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TOM TAT

Bai bao dé& xuit ham sb tuong quan trong viéc xac dinh hé s6 6n dinh cia mai déc
hinh nén khong c¢6 bién phap chéng d& trén nén sét khong dong nhat, khong dang
hudéng bang chuong trinh may hoc dua trén mo hinh mang than kinh nhan tao
Artificial Neural Network - ANN. Viéc phan tich hé s6 6n dinh (N) cia mai déc hinh
n6n khong c¢é bién phap chdng d& trén nén sét khong dong nhit, khong ding hudng
c6 xét dén cac thong s6 bao gdbm: thong s6 thé hién tinh khong ddng nhét (m), hé sb
thé hién su khong dang hudng (re), goc déc ciia mai hinh noén (), va ty 1é giira chiéu
cao va ban kinh day (H/B). M6 hinh mé phong sb bang phuong phéap phan tir hitu han
duogc st dung dé xéc dinh su thay ddi hé sb 6n dinh N khi cac thong $6 e, m, H/B va
S thay dbi. Tir két qua ciia bai toan mé hinh s§, mé hinh mang than kinh nhan tao
Artificial Neural Network dugc ap dung dé dé xuat ham s6 twong quan gitra hé s6 N
tir cac gia tri ddu vao re, m, H/B va f. Két qua cho thdy, ham sb tuong quan cé tinh
chinh xé4c cao véi gia tri tir mo phong s, c6 thé ap dung trong bai toan thiét ké,
nghién ctu.
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TOM TAT

The paper proposed a correlation equation to determine the stability number of
unsupported conical slopes on anisotropic and non-homogenous clays using Machine
Learning applications based on the Artificial Neural Network model - ANN. The
stability number (N) of unsupported conical slopes on anisotropic and non-homogenous
clays was investigated by considering the effects of raising undrained shear strength
(m), anisotropic strength ratio (re), the dip angle of slopes (), and the ratio of slope
height and radius at the bottom (H/B). The numerical method based on the finite
element techniques was applied to investigate N variation due to changes of re, m, H/B
and S. The results of numerical models are used as the data for the Artificial Neural
Network model to propose the correlation equation between N and input parameters of
re, m, H/B and . The results show that the proposed correlation equation is well in
agreement with the results of N from numerical models.
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1. GIOI THIEU

Hb dao tron va hd dao tru dimg khong ¢ bién phap chdng
d& [1-5], hd dao hinh nén hay con goi 1 mai doc hinh nén
khong chéng d&, dugc trinh bay & hinh 1, rét can thiét cho
hau hét duy 4 an nhu 1a hé pit méng, hé thong cap thoat nudc,
16 mo ngdm, chan cau, 16 cdng. Keawsawasvong va
Ukritchon [6] 1an ddu d& cép va phan tich mai déc hinh non
khong bién phap chéng d& trén nén sét dang hudng, sau do
Ukritchon va Keawsawasvong [7] dd bd sung thém mot
nghién ctru cia mai déc hinh nén khong chdng d& nay trén
nén cat. Gan day, cac nghién ctru cia Yodsomjai et al. [8,
9] ciing nghién ctru vé d6 6n dinh ciia mai ddc nay trén khoi
dat gdm hai 16p sét va da. Do do co thé thay bai toan hd dao
hinh nén rat duoc quan tam trong tng dung va nghién ciu.
Tuy nhién, Van chua c6 nhiéu nghién ctru vé hd dao hinh
noén trong nén dat sét khong dong nhat, khong diang hudng.

Méi déc hinh non khong
bién phap chong d&

|
| Nén sét khong ddng nhat;

