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Abstract: In recent years, large-scale landslides have occurred with increasing frequency, causing
substantial socio-economic and human losses. This study presents a preliminary identification and
delineation of areas susceptible to large-scale landslides along National Highway 32 (QL32), from
Khau Pha Pass to Khao Mang Commune, Lao Cai Province, Vietnam. By integrating geological—
geotechnical surveys, unmanned aerial vehicle (UAV) image analysis, and statistical methods, the
study delineated 24 potential large-scale landslide sites. These sites are categorized into two main
types: i) Cluster landslides (2/24); and ii) large and deep-seated landslides (22/24), each with an
estimated volume exceeding 3000 m*. Cluster landslides typically occur within the same watershed
where significant elevation differences exist and are often triggered by extreme rainfall. Large and
deep-seated landslides are commonly associated with concave slope topography, thick weathered
soil (>5 m), heterogeneous slip surfaces, ground cracks or subsidence, and the loss of paddy field
cultivation due to active sliding that prevents water retention within cracks. These characteristics
represent critical diagnostic indicators identified in the study area, which may help local
communities recognize potential large-scale landslide hazards. The findings provide fundamental
insights into the typical signs of large-scale landslides, thereby supporting local awareness,
establishing a basis for early warning systems, and contributing to timely responses and risk
mitigation.
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Nghién ctru nhan dién va khoanh dinh mét s6 khu vuc

c¢6 nguy co truot 16 quy mo 16n doc qudc 16 32, tinh Lao Cai

Duong Thi Toan®, Ping Quang Khang, Tran Thi Dung, B5 Minh Pirc

Truong Dai hoc Khoa hoc Ty nhién, Dai hoc Qué'c gia Ha Noi,
334 Nguyén Trai, Thanh Xudn, Ha Ngi, Viét Nam

Nhan ngdy 13 thang 5 nam 2025
Chinh stra ngay 20 thang 8 nam 2025; Chap nhan dang ngay 11 thang 9 nam 2025

Tém tit: Trong nhitng nim gan day, truot 16 quy mé 16n (TLQML) xay ra véi tin suit ngay cang
gia tang, gdy anh huong nghiém trong dén tai san va tinh mang cua nguoi dan. Nghién ctru nay nhiam
bude dau nhan dién va khoanh dinh mét s khu vuc ¢o nguy co TLQML khu vuc doc tuyen Quoc
16 32 (QL32), doan tir déo Khau Pha dén xi Khao Mang, tinh Lao Cai. Bang két hop cac phuong
phap khao sat dia chit — dia k¥ thuat, phan tich anh chup tir thiét bi bay khong ngudi 1ai (UAV) va
xtr 1y thong ké, nghién ctru da khoanh dinh dugc 24 khu vure ¢6 nguy co TLQML. Céc khu virc nay
thudc hai dang chinh 1a: i) Trugt 16 hang loat (2/24); va ii) Truot 16 khbi 16n (22/24), 1a nhitng khu
vuc ¢6 tong thé tich trugt 16 wéc tinh trén 3000 m®. Truot 16 hang loat xay ra trong cung luu vuc co
su chénh cao dia hinh 16n va thuong do mua cuc doan. Cac khu vuc trugt dang khéi 16n thuong c6
dia hinh bé mit 16m, vo phong hoa dat day >5 m, bé mat khdi trugt khong dong nhat, ¢6 cac vét nirt
dat hodc sut lan, mat kha nang canh tac loa do khoi trugt dang dich chuyén c6 cac khe nirt khong
gitr duge nude. Day la cac diu hiéu quan trong dugc tong hop & khu vire nghién ciru gitup nguoi dén
dia phwong c6 thé nhan dién duoc nguy co tiém an TLQML. Két qua nghién ctru nay cung cap thong
tin co ban déu hiéu TLQML g6p phan hd trg cong dong dia phuong trong viéc nhén biét nguy co,
ddng thoi xay dung co s& cho cong tac canh bao nham tng phé kip thoi, giam thiéu thiét hai.

Tir khéa: TLQML, nhan dién, dic diém, khoanh dinh vi tri.

1. Gi6i thiéu vé phén loai va nhan dién truot
16 quy mo lom

Viét Nam 1a mot trong nhimg nudc niam
trong ving nhiét doi m, tai bién truot 16 thuong
Xy ra vao mua mua va lién quan dén nhimg dot
mua 16n. Truot 16 kich hoat do mwa cling c6 quy
mo rat 16n va xuét hién nhiéu trong nhitng ndm gén
day. TLQML d3 lam thiét hai nghiém trong dén tinh
mang va tai san & mot s6 khu vyuc nhu tai Lao Cai
(Lang Nir), Tuyén Quang (Bic Quang) do bdo Yagi
nam 2024, va mot sd tran truot 10 xay ra & mién
Trung nam 2023, 2020 [1-5]. Do d6 viéc phat hién
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va nhan biét nhitng khu vuc ¢6 nguy co TLQML s&
g6p phan canh bao som, phong tranh va han ché
rui ro cho cac khu vuc dan cu & gﬁn khu vuc co
nguy co truot 16 cao.

TLQML thuong chiu chi phbi dic biét cia
cac yéu td didu kién ty nhién nhu dia chit — kién
tao, dia hinh — dia mao, dia chat thuy van, dia
chat cong trinh, qua trinh va bé day vo phong
hoa. V& dong luc, diém khéc biét 16n nhat cia
trugt quy mo 16n 13 qué trinh tiép dién kéo dai,
sau khi truot 1&' van c6 nguy co tai hoat dong,
pham vi anh hudng 16n. Trong cac nghién cuu
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trén thé gidi khai niém TLQML thuong gin véi
cac mot sb thuat nglt nhu: i) Truot sdu va truot
16n (deep-seated and large-scale landslide) [6-9];
ii) Tap hop hang loat khi truot 16 dang hdn hop
va dang dong chay (cluster debris flows) [10-12],
va iii) Truot 16 hinh thanh cac ddp nghén dong
(landslide dams) [14-17]. Du6i day la khai niém
va mot sb dic diém thudc loai hinh trugt quy md
16n trong cac cong trinh nghién ctru trén thé gisi
va 0 Viét Nam.

- Truot 16 khoi 16n ¢é mat truot sdu

Truot 16 khéi 16n 1a nhitng khéi truot c6
chiéu rong hang vai trim m tr& 1én lién tiép trong
cung mot khu vyec, bé mat thuong c6 dang dia
hinh 16m va g ghé. C6 thé nhan dién cac phan
cta khéi truot (dinh khéi truot, vach truot, bé
mit va than khéi truot, phan tich tu tai chan khdi
truot) trén bé mat dia hinh nhu mé phong trong
Hinh 1. Pia hinh bé mat khdi truot 1a hau qua cua
mot loat qua trinh tiép dién trong thoi gian dai va

Vét n{rl dit

Vach phu

Vét nitt ngang

e

Cac go/vach ngang

Bé mat trwot
lan lruyén I'hdn khoi truot

ot lias oa sl .
vit li¢u truot Chan be'mdt trugt

Chan khéi truot

Hinh 1. M6 hinh m6 phong khéi truot 16n va mit trugt siu

(USGS) [17, 18].

