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TOM TAT

CAu truc dia chat phuc tap va tinh khdng déng nhat cao clia cac tang tram tich tai thanh phé HS
Chi Minh (Tp. HCM) gay ra nhiéu kho khan cho viéc du bao chi sé nén Iin (Cc) bang cac phuong
phép truyén théng. Thi nghiém nén cé két trong phong chi cung cap thong tin rdi rac tai ting vi tri
khao sat, trong khi cac cong thiic thuc nghiém thudng dugc thiét [ap cho nhimg diéu kién dia chat
cu thé nén khé mé réng cho quy mé d@é thi. Nghién cliu nay ing dung phuong phap dia théng
ké Universal Kriging (UK) nhdm mé hinh héa su bién thién khong gian clia Ce dua trén bo di liéu
gém 3394 mau khao sét tai 55 h6 khoan dia chat, phan bé & do sau tlr 10 m dén 50 m. Hiéu nang
ctia md hinh dugc danh gia nghiém ngdt thong qua cac chi s6 MAE, MSE, va MAPE véi quy trinh
phén tach dir liéu 80/20. Két qué danh gia cho thay su phén hoéa hiéu nang ro rét theo chiéu sau:
cac md hinh phi tuyén (Gauss va Sphencal) dat d6 chinh xac cao nhat tai cac tang dat nong (10 -
20 m) v&i MAPE tlr 58.1%, trong khi m6 hinh tuyén tinh thé hién uu thé vuat troi tai cac tang sau
(40 m) v&i MSE dat muc thap nhat 0.003. Xu hudng gidm sai s6 theo chiéu sau phan anh muic dé
déng nhat héa cao hon clia céc thanh tao tram tich ¢d so véi cac I6p tram tich tré nam phia trén.
Viéc tich hgp két qua ndi suy trén nén tang GIS da tao ra hé thong ban dé phan ving nén ldn truc
quan, ho trg dac luc cho cong tac quy hoach ha tang va gidi quyét cac bai toan dia ki thuat téi uu

tai cac khu vuc co dia chat phic tap.

Tu khoa: Chi s6 nén lun Cc, Universal Kriging, Bia théng ké, Bién thién khong gian, Bia chat

TPHCM, GIS

GIGI THIEU CHUNG

Quy hoach va quan ly ha tang tai cac do thilén c6 toc
d0 phat trién nhanh nhu Thanh phé H6 Chi Minh (T
.HCM) doi héi nguon thong tin dia chét tin ciy cao va
phén 4nh day du su bién thién theo ban khong gian
ctia khu vuc. Trong s6 céc tham s6 dia ki thuat, chi
s6 nén lun Cc déng vai tro then chét trong viéc danh
gia lun c6 két dai han va lya chon giai phap nén méng
phu hgp. Theo B X4y dung Viét Nam, chi phi xay
dyng nén moéng chiém khoang 15-25% t6ng chi phi
cong trinh va ¢6 thé ting dang k& d6i véi cac khu vyc
c6 nén dit yéu. Do qua trinh Iun c6 két thuong kéo
dai trong nhiéu nim, viéc du bao chinh xac dic tinh
nén lin & quy moé khu vyc khong chi anh hudéng dén
an toan cong trinh ma con tac dong truc ti€p dén hiéu
qua kinh té va tinh bén viing ctia cac dy 4n ha ting do
thi.

Viéc dic trung hoa chi s6 nén lun Cc & quy moé khu
vic hién vin 1a mét thach thic. Cac phuong phép
truyén thong dya trén thi nghiém nén c6 két trong
phong (oedometer) cung cip thong tin chi tiét tai tiing
diém khao sit, nhung gip han ché 16n khi m& rong
sang quy mo ving do thai gian thi nghiém kéo dai va
chi phi cao. Trong khi d6, cac cong thiic thyc nghiém

thudng dugc xay dung cho nhiing diéu kién dia chét
cu thé, khién kha nang dp dung bi suy gidm trong bdi
canh dia chdt d6 thi phtic tap va khong dong nhat, ma
Tp.HCM 1a mét vi du dién hinh cho théch thiic nay.
DPéng chu ¥, nhiu nghién ctu va tng dung thuc té
van duya trén cac cach tiép cén gian lugc nhu st dung
gia tri trung binh hodc ho6i quy don gian, vén bé qua
moi tuong quan khong gian va tinh lién tuc cla cac
tham s6 dia ky thuat. Theo ly thuyét bién viung hda,
cac tinh chét dat nén khong bién thién ngau nhién ma
c6 cdu truc khong gian xdc dinh; cac gid tri tai nhiing
vi tri gdn nhau c¢é xu huéng tuong déng hon so véi
céc vi tri & xal2. Tinh lién tuc nay dugc dic trung
dinh lugng thong qua ham ban bién thién, cho phép
mo ta sy phy thudc theo khoang cach?. Viéc khong
mo hinh héa ciu tric nay c6 thé dan dén cac danh gid
lin mang tinh rdi rac, tiém 4n sai 1éch va thiéu co s
dinh lugng vé d¢ tin ciy ctia udc tinh.

