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Tém tat - Hién nay, mo phéng (ng xi cia két cAu dudi tac dong
clia nhitng yéu t6 ngau nhién tlr bén ngoai, thay ddi trong mot
khoang thoi gian dai, bang cac phwong phap sb rat phwc tap. Cac
phuong phap so chi giai quyét bai toan trng x&r cla két cau khi
nhirng yéu tb tac dong 1én cong trinh la xac dinh, khéng cé yéu tb
ngau nhién. Bai bao nay gidi thiéu phwong phap rng dung mét mé
hinh xac xuét dwa trén ly thuyét Response Surface Meta-Models
(RS) d& mé phang trng xt ctia két cAu khi nhirng yéu té ngiu nhién
tac dong Ién cong trinh thay ddi trong khoang thoi gian dai. RS cho
phép tich ho’p cac thdng so d4u vao clia mé hinh sb va két qua mo
phdng (rng x& toe phan mém phan to hiru han thong qua cac bién
va cac cac hé sbé didu chinh. Cac hé s diéu chinh sé dwoc xac
dinh thong qua bai toan hdi quy, tir d6 c6 thé bidu di&n (rng xt clia
két cu va&i dd chinh xac cao.

T khoa - Meta-models; response surface; mo phéng; (rng xtr; mo
hinh xac suat.

1. Dit véan dé

Hién nay, voi sy phat trién manh mé& cua khoa hoc va
cong nghé, tao ra nhitng thiét bi quan tric va thu thap dir
liéu rat hién dai, cho phép ung dung phuong phap “quan
tric strc khoé cong trinh - The Structure Health Monitoring
(SHM)” [9], gitip céac nha khoa hoc cé thé du doan chinh
xac tmg xtr thue ctia két cu cong trinh dudi nhing tac dong
ngéu nhién tr bén ngoai, qua d6 xac dinh nhiing hién tugng
bat thuong lam co so trong viéc bao tri, sira chita nham
nang cao tudi tho cong trinh.

SHM dé dugce ung dung trén the gidi tir khoang vai chuc
nam tro lai day, chu yéu dé quan tric cong trinh ¢ giai doan
thi cong va trong sudt qua trinh lam viéc ctia cong trinh sau
khi dua vao su dung [9, 13, 16, 17]. Cac $6 liéu do dac thu
duogc ngoai viéc dugc sir dung dé danh gia va theo doi trong
giai doan thi cong cling nhu trong qua trinh sir dung ma con
duogc nhiéu tac gia stir dung dé xac dinh cac tham s clia md
hinh Gng xr thong qua cac mo hinh toan moé phong khac
nhau nhu: Thuat toan di truyén (Genetic Algorithm-GA)
[8, 12]; phuong phap mang tri tu¢ nhan tao (Artificial
Neural Networks-ANN) [12, 18, 19]; phuong phap phan
tich dya trén cac da thirc hon mang (Chaos Polinomial-CP)
[6, 13, 16]. Tuy vdy, cac phuwong phap dé cap thuong kha
phtc tap, doi hoi kinh nghiém va chuyén moén sau.

Ung dung mot mé hinh xac suit don gian c6 thé mo
phong tng xtr cta cong trinh tur két qua mo phong tmg xir
s0 1a bude quan trong va can thiét trong viéc khai thac va
st dung hiéu qua so li¢u tor SHM.

2. M6 hinh phén tir hiru han va mé hinh xac suit mo

phéng rng xi ciia cong trinh

2.1. Gidi thiéu cong trinh va cdc ddc diém tinh todn
Cong trinh nghién ctu 1a phan mo rong cia cang

Abstract - Nowadays, the simulation of structural behaviour under
the influence of random factors from outside changes for a long
time by numerical methods which are very complicated. The
numerical method only solves the structural behaviour problem
when the factors around are identified and no random factor is
involved. This paper introduces a method based on Response
Surface Meta-models (RS) for the structural behaviour simulation
when random factors around change for a long time. RS facilitates
the integration of input parameters of numerical model and the
results of simulated behaviour of structure by finite element
sofware through variables and adjusting coefficients which can be
identified through regression, from which the behaviour of structure
can be presented with high accuracy.