- Truot lo hinh thanh ddp nghén dong

Truot 16 hinh thanh d3p nghén dong
(landslide dams) 1a qua trinh x4y ra ¢ nhiing noi
c6 dia hinh suon ddc hai bén cua cac luu vuc
song sudi hodc noi tich tu dong chay nhu mo
phong trong Hinh 2. San pham cua khéi trugt &
dang bat ky, tich tu lai dii 16n dé tao thanh dap
chéan dong chay, tao thanh vung tich nudc. Vung
tich nudc dang cao lam ting ap luc nude 16 rong
anh huong 6n dinh mai déc. Dic biét, khi mua
cuc 16n trugt 16 cdng hudng qua trinh vo dap

Pinh khéi trot

Vich truot
~ chinh

khong gian rong. Phén dinh 16 véch truot chinh,
¢6 cac dau vét cua khe nut dit da. Phan than khéi
trugt chia thanh nhiéu phan béi cac vach trugt va
khe nurt phy [18]. Thoi gian tir luc xudt hién khe
nut dén khi ¢ truot 16 xay ra c6 thé kéo dai nhiéu
nam. Ban ddu cac dich chuyén cua khéi truot nay
nho, chi c6 thé xac dinh qua cac thiét bj quan
trac. Khi cac dich chuyén phat trién, xuit hién
cac vét nit, vét sut trén bé mat, nguy co truot 1o
tr¢ 1€n rd rang hon, co6 thé nhan biét bﬁng mét
thuong. Khi bi kich hoat bdi mua 16n thi cac khe
nat va ap luc nudce 15 réng s& phat trién nhanh,
can bang bj pha v& dan dén truot 16 khéi 16n.
Hién tugng xay ra d6i voi Lang Nu va mot s6
khéi trugt & Bao Yén, Lao Cai (ndm 2024) [5]
hay trugt 16 & Ban Khoang, diém truot thac
Khanh, Pha Tho (nim 2017) 1a dién hinh cua
kiéu 1¢ dang nay. Do d6 viéc phat hién ra nhiing
d4u hiéu ban dau rit quan trong dé theo ddi va co
ung pho kip thoi trong mua mua bao.

Dién tich
luu vue

“Dit di khéi truot
tao thanh dap chan
Dap chin dong

Hinh 2. M6 hinh m6 phong trugt 16 tao dap
nghén dong [14].

chan tao thanh dong ning 16n gay i quét, c6 kha
nang ph4d hdy moi cong trinh trén duong di
chuyén ciia chiing.

- Tdp hop cdc khéi truot trong ciing luu vuee

Hinh 3 thé hién hinh dang va mot s6 kiéu
trugt xay ra trong cung mot luu vuc. Truot 1o
dang nay 1a tap hop cac khéi truot dang dong va
trugt hdn hop. Vat liéu dat d4 1a san pham cua
suon déc phong hoa tir manh dén phong héa
hoan toan bi phd huy dudi tic dong cua nudc
mua hodc dong chay. Khéi truot sau khi xay ra



68 D. T. Toan et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 41, No. 4 (2025) 65-84

tiép tuc tiép dién cac qua trinh van chuyén do
dong chay bé mit. Trén duong van chuyén, vat
liéu c6 thé bi phan chia thanh hai hay nhiéu
dudng van chuyén, hodc duge cung cip thém boi

b)

Ving phat sinh/
van chuyén

Ving
van chuyén

— Dudng dong mirc theo dd cao

= Dong chay song/sudi

& Ving trugt 1§

== Ving vt liéu tnrot 1o bat dau
xam nhap vao hru vire

Vung phat sinly/
van chuyén

Ving tich ty

cac khi trugt khac (Hinh 3). Tap hop nhiéu khoi
trugt trong cung mat luu vuc co thé tao nén mot
thé tich 16n tac dong xudng cing mot khu vuc
dan cu tap trung.

c) Viing phat sinh/
. van chuyén

Vimg

: Ving
van chuyén

van chuyén

Ving tich tu

wans  Vitri thay d6i @o doc
! Vit liéu tan tich tregt déng

v Vit ligu tan tich vun tho

Hinh 3. M6 phong céc dang trugt dong [10].
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Hinh 4. So d6 dia chat khu vuc nghién ciru.
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Tai Viét Nam c¢6 mot s6 cong trinh [1-5, 19]
nghién ciru vé trugt 16 khdi 16n. Nghién ctru cua
D6 Minh Dtrc va nnk [1] tai khu vuc Quang Nam
(ci) 12 mot trong nhitng nghién ctru dau tién &
Viét Nam dé cap dén TLQML dang truot 16 dang
hinh thanh dép nghén dong. Khi vat liéu khoi
trugt bat ngd do xudng dong chay chan khdi
truot, tao dot song c6 nang lugng cuc 1on cd suc
manh nhu c6t “séng than” anh hudng dén cac hd
dan khu vuc vue doi dién. Nghién ctru cia Pao
Minh BPuc [19] cling 1a mot trong nhiing nghién
ctru tién phong trong viée théng ké, xac dinh
ngudng thé tich truot 16 khdi 1on. Tac gia thu
thap thong ké va di xac dinh duoc diém thay doi
bét thuong trong duong ty 1& cong don s diém
truot. Diém dé tuong ing véi dai luong thé tich
khéi truot tai Vlog = 3,65, thé tich 1a 4.500m’.
Trong diéu kién hinh thai mua cuc doan va mua
lon ngay cang tang, TLOML xuat hién ngay
cang nhidu va cuc ky phuc tap, can phai phat
hién khu vyc tiém 4n nhim Gng phd, canh bao
kip thoi.

Nghién ctru nay c6 muc ti€u nghién cttu nhan
dién va khoanh dinh nhitng khu vuc ¢é nguy co
TLQML tai mét s xa doc tuyén duong Quéc 16
32 (QL32). Pham vi tir doan Km270 (déo Khau
Pha) dén Km320 (xd Khao Mang), nay thudc
tinh Lao Cai (Hinh 4). Pay 1a khu vuc thudc
triing T Lé, bao phu bdi cdc thanh tao nti hra
phun trdo c¢6 thanh phan ryolit, basalt va trachyt,
trong d6 chiém wu thé 1 cac d4 nui lia thanh
phan trung tinh - axit 4 kiém - trachydasit -
trachyryolit va kiém - comendit, ryolit chira
khodng vat mau kiém. Céc da nui lira mafic -
trachybasalt va 4 ndi Itra - gabrodolerit chiém
mot luong khong dang ké [20]. Tuyén duong
QL32 la tuyén duong huyét mach thuan loi két
nodi giao thong cla cic xa trong khu nghién ctru
voi cac vung khéc trong tinh Lao Cai va cac tinh
khac. Doc tuyén duong c6 nhiéu diém phat trién
du lich va kinh té dong thoi 13 tuyén c6 mat do
dan cu cao. TLQML xay ra s& gy tac dong dén
sinh ké ciia nguoi dan va anh huong dén co s
ha ting néu khong dugc phét hién va phong tranh
tor som. Nhu gioi thiéu ¢ trén, TLQML thuong
¢6 qua trinh dién bién lau dai va c6 nhing ddu
hiéu c6 thé nhan dién duoc trén bé mat. Do d6

nghién ctru nay budc dau nghién ctru cac yéu to
dé nhan dién va khoanh dinh cac khu vuc co
nguy co nhim canh bao cho ngudi dan theo dbi
phong tranh va c¢6 dinh hudng quy hoach phat
trién phong chdng giam thiéu tac dong. Pong
thoi nhitng ddu hiéu chi ra trong bai bao giup
tang cudng kha ning nhan biét cho ngudi dan dia
phuong c6 thé ap dung phat hién cho nhitng khu
vuc c6 dang ¢ nguy co tiém an.

2. Phwong phap nhéan dién va khoanh dinh
treot 16 quy mo l6m

Véi muc tiéu nhan dién va khoanh dinh céc
khu vuc c6 nguy co TLQML théng qua cac dau
hiéu bé mat, phuong phap nghién ctru bao gdm
khao sat dia chat, dia ky thuat két hop voi
phuong phap bay chup xir Iy anh may bay khong
ngudi 1ai (UAV), phan tich xtr 1y thong ké cac
yéu t6 va luan giai dic trung cac yéu tb cua
TLQML. Hinh 5 thé hién quy trinh tdng hop va
phuong phap thuc hién trong nghién clru nay.

