NGHIEN COU KHDA HOC

ENgay nhan bai: 20/5/2021 BNgay slfa bai: 18/6/2021 MNgay chap nhan déng: 9/7/2021

Ung dung mang than kinh nhan tao dé du bao

stic chiu tai coc

Application of neural network in the prediction of pile bearing capacity

>TS PHAM TUAN ANH
Trudng Pai hoc Cong nghé Giao thong Van tai
Email: Anhpt@utt.edu.vn

TGM TAT

Bai bao trinh bay ket qué tng dung ma hinh mang than kinh nhan
tan trong viec xac dinh sirc chiu tai coc. Mat ma kinh mang than
kinh nhan tao da dugc xay dung va dao tao trén phan mém EXCEL
v duge sir dung dé xac dinh sirc chiu tai coc. Mat ba sd ligu nén
tinh coc duge sir dung dé dao tao va kiém tra ma hinh. Két qua coa
nghién ctu duge so sanh vai cang thic thuc nghigm theo TCUN
[0304:2014, cho thay mang than kinh nhan tao cho phép du doan
sirc chiu t&i coc sat vai két qué thi nghiém va tdt hon so vai cng
thirc trong tieu chudn. Két qua khao st ciing cho thay réng, ma hinh
di béo sirc chiu tai cia coc nhdi tat hon so vai coc dang ép. Ngoai
ra, md hinh x4c dinh stc chiu tai cia coc bé tdng tdt hon so vi coc
thép va coc [am béng vat ligu tdng hop. K&t qué cia nghién ciu |3
mat tién dé cho viec tng dung mang than kinh nhan tao trong viec
gidi quyét cac bai toan khac trong finh vire xay dung.

Tir khéa: sirc chiu t&i coc, xuyén CPT, tri tué nhan tao, mang than
kinh nhan tao.

1.DAT VAN PE

Trong qua trinh phat trién cda ky thuat xay dung, méng coc
dang ngay cang ching té 1a mot giai phap mong tét, co do tin
cay cao, khi str dung lam moéng cho cac loai cong trinh xay dung.
Khi tinh toén, thiét ké coc, stic chiu tai coc 1a mot trong nhiing
tham s6 quan trong nhat. C6 nhiéu phuong phap khac nhau,
dugc sirdung dé xac dinh stc chiu tai coc. Phuang phap truc tiép
nhét la cac thi nghiém nén tinh coc tai hién trudng, nhung
phuang phap nay tén kém, mat thoi gian va thudng chi dugc s
dung cho moét sé coc thi nghiém. Ngoai ra, phuong phap thir tai
déng (PDA) cling tuang déi phé bién, tuy nhién, phuong phéap
nay cho sai s6 kha I6n, do qué trinh phan tich biéu dé truyén
s6ng phu thudc vao nhiéu yéu t6. Mét sé nghién clu dé xuat ra
cac cong thuc thuc nghiém, cho phép xac dinh gan ding suc
chiu tai coc, trén co s6 tinh chat dat nén va cac théng s6 hinh
hoc clia coc. C6 thé ké dén nhu Meyerhof (1976)Y [3],
Shooshpasha (2013) [7], A.S.Vesic (1977) [2],
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ABSTRACT

This paper presents the results of applying the artificial neural
network model in determining the pile load capacity. An artificial
neural network model was developed and trained on EXCEL
software and used to determine the pile load capacity. The results
of the study are compared with the experimental formula
according to TCVN 10304:2014, showing that the artificial neural
network allows better prediction of the pile load capacity than the
standard formula. The survey results also show that the model
predicts the bearing capacity of bored piles better than that of
pressed piles. In addition. the model determines the bearing
capacity of concrete piles better than that of steel and composite
piles. The results of the study are a premise for the application of
artificial neural networks in solving other problems in the field of
construction.

Keywaords: pile bearing capacity, CPT results, artificial intelligence,
neural network.

