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TOM TAT

Truot 16 1a mét trong nhiing tai bién dia chét phé bién xuét hién & cac khu vue doi nai giy ra nhiéu thiét hai vé
kinh té va sinh mang con ngudi. Tai Viét Nam, trugt 16 da xay ra tai mot s6 khu vuc hd chita nude gdy anh huéng
t6i an toan cong trinh hd va dap. Bai bdo nay trinh bay két qua mé phong khéi truot 16n gy ra do mua tai hd
chtra nue Van Hoi, x3 An Tin, huyén Hoai An, tinh Binh Dinh st dung thiét bi cit vong (ICL-2) va m6 hinh
may tinh LS-RAPID. Két qua thi nghiém ct vong trén mau dét S1 cho thiy, su gia ting cta ap luc nude 16 rdng
hinh thanh do mura 16n 14 nguyén nhéan chinh gy ra truot 16 mai déc tai hd chira nude Van Hoi. Trong thi nghiém
nay, hé s6 ap luc nudc 16 rong gdy ra truot 16 1 1,=0.63, day 1a gia tri t6i han dugc st dung dé mé phong khdi
truot 16n tai hd Van Hoi gdy ra do mua trong phan mém LS-RAPID. Viéc md phong thanh cong toan bd quéa
trinh hinh thanh va dich chuyén cta khéi truot 16n sir dung chuong trinh tich hop cua thiét bi cit vong va mo
hinh LS-RAPID c6 ¥ nghia thyc tién trong viéc danh gia nguy co va rii ro trugt 16 xay ra tai Viét Nam.

Tir khéa: Truot 16; mua; ap luc nudce 18 rdng; thiét bi cit vong; mé hinh LS-RAPID.

1. Pit van dé

Truot 16 & khu vuc hd va dap chua nudc (tam goi la truot 16 hd dap) noi dén su trugt cua cac mai doc
vao trong khdi nude long hd, hién tugng nay xuét hién & thugng Iuu hodc vung 1an cén cac hd chira nude.
Truot 16 hd dap thuong gay ra do viéc tich nudc véi thé tich 16n, hodc do su rat nudc dot ngot, do mua,
dong dét hodc su két hop ciia cac nhan té di dé cap. Truot 16 hd dap khong chi gy ra cac mbi de doa t&i
con ngudi va co s¢ ha ting xung quanh ho chira nwde, ma né con c6 thé phat sinh ra cac tai bién thir cp,
nhu (1) sy chay tran ctia dap do séng nudc phat sinh badi sy trugt 16; (3) vo dap va 1 ¢ ha luu; (3) sy giam
kha nang tich trit cua hd (Costa vaSchuster, 1987). Pa co nhiéu tham hoa truot 16 hd dap da dugc bao cao
trén thé gidi, vi du nhu thim hoa trugt 16 gy ra song than trong hd Vajont lay di khoang 2.000 sinh mang
6 Ttaly nim 1963 (Igbal va nnk, 2017); va tham hoa truot 1 Qianjiangping gay séng than trén ho Tam Hiép,
Trung Qudc 1am chét 24 nguoi nam 2003 (Jian va nnk, 2014).

Viét Nam c6 khoang 640 dap kich thudc trung binh dén 16n trong tong s6 hon 7,000 hd va dap chira
nudc, 1a mot trong nhitng noi c¢6 hé thdng dap 16n nhit trén thé gidi (Amos va nnk. 2017). Theo thong ké
cua nhom tac gia, trugt 1o da xay ra tai mot s6 khu vuc hd chira nude trén ca nude, nhu tai hd thuy dién
Hoa Binh, hd thuy dién Ban V&, ho thily dién Nam Non, ho thiy dién Ban Ang, hd thay dién Huong Dién,
hd chtra nude Van Hoi va hd chira nude Cira Pat. Mic du vay, chua co nhiéu nghién ctru vé hién tuong
nay, dic biét 1a thir nghiém vat Iy va mo hinh s truot 16 gay ra boi sy gia ting ap luc nude 16 rdng hinh
thanh do mua 16n. Trong bai bao nay, két qua nghién ciru so bd mé phong khdi truot 16n gdy ra do mua tai
hd chtra nude Van Hoi, tinh Binh Pinh dugc trinh bay.

