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Rai bao trinh bay két qué ang dung ma hinh mang than kinh nhan
tan trong viéc xac dinh stc chiu tai mang ndng. Mat ma hinh
mang than kinh nhan tao da dugc xay dung va tdi vu kign tric
béng thuat toan di truyén dé xac dinh sirc chiu mong ndng. Mgt
ba s ligu gom 112 ket qué thi nghigm st chiu tai mang nang vai
céc kich thuac khac nhau, duge sir dung dé dao tao va kiém tra
ma hinh. K&t qué cia nghién ctu duge so sanh vai ma hinh hai
quy tuyén tinh, cho thdy mang than kinh nhéan tao duge tdi vu
tét, cho phép du dodn sirc chiu tai mang nang sat vi ket qua thi
nghiém hon. K&t qué cia nghién citu [a mat tién dé cho viec tng
dung mang than kinh nhan tao trong viéc giai quyét céc bai toan
khac trong linh vire xay dung.

Tir khoa: sirc chiu téi mong ndng; thuat toén di truyén; mang than
kinh nhan tao.

1.DAT VAN BE

Céc cong trinh xay dung dan dung va cdng nghiép cé quy mo via
va nhd hién nay théng thudng déu chon gidi phap méng néng dé tiét
kiém chi phi. Gidi phap mdng nay tuong déi don gian vé mat thiét ké,
thi cong, déng thdi gidp gidm thi€u chi phi vé két cdu moéng cho cac
c6ng trinh xay dung. Khi thiét ké mong ndng, c6 hai tiéu chi ma cac ky
suquan tam la st chiu tai cuc han va dé Iin cui cing cia méng. Trong
dé, théng s6 stic chiu tai cuc han clia méng da dugc nhiéu nha khoa
hoc trén thé giGi quan tam nghién cdu. Stic chiu tai nay thudng dugc
udc lugng dua vao kha nang chéng cat clia dat dua trén mat truot pha
hoai. C6 thé ké dén cac nghién cliu nhu ctia Terzaghi [9], Vesic [15],
Hansen [11] hay Meyerhof [13]. Cac nghién clu nay déu c6 chung
nguyén ly la xem mdt phd hoai la cdc cung tron, tuy theo hinh déng cac
madt pha hoai ma xac dinh dugc cac cong thiic xac dinh suc chju tai ctia
mong néng théng qua kha nang chdng cat ctia dat doc theo cac mat
pha hoai dé. Tuy vay, do dya trén nhiéu gia thiét gan ding nhu gia thiét
mat trugt, gia thiét bd qua trong luong ban than dat v.v. dan dén viéc
két qua thuc nghiém va ly thuyét chua hoan toan phu hgp. Ngoai ra,
viéc xac dinh stic chiu tai cila méng c6 thé dua vao két qua thuc nghiém.
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ABSTRACT

This paper presents the results of applying an artificial neural netwark
model in determining the load-bearing capacity of shallow foundations.
An artificial neural network model has been built and optimized
architecture, using genetic algorithms to determine shallow foundation
resistance. A dataset consisting of 112 results of shallow foundation
|nad tests with different dimensions is used to train and test the model.
The results of the study were compared with the linear regression
model, showing that the artificial neural network is well optimized,
allowing to predict the shallow foundation load more closely with the
experimental results. The results of the study are a premise for the
application of artificial neural networks in solving other problems in
the field of construction.

Keywords: shallow foundation bearing capacity; genetic algorithm:;
artificial neural network.

DE tranh chi phi t6n kém, nhiing thi nghiém trong phong dugc tién
hanh véi méng c6 kich thudc thu nhé (kich thudc méng khoang vaicm),
sau d6 ngoai suy cho mong 6 kich thudc that. Tuy vay, nhiéu nghién
cltu cho thdy rang sé ¢ nhing sai léch khi ngoai suy suic chiu tai tur
nhiing méng nhé cho méng kich thudc 16n. Ly do la béi ty 1é kich thudc
hat so v&i bé rong mong la khéng giéng nhau trong cac truong hop [2].

