong truc) da
dugc quan tm nghién ctru dé phat trién va hoan thién theo cac yéu cau dat ra trong thuc
tién sir dung [2, 3]. O d0, cac nghién ciru tap trung giai quyét hai nhom bai toan chinh
gom: (i) dong luc hoc va diéu khién [1, 4-7]; (ii) 46 bén va két cu. Phuong phap nghién
ctru duogc sir dung c6 thé 1a phuong phéap giai tich [5, 6], phuong phap sé (FEM) [8, 9],
va phuong phap thuc nghiém [7, 10].
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Tai liéu [11] d3 khai lugc mot s6 mé hinh dao dong cua ciu truc. Mot md hinh
dién hinh cho viéc nghién ctru dao dong cia ciu truc di dugc xay dyng & [5, 6]. O md
hinh nay, cac gia thiét nhu xe chuyén dong véi van tdc khong ddi, goc lic ctia vat nang
du bé, cac dai luong vo cung bé bac cao dugce bo qua. Cong trinh [8] da sir dung phuong
phap phan tir hiru han dé giai hé dao dong cau truc khi ké dén d6 cimg cua cap treo vit.
O nghién ctru nay, cac tac gia di chi ra sy anh hudng cua tde do di chuyén xe toi dén do
vong cua ddm va so sanh giita d6 vong tinh va d6 vong dong da duoc dua ra & cac ché
do di chuyén xe to1 khac nhau. Véi cac dang cAu truc ¢6 ca bin diéu khién gén & mot
dau dam chinh, dic tinh dong lyc hoc ctia n6 khi ké dén lién két dan hoi giira ca bin va
dam chinh ciing duoc giai quyét trong [3]. Nghién ctru [4] trinh bay bai toan dong lyuc
hoc cong truc duoc don gian khi xem cac chan cong cung tuyét dbi, tuy nhién ké dén
dic diém két cAu dam chinh c6 chiéu dai 16n hon khoang céch hai géi, va xe toi duoc
mo hinh hda hai cau xe tac dung riéng 1é 1én dam chinh. Thém vao d6, goc lic cia vt
nang da dugc nghién ctru toi.

Nhin chung, dap tng dong luc hoc ciia mot hé cau tryc phy thudc vao chinh cac
tham sb hé théng nhu cac dic tinh vé vat liéu va hinh dang, cac diéu kién tai trong va
lam viéc. Trong phan tich dong lyc hoc thong thudng cta toan bd cau truc hodc bd phan
clia nd, cac thong sé6 mo hinh thudng duoc coi 1a nhiing thong so tat dinh [2, 4, 12-14].
Tuy nhién, cac thanh phan cta hé thong cau truc nhu dim cau, xe toi va vat nang c6 Cac
dic diém khong don dinh vi sy khong chic chan (uncertainty) trong qua trinh xay dung
va san xuét ciing nhu do ldo hoa va diéu kién hoat dong [15, 16]. Néi cach khac, mdi
tham s thiét ké ciia h¢ thong khong mang mot gia tri don dinh trén truc s va chiing 1a
cac bién ngiu nhién duge mo ta ddy di bang ham mat d xac suat (Probability Density
Function, PDF). Khi d6, ham trang thai (diéu kién thiét k&) véi viéc so sanh cac gia tri
don dinh trong phuong phap thiét ké truyén thong (thiét ké don dinh) khong thé giai
quyét dugc. Viéc danh gia ham trang thai voi sy c6 mat ciia cac ham mat do xac suat
ctia cac bién ngiu nhién chinh 1a ndi dung thuc hién cta phuong phap thiét ké ngiu
nhién [17, 18].

