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KEYWORDS The ANN model is developed using custom MATLAB code and trained with the
modern Adam optimization algorithm. The study focuses on two main
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investigation directions: the effect of the number of hidden-layer neurons and the
ANN; comparison of activation functions. Results show that the GELU activation
Stability factor Nc; function outperforms traditional functions, and the model achieves coefficients of
Finite element limit analysis. determination R? on the test set ranging from 0.9987 to 0.9998 for all four

outputs, surpassing the MARS model. The proposed model offers a practical and
efficient tool for engineers to rapidly estimate the stability factor of rectangular
tunnels without the need for complex numerical simulations.
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1. GIOI THIEU

Trong bdi canh do thi héa dién ra manh mé& tai Viét
Nam hién nay, khong gian mit dat tai cac thanh phd 16n
nhu Ha Noi va TP. H6 Chi Minh dang ngay cang tré nén
chat hep. Viéc phat trién khong gian ngam, dic biét 1a cac
cong trinh giao théng ngdm (ham chui dan sinh, ham
duong bo, h¢ thong tau dién ngam) va ha tang k¥ thuat,
dang tré thanh xu hudng tit yéu. Trong cic dang cong
trinh ngdm, duong ham tiét dién hinh chir nhat rat pho
bién nhd wu diém tan dung tdi da khong gian sir dung so
v6i ham tron. Tuy nhién, viéc danh gia 6n dinh ciia ham
hinh chit nhat, dic biét 13 xac dinh hé sé 6n dinh (Nc),
phitc tap hon nhidu do su tip trung Umg sudt tai cic goc
vudng va co ché pha hoai phu thudc manh vao twong tac
dat — két cau [1].

Trong linh vuc dia ky thut, nhidu cong trinh da
nghién ciru bai toan 6n dinh him hinh chit nhat. Sloan va
cong su [2] duoc xem 1a nhitng ngudi dat nén mong cho
phuong phap Phén tich gigi han phan tir hitu han (FELA)
voi cac thudt toan gidi han trén va gidi han dudi. Wilson
va cong su [3] cong bd nghién ctru toan dién dau tién vé
ham hinh chir nhat trong dat sét khong thoat nude, khao
sat anh hudng cua cac ty 18 hinh hoc B/H va C/D, ddng
thoi chi ra rang co ché ph4 hoai cia hdm chit nhét phirc
tap hon nhiéu so v6i hdm tron do sy tép trung ung suat tai
cac gbc vuodng. Tiép nbi, nhom Abbo va cong su [4] mo
rong phén tich cho ham chir nhat trong dét c¢6 trong luong,
trong khi Sahoo va Kumar [5] xét dén anh hudng cua sy
khong déng nhét cuong do dét theo chiéu sau. Dic biét,
Keawsawasvong va Shiau [6] thyc hién nghién ciru tham
s6 quy mo 16n va dé xudt phuong trinh xdp xi thuc
nghiém. Gan day, Shiau va cong sy [7] mé rong bai toan
sang khong gian ba chiéu, cung cip bo dit liéu FELA toan
dién kém md hinh hoi quy MARS dat d6 chinh xac R? =
0,9989.

Tai Viét Nam, cac nghién ctru vé cong trinh ngam chi
yéu tip trung vao phén tich tmg xir co hoc cua két cdu
ngim trong nén dit yéu [8] hodc tuong tac dat — két cau
v6 ham [9]. Xu hudéng ng dung Tri tué nhan tao va Hoc
may trong ky thuat xdy dung ciing dang bit dau duoc
quan tdm [10]. Tuy nhién, hién vin ton tai mot khoang
trong nghién ciru dang ké ddi voi bai toan cy thé 1a du
doan hé sb 6n dinh Nc ctia hAm hinh chit nhat — hau hét
cac thiét ké thuc t& van phu thudc vao viéce tra clru biéu dd
6n dinh ctia nuéc ngoai hodc chay mo phong sb cho ting
truong hop riéng 1¢, gay tén kém thoi gian va thiéu linh
hoat.