2.1. Quy trinh va phwong phdp khao sat xdc dinh
cdce yéu to ddic trung TLOML

Hinh 6 tém tit quy trinh va phuong phap
khao sat thuc dia két hop gitra khao sat dia chat
dia k¥ thuat va bay chup anh UAV. Cac thong sb
do dac nhan dién tinh toan vé quy mé va thé tich
gom chiéu cao (H), rong (W), dai (L), goc déc
(av), chiéu sau (D) vach truot. Cac thong s6 nay
dugc do dac truc tiép va gian tiép bang may do
cao xa cam tay, xir Iy anh UAV va anh google
earth. Thé tich (V) khéi truot dugc xac dinh theo
cong thirc dudi day [18]:

V= ED XW XL
6 (1)
Ngoai ra, nghién ctru s€ thuc hién viéc xac
dinh, ghi nhan, do dac cac thong sb diéu kién tu
nhién (PKTN) va cac hoat dong nhén sinh sau
day: i) Pic diém dia chat nhu thanh phan loai dat
da, dac diém thach cAu tric thé nam céc l6p dat
d4, su co mit cuia cac khe nirt — dirt gy, mirc do
vabé day vo phong hoa; ii) Bac diém dia hinh bé
mit khéi truot, vi tri va ddc diém cua véach truot
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khe nut, sut Itn; iii) Dic diém dia chat thiuy vin
va dia chit cOng trinh nhu sy c6 mit cia duong
thoat nudc, hé théng song sudi, cac 16p dét da;
iv) Cac hoat dong clia con nguoi va cac cong
trinh 1an can. Cac thong s6 nay duoc quan sat, do
dac, 14y miu bing cac coéng cu cua nhu thudc
day, thudc ngém do cao — xa, bua dia chét, dia
ban, dung cu ldy mau va thiét bi bay chup UAV.

Thu thép thong tin
Anh vign tham,
google earth
Khéao sat, do dac
Anh UAV, do dac

python
.

STk & 8 2 § 8

|

‘ Xac dinh V tai diém udn

Phat hién
khoanh dinh
TQML

Xay dvng
biéu do

Céc két qua dugc thyc hién ghi nhan trong phiéu
khao sat, anh chup phuc vu viéc xur 1y téng hop
va thyc hién céac phan tich chuyén sau khac. Cac
dot khao sat duoc thyc hién trong cac thoi gian
thang 5/2023 (trudc mua mua); thang 8,9/2023
(sau dot mua 16n); va ra soat vao thang 3,5/2024,
thang 4/2025.

Xt ly dir
lieu thé tich,
log10(V)

|

Thye hién kiém dinh

-
e
-
=

XAc dinh thé tich va cac yéu té dic tring cua triegt quy mé lon

Hinh 5. Quy trinh cac budc thuc hién xéac dinh déc trung TLQML.

Céng tac chuin bi
= Nhan dién so b vi tri nguy co

- Thu thap: anh vién tham, google earth
- Thu thap: hién trang va lich st treot 16

s

Piéu tra, khio sat — Bay chup

» Khao sat DPKTN & Nhan sinh
» Bay chup anh UAV

Ay

~

# Thu thdp thong tin tai dia phwrong <::|

- Diéu tra lich st va hién trang truot 1o

- Khao sat, do dac, mo ta hién trang, cac
diéu kién hinh thai va tic dong

- Bay do toan canh dién rong

v

vu phan tich thong ké

Khoanh dinh vi tri, xit Ij tong hop dit liéu hinh thai, thé tich
- Phan tich anh UAV, mé hinh sé d6 cao (DEM) bé mit
- Tong hop, phan loai kiéu va quy mé thé tich khéi trrot phuc

- Két hop véi cac diéu kién khu vue luan giai TLQML

Hinh 6. Quy trinh va phuong phép phat hi¢n, khoanh dinh TLQML.
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2.2. Khoanh dinh pham vi khéi trueot bc%ng anh UAV

Trong nghién curu nay, anh UAV duoc sir
dung nhu mot cong cu nham nhan dién va
khoanh dinh pham vi cac khéi truot quy mé 16n
& mot s6 xa doc QL32. Phuwong phép tiép can
dugc ké thira tir nghién ciru ciia Miyagi va cong
su [21-24], trong d6 ky thuat do anh 1ap thé
(photogrammetry) két hop véi hé thong thong tin
dia 1y (GIS) dugc st dung dé phat hién va phan
tich hinh thai bién dang bé mit dia hinh sau cc
su kién dija chét 16n. Téng cong 3 dot bay UAV
da duoc thuc hién tai cac khu vuc trong diém c6
nguy co trugt 16 cao thudc dia phan xa Khao
Mang va Mu Cang Chéi. St dung anh bay cua
cac dot thang 5/2023 (truéc mua mua), thang
9/2023 (sau dot mua 16m) va thang 3/2024 nhim
phuc vu muc dich so sanh hién trang dia hinh
theo thoi gian. Thiét bi sir dung 1a DJT Phantom
4 Pro, v6i d cao bay trung binh tir 100 m dén
400 m tuy theo diéu kién dia hinh va khu vuc
khao sat. O d6 cao nay, thiét bi cho phép thu
nhan anh voi d phan giai mat dét dao dong tur
khoang 3 cm/pixel (& do cao thip) dén 10
cm/pixel (6 d6 cao cao hon). B§ cao bay dugc
diéu chinh linh hoat nhdm can ddi giita pham vi
bao phu khu vue rong va muc do chi tiét can thiét
trong nhan dién hinh thai dia hinh phuc vu phan
tich trugt 16. Cac chuyén bay dugc thiét ké véi
d6 chong phu anh doc va ngang 1a 70% - 80%,
nhim dam bao do phu anh du 16n dé tai tao
khong gian 3D va tao mo hinh dia hinh chat
luong cao. Anh UAV duoc xir Iy bang phan mém
Agisoft Metashape Professional, bao gém céc
budc can chinh anh (alignment), dung md hinh
mat do diém (dense point cloud), tao mo hinh bé
mat s6 (DSM), anh truc giao (orthophoto) va tich
hop vao hé thdng GIS. Trong khudn khd nghién
ctru nay, dir licu UAV dugc xir Iy ma khong st
dung diém khéng ché mat dat (GCP), do muc
ti€u chinh 1a nhan dién hinh thai va khoanh dinh
so bd pham vi cac khdi trugt. Viéc khong st
dung GCP c6 thé anh hudéng dén do chinh xéac
hinh hoc tuyét ddi cua san pham DEM va
orthophoto, tuy nhién d6 chinh xac twong d6i van
du dap ing yéu cau nhan dién truc quan cac dic
trung dia hinh. Dé phuc vu cac nghién ctru chi
tiét hon trong tuong lai — nhu phan tich thé tich

truot hodc danh gia bién dang dia hinh — viéc tich
hop GCP do bﬁng GNSS @6 chinh xac cao duoc
khuyén nghi nhim nang cao do tin cay va kha
nang dinh luong cua két qua.

Quy trinh nhan dién va khoanh dinh khéi truot
duoc thuc hién theo cac bude cu thé nhu sau:

« Bude 1: xay dyng ban dd dia hinh va vi dia
hinh. Tir DSM, céc ban d6 dia hinh co ban nhu
ban dd do ddc (slope), ban db bong dé dia hinh
(hillshade) duogc xay dung. Viéc phan tich cac
16p ban d6 nay gitup lam ndi bat ranh gidi cac don
vi dia hinh va nhan dién so bo cac bat thuong
hinh thai — nhimg déu hiéu khoi dau ciia hoat
dong trugt 16.