Cac phuong phap xac suat [19, 20] (nhu méd phong Monte-Carlo, phuwong phap
nhidu loan (perturbation) va phuong phap phan tir hiru han ngiu nhién) duoc st dung
rong rii dé phan tich tinh va dong ctia cic céu tric voi cac tham sé ngau nhién. Nho cac
phuong phép nay, c6 thé tim dugc mo ta vé cac dap tmg dong luc hoc cua céu trac hodc
t6i wru hoa thiét ké dua trén 1y thuyét do tin cdy. COng trinh [21] d& nghién ctru tdi wu
chuyén dong cua ciu truc nha xudng co ké dén tinh bat dinh cia khéi lugng vat nang
bang cach st dung phuong phap mo hinh thay thé (surrogate model). Két qua cho thay
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khi mirc d6 bét dinh (uncertainty level) caa khdi lwong vat nang & mac 5 %, 10 % va
15 % thi d¢ bat dinh cta van tdc lac ciia nd tuong tng dat mirc 11,7 %, 21,5 % va 25,6 %.
Phat trién bai toan t6i uu két cAu dam cau truc voi khong gian thiét ké co s luong bién
ngau nhién 16n (> 10) da dugc thuc hién nhd sir dung mo hinh thay thé Kriging [16].

Vi nhiing i do néu trén, bai bao nay tap trung nghién ciru dap tng dong lyc hoc
ctia hé cau truc khi xem céc tham s6 mé hinh 1a dai luong ngu nhién. Trudc tién, mod
hinh vat 1y va hé phuong trinh vi phan chuyén dong cua co hé duoc thiét 1ap sir dung
phuong trinh Lagrange. Tiép theo, phuong phap sé6 Newmark-p duoc 4p dung dé tim
cac dic trung dong luc hoc cia hé thong. Cudi cung, cac dap tmg dong luc hoc cia dam
cau sé& dugc khao sat khi xem cac tham sé ciia md hinh 13 bién ngiu nhién.

2. M6 hinh dng luc hoc ciia ciu truc

Két cdu cau truc nha xuong mot dam dién hinh trén hinh 1(a) dugc mé hinh héa &
hinh 1(b). Dam chinh cia cau truc dugc mo ta bang dam dan hoi va chi xét dén dao
dong thang dimg. Dam chinh c6 bn tham sé mo ta gom: khdi lwong phan bd my, chiéu
dai tong thé L, mo dun dan hoi E va md men quan tinh uén ctia mit cat ngang |. Xe toi
duoc xem nhu chit diém c6 khdi lugng mc va di chuyén voi tbe do v. Vat nang la khdi
lwong mp gia thiét chi lic mot goc O quanh tdm xe tdi trong mit phang thang dimg qua
truc dam chinh. Cap nang vat dugc gia thiét khong co khdi lwong va c¢6 chiéu dai | ¢b

dinh trong qua trinh xe toi di chuyén.

m, ELL

Hinh 1. (a) Hinh dnh cdu truc nha xwéng;

(b) M6 hinh dong liec hoc cau truc cé ké dén dao dong ciia vit ndng.
Dao dong cta dam trong mit phing thang dimg di qua truc dam c6 thé duoc xap
xi nhu sau [22]:

u(x,t) :Zq(x)qi (t), véi ¢, (x) :sin[i”TX] (D)

trong d6: ¢ - mode dao dong thir i trong N mode duoc xem xét, gi(t) - cc ham biéu
dién su thay d6i ctia ham chuyén vi u(Xc,t) ciia dim chinh theo thoi gian.
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Bai b4o sir dung phuong trinh Lagrange loai 2 dé xay dung phwong trinh vi phan
dao dong cua co h¢. PAu tién, dong nang cua co h¢ T dugc tinh bao gé)m dong nang cua

dam cau, dong nang cua xe toi va dong nang cua vat nang [2]:

T= %mbLZC]f +%mc {X: + Xcz¢i/(xc)qi(t) +Z¢i(xc)qi(t)] }4—

2 @)
_mp{ % +6lcosd * + XY /()0 ®) + > ¢,(x)d, (t) —blsine }
Thé ning tong cong ciia co hé V duge xac dinh [2]:
E|7r
ZI g7 (t) —m,gu(x,,t) —m_ g u(x,,t) +1(cos6 —1) . (3)

4.

