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Hoi thao khoa hoc: Lua chon vi tri xdy dung cong trinh va cac diém dan cu khu vuc
mién nui phong tranh thién tai dap &ng yéu cau &ng pho véi BDKH
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MAY TRONG NGHIEN CUU TRUOT LO PAT PHUC VU QuUY
HOACH TAI BINH CU TAI TiINH LAO CAI
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may; khao sat truot I& dat; quy hoach tai dinh cw; Lao Cai; Sapa; GWB
(Cac Nha khoa hoc Trai dat Khéng Bién gidi).

Tom tat:

Hiéu biét r& mé hinh nén (ground model) ctia long dat bén dwéi noi xay
ra trwot & dat va khu vwe 1an can 1a mot phan khong thé thiéu duoc
cua quy hoach tai dinh cw. Trong bai trinh bay nay chung téi gi¢i thiéu
mot cong nghé mai tich hop cac phwong phap dia ky thuat, dia vat ly
va hoc may dé khao sat va mé td md hinh nén théng minh cho vung
anh hudng bdi trwot |& dat, bao gdm ca khu vuc da xay ra truot 16 va
khu dat tai dinh cw lan can. Coéng nghé khao sat m¢i nay do moét nhom
cac nha khoa hoc trai d4t tir Cong ty Giai Phap Dia Vat Ly Théng Minh
(SGS) thudc hé sinh thai chuyén dich nang lwong cua Vién Dau Khi
(VPI), Pai Hoc Dau Khi (PVU), Tdng Céng ty Tw van thiét k& Giao
Théng Van Tai (TEDI), Pai Hoc Mé Dia Chéat Ha Néi (HUMG) dé xuét
va da dwoc Hoi Dia Vat Ly Hoa Ky (SEG) chap nhan, tai tro trong
khuén khé Chwong Trinh Cac Nha Khoa Hoc Trai D4t Khong Bién
Gioi. Dw an tén 1a “Khdo sét trurot 16 dat vi loi ich cia ddng bao thiéu
sé mién Béc Viét nam’, sé dwoc ap dung th&r nghiém cho Sapa, Lao
Cai, tr ddu nam 2025 dén dau ndm 2026. Mdt phan quan trong ctia dw
an la dao tao va chuyén giao cdng nghé khao sat théng minh nay cho
can bo dia phuong.
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Hoi thao khoa hoc: Lua chon vi tri xdy dung cong trinh va cac diém dan cu khu vuc
mién nui phong tranh thién tai dap &ng yéu cau &ng pho véi BDKH

l. Gi&i thiéu

Quy hoach tai dinh cw khéng chi la viéc di doi va xay dwng méi ma con
la qua trinh tao ra mot cong ddng méi an toan va bén virng, gidp ngudi
dan 6n dinh cudc séng sau thién tai. Quy hoach tai dinh cw sau trwot 1&
dat 1a nhiém vu quan trong (Lee & Jones, 2024) nham khéc phuc hau
qua thién tai, bao vé cudc sbng va tai san cla ngwdi dan, giam thiéu
nguy co xay ra sw cb twong tw trong twong lai. Quy hoach nay can
dwoc thwe hién mét cach khoa hoc, bén virng, phu hop voi diéu kién
dia phwong (kinh té, xa héi, méi trwong, dia ly va dia chéat v.v..). Cac
bwéc chinh trong quy hoach tai dinh cw sau trwot |& dat vé co ban 1a
(ChatGPT, 2024):

1) Péanh gia tinh hinh va lap ké hoach ban dau:

— Xac dinh mire d6 thiét hai do trwot |& dat: sb lwong nha bi pha
hay, nguoi dan bi &nh hwdng, va dién tich dat bi tac dong.

— Panh gia diéu kién dia chat va nguy co trwot I& trong khu vue,
nham loai bd kha nang tai dinh cw tai cac viing nguy hiém.

2) Xac dinh dia diém tai dinh cw an toan:

— Tién hanh khao sat dia chét, dia hinh, va thay van dé lwa chon
cac khu vuec it nguy co' thién tai nhw treot I&, 1G lut hodac déng
dat.

— Uu tién cac vi tri gan khu vuc sinh séng cii, néu co thé, dé
nguoi dan dé dang thich nghi va tiép tuc duy tri sinh ké.