« Budc 2: phan tich duong ddng mirc va bién
dang dia hinh. Nhirng bién dang bét thudng cua
dudng dong muc, nhu bi udn cong, khép kin,
phén ky hodc hoi tu dot ngdt, 1a chi bao truc quan
vé ranh gidi khdi truot. Pic biét, sy chénh léch cao
d6 theo phuong vudng goc véi sudn doc thudng
01 ¥ vi tri ria truot chinh hodc vét truot phu.

» Budc 3: x4c dinh dac diém hinh thai khéi
truot. Duya trén ban dd slope va hillshade, c6 thé
phan biét cac loai mat truot: dang 10m, dang 161,
hodc dang phing. Viéc két hop cac yéu td nay
gitp xac dinh loai hinh trugt chti dao va khoanh
vung ranh gi6i cia khéi truot.

* Budc 4: phan tich hé thong d(‘)ng chay va
khe tu thuy. Cac ranh x6i, khe nuge hoi tu hoac
dong truot bun la nhitng yeu t6 c6 thé kich hoat
hodc dong thoi ton tai voi hién tuong truot dat
Mat d va huéng dong chay dugc trich xuat tir
DSM, gop phan danh gia moi quan h¢ gitra hoat
dong nudc mit va sy méat 6n dinh mai doc.

* Budc 5: khao sat thuc dia va xac minh hinh
anh. Cac khu vuc nghi ngo cé hoat dong truot 1o
duge kiém ching thyc dia thong qua quan sat
truc tiép va dinh vi bang thiét bi GPS. Viéc dbi
chiéu hién trang thuc dia véi dir li€u anh UAV giup
hiéu chinh ranh giéi khéi truot, dong thoi loai trir
cac sai léch do tham thuc vat, dia vat nhan tao hoac
cac hién tuong dia hinh tuong tu gay nhiéu.

Hinh 6 trinh bay két qua dién giai khdi truot
tir dit liéu anh UAV, trong d6 ranh giéi khdi trugt
duoc xac dinh dya trén phan tich bién dang dia
hinh trén so d0 hillshade. Phuong phap nay cho
phép nhén dién tryc quan va khoanh dinh dang
tin cay pham vi cac khéi trugt 1on.
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Hinh 7. Minh hoa dién giéi dia hinh truot 16 dya trén so d6 bong d6 dia hinh (hillshade) cho khdi truot tai khu
vuc d6i Mong Ngua, xd Mui Cang Chai, tinh Lao Cai: (Trai) Dit liéu hillshade gdc; (Phai) Ranh gidi khdi trugt
dugc khoanh dinh bang duong mau do, thé hién dic trung cung 16m va mit truot nghiéng vé suon déc.

2.3. Quy trinh tong hop va xir Iy dit liéu thong ké thé

tich truot lo

Phan tich thong ké 13 qua trinh thu thap, xir
Iy, mé ta va dién giai dir liéu nhim xac dinh dic
trung phan bd cua thé tich khdi truot. Trong
nghién ctru ndy, phuong phap phan tich thong ké
bao gdm viéc thu thap dit liéu thé tich khdi truot,
sir dung biéu d tan suit (histogram), phén tich
ham phén phdi tich liy (cumulative distribution
function — CDF), va kiém dinh gia thuyét
(hypothesis testing) dé danh gia dic trung va tim
ra khoang thé tich ddc trung TLQML & khu vuc
nghién cuu.

Viéc thu thap bao gom cac dir liéu khao sat
tat ca cac khdi trugt xay ra trong mua mua 2023
va 2024 ¢ doc QL32. Thé tich khdi trugt duoc
xac dinh theo cong thure (1). Viéc phan tich ham
phan phdi tich lity cho biét ty 1¢ phan trim cac
khdi trugt 6 thé tich nho hon hodc bang mot gia
tri cu thé. Thong qua d6, diém udn khiic (knee
point) cua duong cong CDF dugc xac dinh nhu
mot gidi han dinh luong, nham phéan biét phan
phé bién ciia phan bd va phan cubi dudng cong
(twong ung voi cac khdi truot 16n va hiém).

Piém nay duoc s dung ciing dé loai bo gia tri
ngoai lai hodc hd trg phan loai quy mé khdi
truot. Tiép dén thuc hién viéc kiém dinh gia
thuyét dwoc thuc hién nhim danh gia mac do
phu hop gilra m6 hinh phan bd va dir liéu thyc
té, théng qua cac chi s nhu hé sb x4c dinh (R-
squared —R?), kiém dinh Kolmogorov—Smimov (K-
S test), va gia tri xac sudt p (p-value). Két qua kiém
dinh gitip xac dinh xem m6 hinh phén bd duoc lva
chon c6 phan anh t6t tap dit liéu hay khong.

3. Két qua va thio luin

3.1. Théng ké truot 16 va xdc dinh nguong truot I
quy mo lon

Thong qua viéc thu thdp dit liéu va thyc hién
mot sd dot khao sat tai khu vyc nghién ctru, da
xéac dinh dugc 396 diém trugt 16. Trong d6 cac
diém trugt 16 chi yéu méi xay ra vao muia mua
2023, riéng tai Ho B6n c6 346 diém, 50 diém con
lai nam rai rai doc QL 32 va cac vi tri 14n cén hai
bén QL32. Bang 1 thdng ké cac khdi trugt theo
kiéu truot va thé tich trugt ghi nhan tai khu vuc
nghién cuu.
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Béang 1. Cac khéi truot xay ra tai cac xa doc QL32

oz, Truot
2. So6 khoi 4R Truot ; Truot Truot Nguy co
Theé tich trugt b do phing i;l;lf chay | héonhop | TLQML
0-100 m? 215 7 19 162 27
100 - 1000 m? 138 3 5 73 57
1000 - 10.000 m?3 31 1 1 16 13
10.000 - 100.000 m3 9 1 8
>100.000 m? 3 3
Tong so khoi truot 396 7 24 6 235 100 24
Phan tram % 100 2 6 2 59 25 6
Phan phéi x4c sudt va ty 1& tich |Gy thé tich khéi truot
0.7 L0
e point
-logV=3.49
! CDF=0.93
0.6
o.s
05
;g; roe s
§ 0.4 1 S
£ 03] —o.4§
0.2 4
Loz
0.1
0.0
0.0

-1.0 —-0.5 0.0 0.5 10 15 2.0

25

3.0 3.5 4.0 4.5 5.0 5.5 6.0

Logarit thé tich khéi trugt

Hinh 8. Biéu db théng ké mat do va ty 1€ % cong ddn cac khdi truot theo thé tich.