Ap dung phuong trinh Lagrange loai 2, phuong trinh vi phan dao dong cuia hé
duoc viét & dang ma tran sau:

Mu+ Ku+Cu=F, 4)
6 do u= Q,ql,q2,...,qNT A vecto cac 4n ham mé ta dao dong cua co hé,

=16,6,,0,, ] V& U=[d,d,6,,...6,] . Céc ma tran M, C va K 1an luot 1a ma tran

khdi lugng, ma trdn can va ma tran do cung ¢ cung kich thude (N+1)x(N+1), F la
vecto tai trong. Cac ma trén Va vecto nay duoc xac dinh nhu sau (xem cong thirc trién
khai & phu luc A [2]):

m,I? —2m I sin O] (x,)]

| —2mtsinglgOOT R[], +2(m, +m, )diagld0)T4(x)] |

w —2m,Isin O {% [d(x.)]+ X2 [4(x,)]}
K = < di , ,
[O]le dlag[EIﬂ'l ]+2(m +m {Xc Iag[ﬁ(xc)][ﬁ(xc)] } (5)

L +xcdiag[g (x,)1[¢(x.)]] |

B 0 —2m_Ix, cos O[#(x, )]

| —2m, Ix, sin O[g(x,)]" 2(mp+mc)Xcdiag[ﬁ(xc)][é'(xc)]}’

E= [—mpx'cl cosd (m, + mc)[cé(xc)]T]'
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Trong cong thac (5), [#] 12 ma tran gom N hang giéng nhau
[dl=¢ & .. & ,matran [@]va [@] lan luot 1a dao ham riéng bac nhat va bac
hai ctia ma tran [@] theo bién xc. Ky hiéu diag(¢) 1a ma tran dudng chéo véi cac phan
tir trén dudng chéo chinh 14 cac phan tir ciia vecto ¢, [I]nxn 12 ma trén don vi.

Phuong phap Newmark-£ dugc s dung dé giai hé phuwong trinh (4). Theo do, cac

vecto (i Va U clia co hé tai thoi diém (t+At) duoc tinh theo cac gi tri twong g da biét
& thoi diém t theo céc cong thic sau [23]:

Ut+At =a ut+At —ut|-aut —ait,

(6)
Ut+At =ut +alit +alt+At,
& d6 vecto U tai thoi diém (t+At) va cac hé s6 duge xac dinh nhu sau:
u(t+At) = K(t+At)\ P(t + At),
K (t+At) = K (t) +a,M (t) +a,C(t), @)
P(t+At) = P(t+At)+ M(t) [a,u(t) + a,u(t) + a,ti(t)]
+C(t)[au(t) +a,u(t) +au)],
1 % 1 1 ¥
= , 8 = A, =—,a,=—-1a,=+-1,
At~ 1 1
=—|L-1|, a, = At(l—~), a, =At, B==, y==.
% =~ 3 ag A-7), &, ="At, 2773

3. Thong so0 dau vao va bieén ngau nhién

[ = . .
E . . E BG" i { oG Do léch chuan cia G
i _Phan bo Ph{m bo o H B : Chi sb dé tin cay
g tai trong, (L) do beén, AS) g
w v
(&) =]
2 G
P #
) = AG=S-L)
&é. ‘E‘
= .3 5
.= Mién khéng ,g Mién an toan,
T antoan, = G=0
G <0 : l
tuL “S L, S —» 0 ,UC G—
(a) Phan b tai trong va do bén (b) X4c sudt xay ra sy ¢b

