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Tom tit

Trong bai béo trinh bay phuong phép gidi bai toan nhan dang do cing ngam dan hoi ctia he két c&u thanh - coc. M6 hinh tinh cda bai
toan la hé két c4u thanh - coc dudi dang khung khong gian, bién dang dan hdi tuyén tinh, thay lién két coc - nén bang ngam dan hoi.
Bai toan ddt ra duoc gidi theo phuong phép gidi lién tiép cac bai toan thuan dua trén co s¢ cuc tiéu hoa do lech quan phuong - la
tdng binh phuong sai s6 gitia cac tan s6 dao dong rieng do dac va tan s6 dao dong riéng tinh todn - két hop voi phuong phap phan ta
hdu han.

Turkhoa: gidi lién tiép cac bai toan thudn, do cung ngam dan hoi, tan s6 dao dong riéng do dac, nhan dang, thanh - coc.

Abstract

This paper presents the results of identification elastic restraint of the structure on the pipe - foundation. The model of the problem is
the structure on the pipe - foundation as three-dimensional, linear elastic deformation, linked deposit - should be replaced with elastic
restraint. 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 identify the elastic restraint of is the frame -

pile structure as three-dimensional.

Keywords: the consecutive method of the forward problem, elastic restraint stiffness, frequencies measured, identification, frame - pife.

1. M& dau

Trong tinh toan két c&u thanh - coc - nén, c6 thé st dung nhiéu
mo6 hinh khac nhau dé€ mé ta lién két coc — nén nhu: mo hinh
chiéu sau ngam tuong duong, mo hinh lién két dan hdi trén toan
bo than coc, mo hinh ngam dan hoi,.... V&i mo hinh ngam dan
hdi, do cing ngam dan hoi theo cic phuong c6 thé dugc xac
dinh theo Venkataramana [1], tuy nhién, trong nhiéu truong
hop, do cing ngam dan héi khong da diéu kien xac dinh nhu:

- Trong qua trinh khai thac str dung cac coc co thé bi suy
giam lién két v6i nén theo thoi gian, do do do cing ngam dan
héi bi thay ddi;

- Cac tinh chét co ly nén khong day du dé co thé xac dinh
chinh xdc do cing ngam dan hoi.

Do d6 viéc nhan dang do cing ngam dan hoéi (k .k,) ing
véi trang théi lam viéc thuc t€ cta coc (trén co so cac tan s6 dao
dong riéng do dac tai hién truong), trén co s& d6 xac dinh trang
thai ky thuat caa két cdu 1a rdt can thiét va hét stic quan trong.

Dé gidi bai toan nhan dang két cdu, co thé ap dung nhiéu
phuong phdp nhu: phuong phap gidi lién ti€p cac bai toan
thuan, dng dung truc ti€p phan mém MATLAB, phuong phap
ham phat (penalty), phuong phap quy hoach phi tuyén,...[5].
Trong bai bdo nay, tac gid s&tr dung phuong phap giai lién tiép
céac bai toan thuan dé nhan dang do cing ngam dan hoi cta lien
két coc - nén.

2. Phuong phép giai lién tiép cac bai toan thuan

Phuong phap nay thuong &p dung khi diéu kien thong tin khong
day du [4, 5], thi du nhu nhan dang theo s6 liéu do dac (chuyén
vi, bién dang, tin s6 dao dong riéng...), d& tim nghiém bai toan
nguoc gan véi cac gia tri da du doan. Dé nhan dang theo
phuong phap nay chi can st dung cac phan mém phan tich két
cdu (thi du nhu SAP, LUCAS,...hodc cic chuong trinh tu xay
dung) nhu moét cong cu dé tinh toan lién ti€p voi mot loat cac
gia tri cho trudc, trong mot khoang gigi han ma né6 duoc coi la
pht hop nhét véi ddc trung do. Cac budc tinh toan thong thuong
theo phuong phép nay la:

1. Xéac dinh tham s6 can nhan dang S cia mo hinh (S &
day co thé 1a vét ndt, mién tiép xdc két cdu- nén, do cing két
céu, do cimg ngam dan hoi,...).

2. Xéac dinh tham s6 trang thai can do dac W dé phuc vu
nhan dang (tan s6 va dang dao dong rieng, chuyén vi,...).

3. Xay dung mo hinh tinh toan dya trén hd so hoan cong
va két qua kiém tra tai hién truong.

4. Do dac cac tham s6 trang thai dé nhan dang W°

we=[w Wy owy ] (1)

5. Gidi bai toan. Khi gidi can du doan khoang gigi han cua
tham s6 can nhan dang, roi rac hoa tham s6 can nhan dang
trong khoang gidi han:

S={a<§ <8, <...<S, <b}
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Dung phan mém phan tich két c&u dé tinh toén cac tham
s6 can nhan dang S=$', tinh dugc cac tham s6 trang thai ctia
hé trong d6 c6 tham s6 W

w® = [W,”’ wy" W;‘”] Tinh téng binh phuong do
lech gita W va W°:

B3 W W

Lan luot tinh todn voi cac gia tri ctia tham s6 nhan dang
duoc roi rac hoa.

