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Nhan dang suy giam do cung tiét diéen két cau
bang phuong phap giai lién tiép cac bai toan thuan

|dentification of stiffness reduction in structure by consecutive method of the forward
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TGM TAT

Bai bao trinh bay phueng phap gidi bai toan nhan dang vi tri va he
s suy gidm d@ citng tigt dién cia ket céu. Bai toan dat ra duge
gidi theo phuong phap gidi lién tiép céac bai toan thuan dya trén co
str cuc tigu hoa dd [ech quan phuong - 13 tdng binh phuong sai s
giita céc gia trj tan sd dao dang rigng do dac va tan sd dao ding
rigng tinh toan - ket hop vai phuong phéap phén tir hiru han, Tor ket
qué tinh toén bing sd, ca thé khang dinh ma hinh, thuat toan va
chueng trinh tinh 13 tin cay, co thé st dung dé nhan dang vi tri va
hé sd suy gidm dd ciing tigt dign cia ket céu.

Tir khaa: Suy gidm; dd cing tigt dign; tan si dao dang riéng; tinh
toan; do dac.

ABSTRACT

This paper presents the results of identification of stiffness reduction in
structure. The problem is solving by the consecutive forward problem
of structure analysis and minimize the squared error between the
measured and calculated natural frequencies of the actual structure
and finite element model. From the numerical calculation shows,
models, algorithms, and calculation programs are reliable. The program
can be used to of stiffness reduction in structure.

Keywords: Reduction; stiffness; natural frequencies; calculate;
MEasure.

1.DAT VAN DE

Ngay nay, viéc xac dinh trang thai ky thuat clia két cau la rat
can thiét va hét sic quan trong, trang thai ky thuat cta két cdu phu
thudc nhiéu vao su thay ddi clia cac tham sé két cdu nhu suy gidam
d6 cung tiét dién, hu hong cuc b, xuat hién vét nit, suy giam lién
két vGi moi trudng, ... VGi két cau ban dau, do cing tiét dién la
mot tham s6 biét trudc, tuy nhién, trong qua trinh van hanh khai
théc, ¢ nhiéu trudng hgp dé clng tiét dién khéng da diéu kién
xac dinh nhu:

- C6 su sai léch trong qua trinh thi céng xay dung so véi hé so
thiét ké, su thay di nay khong dugc ghi nhan trong hé s hoan
cbng, vi tri tiét dién & nhiing vi tri khé st dung céc ky thuat dé cé
thé xac dinh dugc kich thudc tiét dién, chat lugng clia vat liéu;

- Trong qua trinh khai thac st dung, tiét dién két cau c6 thé bi
suy giam do cung.

Do d6 viéc nhan dang vi tri va hé sé suy giam do cing tiét dién
Ung vGi trang thai lam viéc thuc té cla két cau trén sé liéu do dac
hién trudng (tan s6 dao déng riéng, chuyén vi, bién dang, ...) la rat
can thiét.

DE giai bai toan nhan dang két cdu néi chung, nhan dang vi tri
va hé s suy gidm do cing tiét dién ndi riéng, cé thé ap dung
nhiéu phuong phap nhu: phuong phap giai lién tiép cac bai toan
thudn, ung dung ANN, phuong phap ham phat (penalty), phuong
phap quy hoach phi tuyén, ...[1, 3, 4, 5].
cac bai toan thuan, day la phuong phép c6 thé tan dung cac
chuang trinh tinh toan két ciu hién c6, dé nhan dang vi tri va hé s
suy giam dé cung tiét dién, la phuong phap hiéu qua trong truéng
hgp théng tin thu thap dugc khéng day dud, nhiéu dang khac nhau,
nhu bao gém tan s6 dao dong riéng, chuyén vi, bién dang, ... [4,5].

2. PHUONG TRINH CHUYEN PONG CUA HE KET CAU
Khao sat hé két cau duédi dang khung khéng gian chiu tac dung
tai trong dong (hinh 1) trong hé toa d6 vuong goéc Oxyz.
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Hinh 1. Két cdu khung khong gian

Thiia nhan gia thiét bién dang ctia hé két cau la dan hoi tuyén
tinh va bé. M6 hinh tinh clia két cdu dugc thé hién trén hinh 2.

Dé tinh toan cac tham s6 dao dong cla hé két cau sé st dung
phuong phap phan ti hiru han (PTHH).