Key words - Meta-models; response surface; simulation; behaviour;
probabilistic modelling.

Cheviré ¢ gan thanh phd Nantes (phia tdy cua Cong hoa
Phép), cdu cang Cheviré-4 [13, 16]. Viéc lua chon cong
trinh dé thyc hién nghién ciru do boi cé day du cac sb lidu
quan tric duogc thyc hién mdt cach tyr dong nho bdi cac thiét
bi do dac. Mt bang, mat cat, viéc bd tri thiét bi quan tric
cong trinh dugc gidi thiéu trong Hinh 1 va Hinh 2.
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Hinh 2. Mdt cdt ngang cong trinh
Cheviré-4 13 mot ban bé tong cdt thép dit trén hé dam
ngang doc bo tri trén hé coc bé tong cot thép dugc dong sau
vao 16p da goc ¢ d6 sau khoang 36m so véi mat dat, c6 chiéu
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dai 180m, rong 34,5m, dugc xay dung trén bo trai cua song
Loire, gan ctra bién. Cau cang duoc lién két sdu vao trong
vung dat dp nho 37 thanh neo bang thep, ban neo bing bé
tong Cot thép day 50cm, kich thude mdi chidu 1a2,6m. Trong
tdng s6 37 thanh neo, c6 12 thanh neo dugc gin cac electric
strain gauges dé do luc neo. Phia sau, nguoi ta gin mot sO
piezometer dé do muc nude trong 16p dat dép. Sy 1én xudng
ctia thuy tridu dugc do dac bai mot thiét bi do thuy triéu (thay
tridu k&) dat ¢ ha luu cach cong trinh khoang 1 km. Viée do
dac thuy tridu va muc nuéc trong 16p dat dap phia sau cu
cang duoc thyc hién ty dong ctr mdi 5 phit.
2.2. Mé hinh phén tir hitu han va cdc tham sé diu vio
ctia két cdu cong trinh

Plaxis (Version V8.2) [3, 11] duoc st dung dé m6 hinh
hoa cong trinh. Phan mém nay dugc xdy dung dua trén
phuong phap phén tir hitu han, c6 thé moé phong két cdu
duoi dang 2D hogc 3D (trong nghién ctru nay s& ung dung
V8.2-2D). bay la phan mém phén tich dia k¥ thuét, n6 cho
phép phan tich bién dang va su én dinh cta dat dbi véi cac
bai toan khac nhau trong dia k¥ thut. Phin mém ciing cho
phép md phéng sy twong tac giita tng xir cua két cAu voi
bai todn phan tich dia k¥ thuat nhu da dé cdp O trén.
Chwong trinh sir dung mdt giao dién do hoa, cho phép dé
dang xay dung mot mo hinh dia k¥ thuat va nhanh chong
phat sinh mot ludi cac phan tir hiru han trén mat cét khao
sat. Két qua mo phong v6i nhidu thong sé dau ra khac nhau
nhu: Ung sudt, bién dang hay ndi lyc trong cac phﬁn tr cua
két cau cong trinh, v.v. Plaxis cho phép mo phong tng xir
ctia d4t v6i nhidu mo hinh khac nhau tiy thudc vao dic
diém, cAu tao, tinh chét cua dit. Dbi véi cong trinh nghién
cuu s€ st dung mo hinh rng xtr Mohr-Coulomb, ddy 1a mé
hinh dan déo dwoc sir dung rit phd bién hién nay vi né cho
két qua mo phong sat véi thuc té. 5 théng sb co hoc ciia md
hinh g xir Mohr-Coulomb gom:

- E: M6 dun dan hoi cua dat (Young’s modulus);

- v: Hé sb Poisson;

- ¢: Luc dinh (Cohesion);

- @: G6c ndi ma sat (Frictional internal angle);
w: Goc gian nd (Dilatancy angle).