Schmertmann(1978) [9], TCVN 10304-2014 [1] v.v. C4c cong thuc
thuc nghiém cho phép xac dinh nhanh suic chiju tai coc. Tuy vay,
sai s6 cla cac phuong phap nay con kha I6n, dan dén hé sé an
toan cao. Ngoai ra, viéc sit dung phuong phap PTHH dé mé
phong va xac dinh sic chiu tai coc da va dang dugc ing dung
manh mé, tuy vay, cdc moé hinh PTHH nay rat nhay cam véi cac
tham s6 dau vao va loai mé hinh nén, dan dén két qua tinh toan
sai léch I6n néu chon sai cac tham sé nay.

Gan day, két qua clia cudc cach mang cong nghiép lan tha 4 da
xam nhap manh mé vao moi linh vuc, trong dé 6 linh vuc xay dung.
Nhiéu nha nghién ctu da tim cach ing dung giai phap tri tué nhan
tao dé€ gidi quyét cac van dé khac nhau trong linh vuc xay dung néi
chung va thiét k& méng coc néi riéng. C6 thé ké dén médt s6 nghién
ctru nhu: Pham Tudn Anh (2020) [6], Momeni (2020) [5], Ghorbani
(2018) [8]v.v. Cac nghién ctu trén cho céac két qua kha thi va tin cay.
Tuy vay, cac nghién clu tiép theo d€ mé réng va nang cao dé chinh
xac clia cdc mé hinh la can thiét.



Trong nghién ctiu nay, tac gia da xay dung mé hinh mang than
kinh nhan tao dé€ du béo st chiu tai coc dua trén két qua xuyén tinh
(CPT). Trong mé hinh nay, ngoai cac tham s6 chinh nhu dac tinh dat
nén va kich thuéc hinh hoc ctia coc, cac tham s6 khac nhu loai vat
liu coc, phuong phap thi cdng coc, cdu tao mdi coc cling da dugc
dua vao xem xét, gitip nang cao d6 chinh xac cla két qua.
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K&t qua tinh toan clia mé hinh dugc so sanh vai két qua thuc
nghiém nén tinh coc va cong thic theo TCVN 10304 :2014 dé chiing
t6 kha nang vugt trdi cla moé hinh trong viéc xac dinh chinh xac suc
chiu tai cia coc.

2. CAC THUAT TOAN SU' DUNG TRONG NGHIEN CUU.
2.1. M6 hinh mang than kinh nhén tao

Ham kich hoat

Hinh 1. So d6 thuat toan mang than kinh nhan tao 116p &n va 6 nit an

M6 hinh mang than kinh nhan tao la moét trong nhimng thuat
toan phé bién nhat trong ho cac thuat todn may hoc. M6 hinh nay
lan dau dugc McCulloch and Pitts (1943) [4] gidi thiéu. Trai tra qua
trinh phéat trién va hoan thién, ngay nay, mang than kinh nhan tao
da phat trién vuot bac va dugc ing dung trong moi linh vuc cla
khoa hoc ky thuat. Thuat toan mang than kinh nhan tao dugc si
dung d@é du bao stic chiu tai trong nghién cltu nay, thé hién trén
Hinh 1.

Trong mé hinh mang than kinh nhan tao, mét mang lugi gém
cac nut dugc lién két véi nhau bang cac trong s6. Mot mang than
kinh nhan tao gém it nhat 3 16p: 16p dau vao, 16p an va I6p dau ra.
Tin hiéu dau ra cia mét nat an thi j bat ky trong mang dugc tinh
nhu sau:

—_

9
N, =fO Xw;, +b)) (1)
i=1
Va tin hiéu dau ra ctia mang chinh la gia tri stic chiu tai coc, dugc
tinh nhu sau:

6
P,=> f(N).w,+b @
=]

Trong d6, Njla tinh hiéu dau ra ciia mét nut; Xi la bién dau vao
thiti; wi 1a trong s6 két néi gitta bién dau vao i va nut j; bj 1a do l1éch
cla nut j va f() 1a ham kich hoat ctia nat &n; w; la trong s6 két néi nat
anjva dau ra; b 1a do léch cha nat dau ra.

