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Application of artificial neural network in the prediction of settlement of shallow foundations
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TGM TAT

Ben canh viec danh gi s chiu tai. da ldn ciing la mat théng si quan
trong khi tinh toan thigt k& mang nang. Do da, nghién ciru nay trinh bay
ket qua img dung ma hinh mang thén kinh nhan tao trong viéc du bao
dd lin cia mang nang. Mat ma hinh mang than kinh nhan tao da dugc
xay dung va dao tao béng thuat todn tdi vu gidm da dac. Mat ba sd ligu
gim 284 ket qué thi nghigm nén mang ndng vai cép tai trong khac nhau,
ding dé dao tao va kiém tra ma hinh. K&t qué ciia nghién ciu duge so
séanh vai mdt sd ket qua nghién ciu cia Meyerhof, D'Appolonia, cho thay
mang than kinh nhan tao cho phép du doan sirc chiu tai mang néng sét
vari ket qué thi nghigm hon. Ket qua cia nghién ciru 1& mat tién dé cho
vige (g dung mang than kinh nhan tao trong viec giai quyét cac bai
toan khac trong finh vure xdy dung.

Tir khéa: D lin mang ndng; xuyén SPT; tri tué nhan tao; mang than
kinh nhan tao.

ABSTRACT

Besides assessing the bearing capacity, settlement is also an
important parameter when designing shallow foundations. Therefore,
this study presents the results of applying an artificial neural netwark
model in the settlement of shallow foundations. An artificial neural
network model was built and trained using the gradient descent
optimization algorithm. A dataset including 284 results of shallow
foundation load tests with different load levels, was used to train and
test the model. The results of the study are compared with some
research results of Meyerhaf, D'Appolonia, showing that the artificial
neural network allows for predicting 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 settlement; SPT;  artificial
intelligence; artificial neural network.
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1.DAT VAN DE

Maoéng nong la gidi phap méng phu hgp cho cac cong trinh quy
mo vlia va nhé. Giai phap mong nay tuong do6i don gian vé mat thiét
k&, thi cdng, déng thai gilp gidm thiéu chi phi vé két cdu moéng cho
cac céng trinh xay dung. Khi thiét ké méng néng, ¢é hai tiéu chi ma
cac ky su quan tam la suc chiu tai cuc han va d6 Iin cudi cling cua
mong dudi tac dung cla tai trong cong trinh. Trong d6, théng s6
suc chiju tai cuc han clia méng da dugc nhiéu nha khoa hoc trén thé
gidi quan tam nghién ctu. Tuy vay, viéc udc tinh d6 Iin ctia méng
van la mét van dé phuc tap. Théng thudng, do ltn nay phu thudc
vao hinh dang, kich thudc, chiéu sdu chén moéng va dac diém tinh
chat cGia dat nén. Hién nay, giai phap sir dung ban nén hién truéng
van la mot phuong phap tin cdy dé€ cho ra quan hé tai trong - d6 lin
clia méng néng. Nhung can thay rang, giai phap nay tuong déi mat
thai gian kém theo chi phi khéng nhé. Do dé, nhiéu phuong phap
khéac nhau da dugc phat trién dé du béo gan ding d6 Iin clia méng
néng. Mot trong nhiing phuong phap d6 la cdng lun cac I16p phan
t6. Phuong phép nay chia nén thanh cac 16p déng nhat, d6 lun cudi
cung la téng d6 lun cac I16p thanh vién. Nhugc diém cla phuong
phap cong lun cac 16p la dua trén mét s6 gia thiét gan dung, dan
dén két qua thudng qua thién vé an toan. Mét sé nghién cuu khac,
d6 lun méng nong dugc xac dinh dua trén két qua thi nghiém hién
trudng nhu xuyén tiéu chudn (SPT), xuyén tinh (CPT), nén ngang
(DMT). Cac két qua thi nghiém hién trudng cho phép udc tinh nhiéu
thong s clia dat va tranh duoc sai s6 do 1dy mau khéng nguyén
trang gay ra. Nhiéu nha khoa hoc da dé xuat cac phuang trinh thuc
nghiém, xac dinh dé Itn cia mong néng dua trén cac két qua xuyén
SPT nhu: Bowles(1987) [7], Meyerhof (1965) [2], Terzaghi va Peck
(1996) [13] hay D'Appolonia (1968) [9] v.v. va két qua xuyén CPT
nhu: Meyerhof (1965) [1], DeBeer (1965) [10], Schmertmann (1970)
[12] v.v. Cac phuong phap trén déu dua ra cac phuang trinh ban
thuc nghiém, gitp xac dinh nhanh d6 Itn cia méng néng dudi cac
cdp ap luc khac nhau. Tuy vay, cac phuang phéap nay ciing déu sur
dung céc gia thiét don gian héa sy lam viéc cia méng néng, dan
dén do chinh xac con han ché.