/_fqmﬁn\gﬂéng huéng

Hinh 1:,D_inh nghia l:gai toan cua m?i déc [ﬂnh noén khﬁ)ng biéen
phap chong dé trén nén sét khong dong nhat, khong dang hweong
Mot nén sét co sirc chong cét tang tuyén tinh theo d6 siu,
thé hién & hinh 2, dugc xem 1a mot nén sét khong déng nhét
vé strc chiu tai va didu nay rat phd bién trong phan tich dia
k¥ thuat [10-12]. Bén canh d6, trong nhitng nghién ctru gan
day, st chdng cét cua dit sét ciing duoc xem nhu ¢ anh
huéng boi phuong cua nhitng tng suét chinh, duoc thé hién
& hinh 3. Nhin chung, sttc chdng cit cua dat sét duoc xem
nhu khong ding hudéng. Casagrande va Carillo [13], L
[14], Davis va Christian [15], Krabenhoft et al. [16] va
Ukritchon va Keawsawasvong [17] la nhing nguoi tién
phong dé cap dén ly thuyet pha hoai cho viéc m6 ta nhing
tac nhén cua sirc chéng cit ciia nén sét khong ding huong.
C6 rat nhidu phan tich dia k¥ thuat trén nén sét khong ding
hudng dugc trinh bay trong tai liéu [18-22].

, suc chong cat

z, d0 sau

Hinh 2: Sitc chong ccft,tdng theo dg sdu trong nén sét khéng dong
nhat vé sicc chong cat.[16]

Méng

IRRER

Vung chi

m / \ ’

Thi nghiém kéo \ h

ba truc
Thi nghiém cét

Thi nghiém nén
ba truc

Hinh 3. Sy thay déi sie chong ct theo cac phuong chiu luc khac
nhau trong bai todan nén sét khong dang hudng vé sirc chiu tai. [16]

Di kém v6i su phat trién cia nhitng phan mém tri tué
nhan tao (Al) trong moi linh vyc hién nay, viéc thyc hanh
Al, i.e., hoc may, trong linh vyc dia k¥ thuat cang tré nén
phé bién, Keawsawasvong et al. [23] di sir dung mang tri
tué than kinh nhan tao (ANN) dé phan tich hé sé 6n dinh
ctia duong ham c6 dang hinh vuéng, Lai et al [24] Gmg dung
md hinh Hoi qui thich ting da chiéu Splines (MARS) dé dé
xuat mot cong thirc maoi nham dyu doan hé sd stre chiu tai
clia mong vanh khin trén nén sét khong dang hudng. Tuy
nhién, viéc ap dung phuong phap hoc may trong du doan hé
6n dinh cia hd dao hinh non trong nén dat sét khong dong
nhét, khong ddng huéng van chua dugc dé cap.

Trong nghién ciru nay, mé hinh mang than kinh nhén tao
ANN duoc tng dung dé dwa ra ham tuong quan du doan hé
s6 6n dinh ctia mai doc hinh non khong co bién phap chdng
d5 trén nén sét khong dong nhit va khong dang hudng.

2. THONG TIN VE MO HINH SO

M5 ta so bo vé hd dao hinh nén khong bién phap chong
dd trén nén sét khong dong nhat va khong dang huéng duoc
thé hién & Hinh 4. Mai déc duoc nghién ctru ¢6 do sau (H),
ban kinh day (B) va goc nghiéng cua mai dbc (). M6 hinh
vét liéu cta nén sét khong dang hudng duoc sir dung trong
bai toan nay 1a md hinh dit sét khong thoat nude, khong
ding huéng (AUS) duoc d& xuét boi Krabbenhoft et al.
[16]. Ba thanh phén stc chdng cit khong thoat nuée, khong
dang huéng dat dwoc tir thi nghiém kéo ba truc (Su), thi
nghiém nén ba truc (Suc) va thi nghiém cat truc tiép (Sus) 1a
strc chbng cat dau vao cua tiéu chuan pha hoai nay. Tuong
img Vi ba sirc chong cit dau vao nay, c6 hai ty 1¢ stc
chéng cit khong dang huéng cho nén sét khong ding
huéng cé thé duge dé nghi 1a re = Sue/Suc Va T's = Sus/Suc.
Nhimg tham sé ddu vao cua ba st chéng cit nay co thé
dugc don gian bdi viéc sir dung mbi quan h¢ gitra re va rs da
duoc dé nghi trong tai li€u cua Krabbenhoft et al. [16],
duoc trinh bay bang cong thire dudi day:

o 2n
1+,

)

S
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Line of axial symmetry )

SuICo

1 1
Anisotropic 1
N heterogeneous clay: rop oo P
¥, SuTco, P, Te, s Sure:

Fe = SuE/SurC SuDSS

Fs = SuDss/suTC z,Depth ~ S4TE

p=d(surc)idz

Hinh 4.'B,inh nghia bai todn cua mai déc hinh non khong bién
phap chong do trén nén sét khong dong nhat khong dang huong
trong diéu kién doi ximg truc 2D

Pugc trinh bay trong Cong thirc (1), dé chi ra tmg xir cia
dat sét khong dang hudng ma cé thé sir dung chi mot hé sb
strc chiu cit khong dang hudng re. Nhin manh rang diy sé
cliare 12 0.5 dén 1 [16, 17]. Thay d6i hé sb re co thé dan dén
anh huong dén sy phan hdi ciia bé mat pha hoai trong tiéu
chuén pha hoai AUS, dugc trinh bay ¢ Hinh 5. Hon nita,
tiéu chuan pha hoai AUS dugc thay thé bang tiéu chuan pha
hoai Tresca cho truong hop nén sét dang hudng bang cach
dit re = 1 hodc Suc = Sue = Sus. Chi tiét tiéu chuan phé hoai
dugc chung minh trong tai liéu cua Krabbenhoft va Lyamin
[16] va Krabbenhoft et al. [16]

Oy /SuTC

O'x/SuT‘c/ \ffz/suTC

Hinh 5. Mdt Tresca suy réng duroc ding trong tiéu chuan pha
hogi sic chong cat khong thodt nuée khéng dang hudong (AUS).
[19]

Su gia tang sirc chdng cit theo d6 sau, hay noi cach khac
la tinh khong ddng nhat ciia nén sét, dugc ké dén trong
nghién ctru nay boi thong s6 p, nhu thé hién ¢ Hinh 2. Do
vay, v6i m6 hinh dét sét khong déng huong, ba gia tri sirc
chdng cit khong thoat nude ciing ting tuyén tinh theo do
sau va duoc xac dinh bang cong thuc 2, 3, 4.

Suc (Z) = SucO + pZ (2)
Sue(z) = Su&:O + repz (3)
Sus(z) = Suc() + rspz (4)

Tai Suco, Sueo, va Suso 12 sitc chéng cét khong thoat nudc
khong dang hudng tai be mat dat; z biéu thi cho chi€u sau
tinh toan tir mat dat.

Tir Hinh 4, ¢6 7 thong s6 thiét ké can khao sat bao gf)m
H, B, S, Suc, Sue, Sus, va p. Dé don gian hoa s luong thong sb
dau vao can phan tich, phuong phap khong thir nguyén
duge dé nghi boi Butterfield [25] dugc ap dung. HE s on
dinh ciia mot hd dao hinh nén khong c6 bién phap chong do
trong nén sét khong dong nhét, khong ding hudng vé sirc

chiu tai dugc xac dinh thong qua 4 thong ) khong thur

nguyén nhu sau:
- fI%,ﬂ,re,m— ”HJ

uco

(&)

Trong d6 H/B la ty 1¢ ciia d siu mai doc; B 1a do
nghiéng cua mai doc; re va m hoac pH/sueo lan luot la ty 1€
strc chiu cat khong dang hudéng va gradient vo hudng cua
strc chiu tai; va N 1a hé s6 on dinh ctiia mai doc hinh nén.

3. KET QUA MO HINH SO
3.1 Cac truwong hgp dwoc phan tich

Mo hinh s6 dwa trén phuong phap phan tir hiru han dugc
thuc hién bang phian mém Optum G2 va thé hién & hinh 6.
bé phan tich anh hudng cua cac thong s6 khong thir nguyén
bao gom £ 1a d nghiéng cla mai dbc; re vam hodc pH/suco
dén hé s6 6n dinh N duogc thé hién & cong thirc sb (5), 576
truong hop did dugce phan tich. Cac truong hop phan tich
bao gom:

Khoa
chuyén

ngang

H H bas H R

I

I

|

I

|

I Khoéa chuyén vi ngang va chuyén vi ding

P

AN

Hinh 6. Md hinh s6 diroc sit dung dé phan tich

Str dung m6 hinh d6i ximg tam

Phén tich anh huéng cia sy ddng déng hudng cta nén sét
dén hé sb 6n dinh cua mai dc thong qua sy thay doéi cia hé
$6 re. Cac hé s6 re dugc st dung dé phan tich gém re=0.5,
0.7, 0.9, 1. Cac hé ) nay dugc tham khdo trong cac phan
tich v& nén dit sét khong ding hudng sir dung mo hinh
NGI-ADP tur cac nghién ctu trude day.