Hinh 2. M6 ta cac bién ngau nhién, danh gia quan hé gitra xdc suat xday ra sy co va chi so do tin cdy.
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Nhu da trinh bay & trén, phuong phap thiét ké truyén thong 1a phuong phéap tat
dinh. Theo phuong phap nay, gia tri ciia tham sé thiét ké nhu tai trong L va do bén S
duoc xem 1a xac dinh va duy nhét. O day, chung ta c6 thé hiéu rong quan hé giita L va S
chinh 1a diéu kién thiét ké bao ham céc tham sb vat 1y ctia h¢ théng nhu tan sd, gia tdc,
chuyén vi, thoi gian cua chu trinh lam vi¢c... HE théng duoc coi 1a an toan hoac dam
béo khi strc chiu tai cua hé théng du 16n so vaéi tai trong ma nd phai chiu ké ca khi c6 su
hién dién cta hé sb an toan. Tuy nhién, trong thuc té cac tham sd tai va strc chiu tai néi
chung 13 cac bién ngiu nhién véi cac quy luat phan bd nhu trén hinh 2(a), ngay ca
truong hop an toan trong thiét ké truyén thdng thi s& co xudt hién ving khong an toan
(phan gach chéo, gié tri cia tham s6 do bén nho hon tham s tai trong). Thém vao do,
hinh dang dic trung ctia cic phan bd nay s& quyét dinh dang cua ving khong an toan.
Ly thuyét do tin cay cho phép dinh lwong va kiém soat ving can quan tim nay. Viéc
tinh toan xac suét phéd héng/xdy ra su cd cia mot hé théng dua trén phan bd cta ham
trang thai G:

G=S—L 9)
cho thiy rang ham trang thai G phu thudc vao dic tinh ngau nhién/phan bd cac tham sb
hé théng S va L. Truong hop G < 0 duogc coi 1a xay ra hu hong va rd rang hu hong
khong xay ra & ving gia tri con lai, G > 0 (Hinh 2(b)). Theo d6, xac suat hong/thiét hai
ctia h¢ dugc xac dinh 1a P{G <0}. Cha y thém rang, khoang cach giira gia tri trung
binh ctia ham trang thai uc va trang thai gidi han G = 0 bang d6 1éch chuan oc nhan voi
hé s6 p, thuong duoc goi 1a chi s6 do tin cay. Co thé noi, nodi dung nghién ctru phan bd
clia cac ham trang thai chinh 1a budc co so trong bai toan thiét ké hé thong theo 1y
thuyét d tin cay.

V&i hé clu truc néu ¢ muc trude, cic tham sd duoce xem 13 bién ngéu nhién gém:
d6 cung El, khbi luong dam cau mp, khéi lugng xe toi me, khdi lwong vat nang mp va
chiéu dai nhanh cap treo vét nang |. Vecto dai lugng ngau nhién dau vao cta hé thong
dugc viét: €= & 1s :[EI m, m, m, ||. Trong nghién ctru nay, cac bién ngiu
nhién ¢ dugc gia thiét 1a doc 1ap va tudn theo phan phdi Gaussian véi gié tri trung binh

& vatham so ngau nhién vi:

§=&W0+) (10)
trong d6: tham s ngau nhién yi dwoc mo ta boi voi gia tri trung binh 7 va d6 1éch
chuan o,=1 (xem hinh 4 cho ham phan b ctia bién ngau nhién El ¢ cac do 1éch chuan
gia dinh khac nhau).
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Céc dic trung cua c4c dai luong ngiu nhién dau ra (dap tmg dong luc hoc cia hé

théng) 7= [7].; ={u,u,l} duogc xét dén nhu sau:

_ 1 . 1 . _

S

(11)

3

1 ;
, Ku, = N_Z:\lzl

trong d6: 7 1a gia trj trung binh, o, 1a do léch chuan, Sk la d6 léch ctia phan b va

4

T, —T T, —T

1 N,
Sk, = N_Zi:l

S

g

T

()

T

Ku, 14 d6 nhon ctia phan b, Ns 12 kich thudc mau.

Véi viéc khai luge vé phuong phép thiét ké theo 1y thuyét do tin cay (thiét ké ngiu
nhién) néu trén, bai bao sé& tap trung nghién ctru cac dap ung dong luc hoc ciia dam cau
khi ké dén vecto bién dau vao ngiu nhién ké trén trong phan tiép theo.

