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Danh gia anh hudng cua dong dat dén kha nang xuét hién truot 16
tai khu vuc ho chira thuy dién Lai Chau

Pham Vin Tién'*, Pham Thé Truyén?, Tran Van Phong!, Tran Trung Hiéu', Nguyén Qudc Phi’,
Nguyén Vin Duong?, Ha Thi Giang??
1 Vign Dia chdt — Vién Han lam KH&CN Viét Nam
2 Vign Vat Iy dia cau, Vién Han lam KH&CN Viét Nam
3 Trwong Pai hoc M6 - Pia chit

TOM TAT

Trong khoang vai nam tro lai day, cic tran dong dat di xay ra thuong xuyén tai cac khu vuc ho thuy dién
tai Viét Nam. Bén canh anh huong do dong dat, su xuit hién cac tai bién thi cép cua dong dit, nhu truot
16 dat d4 do rung dong dia chan ciing 14 nguy co gay thiét hai vé tai san va con ngudi. Bai bao nay trinh
bay mot vai két qua nghién ctru so bd vé anh hudng cua dong dat dén kha nang xuat hién truot 16 tai khu
vuc ho chira thity dién Lai Chéu str dung phan mém mé phong LS-RAPID. Trong mé hinh, dir lidu séng
dong dat tir tran dong dat Muong Té (M = 4.9) ngay 16/06/2020 duoc str dung cling voi gia tri gia dinh ciia
hé s6 ap luc nude 16 rdng (r,) trong cac mai doc tai khu vue nghién ctru. Két qua so bo cho thdy, trong didu
kién khong c6 mua hodc mai déc chua bi bdo hoa (r,<0.44), dong dat M4.9 it c6 kha ning gay ra truot 16.
Trong khi d6, & diéu kién mai déc bao hoa gin nhu hoan toan r,=0.48-0.5, gia tbc song dong dat cuc dai a
~15-26 gal tac dong truc tiép 1én mat truot s& ¢ thé kich hoat su xuét hién hién tuong truot 16. Viéc danh
gia chinh x4c anh huong cua dong dat dén kha nang trugt 16 dat s& can dugc thyuc hién chi tiét hon voi sy
bd sung cua céc dit liéu quan tric vé dia chat cong trinh va dia chét thily vin tai khu vuc nghién ciru trong
tuong lai.

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

1. Pit van dé

Trén thé gidi, da co nhiéu tham hoa truot 1& gdy ra do dong dét, vi du tham hoa truot 16 tai Las Colinas
gdy ra do dong dat tai E] Salvador xay ra ngay 13/1/2001 di cudp di sinh mang ctia gan 500 nguoi va hang
chuc ngdi nha bi pha hdy; tham hoa truot 16 (1.300 diém trugt) do dong dét tai Kashmir, Pakistan ngay
8/10/2005 (M=7,6) xay ra trén mot khu vuc rong 16n lam 26.500 ngudi chét; tham hoa truot 1o dat da
(9.270 khéi trugt) gy ra do dong dat Chi-Chi, Pai Loan (M=7,6) lam 2.400 ngudi chét va hon trim ngan
ngdi nha bi pha hiy va hu hai; tham hoa trugt 16 (w6e tinh hon 15.000 khéi truot) do dong dat M=7,9 xay
ra ngay 12/5/2008 tai Tt Xuyén, Trung Qudc lam chét khoang 20.000 nguoi; va su kién truot 16 dat da do
tran dong dat magnitude 6.7 xay ra vao thang 11/2018 tai dao Hokkaido, Nhat Ban 1am 41 nguoi chét (Shou
va nnk, 2003; Petley va nnk, 2006; Osanai va nnk. 2019). Trong cac tham hoa nay, truot 16 dét da kich hoat
boi dong déat khong nhiing gdy thiét hai nang né vé ngudi ma ching con gy pha hiy néng né vé tai san vat
chat tai nhiéu cac cong trinh hd va dap chira nude. Pién hinh nhu trén dong dét Iwate-Miyagi Nairiku xay
ra vao nam 2008 kich hoat sy hinh thanh ctia khdi truot sdu quy mé rat 1on véi thé tich 67 triéu m3 da gay
anh huong nghiém trong dén sy an toan cua hd chira nudc Azatozawa (Setiawan 2017). Trugt 16 noéi chung
cling nhu truot 1o xuét hién tai khu vuc hd chira nuée thudng gay ra do nhan t6 muwa hodc dong dét hodc su
két hop cuia cac nhan td nay (Sassa va nnk, 2009). Ngoai ra, truot 16 tai mai déc ven hd co thé gay ra do
viée tich nudc véi thé tich 16n, hodc do sy rat nude dot ng6t (ICOLD 2000).