Phan tich anh hudng cia nén sét khong ddng nhat dén
hé s 6n dinh cia mai dbc thong qua su thay d6i cua hé sb
m. Cac hé sé m dugce st dung dé phan tich gdm m =0, 0.4,
0.8,1,2,5.

Phan tich anh hudng cta hé sé khong thir nguyén —
ty 16 d6 sdu mai déc va duong kinh day cia mai déc dén hé
s6 6n dinh cua mai dbe thong qua su thay ddi cta hé $6
H/B. Cac hé sb H/B duoc sir dung dé phan tich gdm H/B =
0.5,1,2,4,6,10.

Phan tich anh hudng cua d6 nghiéng mai déc dén hé sé on
dinh cia mai doc thong qua su thay dbi cua hé sé f. Cac hé
s6  dugc st dung dé phan tich gom 8 = 45, 60, 75, 90 do.

3.2 Két qua phan tich
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Céc ket qua phan tich tir 576 truong hop trong nghién 75.00 | 534 | 661 | 7.83 | 843 | 11.37 | 19.96
ctiru trude duge tong hop va trinh bay trong Bang 1, 2, 3, 4.
. 90.00 | 4.68 | 5.71 6.71 7.20 9.61 16.63
Do muc ti€u bai bao nay 1a 4p dung mang tri tu¢ than
) N g2 e ab BRS SRete U B 45.00 | 7.01 | 1123 | 15.02 | 16.86 | 25.84 | 51.82
kinh nhan tao (ANN) dé phan tich hé s0 on dinh ho dao
hinh n6n khong c6 bién phap chong d& trong nén sét khong 3 | 6000 | 656 | 992 | 13.03 | 14.55 | 21.96 | 43.29
dong nhat, khong dang hudng, nén tac gia khong tap trung 75.00 | 6.01 | 879 | 11.41 | 12.70 | 1895 | 36.84
i sdu vao phan tich mé hinh sb va két qua ia mo
d‘ sau ;Vao phan tic \ o, , sova ?t qu,a dat duge Cl‘la 0 90.00 | 542 | 7.79 10.04 | 11.14 | 16.51 | 31.74
hinh s0 dat dugc ma chi ing dung két qua dat dugc vao bai
toan ap dung mang tri tué than kinh nhan tao (ANN). Xin 45.00 | 7.67 | 15.96 | 23.45 | 27.10 | 44.88 | 95.36
néi thém rang, viéc phan tich mé hinh s6 va két qua dat 4 60.00 | 7.28 | 1420 | 2053 | 23.61 | 3847 | 79.88
dugc cia bai toan moé hinh s6 dugc thyc hién trong mot
A , . . .2 75.00 | 6.85 | 1291 | 18.47 | 21.17 | 34.06 | 69.40
nghién ctru khéc cua tac gia.
R L, p , . 90.00 | 6.47 | 12.08 | 17.26 | 19.78 | 31.77 | 63.32
Bang 1. Phan tich két qua truong hopre =1
45.00 | 8.02 | 20.25 | 31.32 | 36.72 | 6291 | 13743
m
re | H/B B 60.00 | 7.69 | 18.13 | 27.54 | 32.09 | 53.90 | 114.84
0 0.4 0.8 1 2 5 6 - - . . . . .
75.00 | 7.38 | 16.79 | 25.23 | 29.26 | 48.18 | 99.48
45.00 | 6.38 | 7.51 8.53 9.02 11.37 18.19
90.00 | 7.21 | 16.55 | 25.02 | 29.07 | 47.66 | 94.98
05 60.00 | 5.88 | 6.68 7.45 7.83 9.68 15.11
’ 45.00 | 8.38 | 28.24 | 46.21 | 54.96 | 97.49 | 219.65
75.00 | 5.19 | 5.82 6.44 6.74 8.23 12.61
60.00 | 8.15 | 2531 | 40.51 | 47.82 | 82.96 | 182.30
90.00 | 447 | 496 | 545 | 569 | 6.88 | 1038 10
75.00 | 8.03 | 23.96 | 37.57 | 43.99 | 74.25 | 157.40
45.00 | 6.97 | 9.19 11.20 | 12.18 16.94 30.82
90.00 | 8.25 | 26.00 | 41.33 | 48.34 | 79.45 | 158.35