Trong nhiing thap ky gin day, phuong phap dia thong
ké Kriging da dugc phat trién va tng dung rong rai
nhu mot cong cu hiéu qua dé xt ly cic di liéu co
tuong quan khong gian. V6i tu cach 1a mét bo ude
lugng tuyén tinh khéng chéch t6t nhat (Best Lin-

ear Unbiased Estimator — BLUE) 4, Kriging cho phép
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ndi suy tdi uu cdc bién viing héa cé phan bé khong
déu®8. Mic du Kriging d4 dugc tng dung thanh
cong trong nhiéu linh vyc nhu thuay van, dia chat moi
trudng va khi tugng °-14
ky thuét do thi van duing lai & viéc 4p dung Kriging
thong thudng (Ordinary Kriging — OK), véi gia dinh
gid tri trung binh cuc bo khong d6i®. Gia dinh nay

, phan 16n cac nghién ctiu dia

6 thé phti hgp d6i v6i cac bién ngau nhién thuén tay,
nhung tré nén han ché khi dp dung cho cic tham s6 co
ly ctia dat, von thudng chiu danh hudng ro rét ctia chiéu
sau va cu truc dia tAng. Khac véi cac phuong phap
ndi suy truyén thong nhu Inverse Distance Weight-
ing (IDW) hay Radial Basis Function (RBF), vén gan
trong s dua trén ham toan hoc c¢6 dinh va khoang
cach Euclidean, Universal Kriging (UK) la phuong
phép dia thong ké thuoc nhom Best Linear Unbiased
Estimator (BLUE). Piém uu viét cia UK niam & kha
nédng phén tach bién viing héa thanh hai thanh phan:
xu huéng xdc dinh dai dién cho bién thién quy moé
16n va phin du ngau nhién phan dnh céc bién dong
cuc bd. Viéc mo hinh héa ciu tric tu tuong quan
khong gian thong qua ham variogram cho phép UK
xt 1y hiéu qua tinh phi diing ctia dii liéu, dic biét trong
trudng hgp ton tai hién tugng “drift” theo chiéu sau
nhu d6i véi chis6 Cc tai Tp.HCM. Tuy vay, cdc nghién
ctu 4p dung UK cho chi s6 nén lin Cc & quy mo do
thi con tuong d6i han ché. Bén canh d6, cdc nghién
ctu danh gid moét cach cé hé thong vai tro ctia mo
hinh héa xu huéng trong Kriging d6i véi do tin cay
ctia ban d6 phan b6 Cc va kha ning hé trg quy hoach
ha tdng van chua nhiéu. Vin dé nay dic biét dang chu
y trong bdi canh cdc d6 thi ven bién cé nén dia chit
yéu va phén tang phtc tap, trong d6 Tp.HCM la mot
trudng hop dién hinh.

Xudt phat ti khodng tréng nghién ctu néu trén,
nghién cttu ndy ting dung UK d€ phén tich va mo ta
su bién thién khong gian cta chi s6 nén lun Cc tai
Tp.HCM, dua trén di liéu ti 55 hé khoan dia chét
c6 d0o sau khao sat tit 10 m dén 50 m, phén bd tuong
dd6i dong déu trén toan khu vic nghién ciu. Viéc lya
chon khodng céch phén tdng 10 m (tii 10 m dén 50 m)
dugc xac 1ap dya trén dic trung dia tang thuc té clia
Tp.HCM va kha nang phén b6 dit liéu hién c6. Trong
thuc té€, di liéu dia chit thu thap ti cic hé khoan
thudng khong dong nhat vé do sau ldy mau, dan dén
han ché khi phan tich & cac khoang phéan tdng nho
hon. Do do, viéc st dung khoang phén tdng 10 m
giip dam béo du s6 lugng dii liéu trong méi 16p dé xay
dung variogram 6n dinh, d6ng thoi phan anh cac don
vi dia tdng chinh ctia khu viic nghién ctiu, bao gom céc
16p dat yéu & d6 sau nong va cac 16p dit 6n dinh hon
& d0 sau 16n hon, c6 y nghia quan trong trong thiét ké
nén mong. Diém méi ctia nghién ctiu khong chi ndm

& viéc ap dung mot bién thé Kriging phtt hgp hon véi
ban chit dia chit ctia Cc, ma con & viée tich hgp két
qua Kriging vi hé théng thong tin dia ly (GIS) nhim
x4y dung ban d6 phéin viung nén lin & quy mo do thi.
Céch ti€p can nay cung cdp mot khung phan tich dinh
lugng va tryc quan, cho phép nhén dién céc khu vuc
¢6 nguy co lun cao va hé trg hiéu qua cho cong tac
quy hoach, quén ly va gidm thiéu ruai ro lun dat tai
Tp.HCM.