1. Gio6i thiéu khu vee nghién ciru

Ho Van Hoi xay dung trén sudi Cai - 1a mot nhanh nho ciia song An Lo, c6 dung tich thiét ké 14,5 triéu
m® nude, duoc chinh thirc dwa vao van hanh tir ndm 2003. Vi tri cong trinh tai thon Van Hoi, xa An Tin,

" Tdc gia lién hé
Email: phamtiengtvt@gmail.com
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huyén Hoai An, tinh Binh Dinh, ndm cach T.P Quy Nhon vé phia Tay Bic 100 km va cach cau Bong Son
trén Quéc 16 1A vé phia Tay 20 km. Dién tich Ivu vyc cia hd chtra nude 1a 38 km?. Hd chtra nude cd nhiém
vu tudi nude cho 1.100 ha dién tich d4t nong nghiép ctia huyén Hoai An va bd sung khoang 5,0 triéu mét
khéi nuée cho hé théng dap Lai Giang phuc vu tudi 1.006 ha vao vu Heé Thu va BPong Xuan.

Do anh huong cua khong khi lanh két hop voi nhidu dong déi gid dong, tir ngay 12 dén ngay 17/12/2016
trén dia ban tinh Binh Dinh xudt hién dot mua 16n. Vao khoang 05 gio sang, ngay 16/12/2016, tai hé chira
nuée Van Hoi mua 16n va kéo dai da lam xudt hién hién twong truot 16 tai mot s vi tri, trong d6 ¢6 khdi
truot 16 quy mo 16n ndm trén mai déc thuong luu bo trai dap (Tien va nnk, 2021). Vi tri trugt 16 cach cac
ctra tran xa 1t khoang 300 m. Khéi truot dd gdy ra mot tiéng nd 16n, tao nén cot song nudce cao khoang 15-
20 m tran qua dinh dap va nha quan 1y van hanh. S6ng nudc va vao dap va tran xa 10 da lam hong toan bo
cong truc, phai phy, lan can va hong hoan toan dudng 0 ong dan dau thay luc ctra tran so 03, 1am cua tran
dong sap xudng khong kéo 1én duge. Khi d6 cira tran s6 01 va s6 02 dang mé diéu tiét nhung khong van
hanh mo thém dugc. Bénh canh d6, hé thong dudng day dién phia ha luu dap bi hong hoan toan 400 m day,
d6 gy hoan toan 02 try va ntt giy 05 tru (trong d6 co tru tai tram ha thé). Sy ¢b truot 1& gdy song than nay
khong chi gay ra thiét hai cong trinh rat 16n vé kinh t& ma con 1am anh hwong téi qua trinh van hanh ctia
hd chtra nude Van Hoi. Vi tri khu vuc nghién ctru, hinh anh khéi truot 16n va hinh anh phé hoai cong trinh
tai hd Van Hoi duoc thé hién trong Hinh 1.

(b)

Hinh 1. (a) Vl tri khu \-/u“c nghién ciu va dnh Googlg Earth cia ho Va Hoi, (b) Hinh danh khoi truot 1om
gdy song than, va (c) Phd hoai bo ke ho Van Hoi, (Anh dwoc cung cap tir Vién Dao tao va Khoa hoc iing
dung mién Trung, Pai hoc Thuy Loi)

Khdi trugt 16n duge khao sét chi tiét ‘ngoai thyuc dia, trong do6 ¢6 st dung thiét bj khong ngudi lai (UAV)
Phantom-3 Professional. Chidu dai khéi truot 16n 12 gin 510 m, tir dinh khéi trugt cho dén tan mép hd.
Chiéu rong 300 m tai chan khdi truot va 120 m tai dinh khdi trwot. Chiéu siu trugt 16n nhat khoang 25 m.
Khdi trugt udce tinh cé thé tich khoang 600.000 m’. Dia chat khu vue nghién ctru duge déc trung véi da
bién chit quaczit, d granit, da phién thach anh biotit thudc hé taing Kim Son. Cac d4 c6 cdu tao dang khéi,
trén mat bi phong hda va nit né. Khao sat hién truong cho thay, khu vuc khi trugt 16n c6 cau tao gdm 04
16p dét: (1) Lop suon tich: Chiéu day tir 0.5 d@én 1 m, chira nhiéu san phdm hitu co; (2) lop dat phong hoa
manh dén hoan toan, 14 san pham phong hoéa clia da bién chat, c6 mau xam vang, xam sam, xam xanh voi
chiéu day phong hoa day tir 2 dén 15 m; (3) da bién chat phong hoa nhe dén trung binh nam trén d4 goc voi
chiéu day 5 dén 10 m; va (4) da gbc 12 da bién chat c6 cu tao dang khdi. Mot s6 dac diém cia khoi truot
16n tai hd Van Hoi duogc thé hién trong Hinh 2.
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(b)