M5 hinh hoéa cac phan tir ciia cong trinh trong Plaxis
dugc bieu dien trong Hinh 3. Theo do, cac phan tir cua ket
cau dugc mo hinh héa nhu sau:

-5.00 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00
1 | 1 1 | | | 1 |

20.00 —|

10.00 |
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Hinh 3. Mot mé hinh tinh toan xdy dung trong Plaxis

- Hé coc, dim va ban, khi lam viéc, duoc xem xét nhu
mot phén tir neo ¢6 chidu dai va do cung xac dinh, dugc
md hinh hoa trong Plaxis boi mot phan tir neo mot dau
ngam (Fixed and Anchors), twong trng véi mot 10 so dan
hoi ¢6 d ctng doc truc khong ddi (trén Hinh 3, phan tir
nay c6 dang chit T), khoang cach theo phuong doc 1a Sm.

- Tuong phia sau, mot dim bé tong chit L, dugc mo
hinh héa dudi hinh thirc phan ti ban (plate).

- Thanh neo, duwgc xem xét nhu mét 16 so dan hdi c¢6 do
cung doc truc khong d6i, dugc mo hinh héa bodi phan tir
neo (node-to-node anchors).

- Ban neo dugc thay thé boi mot phan tir vai dia k§ thuat
(Geogrid), c6 @6 ctng doc truc dé m6 hinh hoa nhu mot
phén tir dan déo. Nhu vy c6 the thay doi dugce df cimg cua
béan neo tuy theo cau tao cua ban neo va dac trung co li cua
dat xung quanh.

- Tudng cir thép duge md hinh hoa duéi hinh thirc phan
tu ban (Plate).

Céc thong s6 co ban cia cac phan tir néu trén duoc gisi
thiéu trong [7].

Trén bé mit cang co cac 16p ciu tao va 16p bé tong bé
mit quy ve tai trong phan bo c6 gia tri 25kN/m?.

Théng s6 dau vao cua dat, mo hinh héa trong Plaxis,
dugc the hi¢n trong Bang 1.

Bing 1. Théng s6 ddc tring ciia cdc 16p dit

Lép .k M3 hinh vat | Ung xir ciia| Chiéu
g | Lowidat liu dit  |day (m)
£, 2% MC Thoat nudc
! bat dap (Mohr-Coulomb)| (Drained) 4,0
) Dét phu sa, cat MC Thoat nudc 3.0
thé mau ghi, sét |(Mohr-Coulomb)| (Drained) ’
A s MC Thoat nudc
3 | Pabematialus |y op. Coulomb)| (Drained) | >
4 | aephi sa, et MC Thodt nuée |
au gL, S | (\fohr-Coulomb) | (Drained)
Ién chat

Muc dich tinh toan 1a xac dinh ndi lyc trong cac thanh
neo dudi tdc dung cua thuy tridu trén song Loire va su thay
d6i myc nudce trong 16p dét phia sau tudong chin.

Céc gia thuyét tinh toan gom:

- Ve mit co hoc: Cac mat cit ngang cua cong trinh lam
viéc glong nhau, chi c6 bién dang phing trong mit phing
clia mat cit ngang.

- Vé mit ngau nhién: Chi xem xét trong khoang thoi
gian 2 ndm (1/2004-12/2005), trong khoang thoi gian nay
cong trinh chi chiu tac dong 1én xudng cia thiy tridu trén
song Loire, khong c6 tac dong cua cac tai trong khac nhu
tai trong cap cang cua tau hay tai trong do khai thac sr dung
cong trinh. Mit khac, nhitng 4nh huéng ngiu nhién nhu
chuyén vi, ltn, v.v., dwoc xem nhu khong dang ké.

Nhu vay, cac thong s6 ngau nhién déu vao dung dé tinh
toan gdm: P9 cao muc nudc thiy triu trén song Loire va
muyc nudc trong 16p dat dap, noi bd tri hé théng 37 thanh
neo; cac thdng sé dac trung cia dat dép (noi dat cac thanh
neo) tuong ung voi cac théng sb cia mé hinh mg xir
Mohr-Coulomb; trong lwong ban than cia dat dip.