Trén co s& khao sat, théng ké cac khdi truot
va thé tich khdi trugt, xdy dung biéu d6 nhu
trong Hinh 8. Biéu d6 phan phdi chuin (PDF —
mau xanh dat doan) va ham tich lily logarit thé
tich khéi trugt (CDF — mau do) dugc sir dung dé
so sanh véi dit liéu thue nghiém. Hé s xac dinh
ctia md hinh CDF dat R2=0. 9093, cho théy phan
phdi chuan héa phu hop kha t6t v6i xu hudng
phan bd cua logio(Volume). Trén dudng cong
CDF, tai diém u6n (knee point) dugc xac dinh tai
gia tri logarit thé tich logio(V)=3.49, twong img
Vi thé tich khoang 3090 m?, day 14 vi tri chuyén
tiép 1o rét giira hai pha tich liily — doan doc nhanh

phia truéc va doan on dinh phia sau — va dugc
coi la ngudng phén loai hop ly gitra cac khéi
trugt c6 quy mo pho bién va cac khdi trugt 16n
[19, 25]. Tai diém nay mg v6i khoang phan vi
thir 94 c6 nghia 1a chi khoang 6% khdi trugt c6
thé tich 16n hon thé tich tai diém bién d6i d6 déc.
Dé danh gi4 y nghia thong ké cta viéc phan chia
thé tich truot theo nguong logarit lo1o(V)=3.49,
dd tién hanh kiém dinh t-test va kiém dinh
Kolmogorov—Smirnov (KS-test) giita hai nhom:
khéi truot 16n (KTL) véi logio(V)>3.49 va khoi
trugt nho hon (KTNN) véi logio(V)<3.49. Két
qua cho thiy t-statistic = 22.93 va p-value <
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0.0001 trong kiém dinh t-test, cho théiy su khac
biét c6 ¥ nghia rit cao giita hai nhém. Pong thoi,
kiém dinh KS-test ciing cho két qua KS-statistic
= 1.0000 v6i p-value < 0.0001, khing dinh ring
hai nhém c6 phan phdi thong ké khac biét rd rét.
Ngoai ra, ty 1¢ khéi trugt lon trong toan bo tap
dit liéu chi chiém 6%, cho thay phan 16n cac khoi
truot trong tdp mau cé kich thuéc nhé hon
ngudng phan chia. Theo 1y thuyét thong ké
nhitng khéi trugt co thé tich 16n nim trong
khoang < 5% 1a nim trong ty 1& rit nho, co thé
coi 1a nhém thé tich dic biét 1on. Tiép theo 1a
nhém ty 1& tuong ddi nhd < 10% dugc xem xét
c¢6 nhitng tac dong 16n dén khu vuc déan sinh
[25-28]. Theo cac nghién ctru [25-28], cac khdi
trugt 10n thuong chiém dudi 10% tong sb su
kién, nhung lai déng gdp phan 16n vao tong thé
tich dich chuyén hodc thiét hai tiém ning. Trén
co so két qua tinh toan va tham khéo nhiing
nghién ctru trén, cho thdy ngudng logio(V)=3.49
1a hop 1y va co thé duoc sir dung nhu mot tiéu
chi dinh lwong dé phan loai mic d6 nguy hiém
cua cac khdi truot trong nghién ciru.

Bén canh viéc xac dinh ngudng vi tri thé tich
thong ké trén, nghién ctru tiép tuc ra soat cac yéu
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t6 diéu kién ty nhién va nguy co tic dong dén
xung quanh xéac dinh khoang thé tich phu hop.
Céc yéu t6 khac dugc xem xét dé xép loai khoi
trugt 16n ddi véi khu vuce nghién ciru gdm diéu
kién tu nhién, lich st truot 16, thé tich da truot,
murc do thiét hai. Thuc té cho thdy c6 mot sb
diém trugt c6 thé tich 1on 3000 m® xay ra trong
mua mua 2023 va 2024 tai khu vuc Mu Cang
Chai va Yén Bai (cii) déu 1a nhitng vi tri co
nhitng ghi nhan thiét hai nhat dinh vé co s ha
tﬁng. Mot s& khu vue nhu cac khéi trugt & doc
QL32 khu vuc HO Bén, anh huong dén giao
thong va cac ho dan 2 bén duong. Tai ban Na
Dé Thang (Khao Mang) ciing ¢6 thé lam sap dd
nha ho dan. Do d6 nghién ctru nay kién nghi
nhitng khu vuc c6 nguy co truot 1& tir 3000 m?
phai dwoc nghién ctru chi tiét, theo ddi va quan
trdc vé dién bién, nguy co xay ra trong cic mua
mua bdo. Cac vi tri va dic diém cac khu vuc ¢o
nguy co trugt quy mo 1én ¢ khu vue nghién ctru
dugc téng hop trong Bang 2 va Hinh 9. Trong d6
nhitng khu vue ¢6 cic dau hién nguy co nhung
chua thuc sy xay ra truot 16, thé tich mang tinh
chét u6ce tinh nén khong dua ra con sb cu thé vao
Bang 2.
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Hinh 9. So dd vi tri cac khéi truot doc QL32 khu vyuc nghién ciru.
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Bang 2. Bang tong hop dic diém vi tri c6 nguy co TLQML da dugc ghi nhan
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Tendiém | Toa | ThonBan/ | .. M6 t i trane va nowy oo tie don o Pidu kién Dia chét va vo
truot doa Vi tri a 0 ta uen trang va nguy co'tac cong (n%) phong hoa (VPH)
Khu vyc ¢é nguy co anh huong 03 ho dan
103.91 ) Khao phia dudi chan dbc bén canh QL.32 va gay P4 nui Itra Ryolite, Trachyt, phirc hé
TLQML-01 71 '88 Ban Trong La Mang ach tic QL.32 doan tr Km329+100 deén | 6934 | Nam Kim;
) Km329+200. Khu vuc nay va lan can doc Bé day VPH = 3-5 m.
QL32 tiép tuc c6 nguy co truot 16 hang loat.
103.92 ) Khao La cac khéi’ f[ruo“’[ dién hinh nam hai bé;n suon Pa ntii lra Ryolite, Trachyt, phirc hé
TLQML-02a 1 '88 Ban Trong La Mang doc cua su6i Trong Gau Bua, ban Trong La. | 3496 | Nam Kim;
) Khu vyc nay va lan cén doc con sudi ti€p tuc Bé day VPH =3-5m.
c6 nguy co trugt 16 hang loat gy thi€t hai cho Pa nui lta Ryolite, Trachyt, phic hé
g;bQML' 12013%2 Ban Tréng La 11\{/[1;?10 khu dan cu khu vyc trung tm xa H6 Bén | 8897 | Nam Kim; g P
' £ | (ci). Bé diy VPH = 3-5 m.
Khu vyc cé nguy co trugt khoi 16n anh hudng s . A
TLQML-03 103.99 | Ban Na Dé Khao hon chuc h(:) dan doc QL.32 doan 29045 I?Igrﬁull(}rl? Ryolite, Trachyt, phitc h¢
21.87 | Thang Mang Km316+900 dén Km317+300 va 01 truong T
-2 ~ Bé day VPH = 5-12 m.
tiéu hoc xa Khao Mang.
104.02 Khao Khu vyc c6 nguy co truot khdi 16n va tao Pa nti Itra Ryolite, Trachyt, phirc hé
TLQML-04 71 '87 Ban Thai Mang dong 1t bun da do xudng khu vye trung tam | 31400 | Nam Kim;
) cua ban Thai, xa Khao Mang, doc QL.32. Bé day VPH = 10-15 m.
104.11 | T8 1. Thi trén Mu Khu vue da xay ra truot cuc b nhiéu lan, lam Da nti Itra Ryolite, Trachyt, phirc hé
TLQML-05 1 8 4 | Mu éang Chai Cang bien dang cac cong trinh doc QL32 doan | 28788 | Nam Kim;
) Chai Km300+200 dén Km300+400 Bé day VPH = 10-15 m.
\ Khu vire ¢6 nguy co trugt quy mo 16n, da xuat . s . A agA
104.06 | Ban Hang Phir | MU hién céc vét i trén dinh suom déc it 2021, D4 nii lira Ryolite, phirc h¢ Nam
TLQML-06 AT Cang ) \ Y PP Y - Kim; Bé day VPH = 7-10 m, giau
21.87 | Loa (Mo Dg¢) Chai anh hudng dén mot so hd dudi chan suon doc Kaolinit