Mang no-ron nhén tao (ANN) la m¢t nhanh cua tri tué
nhan tao ldy cam htng tir cAu trac va chirc ning cia hé
than kinh sinh hoc. M6 hinh ANN dau tién dugc dé xuit
boi McCulloch va Pitts [11]. Nho thudt toan lan truyén
nguoc (Backpropagation) ctia Rumelhart, Hinton va
Williams [12], cAc mang no-ron nhiéu 16p méi duge huin
luyén hi€u qua, mé ra kha ndng mo hinh héa cac ham phi

tuyén phuc tap. Ngay nay, ANN duogc tmg dung rong rai
trong nhiéu linh vuc k¥ thuét, bao gém ca du doan cac
thong s6 dia ki thuat.

Xuét phét tir bdi canh d6, nghién ctru nay d& xuit mo
hinh mang no-ron nhéan tao dé du doan hé sb 6n dinh Nc¢
cua duong ham hinh chir nhat, s dung thuat toan ti wu
Adam hién dai. Nghién ctru tip trung vao hai huéng khao
sat chinh: (i) anh huéng cua s no-ron trong 16p 4n dén
hiéu nang mo hinh va (ii) so sanh hi€u quéa cta cac ham
kich hoat khac nhau, nhim tim ra c4u hinh t8i wu cho bai
toan.

2. PINH NGHIA BAI TOAN

Bai toan 6n dinh cua duong hiam hinh chir nhat dugc
xem x¢ét trong khong gian ba chiéu (3D) dudi hai kich ban
pha hoai chinh: sup d6 (Collapse) va bung nén (Blowout).
Trang thai sup d6 xay ra khi tai trong phu thém trén mat
dat vuot qua kha nang chiu tai cua dat nén xung quanh
ham, din dén khdi dat phia trén ndc ham truot xudng.
Nguoc lai, trang thai bung nén lién quan dén ap luc chéng
giit bén trong ham qué 16n day khdi dat 1én phia trén.

Puong ham hinh chit nhat ¢6 chidu cao D va chiéu
rong B, dugc chon & do sau H tinh tir mat dat dén noc ham
(Hinh 1). Bai toan c6 hai tham s6 dau vao khong thir
nguyén chinh: ty 18 d6 sdu H/D thay dbi tir 1 dén 10 (phan
anh mirc d6 chon sau cua ham) va ty 1 chiéu rong B/D
thay déi tir 0,5 d&én 5 (phan 4nh hinh dang tiét dién ngang).
Dat nén dugc mo hinh hoa theo tiéu chuan pha hoai Mohr-
Coulomb vai cuong d6 khong thoat nude cu (¢ = 0°),
dong nhét va dang hudng.

os (surface pressure)
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Undrained clay: cu, p = 0%,y Ne = (as — at) /cu

Hinh 1. Dinh nghia bai toan on dinh duong ham hinh chir nhat
trong nén dat sét khéng thodt nwée

Bing 1. Pham vi cdc théng s6 dau vio va dau ra

Ky hiéu Giii thich Pham vi S6 gia tri
H/D Ty 1& d6 sau 1,2,...,10 10
B/D Ty 18 chiéu rong 0,5;1;2;3;4; 5 6
Nc collapse  Sup db (LB/UB) 4,35-16,79 60
Ne blowout  Bungnén (LB/UB)  —16,78 ——4,33 60
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Due bdo hé s6 6n dinh (Nc) ciia dwong ham hinh chit nhdt dya trén thudt todn mang no-ron nhén tgo

Déi voi mdi kich ban phé hoai, nghién ctu tip trung
xac dinh hé s6 6n dinh t6i han khong thtr nguyén Nc theo
cong thuce (1):