Tai Viét Nam, trong vai nim gan day, cac tran dong dat da xay ra thuong xuyén tai cac khu vyc thiy
dién, nhu tai khu vic hd thiy dién Lai Chau va hd thuy dién Séng Tranh 2. Ngay 16/06/2020 khu vuc x3
Mudng Té, huyén Muong Té, tinh Lai Chau da hung chiu nhimg rung dong manh do trén dong dét M=4.9
gdy ra. Tran dong dat nay da gay chén déng manh cép 7 tai vung chén tAm va gdy chan dong tur cap 4 dén
cép 6 (MSK - 64) & khip cac xa va huyén 1an can. Tran dong dat khong chi lam niit v& mot s nha dan,
truong hoc, va bi thuong nhe mot so ngudi dan tai ving chan tim dong dat ma con lam nhan dan quanh
khu vuc huyén Muong T¢é hoang mang va lo sg. Ban dd vé khu vuc nghién curu, vi tri chén tam, dir liéu gia

*Tdc gia lién hé
Email: phamtiengtvt@gmail.com
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toc song dong dat (PGA, gal) thu nhén tai 03 tram NNU (gan thuy di¢n Lai Chau), MTE (tai thi trin Muong
T¢) va VNO1 (gan Pac Ma) va mét sO hinh anh pha hiy cuta tran dong dat dugc thé hién trong Hinh 1.

'm_'-?'u'g 1u_"]ls'n“; i.n:'iltll'\’l: LO:'!ISD’I:, 103 ?'II'E lUj'llﬁ'U": —AccHHE —AeccHHN — AccHHZ

(b):
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Hinh 1. (a) So dé chin tam cac dw chan déng ddt tir ngay 16/06/2020 dén 16/07/2020 khu vue huyén
Muong Té va vi tri mét s6 tram quan trdc tai thiee dia, (b, ¢, d) dit liéu gia toc séng dong dit (PGA, gal)
thu nhan tai 03 tram, va (e, f, g) la hinh anh phd hiy nha ddn do tran dong dat

Bén canh anh huéng do dong dét, su xuét hién céc tai bién thir cép cua dong dét, nhu truot 16 dat da do
rung dong dia chin ciing giy nguy hiém khong kém tac dong tryc tiép ctia dong dat, va mirc d6 anh huéng
clia cac tac dong nay trén pham vi rong hon va thoi gian chiu anh hudng c6 thé 1au hon. Nghién ctru truot
16 d3 duoc thuc hién tir rat lau tai Viét Nam. Tuy nhién, hau hét cac nghién ctru nay chua dé cap, khao sat
va danh gia chi tiét trugt 16 gy ra do rung dong dia chén trong cac tran dong dat. Chinh vi vy, bai bao nay
tap trung vao viéc nghién ctru, ddnh gia anh huéng cia dong dat dén kha nang trugt 16 dat & khu vuc ho
chira thity dién Lai Chau, trong d6 sir dung dir lidu song dong dét tir tran dong dat Mudng Te (M = 4.9)
ngay 16/06/2020.

2. Giéi thiéu khu vwe nghién ciru va phwong phap nghién ciru
2.1. Gioi thi¢u khu vuwe nghién ciru

Khu vire nghién ctru - hd chira thity dién Lai Chau, 13 cong trinh trong diém qudc gia dugc xay dung trén
dong chinh song Pa tai thi trin Nam Nhan, huyén Nam Nhun, tinh Lai Chau, Viét Nam. Thuy dién Lai
Chau 1a cong trinh thuy dién 16n thir ba ciia Viét Nam, xép sau cac Cong trinh Thuy dién Son La va Thuy
dién Hoa Binh. bay la cong trinh thuy dién khong nhirng 6 vai tr0 quan trong trong V1ec phat trién dién,
cép nudc cho dong bang song Hong vé mua khé ma con tao co hdi phat trién - kinh t& xa hoi hai tinh Lai
Chau va Dién Bién, dam bao an ninh quic phong khu vuc Tay Bic.