4. Két qua va nhan xét
4.1. Dao dpng ciia dim vdi tham sé don dinh

Gia tri cac tham s6 dic trung cua cau truc duoc khao sat dugc 1ay nhu sau [3, 5]:
El = 4,50 x 10* Nm? mp = 163,2 kg/m, m¢= mp = 97,9 kg, L = 6 m, | = L/3. Téc d6 xe
toi 1a v = 0,4 m/s. Tai thoi diém ban dau: goc lic va gia tc lic cua vat nang dugc gia
dinh 1a &0) = -0,01 rad [2], 6(0)=0; gi4 tri cia cic 4n ham dugc cho nhu sau:
q,(0)=0, g,(0)=0 voi i =1,.., N. H¢ phuong trinh vi phan (4) duoc gidi véi phuong
phap Newmark-£ néu ra ¢ cac cong thic (6) dén (8). Chuong trinh tinh duoc viét trong
phan mém Matlab.

a b
0 ) 0.04 )
= ===N=1 =
> N =10 ~. 0.02
A A
N -0.05 ~ 0
5 3
= 5002
0.1 -0.04
0 02 04 06 08 1 0 02 04 06 08 1
vt/L vt/L[—]
c) d)
0.2 0.01 —7
&%
@ 04 0.005
E =
S 0 £ 0
~ Y
= 01 -0.005
=
-0.2 -0.01
0 02 04 06 08 1 0 02 04 06 08 1
vt/L[—] vt/L[—]

Hinh 3. Chuyén vi, vén toc va gia toc cia dam cau tai diém gitra (a-C)
VA ciia vdt ndng (d) trong sudt thoi gian xe toi di chuyén hét chiéu dai dam cau.
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Trén hinh 3 thé hién két qua khi chi tinh mode dao dong dau tién (N = 1) va khi
tinh dén muoi mode dau tién (N = 10). Trong hai truong hop tinh toan, dic tinh chuyén
vi va van tdc thé hién két qua rat twong dong, xem hinh 3(a)-(b); tuy nhién két qua dic
tinh gia tdc lai co su khac biét rd rét, xem hinh 3(c). Diéu nay cho théy viéc gidi han &
mode dau tién chi dam bao d¢ tin cdy ciia két qua tinh toan ddi v6i cac dap ung chuyén
vi va vén tdc, nhung khong dam bao do tin cay dbi voi dap tng gia toc. Bé dam bao do
tin cdy ciia két qua tinh toan & phan sau st dung N = 10.

Két qua chuyén dong lic cia vét nang dugc thé hién trén hinh 3(d). Bang viéc sir
dung phép chuyén nhanh Fourier, tan s6 dao dong cua vat ning tinh duoc xap xi 0,333 Hz,

gia tri nay gan bang véi tan sd f,= 2iﬂ/ g/1 . Két qua nay rat twong dong voi két qua
T

da cong bd o [5, 8].
4.2. Dao dgng ciia dam véi tham sé ngdu nhién

Gia thiét rang cac dai luong ngau nhién c6 cing gia tri do 1éch chuan & cac muc
khac nhau o, ={0.01,0.05,0.10,0.15}. Gia tri trung binh cta cac tham s$b ngﬁu nhién
dau vao ( E. ) dwoc chon 1a cic gid tri don dinh trinh bay & phan 4.1, tac 1&:
El =4,50 x 10* Nm? m, =163,2 kg/m, m,= m  =97,9kgva | =2 m. Hinh 4 trinh
bay ham phan b ciia bién ngiu nhién EIl ¢6 do rong 16n dan theo chiéu ting ctia d6 1éch
chuan. Chu ¥ rang, do ¢ cung luat phan bd nén sau khi chuan héa véi gia trj trung binh
thi ham mat d6 phan bd cta cac bién ngiu nhién con lai déu c6 hinh dang tuwong tu. Dé
tinh toan dong luc hoc ctia hé thdng khi ké dén tinh bat dinh ctia cac tham sd, sb luong
cau hinh cdu truc twong tng voi kich thude mau thir Ns = 10* s& duoc khai tao, sau d6
giai ting cau hinh nhu trong trudng hop don dinh trinh bay & phan 4.1.