Céc dic trung co hoc cua dit dép, cat c6 gia tri ngu
nhién va thay ddi tiy thudc vao loai dat dap hay cat dudi
cong trinh. Bang cach tap hop tat ca cac gia tri co thé co
clia dat dép va cat trong cac nghién ctru hodc tai lidu khac
nhau c6 dé cap dén [7], trong nghién ctru nay, dé xuét lya
chon cac thong s6 dau vao cta dat ddp mot cach ngau nhién
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v6i nhitng khoang thay ddi nhu sau:
- Trong luong riéng ctia dat dip Am ypumar: [16; 17; 18;
19; 20] kN/m?;
- M6 dun dan hdi cua dat dép E: [(3,0; 3,5; 4,0; 4,5;
5,0)*10%] kN/m?;

- Goc ma sat trong ¢: [25; 27; 30; 32; 35] (%);

- Hé s6 Poisson v: [0,25; 0,3; 0,35; 0,4];

- Hé sd dinh ¢ =0

- Gécdannd y=0.

Thuy triéu trén séng Loire dugc do dac bing mot thiry
tridu ké dat ¢ phia ha luu cua cong trinh, dugc do dac ctr
mdi nam phut va thuc hién trong 2 nim (01/2004 dén
12/2005). S lidu do dac myc nudc trong cac 16p dit phia
sau cOng trinh cting dugc do dac mot cach twong ing. Toan
bo s6 litu do dac dugc thé hién trong [16, 17]. Trong
khoang thoi gian 2 nam, phan b6 clia muc thuy triéu cao
nhét va thap nhat ciia séng Loire tuong ing v&i mot chu ki
1én xubng trong ngay dugc dugc thé hién trén Hinh 4.

o7l — Hmax o i
PDF-Hmax

Hmin '\
PDF-Hmin

0.6

Mat do phan bo
[=]
N
|
-

0.3

0.2

o1} 7/

1 2 3 4 5 6 7
Do cao muc nuoc song Loire (m)

Hinh 4. Bhdn b6 mure nuée cao nhat
va thap nhat cia séng Loire trong 2 nam

Dua trén biéu db phan bd muc nudce cao nhit va thip
nhat cta thuy triéu, ¢an ¢t vao sb liéu do dac nhu da chira
trong khoang thoi gian 2 nam [16, 17], mot hé s thuy triéu
CMAR (bién d6 dao dong cia thuy tridu trong ngay) bao
ham khoang véi bién 1a myc cao nhét va thap nhit duoc
Iira chon tuong (g voi xac suit phan bd 16n nhat nhu trén
Hinh 4, d6 14 thiy tridu ngay 02/3/2005 v&i Hyay=6,21m,
Humin=2,19m twong ng véi mirc nude do duge trong dat
sau cong trinh lan luot 14 5,19m va 4,13m [16,17]. Tinh
toan noi lyc trong cac thanh neo bang Plaxis duéi tac dong
cua thuy trleu trong 6 thoi diém khac nhau trong mot chu
ky 1én xudng trong ngay, tir thoi diém thuy triéu cao nhét
dén khi thuy triéu xudng thap nhat. Bang 2 thé hién do cao
cua thuty tridu va muc nudc trong dat dép.

Bing 2. D¢ cao thity triéu va muee nwée trong ddt ddp

Thoi Gie bJ cao thiy bj cao myc nudce
diém trieu (m) trong dat (m)

1 7h30 6,21 5,19

2 9h00 5,75 5,39

3 10h30 4,84 5,19

4 12h00 4,17 4,96

5 14h00 2,98 4,54

6 16h00 2,19 4,13

Khao sat véi hai d6 cao thuy triéu & mirc cao nhit va
thip nhét cho thay: Hé sb Poisson it anh hudng dén luc
cang trong thanh neo, dic biét trong khoang tir 0,25 dén
0,3, lyc trong thanh neo hdu nhu khong thay dbi (Hinh 5).
Do do, ddi voi hé $6 Poisson, s€ xem xét nhu mot gia tri
xéac dinh da biét va bang 0,27 dé tinh toan lyc cing trong
thanh neo bai Plaxis.