Khoang 2 thap ky viia qua, cac tién bd vé tri tué nhan tao da tao ra
cac budc tién manh mé trong moi linh vuc nghién ctru néi chung va
trong dia ky thuat nai riéng. C6 thé ké dén Pham va céc cong su (2020)
[7], Lee (1996) [5], Momeni va cong su [14] da str dung mo hinh ANN va
RF dé nghién cuu tinh toan stic chiu tai ciia coc. Al-hamed va cong su
(2014) [10] st dung mé hinh ANN dé du doan géc ma sat trong clia dat.
Habib Shahnazari va Mohammad A. Tutunchian (2012) [8] s& dung
thuat toan di truyén dé xay dung céng thiic héi quy dé xac dinh stic chiu
tai cyc han clia méng néng. Baginska (2019) [3]tim cach t6i uu cac tham
s6 cia m6 hinh ANN béng cach khao sét nhiéu trudng hgp khac nhau
nham du bao stic chiu tai cia mong néng.

Cac nghién ctiu ké trén cho thay tinh kha thi khi 4p dung cac mé
hinh may hoc vao giai quyét cac bai toan dia ky thuat. Cac phan tich



trén da cho thdy dugc cac diém han ché clia cac phuong phap
truyén théng cling nhu cac uu diém clia phuang phap may hoc, ting
dung tri tué nhan tao. Tuy vay, viéc téi uu va chinh x6a hoa mé hinh
trong dia ky thuat van con nhiéu han ché. Ngoai ra, véi kién trdc mo
hinh phc tap v&i rat nhiéu tham s, viéc tim ki€m mot kién tric toi
uu cho mang than kinh hoc sau dé dat dugc hiéu suat cao trong viéc
duy doén suc chiu tai cia méng nong la mot thach thic chua duoc
gidi truyét triét dé. Viéc ing dung tri tué nhan tao trong gidi quyét
cac van dé phc tap noi chung va cac bai toan dia ky thuat néi riéng
dang la mét xu thé tat yéu tai Viét Nam va trén thé gidi.

2.CAC THUAT TOAN sU DUNG TRONG NGHIEN CUU.

2.1. M6 hinh mang thdn kinh nhén tao

M6 hinh mang than kinh nhan tao la mét trong nhimng thuat
toan phd bién nhat va manh mé nhat trong ho cac thuat toan may
hoc. Mé hinh nay dugc dé xuat bai McCulloch va Pitts (1943) [6]. Trai
qua qua trinh phét trién va hoan thién, ngay nay, mang than kinh
nhan tao da phat trién vuot bac va dugc ing dung trong moi linh
vuc clia khoa hoc ky thuat. Mé hinh dién hinh cGia mang than kinh
nhan tao dién hinh dugc thé hién trén Hinh 1.

C6 thé thdy, mé hinh mang than kinh nhan tao lIa mét mang luéi
mo phong hoat dong clia ndo béd con ngudi. M6 hinh nay bao gém
gém cac nut dugc lién két véi nhau bang cac trong s6. Mot mang
than kinh nhan tao dién hinh gém it nhat 3 16p: 16p dau vao, I6p an
va |&p dau ra. Tin hiéu dau ra cia mét nat an thitj bat ky trong mang
dugc tinh nhu sau:

N, =f(;xiwij+bj) Q)

Trong @6, Njla dau ra cla mét nut; Xi 1a bién dau vao tha i; wi la
trong s6 két noi gilra bién dau vao i va nut j; bj 1a dé léch cta nut j
va f() 1a ham kich hoat cGia nat an; w; la trong s6 két néi ndt &n j va
d4u ra; b 1a d6 léch clia nat dau ra; n la s6 nut an cda IGp.
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Hinh 1. So d6 thuat todn mang than kinh nhan tao 116p an, 6 nit an va 1 nit daura

Mang than kinh nhan tao c6 kha nang biéu dién méi quan hé
phi tuyén gilra I6p dau vao va dau ra, thong qua cac ham kich hoat
phi tuyén cda nat an, cdc ham kich hoat théng dung cho mang than
kinh nhan tao la relu, tanh va sigmoid. Thong thudng, mang than
kinh nhan tao can phai dugc dao tao trudc khi cé thé sir dung, viéc
dao tao la qua mét qua trinh téi uu cac trong s6 va doé léch ctia mé
hinh, gitip mé hinh khai quat qua dugc quan hé gitta cac bién dau
vao va dau ra. Trong nghién ctiu nay, giai thuat dao tao dugc su
dung la thuat toan lan truyén ngugc. Trong do, sai sé dugc truyén
ngugc tur I6p dau ra dén I6p dau vao va dugc gidm dan théng qua
cac budc lap.