T T
E 200 o, =0.01
o

o .

0.5 1 1.5

‘ ‘
B ool 0., = 0.0 i
=¥

0 ‘

0.5 1 1.5

T T
E 200 oy, = 0.10 i
&

o .

0.5 1 1.5

‘
0, =0.15

0.5 1 1.5
EI/ET

Hinh 4. Ham mdt dé phin bé (PDF) ciia bién ngau nhién do cirng EI
& cdc dé léch o, chudn khdc nhau.
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Trude hét, bai bao nghién ctru anh huéng cia cac dai lwong ngau nhién cua mo
hinh dén phan bd cua cac dap tng dong luc hoc cua co hé. Pé ¢ nhitng két qua minh
hoa cho bai bao, cac gia tri chuyén vi, van tdc va gia tdc cua chinh giita dam (X = L/2)
s& duogc xét t6i trong qua trinh di chuyén cua xe toi trén chiéu dai dam cau.

Két qua thé hién trén hinh 5, 6 va 7 tuong mg voi chuyén vi, van tc va gia toc
clia mat cit giita dim & 4 gia tri d6 1éch chuan khac nhau. Céc hinh thanh phan tir (a)
dén (d) g voi céc gia trj o, tang tr 0,01 dén 0,15. Trén c4c hinh nay, duong nét ddm
trung tAm 1a gia tri trung binh, con ving t6 mau dugc hinh thanh tir bién gi4 tri 16n nhat
va nho nht tai ting thoi diém tinh toan. Luu y rang kich thude mau Ns = 10%. Dic diém
chung nhit c6 thé d& dang nhan ra 1a khi ting d6 1éch chuin cia cac bién ngu nhién thi
pham vi thay ddi ctia cac tham sé mo ta Gmg xir dong luc hoc ting 1én (d6 rong ctia ving
t6 mau ting tir hinh (a) dén hinh (d)). Thém vao d¢, gié tri trung binh cia cac Gmg xtr co
xu hudng tron hon véi cac gia tri do 1éch 1on. Piéu nay c6 nghia rang, cac bién ngiu
nhién da lam thay ddi ca vi tri va do 16n cta cac diém udn cuc bo trén duong déc tinh.

a) b)

0 0

-0.05 -0.05

u(L/2)[m]
u(L/2)[m]

-0.1

o) vt/ L a)

[} 0

-0.1

u(L/2)]
u(L/2)[m]

-0.2

9 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8
vt/ L vt/ L

Hinh 5. Chuyén vi ciia mdt cdt giita dam véi cdc gia tri o, -

0,01 (a), 0,05 (b), 0,10 (c) va 0,15 (d). '

i(L/2)[m/s]
i(L/2)[m/s]

-0.05 -0.05
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8

.Ut/L. -vt/L.

0.05

i(L/2)[m/s]
(L/2)[m/s]

*S -0.05

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8
vt/L vt/L

Hinh 6. Vdn toc dao dong ciia mat cat gita dam véi cdc gid tri o,:

0,01 (a), 0,05 (b), 0,10 (c) va 0,15 (d).
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Hinh 7. Gia téc gitta dam véi cdc gid tri &, 0,01 (@), 0,05 (b), 0,10 (c) va 0,15 (d).
4.3. Pdanh gid ddc trung phin bé ciia cdc déap teng dong lie hoc
Miic d6 bat dinh cua céc g xir ngiu nhién s& duoc danh gia theo cong thic sau [21]:

2-Iower (tl )
I:Tupper + Tlower :I / 2

trong d0, 7, () Va 7, (T) 12 gié tri bién phia dudi va bién phia trén cua ddc trung

¥ =100%.| 1— (12)

dong luc hoc 7=4{u,u, i} ¢ thoi diém khong thir nguyén T =vt. /L.