Mot cdu trdc mang than kinh nhu vay cho phép dit liéu truyén
tU 16p dau vao dén I6p dau ra theo moét chiéu duy nhat. Ham kich
thudng la mot ham phi tuyén, cho phép kich hoat kha nang du bao

cac méi quan hé phi tuyén ctia mé hinh. Nghién ctu nay st dung
ham kich hoat Relu, dugc minh hoa nhu sau:
Relu(x) =Max(0,x) (3)

Mang than kinh nhan tao phai dugc dao tao trudc khi cé thé sur
dung, viéc dao tao la qua mét qua trinh t6i uu cac trong s6, sao cho
dau ra cta mé hinh sat nhat véi két qua do dugc tu thi nghiém.
Trong nghién clu nay, thuat todn dao tao dugc s dung la thuat
toan “giam dd déc téng quat” (RGR), tich hgp sdn trong coéng cu
Solver ctia phan mém EXCEL.

2.2. Ditliéu dau vdo cho bdi todn

D(t lieu sir dung dé xay dung va kiém tra stic chiu tai coc dugc
thu thap ti cac nguén khac nhau da dugc cong bé. Bo s6 lieu gom
108 s6 liéu vé nén tinh coc, dugc cdng bé trong tai liéu Ghorbani
(2018) [8]. Cac tham s6 dau vao gbém: cach thu tai (T), vat liéu ché
tao coc (P), cach thiic ha coc (ky hiéu la 1), kiéu mai coc (EP), dién tich
mat cit dau mai (At), dién tich xung quanh coc (Af). Cac tinh chat
cla dat dugc thé hién théng qua cac théng s6 thu dugc tur két qud
thi nghiém xuyén tiéu chuédn (CPT), bao gém stic khang mai xuyén
trung binh doc than coc (gca), stiic khang mdi trung binh tai mai coc
(gct), stic khang bén trung binh doc chiéu dai coc (fsa). Stic chiu tai
cuc han dugc coi la bién dau ra (ky hiéu la Pu). Dir liéu dugc chia lam
2 tap : tap dao tao chi€ém 75% va tap ki€ém tra chiém 25% téng s6 d it
liéu. Trong d6 tap dao tao sé dugc sir dung dé xay dung moé hinh va
tap kiém tra dung dé€ danh gia moé hinh. Khac véi nghién ctiu clia
Ghorbani [10] v8n chi stt dung 5 théng s6 la (At, Af, qca, qct, fsa),
nghién ctu nay sé sit dung toan bé day du 9 théng s6. Cac théng
ké clia cic théng sé trén dugc biéu thitrong bang 1.
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Bang 1. Théng ké cac thong s6 vé coc va dat st dung trong nghién ctu

