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TGM TAT

Bai bao trinh bay két qué ing dung phuong phéap tiép can dua trén
tri tué nhan tao trong viec xac kha nang haa long coa dat. Trong
nghién ctu nay, mat ma hinh tri tug nhan tao tén |3 véc to méy ha
tro da duge phat trién dé du bao kha nang dat bi haa lang dudi tac
dung ciia tai trong dia chén. Mat co sa di ligu gom 288 ket qua haa
6ng dat quan sat tir tran dang dét Chi-chi (1993) duge st dung dé
dao tao va kiém tra khé ning du bao cia ma hinh. Két qua cia nghién
ciru duge so sanh vai hai cang thic thye nghiém dua trén chi sd
SPT ciia dét, cho thay ma hinh véc to may hé trg mang lai si vugt
trdi trong viec xac dinh kha ndng hoa lang cia dat so vai hai phuong
phap con lai. Nghién ctu cho thay ma hinh vec to may ha tro 13 mat
ma hinh ca kha nang du bao rét tdt kha nang hoa long dét, dong thai
cd tiém nang lan trong vigc gidi quyt cac bai todn khac trong linh
virc xay dung.

Tir khaa: Haa lang dét; chi sd CPT; dang dét; véc to may hé tro.

1.DAT VAN BE

Hoa 16ng I hién tugng dat chuyén tir thé ran sang thé 16ng, Vi
sy gia tang ap suat nudc trong 16 réng. Thong thudng, dat khong
thodt nudc va chiu tai trong dong dé bi hoa léng han. Khi xay ra
déng dat, ap luc nudc 16 réng dat dén téng Ung sudt ban dau trong
dat, viéc tang ap luc nudc 16 réng c6 tac dung can bang vai ap luc
c6 hiéu cla dat, khién cac hat dat néi trong nudc, khi do6 sé xay ra
hién tugng héa léng dat . Hoa léng dugc cho 1a nguyén nhan chinh
gay ra hu hdng mat dat trong cac tran dong dat, va la nguyén nhan
chinh gy ra thiét hai cho cd s& ha tang va sup dé cac cong trinh
trong dong dat. Hau qua cla su hoéa l6ng la dat chuyén sang trang
thai Idng, gidm kha nang chéng cat dan dén mat kha nang chiu luc.
Vi vdy, viéc danh gia kha nang héa 16ng cla dat tai dia diém xay
dung la mét nhiém vu quan trong clia cong tac thiét ké cong trinh
trong ving dong dat.
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ABSTRACT

This study presents the results of applying the approach based on
artificial intelligence in determining the liquefaction trigger of the soil
under an earthquake. In this study, an artificial intelligence model called
support machine vector was developed to predict the probability of soil
liquefaction. A database of 288 observed soil liquefaction results from
the Chi-chi (1399) earthquake was used to train and test the predictive
ability of the model. The results of the study are compared with two
experimental formulas based on the soil SPT value, showing that the
support machine vector model provides superiority in determining the
liquefaction trigger of the soil compared with the two methods. The study
shows that the support machine vector model is a model capable of
predicting very well the possibility of soil liquefaction, and has great
potential in solving other problems in the field of construction.
Keywords: Soil liquefaction; SPT value; earthquake; support
machine vectar.

Cac nha khoa hoc da st dung nhiéu phuong phap khac nhau dé
danh gia dé hoa long, tinh toan cac hé sé an toan. Vé ban chat, cac
phuong phap nay khong sir dung tinh toéan ly thuyét ma s dung
céc cong thuc ban thuc nghiém. Cu thé hon, du tién, ta tinh toan
ty l& ing suat theo chu ky (CSR) thong qua tham sé gia téc mat dat
dinh cua tran dong dat (PGA). Tiép theo, hé s6 khang chu ky (CRR)
dugc xac dinh théng qua cac thi nghiém kiém tra do bén theo chu
ky trong phong thi nghiém, dua trén cadc mau dat khéng bi xao trén
18y tU hién trudng. Dat duoc coi la héa 16ng khi gia tri CSR vugt qua
gia tri CRR. Nhugc diém cla phuong phap nay la dé chinh xéc thap
do khé dam bao tinh nguyén ven clla mau dat st dung. Giai phap
th hai la s&r dung két qua cla cac thi nghiém tai ché nhu tha
nghiém xuyén tiéu chudn (SPT) hodc thd nghiém xuyén cén (CPT)
két hgp véi cac quan sat lich st vé suhda 16ng hodc khéng héa léng
cUa dat. T d6, cac dudng cong dai dién cho mdi quan hé gilta CRR