3) Lap quy hoach chi tiét:

— Thiét ké khu tai dinh cw v&i co s& ha tang can thiét nhw nha
&, dwdng giao théng, cap nwéc, thoat nwdc, va dién.

— Quy hoach khéng gian cdng cong nhuw trwdng hoc, tram vy té,
va khu vic sinh hoat cong dong.

— Tich hop cac bién phap gidm thiéu rdi ro thién tai, nhw xay
dwng hé théng ké chan, twdng chan hodc trébng cay dé 6n
dinh dét.

4) Tham van va hd tro cong déng:

— Tham van nguoi dan bi anh hwéng dé hiéu nhu ciu va mong
mudn cla ho trong viéc tai dinh cu.

— Cung cép hd tro tai chinh, vat chat, va tam ly dé gitp ho thich
nghi v&i moi trwedng moi.

— Pam bao sw tham gia cGa nguoi dan trong qua trinh 1ap ké
hoach va trién khai.

5) Phuc héi sinh ké:
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Hoi thao khoa hoc: Lua chon vi tri xdy dung cong trinh va cac diém dan cu khu vuc

mién nui phong tranh thién tai dap &ng yéu cau &ng pho véi BDKH

Hb tro dao tao nghé hodc cung cép viéc lam tai khu vuc tai
dinh cuw.

Tao diéu kién cho ngwdi dan tiép can dat néng nghiép hoac
cac tai nguyén khac dé duy tri san xuét.

6) Theo ddi va danh gia:

Theo déi hiéu qua cta khu tai dinh cw va diéu chinh khi can
thiét.

DPanh gia mirc do hai ldng cla ngwdi dan va cac van dé phat
sinh lién quan dén sinh hoat hodc co s& ha tang.

Nguyén tc trong quy hoach tai dinh cu:

An toan va bén virng: Dam bao khu vwc tai dinh cw an toan
trwde thién tai va cé kha nang hé tror doi sdng 1au dai.

Ton trong van héa va xa hoi: Gilr gin phong tuc, tap quan, va
quan hé céng déng cla ngwdi dan.

Phat trién kinh té dia phwong: Tai dinh cw phai gan lién voi
viéc tao diéu kién phat trién kinh té bén virng.

B&o vé mdi trwdng: Quy hoach phai han ché tac déng xau dén
moi trwwdng tw nhién.

7) Thach thrc thuwdng gap:

Thiéu nguén luc tai chinh dé xay dwng khu tai dinh cw dat tiéu
chuan.

Kho khan trong viéc thay ddi sinh ké hodc tao cdng an viéc
lam tai khu viee méi.

Phan &ng cla nguwdi dan khéng mudn di doi do gan bo voi
noi & ci.

RUi ro ttr viéc chon cac dia diém tai dinh cw khéng phu hep.

Hiéu biét r& mé hinh nén (ground model) bén dwéi noi dw kién
xay dwng codng trinh va khu vc 1an can la mot phan khong thé thiéu
dwoc cua quy hoach tai dinh cw, dac biét trong cac budc 1-3 néu trén,
cu thé 1a: i) Danh gia tinh hinh va lap k& hoach ban dau; ii) Xac dinh
dia diém tai dinh cw an toan; iii) LAp quy hoach chi tiét.

Trong bai trinh bay nay chung t6i gi&i thiéu mot cong nghé moi
tich hop cac phwong phap dia ky thuat, dia vat Iy va hoc may dé khao
sat va mo td md hinh nén ving anh hwdng béi trwot 1& dat, do mot
nhom cac nha khoa hoc trai dat tir Cong ti Giai Phap Dia Vat Ly Thong
Minh (SGS) thudc hé sinh thai chuyén dich nang lwong cda Vién Dau
Khi (VPI), Dai Hoc Dau Khi (PVU), Téng Cong ty Tw van thiét ké GTVT
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Hoi thao khoa hoc: Lua chon vi tri xdy dung cong trinh va cac diém dan cu khu vuc
mién nui phong tranh thién tai dap &ng yéu cau &ng pho véi BDKH