Phuong trinh chuyén ddng cda hé két cau theo phuong phap
PTHH [2,5], sau khi da dua cac diéu kién bién vao hé, c6 thé thiét
lap dugc dudi dang:

MU(®)+CU@) +KU() =P(1) , (1)
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trong do: U(¢),U(#), U(¢) - tuong tng la cac véc to chuyén vi,
van téc va gia toc nat cha hé két cau;

M,K, C - tuong Ung la cdc ma tran khéi lugng, ma tran do
ciing, ma tran can cla hé két cay;

P(t) - véc to tai trong quy nut cla hé két cau.

Ma tran can cla hé két ciu c6 thé tinh theo ma tran khéi lugng
va ma tran do cing dudi dang:

C=aM+pK, 2)

trong d6: a, - cac hé sé phu thudc vao céc tan s6 dao dong
riéng cla hé va hé s6 can nhét cla vat liéu.

Cac ma tran cda toan hé trong phuong trinh (1) c6 thé xay
dung tUr cdc ma tran cla cac PTHH trong hé bang phuong phap
“d6 cuing truc tiép” [2,5]. Dudi day dan ra cadc ma tran ctia cac PTHH
d6i vai hé két cau thanh khong gian.

Cac ma tran khéi lugng m, ma tran do ciing k , véc to tai trong quy
nut p clia phan tirtrong hé toa d6 cuc bd dugc xac dinh theo [2,5].
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Hinh 2. M6 hinh tinh hé két cdu thanh khong gian

Phuong trinh dao déng riéng cla hé:

KU@)+MU®) =0 3)

DéE giai (3), tac gid st dung phuong phap lap Power- Sweeping [5].

3. BAI TOAN NHAN DANG SUY GIAM PO CUNG TIET DIEN
VA PHUONG PHAP GIAI

Dé xay dung céac thuat toan nhan dang suy gidam doé cung tiét
thuan” [2,4,5] clia ly thuyét chdn doan ky thuat céng trinh véi tham
s6 nhan dang 1a vi tri (s6 hiéu phan td) va hé s6 suy giam do ciing
tiét dién trén co s& cac tan sé dao dong riéng do dac dugc bang
thi nghiém déng cta két cau tai hién trudng.

Qua trinh giai bai toan sé lién quan dén cac ndi dung tinh toan
ddéng luc hoc cong trinh, véi n6 sé sit dung phuong phap phan tu
hiu han (PTHH) ma cac thuat toan cda ching da duoc thiét lap
trong [3,5].

Theo phudng phap nay, sé phai gidi nhiéu bai toan thuan vai cac
gié tri tham s6 nhan dang thay déi, trong nhiéu trudng hgp s6 lugng
bai toan thuan can giai la rat 16n (c6 thé dén hang nghin bai toan). Do
d6 viéc st dung cac phan mém phan tich két cdu (thi du nhu SAP,
LUCAS, ...) sé& khong kha thi, can c6 mét chuong trinh tinh toan két cau,
ma tich hgp trong d6 kha nang tu déng thay déi tham s dau vao (&
day la phan tr co su suy giam do cling tiét dién).

Dudi day la cac budc xay dung mé hinh tinh, thuat toan dé giai
bai toan nhan dang vi tri va hé s6 suy giam dé clng tiét dién bang
method of the forward problem:

1. R&i rac héa két cdu cong trinh thanh cac PTHH.
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2. Chon véc to vi tri va hé s6 suy gidam dd cing tiét dién
SG =[pt, pt, ...pt, Ky Kegy Ky, 1" 1am tham s6 nhan dang va
chon véc ta tan s6 dao dong riéng Q=[w, @, ..o, | cta két cdu

lam tham s6 trang thai cta hé.

3. Xac dinh cac kich thudc hinh hoc cia hé két cau cé tinh dén
cac s6 liéu khao sat truc quan tai hién trudng.

4. Tién hanh thi nghiém do dac tai hién trudng cac tan s6 dao
déng riéng thap nhat (véc to tham sé trang thai) cha két ciu:

T N w A
Q° =[a)l° @’ a)oa)oJ , V6i: @ (i =1+ m)- cic tn s6 dao déng
riéng thap nhat do dac duoc cla két cau tai hién trudng.

5. Rdi rac hda véc to tham sé nhan dang SG, thanh cac bo gia
tri r&i rac (véc to), trong do6 hé so6 suy giam do cuing tiét dién trong
khoang bién thién du doan.