1 60.00 | 6.41 8.09 9.68 10.47 | 1432 25.55
75.00 | 5.72 | 7.07 | 838 | 9.02 | 12.18 | 21.39 Bang 3. Phan tich két qud #rwong hop re = 0.7
90.00 | 5.00 | 6.10 7.17 7.69 10.28 17.83 m
le H/B ﬂ
45.00 | 7.62 | 12.11 | 16.14 | 18.12 | 27.81 55.89 0 0.4 0.8 1 2 5
5 60.00 | 7.13 | 10.65 | 14.00 | 15.63 | 23.63 46.95 45.00 | 4.78 5.87 3.78 7.18 9.04 14.49
75.00 | 648 | 9.43 12.26 | 13.64 | 20.41 40.06 05 60.00 | 4.53 5.31 5.93 6.24 7.74 12.02
1 90.00 | 5.82 | 8.36 10.78 | 11.97 | 17.78 34.63 75.00 | 4.13 | 4.63 5.14 5.36 6.55 10.01
45.00 | 8.32 | 17.20 | 25.28 | 29.24 | 48.50 104.08 90.00 | 3.56 | 3.95 4.34 4.55 5.51 8.25
4 60.00 | 7.89 | 1530 | 22.16 | 25.50 | 41.64 87.44 45.00 | 5.21 7.14 8.82 9.59 13.34 | 24.18
75.00 | 7.41 | 1391 | 1995 | 22.89 | 37.12 75.80 1 60.00 | 4.88 6.38 7.65 8.26 11.30 | 20.05
90.00 | 6.96 | 13.00 | 18.64 | 21.38 | 34.70 69.96 75.00 | 4.51 5.58 6.60 7.12 9.62 16.78
45.00 | 8.69 | 21.85 | 33.84 | 39.69 | 68.28 149.85 90.00 | 3.96 | 4.83 5.68 6.09 8.12 13.97
6 60.00 | 8.30 | 19.57 | 29.80 | 34.76 | 58.68 125.49 45.00 | 5.75 9.39 12.59 | 14.13 | 21.58 | 43.15
75.00 | 7.99 | 18.15 | 27.36 | 31.76 | 52.64 109.14 2 60.00 | 5.39 8.33 1092 | 12.17 | 1832 | 3598
90.00 | 7.77 | 17.87 | 27.13 | 31.58 | 52.24 104.94 75.00 | 5.01 7.36 9.56 10.62 | 15.78 | 30.53
45.00 | 9.07 | 30.51 | 49.98 | 59.46 | 105.90 | 238.75 07 90.00 | 4.56 | 6.55 8.41 9.30 13.73 | 26.21
10 60.00 | 8.81 | 27.39 | 4391 | 52.01 | 90.37 198.50 45.00 | 6.33 | 13.31 | 19.51 | 22.52 | 37.21 79.78
75.00 | 8.68 | 2598 | 4093 | 4798 | 81.17 172.10 4 60.00 | 6.00 | 11.82 | 1698 | 19.55 | 31.77 | 66.76
90.00 | 8.90 | 28.15 | 45.03 | 52.73 | 87.07 174.90 75.00 | 5.68 | 10.75 | 1529 | 17.49 | 28.00 | 57.54
) 90.00 | 5.41 | 10.07 | 14.29 | 16.32 | 25.95 52.06
Béng 2.Phan tich ket qua #ruwong hop re = 0.9
45.00 | 6.63 | 16.84 | 25.97 | 30.42 | 52.15 | 11541
m
re |HB | g 6 | 60:00 | 635 | 1504 | 22.75 | 2648 | 44.54 | 96.36
0 0.4 0.8 1 2 5
75.00 | 6.11 | 13.90 | 20.75 | 24.02 | 39.61 83.19
45.00 | 5.84 | 6.97 7.98 8.44 10.66 17.02
90.00 | 6.00 | 13.73 | 20.53 | 23.75 | 38.74 | 78.09
60.00 | 544 | 6.26 6.99 7.34 9.08 14.16
0.5 4500 | 6.94 | 23.41 | 3825 | 45.51 | 81.07 | 185.45
75.00 | 4.87 | 5.46 6.04 6.32 7.73 11.82
0.9 10 60.00 | 6.75 | 20.90 | 33.29 | 39.44 | 68.81 | 153.80
90.00 | 4.19 | 4.66 5.11 5.34 6.47 9.74
75.00 | 6.66 | 19.69 | 30.80 | 36.08 | 61.26 | 132.30
45.00 | 6.39 | 8.51 10.44 | 11.35 | 15.80 | 28.68
1 90.00 | 6.84 | 21.39 | 33.63 | 39.26 | 64.56 | 130.15
60.00 | 592 | 7.55 9.04 9.78 13.37 | 23.81
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Bing 4: Phan tich két qud truwong hop re = 0.5
re | H/B B il