Khu vyc hé chira thuy dién Lai Chau va vung lan cén thudc huyén Nam Nhun va Muong T¢ c6 dia hinh
nui cao, phan cit manh, d6 ddc 16n va chiu anh hudong manh cia d6i dit gdy Song Da, dut giy Mudng Té
va dirt giy Dién Bién-Lai Chau. Khu vic ndy c6 cdu tric dia hinh phirc tap véi cac diy, khdi nui thap-trung
binh- cao, thung liing sau. Pay la vung bi anh hudng manh mé bdi cac hoat dong dut gay kién tao. Dia chit
ctia khu vuc thude phtrc hé Pién Bién Phu va cic hé ting nhu song Da, Nam Ma, Nam P6. Vi diéu kién
dia hinh va c4u tric dia chit nhu vay, khu vuc thuy dién Lai Chau thuong xuyén chiu anh huéng nghiém
trong cta hién tuong truot 16, dic biét nguy co truot 16 ngiy cang gia ting do sy xuat hién thuong xuyén
cua cac tran dong dat.

Viéc danh gia anh huong ciia dong dat dén kha ning trugt 16 dét & khu vuc hd chira thuy dién Lai Chau
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duoc tap trung vao khu vuc nhd gén khu vuc cong trinh hd va dap thuy dién Lai Chau (Hinh 2). Dya vao
khao sat thuc dia va két hop véi giai doan anh vé tinh dg phan giai cao, nhom tac gia da xac dinh dugc 118
diém truot 16 tai mai déc ven hd va mai doc 1an can khu vuc thugng luu hd thuy dién Lai Chau. Day 1a
nhitng vi tri d xay ra truot 1 va c¢6 nguy co cao tai hoat dong va gy anh hudng t6i hd chta thuy dién.

||||| 3T 3T0% e 107 W0%

. i

B
iem truot 1o khu viee ho chira thuy dién Lai Chdu
va hinh anh mot so khoi truot long ho thuy dién

2.2. Phwong phap nghién ciru

Dua vao tai liéu da c6 nhu cac bao cdo, ban dd dia hinh, dia chat, cac cong viéc khao sat thyc dia duoc
thuc hién nham thu thap va bd sung cac dit liéu vé truot 16 trong khu vyc nghién ctru. Viéc danh gia anh
hudng ctia dong dat dén kha nang truot 1o dét & khu vuc hd chtra thuy dién Lai Chau dya vao phan tich Kkét
qué ctia md hinh may tinh LS-RAPID. Trong d6, phin mém LS- RAPID dugc thiét ké d¢é mé phong co ché
hinh thanh va chuyén dong cua khdi truot gy ra boi dong dat, mua 16n hodc anh huong két hop cua mua
va dong dat (Sassa va nnk, 2010 va 2018; Tien va nnk, 2018). Co ché mé phong truot 16 gay ra do dong
dét hodc/va lwong mua dugc thé hién trong Hinh 3. M6 hinh LS-RAPID di dugc ap dung thanh cong dé
nghién ciru vé co ché va qua trinh hinh thanh va dich chuyén ciia cac khi trugt gy ra boi mua hay dong
dat, vi du nhu khdi trugt sau do mua va dong dét tai lang Leyte, Philippines (Sassa va nnk, 2010); khoi
truot do dong dat tai tinh Kumamoto (Khang va nnk, 2016).

Trong nghién ctru nay, dit lidu song dong dat dugce sir dung 1am thong sé chinh dé nghién ciru anh huéng
ctia dong dat dén kha nang xuét hién truot 16. Dir liéu song gia toc cla tran dong dat xay ra vao ngay
16/6/2020 tai tram NNU, MTE va VNO1 dugc sir dung trong m6 hinh LS-RAPID (Hinh 4).

