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TOM TAT: Tdng dat yéu tuéi Holocene ¢ thanh phé' Hé Chi Minh la mét déi twong dia
chat luén nhdn duoc sw quan tam ddc biét ciia cac nha dia chat. Viéc nhan biét quy ludt phdn
bo theo dién va theo chiéu sdu ciia doi tirong nay sé giz&p ich cho cdc nha quan Iy, quy hoach dé
thi, cdac nha dau . Ngoai viéc dwa vao kinh nghiém cuia cdac chuyén gia thi viéc dung cdc mé
hinh todn (cu thé la phwong phdp néi suy Kriging) dé xdc dinh quy ludt phdn bé trong khong
gian cua doi teong dia chat dang duoc phdt trién manh mé trén thé gici. Tuy nhién, cho dén
nay, cdc phwong phap nay vdan chica duoc sir dung réng rdi trong linh vie dia chat cong trinh ¢
Viét Nam. Nham gici thiéu kha ning vmg dung ciia phwong phdp ndi suy Kriging, bai bdo trinh
bay ker ‘qua nhdn duoc khi sir dung phuong phdp nay dé khao sat quy ludt phdn bé cia tang dat
yéu tuoi Holocene & khu vuc ngi thanh thanh pho Ho Chi Minh. Bén canh do, két qua noi suy
ciing duwoc so sanh voi cdc két qua da co trude ddy va cdc két qua khao sdt trice tiép tai hién
trieeng, qua do danh gia dé tin cdy ciia két qua noi suy.

1.MUC PiCH NGHIEN CcUU

Trong qua trinh khao sat dia chit cong trinh, ddc diém phén bd cua ting dit yeu (thé hién
qua hai thong s6: d¢ sau xudt hién va chiéu day) 1a van dé luén duoc cac nha dia chét quan tam.
Pé khao sat su phin b ctia cac 10p dét, cic nha dia chit cin c6 di lidu & dang bé mat lién tuc,
trong khi do, dir liéu khao sat dia chit cong trinh (PCCT) lai 1a dang dir liéu phan bb rai rac
trong khéng gian (theo dién va theo chiéu siu). Viéc chuyén déi tir dang dit lidu roi rac sang
dang dir liéu lién tuc thuong duge thuc hién theo hai khuynh huéng: a) dua vao kinh nghiém,
kién thirc ciia cac chuyén gia; hodc b) dva vao cac m6 hinh todn cua cdc phuong phdp ni suy.
Khuynh huéng a) chi thich hop khi s6 lugng dit liéu con it, dwgc phan b déu trong khéng gian.
Tuy nhién, khuynh huéng nay c6 nhuoc diém la thuéng mang tinh chu quan. Trong khi do,
khuynh huéng b) ma dac biét la phuong phap néi suy Kngmg, chi dya vao moi quan h¢ gitta sy
bién dong cta dit liéu va vj tri ciia ching trong khong gian dé xay dung cac bé mat phan bb cua
dir liéu. Do vy, két quéa nhan dugc tr phuong phap ndi suy Kngmg giam bét ¥ kién chu quan
clia cdc chuyén gia, dong thoi tang tinh khach quan cia két qua noi suy.

E)e tai nghién ciru: “Ung dung phicong phdp ngi suy Kriging khdo sdt sw phén b6 ciia tang
dat yéu tuéi Holocene, khu vuee néi thanh thanh phé H6 Chi Minh” duoc thuc hién nhim danh
gia kha nang Umg dung phuong phap ndi suy Kriging trong cong tac khao sat BCCT ndi chung
va trong viéc khao sit su phan bd tdng dat yéu tudi Holocene & thanh phé H6 Chi Minh
(TPHCM) noi riéng.

2.PHUONG PHAP NGHIEN CUU

Phuong phép ndi suy Kriging khao sat mdi quan hé giita su bién dong cua dir liéu theo vj tri
clia ching trong khong gian, tir d6 rit ra md hinh toan phan 4nh mdi quan hé nay. Nho vao mé

Trang 43



Science & Technology Development, Vol 10, No.02 - 2007

hinh todn, cac nha nghién ciru ¢6 thé du bao dugce gid tri ctia dir li¢u ndi suy ¢ nhitng vi tri chua
c6 sb liéu khao sat thuc té.

