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Tém tit: Nghién ciru nay gi6i thiéu phan mém TRIGRS va Scoops3D trong du béo truot
16 dat do mua. Theo d6, TRIGRS ngoai ding dé dy béo trugt 16 con duoc dung dé tinh phan
bb muc nude ngdm trong ting phu theo thoi gian. Scoops3D sau d6 ding phan bd muc nude
ngam tinh duoc dé danh gia 6n dinh mai doc theo khong gian ba chiéu. Phuong phap dé
xuit duoc ap dung dé phan tich diém trugt xay ra vao khoang 12:00 sang ngay 07/08/2023
& thung ling Mudng Hoa - thi tran Sapa. Két qua tinh cho thay tai thoi diém xay ra truot,
ca TRIGRS va Scoops3D du da chi ra dugc vi tri thuc té xay ra truot nhung déu dyu bao qua
s0 v6i vét trugt thyuc té. TRIGRS du bao qua vé dién tich vung bi truot, trong khi Scoops3D
du bao qua vé vung an toan. Sy trung khop gitta vét truot thuc t& v6i ving nguy hiém dy
bao boi Scoops3D t6t hon véi ty 1¢ tring khép 13 42% so voi ty 16 ciia TRIGRS 1a khoang
34%. Su sai léch trong két qua tinh toan c6 thé lién quan t6i cac gia thiét vé s6 lidu dau vao
va diéu kién ban dau trudc khi c6 mwa. Do d6, voi nhitng ving c¢6 du dit liéu tinh, phuong
phap dé xuat s& 1a mot cong cu manh trong du bao truot 1o dat do mura.

Tir khéa: Truot 16 dat; TRIGRS; Scoops3D; Muc nudc ngam; On dinh mai déc.

1. M& dau

Truot 16 dat 12 mot trong nhimg hiém hoa ty nhién giy ra nhitng mbi de doa dang ké dén
tinh mang con nguoi, co s6 ha tang va moi truong [1, 2]. Loai hinh tai bién dia chat nay Ia
nguyén nhan cua nhiéu thwong vong, thiét hai tai san va su gian doan cac hoat dong kinh té-
xa hoi trong cac khu vuc bi anh hudng. Viéc du bao chinh xé4c va kip thoi sy xuét hién cia
truot 16 dat dong vai trd quan trong trong viéc giam thiéu thiét hai, giup trién khai cac bién
phap phong ngira hiéu qua, bao dam sy an toan cho cudc séng ctia nguoi dan [3-5].

Trong nhimg nam gan day, di c6 mot sy gia ting dang ké viéc ap /dung cac cong nghé
tién tién va phuong phap moi nham nang cao kha ning du béo truot 16 dat [1, 6-8]. Mot trong
5O nhimg cach tiép can nay 1a két hop mo hinh ludi vat 1y v6i cong nghé anh vé tinh [8—11].
Su két hop nay da tao ra mot cong cu manh mé dé cai thién do chinh x4c va tinh hiéu qua cua
cong tac du bao truot 16 dat, dic biét 13 trong cac bai toan mo phong truot 16 dat do mua. Cac
mo6 hinh ludi vat 1y dua trén viée chia khu vuc nghién ctru thanh mét ludi cac 6 vubng dac
trung boi d§ phan giai cua ban do, trong d6 mat s6 dic tinh cu thé nhu dic trung vé dat, diéu
kién dia hinh, tham phu, dir li¢u nudc ngﬁm va mua duoc gan cho tung 6 luai [8, 11, 12].
Qua viéc phan tich twong tac gitta cac bién sd vira néu, mé hinh c6 kha ning mé phong va
danh gia kha nang xay ra truot 16. Phuong phap nay glup danh gia toan dién hon vé phan bd
khong gian va bién dong thoi gian ciia nguy co truot 16 dat, tir 46 nang cao do chinh xac trong

cong tac du bao trugt 16.
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Cong nghé anh vé tinh va vién tham hién nay dang déng vai tro then chét trong viéc thu
thap dir liéu do phan giai cao vé hién trang bé mit dét, chi s tham thuc vat va diéu kién mua
[10]. Qua cac k¥ thuat ndy, nhiéu thong tin ¢ gié tri vé dic diém dia hinh va cac yéu té méi
truong anh huong dén kha nang truot 16 ¢ thé duoc thu thap. Bang cach két hop dir liéu anh
vé tinh v4i moé hinh ludi vat 1y, cac nha nghién ciru co thé nang cao do chinh xac trong du
b4o va ghi nhdn sy twong tic phuc tap giita cac yéu td khac nhau c6 anh hudng t6i su xuét
hién cua truot 16 dét.

TRIGRS 1a phan mém két hop mé hinh thily vin va dia ki thuét trong tinh toan truot 1o
mai déc do mua. Phan mém nay két hop tinh dong chay ngdm do nudc mua véi viée dinh
tuyén dong chay tran trén bé mit va mo hinh 6n dinh mai doc vo han. Tir khi duoc cong bd
vao nam 2002, TRIGRS da duoc ding rong rdi ¢ rat nhiéu nudc trén thé gisi dé gitp dw bao
truot 16 dat do mua theo thoi gian thuc nhu & My, Trung Quéc, Italia, Han Qudc [2—4, 12].
O Viét Nam, nghién cliru [2] dé &p dung TRIGRS dé md phong truot 16 khu vyc Lao Cai. Tuy
nhién, do thiéu phan kiém chung két qua va dién tich viing nghién ctru qua rong nén van chua
thé danh gia dugc kha nang hay sy phu hop cia TRIGRS khi du bao trugt 1o dat do mua cho
cac khu vyc mién niii phia Bic & Viét Nam noi chiu anh hudng sau sac ctia diéu kién khi hau
nhiét doi.