6. Tinh véc to tan s6 dao dong riéng Q (véc ta tham s6 trang

thai) ctia két cdu céng trinh theo cac véc to gia tri khac nhau cla
krt/ ta dugc:

c _ c c c c
Qf —[a)]j @5 .00

mj

T
:| Ji=l-m,j=1+k,
véi: @] -tan s6 dao dong riéng tinh todn thiri tuong ting véi krr’
7.Tinh téng binh phuong d6 léch gita Q¢ va Q°:

i

5/_2 :Z(wi/_c_wo 2,j:1+k
i=1

8. Tim gia tri nhé nhat cdia d6 léch quan phuong: 62,
Vécto SG, =SG’ tuong tng véi 5’

2, s€ la tham s6 nhan dang
(vi tri va hé sé suy gidam do culing tiét dién) can tim.

Sau khi da xac dinh dugc véc ta vi tri va hé sé suy giam do cing
tiét dién theo phuong phép & trén, cap nhat vao so d6 tinh két cau
(trong chuong trinh tinh két c4u) sé xac dinh duoc cac dai luong co
hoc clia cong trinh (trang thai chuyén vi, néi luc, Ung suat,... cla
két cau) tuang Ung véi tai trong thiét k&, trén co s& dé sé danh gia
dugc trang thaéi ky thuat hién tai ciia céng trinh va dé xuat cac van
dé ky thuat can giai quyét dé duy tri su lam viéc binh thudng cla
céng trinh trong thai gian tiép theo.

V6i cac thuat toédn trén, tac gid da xay dung chuang trinh CMFP
(Consecutive method of the forward problem) dé giai bai toan nhan
dang vi tri va hé s6 suy giam do cung tiét dién trong két cau theo mé
hinh két cu thanh khéng gian bang ngén ngt MATLAB.

4. TINH TOAN BANG SO

Tinh toan bang s6 dudi day dugc thuc hién nham kiém tra do
tin cdy clia cac thuat toan va chuong trinh da 1ap. Nhan dang vi tri
va hé sé suy giam do cing tiét dién cta két cdu dam conxon cd
dang nhu hinh 3.

El =
3 ﬁ
N o
\, 710mm \, 60mm
Y 1
Hinh 3. M6 hinh két cdu cla tinh toan béng s6
X L
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* 56 liéu xuat phat.

- Két cau dam thép mét dau ngam (conxon) dai 710 mm, tiét
dién 60x8 mm nhu trén hinh 3; mé dun dan héi cha thép:
E=2,03.10” T/m? trong lugng riéng thép: y = p/ g =7,85 T/m>.

- Chon sai s6 cho phép: £ =0,5%

* R&i rac hoa PTHH d6i vai két cau: Pugc thé hién trén hinh 5
vGi 11 nat, 10 phan ta.
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Hinh 5. S d6 tinh

*Truong hop 1:

Coi két cau chi c6 01 phan tir suy gidm doé cling tiét dién (trén
toan bo phan tu), véi hé s6 suy gidm kse= 0,8 (80%), khi do6 s6
lugng tham s6 can nhan dang la 01 tham s6 (pt,, - s6 hiéu phan t&
suy gidm do cung tiét dién).

- Véc to do dac (gia dinh):

o' =[a of o] ~{12,78 80.38 225.76] (@

Day thuc chat khéng phai la cac gia tri do dac that ma la cac
tan sé dao dong riéng tinh toan déi vai két cau véi 01 phan ta (sé
1) suy gidm dd cing, véc to vi tri va hé sé suy gidam do cing tiét
dién nhu sau:

SG=[pt,]" =[1]". (b)

- Tham s6 nhan dang ldc nay la:

SG, =[pt,]", s6 tham s6 nhan dang la 01 tham s6.

- SO truong hgp tinh toan: Trong bai toan nay, lan lugt cho
tiing phan tl suy giam d6 cuiing tiét dién (10 phan tu, tuong ting c6
10 trudng hop tinh toén).

- Két qua tinh toan:

+ Gid tri nhd nhat cla dé léch quan phuong:
Sk, =67=0,1327, tuong Ung véc td tham s6 trang thai

min

Q=0 oo ]T =[12,784 80,383 225,756]"

+ Véc to tham s6 nhan dang tuong Ung la
SG,=[pt,]" =[1]" kN.m. K&t qué dung vdi gia tri gia dinh ban dau.