va két qua thir nghiém tai chd dugc xay dung. Vi cac chi s6 nhu SPT,
CPT sé cung cap dit liéu chinh xac vé tinh chat cta dat, do d6, SPT
dugc coi la mét gia tri nhu mét théng s6 d€ danh gia dé tin cay hon
vé CRR cua dat. Tuy vay, mot s6 tac gia (vi du Hwang [8]) da chira
rang, phuong phép st dung cac két qua SPT, CPT thudng cé khoang
gia tri ap dung nhat dinh, khi thong s6 dat nam ngoai khoang nay,
cac phuong trinh ban thuc nghiém cho két qua kém chinh xac. Tai
Viét Nam, mét s6 két qua nghién ctu ly thuyét vé héa léng cha dat
dugc dé xuat: Duong Hong Tham (2016) [1] da dé xudt moét mo hinh
kh&i gop, dua trén nén mé hinh winkler dong, dé danh gia tiém
nang hoéa léng clia dat dua theo chi s6 SPT. Tac gia Vo6 Phan (2016)
[5]1 da s dung mo hinh phan tir hitu han FEM dua trén phan mém
Plaxis két hgp vdi tiéu chuan JRA2002 dé danh gia tiém nang hda
I6ng va suc chiu tai ctia méng bé dudi tai trong déng dat. Tac gia
Luong Thi Hang va céng su (2015) [2], st dung cac cdng thic kinh
nghiém dua trén chi s6 SPT dé danh gia tiém ndng héa ldng clia dat
cling nhu dnh hudng téi cta hoda 1dng dat suc chiu tai cia coc don.
Ngoai ra, mot s& nghién ctu thuc nghiém clng da budc dau dugc
tién hanh dé danh gia kha nang hoa 16ng dat trong diéu kién Viét
Nam, nhu tac giad Nguyén Hong Nam (2016) [3] da thu thap 40 mau
dat tai khu vuc dé song Hong va moét s6 dap tai Tay Bac dya trén thi
nghiém nén 3 truc déng. Trong mot nghién cru khac tai nudc ngoai,
Galavi (2013) [12], Tsegaye (2013) [14] da si dung phuong phap
phan t hitu han FEM d€ mé t& Uing x( clia dat dudi tai trong tuan
hoan, théng qua cac phan mém UBC3D-PLM, UBCSAND, PLAXIS.
Tuy nhién, han ché clia phuong phéap phén t& hitu han van phai dya
VAo cac gia thiét gan ding, ngoai ra, viéc cac tham s6 dau vao co do
nhay I6n dan dén ton tai sai s6.

Gan day, két qua cla cudc cach mang cong nghiép lan thi 4 da
xam nhap manh mé vao moi linh vuc, trong dé ¢6 linh vuc xay dung.
Nhiéu nha nghién clru da tim cach Ging dung giai phap tri tué nhan
tao dé€ gidi quyét cac van dé khac nhau trong linh vuc xay dung néi
chung va dia ky thuat nai riéng. C6 thé ké dén moét s6 nghién clu
nhu: Samui and Sitharam [16] s dung m6 hinh ANN, Sarat Kumar
Das [11] st dung mo hinh GP hay Shahri and Moud [6] s& dung mo
hinh FNN, v.v. Nhin chung, cdc nghién ctu s& dung mo hinh hoc
may n6i chung da dat dugc nhiing thanh cong nhat dinh trong viéc
danh gia kha nang hoéa ldng ctia dat. Tuy nhién, cac nghién ctiu sau
hon can dugc tién hanh dé giai quyét cac van dé vé téi uu hoa hiéu
suat mé hinh cing nhu tinh 6n dinh ctia mé hinh.

Trong nghién clru nay, tac gia dé xuat viéc s dung mé hinh véc
td may hé trg, la mot mé hinh may hoc ¢ gidm sat manh mé dé
phan loai dat theo kha ndng hoa 1dng. Ngoai ra, két qua nghién ctu
dua ra so sanh mé hinh hoéi quy tuyén tinh va céng thic thuc
nghiém dé chiing minh @6 chinh xac vugt trdi cia mé hinh.