T(“) P(“) I(“) EP(*) At Af q(a fsa qct Pu
bon vi - - - - (cm?) (m?) (Mpa) (kN) (Mpa) (kN)
Min 1 1 1 1 20 5.45 0.83 9.39 0.25 60
Trung binh 1.98 1.69 1.84 1.15 1736 26.46 5.84 101.89 8.82 1965
Trung vi 2 1 2 1 1230 17.98 5.38 81.91 7.63 1340
Max 2 3 2 2 7854 194.65 24.7 349.64 27.11 10910
SD 0.14 0.94 0.37 0.36 1674 26.35 4.23 66.29 6.19 1702.2
T=1- Giatdi lién tuc; 2 - Chdt tdi theo timg cdp; P=1- Coc BTCT; 2 - Coc BT cét cting; 3 - Coc thép; | = 1 - Coc ddng, ép; 2 — Coc nhdi; EP = 1 - Coc bit mdi; 2 — Coc hé mii.
2.3. Cdc chi tiéu hiéu sudt Bang 2. Ma tran trong s6 cla IGp an
Trong nghién cliu nay, cac chi tiéu hiéu suat gom R2, 16i binh Input | Nr1 Nr2 Nr3 Nr4 Nr5 Nré6
phuong trung binh géc (RMSE) dugc st dung dé danh gia va so sanh X1 -0.02 0.006 -0.06 -49.2 -0.07 | -0.05
cac mo hinh, cy thé nhu sau: X2 -0.07 | 0.014 | 0.098 -11 | 0.058 | -0.02
X3 0088 | -001| -002] 0001 | 0085 -0.05
(4) X4 0.1 0.032 -0.03 67.44 0.036 | 0.079
X5 -0.1 -0.07 0.013 0.04 -0.36 | -0.01
X6 0.023 -0.17 -0.1 2.597 0.001 | 0.069
X7 0.081 -0.02 0.046 4.011 -0.03 0.03
(5) X8 0.003 -3.06 -0.01 0.041 -0.01 -0.03
X9 0.039 -0.07 -0.08 5.657 0.091 -0.05
= _ b 0.001 -0.06 0.036 0.127 0.035 -0.04
Véi, k la s6 lugng mau di liéu, yiva y, la két qua du béo theo Bang 3. Ma tran trong sé clia I6p dau ra
thi nghiém va theo mé hinh, y 13 gia tri trung binh caa Y- Inp1ut N(;%‘;t
. ) w -0.
Cu thé, R? ddc trung cho tuong quan gitia 2 két qua tinh. R? cang w2 1653
gan dén 1, hai két qua tinh cang sat nhau. RMSE dac trung cho sai W3 '_0
sO trung binh gitra 2 két qua, RMSE cang nhd, d6 chinh xac du doén wa 10.86
cang cao. 5 0 4’22
3. KET QUA TINH TOAN W6 Y
3.1. Két qua dao tao mang thdn kinh nhan tao W —
Mét mang than kinh nhan tao dugc xay dung va dung dé du b -0.02

doan stc chiu tai coc, c6 cau tric (9x6x1). Trong d6, 9 a s6 nut dau
vao, 6 1a s6 nat &n va 1 1a nat dau ra duy nhat. B6 d( liéu trén dugc
chia theo ty 1& 75% dao tao (81 mau) va 25% kiém tra (27 mau). Cac
trong s6 ctia mang dugc khai tao ngau nhién trong khoang (-0.1 +
0.1). Theo nhiéu nghién ctiu, trong s6 khéi tao cang nhd, mé hinh
cang dé dat dugc tinh khai quat héa cao. Ti€p theo, thuat toan toi
uu RGR dugc st dung dé tim cuc tiéu cta ham hiéu sudt RMSE. Qua
do, tim dugc tap hgp trong s6 va dé léch t6i uu cho mang.

K&t qua, ma tran trong sé cla I6p 4n dugc thé hién trong bang
2, va ma tran trong s6 nut dau ra thé hién trong bang 3.

Két qua héi quy du doén stic chju tai coc clia mang than kinh
nhan tao trén tap huan luyén va tap kiém tra thé hién trén Hinh 2 va
mo phoéng két qua du doén trén hinh Hinh 3.

(a) - Tap huan luyén (b) - Tap kiem tra
B0 G000
Linear (Thi nghi¢m) 4 #
(Thi nghig Y ;
= = = Linear (Dy doin) . “ ///_.
6000 o T
= . S
& x .7 S
= s .
A 4000 e . o
8 Pedls x o
< * A Mg
Bo000 | * 3 * w (Thi nghiém)
& * wdoin)
b X
0 0
000 4000 6000 5000 2000 4000 5000

Thi nghigm Pu (KN) Thi nghigm Pu (KN)

Hinh 2. Két qua hoi quy du doan clia md hinh mang TKNT
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Nhan xét: Két qua phan tich cho thay, mé hinh mang théan kinh
nhan tao du doan chinh xac suc chiu tai coc. Cu thé, véi tap huan
luyén, chi tiéu R2 = 0,89 va RMSE = 686,9 kN. Vi tap kiém tra, chi
tiéu R2 = 0,85 va RMSE = 893 kN.