PHUONG PHAP NGHIEN CUU

Dit liéu dia chat khu vuc Tp. HCM

Nghién ctiu nay xay dung mot co s¢ di liéu dia ky
thuét dugc thu thép ti 55 16 khoan tai Tp.HCM, trong
d6 vi tri cac 16 khoan dugc minh hoa tai Hinh 1.
Nhim dam bao tinh chinh x4c ctia co s& dit liéu va
loai bo cac nhiéu ky thuét phat sinh tit quy trinh thuc
nghiém hodc ghi nhén di liéu, mot quy trinh kiém
soat dii liéu nghiém ngidt da dugc 4p dung. Cac dit
liéu khong phu hgp dugc sang loc dua trén ba tiéu
chi thé hién & cong thiic (1). Cu thé, phuong trinh
(1a) kiém tra tinh nhét quan cta thanh phén hat theo
nguyén tic bao toan khdi lugng, véi sai s cho phép
5% nhdm bu ddp sai s6 lam tron. Phuong trinh (1b)
loai bo cac diém dit liéu c6 bat thuong vé mat vat Iy
(d6 rbng, do bao hoa va cc gisi han Atterberg), cé
thé phat sinh tu sai s6 thi nghiém. Phuong trinh (1¢)
dam bao tinh nhéit quan gitia cdc quan hé vatly ctia cac
thong s6 trang thai dat. Sau qua trinh sang loc va loai
bo cac diém ngoai lai, b di liéu cudi cling bao gém
3.394 mau hgp 1¢, dam béo tinh dai dién cho viéc x4y
dyng mo6 hinh du bédo chi s6 nén lin (Cc).

|100 — (Gravel 4+ Sand + Silt + Clay)| > 5  (la)

|Srxe—Gsxw|>5 (1b)

n>100; Sr=0, P =LL—-PL <0 (Ic)

trong d6 w (%) 13 d6 4m tu nhién cta dét, Sr (%) 1a
do bao hoa ctia dét, e1a hé s6 rong, Gsla ti trong riéng
cta ddt; va LL, PL la cac gii han Atterberg;.

Madi mau dit trong tap dit liéu duge dic trung boi cac
déc tinh co ly, bao gom: w, trong lugng riéng (uét y
wvakho yd), Sr, e, cic gi6i han Atterberg (LL, PL) va
chi s6 nén (Cc). Tap di liéu phén 4nh diéu kién dia
chét da dang v6i bién dd muc nudc ngdm dao dong tu
0.1 m dén 7.8 m. Trong nghién ctiu nay, su bién thién
dangké ctiaw, giihan Atterbergva Sr dugc ghinhan,
phén anh dac tinh khong dong nhét ctia ciu trac dat,
trong khi trong lugng riéng thé hién sy 6n dinh tuong
do6i. Cac dac trung thong ké mo ta, bao gom phan
bd, xu huéng trung tdm va bién d¢ bién thién ctia cac
thudc tinh trong pham vi d¢ siu ti 10 m dén 50 m,
dugc tdng hop chi tiét tai Bang 1.
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Bang 1: M6 ta théng ké clia cac dac trung dau vao ctia co s& dif liéu [Nguén: Nhém tac gia]

bo bic w yw yd Gs Sr e LL PL Cc
sau trung (%) (g/em®) (g/em®) (g/em®) (%) (%) (%) (cm?/kG)
(m) thong
ké
10 Trung 36.97 1.84 1.38 2.69 88.19 1.07 43.37 22.57 0.40
binh
Do 26.98 0.24 0.38 0.06 7.66 0.71 18.22 8.94 0.44
léch
chuin
Nho 11.33 1.39 0.71 2.58 63.00 0.46 16.10 12.00 0.04
nhét
Q1 19.42 1.53 0.95 2.62 84.08 0.62 28.63 16.93 0.07
(25%)
Trung 22.63 1.96 1.56 2.69 90.00 0.68 40.50 19.22 0.12
vi
Q3 60.72 2.02 1.68 2.73 94.00 1.77 52.60 27.10 0.78
(75%)
Lén 98.92 2.11 1.84 2.75 98.10 2.71 90.58 51.80 1.25
nhét
20 Trung 28.98 1.91 1.49 2.67 87.60 0.84 38.27 21.24 0.22
binh
bo 20.11 0.21 0.32 0.05 7.25 0.53 18.06 8.53 0.30
léch
chudn
Nho 12.05 1.41 0.78 2.59 67.00 0.41 10.10 11.03 0.04
nhét
Q1 17.80 1.90 1.23 2.66 83.00 0.56 23.40 14.42 0.05
(25%)
Trung 20.37 1.98 1.61 2.67 89.80 0.65 34.20 18.10 0.07
vi
Q3 25.33 2.05 1.71 2.72 93.00 0.75 53.50 26.60 0.14
(75%)
Lén 89.96 2.16 1.88 2.79 98.00 2.43 86.60 46.60 1.21
nhét
30 Trung 24.30 1.94 1.54 2.68 86.77 0.75 35.61 20.20 0.13
binh
Do 12.76 0.16 0.27 0.03 7.96 0.36 15.51 6.55 0.15
léch
chuin
Nho 10.77 1.46 0.85 2.64 62.00 0.39 17.30 12.77 0.03
nhét
Q1 17.06 1.89 1.46 2.65 84.00 0.55 21.42 15.17 0.04
(25%)
Trung 19.88 1.98 1.64 2.67 89.00 0.62 34.60 18.00 0.06
vi
Q3 25.33 2.05 1.71 2.72 92.00 0.75 48.96 23.60 0.13
(75%)
Lén 71.60 2.12 1.91 2.74 98.90 2.08 73.70 40.00 0.65
nhét