Tim gia tri nhé nhat ctia do léech quan phuong:

8, = min, (3)

(i)

2

(2)

Va S ing voi 8, sé la gid tri xdp xi t6t nhdt can tim (& day
la gia tri do cimg ngam dan héi nhan dang duoc).

Theo phuong phap nay, sé phai gidi nhiéu bai toan thuan
véi cac gia tri tham s6 nhan dang thay ddi, trong nhiéu truong
hop s6 lugng bai toan thuan can giai la rdt I16n (co thé dén hang
nghin bai toan). Do d6 viéc str dung cac phan mém phan tich
két cdu (thi du nhu SAP, LUCAS, ...) sé khong kha thi, can co
mot chuong trinh tinh toan két cdu, ma tich hop trong do kha
nang tu dong thay déi tham s6 dau vao (& day la do cing ngam
dan hoi).

3. Phuong trinh chuyén dong cla hé két cdu khung - coc theo
mo hinh bai toan khong gian

Khao sat hé két cdu khung - coc dudi dang khung khong gian
chiu tac dung tai trong dong (Hinh 1) trong hé toa do vuong
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Hinh 1. M6 hinh thuc hé két cdu thanh - coc khong gian.
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Hinh 2. M6 hinh tinh hé két cdu thanh - coc khong gian.

Thira nhan cac gia thiét sau day:

- Lién két coc - nén duoc thay thé bang lien két ngam dan hoi.

- Bién dang cta hé két cdu thanh - coc la dan héi tuyén
tinh va bé.

Mo hinh tinh cta két cau duoc thé hién trén Hinh 2.

S& dung phuong phap phan t& hiu han (PTHH) dé xay
dung phuong trinh chuyén dong ctda hé két cdu thanh - coc.
Phuong trinh chuyén dong cta hé két ciu thanh - coc - nén theo
phuong phdp PTHH [2, 5], sau khi dua cac diéu kién bien vao
hé, co6 thé viét duoc dudi dang:

MU + CUH) + KU®) =P(1), (4)
trong d6: U(t),U,U(t) - tuong ung la cac véc to chuyén
vi, van toc va gia toc nit cta hé két cdu;

MK, C - tuong Gng la cac ma tran khéi luong, ma tran do
cling, ma tran can cua hé két cdu;

P(t) - véc to tai trong quy nut cda heé két cau.

Ma tran can cua hé két cau co6 thé tinh theo ma tran khoi
luong va ma tran do cung dudi dang:

C=oM +BK, (5)
trong do: o.B - cdc hé s6 phu thuoc vao céac tan s6 dao
dong riéng cda hé va hé s6 can nhét cda vat liéu.

Cac ma tran cua toan hé trong phuong trinh (4) c6 thé xay
dung tir cac ma tran ctia cac PTHH trong hé bang phuong phap
“do cung truc tiép” [2, 5].

Céc ma tran khoi luong m, ma tran do cing k , véc to tdi
trong quy nit p cda phan t&r trong hé toa do cuc bo co dang:
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trong do:
ly, I, - m6 men quén tinh déi véi truc y, z,
I, - mé men quan tinh doc cuc,
F - dién tich tiét dien ngang cta phan tu,
a - chiéu dai phan tu,
m - khéi lugng phan bé trén don vi dai cta phan ta,
Pu, Pv, Pw - tdi trong doc va ngang phan bg,
p, - tai trong xodn phan bé.
Phuong trinh dao dong riéng cua hé:
KU(t) + MU =0

(7)
Phuong trinh tan s6 tuong tng:
HK - conH =0
hay: (8)
o

Dé giai (8), tac gia s dung phuong phap lip Power-
Sweeping [5] véi thuat toan nhu sau:
1. Poc cac ma tran K,M.
2. Chon s6 tan s6 (max), sai s6 tinh toan, véc to ban dau X,
to=0, k=0.
3. Tinh I3p tir 1-max, Idp cho dén khi sai s6 < sai s6 cho
phép.
k=k+1.
t=to.
x1=K-1.m.Xo.

abs(x;[m])=max(abs(X:(i)), i =1,n.
t1=X1 [m]
X][i]=X1(i)/t1, i=1,n.