Khodang 2 thap ky viia qua, cac tién bo vé tri tué nhan tao da tao
ra cac budc ti€n manh mé trong moi linh vuc nghién ctu néi chung
va trong dia ky thuat néi riéng. C6 thé ké dén nhu Pham Tudn Anh
(2021) [1], da st dung mé hinh ANN dé& nghién cuu tinh toan stc
chiu tai cla méng néng. Al-hamed va céng su (2014) [6] s dung mo
hinh ANN dé du doan géc ma sat trong ctia dat. Habib Shahnazari
va Mohammad A. Tutunchian (2012) [5] s& dung thuat toan di
truyén dé xay dung cong thiic héi quy dé xéac dinh suc chiu tai cuc
han clia méng néng. Baginska (2019) [3] tim cach t6i uu cac tham s6
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Hinh 1- So do thudt todn mang than kinh nhén tao st dung trong nghién ctu

ctia mo6 hinh ANN bang céach khao séat nhiéu trudng hgp khac nhau
nham du bao suic chiu tai cia méng néng.

Mang than kinh nhan tao (ANN) la mét dang tri tué nhan tao,
bédng kién tric cta ching, c6 gdng mé phéng céu tric sinh hoc ctia
b6 nao va hé than kinh ctia con ngudi. Mac du khai niém vé té€ bao
than kinh nhan tao 1an dau tién dugc dua ra vao nam 1943, nghién
cliu vé cac ung dung ctia ANN da nd rd ké tur khi gidi thiéu thuat
toan dao tao lan truyén ngugc cho ANN dugc dé xuat vao nam 1986.
Vivay, ANN c6 thé dugc coi la mét cdng cu tusng d6i mdi trong linh
vuc mo hinh héa va dy bao. Nghién ciu nay sé tap trung xay dung
mét mé hinh ANN, Ung dung trong viéc du bao d6 Iun ctia méng
ndéng dudi cac cap tai trong khac nhau. Két qua dugc so sanh véi
mot s6 cong thic thuc nghiém dé ching minh kha nang vugt troi
cia mé hinh.

2. CAC THUAT TOAN SU DUNG TRONG NGHIEN CUU

2.1. M6 hinh mang thdn kinh nhan tao

M6 hinh mang than kinh nhén tao la mét trong nhiing thuat
toan phé bién nhat trong ho cac thuat toan may hoc. M6 hinh nay
lan dau dugc McCulloch and Pitts (1943) [4] giGi thiéu.

Tréi qua qua trinh phat trién va hoan thién, ngay nay, mang than
kinh nhan tao da phat trién vuct bac va dugc ing dung trong moi
linh vuc ctia khoa hoc ky thuat. Thuat toan mang than kinh nhan tao
dugc st dung dé du bao suic chiu tai trong nghién ctru nay, thé hién
trén Hinh 1.

Trong mo hinh mang than kinh nhan tao, mét mang luéi gém
cac nut dugc lién két véi nhau bang céc trong s6. Mét mang than
kinh nhan tao gém it nhat 3 16p: 16p dau vao, I16p an va I6p dau ra.
Tin hiéu dau ra cia mét nut &n thit j bat ky trong mang dugc tinh
nhu sau:

9
N; :f(ZXiw[j +b)) (1)

i=1

Va tin hiéu dau ra ciia mang chinh la 6 1in méng néng, dugc
tinh nhu sau:

6

S:Zf(Nj)wj+b 2)

j=1

Trong dé, N;la tinh hiéu dau ra ciia mét nut; Xi la bién dau vao
thui; wi 1a trong s6 két ndi gitta bién dau vao i va nat j; bj 1a dé léch
cla nut j va f() 1a ham kich hoat cla nat &n; w; 1a trong s6 két néi nat
anjva daura; b 1a do léch clia nut dau ra.

Mang than kinh nhan tao phai dugc dao tao trudc khi cé thé s
dung, viéc dao tao la qua moét qua trinh t6i uu cac trong sé, sao cho
dau ra ctia mé hinh sat nhat vai két qua do dugc tir thi nghiém.
Trong nghién ctiu nay, mé hinh mang than kinh nhan tao dugc xay
dung trén nén tang Python, st dung thu vién SKlearn. Thuat toan
dao tao dugc st dung la thuat toan “giam dé doc” (SGD).