Continued on next page
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Table 1 continued

Do bic w yw yd Gs Sr e LL PL Cc
sau trung (%)  (g/em®) (g/em®) (g/em®) (%) (%) (%) (cm?/kG)
(m) thong
ke
40 Trung 20.72 2.00 1.60 2.67 85.00 0.65 33.19 19.41 0.07
binh
Do 7.46 0.11 0.22 0.03 9.66 0.19 13.82 5.58 0.04
léch
chudn
Nho 11.25 1.73 1.09 2.65 64.00 0.41 4.90 12.16 0.03
nhét
Q1 16.03 1.93 1.56 2.65 79.00 0.53 20.55 15.05 0.04
(25%)
Trung 18.30 2.02 1.67 2.67 87.20 0.59 32.60 18.60 0.06
vi
Q3 22.34 2.08 1.73 2.67 93.00 0.69 44.36 22.56 0.08
(75%)
Lén 46.55 2.23 1.89 2.74 99.20 1.35 62.36 34.80 0.20
nhét
50 Trung 21.09 2.01 1.66 2.73 87.26 0.65 38.58 20.82 0.07
binh
Do 7.50 0.10 0.16 0.04 7.13 0.20 10.87 4.73 0.05
léch
chuén
Nho 11.79 1.75 1.20 2.65 65.00 0.40 19.00 14.20 0.03
nhét
Q1 17.01 1.96 1.60 2.72 82.18 0.53 31.32 18.10 0.04
(25%)
Trung 19.52 2.03 1.70 2.74 89.00 0.60 36.90 20.92 0.05
vi
Q3 21.15 2.06 1.76 2.75 92.63 0.69 46.26 22.69 0.07
(75%)
Lén 45.71 2.15 1.89 2.76 97.00 1.31 62.38 32.95 0.25
nhét

Q1 va Q3: phan vi thd nhit va thi ba

(from Google Map)

Hinh 1: Vi tri cia cac hé khoan dia chat [Nguén: google map]
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Su phan b6 Cc theo chiéu siu cliing cic dic trung
thong ké lién quan dugc minh hoa tai Hinh 2. Két qua
phén tich cho thdy mot xu huéng bién ddi ro rét theo
cao do, trong do gia tri trung binh ctia Cc ti 1é nghich
vGi do sdu. Cu thé, tai céc tdng dia chit nong (10-20
m), dit c6 dic tinh nén lin cao va bién do bién thién
161, phan dnh tinh khong dong nhit r6 rét trong ciu
truc dat. Ngugc lai, tai cac 16p dét sau (40-50 m), chi
s6 Cc c¢6 xu hudng giam dan va duy tri trang théi 6n
dinh hon. Su bién thién c6 hé thong ctia gia trj trung
binh theo phuong dling cho thiy su ton tai clia mot
xu thé chtt dao (drift), khing dinh tinh phu hgp ctia
viéc ap dung phuong phap UK trong nghién ctiu nay.

Kriging phd quat (UK)

UK la mét phuong phap uéc lugng dia thong ké t6i
uu, cho phép md hinh héa mét truong ngau nhién
z(x ) thong qua viéc phan tach thanh hai thanh phén
cdu trac hai thanh phan doc 1ap. Cu thé, cdu truc cta
mo hinh dugc biéu dién qua phuong trinh (2):

2(z) =m(x)+ € (x) (2)

trong d6, m(x) 1a thanh phdn xu thé dinh tinh (deter-
ministic trend) dai dién cho bién thién quy mo 16n, va
x 12 hdm ngdu nhién du phan énh cic bién dong cuc
b va tinh phu thu¢c khong gian. Thanh phin du nay
6 gié tri trung binh béng 0 va théa mén tinh dung
bAc hai.

Trong cong thiic (3) udc lugng cua UK, gid tri tai vi
tri cAn du bdo z*(x0) dugc x4c dinh dya trén diéu kién
uéc lugng tuyén tinh khong chéch t6i uu:

€)

Z(20) = Lg—1 ®az(Za)
DE t6i thi€u hoa sai s6 dudi cic rang budc khong
chéch, cic trong s6 @q va cic nhan ti Lagrange L,
dugc xac dinh thong qua hé phuong trinh hé thong:

Yh_y 0pC (2o — 2p)—Ei_o Mifi (2a) =C(za —Z,

voio=1...n

Y, 0pi = fi (o) (4)

voil=L..n

Hé phuong trinh (4) dugc thé hién dudi dang ma tran
(5) d€ thuan tién cho viéc tinh todn:

-]

trong d6, C la ma trin bién lugng gitta cac diém mau,

C b

FT o )

F 13 ma tran cdc ham co s6 tai vi tri mau, o 1a vecto
trong s6, va  1a vecto nhan ti.