2. CAC THUAT TOAN SU DUNG TRONG NGHIEN CUU.

2.1. Mé hinh véc to mdy hé trg

Vectd may ho trg (SYM - Support Vector Machine) l1a mét mo
hinh tri tué nhan tao, thuéc nhém céc phuong phap hoc tap cé gidm
sat lién quan dén nhau dé phan loai va phan tich héi quy. SVM lan
dau dugc gidi thiéu bai Vapnik (1995) [10]. Mé hinh SVM dang chuén
nhan di liéu vao va phan loai ching vao hai hay nhiéu 1ép khac
nhau. Do d6 SVM la mét thuat toan phan loai manh mé. M6t mo
hinh SVM la mét cach biéu dién cac diém trong khéng gian va lya
chon ranh gidi gitia hai thé loai sao cho khoadng cach tir cac vi du
luyén tap tdi ranh gidi la xa nhat c6 thé. Muc tiéu clia thuat todn may
vecto hé trg la tim mét siéu phang trong khong gian da chiéu phan
loai rd rang cac diém dur liéu. DE tach hai Iop diém di liéu, c6 thé
chon nhiéu siéu mat phdng. Nhung mat phédng phu hgp nhat la mat
phdng cé 1€ t8i da (tuc la khodng cach t6i da giiia cac diém dir liéu

cla cd hai l16p). M6t vi du vé siéu phdng trong mé hinh SVM dugc
minh hoa trén Hinh 1.
Céng thic téng quat cia mo hinh SVM c6 thé viét nhu sau:

nsy

F6) = (B~ BK(x;x))+a 0
i=1
Trong d6, 5;, ﬂi* la cdc hé sé Lagrangian; nsv la s6 lugng véc ta

may hé trg sit dung trong mé hinh ; K (xix;) 1a ki€u nhan mé hinh -
dac trung cho hinh dang clia cac vec to may hé trg.
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Hinh 1. Siéu phang phan chia hai [6p ca md hinh SVM st dung nhan tuyén tinh.

Trong d6, cac kiéu nhan mé hinh thudng duoc st dung nhu :
nhan tuyén tinh, nhan phi tuyén dang ham sigmoid, nhan phi tuyén
dang ham radial xuyén tam (rbf). Cac dang ham K() nay c6 thé tham
khdo trong tai liéu [13].

2.2. Ditliéu ddu vao cho baitodn

Trong nghién ctu nay, mét bo cg sé dit liéu gom 288 mau dat
thu thap khi quan trac tran déng dat Chi Chi - Dai loan (1999) [8]
dugc dua vao st dung. B co s& dir liéu nay gom c6 164 mau dat bi
héa ldng va 124 mau dat khéng bi hoa léng. Tat ca cac bién dau vao
quan trong trong du bao hoa léng cla dat déu dugc tham khéo tur
céc cong trinh nghién ctu vé héa ldng dat [2], [17]. Cu thé han, cac
bién dé bao gébm gia téc nén cuc dai (PGA), dudng kinh trung binh
cUa hat dat (D50), hé sé khéi luong cat (rd), ty [& iing suat tuan hoan
(CSR) va hai bién lién quan dén ty 1& khang tuan hoan (CRR) la ham
lugng cat min (FC) va chi s6 SPT sau hiéu chinh (N1)60. Bién dau ra
ctia mé hinh la bién phan loai nhi phan, trong d6 viéc dat c6 bi héa
I6ng hay khéng dugc thé hién bing céc gia tri : 1 - khi dat bi héa
I16ng va 0 - khi dat khong bi héa long.

Théng ké dir liéu dugc thé hién trén Bang 1, gdm céc gia tri I6n
nhat, nhé nhat, trung binh va dé léch chuin cda tat ca cac bién s
dung trong nghién cuu.

Bang 1. Thong ké dit liéu sir dung trong nghién ctu
(Ni)so FC PGA D50 rd (SR

Dan vi - (%) - (mm) - -

S0 lugng mau 164 164 164 164 164 164

Nnonhat | 4 | 071 | 0.02 | 011 | 239 | o2 M*l’,“ héa
Trungbinh | 27.25 | 091 | 02 | 03 | 892 | 033 (Li"zgfa
Lonnhat | 65 | 098 | 2 | 082 | 2187 | 1 (t?on)

Léchchudn | 1319 | 006 | 021 | 018 [ 394 | 022
Solugngmau | 124 124 124 | 124 124 124 Mau
Nhé nhét 6 07 | 001 [ 004 | 093 [ 006 | khong

