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Tém tit
Méng bang la mét logi méng néng phé bién, dong
vai tro la bo phdn két cdu chiu luwc nén tang trong
cac hé két cau chiu luc dirng cua cong trinh dan
dung va cong nghiép. Trong hé két cdu nay, méng
bang cé chirc ndng tric tiép tiép nhdn va phdn
phi tdi trong tir cdc bé phdn thirong tang xuong
I6p dat nén bén dudi, dong thoi dam bdao si on
dinh téng thé va han ché bién dang nén mong
trong qud trinh khai thdac cong trinh. Mdc du giir
vai tro thiét yéu trong hé két cau chiu lyc ciia cong
trinh xdy dwng, nhung bé phdn ndy van chuwa nhdn
dwoc sw quan tam twong xung trong cdac nghién
cieu khoa hoc gan day. Méng phai déap iing hai yéu
cau co ban: Kha nang chiu lyc cuc dai va do lun
cua mong ¢ muc cho phép voi gid thanh cong
trinh téi thiéu. Tuy nhién, viéc tinh toan lya chon
kich thuée mong bang hién van chii yéu dwa trén
kinh nghiém, thién vé an toan, thwong dan dén
viéc lang phi vat liéu, tang chi phi xay dung. Bai
nghién ciu nay nghién cuu ung dung thudt toan
T6i wu bdy dan da muc tiéu (MOPSO) trong viéc
tw dong hda qud trinh tinh toan va 16i wu héa kich
thuoc cua mong bang cung chiu tdac dong cua tdi
trong léch tam. Két qua cia nghién ciru cho thdy
méi quan hé giita dg hin va gid thanh xdy dung t6i
wu, qua dé duwa ra khuyén nghi cho tiéu chudn kép
vé an toan va kinh té.
Tir khéa: Mong bang, thiét ké toi wu, tri tué rghdn
1qo, tinh todn kha nang chiu tdi, thudt todan toi wu
bay dan da muc tiéu.
Abstract
Strip footing is a common type of shallow
foundation that serves as a fundamental load-
bearing component in vertical load-resisting
structural systems of both residential and
industrial buildings. Within such systems, the strip
footing functions to directly receive and distribute
loads from superstructure elements to the

underlying soil strata, while simultaneously
ensuring global stability and minimizing
foundation deformations during the service life of
the structure. Despite its critical role in the overall
structural system of buildings, the strip footing
has not received commensurate attention in recent
scientific studies. This indicates a research gap
that warrants further exploration, particularly in
the context of modern demands for optimization,
automation, and integrated computational design
approaches. A foundation must satisfy two
fundamental requirements: Ensuring maximum
load-bearing capacity and maintaining settlement
within permissible limits, all while minimizing
construction costs. However, the sizing of strip
foundations is still predominantly based on
empirical  approaches and  safety-oriented
assumptions, often resulting in material wastage
and increased construction expenses. This study
investigates the application of the Multi-Objective
Particle  Swarm  Optimization — (MOPSO)
algorithm to automate the calculation and
optimize the dimensions of rigid strip foundations
subjected to eccentric loading. The findings reveal
the relationship between settlement and optimal
construction cost, thereby offering
recommendations for a dual-criterion standard
that balances both safety and economic
efficiencyt.

Keywords: Strip foundations, optimal design,
artificial intelligence, bearing capacity analysis,
Multi-Objective Particle Swarm Optimization
algorithm.