2.2. Thudt todn di truyén

Thuat toan di truyén la mét thuat toan nam trong ho thuat toan tién
hoéa dugc gidi thiéu lan dau bai Holland (1992) [4]. Thuat toan nay st
dung hoc thuyét tién héa ciia Darwin lam nén tang. Thuat toan cho

phép t6i uu cac ham da bién bang cach xem xét cac bién s6 clia ham
nhu la céc nhiém sdc thé cia mot quan thé. Quan thé nay lién tuc tién
hoa qua cac thé hé, bang cach lua chon nhiing gen t6t nhat va truyén
lai cho thé& hé sau. Nhiing ca thé yéu sé bi dao thai ra khoi quan thé dé
céac gen clia n6 khong thé tiép tuc dugc di truyén. Vé téng quan, thuat
toan di truyén trai qua cac vong lap (goi la cac thé hé), va trong méi thé
hé, quy trinh sau sé dugc lap lai (Hinh 2):
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Hinh 2. So d6 thudt todn di truyén

Trong nghién ctu nay, cac tham sé lién quan dén kién trdc mé
hinh mang than kinh nhan tao, dudc coi la cac gen ctia quan thé. C4
thé c6 gen t6t nhat & thé hé cudi cling sé dugc st dung nhu mé hinh
t6t nhat, duogc st dung dé dao tao va kiém ching.

2.3. Dt liéu ddu vao cho bai todn

Trong nghién ctu nay, dit liéu dugc sit dung dé dao tao va
thir nghiém mo hinh mang than kinh nhan tao dugc thu thap tur
cac tai liéu c6 do tin cdy cao, bao gom d liéu thi tai trén nén
mong thuc, cling nhu cac théng tin tuong Ung lién quan dén
mong va dat. Ca s& dir liéu chia 112 bd dir liéu, bao goém cac
mong ¢o kich thudc va hinh dang khac nhau dugc thir nghiém
thur tai trong céac 16p cat co tinh chat khac nhau do Kohenstani
(2017) [12] t6ng hop. Cac tham s dau vao dugc chon theo cac
khuyén cao clia céc céng trinh nghién cdu da c6 nhu: TCVN
9386:2012 [1], va cac nghién ctru da khuyén nghi [9], [15], [11].
Cu thé han, cac théng s6 dau vao bao gém chiéu réng méng (B,
m), chiéu sau chén mong (D, m), ty 1& chiéu dai trén chiéu rong
mong (L/B), trong lugng don vj ctia dat (y, kN/m?3) va géc ndi ma
sat cha dat (o, °). Kha nang chiu lyc cyc han ctia méng (qu, kPa)
la gia tri du doan dau ra duy nhat. Tap dir liéu dugc minh hoa
qua cac théng s6 théng ké duoc thé hién trong Bang 1. C6 thé
thdy rdng chiéu rdng méng thay déi trong pham vi réng méng
6 kich thudc thu nhé dén mong c6 kich thuéc I6n, cu thé B thay
ddi tir 0,03m dén 3 m. Chiéu sau chén méng ciing thay déi tur 0
dén 0,89m. Ty Ié L / B dao déng tir 1 dén 6. Trong lugng don vi
thay d6i tir 9,85 kN/m?3 dén 17,2 kN/m? va géc ma sét thay ddi
trong pham vi nho, tir 32 dén 44,8 (°). Trong khi d6, kha nang
chiu luc cuc han cia méng thay d6i ti 14 dén 2847 kPa.
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Bang 1. Théng ké cac théng s6 vé mong va dat st dung trong
nghién ctu