Do chinh xdc ciia md hinh UK phu thudc mat thiét
vao viéc lya chon mé hinh bén bién thién (variogram)
phtt hop d€ mo6 ta ciu triac khong gian ctia dii liéu. Ba

)

mo hinh phd bién thudng dugc dp dung bao gom mo
hinh Gauss, m6 hinh tuyén tinh, va mo6 hinh hinh cau.
Mb hinh Gauss dic trung cho cc bién ngau nhién
6 tinh lién tuc khong gian cao va bé mit toan hoc
c6 do tron dang ké. D6 thi ham bén bién thién c6
dang parabol gin gdc toa do va tiém cén dan vdéi gia
tri ngudng (sill) khi khoang cach tach biét ting dén,
xac lap gidi han cta su phu thudc khong gian trong
bo dit liéu. V€ mit todn hoc, ham bén thién ctia mé
hinh Gauss dugc xac 1ap thong qua phuong trinh (6)
nhu sau:

y(h):Co—i—C{l eap (_g)] ®)

trong do6 h 1a khoadng cich gitia cac diém, Co 1a hiéu
tng nugget, C1a do sill tiing phén, va ala khoang cach
bién thién.

Mo hinh tuyén tinh (Linear model) phan dnh cac
truong dii liéu c6 tinh phi diing (nonstationarity) rd
rét, trong d6 phuong sai bién thién ting v6 han theo
khodang cach (h) ma khong ton tai gid tri ngudng c6
dinh. Trong phan tich dia ky thuat, viéc sii dung mo
hinh nay ham y tdm anh hudng khong gian vugt xa
pham vi quan sat cta tip di liéu hién htiu. Pac tinh
nay dugc mo ta cu thé bsi phuong trinh tuyén tinh
(7):

y(h) = Co + bh @)

trong d6 b 1a d6 ddc ctia dudng thing.

M5 hinh Cau (Spherical model) 1a cdu tric phd bién
nhiét trong thuc tién dia théng ké nho tinh tinh gidn va
kha nang tuong thich cao véi déc tinh bién thién cua
nhiéu loai dit liéu ty nhién. V& mit hinh hoc, ham
ban bién thién thé hién sy gia ting tuyén tinh tai khu
vic gin gbc toa do, phan dnh tinh lién tuc § mic trung
binh ctia trudng ngau nhién. D6 thi sau dé dat dén gid
tri ngudng (sill) tai mot khoang cach xéc dinh, dugc
goila pham vi anh hudng, ddnh d4u diém ma tai d6 su
tuong quan khong gian gitia cac gia tri di liéu khong
con ton tai. M6 hinh nay dugc mo ta todn hoc bing
ham bén bién thién phéin doan tai phuong trinh (8):

3/m\ 1 /h\3
v(h) = C°+Cz<a)z(a” )
Co+C nuh>a
KET QUA

Quy trinh x4y dyng mo hinh Kriging dugc trién khai
thong qua viéc trich xuét cdc dac tinh phan bd khong
gian tli co s6 dit liéu dia ky thuét, xac dinh 14 giai doan
huén luyén (training phase). Muc tiéu c6t 16i ctia giai
doan nay la thiét 14p kha ning t6ng quat hda (general-
ization) cao, cho phép mé hinh du béo chinh xdc cic
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Hinh 2: M6 ta thong ké ctia hé s6 nén lin C, tur tap di liéu [Ngudn: Nhom téc gidl

gid tri tai nhiing vi tri chua dugc khao sat dua trén cac
quy luat da xac lap.

Dé danh gid hiéu suit m6 hinh mot cich khich quan,
b dit liéu dugc phan tich ngiu nhién thanh hai tap
con doclap: 80% diiliéu phuc vu qué trinh huén luyén
va 20% dit liéu danh cho giai doan kiém dinh (testing
phase). Ty lé phén tach 80/20 dugc lya chon nhim
dam bao du dit liéu huéin luyén d€ xay dyng variogram
6n dinh, dong thoi duy tri tap kiém chiing c6 tinh dai
dién. Céc thii nghiém so bd véi cac ty 1é khac (60/40,
70/30) cho thdy khong lam thay d6i dang ké xu huéng
két qua, tuy nhién ty 1& 80/20 cho d¢ 6n dinh cao hon.
Hiéu qua ctia mo6 hinh UK dugc danh gid thong qua
céc chi s6 thong ké tiéu chudn, bao gom: sai s6 tuyét
doi trung binh (MAE) (c6ng thic (9a)), sai s6 binh
phuong trung binh (MSE) (cong thtic (9b)), va sai s6
phéan trdm tuyét d6i trung binh (MAPE) (cong thtic
(9¢)). Cac chi s6 nay cung cép thudc do toan dién vé
do chinh xdc du béo va kha nang hoi tu ciia m6 hinh

dé xuat
1 5
MAPE =~y |21 5 100 (92)
n yi
1 n
MAE = — Y vi—3il (9b)
i=1
1 & 2
MSE = Y ti—) (9¢)

i=1
véiy; 1a gid tri thuc t€ tai diém i, y; 12 gid tri du dodn
tai diém i, va n 14 tong s6 diém dii liéu.
Két qua danh gia tai Bang 2 va Hinh 3 cho thdy hiéu
ndng dy bao ctia m6 hinh UK c¢6 su phin héa rd rét