1. Gioi thiéu

Moéng nong 1a loai mong c¢6 chiéu sau dat day
moéng tuong dbi nho, thuong khong vuot qua Sm, va
duoc thi cong truc tiép trén hd dao tu nhién, sau do
duoc léip lai béng vat liéu dép. Mot sb loai mong nong
thuong gap: Mong don (mong don diing tdm, l¢ch tam,
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moéng chan vit), méng bang dudi twong, méng bang
dudi cft (méng bang mot phuong, moéng bang giao
thoa), méng be. Mong bang 1a loai mong dugce su
dung phd bién trong xay dung nha &, dic biét 1a nha
16 ph (nha lién k&), nha & nong thon, nha xudng quy
md nho, cac cong trinh c6 tai trong phan bd déu theo
mdt huéng. Phuong phap thiét ké thong thuong 1a cac
nha thiét ké xac dinh chiéu rong va chiéu cao cua
mong theo kinh nghiém thiét ké hodc theo cac du 4n
tuong tu trude day, sau do tinh toan ap luc moéng xem
¢6 dap g cac yéu ciu vé kha ning chiu luc cia mong
hay khong. Khéi luong ¢t thép dugc tinh theo didu
kién kha nang udn va cit. Néu khong dap tmg cac yéu
cau, s& thay doi kich thudc thiét ké cho dén khi déap
{mg cac yéu cau vé thong s k¥ thuat nhu kha ning
chiu luc, d6 ctng va d6 6n dinh. Quy trinh thiét ké nay
thuong dya vao kinh nghiém cia nguoi thiét ké va
chua phai 1a giai phap toi wu.

Thuat toan MOPSO (Multi-Objective Particle
Swarm Optimization) la phién ban mo rong cua PSO
nhim giai cac bai toan t6i wu da muc tiéu. Mdi c4 thé
(hat) trong quan thé di chuyén trong khong gian tim
kiém dya vao vi tri tbt nhat tung dat dugc va thong tin
tor mot kho luu trir cdc nghiém khong trgi (Pareto
archive). Nho @6, MOPSO ¢6 thé duy tri da dang 10i
giai va dan tién t6i tdp nghiém Pareto tdi wu. Mot sb
tac gia da d& xuat hudng tiép can thiét ké tdi wu va dat
duoc két qua ban dau, tuy nhién van chua dap ing day
du yéu cAu cua cac bai toan thuc tién va da muc tiéu.
Mohammad Khajehzadeh va cong sy da nghién ctru
vé t8i ru hoa nén moéng néng sir dung thuét toan tim
kiém hip dan [1]. Trong nghién ciru nay, céc tac gia
d3d tng dung thuat toan Tim kiém Hap din
(Gravitational Search Algorithm - GSA), nham t6i uu
hoéa céc rang budc phi tuyén trong thiét ké nén méng
noéng. Day 1a mot thudt toan tim kiém ngiu nhién,
khong yéu cau gia tri khoi tao cu thé va khong dya
vao huéng dao ham trong qua trinh tim kiém 1o giai,
do d6 khong can dén thong tin dao ham ciia ham muc
tiéu. Két qua chi ra ring phuong phéap duoc dé xuit c6
thé cung cap cac giai phap c6 chit lugng cao, 6 chinh
xac va hiéu qua dé thiét ké nén mong t6i uu. Abdul
Azhim va Widjojo A. Prakoso da nghién ctru vé Tbi
wu hoa chi phi xdy dung méng nong cho dit cat tai
Indonesia [2]. Trong nghién ciru nay, cong cu tdi uu
hoéa Solver - mét chirc nang bo tr tich hop sin trong
phan mém Microsoft Excel - dd dugc sir dung dé thiét
ké moéng néng vai viée ddng thoi xét dén ba khia canh
chinh: trang thai giéi han cuc han (Ultimate Limit
State - ULS), trang thai giéi han su dung
(Serviceability Limit State - SLS) va hiéu qua kinh té.
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Phuong phap tiép can nay cho phép danh gia tac dong
clia cac cdu triic chi phi xdy dung khac nhau tai bn
tinh thudc Indonesia. Két qua phan tich cho thay tinh
kha thi va hiéu qua cua giai phap dé xuét trong thuc
tién thiét ké mong nong. Bén canh d6, V Ghiasi va F
Sohrabi ciing cho rang ng suit dit qua mirc ¢ thé
dan dén lin thém hodc pha huy cit cua dat, trong ca
hai truong hop, déu gay hu hong cho két ciu [3]. Do
do, cac k¥ su dia ky thuat va két cau thiét ké mong
phai d4nh gia kha nang chiu lyc ctia dat. Nghién ciru
nay thao luin vé viéc t&i wu hoa kha nang chiu luc cua
moéng ndng va so sanh cac phuong phap xac dinh va
xac suét. Trong nghién ctru nay, kha ning chiu lyc ciia
mong ndéng duoc xac dinh bang phuong phap Monte
Carlo, cudi ciing dé xuat cac giai phap xay dung dé
cai thién hiéu suat cia mong nong [3]. Mot s tac gia
khéc ciling nghién ctru tinh kha thi cia PSO-ANFIS
trong viéc woc tinh sirc chiu tii cia méng bang nam
trén mai doc khong c6 Iuc dinh [4]. Nghién ctru nay
tap trung danh gia hiéu qua cua thuat toan Ti uu bay
dan (Particle Swarm Optimization - PSO) két hop vai
hé théng suy luan mo tich hgp mang thich ung
(Adaptive Neuro-Fuzzy Inference System - ANFIS)
trong viéc du doan suc chiu tai cuc dai cia mong bang
dat trén dinh mai déc. Pong thoi, nghién clru ciing
phén tich kha nang ung dung cua mdé hinh PSO-
ANFIS trong viéc udc tinh sttc chiu tai cyc dai cla
mong bang trén mai déc khong co luc két dinh, khi
chiu tac dung cua tng suit thiang dimg tir bén ngoai.
Két qua cho thiy mo hinh PSO-ANFIS duoc dé xuét
véi cdu trac it phure tap hon, dugc phat hién la chinh
xac hon so véi cac md hinh ANFIS thong thuong [4].
Ngoai ra con ¢ cac cong trinh nghién ciru vé tdi uu
hoéa méng bang nhu: Cac mé hinh tinh toan mém tién
tién dua trén mang no-ron dugc t6i wu hoa cho kha
nang chiu lyc cua mong bang chiu tai trong nghiéng
[5]; Kha nang chiu lyc dong cuc dai cia mong bang
néng - phan tich d9 tin cay sir dung phuong phap bé
mit phan tmg [6]. Cac nghién ctru trude day cha yéu
tap trung vao bai toan tdi wu hoa don muyc tiéu, nghia
1a qua trinh thiét ké kich thuéc méng chi nham dap
g mot tiéu chi duy nhat, thuong 1 tiéu chi vé chi
phi x8y dung hoac kha nang chiu lyc cuia mong.