Scoops3D dugc phat trién bai Cuc Khao sat Pja chat Hoa Ky, phan mém ding phuong
phap can bang gidi han (LEM) 3D va “phuong phap phan cot” dé xac dinh mat truot tiém
nang [13]. Trong truong hop nay la giao tuyen gilta cac mat cau v6i cac cot dat dugc dinh
nghia thong qua d6 phan gidi cua mo hinh s6 d§ cao (DEM). Véi mdi mat truot tiém nang,
Scoops3D sé tinh toan hé sb an toan chong truot theo mit trugt twong tmg. Piém tién bo cua
phan mém 1a kha ning chi ra tit ca cac khdi truot tiém nang cho toan by bé mat dja hinh dang
xét. O Viét Nam, nghién ctru [14] d3 dung Scoops3D dé mé phong diém truot ¢ thung ling
Muong Hoa nam 2019. Tuy nhién, tac gia da dung qua nhiéu céc gia thiét vé didu kién ban
dau va diéu kién bién dé don gian hoa bai toan.

Nghién ctru nay tmg dung va danh gia kha nang ap dung (c6 kiém chirng) mo hinh luéi
vat ly trong vi€c tinh toan du bao truot 1o dat do mua. Theo do, phan meém TRIGRS ngoal
ding dé tinh toan truot 1 dat con duge ding dé tinh toan su bién doi cua ap lyc nudce 16 rong
trong ting phu theo thoi gian do mua. Phan mém Scoops3D sau dé sir dung phan bé ap luc
nudce 16 rong vira tinh dwoc dé danh gia 6n dinh méai dc theo khong gian ba chiéu dudi dang
ban d6 phan bd hé s6 an toan. Chat luong cua ban dd phan bd hé s an toan trugt 16 duoc
danh gia thong qua viéc chong khép ban d6 du bao 1én ban do hién trang truot 16 & khu vuc
nghién ctru st dung chi s6 MSR (Modified Success Rate).

2. Phuong phap nghién ciru va s6 liéu tinh toin

Nhu da dé cép, ngoai viéc dung TRIGRS dé moé phong trugt 1o dat, nghién ctru con két
hop TRIGRS va Scoops3D d€ md phong bai toan trugt 16 dat do mua trong khong gian ba
chiéu dung md hinh s6 dd cao trich xuat tir dit liéu bay UAV. Hinh 1 thé hién so d6 cau trac
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Hinh 1. Cau tric nghién ctru 4p dung TRIGRS va két hop TRIGRS véi Scoops3D trong du bao
truot 1o dat.
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nghién ctru khi 4p dung mé hinh TRIGRS va két hop TRIGRS v&i Scoops3D trong du bao
truot & dat.

a) Co s ly thuyét bai toan tinh toan bién ddi ap lyc nudc 16 rong trong mai doc ding
TRIGRS

TRIGRS [8, 12] 1a m6 hinh mi ngudn md, mét chiéu (1D) di duoc &p dung rong rai dé
dy doan trugt nong do mua gay ra [2, 4, 8, 12, 15]. TRIGRS két hop mo hinh thuy van véi
mo hinh tinh 6n dinh mai déc vo han dé phén tich bai toan truot 1o dat do mua [12]. Phan
mém lan dau duoc gidi thiéu vao nam 2002 dua vao phuong phap khuyén nghi boi Iverson
[16] voi viée cho phép xét téi s licu mua theo thoi gian thyc. Trong phién ban moi hon
(TRIGRS 2.0), nghién ctru [12] da cai tién cong thirc 1D cia Richard dé tinh toan sy ngdm
nudc vao mai déc do mua dung hé truc toa do chuyén dbi [16] Lo1 giai giai tich cia cong
thire [17] khuyén nghi dé xac dinh lugng ngdm nudc vao trong tang phu khong bao hoa phia
trén myc nudc ngam.

TRIGRS cho phép m6 phong dong thim trong diéu kién bdo hoa hoic khong bao hoa
vao mai doc voi tang da khong thim & do sau vo han hodc hitu han. Can ¢ vao dic diém cua
khu vyc nghién ciru, md hinh tinh tham vao moi trudng dat khong bdo hoa ¢ thoi dlem ban
dau véi tang khong tham & chiéu sau hiru han duoc chon. Lya chon nay coi mat cét ngang
dia chat g6m 3 16p voi 16p dudi cling 1a 16p dat bao hoa nam dudi muc nudc ngam, tlep dén
la 16p dat bdo hoa do mao dan, va trén cung la 16p dat khong bao hoa gidi han bdi mat dat tu
nhién (Hinh 2). TRIGRS diing mé hinh thAm nudc ¢ xét anh huong ctia su bién doi cot nude
&4p P 12 ham s6 ciia do siu Z va thoi gian t theo mé hinh thity van [16]:

20 _ [y L ov
at _8Z[K(W)(00528 oz 1)} @

Trong d6 0 la do am thé tich cua dat; t 12 thoi gian (s), z 1a d sdu diém tinh (m), K(*t)
12 ham thdm (m/s) theo phuong dung, 5 la goc ddc, va P 1a ap lyc nude 16 rdng (kPa). Loi
giai cua cong thire trén va cac dién giai chi tiét hon vé mé hinh TRIGRS dugc trinh bay trong
tai liéu dién giai vé mo hinh [12].
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Hinh 2. Cac diéu kién bién gia thiét trong bai toan tinh thim nudc do mua dung TRIGRS.