g 80 —&— Hmax
§ 60 —9 —&— Hmin
.E 59149 | 59j97 | 614 _62.84
S 40 o e
> 3gjog | 40j02 | 4142 | 4365
s 20
[
J 0
0.25 0.3 0.35 0.4
Hé s6 Poisson (v)

Hinh 5. A’nh’hu"éng ciia hé s6 Poisson
deén sy thay doi luc cang trong thanh neo

2.3. Gioi thi¢u Response Surface Meta-models

Response surface Meta-models da dugc ung dung rong
rai dé md phong nhiing s khoéng chic chin trong tinh todn
ket chu cong trinh [2, 4, 5, 14, 15]. N6 di duoc Umg dung tur
rat 1au trong nhimg linh vie khac nhau ciia cudc song. Hién
nay, c6 hai loai mé6 hinh chinh dugc tng dung [1]: M6 hinh
vat ly (physical response) va mé hinh phan tich (analytical
response). Dudi day gidi thi¢u mo hinh phan tich, mét hinh
thirc phd bién cua Response Surface Meta-models. Ham
phan tich (analytical response function) dugc xac dinh boi
mot da thirc bac hai tdng quat nhu trong cong thire (1):

Y(X) = a +Za1X +ZaUXX +z:a”X2

l.¢]

Trong d6: Y 1a tng xir ciia hé dudi tic dong cua cac bién
ngiu nhién dau vao X, X=(X,, Xo,..., Xu}; a={as, a;, a;, ai;}
1a cac hé s6 duge xac dinh bang phép toan hoi quy dua trén
phuong phap binh phuong nho nhét tir s6 lidu cta tap bién
ngau nhién X va img xur twong g cua hé ¥ c6 dugce tir két
qua mo phong hodc s6 liéu thuc nghiém.

Hinh thire (1) dugc goi 1a mat dap Gng bac 2/Quadratic
Response Surface. N6 c6 nhiing thudc tinh dac biét, trong d6
kha nang c6 thé tiém can v6i mot doan nao dé cliia mot phan
bb tir cac két qua 1i thuyét hodc thuc nghiém, 1a mot trong
nhirng thugc tinh s€ dugc khai thac trong bai bao nay. Thudc
tinh dac biét nay rat can thiét khi chi co mot sb it cac s6 lidu
biéu din mot ing xir ndo d6 cta két ciu cong trinh. Khi do,
tir viéc mo phéng dugc phan bb cuia tap sb lidu, cho phép xéac
dinh phan bd ngiu nhién cua cac théng s diu vao cua hé.
Nhu vay, tur cac két qua do dac tng xur cia hé dudi tac dong
clia cac yéu td ngiu nhién, bang viéc ap dung Quadratic
Response Surface cho phép xac dinh céc tham s6 dudi hinh
thirc cac bién ngau nhién dau vao khi ma cac sb liéu it, khong
day du hodc khong rd rang, khong chic chan [1].

D6i v6i cong thire (1), khi co mat ddy du tat ca cac hé
s6 a; dugce goi la béc hai day du (Full Quadratic). Trong
truong hop ving mat mot trong cac hé sd a; cu thé nao d6
(a=0), chiing ta c6 cac hinh thirc khac nhau cta (1):
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- Hinh thirc tuyén tinh (Linear) khi ajj, iz=0; a;i=0:
Y(X) = a + Z a; X; @

- Hinh thtre bic hai thun nhat (Pure quadratic) khi a;=0
va ai, i#,:o:

Y(X) = ao + Z ayX? G)

- Hinh thirc tuyén tinh voi sy twong tac (Linear with
interaction) khi a;=0:

Y(X) =a0+2aiXi+Zainin (4)
izj
Nhung hinh thirc khac nhau cua RS trong cac cong thuc
tr (1) den (4) s& duoc tmg dung dé moé phong tng xir sd
ctia két cdu, tir d6 s& lya chon hinh thire hop 1y cua RS
(thong qua @9 chinh xac cta két qua md phong).
3. M6 phong tng xir sé ciia két cAu bang RS
3.1. Ung xi 56 ciia két ciu
Dé ¢6 thé md phong g xir sé ctia két cau bang ly thuyét
RS, can phai xac dinh cac hé s0 a; trong cong thirc (1). Mot
co s6 dir liéu 1 g xir s6 cua két cau can duoc xay dung.
Ddi v6i cong trinh nghién ciru, tmg xtr s 1a lyc trong cac
thanh neo khi c6 sy 1€n xubng cua thuy triéu séng Loire va
muyc nude ngam trong dat duge lya chon nhu trong Bang 2.
NOoi lyc trong cac thanh neo s€ dugc tinh toan boi phin mém
Plaxis. Cac sb liéu dau \(ao dé tinh toan bang Plaxis, 1a cac
bién ngau nhién dugc biéu dién trong Bang 3:
Bing 3. Bién ngdu nhién ddu vdo cho xdy ding
co s6 div liéu ban dau dé tinh luc trong thanh neo

Kich co
bién

Gia tri lua

Phan bo chon

Bién diu vao

Trong luong riéng dét

&M yuuar (KN/m?) Phan bo déu | [16+20]

16,17,18,19,20

Trong lugng riéng no A 1.4 x| Quan hé
nuée ysar (kN/m3) Phén bo déu VO Yunsat Yunsarte
M6 dun dan hoi E P "
(MPa) Phan bo déu | [30+50] | 30,35,40,45,50
Goc ndi ma sat (°) | Phan bd déu| [25+35] 25,30,35
Hé sb Poisson v Xac dinh 0.27 0.27
Luc dinh ¢ (MPa) Xac dinh 0 0
D0 cao thuy trieusong|  p 4 | Bang2 | Xem Bang 2
Loire (m)

. , Theo muc
D6 cao muc nude sau A X .

. < nudc song | Bang 2 | Xem Béng 2
tuong chan (m) Loire

Lwa chon phan bb déu cho cac dic trung co li cua dét do
boi cac thong tin khong day du, khong r6 rang va khong chic
chin cua dét dép. Theo cac két qua nghién ctru [7], trong
luong riéng cua d4t dip no nudc (ys - nude chiém dly cac
16 rong trong dat) tang 1én mot gia tri ¢ so voi trong lugng
riéng dAt Am (Yunsa - 16 rng trong dét bi chiém chd béi nude
va khong khi), & phu thudc vao dic diém cua timg loai dat
dap, hé s6 rdng hay chit lugng dam nén khi thi cong dip dét,
v.v. Trong nghién ctru nay, gia tri ciia & = 2. Vi mbi quan
hé phu thudc nay cho phép giam sé lugng bién, thuan tién
hon cho tinh toan nhung van dam bao do chinh xéc can thiét.

Dét dép thuong 1a loai dét roi, vi vay luc dinh thuong khong
dang ké va co thé bo qua. Trong Plaxis, gi tri nay dwoc gan
cho rat nho c6 thé xem bang khong.

V6i 6 bién ngiu nhién dau vao nhu ligt ké trong Bang
3, theo do, 6 bién dau vao gdbm: Trong lugng riéng ciia dat
am (Yunsar); MO dun dan hoi E; Goc ndi ma sat ¢; Hé $6
Poisson v; Muc nudc song Loire H;; Muc nude trong dat
sau tuong chin H,. Trong luong ri€ng no nude ysa €6 quan
hé voi trong luong riéng am, lyc dinh ¢ trong dét dip rat
nhé nén co thé bo qua. 450 tinh toan da dugc thyc hién boi
Plaxis rng v&i timg truong hop t6 hop khac nhau cua 6 bién
dé xac dinh luc trong thanh neo. Mot bo co s6 dir liéu sb 1a
noi lyc trong thanh neo duoc xay dung. Bo co so dir licu
s6 vira xdy dung s& duoc sir dung dé xac dinh cac hé sé a;
cta Quadratic Response Surface, lam co s& dé mo phong
g xir s6 ctia cong trinh bang Response Surface Meta
Models.
3.2. Mo pho"ng teng xir s0 ciia két cdu bang RS