Bai bdo nay trinh bay ung dung cua thuat toan da
muc tiéu trong viéc t6i wu héa thiét ké mong bang bé
tong cot thép, v6i hai muc tiéu chinh 14 kiém soat do
lan 6n dinh va giam thiéu chi phi xay dung. Loai
mong nay duge st dung phd bién trong xay dung dan
dung va cong nghiép, dic biét tai cac cong trinh c6 hé
két cau tuong chiu luc hodc khung bé tong cbt thép.
Thuét toan nay c6 thé cung cdp cho cac nha thiét ké
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két cdu mot phuong phap thiét ké tdi uu hidu qua,
khong chi dép tng hai muc tiéu thiét ké quan trong 1a
an toan va hiéu qua kinh té, ma con nang cao hiéu qua
tong thé cua qué trinh thiét ké.
2. Co sé 1y thuyét tinh toin méng bing

Hinh 1 minh hoa cdu tao méng bang dwoc nghién
ctru. Trong thuc tién thiét ké, kich thudc chidu rong va
chiéu cao ciia moéng thuong duoc xac dinh dua trén
kinh nghiém cua k¥ su hoac tir cac dy an twong ty da
thuc hién trude do, sau do tién hanh kiém tra cac diéu
kién k¥ thudt can thiét, bao gdbm: Kiém tra kha ning

chiu lyc, kiém tra d6 lin va kiém tra chéng choc thung.