0 04 | 08 1 2 5
45.00 | 3.67 | 461 | 526 | 556 | 7.16 | 1148
05 | 60.00 | 3.52| 409 | 463 | 489 | 6.08 | 9.55
7500 | 322 | 359 | 398 | 422 | 507 | 783
90.00 | 2.76 | 3.12 | 337 | 358 | 426 | 654
45.00 | 3.99 | 555 | 681 | 7.38 | 10.41 | 18.99
| | 60.00 | 378 | 497 | 601 | 646 | 880 | 1566
7500 | 347 | 438 | 518 | 559 | 7.50 | 13.09
90.00 | 3.07 | 378 | 445 | 478 | 633 | 10.93
45.00 | 441 | 734 | 974 | 10.95 | 16.79 | 33.89
, | 6000 | 415 | 648 | 848 | 945 | 1430 | 28.08
7500 | 391 | 572 | 741 | 823 | 1229 | 23.88
05 90.00 | 3.56 | 5.08 | 6.51 | 723 | 10.62 | 20.46
45.00 | 4.87 | 1035 | 15.13 | 17.42 | 29.05 | 62.66
4 | 6000 | 462 | 920 | 1317 | 1515 | 2477 | 51.64
7500 | 439 | 829 | 11.82 | 13.51 | 21.72 | 44.68
90.00 | 422 | 7.78 | 10.98 | 12.58 | 20.02 | 40.52
45.00 | 5.13 | 13.09 | 20.11 | 23.59 | 40.76 | 90.36
¢ | 6000 | 490 | 1162 | 17.59 | 20.50 | 3476 | 75.15
75.00 | 472 | 10.73 | 16.00 | 18.55 | 30.71 | 64.35
90.00 | 4.66 | 10.59 | 15.72 | 18.16 | 29.75 | 60.75
45.00 | 537 | 18.13 | 29.67 | 35.45 | 63.50 | 146.00
10 | 6000 | 523 | 1611 | 2587 | 30.66 | 53.79 | 119.85
75.00 | 5.15 | 15.11 | 23.78 | 27.95 | 47.52 | 102.65
90.00 | 5.29 | 16.35 | 2537 | 29.61 | 49.58 | 101.15

4. PHAN TICH HE SO ON PINH BANG CHUONG
TRINH MAY HQC DUA TREN MO HINH MANG
THAN KINH NHAN TAO (ARTIFICCIAL NEURONS
NETWORK -ANN)

Trong phan nay, bai bao s& sir dung chwong trinh may
hoc st dung thuat toan tri tu¢ nhan tao (Artificial neurons
network — ANN), dé phan tich twong quan gitra cac thong
sO dau vao phan tich (re, m, H/B, f) va thong so dau ra (N
hé s 6n dinh cua mai déc).