100 T T T T T T T
[—e—0, =001 —&—0,, =005 05, =010 —5—0,, = 0.15

60 - 7

U[%]

40+ 1

20 T
O 1 1 1 1 1 1 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Hinh 8. Mikc dé bdt dinh ciia chuyén vi tai mat cat chinh giita dam & cdc dg léch chudn.

Két qua danh gid muc do bat dinh cua chuyén vi clia mit cét gitra dam cau duogc
thé hién trén hinh 8 va bang 1 tai cac thoi diém § ={0.1, 0.3, 0.5, 0.7, 0.9}. Két qua

tinh toan ciing cho thay sy anh hudng cta do 1éch chuan oy cua cac dai lugng dau vao &
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dén mtrc d6 bét dinh cua dap ting cua cAu truc 7. Khi tang d6 léch chuin oy tr 0,01 dén
0,15 thi ting tuong ung gia trj cua W tir 6,72 % dén 73,63 %.

Bdng 1. Két qua ddanh gid mirc dg bat dinh ¥ ciia chuyén vi giita dam

P léch Vi tri ciia xe toi trén dim ciu, vt /L [-] Gia tri
chuén, o, 01 0.3 0.5 0.7 0.9 trung binh
0,01 6,59 6,50 4,52 5,02 10,94 6,72
0,05 29,87 28,62 23,43 26,13 35,77 28,77
0,10 56,34 52,63 49,65 53,08 56,11 53,56
0,15 77,67 73,27 70,86 72,68 73,68 73,63

Trong phén tiép theo, cac dac trung phan bd khéc cua cac ung xu dong luc hoc s&
duogc khao sat. Hinh 9 thé hién do 1éch cua cac dic trung dao dong (mirc do ddm cua cac
nét thé hién theo do 16m cua do 1éch chuin dau vao). Dé théy réng, tang do 1éch chuin
cua cac tham sb dau vao din dén tang do 1éch chuin cua ca ba thong ) chuyén Vi, van
tde va gia tdc. Thém vao do, véi chuyén vi mirc do 1éch chuan 16n nhit & xe toi di qua
chinh gitra dam, nguoc lai van tde va gia tde dat gia tri lon & cudi hanh trinh cta xe toi.
b)

o, = 0.01
o, = 0.05
0., = 0.10
e 7, = 0015

0 0.2 0.4 0.6 0.8 1
vt/L

Hinh 9. B léch chudn ciia chuyén vi (a), van toc (b) va gia toc (c).

Két qua thé hién trén cac hinh 10 dén 12 trinh bay cac thong tin ddc trung phan b
cua cac dap trng dong lyc hoc. Cu thé, hinh 10 trinh bay ham phan bd cua cac dic trung
dong luc hoc khi thoi diém xe tOoi xudt hién tai vi tri chinh gitra dam,
ti = L/(2v) = T/2, v6i T 1a thoi gian xe toi di hét chiéu dai ddm cau. Két qua cho thdy cac
phan bd nay rat khac biét: Chuyén vi co phan bd léch phai va nhon (Sk = -0,0278,
Ky = 2,91), van téc c¢6 phan bd 1éch trai va phang (Sk = 1,90, Ky = 7,01) va gia tdc ¢
phan b 1éch phai va nhon (Sk = -0,49, Ky = 2,90).
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Hinh 10. Ham phdn bé ciia Chuyén vi (a), vdn toc (b) va gia toc (c) dao déng giita dam (LI2)

tai thoi diém xe toi & chinh giita dam cau (T/2).

Trén hinh 11 va 12 trinh bay cu thé hon vé sy thay doi cac dic trung ctia ham
phan bd (do 1&ch va do nhon) véi tat ca cac thoi diém khao sat. Két qua cho théy, dac
diém phan b cac tng xir ctia hé phu thudc vao ca hai yéu to 1a do 1éch chuan cia bién

dau vao va thoi diém xét hay chinh 1a vi tri ctia xe to1 trén dam cau.