* Truong hop 2:

Coi két cau chi c6 02 phan tir suy gidam do cling tiét dién (trén
toan bd phan tl), v6i hé sé suy gidm kse= 0,8 (80%), khi dé s6
lugng tham s6 can nhan dang 1a 02 tham s6 (pt,, - s6 hiéu phan tu
suy giam do cuing tiét dién).

- Véc to do dac (gia dinh):

T

Q'=[o &) o] | {1252 8040 221,46 ©

Day thuc chat khéng phai la cac gia tri do dac that ma la cac
tan s6 dao déng riéng tinh toan doi véi két cau véi 02 phan tl (s6 3
va s6 4) suy giam dé clng, véc ta vi tri va hé s6 suy giam dé ciing
tiét dién nhu sau:

SG=pt, pt,]' =[34]". (d)

- Tham s6 nhan dang ldc nay la:

SG, =[pt,, pt,,]", s6 tham sé nhan dang la 02 tham s&.

- SO truong hgp tinh toan: Trong bai toan nay, lan lugt cho
ting cdp 02 phan tu suy giam dé cuing tiét dién, c6 10¥9=90
trudng hop tinh toan.

- Két qua tinh toan:

+ Gid tri nhd nhat cla dé léch quan phuong:
S, =065,=0,1188, tuong Ung véc to tham s6 trang thai

min

c r T
Q=[0 o, o, | =[12,516 80,399 221.463]

+ Véc to tham s6 nhan dang tuong Ung la
SG,=[pt, pt,]" =[3 41", 1a trudng hgp cac phan td 3, 4 suy gidm
d6 cung tiét dién véi hé sé 80%. K&t qua ding vdi gia tri gia dinh
ban dau.

* Truong hop 3:

Coi két cau chi c6 02 phan tir suy gidam do cing tiét dién (trén
toan bd phan tu), vdi hé sé suy gidm kse bang nhau va c6 thé thay
d6i tir 0,5 - 0,9 (50% - 90%), khi d6 s6 lugng tham sé can nhan dang
la 03 tham s6 (02 pt, - s6 hiéu phan ti suy gidm d6 cting tiét dién,
va 01 hé s6 suy giam kg, ).

- Véc to do dac (gia dinh) nhu trudng hgp 2.

- Tham s6 nhan dang ldc nay la:

SG, =[pt,, pt,, ke 1", s6 tham sé nhan dang la 03 tham sé.

- SO truong hgp tinh toan: Trong bai toan nay, lan lugt cho
tiing cap 02 phan tl suy giam do cing tiét dién, hé sé suy giam d6
cling thay déi ti 50% dén 90%, c6 10%9*5=450 trudng hop tinh
toan.

- Két qua tinh toan:
+ Gid tri nhd nhat cta do
=62

104
T
Q=[0 o, o, ] =[12,516 80,399 221.463]'
+ Véc to tham s6 nhan dang tuong Ung Ila
SG,=[pt, pt, ke 1" =[340,8]", la trudng hgp cac phan td 3, 4 suy

gidm dé cuiing tiét dién véi hé s6 suy gidm kss=80%. Két qua dung
Vi gid tri gia dinh ban dau.

léech quan phuong:

52 =0,1188, tuong Ung véc td tham s6 trang thai

‘min

5. NHAN XET

V@i véc to tham so trang thai do dac dugc (tan s6 dao dong
riéng), st dung chuong trinh tinh da lap (CMFP) cla tac gid, xac
dinh dugc su suy gidm do cling tiét dién trong két cau déu dung
VGi gid tri gia dinh ban dau, do d6 mé hinh, thuat toén va chuang
trinh tinh da 1ap ddm bao d9 tin cay, c6 thé sit dung dé nhan dang
su suy giam do cing tiét dién trong két cdu bang phuong phap
bé gia tri d6 cing tiét dién trén may tinh), trén cg s& dé cap nhat
gia tri d6 cing tiét dién dé tinh toan trang thai Ung sudt, bién
dang, céc tham s6 déng luc hoc clia két cau, lam can cir danh gia
trang thai ky thuat hién tai ctia cong trinh va dé xuat cac van dé ky
thuat can gidi quyét dé duy tri su lam viéc binh thusng cla céng
trinh trong thai gian tiép theo.
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