(TEDI), Pai Hoc M6 Pia Chéat Ha No6i (HUMG) dé xuét va da dwoc Hoi
Dia Vat Ly Hoa Ky (SEG) chép nhan, tai tro trong khuén khé Chuwong
Trinh Cac Nha Khoa Hoc Trai Bat Khéng Bién Giéi (Program of
Geoscientists Without Bounders), viét tat 14 Chwong trinh GWB nhw
xem & dwong dan sau: https://seg.org/programs/geoscientists-without-
borders/. Cho dén nay chwong trinh GWB d3 tai tro cho 63 dy an tat
ca & 37 nudc trén thé gidi, cho cac nghién ctvu vé quan ly ngudn nwéc
(31 DA), dbéi pho véi: dong dat (9), trwot 1& dat (7), nui Itra (6), séng
than (3), khao cd (2), quan ly moéi trudng sdng (2), va & nhiém moi
trwdng (1). V&i sy tham gia ctia 1200 sinh vién, 80 trwd'ng dai hoc, 80
dia phwong va 25 dbi tac doanh nghiép.

Duv an GWB Viet Nam vira duwoc tai tro co tén la “Khao sat trwot
|& dat vi loi ich cia déng bao thiéu sé mién Béc Viét nam” hay
‘Landslide investigation for the benefit of poor minority ethnic people in
northern Vietnam” (Giao va nnk., 2024). Dy an nghién cu nay sé
dwoc ap dung truc tiép cho Sapa, Lao Cai, tlr ddu ndm 2025 dén dau
nadm 2026. M6t trong nhirng ndi dung cla dw an la dao tao va chuyén
giao céng nghé khado sat va xay dwng mé hinh nén théng minh cho khu
vuc treot & dat va lan can, bao gébm ca khu tai dinh cw, cho can bo dia
phwong.

ll. Phwong Phap Nghién Clru

Nhw minh hoa & Hinh 1, mé hinh nén truyén théng thuwéng la mé
hinh 1 chiéu (1D), dwoc xay dwng dwa theo két qua khao sat khoan va
thi nghiém dia ky thuat & mot sb lwong it 16 khoan. Khi cd thém mét vai
hay nhiéu 16 khoan thi mé hinh nén gia hai chiéu (Pseudo-2D) hay gia
ba chiéu (Pseudo-3D) c6 thé duwoc thiét 1ap. Khdo sat dia vat ly néng
(con dworc biét 1a dia vat ly k& bé mat) véi cac phuwong phap tham do
mé&i, ngay mot hién dai, dang ngay cang dwoc ap dung nhiéu hon, gitp
cho viéc khao sat hiéu qua va nhanh hon. Thay vi két hop mét cach rdi
rac di¥ liéu dia ky thuat va dia vat ly nhw cach lam truyén théng, voi
khéi lwong dia div liéu (geo-data) tdng 1én dang ké nh& sb do dia vat ly,
bang cach &ng dung cdng cu tri tué nhan tao, théng qua cac phuong
phap hoc sau (deep learning), hoc may (machine learning), cac dia dir
liéu (geo-data) nay co6 thé tich hop v&i nhau va véi cac théng tin khac
(vi du: dia chéat, dia chat, khi twong, cdc mé hinh nén trén thé gioi
v.v...) dé& xdy dwng mét mé hinh nén théng minh hai chiéu (2D), ba
chiéu (3D) dang tin cay va that sw hon, hitu dung cho nghién clru
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Hoi thao khoa hoc: Lua chon vi tri xdy dung cong trinh va cac diém dan cu khu vuc
mién nui phong tranh thién tai dap &ng yéu cau &ng pho véi BDKH

nguyé&n nhan, dinh dang va co ché trwot 1&, cling nhw sy 6n dinh cla
nén dat, dac biét cho khu vuc tai dinh cw.
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(b)

Hinh 1. Sy phat trién clia khai niém mé hinh nén théng minh (smart
ground model): (a) M6 hinh nén truyén théng, cht yéu dwa trén div liéu
dia ky thuat (mot chiéu); (b) Md hinh nén théng minh dwa trén tich hop

di liéu dia ky thuat-dia vat ly (hai hoac ba chiéu) béng hoc may.