Thng sd B D L/B Y 0] qu
Don vi (m) (m) - (kN/m?) () (kPa)
S8 mau 112 112 112 112 112 12
Nhd nhét 0.03 | 0.00 1.00 9.85 32.00 14.00
Trung binh 036 | 0.14 2.82 14.47 38.99 | 40233
Ln nhat 3 0.89 6.00 17.20 44.80 2847
D léch chudn | 049 | 0.19 212 2.58 3.39 504.31

Vi cac ky thuat may hoc va tri tué nhan tao, b dir liéu can dugc
phan chia ngadu nhién thanh 2 phan vai ty lé dugc lua chon la
75/25%. Trong d6, phan 75% dugc st dung d€ dao tao mé hinh va
phan 25% dung dé kiém tra dé chinh xac ctia mé hinh. Phan kiém
tra 25% dugc 4n di khdi qua trinh dao tao, hiéu chinh mé hinh va chi
dugc st dung & budc danh gia cudi cing.2.4. Cac chi tiéu hiéu suat

Trong nghién cttu nay, cac chi tiéu hiéu sudt gém hé sé tuong
quan binh phuaong (R?), 16i binh phuong trung binh géc (RMSE) dugc
st dung dé danh gia va so sanh cac mé hinh, cu thé nhu sau:

k

>(s.-y)

T — 3)

Y (v-y)

i=1

Vdi, k 1a s6 lugng mau di liéu, yi va ;i la két qua du bao theo
thi nghiém va theo mé hinh, ; la gid tritrung binh clia y, .

Cu thé, R? dic trung cho tuang quan gilta 2 két qua tinh. R2 cang
gan dén 1, hai két qua tinh cang sat nhau. RMSE dac trung cho sai
s6 trung binh gilta 2 két qua, RMSE cang nhé, dé chinh xac du doan
cang cao. Mét mé hinh dugc coi la tét han khi déng thai ddm bao
t6t ca hai tiéu chi nay.

3.KET QUA TiNH TOAN

3.1. Két qua t6i uu mang than kinh nhén tao bang thudt todn ditruyén

Trong phan nay, thuat toan di truyén dugc sir dung dé téi uu
kién tric cia mang than kinh nhan tao. Hinh 2 thé hién ciu tao cla
mét nhiém sic thé dién hinh trong quan thé. C6 thé thay rang,
nhiém sic thé& nay c6 do dai 5 gen, méi gen Ung véi moét tham s6
kién truc cila mang than kinh nhan tao.

[t scve_| ]

58 chu ki
30 130

Thait tadn Haim kich
dioiso hogt

ham s0 | S0 ng ron an Tac dg hoc

Hinh 3. C&u tao nhiém sac thé va gen trong thudt toan di truyén

Nghién ctu nay lua chon 5 tham s6 quan trong nhat cla kién
trdc mang la: s6 na ron an, thuat toan dao tao, ham kich hoat, t6¢c
dd hoc tap va s6 chu ki dao tao. Tat ca y nghia tham s6 cling nhu
khoang gid tri dugc dé cap trong Bang 2. C6 thé thay rang, néu lua
chon thi céng cac tham s6, s6 lugng mé hinh can kiém tra c6 thé
[én dén hang nghin trudng hgp. Diéu nay gay tén kém vé mat thoi
gian va tai nguyén dé thuc hién. Trong trudng hgp nay, thuat toan
di truyén cho phép tim kiém dugc mé hinh t6t véi véi thoi gian va
tai nguyén it hon nhiéu.
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Bang 2. Bang gia tri cac tham s6 mé hinh

Tham s6 Gidi thich Khoang gia tri
S6 no'ron an S6 lugng niit n trong mang 2100
Thuat toan dao Thust todn sit dung d t6i Quasi-Newton, SGD,
tao Adam
Ham kich hoat Kiéu ham kich hoat ca nit &n 'sigmoid', 'tanh’, 'relu’
Técdohoctsp N soKhditaotocdodaotaoctalan 0y 004 0907 03
truyén ngugc
S6 chu ki 56 chu ki dao tao mang 1000, 2000, 3000, 4000