1Ty T

4 seismic stress

Shear stress (1)

c
0

Ty

Effective normal stress (o-u)

Hinh 3. Nguyén Iy mé phong truot lo do mwa va dong ddt (Sassa & nnk. 2018)
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Hinh 4. Dir liéu gia toc séng dong ddt ctia trgn dong dat xdy ra vao
ngay 16/6/2020 dwoc thiet lap trong mé hinh LS-RAPID

M6 hinh LS-RAPID m6 phong trugt 16 tai khu vuc thuy dién Lai Chau st dung dit li€u dia hinh véi do
phan giai 12.5 m tir du an hi¢u chinh buc xa dia hinh (Radiometric Terrain Correction - RTC) cho anh
ALOS PALSAR (https://asf.alaska.edu) v6i nén dia hinh (DEM) gdc str dung tir bo dit liéu SRTMGLI ciia
NASA (Hinh 5). Céc thong s dau vao mé hinh mé phong truot 16 trong khu vure nghién ctru dwoc thé hién
trong Bang 1.

Hinh 5. Dt lidu dia hinh s6 khu viee nghién cuu

Bdng 1. Cdc théng sé dong liec hoc sir dung trong mo hinh

Théng s6 ciia miu dit Gia tri Nguén

Total unit weight of the mass (y;, kN/m?) 19.5 Thi nghiém
Lateral pressure ratio (k=o1/0,) 0.3-0.9 Udc tinh
Friction coefficient during motion at sliding surface (tan @m) 0.65 Sassa & nnk. 2018
Peak friction coefficient at sliding surface (tan ¢p) 0.72 Sassa & nnk. 2018
Steady state shear resistance (zs, kPa) 5 Sassa & nnk. 2018
Shear displacement at the start of strength reduction (Dz,mm) 4 Gid dinh
Shear displacement at the end of strength reduction (Dy, mm) 200 Gia dinh
Pore pressure ratio (r.) 0-0.5 Gia dinh
Pore pressure generation rate (Bys) 0.3-0.95 Uéc tinh

3. Két qua mé hinh va théo luin ) ] i
3.1. Khdo sdt dnh hwong cia trdn dong dat 16/6/2020 den truot 1o tai khu vyc ho thiy dién Lai Chdu

Theo dit liéu thu thap, tai thoi diém xay ra dong dat cling nam trong giai doan tai khu vire nghién ctru c6
xay ra mua (Hinh 6), do d6 m6 hinh truot 16 dé nghién ciru kich ban truot 1o do yéu td dong dat xay ra ngay
16/6/2020 c6 xét toi anh huong yéu td mua. Boi vi khong co dir liéu vé ap lyc nude 16 rdng quan tric theo
thoi gian trong khu vuc nghién ctru, dir liéu hé sé ap luc nudc 16 rdng duoc gia dinh trong mo hinh. Vi
diéu kién mua nhu ghi nhén, gia tri 4p luc nudc 15 rong tai thoi dlém xudt hién dong dat duogc gia dinh c6
gid tr ru=0.2. Trong md hinh LS-RAPID, sy gia ting myc nu6ce ngam (4p luc nuéc 16 rong) giy ra do mua
dugc tang dén gia tri thiét ké. Mic du, hé sb ap luc nuée 16 rdng dbi voi cac mai dée khac nhau s€ khac
nhau, tuy nhién dé don gian trong tinh toan va do gi6i han cia mé hinh may tinh ma hé s nay duoc sir
dung cho toan bo khu vuc nghién ctru. Két qua md phong cho thiy, tran dong dit xay ra ngay 16/6/2020
chua kich hoat sy xuét hién truot 1¢ trén mai déc khu vuc thuy dién Lai Chau (Hinh 7).
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Hinh 7. Ket qua mé phong trweot lo do dong dat xay ra ngay 16/6/2020 (gia toc song tai tram MTE va
VNOI twong wng voi hinh bén trdi va bén phai)

3.2. Ddnh gid anh huwong ciia yéu té dpng dit dén khd ning trugt 16 tai khu vue ho thiiy dién Lai Chiu
c6 xét dén anh hwéng ciia muwa

Theo ghi nhan tir tai li¢u lich st va may ghi dia chan tai Viét Nam cho théy, khu vuc Lai Chau-Bién
Bién va lan can da ghi nhan dugc gan 1.200 trdn dong dat c6 cudng dd 16n hon 2.0 (M>2.0) tir nam 1900
dén nay. Trong d6 chu yéu 1a cac tran dong dit c6 cuong d6 M = 4.0-5.0 (c6 khoang 90 tran dong dat) va
chi khoang 15 tran c6 M>5.0. Do d6, dit liéu song gia toc cua tran dong dat (M=4.9) xay ra vao ngiy
16/6/2020 tai cac tram NNU (gia tc song cuc dai a=1.8 gal), MTE (gia toc song cuc dai a=15.19 gal) va
VNOI (gia toc song cuc dai a=26.64 gal) c6 thé dugc sir dung 1am cac kich ban trong md hinh mé phong
may tinh truot 16.