ban Hang Phur Loa.
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. A A Mu Khu vue c6 nguy co trugt quy md 16n, trén s . LANTA
TLQML-07 104.07-) Ban Mo D¢ Cang suon dbc d3 xuat hién khe nit. Dudi chan - D? n.ul 1;ua‘Ry011te, _p hirc h¢ Nam
21.88 | KTOl . o 1A A TA AR . X Kim; Bé day VPH = 5-7 m.
Chai suon doc ¢d 3 ho dan cé nguy co anh huoéng.
. A 1A Mu Khu vye ¢6 nguy co truot 16 taluy duong va T . A A
TLQML-0g | 10408 | BanMODE | o | 4ok huong dén 04 ho dan trén suon dée. Da | - | Da ndi lua Ryolite, phirc h¢ Nam
21.87 | KT02 .5 Lyea D, A, NP Kim; Bé day VPH = 5-7 m.
Chai xuat hién cac vét nit suon va chan doc.
Lo~ Mu Khu vue sau Tr"i‘m yte M? D? o Ilguykcordo ba ni lira Ryolite, phitc hé¢ Nam
104.09 | Tramy té xa dia hinh 16m, doc, da nhiéu tang lan vét tich . X 1s - .
TLQML-09 . Cang . % ~ o A - Kim; Bé day VPH = 3-5 m, giau
21.86 | Mo De . cua vet truot cli. Tram y t€ va 7 hd co nguy T
Chai ; ; . o Kaolinit, ndu vang.
co anh hudng khi truot 16 xay ra.
104.1 Bép Sang Nhu | Mu KhL} vuc nay da xay ra trugt cuc bg lién tiép Pa nti lra Ryolite, phirc h¢ Nam
TLQML-10 71 8 5 (P61 Mong Cang nhiéu ndm, c6 nguy co hinh thanh dong I | 722200 | Kim xen k& mach thach anh va da
) Ngua) Chai bun da. phién sét voi; Be day VPH=10-15m .
1041 | Ban Han Mu Khu vuc ¢6 nguy co truot quy mo 16n, da xuat D4 phién sét, da phién sét mau den
TLQML-11 71 8'3 Pin Dég Cang hién khe nit chay doc duong vao ban dai - chira than, cat san ket tuf Hé tang T4
: & Chai | khoang 15 m. L¢; B& day VPH 3-5 m.
M Khdi truot dd xay ra nhidu nam, tiép tuc co
104.12 C s s nguy co anh huong nguy hiém dén 5 ho dan Da phién sét, cat san két tuf Hé ting
TLQML-121 ) gy | BanTa Ché giﬁf’ séng gin khéi truet va khoang 20 ho trong | *27°% | Tu Lé; BA day VPH 25-30 m.
dién cung truot.
104.12 | Ban Phinh Ho | Pang | ~am 2017 khu vuc nay da phai di doi 10 hg Phirc hé Ta Lé
TLQML-13 % ; R déan do nguy co trugt 16. Hién van con mét so | 33707 A s
21.8 (Dé Su Phinh) | Ludng A n. T Y Bé day VPH 5-7 m.
hd dan nam trong khu vue suon doc.
s TNA T Mu Khu vyc c6 nguy co truot 16 lam anh hudng s . R A
TLQML-14 12014 '8133 ?g}?éljceu%ﬁ:f Cang | dén Truong PTDT Ban tri TH&THCS Ché | 408200 leﬁ‘;“ﬁéh;aﬁfggﬁ phan phién mong,
: Chai | Cu Nha, vi cac ho dan doc QL32. phuc e INe '
. £ Mu Khéi truot thude khu vie ruong dang canh tac AT . R A,
104.15 | Ban Che Cu X FT A XA ORI . D4 nui Itra Ryolite phan phién méng,
TLQML-15 2181 | Nha Cang nha anh Ho A Vang, khoi trugt tiép tuc bi sut | 62800 phirc hé Nam Kim.

Chai

lan.
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s Mu Diém trugt & ban Thao Chua Chdy, xa Ché o o
TLQML-16 | 0413 | BanThio Cang | Cu Nha (cii) xdy ra tir 2010, da lam thiét hai | 37680 | D3 Ui lua Ryolite phan phién mong,
21.83 | Chua Chay . . %A . phtrc h¢ Nam Kim.
Chai 7 nguoi di lam nuong ngo.
~ . , Khéi truot xay ra ¢6 nguy co anh hudng dén Heé tang tram tAu (Tap 1) D4 phién sét
TLQML-17 104.16 | Nea B:a Kl;m Pur}g khu nghi Homestay Hai Laa, bén canh dudng | 4056 | xen cac tap mong felsit. B& day VPH
21.77 | (LaPan Tan) | Ludng | ) 354000 Km286+650. 5-6m.
o , N Hé tang tram tAu (Tap 1) D4 phién
TLQML-18 104.18 Be}n Trong PuI}g Khu vire nay 0 > 130 dan yéu cau phai di doi 8842 | sét, xen cac tap mong felsit. Bé day
21.79 | Tong Ludng | do nguy co cua khoi truot. VPH 5-6 m
0015 | g | Ky o o aitlp || B e T Dt
TLQML-19 2 | LaPan Tan & | duong QL32 va 10 ho dan sinh séng 2 bén | 29610 4 an, ¢a ph Be
21.79 Ludng duong QL32 doan Km291+ 800 tuf ryolit, xen cac tap mong felsit. Bé
& : : day VPH 9-10 m.
104.15 Ban Pua Nhu Pin Ban Ptia Nhu Hang Sung, xd La Pan Tén (cil). Hé tang tram tiu (Tap 1) P4 phién
TLQML-20 21.8 Héng Sung Lu61g1 Trude dy da phai di doi 03 ho dén do nguy | 10257 | set, tuf ryolit, xen cac tdp mong felsit.
) (La Pan Tan) & | coanh hudng cua khoi truot. Bé day VPH 9-10 m.
, Khu vuce c6 nguy co truot khéi 16n, xuét hién AT AL .
TLoML21 | 428 | peo KhauPha | [V1€ | mot s6 vét mit dit I6n trén nén nha khu nghi | 20933 frg‘cfl‘; hé o I&jﬁ“ﬁ?““ porphyr,
) & dirng chan déo Khau Pha. yry ang '
104.27 Diém Truong Khu vyc c6 nguy co trugt nguy mod 16n anh Phtre h¢ Tt Lé: trachyryolit porphyr,
TLQML-22 21 '77 THCS Cao TaLé | hudng dén diém truong THCS xi Cao Pha va - trachyryolit dang felsit; Be day VPH
) Pha dan cu phia dudi. ] 5-7m.
10427 | Km266 X3 Ta Doan duodng trén QL.32 tir Km265+905 dén Phure h¢ Ta Lé: trachyryolit porphyr,
TLQML-23 1 7 4 | Cao Pha Lé Km266+50 c6 nguy co cao truot da, da do da - trachyryolit dang felsit; Be day VPH
) : i lan anh huong dén nguoi giao thong. 2-3m.
104.18 | Nti Hau P Ping Khu vuc (?inh nti ranh gidi xa Ché Cu Nha va Phtre h¢ Nam Kim:
TLQML-24 2179 | (La Pan Tan Luéng La Pan Tan (cli) ¢6 nhiéu vét nit xuat hién tir - ba Ryolite ép phién mdng,

2023.

B& day VPH 5-7 m.