Céc hé sb a; trong phuong trinh (1) s€ duoc xac dinh
nhu sau: Gan céc tb hop bién ngau nhién dau vao cua 6
bién (Bang 3) cho céac bién X; X;. Ung véi mdi to hop bién,
dap tmg ciia h¢ théng 1a Y s& dugc gan bang két qua mo
phong s6 twong tng d thyc hién boi Plaxis (bo co s dir
liéu 1a n6i luc trong thanh neo). Lap trinh matlab [10], trén
co s& bai toan hoi quy, ap dung phuong phap binh phuong
nho nhét, s& xac dinh dugc cac hé sb a.

Nhu da dé cap 6 trén, 450 tinh toan luc cang trong thanh
neo béng Plaxis da dugc thyuc hién. Theo [1], sy hdi tu cia
bai toan hdi quy s& cang nhanh va cang chinh xac khi sb
liéu dau vao du 16n, so liéu dau vao & day la két qua tinh
toan lyc cing trong thanh neo dya trén t6 hop cac sb ligu
dau vao 1a dic trung ciia nén dat. Tuy nhién, do han ché boi
khoang thay ddi cta cac tham sé dau vao (Bang 3), boi sd
lugng 16n cac toan tir twong tac trong phuong trinh (1), theo
d6, néu c6 n bién ngdu nhién, s& c6: (n+2)(n+1)/2 toén tir
tuong tac khi trién khai phuong trinh (1) [1] va do boi thoi
gian thyc hién cac tinh toan bang Plaxis. Vi 6 bién ngiu
nhién dau vao (Bang 3 - Luc dinh ¢=0), c6 28 toan tir khi
khai trién (1) va ciing c6 timg d6 hé sé a;, didu nay doi hoi
s6 lidu dau vao di 16n khi thyc hién. Vi li do trén, khi thyc
hién bai toan hdi quy da cho két qua khong héi tu, chwong
trinh khong thé cho két qua chinh xac cubdi cing. Dé giam
s6 bién dau vao, mot phép ddi bién da duogc thyuc hién bang
cach chia trong luong riéng cua dat tu nhién (Yunsar) cho mo
dun dan hoi E ciia dat. Két qua lya chon bién ngiu nhién
dau vao vong hai dugc thé hién trong Bang 4.

V6i 4 bién X;, X5, X;, X; (Bang 4), c6 t6i da 15 hé sb a;
(trudng hop hé s6 a; ddy du: Full Quadratic), cic hé sb a;
duoc xac dinh nho hoi tu hdi quy trong Matlab dugc thé
hién trong Bang 5.

Bing 4. Lira chon bién ngau nhién dau vao
cho viéc mé phong ung xir s6 cua cong trinh bang RS

Bién ban diu Pic diém | Quan hé Bién lyra
: ¢ chon
Trong luong riéng dit 4m yumwa | D61 bién
? g lug ‘g . .g Yunsat T X, = Yunsat [X1]
M6 dun dan hoi E Doi bién E
Trong luong riéng no nude ysa QHan he Yunsar+€
VO1 Yunsat
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Goc ndi ma sat ¢ - Xo=¢ [Xo]
Hé sb Poisson v Xac dinh | v=0,27 Blep xac
dinh
D6 cao thity triéu séng Loire |Xem Bing2 - [X3]
D6 cao muyre nude sau tuong chéin| Xem Bing 2 - [X4]
Luc cang
1 1A A trong thanh
Co so dir liéu so neo (tinh - [Y]
bdi Plaxis)

Bing 5. Hé 56 ai ciia Quadratic Response Surface

Cic hé sb a; Gia tri Cic hé sb a; Gia tri

ao 1078,497 az 2,594443
ar 415392,2 ax -3,49643
a: 52,9327 ass -11,9983
as -57,1674 aii -4,8E+07
a4 28,75112 az 0,809133
an -5041,22 ass 0,476507
a -9538,02 as4 17,31634
ars 2315,487