Theo két qua mo hinh m6 phong truot 16' do dong dét xay ra ngay 16/6/2020, khu vuc nghién ciru khong
xuét hién hién tugng mat 6n dinh mai dc twong tng voi hé sb ap luc nude 16 rdng ru=0.2, nén cac kich
ban mé phong trugt 10 cia mai doc & cac trang thai bao hoa khac nhau twong tng vai cac gia tri hé sb ap
luc nudce 16 rong khac nhau s& duoc sir dung. Dua vao két qua cua rat nhiéu mo phong thir nghiém truot 16
xay ra do mua (khong xét téi yéu td tai trong dong dat), co thé thdy rang khu vuc nghién ctru ¢6 kha ning
phat sinh truot 16 & gid tri ru = 0.5 (ru=0.5 1a trang thai mai déc gan nhu bdo hoa hoan toan xut hién) va
khu vuc 6n dinh v&i ru=0.48. Do do, cac gia tri hé $6 ap luc nudc 16 rong ru=0.4; 0,44; 0.48 (gia tri ap luc
nué6e 16 rdng ma chua gy ra truot) s& dugc sir dung trong cac kich ban danh gia kha ning xuét hién truot
16 do yéu t6 dong dét. Trong mé hinh nay, cac chim tron hinh qua cdu mau xanh thé hién khu vuc 6n dinh
trong khi khu vuc mét 6n dinh (truot 16) duoc thé hién bing mau dé tia. Két qua mé phong truot 16 tuong
(g véi cac kich ban khac nhau ctia hé s6 ap luc nude 16 rdng va gia tbe song dong dét duoc thé hién trong
Bang 2 va Hinh 8.

Bdng 2. Tong hop két qua mé phong triegt 16 theo cdc kich ban khdc nhau vé lrong mira
(dp luc nuoc lo rong) va dong dat (gia toc song dong dat) tai khu viec thuy dién Lai Chdu

) . Nguy co' xuit hi¢n truot 16 theo kich ban séng dong dit
Kich ban theo hé so ap
lwe nuée 16 rong Tram NNU Tram MTE VNO1
(a) () (c)

1 =0 Khoéng Khoéng Khoéng
2 =02 Khong Khoéng Khoéng
3 ra=0.4 Khong Khoéng Khoéng
4 ry = 0.4 Khong Xuét hién trugt 1o Xuét hién trugt &
5 r, = 0.48 Khéng Xuét hién truot 16 Xuét hién truot 16
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Ru=0.40 va gia toc song dong dét tai tram VNO1:

Khoéng xuét hién truot 16

Step : 2370 Tame
Uitmsa - 0.0 mv'see

Ay A e e

(3a)

vy Ay

Ru=0.44 va gia toc song dong dit tai tram MTE:

xuét hién truot 1o

i @)
Ru=0.48 va gia téq song dong dat tai tram MTE:
xuat hién truot 16

Ru=0.44 va gia toe song dong dat tai tram NNU:
KHONG xuét hién trugt 16

\lq{/‘lm‘

Ru=0.44 va gia téc, song dong dat tai tram VNO1:
xuat hién truot 1&

Step 2000 Thewe  12.2 vee
(e

(4c)
Ru=0.48 va gia téc, song dong dat tai tram VNO1:
xuat hién truot 1&

e e e

————— e

Hinh 8. Hinh dnh két qua mo phong theo kich ban 3a, 4a, 4b, 4¢, 5b va 5¢ nhu trong Bang 2

Két qua md phong may tinh cho thay, véi kich ban tai trong tac dong 1a dong dat cAp M=4.9 va gia toc
song dong dat cuc dai do tai tram MTE (gia toe song cyc dai a=15.19 gal) va VNOI (gia tdc song cuc dai
a=26.64 gal) tac dung truc t1ep len mit trugt cua khdi truot 16 khu vue thity dién Lai Chau, trugt 16 ¢6 kha
nang xuét hién khl c4c mai déc gan nhu & trang thai bio hoa (ru>0.44). Nguy co truot 16 12 thip khi hé s6
ap luc nude 16 réng ru < 0.48 va tai trong tac dong 1a song dong dét co gia toe song cuc dai 1a rit nho tac
dong 1én mat trugt (theo kich ban a = 1.8 gal do tai tram NNU).