(Hinh anh cta cac vi tri cac diém nguy co ¢6 thé tham khao thém trén https://yenbai.truotlo.com/).
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3.2. Bdc diém khu viee ¢é nguy co truot 16 quy mé
1o trong khu viee nghién ciru

3.2.1. Mot s6 dic diém dic trung cua cdc khu
viee o nguy co truegt 1o quy mo lon

Trén co s& xem xét cac yéu td dwa vao vi tri
phan bd, hién trang truot 16, két qua phan tich
thong ké thé tich va cac didu kién bé mat khu
vue, cac vi tri khdi truot va nguy co trugt doc
tuyén duong QL32 da duoc ra soat xép loai. Trén
thuc té cac diém truot kha da dang, nhung c6 thé
xép vao co hai kiéu co ban: 1) Kiéu truot 1¢ hang
loat trong cung khu vuc; va ii) Cac khéi truot c6
kich thudc 16n. Loai (i) c6 thé gap dién hinh khu
vuc Hd Bén xdy ra vao nim 2023, c6 2/24 diém;
con loai (ii) 1a nguy co hoac hinh thai nguy co
trugt khoi 16n, loai hinh nay ghi nhan & nhiéu
diém trén toan tuyén nghién ctru, c6 22/24 diém.
Trong Bang 2 va Hinh 9 di thdng ké cac vi tri va
mot s6 dic diém mo ta vé lich su truot 16, dau
hiéu khe nurt hodc sut lun, ddc diém thanh phan,
bé day vo phong hoa, thé tich cua cac khu vuc co
nguy co TLQML. Dong thoi can ctr trén két qua
thong ké vé ngudng thay dbi vé& thé tich, thi
nhing vi tri TLQML c6 dic diém chung nhu sau:

- La céc khéi trugt hodc nhitng khu vuc co
nguy co xay ra hang loat cac khéi truot lién tiép
cung thoi diém c6 téng thé tich truot 16 trén 3000
m®. Khu vuc xay ra hang loat khdi truot dong
thoi thuong 1a cac luu vuc nho, dbc, c6 su chénh
cao dia hinh 16n. Trugt 16 xay ra khi c6 mua rat
16n hodc mua cuc doan. Ddi véi khu vuc chi co
mot khi truot thi thuong co chiéu rong hang vai
tram m tr& 1én, bé mat khdi truot co dang dia
hinh 16m va gd ghé. Pia hinh khdi truot 1a két
qua ctia mot loat qua trinh tiép dién co thé trong
thoi gian dai va trong khong gian rong, c6 céc
dau vét cua khe niit, cic vach truot chinh 16 ra bé
mat. Phan than khéi truot chia thanh nhiéu phan
boi cac vach trugt va khe niit phy, bé mat bi 10i
16m. Céc cong trinh trén than khdi trugt va xung
quanh khdi trugt c6 bat gip cac biéu hién hu
hong nhu bi nut, hoac sut [un hodc trugt cuc bd,
thuong xay ra vao cac dot mua 16n.

- Co tac dong boi cac yéu td dia chat, dia
hinh, dia chat cong trinh va dia chat thily van. Vé
dja chat khu vuc nghién ctru chu yéu tap trung &
c4c thanh tao nui lira phun trao gdm céc phtic hé
nai lira Nam Kim, Ta Lé, Ngoi Thia va hé ting
Tram Téu (Bang 2). Cac thanh tao c6 dic trung
chung bi phéan cit hodc ép phién boi cac hoat
dong kién tao va hé khe nut. Truot khéi 16n
thudng c6 bé day 16p dit phong hoa va sudn tich
16n (>5 m), dat da chan khéi truot hodc xung
quanh phong héa manh.

- Khi trugt 16 xay ra s€ c6 pham vi dich
chuyén va dién tich anh hudng 16n, kéo dai. Cac
khdi truot phan bd gan khu vuc dan sinh, dudng
qudc 16 khi truot 16 xay ra s& c6 nguy co anh
huéng dén tai san, sinh ké va sy an toan tinh
mang nguoi dan.

3.2.2. Pac diém mét sé khu vuee dién hinh

Duéi day trinh bay mét s6 dic diém cua 2 vi
tri dai dién cho 2 loai hinh TLQML & khu vuce
nghién ctru:

1) Khu vuc truot 16 hang loat tai xa Ho Bbn
(cti), nam 2023

Khu vyc trung tim xd HO Bén (cii) duoc
khao sat 1an dau vao thang 5/2023, va khu vuc
nay la khu vuc dugc phong doan la khu vuc co
nguy co trugt 16 va i quét dua vao nhan dién
dic diém dia hinh va anh bay chup UAV (Hinh
10). Trén anh c6 thé xac dinh mot s6 dic diém
nhu: khu vuc ¢6 chénh cao dia hinh 16n, tir cao
trinh 850-900m doc QL32 1én téi 1350-1500 m
trén dinh, c6 mot sé khe sudi 16n. Khu vuc tap
trung dan cu va tru sé UBND xa la mét khe subi
16n. Doc khe subi c6 mot sd vi tri ¢o nguy co
truot khéi 16n nhu c6 vét nut o, dia hinh bi sut
lan va day thanh vom vong 16i. Mot trong nhiing
khéi trugt 16n 6 kich thude chiéu rong chan téi
350 m, chiéu cao 100 m, chiéu dai tir dinh dén
chan khdi trugt 400 m. Ngoai diéu kién ty nhién
trén thi khu vuc nay c6 cac hoat dong xé taluy
dbc dé lam duong va xdy dung nha ¢, dat da
phong hoa manh, gin két yéu. Pong thoi co mat
d6 dan cu déng diic cia xa HO Bon (cil) tép trung
doc QL32 & chan cua con sudi chay ra song Nam
Kim anh hudng ning né khi truot 10 va 1i quét
xay ra (Hinh 10).
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5 &—— Khe nut trén dinh
khoi truot

Truot 16 doc sudi Tréng Gau Bua

Hinh 11. Truot 16 xay ra tai HO B6n vao thang 8/2023.
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Vao dau thang 8/2023, trong trdn mua tir
ngay 31/7 dén ngay 6/8, trén dja ban xa H5 Bén
(cii) d3 xay ra hang loat khdi truot. Tran mua ghi
nhan véi cudng d6 mua cuc doan [29]. Cac khodi
truot xay ra doc subi Tréng Gau Bua va QL32,
vat liéu dat da truot 16 dd don vao khe sudi cung
cip vat liéu tao Iii quét di gy thiét hai nghiém
trong cho khu vuc trung tim x4 H6 Bén (Hinh
11). Ban Trong La bi thiét hai ning né nhat vé6i
nhiéu diém bi li quét, 1d ng va sat 1o dét. Tai
khu vyc tram y té x4, hon chuc ho dan bi 1ii cudn
bay nha cura, tram y té cling bi cudn troi mot
phﬁn. Mo hinh DEM, anh tryc giao va cac mit
cit ciia mot diém truot & khu vuc nay cling da
duogc xay dung tir anh chuyp UAV dé co thé quan
sat va thuc hién cac nghién ctru chi tiét tiép theo
(Hinh 11);

Khu vie Hd Bén tiép tuc co nguy co xay ra
trugt 16 dién rong, dang quy mo 16n, do mot $6
dic diém nhu khu vuc co 1) Dia hinh ¢6 d¢ cao
chénh 1&ch 16n gitta khu vyc chan suon doc
QL32 voi cac khu vuc lan can 2 bén Ién cac ban
clia X3, co hé théng song sudi day tao ra dia hinh
nguy hiém ca ¢ taluy duong cac suon dbc va
taluy 4m doc tuyén duong canh cac hé thong
song sudi; i) Do diéu kién dia chét, dat da thanh
tao chu yéu phong hoa cua da ryolit-trachyt co
huéng ctia mit phan phién va cac khe nit tring
v6i hudng d6 cua dia hinh va suon ddc, ¢6 nhiéu
d6i phong hoa manh; va iii) Do diéu kién canh
tac xay dung nha va duong giao thong, chan
sudn dbc bi cat xé thic ddy qua trinh phong hoa
va truot 16, déng thoi do cach thire trir nude canh
tac rudng bac thang ciing 1a nhiing nguyén nhan
tang cuong truot 16;