Hinh 2. (a) Anh chup UAV va (b, ¢) ddc diém dia chat ciia khoi truot Iom tai ho Van Hoi

2. Phwong phap nghién ciru

Trong nghién ctru nay, khao sat hién truong dugc tién hanh dé danh gia mot sb dic diém cua khdi truot,
ddc biét 1a ddc diém vé dia hinh va dia chat. Sau d6, thiét bi cit vong ICL-2 va mo hinh LS-RAPID dugc
stt dung trong nghién ctru nay dé mé phong truot 1¢ hinh thanh do mwa (Sassa va nnk, 2010 and Tien va
nnk, 2018). Trong thir nghiém cét vong mod phong mua gay trugt 16, cac ing suét do trong luc va ap luc
nuéce 16 rdng tac dung 1én mau dét S1 thu thap tai hién truong dwoc md phong theo didu kién gan véi thuc
té nhat. Co ché truot 16 hinh thanh do sy ra ting ap luc nude 16 rdéng dwoc giai thich nhu sau: Khi ap luc
nuéce 16 réng & mit truot gia ting (do mua 16n kéo dai hodc do sy ra ting muc nude ngdm) s& lam suy giam
strc khang cit cua dat. Khi stc khang cét ctia dat suy giam (tr=c + (c- u)*tan ®) va co gia tri nho hon lyc
cit do anh huéng cua goc nghiéng dat dén gia tri t6i han (1o = m.g.sin 0) s& gy ra truot dit. Hinh anh vé
thiét bi mo phong cat vong tai trong dong khong thoat nude (ICL-2) va nguyén Iy mé phong truot 16 do
mua duoc thé hién tai Hinh 3.

Trong khi d6, mé hinh s6 LS-RAPID (Sassa va nnk, 2010) tich hop cac thong sé do dac tir thir nghiém
cit vong dugc sir dung dé mé phong lai toan bo qua trinh hinh thanh va dich chuyén cua khéi trugt. Trong
mo hinh LS-RAPID sir dung céc chi tiéu co li ciia mau dat léy tai mat truot cua khéi truot 16, duoc xac dinh
trong thir nghiém trén may cat vong & diéu kién thi nghiém khong thoat nudc. Chi tiét vé mo phong trugt
16r str dung thiét bi cét vong va mé hinh LS-RAPID dugc trinh bay béi (Sassa va nnk, 2010).

(b) ads
\~'°°°'Q
€ R
53 e O
5 & ;
2 9 ,(6‘ /" Nuwéc ngam ting ! o7
® - ~ (Trwot sau :
iy we
= R
¢ 0 (Trrot nong) :
0 " . Os
Ung suatphap ¢6 hiéu

O, =m. g. cosB, T, = m. g. sin®

Hinh 3. (a) Thiét bi cat vong ICL-2, gom hé thong theo doi toan b qud trinh thi nghiém (1), hé thong
diéu khién (2), va thiét bi mé phong chinh (3), va (b) co ché truot dat do sw gia ting muwc nwée ngam gy
ra boi mua (Hinh sia tir Sassa va Khang, 2018)
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3. Két qua mé phéng cit vong va mé hinh may tinh LS-RAPID
3.1. Mo phong cat vong trwot I¢ gdy ra do muwa

Thi nghiém cit vong mo phong vat 1y su hinh thanh khéi truot xay ra do muwa 16n dugc thyc hién trén
mau S1 dugc trinh bay trong Hinh 4. Trong diéu kién ty nhién, mai doc ¢ trang thai ty nhién c6 Gmg suét
phap 6= 400 kPa va g . suat tiép =155 kPa. Ap luc nuéc 15 r6ng dugc gia ting dan dan véi toc do 1kPa/
gidy dén khi pha hoai mau. Két qua thi nghiém cho thay v6i mau S1, goc ma sat dinh la 42.8°, stc khang
cit du dat gia tri 48 kPa (Hinh 4b). Gia tri ap lyc nude 16 rong gy ra pha hoai mau la 250 kPa, twong ting
v6i hé s6 ap luc nude 16 rdng t6i han 1a 1,=0.63.