Trong qua trinh t6i uu tham s& mo6 hinh bang thuat toan di
truyén, s6 lugng cé thé téi da trong quan thé duoc lua chon tir dau
Ia 100 cd thé. S6 lugng thé hé dao tao dugc khéng ché sao cho sau
15 thé& hé, hiéu suat khéng dugc cai thién thi coi nhu két qua da hoi
tu va tién hanh diing vong lap. Théng ké cac thong s6 khai tao clia
thuat toan di truyén thé hién trén Bang 3. Thuat toan nay st dung
ky thuat xac thuc chéo 5 1an trén tap dao tao d€ danh gia hiéu suat
thay vi tap kiém nghiém. Diéu nay nham giup &n di tap kiém nghiém
trong qua trinh t6i uu, coi né nhu mét tap dir liéu mdi, chua ting
dugc ti€ép can véi md hinh nham tranh hién tugng qua khép
(overfitting). Tap kiém nghiém chi dugc st dung dé danh gia hiéu
sudt ctia mo hinh cuéi cling dugc chon. Két qua t6i uu bang thuat
toan di truyén thé hién trén Hinh 3 va tng hgp cac tham s trong
Béng 4.

Bang 3. Tham s6 clia thuat toan di truyén

Tham s6 Gia tri
S8 ca thé 100
Ty 1é giao phoi 50%
Ty 18 dot bién 20%
S0 thé hé Dimg sau 15 thé hé khdng cai thién hiéu suat
Tap dit liéu 5 Fold CV/Tap dao tao.

Tiéu chi danh gia R

Hinh 4. Két qué chay toi uu kién tric mang than kinh nhan tao bang thudt toan di truyén.
Bang 4. Cac tham s6 t6i uu clia mo hinh

Tham so Gid tri
S6 naron an 23
Thuat toan dao tao Quasi-Newton
Ham kich hoat Relu
Toc d6 hoc tap 0.01
So chu ki 2000

Nhan xét: C6 thé thdy rdng, qua trinh téi uu héi tu & khoang thé
hé 27, véi tiéu chi R2 dat 0.903 trén tap xac thuc chéo 5 lan. Gia tri
nay khéng d8i cho dén thé hé 50, thda man diéu kién dung cda
thuat toan. Thuat toan dao tao phu hgp nhat cho dit liéu nay la thuat
toan Quasi-Newton, s6 na ron an khéng can qua nhiéu dé mé hinh
dat dugc do chinh xac tét. M6 hinh nay sé dugc stir dung dé danh gia
hiéu suat & phan tiép theo.

3.2. Khad ndng du bdo cia mé hinh

Mé hinh mang than kinh nhan tao, vai cac tham sé kién truc moé
hinh t6i uu tim dugc & phan trudc, duge dao tao trén tap huan luyén,
va sau d6 dugc danh gia hiéu qua trén tap kiém nghiém. Két qua
cla qua trinh dao tao, st dung ham mat mat [a ham sai s6 binh



phuong trung binh (MSE), dugc thé hién trén Hinh 4. C6 thé thay
sau khoang 2000 chu ki dao tao, két qua da kha héi tu tai gia tri MSE
=30568 (kPa)

Hinh 5. Budng cong 16i trung binh ctia md hinh trong qua trinh dao tao

Két qua héi quy du dodn stc chiu tai coc cia mang than kinh
nhan tao trén tap huan luyén va tap kiém tra thé hién trén Hinh 3 va
mo phoéng két qua du doén trén hinh Hinh 3.
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Hinh 7. M6 phdng két qua dy dodn clia mang than kinh nhén tao

Nhan xét: K&t qua phan tich cho thdy, mé hinh mang than kinh
nhan tao du doan chinh xac stc chiu tai coc. Cu thé, véi tap huan
luyén, chi tiéu R2 = 0,868 va RMSE = 640.672 kN. Vi tap kiém tra, chi
tiéu R2=0,911 va RMSE = 912.64 kN.