4. Két qua va thao luin

Bai bao trinh bay két qua nghién ctru so bo danh gia anh huong ciia dong dat dén kha nang xuat hién
truot 10 tai khu vuc hd chira thiy dién Lai Chau, trong d6 st dung dit liu séng dong dét tir tran dong dét
Mudng Té (M = 4.9) ngay 16/06/2020. Trong nghién ctru niy, mot s kich ban truot 1o gay ra do dong dat
dugc danh gia trong mo hinh LS-RAPID. Két qua cho thdy, trong diéu kién khong c6 mua hodc mai doc
chua bi bdo hoa (ru<0.44), dong dat M4.9 it c6 nguy co gay ra trugt 16. Trong khi, & diéu kién bio hoa gan
nhu hoan toan ru=0.48-0.5, gia tde song dong dét cuc dai a~15-26 gal tac dong truc tiép 1én mat trugt s€ co
thé kich hoat hién tuong truot 16 trong khu vire nghién ctru. Trong nghién ctru ndy, viée st dung ciing mot
gi4 tri cua hé sé ap luc nudc 16 rdng (ru) ciing nhu mot sé thong sé khac cho tat ca cac mai dbc trong khu
vuc nghién ctru 1a mot han ché, ¢ thé 1am anh hudng nhiéu t6i két qua nghién ctru. Chinh vi vay, dé danh
gi4 chinh xac cac anh hudng ciia dong dit dén kha ning truot 16 dat & khu vuce hd chira thuy dién Lai Chau,
cac cong viée khao sat hién truong, thu thap cac dit liéu lién quan, cac dir liéu quan tric vé cac yéu té dia
k¥ thuat, thay van ctia mai doc va cac yéu t6 dong dét, cling nhu viéc thu thap cac mau dat va thi nghiém
trong phong can dugc thyc hién chi tiét va day di hon.

Loi cam on

Nghién ctru nay dugc tai tro boi Quy Phat trién khoa hoc va cong nghé Qudc gia (NAFOSTED) trong
de tai ma so: 01/2021/bX
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ABSTRACT

An assessment of the potential occurrence of earthquake-induced
landslides in the Lai Chau hydropower reservoir area

Pham Van Tien"", Pham The Truyen?, Tran Van Phong', Tran Trung Hieu'!, Nguyen Quoc Phi?,
Nguyen Van Duong?, Ha Thi Giang?*
I Institute of Geological Sciences, Vietnam Academy of Science and Technology
2 Institute of Institute of Geophysics, Vietnam Academy of Science and Technology
3 Hanoi University of Mining and Geology

In recent years, earthquakes have often occurred in hydropower reservoirs in Vietnam. In addition to
their effects, earthquake-induced landslides are the secondary hazards that can cause damage to property
and lives. This paper presents preliminary results on the influence of earthquakes on the landslide
occurrence in Lai Chau hydropower reservoir area by using the LS-RAPID model. In the model, the seismic
wave data of the Muong Te earthquake (M = 4.9) monitored on June 16, 2020 is used in combination with
the assumed value of pore water pressure ratio (r,) within the slopes in the study area. The results show that
the M4.9 earthquake is less likely to cause landslides when slopes are under the conditions of no rain or
unsaturation with r,<0.44. While the earthquake wave with a peak acceleration of 15-26 gal acting directly
on the sliding surface will be able to trigger landslides on slopes under the saturated condition of ru = 0.48-
0.5. A more accurate assessment of the potential occurrence of earthquake-induced landslide needs to be
investigated in more detail with the additional input of monitoring data of the slopes in the study area in the
future.

Keywords: landslides; earthquake; Lai Chau reservoir; ring shear apparatus; LS-RAPID.
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