) 0.2 0.4 0.6 0.8 1
vt/L

Hinh 11. Két qua gid tri dé léch ham phdn bé chuyén vi (a), vén téc (b) va gia toc (c).
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Hinh 12. Két qua gid tri do nhon ham phdn bo chuyén vi (a), van toc (b) va gia toc (c).
5. Két luan

Trong bai bao nay, dong luc hoc hé cau truc di duoc nghién ctru khi xem xét cac
tham s mo hinh 13 dai luong ngiu nhién. Cac tham s6 dau vao cta co hé dugc gia thiét
1a cac bién ngiu nhién tuan theo quy luat phan bd Gauss. Sir dung phuong phap mo
phong Monte-Carlo, 4nh hudng cia cac dai lugng ngu nhién dau vao dén dap tng cua
hé thong di duoc khao sat chi tiét. Két qua nhan duoc cho thiy rang: (i) O bai toan tat
dinh, can phai sir dung s6 lugng mode dao dong di 16n dé tinh toan dic tinh gia toc ca
co hé so vé6i trudng hop xéac dinh cac dic tinh chuyén vi va van téc; (ii) Do 1éch chuan
ciia cac tham sd dap tng dong luc hoc phu thudc vao vi tri cua xe toi trén dam cau.
Cu thé, chuyén vi dam cau tai mat cat chinh gitra dam dat d6 1éch cuc dai khi xe tdi 6 vi
tri gitra dam trong khi dap tng van toc va gia tdc dat gia tri cuc dai khi xe ¢ vi tri cudi
dam; (iii) Do léch chuan cua bién ngiu nhién dau vao c6 anh hudng 16n dén mic bat
dinh cta cac dap tmg dong luc hoc ciia hé thdng, véi gia tri oy = 0,15 thi c6 thé giy ra
mirc bat dinh ~75 % ciia chuyén vi dim cau; (iv) Cac dic tinh phan b cta cac tham sb
dong luc hoc mo ta dap trng cua hé 1a da dang va hoan toan khac biét voi tham sb ngau
nhién dau vao.

Bai bao mdi nghién ctru mé hinh cau truc don gian va dimg lai & danh gia dic
trung phan bd cua cac Gmg xtr dong luc hoc. Hudng nghién ctru tiép theo c6 thé phat
trién 1a mo rong bai toan dé khao sat cho cac hé cau truc phtc tap hoac ké dén nhiéu
tham s mé hinh khac c6 ké dén cac dic trung ngau nhién. Trén co sé phuong phap
trinh bay, nghién ciru toi wu thiét ké va diéu khién ciu truc véi cac diéu kién rang budc
& d6 cac ham trang thai & cong thuc (9) s& duoc xdy dung va kiém soat voi c4c tidu chi
cu thé (nhu do vong, gia tbc dao dong, goc lac vat nang, toe do 1am viéc).
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VIBRATION RESPONSES OF OVERHEAD CRANE GIRDER
WITH THE MODEL PARAMETERS AS RANDOM VARIABLES

Abstract: According to the stochastic design method, the state functions of the design
conditions are often built with the appearance of the input random variables with the
hypothetical distribution functions and the random responses obtained from the solution of the
computational model. This article investigates dynamic behavior of an overhead crane within
the system parameters as random variables. First, the physical modeling and differential
equation describing the motion of the crane system are derived using the Lagrange equation.
Then, the numerical Newmark-g integral method is applied for characterizing dynamic
responses of the crane system. Finally, the dynamic responses of the bridge beam are
investigated when assuming the model parameters follow the normal distribution. The obtained
results show that the distribution characteristics of the vibration response parameters of the
bridge girder depend on the standard deviation of the input parameters and the position of the
trolley during the investigation time. Specifically, a standard deviation value of 0.15 can cause
an uncertainty ~75 % of displacement at the cross-section in the middle of the girder.

Keywords: Overhead crane; vibration response; uncertainty quantification;
Monte-Carlo simulations.
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