Thay thé cac hé sé a; vao (1) sé xac dinh duoc lyc cang
trong thanh neo nhur thé hién trong Hinh 5, img véi truong hop

thay tridu thp nhét va Hinh 6 tmg véi thuy triéu cao nhit.
400 T T T T T T T
@ 5]
e =2}
juszz]
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T s00f y
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= By R
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Z 2501 O R
o o0 % x
E g8 ¥ %
™% X s
S | o%x " & ®
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syhm
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3 3.5 4 4.5 5 5.5 6 6.5 7
X1 =y/E x 10"

Hinh 5. M6 phong lhic trong thanh neo bdi RS (Fsr) so sanh véi
tinh todn bai Plaxis (Fpl), triecong hop thiy triéu thap nhat
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Hinh 6. M6 phong lhic trong thanh neo bdi RS (Fsr) so sanh véi
tinh toan boi Plaxis (Fpl), triong hop thuy triéu cao nhat

Ung véi timg t6 hop khac nhau cia tham sb dau vao,
két qua mo phong trén Hinh 5 va Hinh 6 cho thdy co6 su
tiém can céac gia tri gilta tinh toan bdi Plaxis va mé phéng
boi RS. Dé danh gia sy sai khac giira tinh toan luc cing
trong thanh neo bdi Plaxis va mé phong boi RS, dudi day
s& xac dinh sy sai khac thong qua sd du va xac suit phan
b6 cua sb du giira hai két qua tinh toan va mé phong.

S6 du chénh 1&ch luc trong thanh neo tinh boi Plaxis va
mo phong bai RS theo ca 6 thoi diém cia thiy tridu (Bang
2) dugc thé hién trén Hinh 7.

30 T T T T

+
20 f ;4- b
#,o Lt : .
o + + 4
LT + T + N +4
10 e Fans 4 ;
++f & i ++..§f + ﬁgh 4 ]
z ot ++4'3¥ # * ++ﬁw e
< ++ B + i AL T
S ofF s WEETV Wl RN Gy
a o R+ + +
ISR v e A TE T N
I N S i S s et
T ey il R 4‘!’+# +
1014 e ++ it + i e ]
I+ ? + e+ f &
e + + + + +
+
204 i
30 . . . . . . . .
0 50 100 150 200 250 300 350 400 450

SO LAN MO PHONG-UNG VOI 6 THOI DIEM CUA THUY TRIEU

Hinh 7. Sé: dur két qua tinh todn lyc trong thanh neo
bang Plaxis va mé phong bang RS
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Hinh' 8. Xdc xudt phdn b6 ciia s6 du thé hién a3 sai léch giita
ket qua tinh todn lyc cang trong thanh neo bang Plaxis
va ket qua mé phong luc cang bang RS

Chung ta c6 thé nhan thiy sy sai khac gitra két qua tinh
toan luc trong thanh neo boi Plaxis va két qua mo phong
boi RS 1a khong dang ké. Xac sudt phan bd cua s du tép
trung chu yéu trong doan [-10; +10] kN va cé gia tri béng
0,83 (Hinh 8).

4. Két luan

Két qua md phong tng xir s6 cua két cau cong trinh
bang RS cho thdy c6 thé sir dung mé hinh toan nay dé biéu
dién tmg xtr ciia két ciu, cho két qua c6 do chinh xéc cao.
Két qua mé phong nay cho phép mé ra mot hudng nghién
ctru méi: Dya trén két qua do dac hién truong (1a Gng xir
thuc cua két céu), thong qua bai toan phan tich ngugc trén
mb hinh RS cho phép xac dinh cac tham sé dau vao ngiu
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nhién ciia md hinh tng xir ciia két ciu cong trinh, cac tham
s0 nay da dugc tich hop trong phuong trinh (1) khi xay
dung co sé dit li€u so 1a luc cang trong thanh neo.
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