theo chiéu s4u dia tdng. Tai cac tdng dat nong (10-20
m), mo hinh hiép phuong sai phi tuyén nhu Gaussian
va Spherical chiém uu thé vé do chinh xac. Tai d) sau
10 m, mo hinh hinh cdu dat gia tri MAPE thdp nhit
(khoang 58.2%), so v6i moé hinh Gaussian (70.5%) va
tuyén tinh (74.8%). Tuy nhién, khi xét chi s6 MAE va
MSE, md6 hinh Gaussian lai thé hién sy 6n dinh hon
& do sau nay. Tai 20 m, m6 hinh hinh cdu tiép tuc
duy tri hiéu sut t6t véi cac chi s sai s6 § miic trung
binh so v6i cdc mé hinh con lai. Diéu nay phan anh su
bién thién phiic tap va tinh khong dong nhat cao cua
Cc, hé qua tu tdc ddong manh mé ctia cdc qua trinh boi
tich bé mt va diéu kién hinh thanh dia chét khong 6n
dinh.Tai cdc tidng dat sau (30-40 m), sai s6 du bao cd
xu hudng gidm manh, minh chiing cho tinh diing bac
hai ciia ham ngau nhién du dugc dam bao t6t hon &
dd sau nay. Tai do sdu 30 m, tit ca cic mo hinh déu
ghi nhén sy sut gidm dang ké cia MAPE (xudng mic
50% — 55%) va MAE (x4p xi 0.2).

Dic biét & do sau 40 m, md hinh tuyén tinh thé hién
uu thé vugt troi. Trong khi cac md hinh Gaussian va
hinh cdu c6 xu hudng ting nhe sai s6 hodc duy tri &
muic cao (MAPE trén 30%, MAE dat ngudng 0.9), mo
hinh tuyén tinh ghi nhén sai s6 binh phuong trung
binh (MSE) dat mtc thap ky luc 1a 0.003 va MAE x4p
xi 0.04. Diéu nay phtt hgp véi Iy thuyét vé mé hinh
tuyén tinh khi ap dung cho céc truong dii liéu c6 tinh
phi diing hodc xu thé rd rét theo phuong diing.

Xu huéng nay la minh chiing thuc nghiém cho thay
cdu trac khong gian ctia cac tdng dia chat sau tai
Tp.HCM s6 hitu tinh 6n dinh va d¢ dong nhét cao
hon so véi cac 16p trdm tich hién dai phia trén. Viéc
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Bang 2: K&t qua danh gia hiéu nang héi quy ciia mé hinh Kriging - UK [Nguén: Nhém tac gial

Do sau Biéu d6 bién di MAPE MAE MSE
(m)
10 Mo hinh Gauss 70.461 0.286 0.111
M0 hinh tuyén tinh 74.771 0.334 0.145
Mo hinh hinh cau 58.164 0.33 0.152
20 Mo hinh Gauss 67.722 0.461 0.317
MO hinh tuyén tinh 64.324 0.475 0.345
M6 hinh hinh ciu 63.857 0.456 0.318
30 Mo hinh Gauss 54.331 0.191 0.09
M hinh tuyén tinh 54.183 0.192 0.09
Mo hinh hinh cau 51.961 0.19 0.089
40 M6 hinh Gauss 32.623 0.041 0.003
M5 hinh tuyén tinh 28.551 0.037 0.003
Mo hinh hinh cau 31.117 0.041 0.004
50 Mo hinh Gauss 49.87 0.918 0.09
M6 hinh tuyén tinh 49.87 0.918 0.09
Mo hinh hinh ciu 52.878 0.203 e
EDP§ sdu 10m
80 ED6 siu 20 m
70 L OP3 sdu 30 m

MAPE

EDS sdu 40 m

M8 hinh Gauss Ms hioh tuyén M hinh hinh
tinh cau

04 r
035
03
025
02
0.15
01
0.05

0

%)
=

M6 hinh Gauss M6 hinh tuyén M hinh hinh

tinh

M6 hinh Gauss M6 hinh tuyén M hinh hinh

cdu

tinh

caun

Hinh 3: So sanh hiéu nang du doén chi s6 nén ltn Cc gilra cdc m6 hinh theo cac chi tiéu sai s6 MAE, MSE va MAPE
tai cac d6 sau khac nhau [Nguén: Nhém tac gial
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lya chon mo hinh ban bién thién phu hgp véi tling
khoéang d¢ sau la yéu t6 tién quyét dé t6i vu hoa trong
s6 trong hé phuong trinh Kriging, tit d6 nang cao do
tin cdy cho cdc du bdo rti ro nén lun trong ky thuét
nén mong.