2.2. Ditliéu ddu vao cho bai todn

D(t liéu st dung dé xay dung va kiém tra suc chiu tai coc dugc
thu thap tir cdc nguén khac nhau da duoc cédng bo. Bé s6 liéu gom
284 56 liéu vé thi nghiém nén ban nén hién trudng, dugc céong bé
trong cac tai liéu [8], [11]. Mot diéu quan trong can luu y, cac két qua
thi nghiém nén tai hién trudng dugc thuc hién véi nhiéu loai dia
chat khac nhau, cha yéu la dat cat, & nhiéu khu vuc khac nhau, dan
dén két qua dao tao ctia md hinh dugc coi la tdng quat va cé thé ap
dung cho nhiéu truéng hop.

Cac tham s6 dau vao gém: chiéu rong mong (B, m), chiéu dai
mong (L, m), chiéu sau chén mong (D, m), chi s SPT trung binh cda
dat dudi day mong (Nso) va ap luc ddy mong (g, kPa). P6 lun cda
mong S(cm), dugc coi la bién dau ra can dy doan. Dit liéu dugc chia
lam 2 tap: tap dao tao chi€ém 75% (213 dir liéu) va tap ki€ém tra chiém
25% (71 dir liéu) téng s6 dir liéu. Trong d6 tap dao tao sé duoc su
dung dé& xay dung mé hinh va tap kiém tra dung dé€ danh gia mé
hinh. Cac théng ké clia cac théng sé trén dugc biéu thi trong bang
1.C6 thé thay, gia tri SPT (N3o) clia cac k&t qua hién trudng tuong déi

ISSN 2734-9888 |

5.2022 XAYOUNG |77



NGHIEN COU KHDA HOC

bao phu cac gia tri thuc té cta dat. Kich thudc méng (BxL) ciing nam
bao pht cac kich thudc chli yéu clla mong ndng trong thuc té. Nhu
vay, két qua bai toan co tinh khai quat cao va tiém nang I6n trong
viéc ap dung thuc té.

Bang 1. Théng ké cac théng sé vé méng néng va dat st dung
trong nghién cliu

Nso B L D q S
Don vi - (m) - (m) (kPa) (mm)
6 miu 284 284 284 284 284 284
Nhé nhit 3.00 0.50 0.50 0.00 0.30 0.60
Trung binh 23.83 742 18.88 2.92 199.35 19.71
Lén nhat 60 55.00 | 250.00 23.00 697.00 155.00

2.3. Cdc chi tiéu hiéu sudt

Trong nghién ctru nay, cac chi tiéu hiéu suat gém R2, 16i binh
phuong trung binh géc (RMSE) dugc st dung dé danh gia va so sénh

cdc md hinh, cu thé nhu sau:

ham hiéu suat MSE. Qua dé, tim dugc tap hgp trong s6 va d6 léch
t6i uu cho mang.
Két qua qua trinh dao tao dugc thé hién trén Hinh 3.
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Hinh 3- Két qua dao tao cia md hinh mang than kinh nhan tao

K&t qua hoi quy dy doan stc chiu tai coc cia mang than kinh
nhan tao trén tap huan luyén va tap kiém tra thé hién trén Hinh 4 va
mo phong két qua du doén trén hinh Hinh 2.
(b} - Tap kiém tra
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i=1

Vi, k 1a s6 lugng mau di liéu, yi va ;i la két qua du bao theo

thi nghiém va theo mo6 hinh, ; la gid tri trung binh cla y; .

Cu thé, R? dac trung cho tuong quan gila 2 két qua tinh. R? cang
gan dén 1, hai két qua tinh cang sat nhau. RMSE dac trung cho sai
sO trung binh gitta 2 két qua, RMSE cang nhd, d6 chinh xac du doan
cang cao.

3. KET QUA TiNH TOAN

3.1. Két qua dao tao mang than kinh nhan tao

Mét mang than kinh nhan tao dugc xay dung va dung dé du
dodn stic chiu tai coc, ¢ cau tric (5x25x1). Trong dé, 5 1a s6 nut dau
vao, 25 1a s6 nat an va 1 la nat dau ra duy nhat. Cac trong s6 cla
mang dugc khaéi tao ngau nhién trong khoang (-0.01 =+ 0.01). Theo
nhiéu nghién ctu, trong s6 khai tao cang nhd, mé hinh cang dé dat
dugc tinh khai quat hda cao. Tiép theo, thuat toan téi uu giam dé
déc (Stochastic Gradient Descent) dugc st dung dé tim cuc tiéu cda
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Hinh 4- Két qua hoi quy du doan ciia mé hinh mang TKN