3.3. S0 sdnh két qua tinh véi mé hinh héi quy tuyén tinh.Trong phdn
nay, két qua tinh cia mé hinh mang thdn kinh nhan tao dugc so sdnh
vdi két qua tinh theo hoi quy tuyén tinh. Hoi quy tuyén tinh la mét trong
nhidng mé hinh phé bién nhdt cta xdc sudt théng ké va da thé hién
duoc hiéu qud tét trong rdt nhiéu nghién cuu trudc dé. Cong thic téng
qudt cta héi quy tuyén tinh cé thé dugc thé hién qua cong thuc sau:

6
Yi :f(xli5X2i5""X6i):ZBj‘in+BU 4
j=1

Trong d6, Bj Ia hé s6 clia bién dau vaoj va Bo 13 hé s6 tu do.

Tiéu chi 16i binh phuaong cuc tiéu thudng dugc st dung dé tim
ra cac hé sé téi uu cho mé hinh héi quy tuyén tinh, tiéu chi d6 dugc
thé hién qua céng thuc sau:

n —\2
S:Z(yi-yi) —>min (5)
i=1
Trong d6, S 1a téng binh phuong sai s6; n 1a s lugng di liéu dao

tao; y; lagiatridydoanva Y. la gia tri thuc.
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Hinh 8. Md phong két qua du dodn theo md hinh héi quy tuyén tinh
Trong nghién ctu nay, thuat toan di truyén la thuat toan dugc
st dung dé t8i uu cac hé s6 cia mé hinh héi quy tuyén tinh. Két qua

cla qua trinh t8i uu dugc thé hién trong Bang 5. Két qua héi quy clia
mé hinh dugc thé hién trén Hinh 8.
Bang 5. Cac hé s6 t6i uu ctia méd hinh héi quy tuyén tinh

56 hang tu do B D L/B Y [0)
-205.81 -50.48 1909.98 -15.34 -255.65 878.78
Bang 6. So sanh két qua gitia hai phuang phap

Tap dit o Mang than kinh Hoiquytuyén  Chénh
A Tiéu chi N ; R
liéu nhan tao tinh léch

Do tao R 0,996 0,772 29,02%

j RMSE (kPa) 31,018 270,713 88,54%

Kiém tra R 0,981 0,594 65,15%

RMSE (kPa) 49,31 228,907 78,46%

Nhan xét: Két qua so sanh gitia hai phuang phép dugc thé hién
trén Bang 6. C6 thé thdy rang, mé hinh héi quy tuyén tinh du doan
stic chiu tai ctia méng néng kha tét, cu thé R2 = 0,772; RMSE =
270,713 (kPa) trén tap huan luyén va R2 = 0,594; RMSE = 228,907
(kPa) trén tap kiém tra. Tuy vay, kha nang du doan ctia mé hinh
mang than kinh nhan tao lai cho thay do chinh xac vugt troi khi dat
trén 0.98 vdi tiéu chi R2 & ca 2 tap dirliéu. Ngoai ra, néu dua trén tiéu
chi RMSE, d6 chinh xac mé hinh mang than kinh nhan tao cling cho
thay 16i thap khi déu dat dudi 50 (kPa).

4, KET LUAN VA KIEN NGHI

Bai bao da trinh bay viéc tng dung mé hinh mang than kinh
nhan tao dé xac dinh stic chiu tai cuc han cla méng néng. Kién truc
md hinh dugc téi uu bang thuat toan di truyén, diéu nay cho phép
tiét kiém thai gian va tai nguyén dé tim dugc mé hinh t6t so vai gidi
phap tim kiém tha céng. K&t qua téi uu cho thdy, mang than kinh
nhan tao véi 23 nat dn va st dung ham kich hoat relu sé c6 tiém
nang tot cho viéc du doan suic chju tai cuc han ciia méng néng.
Ngoai ra, mé hinh mang than kinh nhéan tao cho két qua vuot trdi so
vGi két qua tinh theo héi quy tuyén tinh. Trén cg s& két qua tinh
toan, kién nghi nén nghién ctru dua mé hinh mang than kinh nhan
tao da dugc téi uu vao cac tiéu chudn nén mong dé dat dé chinh xac
cao hon trong thiét ké thuc té.
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