Su tuong quan hé thong gitia cic chi s6 théng ké dinh
lugng (MAPE, MAE, MSE) va két qua tryc quan héa
khong gian trén nén tdng GIS (Hinh 4) khéng dinh mé
hinh UK la mdt céng cu déng tin cay trong viéc dinh
lugng héa rui ro nén lun dia ky thuat. Thong qua ban
d6 phan viing, cac khu vic c6 tiém nang lun 16n dugc
nhén dién ro rét bing dai phé mau xanh (tuong tng
véi gid tri Cc cao), trong khi cac khu vuc ¢é déc tinh
nén lan thép dugc biéu thi bang dai mau do. Két qua
nay khong chi ching minh d¢ tin cdy ctia m6 hinh ma
con thiét lap mot co s& dii liéu khong gian quan trong,
hé trg dic luc cho cong tic quy hoach va phéan vung
rui ro dia ky thuét tai khu vic nghién ctiu.

THAO LUAN

Két qua thuc nghiém trong nghién ctu nay cho thiy
sy tuong déng chit ché véi cic cong b trude day >
vé hiéu qua cua viéc ung dung cic md hinh hiép
phuong sai phi tuyén trong viéc mé phong su bién
thién khong gian lién tuc. DPdc biét, viéc mo hinh
tuyén tinh dat d6 chinh xdc t6i uu tai cac tdng dia chit
sau da cting c6 thém nhén dinh xu huéng d6ng nhat
héa ciu tric dia ting theo chiéu sau '°.

Tinh thyc tién ctia nghién ctiu dugc minh chiing qua
su tuong thich cao gitta mo hinh dy bdo va dic diém
dia chét cong trinh dédc thu ctia khu vyc Tp.HCM. Hé
théng ban d6 néi suy phan anh sy phan hoa chi s6 Cc
hoan toan phtt hgp véi dic diém tram tich Dé T 7.
Cu thé, cac khu vyc phia Nam (Cén Gio, Nha Be) ghi
nhan gia tri Cc cao, tuong ting véi cac 16p bun sét yéu
thu¢c hé tdng Binh Chanh va Cén Gid6 c¢6 dac tinh nén
lan 16n. Ngugc lai, tai khu vuc phia Bic (Ca Chi), m6
hinh phan 4nh chi s6 Cc thip, khép véi dic diém nén
dat 6n dinh trén cic thanh tao trdm tich c6 thudc hé
tang Tha Duc.

DPic biét, két qua du bdo tai cac tdng sdu (30-50 m)
cung cdp thong tin hiiu ich vé€ su phan bs khong gian
ctia chi s6 nén lun trong cac 16p dét chiu luc chinh. Tai
Tp.HCM, céc 16p dat & do sau nay thudng dugc xem
xét trong cac bai todn nén mong va ha tdng. Két qua tu
mo hinh UK, véi sai s6 nhd (MSE =~ 0,003 tai d6 sau
40 m), cho thdy kha nang moé ta hop ly su bién thién
ctia Cc theo khong gian. Thong tin nay cé thé dugc
sti dung nhu co s6 tham khéo d€ hé trg danh gid diéu
kién nén dit va dinh hudng cong tac khao sit. Tuy
nhién, cin nhdn manh ring céc két qua tit mo6 hinh
khoéng thay thé cho cac phén tich thiét k& chi tiét, ma
doéng vai tro b6 trg nhdm cung cép céi nhin t6ng thé

vé dac diém dia tdng va bién thién cta cdc thong s6 co
ly trong khu vic nghién ctiu.

Déng gop cot 16i cia nghién ctiu nay ndm & viée thiét
lap quy trinh du béo chi tiéu co ly dua trén nén tang
dia thong ké hién dai, thay thé cho cac phuong phép
ndi suy truyén thong vén han ché trong viéc xti Iy tinh
phi diing ctia di liéu. Nghién ctiu khong chi cung
cdp mot khung du bdo c6 dé tin cdy cao ma con thuc
hién truc quan héa di liéu thong qua hé thong ban
d6 s6 hoa. Day la ngudn tai liéu quan trong hé trg
cac nha hoach dinh chinh sach trong viéc nhan dién
cac vung nguy co lan, ti d6 t6i uu hoa quy hoach st
dung dét va thiét ké ha tdng bén viing. Viéc kiém soét
sai 6 nghiém ngit thong qua cac chi s6 MAE, MSE
va MAPE gitip mo6 hinh trg thanh tai liéu tham khdo
6 gid tri cho cac du an ha tang do thi tai nhiing khu
vic ¢6 cu truc dia tAng phiic tap. M6 hinh Kriging
du dodn chi s6 Cc khong chi gi6i han trong viéc t6i uu
héa chiéu dai coc ma con 1a céng cu hitu ich cho cac
ky su trong giai doan tién kha thi d€ ugc tinh so b
d0 lan ctia céc tang dia chdt, gitp gidm thiéu chi phi
khéo sit dai tra ma vin dam bdo d9 tin cdy cho nhiéu
loai hinh céng trinh khéc nhau.