Pé ¢o thé sir dung phuong phap ndi suy Kriging, cac dir li¢u khao sat can phai c6 toa d6 dia
ly tuong Gmg. Cong tac nghién ciru sy phén b cua tang dat yéu & khu vuc noi thanh TPHCM

duge tién hanh qua cac budc sau:
—  Thu thap toa d¢ cic hé khoan.
- Xae dinh d6 siu xudt hién, chiéu day cua tAng dit yéu.
—  Tién hanh néi suy bang phuong phap Kriging.
—  Panh gia do tin cdy cua két qua néi suy.
Quy trinh thye hién ndi trén dugc minh hoa bang luu dd sau:

DU LIEU DU LIEU
TOA PO THUOC TINH
v
NOISUY

KRIGING
B
v
DANH GIA
0.898
Két qua

Hinh 1.Luu db phuong phép ndi suy Kriging

2.1.Thu thap dir liéu toa dd cic hd khoan

Tong hop tir cac bao cao khao sat, co 247 !1("') khoan @3 thu thap dugc [2]. Toa dd cua 247 hé
khoan nay dugc xac djnh bang dung cu GPS cam tay (Garmin 12XL) vo1 @6 chinh xéc veé toa dd
1a 5 ~ 15 m. Trong di€u kién thoi tiét thuén loi, d chinh xdc veé toa dd cé thé dat dugc dén 3 m.
Dél phuc vu cho cong tac ndi suy trong dia chat cong trinh, d§ chinh xac 5 m vé toa do dia Iy la
chap nhén duge.

Vi tri cia 247 hd khoan khao sat DPCCT dwoc thé hién trén Hinh 2.
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Hinh 2. So dd vj tri cac diém dit liéu

Cao d6 day lop cua tang dét yéu duoc xac dinh thong qua cao d6 mat dit, do sdu xuét hién
va chiéu day cia ting dat yéu. Cao d§ mat d4t tai vi tri hé khoan dugc rat ra tir mé hinh sé 4o
cao (Digital Elevation Model — viét tit 1a DEM). Mé hinh DEM dugc xdy dung bing phin mém
ILWIS 3.2 dua trén ban dé dia hinh do Phong thi nghiém Vién tham va GIS thudc Trung tim
khoa hoc ty nhién va cong nghé quéc gia cung cap Hinh 3 thé hién mé hinh DEM cua TPHCM.

Hinh 3. M6 hinh DEM ctua TPHCM
2.2.Xic dinh d9 siu xuit hién, chiéu day ciia ting dit yéu

D6 sdu xudt hién va chiéu day cua tang dat yéu duoc rut ra tir cdc bio cdo khao sat dia chét
do B mén Dja k§ thuat, Khoa Dia chit — Dau khi, Trudng Dai hoc Bach khoa TPHCM thuc
hién trong khoang thdi gian tir nim 1996 dén 2004,
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2.3.Phwong phép ndi suy Kriging

Cac buéc tién hanh ndi suy bang Kriging nhu sau:

- Khao sit cac dic trung thong ké ciia tap dir liéu, dac biét chi y dén tinh phén b6 chuin
cua dir liéu. Néu dit liéu khong c6 phén b6 chudn thi phai chuyén dang dit liéu dé thoa min yéu
céu nay.

- Xay dung biéu d6 semi-variogram. Biéu dd semi-variogram phan anh mdi quan hé giita
su bién thién cua dit liéu véi khoang cach giita céc diém nay.

- Lua chon m6 hinh semi- varlogram thich hop voi tap dir liéu. Quy luit quan hé cua su
bién dong cua dir liéu véi khoang cach gitra ching dugc xap xi bing mét trong cac ham s6 da
duoe xé4c dinh trude (ham Spherical, Circular, Gaussian, Exponential, Power.. L)

- Tién hanh ndi suy theo md hinh semi-variogram da chon.

2.4.P4nh gia df tin cay cda két qua ndi suy

D6 tin cdy cua két qua ndi suy can duoc danh gia thong qua cdc phuong phap:
- So sanh ban dd ndi suy véi cac ban dd da duoc thanh lap trude do.

- So sanh két qua noi suy voi két qua khao sat truc tiép tai hién truong.

3.KET QUA
3.1.Khdo st diic trung théng ké ciia tap dit liéu

247 hb khoan khao sat duge chia thanh hai nhém: céc hé khoan ¢6 phat hién tang dit yeu
(108 hé khoan) va céc hé khoan khong phat hién dugc tang dat yéu (139 hd khoan). Tai cac hé
khoan khong c6 phat hién ting dat yéu, chiéu day ting dat yeu dwoc xem nhu 14 bang 0 (zero)
khi dua vao ndi suy. Tuy nhién, viéc dua 139 diém dir lidu c6 cung mot gia tri 0 vao trong qua
trinh ngi suy s€ lam cho dir liéu khong théa min yéu cdu dit liéu cén c6 phan b chuén. Piéu
nay duoc thé hién rd trén Bang 1 va Hinh 4.