Trong ndi dung bai bao nay, cac diéu kién vé do bén
s€ duoc st dung lam diéu kién rang budc trong tinh
toan toi uu.

Hinh 1. Mong bang

2.1. Tinh todn sirc chiu tdi ciia nén dit

Trong tinh toan strc chiu tai cla nén dat, mot
phuong phap thuong dugc sir dung 1a xéc dinh tai
trong cuc han Pu, tor d6 x4c dinh tai trong cho phép
tac dung 1én nén dét.

B
=4 1
[7]- M

(Fs - hé sb an toan)

Strc chiu tai cua nén dat duoc xéac dinh theo nhiéu
phuong phap, trong bai bao nay, ndi dung tinh toan sé sur
dung cong thirc cua Terzaghi - dua trén co so ly luan can
bang gidi han, mot trong nhimng phwong phap kinh dién
va duoc 4p dung rong rii trong thiét ké mong néng. Theo
Terzaghi, khi méng 1am viéc, mot khdi dat duoc gin chit
v6i ddy mong tao thanh mot ném dét. Terzaghi 1a ngudi
dau tién dung cac hé sb strc chiu tai Ny (hé s6 bé rong),
Nq (hé s6 d6 sau), Nc (hé s6 lyc dinh) theo truyén thng
van duoc ding cho dén nay [7].

Cong thirc tng quat nhu sau:

1
P, = B YBN), +yhNg +cN, (2)
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Trong dé:

P,: St chiu tai gidi han (kN/m?), tirc 1a (g sudt
toi da ma nén dat cé thé chiu duoc;

¢: Luc dinh cta dét nén (KN/m?);
y: Dung trong cuia dat nén (kN/m?);
h: Chiéu sau dat méng (m);

B: Chiéu rong moéng (m);

Ne,Ng,N,: HE s6 stre chiu tai - phu thudc vao goc
ma sat trong ¢ cua dat.

Céc hé s6 N,,N,,N, dugc tinh theo cong thirc sau:

K
_ py :
N},—O,Stan(p( 5 —1],
cos” @

N, =cotp| ————-1|"
2cos2 (45+¢)
2

) __(37/4-¢/2)tangp
Véi: 4=¢€ ;

+33
=3tan2(45+¢ j
2

K

py

2.2. Kiém tra én dinh ciia méng bing

Viéc kiém tra én dinh cua moéng bang duoc tinh
toan nhu sau [8]:

* Piéu kién vé ap luc trung binh:

tc tc
tc pmax + pmin
ptb = < Pu
3)

* Piéu kién on dinh do tai trong cuc dai gay ra:

Ntc 6 MIC
pr. = Z + z —+7,h<12P,
B.L B.L 4)

* Piéu kién on dinh do tai trong cuc tiéu gy ra:

. _ ZNIC ~ 6'ZMIC

pmin

—+7,h>0
B.L B.L (5)

Trong do:

N;Mm: La lyc doc va md men tiéu chuan;
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L: La chiéu dai cia méng (m);

7, La dung trong trung binh ctia dét dé 1én mong
(KN/m?3).
2.3 Kiém tra dp liin 6 tam méng

D6 lun cua cong trinh ¢ thé dugc xac dinh bang
nhiéu phuwong phép khac nhau. Trong bai bio nay, ndi
dung tinh d¢ lin s€ sir dung phuong phap 16p tuong
duong cua Xutovich, dya trén gia thiét nén dan hoi
tuyén tinh.