Trong cong thure (1), su phu thudc cua hé s6 thim K(y) vadd am thé tich 6 vao cot nudc
ap trong cong thirc ciia Richard dugc mo ta bdi cac moi lién h¢ sau:

K(y)=Ks exp(oc\u*) (2

0=0,+(05s—6, )exp(oy’) ©)
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Trong cong thirc (2) va (3), U* = ¥ — Y, voi P, 13 hé s6 nhu dinh nghia dudi day, K
1a hé sé thim bao hoa theo phuong Z, 6, 13 d6 4m thé tich du, va 04 1a do am thé tich bao
hoa. Tham sb o dic trung cho phan bd kich thude 16 rdng trong dat hay c6 thé hiéu day 1a do
giam hé s6 thAm hodc d6 4m cua dit khi Y < 0. a duoc ude luong béng cach khop cong thirc
(3) vao duong cong dac trung dat nuée. P, = —1/a, thé hién chidu cao cta cot nude mao
dan phia trén muc nude ngam. Dé hiéu chi tiét vé cong thue (1) cling nhu cach dién giai cho
cong thire nay, c6 thé tham khao thém trong huéng dan str dung boi [12].

TRIGRS ap dung phuong phap D8 dé dinh tuyén dong chay tir 6 ludi nay sang cac 6
xung quanh. M6 hinh tinh luong ngam I vao mdi 6 ludi la téng cua luong mua P va lugng
chay bé mit tir tit ca cac 6 xung quanh, Ry voi gia thiét ring lvong ngdm nude I vao mot 6
lu6i khong vuot qua hé sb tham bao hoa Ks ciia 6 d6. Dong chay mat s& xuat hién khi diéu
kién nay khong dam bao. Trong ca hai trudng hop, lugng tham nudc dugc xac dinh theo:

I=P+RynéuP+R, <Kj @)
=K, néuP + R, > K (5)

O mbi 6 luéi khi P + Ry > Ks, lugng nude vuot nay sé duoc coi 1a dong chay mit, Rq, va

1ap tirc dwgc chuyén sang cac 6 ludi lién ké xung quanh theo hudng dbc
Rg=P+R,—Kg,néuP+R, —K;>0 (6)
Rqy=0,néuP+ R, —K; <0 (7

b) Panh gia n dinh mai déc dung TRIGRS

Vung nghién ctru dac trung boi mo hinh s6 d6 cao duoc chia thanh céc 6 lugi. Mbi 6 dic
trung cho mot cot dat véi kich thude 1a d6 phan giai ctia ban dd sir dung va chiéu day la chiéu
day cua tang phii phia trén nén khong thim. Bo qua luc tuong tac gitra cac cot dat ké nhau,
sy an toan 6n dinh cua mot cot dat bat ky ¢ thoi diém xéac dinh tai d6 sau Z duoc dic trung
boi hé sb an toan Fs 14 ty s6 giira sirc khang ma sat Coulomb va cac thanh phan tmg suét gy
truot do trong lyc [18]:

Fs(z't):

Trong d6 ¢’ 12 Iyc dinh hiéu qua ctia dat; AC 12 lyc dinh thuc do sy hién dién cua d& cay
trong dat, ' 12 goc ma sat trong hiéu qua, P 1a cot nude ap 1a ham sb cta do siu Z va thoi
gian t; & 1a goc dbc; v, 1a trong lugng riéng ciia nude, v, 1a trong lugng riéng cia dét.

¢) Panh gia 6n dinh méi dé¢ dung Scoops3D

Scoops3D duoc phat trién boi Cuc Khao sat Dia chat Hoa Ky, phan mém dung phuong
phap can bang gidi han (LEM) 3D va “phuong phap phan c6t” dé xac dinh mat trugt tiém
nang. Trong treong hgp nay la cac giao tuyen gita cac mat cau V01 cdc cot dat dugc dinh
nghia thong qua d¢ phan giai cia mo hinh s6 d6 cao (DEM). Véi m01 mit truot tiém nang,
Scoops3D sg tinh toan h¢ s6 an toan chéng truot twong tng. Dlem tién bo clia phan mém la
c6 thé xét anh hudng ciia bé mat dia hinh thong qua mo hinh sé d6 cao va chi ra tat ca cac
khdi truot tiém niang cho toan bo bé mit dia hinh dang xét.

Scoops3D gia thiét sy can bang luc va md men xay ra ¢ tat ca cac cot dat cing nhu voi
toan bo khdi trugt. Phan mém phan tich mat pha hoai dang chom cau bang cach mo rong ly

thuyét Bishop don gian vao khong gian ba chiéu. Theo d6, hé s6 an toan 6n dinh duoc xac
dinh theo:

tan ® (C' + AC)—\U(Z, t)y, tan @
tand " v,2Z5in 350S4

(8)

) DRy, [ci'jAh” +(Wi,- —U; A, )tan CD”}/ m, )
> w i (Ryjsina; +kye )

eqi.j

Trong d6 Anj; 14 dién tich ngang ciia mit trugt gia dinh ¢ dy cua cot dat (i, j); Rgj) 1a
canh tay don cua lyc khang truot hodc la ban kinh mat trugt; W;; dac trung cho trong lugng
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cua cot dat (1, J) phia trén mat truot; o;; dac trung cho huéng dbc thuc cua day cot dét theo
hudng truot; Keq 1‘2‘1 hé sb gia téc dong dét theo phuong ngang, ej; la cér}h ta}y don cua lyc mo
men luc ngang (bang khoang céch theo phuong ngang tir tdm cua cft dat dén cao do cua truc
quay), va mg,; = cosg;j + (sinayjtand; ;) /Fszp; voi &= goc doc thuc cia mat trugt tinh
toan va mdt ngang nhu mé ta trong Hinh 3. Can chd y rang, cac gi tri c¢6 thém ky hiéu (i, j)
c6 thé thay doi tir cOt nay sang cdt khac.