Bang 1. Dic trung théng ké cua dif liéu bao gom tat ca cac h6 khoan

108 | 12.708 0.851 8.849 0.38 1.09 1.000 11.250

Histogram {with Normal Curve) of Chi #udy bn ‘Probability Plot of Chifu dy bl
: Normal - 95%-CT

2 ] [Weon w71 |
1;“,., “ﬂt »s . e 1

: )
|

ML

B

Hinhh 4a) Histogram; b) D thi Q-Q plot cla c4c diém dit liéu
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Tép hop diém div liéu trén Hinh 4b cho thay:

- Dit liéu khéng c6 phan bd chuén (vi cac diém dit liéu khong phan bé doc theo mét dudng
thang).

- Cac diém dir liéu phan bd doc theo mét duémg gép khiic, c6 diém gay twong tmg véi do
sau khoang 6 m. Do vy, dit liéu c6 thé duge tach thinh hai nhém, nhém tht nhit (nhém 1) cé
chiéu day 1op bun khéng qua 6 m va nhém thir hai (nhém 2) 1a cac diém c6 chidu day 16p bun
trén 6 m. Cac dic trung théng ké ciia hai nhém dit liéu dugc trinh bay trong cac bang sau.

Bang 2. Pic trung thong ké cta dit liéu nhém 1 (chidu day 16p bun < 6 m)i
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Hinhh 6a) Histogram; b) D thi Q-Q plot ciia nhém 2
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Hinh 5 va Hinh 6 cho thdy tinh phan bd chuin cta dit liéu nhém 1 va nhém 2 da dugc cai
thién rit nhiéu so véi tap dit liéu ban déu (xem Hinh 4).

3.2.Noi suy Indicator Kriging (IK)

Sau khi phén chia dit liéu ban dAu thanh hai nhom dir liéu, phuong phép ndi suy IK duoc ap
dung dé x4c dinh pham vi phan bd cua timg nhém dit liéu. Dir ligu d4u vao duoc chia thanh 3
nhém: (a) nhimg vi tri khéng c6 ting dét yéu, dugc gan gi tri 0; (b) nhiing didm c6 chidu day
tAng d4t yéu khong qua 6 m, dugc gan gid tri 1; (c) nhimg diém c6 chiéu day tAng dit yéu trén 6
m, dugc gan gia tri 2 (xem Hinh 7).

Phin nhom hd khoan ;
% Kpdng of bin *
©  Nedm 1 {chi o <= 6.1 §
by diy 1op bim <= 6.0m) P o et
@ Nboon 2 {ohsbu by 1op bl >80 m) P81 848 Kiomeles

Hinh 7. Dit liéu dau vo cho Indicator Kriging
Két qua cia phép ndi suy IK 12 céc gid tri bién thién trong khoang tir 0 ~ 2 va dugc phén
thanh ba nhém (xem Bang 4):
Bing 4. Ticu chuén phén loai két qua ndi suy Indicator Kriging

<0.6 Khéng c6 bin

0.6~1.5 Thudc nhom 1
>1.5 Thudc nhom 2
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Tir biéu dé semi-variogram (Hinh 8a), m6 hinh semi-variogram dwoc chon 12 ham Spherical
v6i cdc thong so nhu sau: Nugget = 0.026125; Partial Sill = 1.1682; Range = 11268.
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a) b)
Hinhh 8a) Biéu d semi-variogram; b) Két qua ndi suy IK
Béan d6 ndi suy IK cho biét, mot vi tri bat ky trong khu vuc nghién ciru s& nhén gia tri noi
suy tur két qua ndi suy cuia nhom 1 hay cua nhém 2.
3.3.Ngi suy Ordinary Kriging (OK)

Tir biéudé semi-variogram cii a nhom 1 va nhém 2 (Hinh 9a va 9b), md hinh semi-
variogram dugc chon cho hai nhom 1a ham Circular véi cic thong sé nhu sau: nhom 1:
Nugget = 0.75; Sill = 1.5; Range = 1500; va nhom 2: Nugget : 2.0; Sill = 28.0; Range = 2900.0.
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Hinh 9.Biéu d6 semi-variogram OK cta: a) nhém 1 v b) nhém 2
3.4.Tong hop két qua ndi suy ciia nhém 1 vi nhém 2