M5 hinh ANN dya trén mét tap hop cac nat dugc két ndi
duoc goi la té bao than kinh nhan tao (Artificial neurons —
NNs) twong ty mé hinh hoa cac t& bao than kinh trong nio
sinh hoc. Mdi két ndi, gibng nhu khép than kinh trong nio
sinh hoc, c6 thé truyén tin hiéu dén cac t& bao than kinh
khac. Mot té bao than kinh nhan tao nhan mét tin higu sau
do xu ly n6 va co thé phat tin hiéu cho cac té bao than kinh
két ndi véi no "Tin hiéu" tai mot két ndi 1a mot ) thuc va
dau ra ciia mdi no-ron dugc tinh bang mot s6 ham phi tuyén
tinh cta tong cac dau vao ciia no. Cac két nbi duoc goi 1a
“Edges”. Cac NNs va cac “Edges” thuong co trong lugng
“Weight” duogc didu chinh khi qua trinh hoc tap dién ra.
Trong lugng “Weight” lam tang hodc giam cuong do cua

tin hiéu tai mot két ndi. Té bao than kinh c¢6 thé c6 ngudng
sao cho tin hi¢u chi dugc gui di khi tin hiéu téng hop vuot
qua ngudng d6. Thong thudng, cic té bao than kinh duoc
tap hop thanh cac 16p. Cac 16p khac nhau c6 thé thuc hién
céc phép bién d6i khac nhau trén cac dau vao ciia chiing.
Tin hiéu di tir 16p dau tién (Input layer), dén 16p cudi cing
(Output layer), c6 thé sau khi di qua nhiéu 16p khéc
(Hidden layer) [26]. Céu trac ciia mot mo hinh ANN dugc
thé hién ¢ Hinh 7. Chi tiét hon vé mé hinh ANN c6 thé
tham khao tai [27-30].

Output layer

Xo

X4
Hﬂm

Hinh 7. Kién trGc mo hinh ANN

Mo hinh ANN da duogc sir dung trong cac nghién ctru vé
linh vyc dia ky thuét [27-32]. Trong bai bao ndy, 576 két
qua phan tich hé s6 stc chiu tai N cua tAm neo trong nén sét
khong ddng nhit, khong dang hudng tuong g véi 576 bo
thong s6 dau vao (re, m, H/B, ) duoc thé hién & Bang 1-4
s€ dugc st dung la dit liéu phuc vu cho md hinh ANN.

Cau tric mo hinh ANN twong tmg duge s dung trong
nghién ctru nay la 4 — 22 — 1 (twong tng la 4 NNs & input
layer, 22 NNs ¢ hidden layer va 1 NN & output layer). 4
NN & input layer twong dwong véi 4 thong sd dau vao (re,
m, H/B, ) va 1 NN & output layer twong tmg véi thong s6
d4u ra N. Trong qué trinh md hinh ANN, dwa trén cac
nghién ciru trude ddy vé st dung mé hinh ANN [27-32]
576 bo thong sé dau vao duoc chia thanh 70% cho
“Training data”, 15% cho “Validation data”, 15% cho
“Testing data” va thudt toan dwoc dung dé 4p dung trong
mo hinh ANN dé xuét 1a Levenberg-Marquardt.

Két qua phan tich bang mo hinh ANN dugc thé hién &
Hinh 8 va Bang 5. Trong d6, Hinh 8 thé hién twong quan
két qua gitra dy doan va mong mudn va Bang 5 thé hién
trong luong “Weight” va “Bias” clia cac neuron sau qua
trinh phén tich. Tir Hinh 5, ¢6 thé thy ring, mé hinh ANN
dé xuit cho két qua kha quan v&i hé sé R? cua 70% dit liéu
“Training”, 15% dir liéu Validation, 15% dir li¢u “Testing”
va 100% dit lidu 1an lugt 12 99.979%; 99.824%:; 99. 627%;
99.899%. Piéu nay c6 y nghia la mé hinh ANN dé xuat dé
du doan thong so déu ra cho két qua rét sat v6i két qua tinh
toan tir md hinh mo phong sd. Do d6, hoan toan c6 thé su
dung mo h1nh nay trong dy doan strc chiu tai nhd cua tim
neo trong nén sét khong dong nhat, khong dang v6i khoang
thay d6i ctia thong s6 nhur bai toan phan tich bang Plaxis da
dé cap trude do.
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Hinh 8. Két qua phan tich diz liéu ciia m6 hink ANN duroc ding
trong nghién cizu nay