Trungbinh | 2256 | 0.86 | 019 | 017 | 1785 [ 02 | hdaléng
L6n nhat 61 | 097 | 1 | 072 | 4929 1 (Non-
- liquefact
Lechchudn | 118 | 007 | 013 | 011 | 828 | 047 ion)
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Hinh 4. Két qua theo Boulanger va Idriss: (a)-dao tao; (b)-kiém tra

2.3. Chi tiéu hiéu sudt dé ddnh gid dé chinh xdc ctia mé hinh

Trong dang bai toan phan loai, mét sé tiéu chi c6 thé dugc su
dung dé danh gia dé chinh xac cia mé hinh nhu d6 chinh xac
Accuracy, d6 chinh xac Precision, va d& chinh xac F1. Vé t6ng thé,
cac gid tri Accuracy, Precision, F1 cang cao thi mo hinh dy doan cang
chinh xac. Théng thudng, cac gia tri nay dat trén 0.8 da c6 thé coi la
tét va ly tudng la 1, khi d6, kha nang du doan cia mé hinh la hoan
hdo. Trong nghién ctu nay, d6 chinh xac Accuracy duogc lua chon
lam chi tiéu hiéu suat chinh ctia mé hinh. Chi tiéu dé duoc thé hién
bang cong thic sau:

Accuracy = & (2)
T

Trong d6 Nc - s6 lugng mau du bdo chinh xac; TT - téng s6 lugng
mau dit liéu trong nghién cuu.

3. KET QUA TiNH TOAN

3.1. M6 hinh véc to mdy hé trg

Trong phan nay, tac gia sir dung thu vién scikit-learn trong b6
phan mém Anaconda, st dung ngén ngir 1ap trinh Python dé xay
dung m6 hinh SVM nham phan loai kha nang héa léng ctia dat. B6
dr liéu g6c gobm 288 mau dir liéu dugc phan chia ngau nhién thanh
hai tap: dao tao chiém 80% (230 d(i liéu) va kiém tra chiém 20% (58
dir liéu).
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Cac tham s6 ciia mé hinh dugc lya chon bang phuong phép thu
va sai nham lya chon ra m6 hinh t6t nhat trong viéc phan loai kha
nang héa ldng dat. Két qua tham s mé hinh t6t nhat dugc thé hién
trong Bang 2.

Bang 2. Cac tham s6 mo6 hinh

Thamsé | Ynghia Khodng gia tri Gia tri tot nhat
Kernel Ki€u nhan md hinh Linear, Sigmoid, RBF | Sigmoid
Gamma Hé s6 khuéch dai nhan 1-100 96

C Hé 56 khdi quat hoa 1-1000 658

Trén ca s6 md hinh ¢ dudgc, ta tién hanh viéc dao tao va kiém
tra moé hinh. Két qua phan loai kha nang hoéa léng dat ca mé
hinh dugc thé hién Hinh 2. Trong d6, hai bién quan trong nhat
trong viéc du doan kha nang hoa léng ctia dat la CSR va (N1)60
dugc st dung dé thé hién viéc phan loai trén khéng gian hai
chiéu. Két qua du bao thé hién dé chinh xac cao khi chi du bao
sai 4/230 dir liéu chia bd dao tao va 2/58 dit lieu cia bd kiém tra.
Ngoai ra, cac phuang trinh thuc nghiém dugc xay dung dua vao
mé hinh SVM cling dugc thé hién cho tiing tap di liéu. Phuong
trinh nay dua vao hai chi tiéu la CSR va (N1)60, cho phép phan
loai nhanh kha nédng hoéa long cua dat.

3.2. So sdnh két qua mé hinh SVM va mét sé6 mé hinh khdc



Trong phan nay, két qua phan loai kha nang héa léng dat dugc
so sanh véi cac cong thic ban thuc nghiém cta CRR by Robertson
va Fear (1995) [15], Boulanger va Idriss (2016) [7].

Trong d6, cong thic xéc dinh CRR cla Robertson va Fear (1995)
dugc thé hién nhu céng thuc (3):

95 (Vg 1
34— (N)eo 1.3 2

Ngoai ra, cong thuc xac dinh CRR clia Boulanger and Idriss
(2016) dugc thé hién trén cong thic (4):

2 3 4
CRR”:CXP{(NOGO@ +[(N1)6005j _((N1)600sj +[(N1)600sj —2.81 @)

100.CRR; 5 = (3)

14.1 126 23.6 254

Trong dd, (N))go.s 1a chi s6 SPT hiéu chinh véi cat sach, duoc
tinh theo céng thuc (5) (6):

(NDsoes = (Ngo +A(N1)eo )
2
9.7 15.7
A(N)go = exp| 1.63 + 6
(Moo exP[ FC+0.01 (FC+0.0IJ ] ©

CRR; 5 1a hé s6 CRR clia dat, ing véi déng dat cudng do 7.5 do
Richte.