Hinh 12. Khéi truot 16n tai ddi Mong Ngua, chup vao thang 5/2023 va thang 3/2024.

ii) Khu vuc truot 10 khdi 16n dién hinh

Khéi truot TLQML-10 (trong Béang 2) la

khdi trugt dang khdi trugt 16n dang hoat dong

trén d6i Méong Ngua, xa Mu Cang Chai. Dia hinh
kl}u vuc ¢6 do cao tir 1080 m dén 1230 m, c6 do
doc ty nhién trung binh khoang 20°. Rung tu



D. T. Toan et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 41, No. 4 (2025) 65-84 81

nhién tai khu vuc nay da bj pha bo hoan toan dé
lam rugng bac thang. Hién nay rudng lta bac
thang bi mét dan dién tich do truot 16. Trong
pham vi khéi trugt khong thé canh tic duoc
rudng lta va bé mat c6 thé nhan dién duge cac
phan dién hinh nhu di trinh bay trong phan (a)
cua muyc gidi thigu.

Hinh thai va kich thuéc khdi truot: do doc bé
mat khoang 20 d9; chiéu cao H=150 m; Chiéu
rong W=230 m; Chiéu sau vach trugt D=15 m;
Chiéu dai khdi truot L=400 m; Thé tich khéi
truot V=722200 m’.

Vach trugt chinh: cao 15 m, kéo dai gan 81
m, phan dinh va 2 ria theo khe subi da phong hoa
manh, da phun trao axit mau xam tréng cO cac
mach thach anh, xen ké cac 16p trAm tich da véi.
Phan ria cach phai co cac khe nirt kéo dai khoang
15 m.

Bé mit va than khéi truot: Phu boi 16p dat
phong héa mau nau dé day 10-15 m, bé mat 10i
16m nhiéu vach phu va vét nit ngang, do cung
huéng v6i huéng dich chuyén cua khéi truot.
Phan chan khéi truot bt gip da ryolite phong
héa manh, mot sb chd xen kep mach thach anh
hoic cac 16p dé trim tich mau x4m den.

Pham vi anh huéng: hién nay truot 16 chu
yéu xay ra cuc bo tai cac vi tri khac nhau anh
huéng trong pham vi khdi truot 1am mat dat canh
tac cia nguoi dan va anh huong tuyén duong 1én
ban qua khéi truot. Tuy nhién vé lau dai khu vuc
nay co xay truot dong thoi va co nguy co don vat
lidu va theo dong chay doc khéi truot xudng chan
khéi truot va lan truyén xuéng QL32 noi dan cu
cta xa8 Mu Cang Chai va nguy co anh hudng toi
Truong THCS Mu Cang Chai va truong Phd
thong Dan toc ndi tra (Hinh 13, 14).

Hinh 13. Truot 1& tai khu vue ddi Mong Ngua trong dot mua bao thang 9/2024.

Hang nam khu vuc nay déu c6 nguy co va
xay ra trugt 16 cuc bd nhiéu vi tri. Dac biét trong
giai doan nghién ctru tir ndm 2023-2024 déu co
nhimng dot thoi tiét cuc doan, tic dong 1on dén
viéc xdy ra tai bién truot 10-1i quét trong khu
vuc. Vi tri khdi trugt Méng Ngua di xay ra sat

16 cuc bd nho tai mot sb vi tri trén vach, phat trién
va mé rong cac khe nirt ¢ than va xung quanh,
dic biét 1a vach trai khéi truot (Hinh 13). Nam
2024 dudi tac dong cua bao Yagi, mua 16n xay
ra trong thoi gian ngan tai M Cang Chai tir ngay
7-8/9, voi luong mua khoang 100 mm/ngay da
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lam trugt 1& ddng ké phan trén dinh va phia canh
trai khoi trugt noi xuit hién cac khe nit va da
dugc canh bao. Trong dot mua bao nay, cuong
d6 16n nhung xay ra chi 2 ngay, truot 16 cuc bd
da tiép tuc xay ra nhu trén Hinh 13. Viéc mua
v6i cuong do 16n xay ra nhiéu ngay hon s& co
nguy co rat cao truot 16 mang 16n. Hinh 14 1a
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mot trong nhitng két qua mé phong vé viée khoi
trugt bi kich hoat va xay ra trugt sdu tham khao
tir nghién ctru [29], dat d4 cta khéi truot s& van
chuyén theo khe sudi chan khéi truot gy i quét
tac dong khu vuc dan cu khu vyc xa Mu Cang
Chai, doc QL32.
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Hinh 14. M6 phong qua trinh truot 16 tai d6i Méng Ngua cho thay sy tién trién ciia qué trinh khoi phat
va van dong theo thoi gian [29].

Tur nhitng nhén dinh va phan tich trén day 1a
co so dé tiép tuc co nghién ctru chi tiét hon va co
ké hoach theo ddi cac dich chuyén ctia khdi trugt
quy md 16n, cdnh bao va ung pho kip thoi giam
thiéu thiét hai néu truot 10 16n xay ra. Trong
khudn kho cta dé tai ma s6 s DTDL.CN-37/23
s& tiép tuc thyuc hién cac ndi dung kién nghi nay
va sé& cong b trong cac nghién ctru tiép theo.

4. Két luin

Nghién ctu st dung cac phuong phap thuc
dia chuyén nganh dia chét, dia ky thuat va
phuong phap bay chup anh UAV, phuong phap
thdng ké dé thu thap, khao sat, phan tich. Nghién
ciru da nhan dién va khoanh dinh 24 vi tri ¢6

nguy co TLQML doc QL32 tir déo Khau Pha dén
Khao Mang. C6 hai loai TLQML dugc ghi nhan
la loai trugt 16 hang loat va truot khéi 16m,
thuong c6 tong thé tich truot 16 16n hon 3000 m®.
Khu vuce Ivu vue sudi Tréng Gau Bua, xi Khao
Mang va nhitng khu vuc c6 luu vuc hep, dia hinh
déc 1a khu vyc dién hinh cta tap hop cac khbi
truot hang loat, 2/24 diém. Cac vi tri con lai
(22/24) vi tri ¢6 nguy co truot 16 khdi 16n. Nhitng
khu vyc trugt 10 khéi truot thuong cé dia hinh
16m, ¢6 cac vét niit hodc sut lun dat, c6 bé day vo
phong héa 16n (>5m). Bé mit khoi trugt tao
thanh cung 16m gb ghé, khoéng thé canh tac
ruong laa. Céc vi tri nay dic biét nguy hiém khi
phan bd gan khu vuc dan cu hodc doc tuyén
duong giao thong. Nhiing khu vuc sau khi nhan
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dién khoanh dinh s€ phai c6 cac nghién ctu chi
tiét dé du bao nguy co truot 1& va cé ké hoach
xdy dung, img pho giam thiéu thiét hai do truot
16 gay ra.

Loi cam on

Bai bao dugc thuc hién véi sy hd tro cia dé

tai “Nghién ctru xac dinh co ché hinh thanh, quy
luat phan bd va canh bao sém tai bién truot dat
quy mé 16n & Viét Nam béng tich hop cong nghé
vién tham, tri tué nhan tao va Iy thuyét co hoc
d4t khong bio hoa” ma s DPTPL.CN-37/23
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