Pé co6 mét md hinh nén (mdé hinh long déat) tét can phai co
phuong phap va céng nghé khao sat thich hgp, doi héi kha nang tai
chinh di manh, diéu ma cac nwédc dang phat trién thiéu hay chwa cho
phép. Cong nghé tich hgp thdng minh d liéu khao sat dia ky thuat va
thdm do dia vat ly néng bang hoc may dé cap dén dwoc minh hoa &
Hinh 2. Bac biét, mét trong cac chu trong nghién ctru cua chung t6i la
gidm chi phi gia thanh khao sat dia vat ly & hién trwérng bang cach mé
phéng tién thuc dia trén may tinh cac tinh hudng thi céng do dia vat ly,
véi cac thiét ké do quét dién (electric imaging) hay dia chan (dia chan
khuc xa, dia chan thu dong) dé& kiém nghiém do sau, do phan giai va
hiéu qua cda chung trong khdo sat nén dat co trwot 1& hay sé dung cho
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Hoi thao khoa hoc: Lua chon vi tri xdy dung cong trinh va cac diém dan cu khu vuc
mién nui phong tranh thién tai dap &ng yéu cau &ng pho véi BDKH

tai dinh cw. Phwong phap mé phéng nay da dwoc Giao (2012) dé xuét
va ap dung cho phwong phap quét dién nghién clru I6p sét yéu
Bangkok, Thailand, va van tiép tuc dwoc thi nghiém cho t&i hién tai.
Déi vai sb liéu dia chan néng, do phan giai cao, thuat toan mai (Hién &
nnk., 2021) sé dwoc ap dung

{ Khao sat dia  thudt J [Knéoséta;av@tny(zofsu):qUémién,aga]

(1D} khnan{ an mauy/thi olidh et
nghiém

X 1/ phén tich nguoe minh giéi ]

[ dir liéu dia vat Iy
Trinh bay/phan tich dif
liéu dia ky thuat l
[ Dac tinh dia vat 1y (Rho, IP, Vp, Vs, 8)

M6 hinh nén truyn thdng (két hgp théng
thutng dif liu dia ky thudt va dia vat )

(Png dung Hoc may dé xay dung Mo hinh nén théng
minh cho cac khu vure 16 d&t va i dinh cu

[ Phén tich 6n dinh dia ky thuét ]

Thiét ke két cau/
Quy hoach tai dinh cw

Hinh 2. Tich hop cac phwong phap dia ky thuat, dia vat ly va hoc may
dé khao sat nén khu vuec truot |& dat va lan can

.  Mo6i vai két qua so boé khao sat va xay dwng mé hinh nén
vung trwot I& & Sapa

Sapa la mét dia diém du lich ndi tiéng thé gidi, thudc huyén
Sapa, tinh Lao Cai, mién B&c Viét Nam (xem Hinh 3). Trong
nhirng nam gan day twot |& dat xdy ra ngay mot nhiéu va
thwdng xuyén hon, anh hwdng dén cudc séng va sinh nhai cla
ddng bao dan toc thiéu sb sdng trong vung, trong dd ngudi
Méng chiém t&i 53%. Sw phat trién du lich & Sapa da giup cai
thién doi sbng clia ngwdi dan dia phwong, mang lai thu nhap
thém, bén canh cac hoat ddng néng nghiép truyén thdng vén chi
lam dwoc trong khodng 6 thang trong mét nam do diéu kién dia
ly mién nui va thoi tiét khac nghiét. Sy hw hai cla hé théng
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dwong xa tai day do trwot I& dat gay ra quan ngai I&n cho phat
trién va hoat dong du lich, ddi hdi nhitng khao sat, nghién ciru
thich dang (xem Hinh 4), trong dé c6 viéc xay dwng mé hinh

PN
nen.
CHINA SAPA Cao Ban, CHINA
o Car
ien Hi!l’l Ha Long
Ha N Gulf
LAO CAI ?:y '
[}
P ]
N N
Hoang 5&
THAILAND (Mietnzum)
a Nang
cplayku
CAMBODIA
Nha Trang
Da Lalo
Ho Chi Minh
¢!
Phy
T
Yy
'Mekong Delta \ii 4
Truong S 2,
Ca Maut (] (Viatwau)

Hinh 3. Vi tri nghién ctru tai Sapa, theo Giao & Hanh (2019)

Hinh 4. Hinh anh mét diém trwot 1& cla dwdng ndng thén & Sapa, anh
chup thang 6/2024.
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Hinh 5. Phac hoa trwot 16 dat tai dwéng lién tinh 152 (Giao & Hanh,
2019)