Do lan tinh toan cua moéng trong trudng hop nay
duogc ude luong bang cong thire:

g Ao,,.H

" " total

Ee ©)

Trong do:
Ao Ung suét trung binh ting do tai trong mong
e AP
tai d6 sau khao sat;
H,,,: Chiéu day tong ciia 16p dat chiu nén lan;
E,: Mb dun dan hodi trong dwong cua nén dt.
Ung suit do tai trong mong dugc xac dinh bang Iy
thuyét Boussinesq cho nén dan hoi v6 han:

Ao=q.l
o qz (7)

Trong do:

q: Téai trong trung binh trén mong;

I, : Hé s6 anh hudng theo chiéu sau;

Khi nén dét c6 nhidu 16p ¢6 cac méd dun dan hodi
khéc nhau, c6 thé quy d6i vé mdt mé dun twong duong
theo cong thirc:

H
E = total
“ ﬂ + i +...+ H”
E E, E, (8)

Trong dé:

H;: Bé day ciia 16p dat thir i;

Ei: M6 dun dan hdi cua 16p dét thr i.

Phuong phap nén twong dwong 1a mot trong nhimg
cach tiép can dé tinh toan do lin ciia méng ndng dit
trén nén dat c6 nhiéu 16p vai cac dic trung co hoc
khac nhau. Cach tiép can nay nhim tim mot 16p dét
tuong duwong c6 md dun dan hoi twong duong dé thay
thé cac 16p dat thuc té.

2.4. Chiéu cao méng toi thiéu

Hinh 2 minh hoa c4u tao méng bang dudi tudong voi
céu kién ban méng mé rong sang hai bén va duoc ting
cuong bang 16p thép chiu luc chinh bd tri tai ddy mong.

Vi mong bang thudc loai bai toan phang, nén trong tinh
toan thuong 14y 1m chiéu dai theo phuong doc tuong
dé quy doi vé bai toan mit cat ngang. Tir d6, chiéu cao
méng tdi thiéu dugc xac dinh theo biéu thuc:

i

hy > aép ©)
b

!

Trong do,

p" : La ap luc tinh toan dudi d& mong, do luc doc
tinh toan xac dinh dén dinh méng va mémen tinh toan
tuong ing voi diém qua giita bé rong B tai day mong;

Ry : Cudng dg chiu nén cua bé tong.

[700
’

Hinh 2. Chiéu cao méng téi thiéu

V& mat két cau cdt thép, mo hinh trong Hinh 2 cho
thay 16p thép chiu luc chinh (thép chit) dugce bé tri tai day
moéng theo phuong ngang, nhim chdng lai mémen udn
16n nhat phat sinh duéi tac dung ciia phan lyc dét nén.
Bai toan hién tai chi xét dén thanh thép chu & ddy méng.

Viée xé4c dinh chiéu cao moéng téi thiéu nhim dam
bao méng khong bi pha hoai do choc thung hoic cit
xién, dong thoi tao du khong gian dé bd tri va bao vé
16p thép chiu kéo mot cach hop ly theo quy dinh k¥
thuat vé ciu tao két cau bé tong cbt thép.

2.5. Tinh todn cét thép

Dién tich thép theo phuong ngang (tinh cho 1m dai):

A B M B pll‘az
70,94 R 20,9 R

(10

Trong do:

M: Mémen ubn do phan Iyc tinh toan cua dat 1én
day mong tuong ung véi mat ngam di qua chan tuong;
hy=h,—a,: Chiéu cao moéng bang dudi tuong;

R,: Cudng d06 chiu kéo cua thép.
3. Tinh ton t6i wu h6a méng bing

Trong phan nay, nhom tac gia sé trinh bay ndi dung
tinh toan t&i uvu da muc tiéu cho mot mong bang dién
hinh dugc xay dung trén khu vyc Thuy Nguyén - Hai
Phong. Thong sb dia chit khu vuc xay dugc thé hién
o0 Bang 1.
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Bdng 1. Thong s0 dia chit

B¢  Ténva
Lép . Gia
‘ day trang Chi tiéu co' ly .
dat tri
(m) thai
w (g/cm? 1,9
Sétpha.  Tv @)
) E (kG/cm?) 24,6
2 43 Déo
N C (kG/cm?) 0,1
mém
¢ (d9) 9.3
Yw (g/em?) 1,9
Sét - Déo E (kG/cm?) 18,7
3 15,2 \
mém C (kG/cm?) 0,1
¢ (d%) 10,3

Moéng ¢6 chiu dai 1a 10m. Gi4 tri tai trong truyén
Ién mong 1a m6 men udn, luc cit va luc doc 1an luot
la 10T, 5T, 55T.