Nc = (o5 — ) / cu D

Trong d6 os 1a ap luc bé mat, o 1a 4p luc trong ham,
va cu la cuong do khang cit khong thoat nudc cua dat.
Dua trén 1y thuyét phéan tich giéi han, gia tri Nc thuc té
luén nim trong mot khoang hoi tu giita gia tri gioi han
dudi (Lower Bound — LB) va gia tri gidi han trén (Upper
Bound — UB). Do d6, véi mdi to hop (H/D, B/D), bo dit
lidu bao gdbm bdn dau ra: Nc collapse LB, Nc collapse UB,
Nc blowout LB, va N¢ blowout UB. Pham vi cac thong s6
dau vao va dau ra dugc trinh bay trong Bang 1.

3. KET QUA VA THAO LUAN
3.1. Co s& dir liéu va clu tric ANN

Bo dit liéu gdm 60 trudng hop duogce trich xudt tir cong
trinh da kiém chimg cta Shiau va cong sy [7]. Phan tich
muc d§ hoi tu gilita can trén va can dudi cho the‘iy chénh
léch trung binh chi khoang 6,12% cho kich ban sup d6 va
6,08% cho kich ban bung nén, khang dinh chat luong dir
liéu du tin cdy cho viéc huén luyén ANN. Toan b¢ dir liéu
dugc chuén hoa vé khoang [0, 1] theo cong thirc Min-Max
va chia ngiu nhién thanh 3 tap: hudn luyén (70%, 42
mau), kiém ching (15%, 9 miu) va kiém tra (15%, 9
mau).

Mang ANN duoc sir dung 1a mang truyén thang nhiéu
16p (Feedforward Neural Network), gdm 16p dau vao voi
2 no-ron (H/D, B/D da chuén hoéa), 16p 4n thuc hién bién
dbi phi tuyén va 16p dau ra v6i 1 no-ron dung ham kich
hoat tuyén tinh. B6n mé hinh ANN riéng biét dugc huén
luyén doc 1ap cho 4 du ra Nc. Khéac voi nhidu nghién ctru
trong nudc thuong st dung thuidt toan Levenberg-
Marquardt (trainlm), nghién ctru nay trién khai thuat toan
Adam bang ma ngudn tu viét voi cac siéu tham s6: toc do
hoc a = 0,005; B: = 0,9; B2 = 0,999; kich thudc mini-batch
16; s6 epoch t6i da 3000 va patience cho early stopping 1a
300. Hiéu sut mo hinh duoc dénh gia qua hai chi s6 MSE
va R? theo cong thire (2) va (3):

MSE = (1/n) - 2 (i — y)? (2)
R2=1-=2(y=y)?/ 2(yi=3)? )
3.2. Anh huéng ciia sé no-ron trong I6p in

Hudng khao sat thi nhét nhim xéac dinh sé luong no-
ron t6i wu trong 16p an. SO lwgng no-ron dugc thay doi tir
5 dén 60 voi cung cAu hinh: 1 lop 4n, ham kich hoat tanh,
3000 epoch két hop early stopping. Két qua trén tap kiém
tra duoc thé hién trong Hinh 2.

(a) Hé sé xac dinh R* (b) Sai s6 binh phuong trung binh

1.000 200
R = 0,998
0.998 { 17.5
=~ 15.0
2 0.996 1 S
g %125
& 0.994 { # 100
=
0.992 { 75
5.0
0.990 ‘ . . . , .
20 40 60 20 40 60

S6 no-ron trong 16p an S no-ron trong 1ép &n

Hinh 2. Anh huong ciia s6 no-ron trong I6p an dén hiéu
nang mé hinh ANN: (a) hé s6 xdc dinh R? va (b) sai s6
binh phuwong trung binh MSE