K'M=K'M=t.X.X
4. Két thic.
4. Bai toan nhan dang do cing ngam dan héi va phuong phép giai
Dé xay dung cac thuat toan xac dinh do cing ngam dan hdi, tac
gid st dung phuong phap “gidi lien ti€p cac bai toan thuan”
[2,4,5] clia ly thuyét chdn doan ky thuat cong trinh v6i tham s6
nhan dang la do cing ngam dan hdi cda timg coc trén co s cac
tan s6 dao dong rieng do dac duoc bang thit nghiém dong cla
két cdu tai hién truong.

Qua trinh gidi bai toan sé lien quan dén cac nodi dung tinh
todn dong luc hoc cong trinh, véi né sé sir dung phuong phap
phan t& hitru han (PTHH) ma céc thuat todn cta ching da duoc
thiét lap trong [3,5].

Dudi day la cac budéc xay dung mo hinh tinh, thuat toan
dé giai bai toan nhan dang do cing ngam dan hoi bang phuong
phap “gidi lién ti€p cac bai toan thuan”- Consecutive method of
the forward problem.

1. Roi rac héa két cau cong trinh thanh cac PTHH.

2. Chon véc to d0 cing ngam dan
hdi krt =[krt, krt, kit, ] lam tham s6 nhan dang va chon
véc to tan sO dao dong rieng Q= o, ...0,] cta két cdu lam
tham s6 trang thai cta hé.

3. Xac dinh cac kich thuéc hinh hoc cia hé két cau co
tinh dén cac s6 liéu khao sét truc quan tai hién truong.

4. Tién hanh thi nghiém do dac tai hién truong céc tan s6
dao dong rieng thap nhat (véc to tham s6 trang thai) clia két
ciu: Q° = [oo? ) wf’m?n]I ,

voi: o (i=1+m) - cac tan s6 dao dong rieng thdp nhat do
dac dugc clia két cdu tai hién truong.

5. Roi rac héa véc to tham s6 nhan dang krt, thanh cac bo
gid tri roi rac (véc to) krt! (j=1+k) trong khodng bién thién cac
gia tri do cing ngam dan hoi.

6. Tinh véc to tan s6 dao dong riéng Q¢ (véc to tham s6
trang thdi) cia két cau cong trinh theo cac véc to gia tri khac
nhau cta krt' ta duoc:

o =[o] o .0.0] i=lemj=1:k,

voi: @ - tan s6 dao dong riéng tinh toan thi i tuong tng
VoI krt!

7. Tinh tong binh phuong do léch gita Qva Q°:

& = i(mﬁc -0, j=1+k

i=1

8. Tim gia tri nho nhat caa do lech quan phuong: &,
Véc to krt, =krt! tuong ing véi 8}, sé la do cing ngam

dan hoi can tim.
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Sau khi da xac dinh duogc véc to do cing ngam dan hdi
theo phuong phap & trén, cap nhat vao so db tinh két cau (trong
chuong trinh tinh két cdu) sé xac dinh dugc cac dai luong co
hoc cla cong trinh (trang thai chuyén vi, noi luc, ing sudt,...
cla két cdu) tuong tng vai tai trong thiét ké, tir do, trén co s¢ do
sé danh gia duoc trang thai ky thuat hién tai cta cong trinh va dé
xudt cac van dé ky thuat can gidi quyét dé duy tri sy lam viéc
binh thuong cda cong trinh trong thoi gian tiép theo.

Véi cac thuat toan trén, tac gia da xay dung chuong trinh
CMFP (Consecutive method of the forward problem) dé gidi bai
toan nhan dang do cing ngam dan héi caa két cau khung - coc
lam viéc theo mo hinh khong gian bang ngon ngir MATLAB.

5. Tinh toan bing s6

Tinh toan bing s6 dudi day duoc thuc hién nhdm kiém tra do tin
cay cla cac thuat toan va chuong trinh da lap. Nhan dang do
ctimg ngam dan hoéi cda két cdu thanh - coc c6 dang nhu Hinh 3.
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Hinh 4. So db danh s6 niit, s6 phan t.
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*S6 lieu xudt phat.
- Két cdu heé thanh - coc 1am bang thép ng, kich thudc nhu trén
Hinh 3, tiét dién ngang cac thanh trén mgt dat va coc loai
$377x12 mm; mo dun dan hoi caa thép: E = 2.1.10” T/m?; trong
lugng riéng thép: y=p/g =7,8 T/m’.
- Chon sai s6 cho phép: €=0,5%
- Véc to do dac (gia dinh):