Thuét toan tdi wu duoc ap dung trong nghién ciru
1a thuét toan Téi wu bdy dan da muc tiéu (Multi-
Objective Particle Swarm Optimization - MOPSO).
MOPSO duogc phat trién dua trén nén tang cua thuat
toan PSO truyén thong, véi sy mo rong nham giai
quyét cac bai toan t6i uru ¢ nhidu muyc tidu. Khac voi
PSO ¢6 dién vén chi tim mot nghiém ti wu duy nhét,
MOPSO tim kiém mét tap hop cac nghiém tdi wu
khong troi hon nhau (Pareto-optimal set), qua d6 cung
cAp cac phuong 4n can bang giita cac muc tiéu ¢é tinh
xung dot [9]. Thuat toAn MOPSO dugc danh gia 1a
phu hop véi cac bai toan k¥ thuat c6 ham muc tiéu
khong qué phirc tap, nho déc tinh dé trién khai va kha
nang hoi tu nhanh. Trong pham vi nghién ctru nay, hai
ham muc tiéu duoc xét dén gdm: Chi phi xay dung
moéng va d6 lin cia moéng, voi muyc tidu dong thoi tdi
thiéu hoa ca hai dai luong nay.

fi=V.c.+Vycy+VCy
f2=5

Trong d6 V., V4 Vs 1a khdi luong bé tong, dao dap
va cbt thép. Con cac gid tri ¢ tuong tmg 1a don gia mot
don vi khdi luong twong mg ciia cac dai lugng do:

(11)

Céc diéu kién rang budc bao gom:

- biéu kién vé rng suét nhu cong thic (3);

- biéu kién dn dinh vé do 1an S<8cm;

- Piéu kién vé chiéu cao ti thiéu cia mong theo
cong thuce (9);

- biéu kién vé cau tao moéng bao gom:

h >0 (12)
0,4<h,<0,8 (13)
0,5<B<3,0 (14)
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Mo hinh MOPSO viét trén code Python phat trién
tur thudt toan trong tai li€u [9], dugc khoi tao véi cac
thong s6 cu thé nhu sau:

- S6 lugng ca thé: 200;

- BO luu: 200;

- S6 luong vong lap tdi da trong 1 1an chay: 200.

Két qua tinh toan dwoc trinh bay trong Hinh 3,
trong d6 cac diém mau den biéu dién tap nghiém
Pareto - dai dién cho nhiing phuong 4n thiét ké dat
duoc su can bﬁ'mg tdi wu gitra hai muyc tiéu l1a d6 ltn va
chi phi xay dung. Nguoc lai, cac diém mau do thé hién
nhitng phuong 4n khong thoéa man dong thoi hai muc
tiéu hodc vi pham cac diéu kién rang budc ky thuat
trong mo hinh ti uu.

Settlement (mm)
&
8

+1 @ Feasible particles
® Infeasible particles
® Repository

T T T T T L .\ o
160 162 164 166 168 170 172 17.4
Cost (M VND)