Tir Hinh 2 ¢6 thé rit ra cac nhan xét quan trong. Thi
nhét, tit ca cac cdu hinh tir 5 dén 60 no-ron déu dat R? >
0,993 trén tap kiém tra, cho thay ngay ca mo hinh ANN
don gian véi 5 no-ron ciing da hoc tét mdi quan hé phi
tuyén gitta (H/D, B/D) va Nc. Piéu nay phan 4nh bai toan
¢6 chu trac twong d6i don gian véi chi hai bién dau vao.
Thir hai, hiéu ning mé hinh khéng tang tuyén tinh theo sd
no-ron: cac cdu hinh véi 5, 45 va 55 no-ron cho két qua
gan nhu tuong duong (R2 = 0,998), trong khi cdu hinh 25
no-ron lai cho két qua thip bat thuong (R? = 0,993) do anh
huéng cia tinh ngau nhién trong khoi tao trong s6. Thir
ba, khi s6 no-ron vuot qua mot ngudng nhét dinh, mo hinh
¢6 xu huéng dimg huén luyén sém hon do kich hoat co
ché early stopping. Két luan: dé can bang gitra d6 chinh
xac va chi phi tinh toan, cu hinh 25 no-ron duoc chon
lam co s& dé khao sat ham kich hoat ¢ budc tiép theo.

3.3. So sanh hiéu niang cia cac ham kich hoat

Hudng khao sat thir hai tap trung so sanh hi¢u qua cua
cac ham kich hoat, dong vai tro then chét trong mang no-
ron. Néu khéng c6 ham kich hoat phi tuyén, t& hop cua
nhiéu 16p ciing chi twong duong véi mot phép bién dbi
tuyén tinh duy nhit. Nghién ciru khao sat nim ham kich
hoat phd bién: tanh, sigmoid, ReLU, Leaky ReLU va
GELU — trong d6 GELU la ham hién dai dwoc thiét ké cho
cac md hinh Transformer. D6 thi ndm ham kich hoat dugc
thé hién trong Hinh 3.

D6 thi céc ham kich hoat duge khao sat

4

= sigmoid
tanh

34 — RelU

== Leaky ReLU

= GELU

-4 -3 -2 -1 0 1 2 3 4

Hinh 3. P6 thi nam ham kich hoat dwoc khao sdt trong
nghién cuu
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Bang 2. So sanh hiéu nang cia cac ham kich hoat

R (Test)y P

Ham kich hoat MSE (Test) hang
tanh 0,000196 0,99348 3
sigmoid 0,000046 0,99847 2
ReLU 0,000349 0,98837 4
Leaky ReLU 0,000458 0,98473 5
Gelu 0,000032 0,99893 1

Két qua tir Bang 2 cho théiy su khac biét 16 rét gilra
cac ham kich hoat. Thir nhét, Gelu cho hiéu nang t6t nhat
v6i R? = 0,99893 va MSE = 3,2x107%, vuot tri so véi tat
ca cac ham con lai. DPay 1a mot phat hién quan trong: trong
khi hau hét cac nghién ctru trude d6 vé ANN trong dia ki
thuat thuong mac dinh sir dung tansig/sigmoid, viéc ap
dung Gelu — mot ham kich hoat hién dai dugc thiét ké cho
Transformer/GPT — mang lai cai thién déang ké cho bai
toan hdi quy truyén thdng trong dia k¥ thuat. Thir hai,
sigmoid xép thir hai (R? = 0,99847), cho thiy ham s-curve
van hiéu qua vé6i dir liéu da chuan hoa vé [0, 1]. Tht ba,
Relu va Leaky Relu cho hiéu ning thap nhét (R? = 0,988
va 0,985), do tinh khong mugt tai x = 0 va hién tugng
"dying Relu" lam giam kha ning x4p xi cac ham tron —
dic diém can thiét cho bai toan hdi quy Nc.