O of f of | 42499 11727 144,16 20091 (a)
Day thuc chat khong phai la cac gia tri do dac that ma 1a cac tan
s6 dao dong riéng tinh toan déi vai két cdu thanh - coc véi véc
to do cing ngam dan hoi cho trudc sau day:

krt=[kr kt]" =[4.10° 10°]" (kN.m). (b)
* Roi rac hoa PTHH d6i voi két cau: Puoc thé hién trén Hinh 4
véi 40 ndt, 48 phan td. Trong do6 chiéu sau ngam dan hoi theo
API RP 2A WSD [3], c6 thé duoc xac dinh: 1, =(3,5-8,5).D (voi
D la duong kinh coc), & day lua chon 1, =1,8 m.
* Truong hop 1: Coi do cing ngam dan hdi cua cac coc 1a nhu
nhau, coi do cuing |6 xo xoay theo hai phuong la nhu nhau
(k,, =k, =kr) va kr=40000kt, khi d6 s6 luong tham s6 can

nhan dang 1a 01 tham s6 (kt - do cing 10 xo xodn).

- Tham s6 nhan dang ldc nay la:

krt, =[40000kt, kt,]", s6 tham s6 nhan dang la 01 tham s6.

Véc to do cimg ngam dan héi ban dau duoc chon la:

krt, ==[kr; kt0]"=[4.10" 10’]"(kN.m).

- S& truong hop tinh toan: Trong bai todn nay, gia tri do cing
ngam dan hoi duoc du doan c6 thé la: kit, =kr=4.10" +4,2.10°,
kit, =kt =10’ +10* v6i budc thay dai tri do cing ngam dan hoéi la
5 % gia tri do cing ngam dan hoi ban dau néu trén, sé c6 20 gia
tri moi do cing ngam dan hdi, tic 1a c6 20 truong hop tinh toan.
- Két qua tinh toan:

+ Gia tri nho nhat cua do
8. =8 =3,55.107,

min

léch  quan  phuong:
tuong ung véc to tham s6 trang thdi
Q=0 0,0,0,] =[2499 11727 144,16 20091]'

+ Véc to tham s6 nhan dang tuong Ung la
kt,=lk;, k,['=lk; k=410 107" kN.m. Két qua ding voi gia tri gia
dinh ban dau.

* Truong hop 2: Coi do cimg ngam dan hdi cta cac coc la nhu
nhau, coi do cung |6 xo xoay theo hai phuong la nhu nhau
(k,, =k,, =kr), khi d6 s6 luong tham s6 can nhan dang la 02
tham s6 (kt - do cing 0 xo x0dn, kr- do cimg 1o xo xoay).

- Tham s6 nhan dang ldc nay la:

krt, =[kr, kt,]", s6 tham s6 nhan dang la 02 tham s6.

Véc to do cimg ngam dan hoi ban dau duoc chon la:

ket =[kr’ kt®]"=[4.10" 10°]"(kN.m).

- S& truong hop tinh toan: Trong bai todn nay, gia tri do cing
ngam dan hoi dugc du doan co thé 1a: krt, =kr=4.10" +4,2.10°,
kit, =kt =10’ +10* v6i budc thay déi tri do cing ngam dan hoéi la

10 % gia tri do cing ngam dan hdi ban dau néu trén, sé c6 10



TAP CHI VAT LIEU & XAY DUNG

gia tri moi do cing ngam dan hdi, tic 1a c6 100 truong hop tinh
toan.

- K&t qua tinh toan:

+ Gia tri nh6é nhat cta do lech quan phuong:
62

min

=8%,=3,55.10", tuong (ng véc to tham s6 trang thai
Q =[0 o o coJT =[24.99 117,27 144,16 200911

+ Véc to tham s6 nhan dang tuong Ung la
krt, =[kr, ket ]" =[kr, kt,]"=[4.10° 10*]"kN.m. Két qua
duing voi gid tri gid dinh ban dau.

Nhan xét: V6i véc to tham s6 trang thai do dac duogc (tan s6 dao
dong riéng), st dung chuong trinh tinh da lap (CMFP) cla tac
gia, xac dinh duoc gia tri do cing ngam dan hoi déu ding voi
gia tri gid dinh ban dau, do d6 dam bao do tin cay, c6 thé su
dung dé xac dinh do cing ngam dan hoi bang phuong phép giai
lien ti€p cac bai toan thuan (tu dong hoa thay ddi, xac dinh cac
bo gia tri do cing ngam dan hoi trén may tinh), trén co s do
cap nhat gia tri do cung lien két ngam dan hdi dé tinh toan trang
thai ing suat, bién dang, cac tham s6 dong luc hoc cua két cdu,
l[am can ct danh gia trang thai ky thuat hién tai cta cong trinh
va dé xudt cac van dé ky thuat can giai quyét dé duy tri sy lam
viéc binh thuong cda cong trinh trong thoi gian tiép theo.
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