Vi gia tri “Weight” va “Bias” ciia cac neuron, ¢ thé
xac lap duoc cong thuc tinh toan gia tri suc chiu tai N cla
tam neo trong nén sét khong dong nhat, khong dang hudng
dua trén mo hinh cong thic & Hinh 9. Chi tiét vé viéc thuc
hién cong thirc tinh toan thé hién & Hinh 9, c6 thé tham
khao thém trong tai liéu [28, 29].

Béang 5. Weight va Bias cua cac Neuron

WlZ W23
Neuron Input variables b2 | Output p23
re H/B B m N
1 0.1717 0.1787 | -0.0527 | 0.1460 -0.9446 | 4.3155
2 3.6274 4.0285 1.3224 (-4.1122 -6.6394 | -0.0032
3 -0.2038 | 0.4616 0.1585 [-0.3280 2.1074 | 2.7704
4 5.2490 2.5559 0.2178 |-4.1541 -5.5521| -0.0032
5 -0.0675 | -0.9270 | -2.8972 |-0.1978 2.3084 | 0.3875
6 -0.0321 | -0.8448 | -2.8054 |-0.0964 2.3379 | -0.4365
7 -0.0525 | -0.1339 | -0.7565 | 0.8301 1.7280 0.9546
8 0.1558 | -1.4093 | 4.8065 [-1.0158 -0.1706 | - 0.0089
9 0.0755 0.2336 0.5998 [-0.8212 -1.5708 | 1.1012
10 -0.5289 | 1.6768 5.7875 |-0.0573 -0.5880 | 0.0082
11 -1.2970 | -3.2260 | -7.0989 |-2.1295 0.7827 0.0024
-0.6506
12 2.8064 | -1.3927 | 1.8465 [-3.2148 -4.2229 | 0.0012
13 2.8510 | -1.2812 | -0.1025 | 3.1610 2.7277 0.0043
14 0.1065 5.1324 0.3301 | 0.6923 1.4520 0.0049
15 -0.1654 | 0.3458 | -0.0258 | 0.3580 1.6248 | - 1.4228
16 -0.5308 | -0.4791 | -0.3487 | 0.2114 0.0398 0.0726
17 -0.6117 | 0.2162 0.0602 | 0.0739 0.1235 0.3134
18 -1.9077 | 0.2915 0.0863 | 0.5146 2.3028 0.0646
19 -0.1167 | -0.6000 | 0.0364 | 0.6957 1.9377 3.3274
20 -0.1655 | -0.4459 | 0.8747 |-0.6324 2.2814 | -0.4450
21 -0.0937 | -1.0062 | 0.0727 | 0.9740 2.2519 | -0.9143
22 -3.8649 | -0.5607 | 0.2356 | 2.8417 -4.2834 | -0.0154

Hidden layer

Output layer

a,=tansig(W''p;+b") a,=purelin(W*'a,+b%)

Hinh 9. Thugt toan xac ldp ham twong quan giira théng s6 dau
vao va ket qua dau ra

5. KET LUAN

Bai bao ap dung mang tri tué than kinh nhan tao (ANN)
dé phan tich hé s6 6n dinh hd dao hinh non khong c6 bién
phéap chong dd trong nén sét khong dong nhat khong déng
huéng. Két qua cho thiy mo hinh ANN véi céu tric 4 — 22
— 1 cho két qua du doan rat chinh xac so véi két qua mod
phong s6 véi hé sb R? = 99.996%. Bang cac két qua vé gia
tri “Weight” va “Bias” cua cac neuron, co thé xac lap ham
tuong quan gitra 4 thong s6 dau vao (Fe, m, H/B, ) va thong
s6 dau ra (N hé s6 6n dinh ctiia mai dbc). Ham tuong quan
nay co ¥ nghia thiét thyuc trong viéc xac dinh hé sé 6n dinh
hé dao hinh nén khong co bién phap chéng d& trong nén sét
khong ddng nhat, khong ding hudng.
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