400 10000 400

Normal stress - |
350 | | | | (a) / F 9000 _ (b)
2 _ L s000E 2
> 300 | l: JE B E 2300 |
Z —f 7002 &
& i Tteog &
= y j 3 =
200 - - - | L 50002 500
= Shear stress | | - Z
F 150 | | | 4000§ =
2 /| | 30007
§ 100 T I ~ IOODE 100 |
= ' ] 1 b 1000% s
v - -0 0 | 1
0 100 200 300 400 500 600 0 100 200 100 400
Time (sec) Normal stress (kPa)

Hinh 4. Két qua mo phong truot 16 gdy ra do muwa trén mau dat S1: (a) Biéu do quan trdc img sudt,
chuyén vi theo thoi gian va (b) biéu do dwong umng suat trong thi nghiém cat vong

3.2. M6 phéng sé khoi trwot 6n gdy ra do mwa siv dung mé hinh LS-RAPID

Qué trinh hinh thanh khdi truot 1on Van Hoi duge mo phong lai bang mo hinh LS-RAPID. Trong md
hinh tinh toan, dit liéu dia hinh cao d6 sé d6 phan giai 5-m duoc xay dung bang phin mém Agisoft
Photoscan v6i cac anh chup khdi truot sir dung thiét bi bay khong nguoi 1ai. Dir lidu dia hinh mé phong
gdm dia hinh mat dat trude khi sat 10 va dia hinh mit truot. O ddy, dia hinh mat truot dugc xay dung va
udc tinh cé dugce tur viée chup va phan tich khong dnh. Dt liéu DEM trudce vu 16 dét duge thu thap tu dir
lidu dia hinh qudc gia c6 do phan giai 5 m.

Céc thong s sir dung trong md hinh LS-RAPID gom hé s6 ap luc bén (k), sirc khang cit du tai trang
thai 6n dinh (ts) va gia tri ciia chuyén vi cat giéi han (DL, DU) (Sassa & nnk. 2010). Trong mé hinh md
phong khéi truot tai Van Hoi, cac thong sé dat (Bang 1) da duoc lya chon dua vao két qua thi nghiém va
ngubn tham khao tir tac gia Sassa & nnk. (2010). Su ting myc nude ngam trong mé hinh nay dwgc biéu thi
bang hé sb ap luc nude lo rong (ru), hé sé ndy duoc ting dén gi tri 0,6, day 1a gia tri dwoc lya chon dua
vao két qua thir nghiém cit vong va két qua mé phong thur nghiém trén m6 hinh LS-RAPID cho khéi truot
tai hd Van Hoi. Trong d6, khoang thoi gian ting hé sé ap luc nudc 16 rdng duoc thiét 1ap 1a 120 gidy va
thoi gian dé dat gia tri 10n nhat cta ru 1 20 gidy. Két qua moé phong khéi trwot 16 Van Hoi dugc thé hién
trén Hinh 5.

Bdng 1 Cdc thong sé ciia dit sir dung trong mé hinh mo phong LS-RAPID

Céc thong s6 md phong trugt 16 Gia tri
Trong luwgng don vi cia miu dét (yr, KN/m?®) 19.5
Trong lwong don vi cuia nuée (yy, kN/m?) 9.81
Hé sb ap luc bén (k=01/0.) 0.3-0.6
Hé sb ma st bén trong khéi truot (tan ¢;) 0.58
Hé sb ma sat trong qué trinh dich chuyén (tan @u) 0.68
H¢ s6 ma sat cuc dai doc mat truot (tan ;) 0.78
Cuong d6 khang cét du trang thai on dinh (z,, kPa) 20-50
Téc do phat sinh ap lyc nude 16 rong (Bys) 0.6-0.98
Hé sb ap luc nudce 16 rdng (r,) 0.6
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Khu vyc mau cam va do thé hién cho khu vyc xdy ra truot 16. Két qua cho thdy mai déc phia trén ho
Van Hoi van 6n dinh khi hé sb ap luc nude 16 rdng nho hon 0.6. Khi hé s6 ap luc nude 15 rong (r,) dat 0,6
tai 20,0 gidy, hu hong bét ddu xuét hién & gitra mai déc (Hinh 5b). Sy pha hiy va dich chuyén cua mai dbc
tiép tuc phat trién va toan bg khu vuc truot 16 sau d6 duoc hinh thanh. Vat liéu truot 16 di chuyén va tich
tu dudi long hd, ndm phan bé tir chan mai déc dén khu vuc rong doc theo phan chén dap bé tong. Theo két
qua mé phong, tée d6 dich chuyén cia khdi truot 16n nhét dat 47,5 m/s (Hinh 5¢). Khéi truot dich chuyén
hoan toan vao 1ong hd (Hinh 5e) va ding lai sau 98 gidy (Hinh 5f).