Hinh 5 phac hoa mét trwot I1& dat tai dwong lién tinh 152, gay ra
dich chuyén khoang 2 m theo chiéu thang dirng va khoang 6 dén 8 m
theo phuwong nam ngang. Céac hién twong nirt dat va dich trwot vé phia
ta luy &m dwoc quan sat, nhan thay. Két qua khao sat va xay duwng mé
hinh nén truyén théng tai mot diém trwot 1&@ dat & dwong 152 dwa trén
két qua khao sat dia k§ thuat va quét dién dwoc trinh bay & Hinh 6 bén
dwai. Mot Iop dat bot sét, day 1.0 - 2.0 m nam & dod sau 4.0 dén 7.0 m,
dwoc phat hién nhw mét truot 1& phang.

[ (¥ | Lean clay and elastic silt, finn
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1048004 sty 23210 [_@ Lean clay and slatic sill, soturcted, acft
1043000 S Lean clay with dabris, very atiff

1038.004
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1028.004
1023.00+
1018.004
1013.004
1008.004
1003.00+

998.00+

993.00-

8
il

Debrie with lean dlay, eliff
= .

L2 M 1021.00

s 09850

wese 55880

Elevattion {m)

Distance {m}
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(a) Két qua khao sat dia k§ thuat
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(b) Két qua quét dién (electric imaging)

Hinh 6. Két qua khao sat dia ky thuat va tham do dia vat ly ndng (quét
dién) theo Giao & Hanh (2019)

Két qua khao sat néu trén mai chi disng & mirc goi y ra mét md hinh

nén thong thwong. S tich hop hai loai di¥ liéu chinh la dia ky thuat va

dia vat ly con r&i rac, don gian va mang nang tinh kinh nghiém. Dé tién

t&i xay dwng mot mé hinh nén théng minh, can tich hop théng tin dia

chét v&i cac tham sb dia k§ thuat va dia vat ly nhw trinh bay & Hinh 7:

Lép 1: Dit hitu co, gia tri dién tré sudt thay di tir 15 — 30 Ohm.m.
A Lép nay phén bo trén bé mét toan bd khu vue khao sat. Lép nay xuat

v hién & do sau thay déi tir 0.0m to 19.39m tuy vitri.
4 ' - i . 3 - - -a - £ A- s
ZONE // Lop 2: Dat tan tich (III), gia tr dién tro suat thay doi tir 30 — 100
7 o Obm.m. Lép nay xuat hién ¢ do sau thay do1 tr 0.0m to 26.18m tuy
ORGANIC SOIL G Vi tri.
Tar & g -
111 - RESIDUAL SOIL £

Lép 3: Da phong héa manh (I1 C), gi tri dién tr sudt thay ddi tir
11C - HIGHLY WEATHERED _———1{ 100 —215 Ohm.m. Ldp nay xuat hién & do sau thay doi tir 0.0m to
30.09m thy vi tri.

L6p 4: Dd phong héa trung binh (IL B), gid tri dién tré sudt thay ddi
— tr215— 663 Ohm.m. Lop nay xuat hién ¢ d6 sau thay doi tir 0.0m to
39.12m tuy vi tri.

Il A - SLIGHTLY WEATHERED \

Lép 5: D4 phong hoa nhe (II A), gid tri dién trér suft thay dbi tir 663
— 1550 Ohm.m. Lép nay xuat hién & d¢ sdu thay do1 tir 0.0m to
1- UNWEATHERED 50.4m tiy vi trl

\\ Létp‘ 6: Pa hoa tuoi (I), ga tnn dién tro suat ién'hqn 15.50 Ohm.m.
Chieu day 16p nay chua xac dinh duoc do han ché vé chiéu sau khao
( Modified from Deere and Patton 1971) sat ctia phuong phap.

Hinh 7. Lién két tham sé (Giao & Hanh, 2019), c6 thé dung cho khao
sat va xay dwng mé hinh nén thdng minh & mét dia diém mai & Sapa,
lan can diém nghién clru ndi trén.
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Mbét trong nhitng th&r nghiém dau tién 1a md phéng trén may tinh viéc
thdm do dia vat ly bang phwong phap quét dién dwa trén mé hinh nén
& Hinh 7. K&t quéd mé phéng tién thuc dia cho mot diém méi & Sapa
dwoc trinh bay & Hinh 8.