z v
A huwong phuong vi
cla mat treot &

|
|
t
|
|
Mat ngang 7/| " 27
tham khao ™ I Chu thich

-~ A
Yo O Mit truot gid dinh
/ ! i <— hudng truot

| huwdng phuong vi

Hinh 3. So d6 tinh 6n dinh mai dé¢c ding Scoops3D [14].

d) Khu vuc nghién ctru
Vao khoang 12:00 sang ngay mung 7 thang 8 nam 2023, trén tinh 16 152, tai Km9+180
xdy ra mét vu trugt 1o dat nghiém trong lam khoang 4700 m® dit tir taluy duong trugt xudng
duong giy tic nghén giao thong trong nhiéu gio. St vi tri ndy, ngay 05/08/2019 ciing timg
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Hinh 4. Vi tri diém nghién ctru va vét truot x4c dinh dwoc tir khao sat thuc dia v& trén anh UAV.
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xay ra trugt 16 1am 01 nguoi chét. Vu trugt dat xay ra 1a két qua cta dot mua 16n kéo dai
trong nhiéu ngay khién vat liéu phia ta luy duong trén ddi bdo hoa nudc. Hinh 4 thé hién vi
tri diém truot va quy mo khbi truot.

e) Cac tai liéu can thiét ding cho tinh toan

Nhu phén 16n cac mo hinh toan khac, viéc cung cép da va ddm bao dg tin cdy cua céac
thong s6 dau vao chinh 13 rao can 16n nhat dé c6 két qua chinh xac khi ding TRIGRS hay
Scoops3D dé md phong bai toan trugt 1 dat. Cac thong sd dau vao chinh ciia TRIGRS va
Scoops3D gom: 1) Cac dic trung vé dia hinh thé hién qua mé hinh s6 d6 cao, ban db d6 déc,
hudng dc, hucng dong chay; 2) Phan b6 chiéu day tang phu; 3) Phan bd 4p Iy nude 16 rong
theo khong gian tai thoi dlem tinh toan; 4) Phan b theo khong gian mét s6 dac trung co hoc
cua dat gdm stc khang cit, trong luong riéng, hé sé tham cua dat. Phan nay s& trinh bay chi
tiét cac tai liéu can thiét phuc vu tinh toan truot 1& dét khi dung TRIGRS va khi két hop
TRIGRS va Scoops3D.

Hién nay, do su phat trién cua cong nghé anh khong gian va hang khong, cac ban d6 mé
hinh s6 d6 cao (DEM) dang ngay cang chinh xac va c¢6 d¢ phan giai tot hon. Nghién ctru nay
nay diung DEM v&i do phan giai 1,0 m xuét tir anh bay UAV. Hinh 5 thé hién phén cip cao
d6 khu vire nghién ciru. Tir m6 hinh s6 d6 cao, ding phan mém ArcGIS c6 thé tinh dugc ban
dd d6 ddc va hudng dong chay mat. Két qua tinh duoc thé hién trong Hinh 6.
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Hinh 5. M6 hinh s6 d6 cao cua khu vuc nghién ciru.
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Hinh 6. a) Phan b d6 déc va b) huéng dong chay theo khong gian.
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Dinh nghia chinh x4c chiéu day tang phi lam thong s dau vao cho TRIGRS va
Scoops3D c6 vai trd quan trong anh hudng chat lugng cua két qua ban dd phan bd hé sb an
toan. Tuy nhién, viéc xac dinh phan bd chiéu day ting phi trong khong gian 1a mot ham sé
phu thudc vao rat nhiéu cac yéu t6 nhu diéu kién thach hoc bén dudi, do dbc mai, loai tham
phu phia trén,...Do véy, viéc uoc lugng phan b chidu day tang phii dén thoi dlem hién tai
van la mot thach thire [3, 15, 19]. Két qua khao sat hién truong cho thay mit cit dia chit ¢
khu vyc nghién ctru dugc dic trung bai 2 16p: 16p phii tan tich phia trén va 16p d4 it tham bén
dudi (Hinh 7a). Cac diém truot ting xay ra & khu vic nghién ciru va vang l4n cén cho thiy
tang phil tan tich co chiéu day tdi da khoang 6,0 m. Do do, theo khuyén nghi ctia mot 5O
nghién ctu [1, 3, 20], trong nghién ctru nay gia thiét chiéu day tang phu phan bo tuyen tinh
theo d6 doc. Theo do, ap dat diém c6 do doc t01 da s€ ung voi bé day tang phii t6i thiéu (0.1
m), va diém c6 do ddc t6i thiéu s& co bé day tang phu toi da (6.0 m). Két qua tinh phan bd
chiéu day tang phu tuong g duoc thé hién trong Hinh 8.

Hinh 7. Mt phé hoai ¢6 sy hién dién ctia a) 16p da it thim va b) nudc tir ting ph ri ra.

103°54'2"E 103°54'3'E 103°54'4"E

22°18"13"N

22°18'12"N

chiduday (m) [ 35-38 B 43-45 [ 49-5 [l53-54
Bl zo-42 46-48 lls1-52 ls55-58

Hinh 8. Phan b chiéu day ting phu & khu vic nghién ciu.
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Chi tiéu co Iy cua dat dung trong phan tich 6n dinh mai déc 4p dung TRIGRS va
Scoops3D gom sirc khang cét clia dat dic trung boi luc dinh (c), géc ma sat trong (¢), trong
luong don vi cua dat (y), va cac dic trung vé thim cua dat. Bé xac dinh céac thong sb nay,
cac mau dét duoc 14y tai cac vi tri 1an cn mit truot dé tién hanh thi nghiém trong phong. Két
qua thi nghiém duoc thé hién trong Bang 1.