Mic du dat dugc nhiing két qua kha quan, nghién ctiu
van ton tai mét s6 han ché lién quan dén dic diém
va phéan bd di liéu khao sat. Cu thé, di liéu dia chit
dugc téng hgp tit nhiéu hé so khoan v6i mat do khong
dong déu va d6 sau 14y mau khong dong nhat, dan dén
han ché khi phén tich ¢ cac khoang phan ting nho
hon. Tai cdc khu vuc ¢6 mang luéi diém do thua thét,
sai s6 du bdo cuc bd van con hién dién va c6 thé anh
hudng dén kha ning mo ta chi tiét bién thién khong
gian clia cac thong s6 dia ky thuat. Bén canh d6, pham
vi nghién ctu hién mdi chi tép trung vao chi s6 nén
lan Cc, chua xem xét ddy du cac thong s6 co ly khac
ctia dat nén. Trong cic nghién ctiu tiép theo, viéc md
rong co s& dii liéu véi mat d6 cao hon va phan bs do
sdu dong nhat hon sé cho phép néng cao d6 phén giai
khong gian ctia m6 hinh. Dong thoi, viéc tich hgp cac
phuong phap hoc mdy (Machine Learning) véi Krig-
ing da bién (Co-Kriging) dugc ky vong sé gop phin
x4y dung mo hinh dia chét 3D hoan chinh, ning cao
dd chinh xdc va kha nang du bdo cho cic dic trung
dia ky thuét phuc tap.

KET LUAN

Nghién ctiu da chiing minh phuong phap UK 1a mét
codng cy dy bao dang tin cay cho su phan bs khong
gian ctia Cc, trong d6 hiéu nidng du bdo phu thudc chit
ché vao viéc lya chon mo6 hinh ban bién thién (vari-
ogram) phtt hgp véi déc tinh dia ting theo chiéu sau.
Céc két ludn chinh ctia nghién ctiu bao gom:
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Hinh 4: Phan hoa khong gian ctia hé s6 Cc theo d6 sau (a) 10 m; (b) 20 m; (c) 30 m; (d) 40 m va (e) 50m [Nguén:
Nhém tac gial
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« Tinh thich ¢ing ciia mo6 hinh: Tai cic tang dia
chét néng (10-20 m), viéc két hgp UK véi cac
mo hinh phi tuyén nhu Gaussian va Spherical
dem lai d6 chinh xac t6i uu nh¢o kha nang mo
phong hiéu qua tinh khoéng déng nhét va céc
bién thién phiic tap ctia 16p dat mit. Ngugc lai,
mo hinh tuyén tinh thé hién sy 6n dinh va sai
s6 thip nhit tai cdc tdng dia chét sdu hon (30—
50 m), noi ciu truc dia tdng c6 xu huéng dong
nhét hoéa.

o Gid trj thuc tién: Mo hinh Universal Kriging
trong nghién ctu nay dugc stt dung nhu moét
cong cu hé trg phan tich & quy mé khu vuc,
phuc vu cong tac quy hoach va thiét ké so bo.
Mo hinh khong thay thé cong tac khao sat dia
chat (KSDC) chi tiét tai hién trudng. Gid tri ctia
nghién ctiu nidm 6 viéc cung cdp thong tin vé sy
phéan bs khong gian cuia chi s6 nén lin Cc, qua
d6 hé trg nhan dién cdc khu vic c6 nguy co lun
cao va dinh hudéng cong tac khao sat hiéu qua
hon.

o Hudng phat trién: Dé khac phuc cic han ché
lién quan dén gia dinh mo hinh va sy phu thudc
vao mat d¢ dii liéu, cac nghién ctiu trong tuong
lai cAn mé& rong co s& dii liéu khdo sat, dic biét
tai cac khu vuc c6 dia tdng phuic tap, dong thoi
xem xét tich hgp cac phuong phip hoc may
nhdm nang cao kha nang mo ta va dy bdo cta
mo hinh.
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ABSTRACT

The complex geological structure and the high heterogeneity of the Quaternary sedimentary layers
in Ho Chi Minh City (HCMC) pose considerable difficulties for predicting the compression index (Cc)
using conventional approaches. Laboratory oedometer tests provide only discrete information at
individual investigation points, whereas empirical correlations are usually established for specific
geological conditions and are therefore difficult to extend to an urban scale. This study applies
the Universal Kriging (UK) geostatistical method to model the spatial variation of Cc, based on a
database of 3,394 valid samples extracted from 55 geotechnical boreholes distributed at depths
ranging from 10 m to 50 m. Hiéu ndng ctia mé hinh dugc dénh gia nghiem ngdt thong qua cac chi
s6& MAE, MSE, va MAPE véi quy trinh phan tach di liéu 80/20. Model performance was rigorously
evaluated through the MAE, MSE and MAPE indices using an 80/20 data-splitting procedure. The
evaluation results reveal a clear differentiation of performance with depth: the nonlinear models
(Gaussian and spherical) achieve the highest accuracy in the shallow layers (10 — 20 m), with the
lowest MAPE of approximately 58.1%, whereas the linear model shows a marked advantage at the
depth of 40 m, with the lowest MSE of 0.003. The decreasing trend of the prediction error with
depth reflects the higher degree of structural homogenization of the older sedimentary formations
compared with the younger deposits lying above them. Integrating the interpolation results into
a GIS platform has generated visual settlement zoning maps, effectively supporting infrastructure
planning and optimizing geotechnical problem-solving in areas with complex geology.
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