3.2. So sdnh két qua tinh véi TCVN 10304-2014.

Cong thc tinh stc chiu tai coc theo két qua thi nghiém xuyén
tinh theo TCVN 10304 viét nhu sau:

P, =K A + 2 A, ©)
ai
Trong d6, ke va 0, lan lugt 1a cac hé s6 quy déi stic khang mai
va stic khang bén, tra bang G2 TCVN 10304:2014.
K&t qua tinh toan cac phuong phép thé hién trén Hinh 4
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Hinh 4. M6 phdng két qua dy dodn

Nhén xét: K&t qua phan tich cho thay, cdng thic thuc nghiém
xac dinh stc chju tai theo TCVN 10304-2014 dy bao suc chiu tai cda
coc ¢6 d6 chinh xac tuong d6i tot, cu thé R2 = 0,704; RMSE = 1642
kN trén tap huan luyén va R2 = 0,782; RMSE = 2289 kN trén tap kiém
tra.3.3. Kha nang du doan cia mé hinh véi cac loai coc khac nhau

Kha nang du doan ciia mé hinh déi véi coc lam bang cac loai vat
trong phan nay.
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Hinh 6. D6 chinh xac mé hinh theo vat liéu ché tao coc

BT Thémp

Hinh 5 thé hién biéu dé so sanh d6 chinh xac du doan clia mé
hinh theo 2 tiéu chi d6i véi coc déng-ép va coc khoan nhéi. C6 thé
thay rang, do chinh xac theo tiéu chi R2 d6i véi coc nhéi cao han
(0,89 s0 vdi 0,85), tuy nhién theo tiéu chi RMSE, coc ddng-ép cho két
quad tét hon (730 kN so véi 746 kN). Hinh 6 thé hién két qua du doan
ctia mo hinh trén 2 loai coc ché tao bang BTCT va thép. C6 thé thay
rang, mo hinh du bao stc chiu tai clia coc thép cao han so véi coc
BTCT, thé hién & su vuot troi & ca 2 tiéu chi. Cu thé, R2=0,91 va RMSE
=568 kN d6i véi coc thép; R2 = 0,889 va RMSE = 807 kN dai véi coc
BTCT.

4. KET LUAN VA KIEN NGHI

Bai bao da trinh bay viéc ing dung mé hinh mang than kinh
nhan tao dé xac dinh stc chiu tai cGa coc. K& qua nghién clu cho
thdy, mét mé hinh mang than kinh nhan tao véi 6 nat an cé thé du
béo tuong ddi chinh xac strc chiju tai clia coc theo két qua xuyén CPT
vGi tiéu chi d6 chinh xac R2 = 0,85 va RMSE = 893 kN trén tap kiém
tra. Md hinh mang than kinh nhan tao cho két qua vuot troi so vai
két qua tinh theo céng thic theo TCVN 10304-2014. Ngoai ra, viéc
phan tich két qua thu dugc cho thay, mang than kinh nhan tao xay
dung dugc cho d6 chinh xac dy bao véi coc khoan nhoéi va coc déng-
ép la tuong duaong, trong khi moé hinh du bao suc chju tai cta coc
thép t6t han so véi coc BTCT. Trén co sd két qua tinh toan, kién nghi
nén nghién ctu dua mé hinh mang than kinh nhan tao vao cac tiéu
chudn nén moéng, déng thai tiép tuc hiéu chinh cac cong thic trong
tiéu chudn dé dat do chinh xac cao hon trong thiét ké thuc té.
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