Dua vao mé hinh semi—variogra}m dd duoc chon cho hai nhém dit lidu o bude 3.3, két qua
ndi suy tir hai mé hinh nay duoc tong hop lai thanh mét ban dd ndi suy cho toan ving (Hinh
10).
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Hinh 10. a) So dd két qua ndisuy vb)S o dd sai sb noi suy

4. DPANH GIA KET QUA NQI SUY

4.1.So sanh véi so' dd diing chidu day ting @it yéu do Lién doan PCTV-PCCT mién
Nam thanh lip nim 1988

Dé thudn tién cho viéc dbi chiéu két qua ndi suy, céc ban do duge quy wdc goi tn nh u sau:

Bin db 1: So dd déng chiu day ting d4t yéu do Lién doan dia chit thuy van - dia chét
cong trinh mién Nam thanh 14p nam 1988 (Hinhh 11).
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Hinh 11.S0 db ding bé day tang dét yéu (do Lién doan DCTV-DCCT mién Nam thanh 1ap nim 1988)
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Bin db 2: Ban dd két qua ndi suy OK.

Mot vai nhan xét khi so sanh Ban d6 1 véi Ban dd 2:

~ Khu vire khéng ton tai I6p bun ciia ca hai ban db kha phu hop.

— Ca hai ban db déu cho thdy sy phic tap cua dién phéan bd cic don nguyén PCCT & khu
vuc quén 8 va khu vuc quén Binh Thanh.

— Theo Ban db 1, tai khu vuc quén Binh Tén (huyén Binh Chénh cfi) khéng t6n tai 16p bun.
Trong khi d6, trén Ban dd 2 van xuét hién mot 16p bun day 2 ~ 5 m (& phia Bic) va 10~ 15 m
(¢ phia Nam).

— Tai quén 9, khu vuc doc séng Sai Gon, Ban d6 1 cho thiy chleu day 16p bun tir 10 ~ 15 m,
nhung ¢ Ban dd 2, chiéu day 16p bun chi tir 2 ~ 5 m. Khu vyc nay can duogc kidm ching lai khi
¢6 hd khoan thuc té.

— Khu vuc bén dédo Thu Thiém, ca hai ban d6 déu cho két qua chiéu day 16p bun trén 15 m.

4.2.So sanh véi két qua thue té

Két qua ndi suy ciing véi sai sb noi suy dugc so sanh véi két qua khao sat tryc tiép (tir cong
tac khoan, thi nghiém CPT...) dé danh gia d6 tin cay ctia mo hinh ndi suy. Bang 7 so sdnh gilta
két qua khao sat truc tiép va két qua ndi suy. Mot s6 nhén xét duge rit ra tir bang so sanh két
qua néu trén:

- Cong trinh #1, #2 va #4 ¢6 két qua néi suy kha phu hop véi két qua khao sat thuc té; cong
trinh #5 ¢6 sai s6 qué l6n.

— Cong trinh #3 nim ngay trén ranh gioi tlep gidp cua ba vung ndi suy: 2.0 ~5.0 m;
10.0 ~ 15.0 m; 15.0 ~ 20.0 m. Do véy, néu bd sung diém nay vao mé hinh noi suy thi ranh gidi
ctia ba viing ndi suy sé& dugc diéu chinh hop Iy hon.

— Cong trinh #4 ¢6 su chénh léch gitra két qua ndi suy va ket qua thue té 1a khé 16n (2.5 m).
Tuy nhién, d¢ chénh léch nay van nam trong pham vi cua sai s6 noi suy (5.2 m).

- Cong trinh #5 ¢o6 su chénh léch qua lon gilta két qua noi suy va két qua thuc té, trong khi
d6, sai s6 noi suy lai thip, chitng to két qua ndi suy la dang tin cdy (!). Nghich 1y nay cho thay
chiéu day l6p bun ting cao & day mang tinh cuc bg. Dé xéc dinh chinh xac khu vuc phan bé cia
16p bun nay, can phai b tri thém nhidu hé khoan khao sat hon cho khu vuc xung quanh cong
trinh #5.