Trong khu vyc nghién ctru cling nhu nhiéu noi khéc trén thé gidi, mua duoc xem la
nguyén nhan phd bién nhét giy ra hién tuong truot 1o dat [4, 14]. Khi mua thdm vao ving
khong bdo hoa cua dat trong mai dbc, muc nuéc ngam trong mai déc clng c6 xu huong dang
1én. Su thim nudc nay. dan dén sy ting muc nudc ngam trong méi ddc, 1am gia ting ap luc
nudée trong 16 rdng. Diéu nay giam di strc khang cit cua dit va co thé kich hoat truot 16 dat
[21]. TRIGRS cho phép nhap dif liéu mua 1a cac ban d6 phan bd mua trong khong gian va
theo thoi gian thuc. Tuy nhién, do dbi twong nghién ciru chi 1a mot diém truot, ching toi gia
dinh mua phan bd déu trong khong gian vai cudng do va tong lugng mua 1a dir liéu thuc do.
Hinh 9 thé hién dit liéu mua tai tram do Ta Van, cach diém nghién ctru khoang 1,2 km ¢ thoi
diém trudc, trong va sau khi xay ra su kién trugt 16 dat.

Bang 1. Bang céc chi tiéu co 1y cua dét dung trong tinh toan.

Théng s6 Ponvi  Gia tri trung binh
Trong lugng riéng y kN/m3 18,1
Géc ma sét trong @ © 14,3
Luc dinh ¢ kN/m? 16,9
Heé sb thdm bdo hoa m/s 3,77 x 107°
Do am thé tich bao hoa O 0,45
D6 4m thé tich du 6, 0,15
60 —— 250
@8 Cudngdomua mm Theididm truot
Mua tich IOy
ASO - 200
Q
5
g€ 40 .
E L 150 E
o E
g 30 =)
‘i L 100 §
5 20 E
© - 50 E,
10 &
=]
o—th . )
o LA — - L0

20 02 08 14 20 02 08 14 20 02 08 14 20 02 08 14 20 02 08 14 20 02 08 14 20 02 08 14
02,thang 8 03,thang8 04,thang8 05, thang8 06, thang 8 07, thang 8 08, thang 8
Thoi gian ( gi&)
Hinh 9. S§ liéu mua quan tric tram do mua Ta Van & thoi diém trudc, trong va sau sy kién truot 16
(Truot 16 xay ra vao khodng 12:00 sang ngady mung 7 thang 8 nam 2023).
3. Két qua va thao luin

3.1. Xdc dinh phdn b6 muec nwée ngam trong mai déc do mua dimg TRIGRS

Theo két qua khdo sat hién truong sau khi xay ra sat 1o dét, trén mat trugt quan sat duoc
nhiéu vi tri bi sting nudc (Hinh 7b), Do do, c6 thé gia thiét rang muc nude ngam tai thoi diém
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khi mua bit du trung v6i ranh giGi gitta 16p phu va bé mit 16p da khong thim (Hinh 7a).
Duéi tac dung cua mua, myc nudc ngam trong mai déc s& c6 xu hudng dang 1én. Két qua
tinh mat do ap dai dién cho phan bd muc nude ngam trong diéu kién thuy tinh dudi bé mit
dia hinh tai thoi diém quan trac duoc trugt 16 s& duoc dung 1am dit liéu ddu vao ciia Scoops3D
trong du bao truot 1o dat.

Tur diéu kién ban dau da thiét lap, két hop véi sb liéu quan tric mua theo thoi gian thuc
(Hinh 9), TRIGRS s& tinh lai su phan bd muc nuéc ngdm. Hinh 10 thé hién két qua tinh phan
bd muyc nude ngam tai thoi diém khi truot 10 xay ra ic 12:00 sang ngay 07/08/2023.

Mwc nwéc ngam (m) 1,009-1,013 [ 1,019-1,024
I 1,004 - 1,008 " 11,014-1,018 | 1,025- 1,030

Hinh 10. Phan bd muc nuée ngﬁm & diém nghién cttu tai thoi diém khi sat truot xay ra lac 12 :00

sang ngay 07/08/2023.

Co thé théy rang trong sudt qua trinh mua, muc nudc ngdm trong mai dbc ¢6 xu huéng
dang cao dan. Tai thoi diém khi sat 10 dat xay ra, duong muc nudc ngam trong mai ddc dang
cao gan nhu tring voi cao trinh mat dat ty nhién. Diéu nay ly gidi nguyén nhan gay ra sy kién

truot lqdat trong thuc té. Phan ‘gep theo, TRIGRS va TRIGRS két hop v6i Scoops3D sé dugce
dung dé tinh toan phan bo hé¢ so an toan 6n dinh mai doc theo khong gian.

3.2. Xdc dinh phdn bé hé sé an toan theo khéong gian

Két qua quan trong nhat cta ca TRIGRS va Scoops3D 12 ban d6 thé hién hé sé an toan
6n dinh truot FS. Hinh 11 thé hién so d6 phan b hé s6 an toan 6n dinh mai doc cho diém
nghién ctru khi @) tinh theo TRIGRS (md hinh mai déc vo han 1D), va b) tinh theo Scoops3D
(md hinh can bang gi6i han 3D). Cac khoang phén loai gia tri FS dugc chia theo TCVN
13346:2021 [22]. Theo do, v6i cac mai déc tiéu chudn duong giao thong nong thon, hé sé an
toan 6n dinh FS = 1,15 1a gia tr ngudng phan biét gitra vung an toan (FS>1,19) va vung
khong an toan (FS < 1,15). Hinh 12 thé hién hinh anh tryc quan vét truot thuc té, ving co
nguy co trugt du bdo boi TRIGRS va Scoops3D.