Nhaén xét: K&t qua phan tich cho thay, m6 hinh mang than kinh
nhan tao du doan chinh xac d6 1Un cla méng vdi chi tiéu hiéu suat
R? = 0,946, RMSE = 6,5 mm trén tap huén luyén; R? = 0,888, RMSE =
9,759 mm trén tap kiém tra. K&t qua déu t6t trén ca tap hudn luyén
va kiém tra cho thdy, mé hinh c6 kha nang khai quat héa cao vai dit
liéu nham xac dinh chinh xac d6 lan cia méng néng duéi cac cap
tai trong.

3.2. So sanh két qua tinh vai cac nghién ctu da co.

Cong thuc tinh d6 1Un mdéng néng theo Meyerhof (1965) [2]
dugc viét nhu sau:
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Hinh 2- M6 phona két qua du dodn
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2
S:(6q/N30)(%] (v6i B>1,22m) @)

Coéng thic tinh do 1tn méng néng theo Terzaghi va Peck (1996)
[13] dugc viét nhu sau:

S =(8g/N3y)CyC,y (v6iB<1,22m) (5)
B 2

S=(12q/ Ny)| — | (C,C 6

(‘1 30)(B+1J(wd) (6)

(KhiB>1,22m)

Trong do,

S - d6 Iin moéng (inches);

g - ap luc day mong (tsf);

B - Bé rdng méng (feet);

N30 - Chi s6 SPT trung binh dat dugi day mong;

C,, =2-0.5(D/ B) -Hé s6 hiéu chinh muc nudc;

C; =1-0.25(D/ B) -Hé s hiéu chinh chiéu sau.

Céc gia tri trong céng thuc (5) dén (8) dugc quy déi vé don vi
tiéu chuan truéc khi ap dung. K&t qua tinh toan cac phuong phap
thé hién trén Hinh 5 va Hinh 6.

a) - Tap hudn luyé
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(b} - Tip kiém tra
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Hinh 5- Két qua xac dinh d lin mong theo cong thiic Meyerhof
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Hinh 6- Két qua xdc dinh dd lin mdng theo cng thiic Terzaghi va Peck
Bang 2. So sanh két qua gilia cac phuong phéap

R? RMSE (mm)

Phuong phap
Paotao | Kiémtra | Paotao | Kiémtra

Mang ANN 0,943 0,888 6,5 9,759
Meyerhof
(1965) 0,155 0,240 25,613 22,811
Terzaghi va | ., 0,497 44647 | 28,037
Peck (1967) ' ’ ! '

Nhan xét: K&t qua phan tich (Bang 2) cho thdy, céng thuc thuc
nghiém xdac dinh suic chju tai theo Meyerhof (1965) va Terzaghi va
Peck (1967) du bao suc chiu tai clia coc cé d6 chinh xac khong cao.

So vai két qua ca tuong quan R? va RMSE déu chiing td mé hinh ANN
¢6 d6 chinh xéc vugt tréi so véi cac cong thic thuc nghiém.

4. KET LUAN VA KIEN NGHI

Bai bdo da trinh bay viéc iing dung mé hinh mang than kinh
nhan tao dé xac dinh @6 lin cla méng néng dudi cac cap tai
trong. K&t qua nghién ctiu cho thdy, mét moé hinh mang than
kinh nhan tao véi 25 nut &n c6 thé du bao tuong déi chinh xac
dd lun ctla méng néng véi dat nén dac trung béi chi s6 SPT véi
tiéu chi do chinh xac R? = 0,888 va RMSE = 9,759 mm trén tap
kiém tra. M& hinh mang than kinh nhan tao cho két qua vuot tréi
so va&i két qua tinh bang céc cédng thic cia Meyerhof (1965) va
Terzaghi (1996). Véi viéc mé hinh dugc huan luyén trén mot tap
hgp di liéu c6 phé phan bé rong rai, két qua dugc coi la c6 tiém
nang rat l6n trong viéc thay thé cac cong thic thuc nghiém
trong viéc dy bdo d6 lun ca mdéng nong dudi thi nghiém nén
hién trudng. Trén co s& két qua tinh toan, ki€n nghi nén nghién
cru dua mo6 hinh mang than kinh nhan tao vao cac tiéu chuan
nén méng, déng thai ti€p tuc hiéu chinh cac céng thic trong
tiéu chudn dé dat do6 chinh xac cao hon trong thiét ké thuc té.
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