Gia tri CRR (g vdi tran déng dat Chi-Chi dugc tinh theo céng
thuc (7):

CRR = CRRy 5.MSF )
V6i MSF la hé s6 cudng d6, xac dinh theo cong thiic (8):
MSF =10*%* / M 236 8)

M, la cuong do cda tran dong dat Chi-Chi, M, =7.6
Bang 3. Bang so sanh cac phuong phap

Tac gia M6 hinh Bo dit liéu Du dodn sai Do chinh xac
Dao tao 26/230 88.70%
Robertson and Cona thitc
Fear (1995) 9 i Kiém tra 8/58 86.21%
(13] thyc nghiém
Toan b 34/288 88.19%
Dao tao 18/230 92.17%
Boulanger Cona thitc
and Idriss 9 yigmtra 3/58 94.83%
2016) [7] thuc nghiém
Toan bd 21/288 92.71%
Dao tao 4/230 98.26%
:ag;"e" ] oM Kiémtra | 2/58 96.55%
Toan b 6/288 97.92%

Nhan xét: K& qua so sanh trén Bang 3 cho thay, cac céng
thic thuc nghiém cho phép phan loai t6t kha ndng hoa léng cua
dat khi dat do chinh xac tir 86 dén 94%. Tuy vay, mo hinh SVM
mang lai su phan loai chinh xac rat cao khi dat 97,92% trén toan
bé tap di liéu nghién clu. Diéu d6 thé hién su vuct troi ca mo
hinh tri tué nhan tao nay trong b6 di liéu héa long dat cda tran
dong dat Chi-Chi. Ngoai ra, do mé hinh SVM trong nghién ctu
nay ap dung céc s6 liéu dau vao phé bién theo nhu khuyén céo
clia cac mo6 hinh thuc nghiém da dugc cong nhan trén thé gidi,
viéc 4p dung mo hinh nay theo diéu kién Viét Nam la hoan toan
kha thi. Vi dy, bé dit liéu gbm 40 mau theo nhu tai liéu [3], [4] da
c6 day d0 cac tham s6 tiéu chudn nhu PGA, SPT v.v. Tuy vay, do
dac diém clia cdc mé6 hinh tri tué nhan tao la can lugng dit liéu
I6n dé dat dugc tinh t6ng quat cao, s6 lugng mau thi nghiém can
phai dat t&i hang tram, tham chi hang nghin mau dé mé hinh c6

thé hoc tap va dat d6 tin ciy cao nhat trong viéc phan loai va
danh gia kha nang hoéa long cua dat.

4. KET LUAN VA KIEN NGHI

Bai bao da trinh bay viéc ting dung mé hinh véc to may hé trg
(SVM), dua trén tri tué nhan tao d€ phan loai kha ning héa léng cta
dat dudi tai trong dia chan. Nghién ctu da dé xuat ra mé hinh SVM
t6t nhat sirdung cho viéc phan loai kha nang héa long day, sirdung
nhan Sigmoid. Ngoai ra, két qua clia nghién cttu con dé xuat ra cac
c6ng thiic hoéi quy trén co s& mé hinh SVM thu duoc, dé tién cho
viéc 4p dung nhanh trong thuc hanh khi xac dinh kha ndng hoéa léng
dat. Cuéi cung, viéc so sanh két qua phan loai cia mé hinh SVM va
hai c6ng thuc thuc nghiém phé bién cho thay, mé hinh SVM c6 thé
phan loai kha nang héa l6ng clia dat chinh xac hon so véi cac cong
thiic thuc nghiém dé, trén bo ditliéu hoa l6ng dat cda tran dong dat
Chi-Chi. Trén cd s& két qua tinh toan, kién nghi nén ti€p tuc nghién
clu, phét trién cdc mo hinh tri tué nhan tao, va bé sung cac s6 liéu
do dac tai Viet Nam dé dé xuat vao gidi quyét cac bai toan lién quan
dén hoa long dat.
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