Két qua tinh trén Hinh 11 cho thiy, ciing nhu cac nghién ctru tung ap dung TRIGRS [2,
13, 18-19, 23] hay Scoops3D [3, 14, 17, 24, 25] aé du bao truot 16 dat, mac du ving khong
an toan tinh toan tai thoi diém truot va vét truot thuc té chua hoan toan khép nhau nhung vé
co ban, ca TRIGRS va Scoops3D déu d3 du bao kha sat vi tri diém truot & tai thoi diém quan
sat théy truot 16, V& mat téng quan, TRIGRS c6 vé du bdo quéa vung bi trugt khi dién tich
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ving dugc xép vao nhom khong an toan rong hon nhidu so v6i Scoops3D. Diéu nay sat véi
logic vé cac gia thiét duoc sir dung khi phan tich 6n dinh mai déc theo mé hinh 1D (TRIGRS)
va 3D (Scoops3D). Chi tiét vé chat luong cua két qua dy bao trugt 16 dat ciia ca 2 mo hinh
s& duogc thao ludn k§ hon trong phan dudi day.

Hé s6 an toan (FS) M <1.15 [ Vét truot thuc t& HE s6 an toan (FS) Bl < 1.15 [ Vét truot thyc té
[ >1.15 [ 1>1.15

Hinh 11. Ban d0 thé hién phan b6 hé sb an toan tinh theo a) TRIGRS va b) Scoop3D theo
khong gian tinh tai thoi diém maéi doc bi sat trong thyc té.

3.3. Pdnh gid két qua tinh todn

Dé danh gia chat luong ctia ban d6 phan bd FS vira du toan, két qua tinh s& duoc so sanh
v6i vét truot thyc té thong qua chi s6 MSR (Modified Success Rate) duoc phét trién boi [26].
Theo d6, két qua trén Hinh 11 14 ban d6 dang raster thé hién phan b hé s an toan theo khong
gian. So sanh giira két qua tinh toan theo 1y thuyét va thuc té vét truot, c6 thé phan nhdm céc
6 ludi trong ban d6 phan bd hé sb an toan (Hinh 11) ra lam 4 ving: 1) sb 6 bi truot thyc té
duoc du doan 1a trugt (AUU); 2) s6 6 trugt thyuc té xay ra trugt (TAU); 3) sb 6 thyuc té an toan
dugc dy béo 12 an toan (ASS); 4) s6 6 an toan thuc té (TAS). Theo d6, nghién ctru [26] dinh
nghia chi s6 MSR nhu sau:

MSR =0,529Y , 0 5455 (9)
TAU

TAS
Trong cong thirc (9), c6 thé thay gia tri MSR thay d6i tir 0,0 dén 1,0. Theo nghién ctru
[26], ban dd du doan FS sé& c6 do chinh xéac cao nhat khi 0,8 < MSR < 0,9. Khi MSR < 0,8,
két qua bi “du doan qua“ (overpredlctlon) ngugc lai khi MSR > 0,9, két qua dy doan 1a thiéu
(underprediction). Bang 2 thé hién két qua tinh chi s6 MSR cho Hinh 11a, 11b.

Bang 2. Két qua tinh ton chi sé MSR (thém 1 dong thé hién Success Rate (SR = AUU/TAU).

Thong b Pon vi Pon vi
(Scoop3D) (TRIGRS)
AUU 677 545
TAU 1621 1621
ASS 3656 3825
TAS 3825 4361
SR 0,42 0,34

MSR 0,69 0,59
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[ Vét truot thuc té
] Vung nguy co truot du bao boi TRIGRS
~ Vung nguy co trugt du bao boi Scoops3D

Hinh 12. Ban d6 ving du b4o nguy co bi truot dét sir dung TRIGRS va Scoop3D trén anh chup tir
thiét bi bay UAV.

Tir két qua trén Bang 2 o thé thiy ca TRIGRS va Scoops3D déu du bao qua so voi vét
truot thuc té. Trudng hop cua TRIGRS 1a du bao qua vé dién tich ving bi truot, con trudng
hop cua Scoops3D la du bao qua vé ving an toan. Tuy nhién, Scoops3D cho két qua dy doan
vé pham vi khdi truot t6t hon khi khoang 42% s6 6 ludi trong khdi truot duoc du doan chinh
X&c so vai cua TRIGRS 1a khoang 34%.

4. Két ludn

Nghién ciru ding TRIGRS va két hop TRIGRS va Scoops3D dé phén tich 6n dinh mai
déc cho khu vue nghién ciru do mua. Trong d6, TRIGRS ngoai viéc dung dé phan tich trugt
10 @it con duoc ding dé tinh sy bién d6i phan bd muc nudc ngam trong tang phu g véi s6
liéu mua thyc do theo thoi gian. Trang thai myc nudce ngam tai thoi diém truot 16 s€ duoc
trich xuat va ding lam mat trong nhitng théng s dau vao ciia Scoops3D dé danh gia on dinh
mai doc. Pé kiém ching chét luong cia mo hinh tinh, ban dd hé s6 an toan du doén theo ca
TRIGRS va Scoops3D dugc so sanh v6i vét truot thyuc té xay ra vao ngdy mung 7 thang 8
nidm 2023 dung chi sé6 MSR.