P2 Sapa_survey (Menner Alpha array)
180 320 N n.

.0 “0.0 208

o
2.6
.2
7.9
5.6
3.3

3.

Unit electrode spacing 5.0 m.

w0
6
56.3
a0
fpparent Resistivity Pseud
523 73.6 1
e n oh
v

Resistivity model

Hinh 8. M6 phdng trén may tinh phwong phap quét anh dién voi thiét
bi Wenner (ao = 5m, 20 mirc quét dién).

DPéi voi diém trwot 16 dat hay tai dinh cw viéc phan tich dia ky thuat 6n
dinh nén rat quan trong. Mot vi du dwoc trinh bay & Hinh 9 cho hai
trwdng hop mua mwa va mua khé. O mua kho hé sb an toan FS =
1.39, trong khi & mua mwa Fs = 1.01,c6 thé gay trvot 1& & vi tri nén dat
nay.
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Hinh 9. Lwéi phan tich dia ky thuat &n dinh nén

312



Hoi thao khoa hoc: Lua chon vi tri xdy dung cong trinh va cac diém dan cu khu vuc

mién nui phong tranh thién tai dap &ng yéu cau &ng pho véi BDKH

Bang 1. Tinh chéat dat da dung trong phan tich dia ky thuat én dinh

nen

Lurc dinh Gocma | Modun |HEs6podt |Gidi han

: Dung tron N.,, (N30 Undrain B
e i két e ) sit | Young xing | déo

i

Lap

loai dét
S % | Ve |cref(kPa)|Bua/30cm| f |Erefju(kPa)| n Pl |F'=Fu/l2

Ldp 1: Sét gdy, déomém (CL MH) | CL | 1700 | 1750 | 2146 | 1092 | 1427 | 24620 | 033 | 1548 | 17885

Lo & (MH, CL) CL | 1640 | 1680 | 1264 | 1630 | 600 | 101130 033 | 7200 | 8428

Ldp 2: Sét ghy IAn d8m san, nira

citng

CL | 1780 | 1830 | 2401 | Zo60 | 1830 | 240100 033 | 1216 | 20008

Lp 3: Dm san 1in sét, déo cling

(CL, WH)

CL | 1800 | 1850 | 2234 | 1488 | 1770 | 25840 | 033 | 1395 | 18620

Iv.
1)

2)

Thao luan va dé xuét

Nhuv Giao & Hanh (2019) da chi ra hau hét khdo sat khu vuc
trwot 1& dat thwong duoc tién hanh sau khi tai bién dia chét nay
da xay ra (Post-landslide investigtion), vi vay tai trg cho nhirng
khao sat nay khéng bén virng, dé bi gian doan va két qlia nghién
ctru du cé thé co gia tri ly thuyét vé nghién clru co ché va mat
trwot cling khéng giup cho viéc canh bao kip th&i. Canh bao
sém 1a can thiét, nhung tdn kém dbi voi diéu kién mot nuwéc
dang phat trién, it hiéu qua hon khi so sanh v&i cadnh bao dong
dat va séng than. Mot trong nhirng gia tri rd nét Ia gidp cho viéc
xay dwng mé hinh nén khu vyc trwot I& va lan can, bao gébm ca
khu dét tai dinh cuw.

Trong nghién ctru nay chung t6i gidi thieu mét céng nghé khao
sat mai tich hgp di liéu dia ky thuat va dia vat ly béng hoc may
trong khudn khd mét dy an nghién clru dwoc Hoi Dia Vat Ly
Hoa Ky (SEG) tai tro trong khuén khd Chwong Trinh Cac Nha
Khoa Hoc Trai D4t Khong Bién Gidi, mang tén “Khdo sat truot I&
dat vi loi ich ctia dong bao thiéu sé mién Bac Viét nam’.
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3) Cong nghé khao sat ma&i ndi trén coé thé gitp ich cho viéc khao
sat mé hinh nén tai dinh cu va sé duwoc ap dung th& nghiém cho
Sapa, Lao Cai, tir ddu nam 2025 dén dau nam 2026. Mot phan
quan trong cla dy an 1a dao tao va chuyén giao cdng nghé khao
sat thdng minh nay cho can bé dia phwong. Chung ti radt mong
c6 su hop tac va giup d& cua dia phwong trong viéc trién khai
dv an GWB Vietnam.
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