U 1 0.0 mvvee  Vimare : 0.0 méses

Mot P i () 0, Cormet 4700

()

v., u) Time : 21.0
e \m\ 13u

Mot Fart S (5 4V, et 90808

(b)

=

Step : 21353 Time : 97.0 se:
Uz : 0.3 m Vimts - 0.2 mv'see

Sotve Fant S () €080, Cumat 11D 11

(d)

Step : 9645 Time - 430 yee
Vo - 20,5 ow'see Viax - 475 nw'see
W P B ) $0ME s WWOEE

(©

Hinh 5. Két qua mo phong khoi truot 1om tai ho Van Hoi

4. Két qua va thao luin

Nghién ctru nay trinh bay két qua nghién ctru so bd mo phong lai dién bién hinh thanh khdi truot 16n tai
ho chira nude Van Hoi. Két qua md phong cho thdy, sy gia ting clia ap luce nude 16 rong 1a 1 nguyén nhan
gdy ra truot 16. Trong thi nghiém cét vong gid tri cua ap lyc nude 16 rong gy ra pha hoai mau la 250 kPa,
tuong g véi hé so ap luc nude 16 rong 1a r,=0.63. Trong md hinh LS-RAPID, trugt 15 gay ra do su ting
ap luc nude 16 rong dich chuyén rat nhanh vao trong 10ng hd véi vén tde 16n V=47.5 m/s. Sy dich chuyén
nhanh ciia khdi trugt xudng 1ong hd chinh 14 nguyén nhan lam phat sinh hién twong séng than gay anh
hudng toan bd khu vuc ha luu dudi dap Van Hoi. Két qua nghién ctru dat duoc va viéc ap dung thiét bi cit
vong ciing nhu mo hinh may tinh LS-RAPID c6 y nghia thuc tién trong viéc danh gid nguy co trugt 16 do
mua tai Viét Nam.
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ABSTRACT
Simulating a rainfall-induced deep-seated landslide in Van Hoi
reservoir, Binh Dinh province

Pham Vian Tien'?", Le Hong Luong?, Tran Thanh Nhan*, Dao Minh Duc!, Nguyen Quoc Phi’,
Nguyen Chau Lan®, Dinh Thi Quynh?, Tran Trung Hieu!, Nguyen Duc Anh!, Tran Nguyen Huu Nguyen*,
Nguyen Thi Mai Huong®
I Institute of Geological Sciences, Vietnam Academy of Science and Technology
2 Institute of Geotechnology and Environment, Hanoi, Vietnam
3Institute of Transport Science and Technology
4 University of Sciences, Hue University
2 Hanoi University of Mining and Geology
S University of Transport and Communications

Landslides are one of the geo-hazards, which often take place in mountainous areas, causing a lot of
human and economic losses. In Vietnam, landslides have been threatening the safety of reservoirs and
dams in many reservoir areas. This paper presents the simulation of a rainfall-induced deep-seated landslide
in Van Hoi reservoir, An Tin commune, Hoai An district, Binh Dinh province using ring shear apparatus
(ICL-2) and computer model LS-RAPID. Test results from the ring shear apparatus on soil sample S1 show
that the increase of pore water pressure built-up from heavy rain was the main triggering factor of the
landslide. In this experiment, the pore water pressure ratio triggering the sliding is r,=0.63. This critical
value as an important input then was used in the computer model LS-RAPID in order to simulate the
initiation and motion of the Van Hoi landslide. By using an integrated model of ring shear apparatus and
the LS-RAPID program, the study is very helpful for landslide hazard and risk assessment in Vietnam.

Keywords: landslides; rainfall; pore water pressure; ring shear apparatus; LS-RAPID.
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