O thoi diém xay ra truot 16, ca TRIGRS va Scoops3D déu du doan kha t6t vi tri xay ra
truot du két qua du bao 12 “qua” so véi vét truot thuc té. Trudng hop ctia TRIGRS 1a du bao
quéa vé dién tich ving bi truot, con trudng hop cta Scoops3D 1 du bio quéa vé ving an toan.
Tuy nhién, su sai khac trong két qua tinh toan c6 thé do viéc str dung cac gia thiét vé s lidu
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dau vao nhu phan b chiéu day ting phu, phan bd muc nude ngdm & thoi diém ban dau, ciing
nhu phan b chi tiéu co 1y cua tang phu theo khong gian chua hop ly. Ngoai ra, viéc bo qua
dién tién cua khéi truot sau khi sy mat 6n dinh xay ra 6 mot vung cu thé cling c6 thé 1a nguyén
nhan 1am cho Scoops3D su dy bdo qua vé ving an toan hoic TRIGRS du bao qua vé ving
bi truot.

Két qua ctia mé hinh tinh ap dung TRIGRS hay két hop gitra TRIGRS va Scoops3D déu
rat nhay voi diéu kién thdm 6n dinh ban dau ciing nhu do tin cdy cua sb liéu dau vao. Do do,
yéu tb quan trong nhit dé giam sai s6 ctia mo hinh tinh 13 d6 tin cdy cta s6 liéu dau vao va
viéc thiét 1ap diéu kién ban dau. Diéu nay doi hoi khéi luong 16n cac diéu tra hién truong.
bay cling 1a mét trong nhimg nhugc diém cua viéc tmg dung cac m6 hinh ludi vat ly trong
du bao truot 16 dit do mua. Ngoai ra, co thé xay ra tinh huong khi mét vj tri bi sat co thé 16i
kéo cac vi tri khac bi sat theo. Do d0, trong twong lai, van can c6 cac nghién ctru sdu hon dé
danh gia dién tién khéi truot theo thoi gian dé mé ta duge chinh xac ban chat va quy mé thuc
té cua khéi truot.

Dong gop cua tac gia: Xay dung y tuong nghién cou: T.T.V., B.V.V.; Lua chon phuong
phap nghién cuu: T.T.V.,, DV.V,; Xu ly sb liéu: N.D.H., N.H.D.; Phan tich mau: B.V.V.,,
N.H.D.; Liy mau: B.V.V., T.T.V., N.D.H.; Viét ban thao bai bao: B.V.V., T.T.V.; Chinh sira
bai bao: T.T.V.,, N.b.H., N.H.D.

Loi cam on: Bai bao duge thuc hién ¢6 sy hd trg vé mat dit lidu cua Phong thi nghiém Dia
ky thuat- Truong Dai hoc Thuy loi.

Loi cam doan: Tap thé tic gia cam doan bai bao niy 13 cong trinh nghién ciru cia tap thé
tac gid, chua dugc cong bo ¢ dau, khong dugc sao chép tur nhitng nghién clru trude day;
khong c6 sy tranh chap loi ich trong nhoém tac gia.

Tai liéu tham khao

1. Nguyen, H.D.; Nguyen, T.H.; Pham, V.S.; Tran, T.V.; Nguyen, D.H. Proposed
procedure of survey and model application for forecasting flow landslide
susceptibility and hazards - A case study in Tam Chung commune, Thanh Hoa
province. J. Hydro-Meteorol. 2023, 16, 23-37.

2. Nhat, N.V.; Tri, b.Q; Tuyét. QT.T,; Hién, T.D. Nghién ctu ing dung mo6 hinh
TRIGRS mé phong truot 16 khu vuc Lao Cai, Viét Nam. Tap chi Khi twong Thuy
van 2022, 742, 65-74.

3. Tran, T.V.; Alvioli, M.; Lee, G.H.; An, H. Three-dimensional, time-dependent
modeling of rainfall-induced landslides over a digital landscape: A case study.
Landslides 2018, 15, 1071-1084.

4. Tran, T.V.; Hoang, V.H.; Pham, H.D.; Go, S.T. va Vu, H.H. Non-linear, time-variant
approach to simulate the rainfall-induced slope failure of an unsaturated soil slope:
A case study in Sapa, Vietnam. J. Disaster Res. 2021, 16(4), 512-520.

5. Kién, N.T.; Viet, T.T.; Lien, V.T.H.; Linh, P.L.H.; Thanh, N.Q. Landslide
susceptibility mapping based on the combination of bivariate statistics and modified
analytic hierarchy process methods: A case study of Tinh Tuc Town, Nguyen Binh
District, Cao Bang Province, Vietnam. J. Disaster Res. 2021, 16(4), 521-528.

6. Lineback Gritzner, M.; Marcus, W.A.; Aspinall, R.; Custer, S.G. Assessing landslide
potential using GIS, soil wetness modeling and topographic attributes, Payette River,
Idaho. Geomorphology 2001, 37, 149-165.

7. Lu, N.; Godt, JW. Hillslope hydrology and stability. Cambridge University:
Cambridge University Press. Cambridge, 2012.

8. Alvioli, M.; Baum, R.L. Parallelization of the TRIGRS model for rainfall-induced
landslides using the message passing interface. Environ. Modell. Software 2016, 81,
122-135.



Tap chi Khi twong Thity van 2024, 761, 82-95; doi:10.36335/VNJHM.2024(761).82-95 94

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

An, H.; Viet, T.T.; Lee, G.H.; Kim, Y.; Kim, M.; Noh, S.; Noh, J. Development of
time-variant landslide-prediction software considering three-dimensional subsurface
unsaturated flow. Environ. Modell. Software 2016, 85, 172-183.

Casagli, N.; Intrieri, E.; Tofani, V.; Gigli, G.; Raspini, F. Landslide detection,
monitoring and prediction with remote-sensing techniques. Nat. Rev. Earth Environ.
2023, 4,51-64.