Hinh 3. Duwong Pareto quan hé dp lun va gia thanh

xdy dung mong

DPudng Pareto cho thiy gia tri do 1an ciia mong va
chi phi xdy dung 12 xung dot nhau. O gi4 thanh thép
nhét 1a 15,8 triéu dong thi do lin 14 16n nhat (48 mm),
nguoc lai & gia thanh cao nhét 14 17,6 triéu dong thi
d6 1un 1a nho nhat (36mm). O gié tri tuong tng voi do
lan 1a 39mm va gia thanh 1a 16.5 triéu dong (trong
truong hop mong dai 10m, rong 1,05m, chiéu cao
mong 0,45m, chiéu sau chon moéng 0,5m) cé su thay
d6i vé d6 dbc cua dd thi. Piéu d6 cho thdy rang khi
tang kich thudc mong dan téi tang gia thanh xay dung
vuot qué 16,5 triéu dong do lun co tdc do giam cham
hon. Nguoi thiét ké c6 thé can cir vao tap Pareto thu
dugc dé can nhéc Iya chon kich thude mong phu hop
v6i yéu cau thiét ké.

4. Két ludn

Bai bao di trinh bay tong quan vé méng bang ciing
nhu quy trinh tinh toan thiét ké loai méng nay. Thuét
toan THi wru bay dan da muc tiéu (MOPSO) dugc ap
dung nhdm ddng thoi t6i thiéu hoa hai myc tiéu: chi
phi xay dung mong va d¢ lun cua mong. Thong qua
qua trinh phan tich, nhom tac gia da xay dung dugc
tap nghiém Pareto, thé hién mdi quan hé tdi wu gilra
hai muc tiéu trén. Két qua thu dugc cung cdp co s&
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tham khao quan trong cho cac k¥ su thiét ké trong viéc
Iira chon phuong an t6i wu, phit hop vai yéu cau cu thé
clia timg cong trinh vé mat k¥ thuat va kinh té.
Lo&i cdm on

Nghién ctru nay dugce tai trg béi Truong Dai hoc
Hang hai Viét Nam trong dé tai ma s6: DT24-25.89.
TAI LIEU THAM KHAO

[1] Khajehzadeh, M., et al.,(2012). Optimization of
shallow foundation using gravitational search
algorithm. Research Journal Of Applied Sciences,
Engineering And Technology, Vol.4(9), pp.1124-
1130.

[2] Azhim, A. and W.A. Prakoso (2019). Construction
cost optimization of shallow foundation for sand
soil in Indonesia. in MATEC Web of Conferences.
2019. EDP Sciences.

[3] Ghiasi, V. and F. Sohrabi (2022), Optimization of
the Bearing Capacity of Shallow Foundation.

Reliability Engineering and Resilience, Vol.4(2),
pp-1-17.

[4] Moayedi, H. and A. Rezaei (2021). The feasibility
of PSO-ANFIS in estimating bearing capacity of
strip foundations rested on cohesionless slope.
Neural Computing and Applications, Vol.33,
pp-4165-4177.

KHOA HOC - CONG NGHE

[5] Kumar, D.R., et al.,(2024). Optimized neural
network-based state-of-the-art soft computing
models for the bearing capacity of strip footings
subjected to inclined loading. Intelligent Systems
with Applications, Vol.21, p.200314.

[6] Hamrouni, A., B. Sbartai, and D. Dias (2021).
Ultimate dynamic bearing capacity of shallow
strip foundations-Reliability analysis using the
response surface methodology. Soil Dynamics and
Earthquake Engineering, Vol.144: p.106690.

[7] Cernica, J.N. (1995). Geotechnical Engineering:
Foundation Design. John Wiley.

[8] Nguyén Vian Quang, N.H.K., Uong Pinh Chat
(2010). Nén va méng cdc cong trinh ddn dung -
cong nghiép. NXB Xay dung, Ha Noi.

[9] Martinez-Cagigal, V., (2025). Multi-Objective

(MOPSO).

(https://www.mathworks.com/matlabcentral/filee

xchange/62074-multi-objective-particle-swarm-

optimization-mopso), MATLAB Central File

Exchange. Retrieved April 8.

Particle  Swarm  Optimization

Ngay nhan bai: 09/04/2025
Ngay nhéan ban stra: 18/04/2025
Ngay duyét dang: 19/04/2025

SO 83 (08-2025)

207