3.4. M6 hinh t6i wu va so sanh véi MARS

Két hop hai huéng khao sat trén, mo hinh ANN t6i uu
duoc xac dinh voi ciu trac mang dang phéu [20, 10, 5]
(20 no-ron 16p 1, 10 no-ron 16p 2, 5 no-ron 16p 3) st dung
ham kich hoat Gelu, dat R? = 0,99903 trén tap kiém tra va
MSE = 2,9x107°. M6 hinh nay dugc ap dung ddc 1ap cho
cé 4 dAu ra. Hinh 4 trinh bay biéu dd hién thi so sanh gia
tri du doan cua ANN véi két qua FELA, cho thiy céc
diém dir liéu nam cyc ky sat dudng chéo Iy tuong y = x.

Nc collapse LB (R* = 0.9997) Nc collapse UB (R* = 0.9998)

Bang 3 so sanh tryc tiép hiéu ning mé hinh ANN véi

md hinh MARS dugc cong bd trong bai bao gdc ctia Shiau
va cong sy [7] véi R? = 0,9989.

Bang 3. So sanh mé hinh ANN [20, 10, 5] voi mé hinh

MARS
M5 hinh Piu ra / Nguon R?
MARS Shiau et al. (2024) 0,99890
ANN Nc collapse LB 0,99974
ANN Nc collapse UB 0,99980
ANN Nc blowout LB 0,99917
ANN Nc blowout UB 0,99963
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Hinh 4. So sanh gia tri Nc dw dodn bdng ANN [20, 10, 5]
va két qua tir FELA cho cd 4 ddu ra

Két qua so sanh cho tha?iy mo hinh ANN vuot trdi so
véi MARS & ca bén dau ra, véi muc cai thién tir 0,03%
dén 0,09% vé R2 Mic dii mic cai thién tuyét dbi nho vi
ca hai mo hinh déu da dat R? > 0,998, két qua van khang
dinh réng ANN 124 cong cu du bao canh tranh dugc voi
MARS. Bén canh d6 chinh xac cao, ANN con ¢6 wu diém
vé tinh linh hoat trong viéc mé rong s6 bién dau vao, tdc
d6 du doan nhanh (chi ms so vdi hang gido cua FELA), va
kha ning két hop vai cac ky thuat hoc sau hién dai.

4. KET LUAN

Nghién ctru dad phat trién thanh cong mo hinh mang
no-ron nhan tao (ANN) véi cdu trac phéu [20, 10, 5], cho
phép dy doan chinh xac hé 6 6n dinh N cta duong ham
hinh chit nhat trong nén dat sét khong thoat nudc véi hé s6
xéc dinh R? dat tir 0,9987 dén 0,9998. Két qua thuc
nghiém khang dinh mé hinh t6i wu nay khong chi vuot troi
hon mé hinh hdi quy MARS truyén théng ma con tdi uu
hoa thoi gian tinh toan tir hang gid mod phong sb xudng
mrc mi-li-gidy, cung cép mot cong cu gon nhe phuc vy
hiéu qua cho giai doan thiét ké so bo. Pong gop khoa hoc
cdt 161 cua nghién ciru nam & viée tién phong tmg dung
ham kich hoat hién dai Gelu vao bai toan dia ky thuat
truyén thong, minh chimg cho ning luyc x4p xi ham tron
va hiéu nang vuot trdi cua nd so voi cac ham kinh dién
nhu sigmoid hay tanh. DU vy, han ché cia mo hinh hién
tai 1a mai chi khao sat trén b dir liéu gidi han gém 60
truong hop va phu thudc vao gia dinh nén dat dong nhat
v6i hai bién hinh hoc dau vao. Dinh hudng tiép theo sé& tap
trung mé& rong quy mé dir lidu, tich hop cac tham sé co Iy
dét nén chuyén sau nhu lyc dinh, goc ma sat, trong luong
don vi, ddng thoi trién khai cac thuat toan hoc may tién
tién nhu XGBoost va mang no-ron thong tin vét 1y (PINN)
dé hoan thién cong cu du bao.
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Dur bdo hé s6 6n dinh (Nc) cua dwong ham hinh chit nhét dua trén thudt todn mang no-ron nhdn tao
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