Dietrich, W.; Montgomery, D. A digital terrain model for mapping shallow landslide
potential. University of California Berkeley, 1998, pp. 26.

Baum, R.L.; Savage, W.Z.; Godt, J.W. TRIGRS - A Fortran program for transient
rainfall infiltration and grid - based regional slope stability analysis, Version 2.0.
U.S. Department of the Interior: Virginia, 2008, pp. 75.

Mark, E.R.; Sarah, B.C.; Dianne, L.B.; Scott, T.H. Scoops3D—software to analyze
three-dimensional slope stability throughout a digital landscape. United States
Department of Interior. Virginia, USA, 2015, pp. 218.

Tran, T.V.; Hoang, V.H.; Pham, H.D.; Go, S.T. Use of Scoops3D and GIS for the
assessment of slope stability in three-dimensional: A case study in Sapa, Vietnam.
Proceedings of the International Conference on Innovations for Sustainable and
Responsible Mining, Bui, D.T. Editor, Springer Nature Switzerland: Ha Noi, 2020,
pp. 210-229.

Tran, T.V.; Lee, G.H.; Trinh, M. Shallow Landslide Assessment Considering the
Influence of Vegetation Cover. J. Korean Geo-Envir. Soc. 2016, 17(4), 17-31.
Iverson, R.M. Landslide triggering by rain infiltration. Water Resour. Res. 2000,
36(7), 1897-1910.

Srivastava, R. va Yeh, T.C.J. Analytical solutions for one-dimensional, transient
infiltration toward the water table in homogenous and layered soils. Water Resour.
Res. 1991, 27, 753-762.

Taylor, D.W. Fundamentals of soil mechanics. John Wiley and Sons, Inc. New York
1948, pp. 712.

Tran, T.V.; Lee, G.H.; Thu, T.M.; An, H.U. Effect of digital elevation model
resolution on shallow landslide modeling using TRIGRS. Nat. Hazard Rev. 2016,
18(2), 1-12.

Salciarini, D.; Godt, J.; Savage, W.; Conversini, P.; Baum, R.; Michael, J. Modeling
regional initiation of rainfall-induced shallow landslides in the eastern Umbria
Region of central Italy. Landslides 2006, 3(3), 181-194.

Tran, T.V.; Thu, T.M.; Lee, G.H.; Oh, S.; Van, N.T.H. Effect of extreme rainfall on
cut slope stability: Case study in Yen Bai City, Viet Nam. J. Korean Geo-Envir. Soc.
2015, 16(4), 23-32.

Téng Cuc Pudng Bo Viét Nam. TCVN 13346:2021: Cong trinh phong chng dat sut
trén duong 6 t6 - Yéu cau khao sat va thiét ké. Bo Khoa hoc va Cong ngh¢: Bo Giao
thong van tai, 2021, tr. 34.

Tran, T.V.; Lee, G.H.; An, H.; Kim, M.S. Comparing the performance of TRIGRS
and TiVaSS in spatial and temporal prediction of rainfall-induced shallow landslides.
Environ. Earth Sci. 2017, 76(8), 1-16.

Nhu, V.H.; Duong, B.V.; Vu, H.D. 3D slopes stability modeling for landslide early
warning design at Halong city area. Journal of Mining and Earth Sciences 2019,
60(6), 31-41.

Marin, R.J.; Jaramillo, G.R. Landslide susceptibility assessment using the Scoops3d
model in a tropical mountainous terrain. Ingenieria Y Ciencia 2021, 17(33), 71-96.
Huang, J.C.; Kao, S.J. Optimal estimator for assessing landslide model performance.
Hydrol. Earth Syst. Sci. 2006, 10(6), 957-965.



Tap chi Khi twong Thity van 2024, 761, 82-95; doi:10.36335/VNJHM.2024(761).82-95 95

Application of TRIGRS and integration of TRIGRS with
Scoops3D in rain-induced landslide prediction

Do Van Vung?, Nguyen Duc Ha?, Nguyen Huy Duong?, Tran The Viet**

! Department of Civil Engineering, Thuyloi University; dovanvung.tl@gmail.com

2 VViet Nam Geological Department (VGD); nh14vn@gmail.com

% Vietnam Institute of Geosciences and Mineral Resources;
nguyenhuyduong112358@gmail.com

* Department of Civil Engineering, Thuyloi University; trantheviet@tlu.edu.vn

Abstract: This study introduces the TRIGRS and Scoops3D software in the prediction of
rainfall-induced landslides. In this regard, TRIGRS was not only employed for landslide
prediction but also used to simulate the distribution of the groundwater level within the soil
cover layer over time. Subsequently, Scoops3D utilized the calculated distribution of
groundwater table to assess the three-dimensional stability of the slope in the research area.
The proposed method was applied to analyze a landslide occurrence around noon on August
7,2023, in the Muong Hoa Valley - Sapa town. The results indicated that both TRIGRS and
Scoops3D accurately identified the location of the landslide at the observed time of landslide
occurrence. However, they overestimate it. TRIGRS overestimated the sliding area, while
Scoops3D overestimated the safe zone. The alignment between the actual landslide scar and
the hazard zone predicted by Scoops3D was better, with a matching rate of 42%, compared
to TRIGRS, which had a matching rate of approximately 34%. Discrepancies in the
computational results may be related to assumptions regarding input data and initial
conditions before rainfall. Therefore, for regions with sufficient computational data, the
proposed method will be a powerful tool in predicting rainfall-induced landslides.

Keywords: Landslide; TRIGRS; Scoops3D; Groundwater table; Slope stability.