Bang 7: So sanh két qua khao sat truc tiép voi két qua néi suy

. . TOA PO (m) CHIEU CHIEU
STT | CONG TRINH DAY DAY
X Y THUCTE | NOISUY

1 Nha sé 490B Nguyén Thi Minh Khai, 683 885 | 1190568 Khoéng co Khong cé

Q.1
2 Khu dan cu cum III, C4t Lai, Q.2 696 111 1191 800 3.0m 32+1.5m
3 Trung tim thuwong mai va dich vu vui 682861 | 1187319 7.0m 157+52m

choi giai tri quan 8, Q.8
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4 Chung cur Nguyén Vin Cir, Binh 684 678 | 1186634 16.2m 18.7+52m
Chénh

5 Chung cu tai dinh cu phuéng Linh 690248 | 1199345 40.0 m 3.7£14m
béng, Thu Puic

5. KET LUAN

1) Két qua noi suy phu thudc vao céac thong sé nhu: sb lwong dir liéu; chat lwong dit liéu;
su phén bé cua dit liéu trong khu vuc nghién ctru. Hién nay, cdc ho khoan khao sat thuong tép
trung thanh ting cum, phén bd khong déu trén toan khu vuc, do vy, két qua ndi suy con han
ché & nhitng khu vye c6 it (hodc chua c6) hé khoan khao sat, dic biét 1a & khu vuc ngoai thanh.

2) Két qua dy doan khu vyc khong c6 bun cho théy khu vuc nay trang khop véi khu vue b
boc mon clia so d6 ¢ dia ly da duoc thanh 1ap trude déy.

3) Phuong phap ndi suy Ordinary Kriging khong chi cung cp két qua ndi suy ma con kém
theo két qua sai s6 ndi suy. Nho do, co thé d4anh gia dugc do tin cdy cua két qua noi suy.

4) Can ctr vao biéu dd semi-variogram ctia nhém 1 va nhém 2, gia tri cua Range lan luot 1a
1 500 m va 2 900 m. Theo ly thuyét, khoang céch phan bd hé khoan hop ly 1a (1/5 ~ 1/3) cua
Range ([4], [6]), do véy, khoang cdch phén bd hd khoan hop 1y & TPHCM s& la (300 ~ 500 m)
cho khu vuc ctia nhém 1 va (600 ~ 1 000 m) cho khu vyc ctia nhém 2. Can cr vao khoang cach
phin bb hd khoan nay, cac nha quy hoach s& xédc dinh dugc nhitng khu vuc cin b tri thém hé
khoan khéo sat va nhiing khu vire khéng can phai b6 tri thém hé khoan,

53) Mic du két qua ndi suy chua dat d6 chinh xac cao nhung ciing giup cho céc nha quan
Iy, cac nha quy hoach c6 mot cdi nhin tdng quat vé su phén b cua ting dat yéu trong khu vuc
nghién ctru.

6) Két qua ndi suy s& duogc cap nhét dé dang mdi khi c6 thém s6 liéu méi. Qua do, do
chinh xéc cua két qua ndi suy s& dugc cai thién theo thoi gian.

7) Phuong phap noi suy Kriging c6 thé dugc ap dung dé du dodn cac thong sb dia ky thuat
trong khong gian hai chiéu (theo dién hogc theo d¢ sau). Dé c6 thé dénh gia quy ludt bién d6i
cua cac thong so trong khong gian ba chidu (ca theo dién va theo d6 séu), can phai sir dung céng
cu ndi suy Kriging 3D trong cac phén mém chuyén dyng.

APPLYING KRIGING TO PREDICT THE DISTRIBUTION OF THE
HOLOCENE SOFT SOIL STRATUM IN THE URBAN AREA
OF HOCHIMINH CITY

Phan Thi San Ha"”), Le Minh Son®
(1) University of Technology, VNU-HCM
(2) University of Natural Sciences, VNU-HCM

ABSTRACT: The Holocene soft soil layer in Hochiminh city is a special geotechnical
unit to geologists and geotechnical engineers. Understanding the distribution of this special unit
is very helpful for urban planners, investors, managers and geologists. Besides knowledge-
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driven methods, data-driven methods, especially Kriging, are commonly used nowadays to
determine the distribution of geological objects. However, Kriging is rarely used in the field of
geotechnical engineering in Vietnam. This paper presents the map of thickness of soft soil layer
which is interpolated by using Kriging for data of the urban area of Hochiminh city. In
addition, this result is compared with one from existing maps and from direct measurements to
evaluate the ability of applying Kriging in the field of geotechnical engineering.

Keywords: Ordinary Kriging, Indicator Kriging, spatial interpolation
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