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TRONG KHOA HOC TRAI PAT VA MOI TRUGNG

UNG DUNG TONG HQP CAC PHUONG PHAP PIA KY THUAT
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Kiéu Duy Théng, Phan Vin Binh, Nguyén Quéc Long
Truong dai hoc Mo - Dia chat
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Tém tit: Nui da voi thudong bi phong hoa, tao thanh cac khbi nén ¢ thé tiém an nguy co
gdy mat an toan cho cac ho dan sinh séng sat dudi chan nai va viing 1an can. Do tinh chat co ly
dat da phuc tap, dia hinh hiém tro, suon nti c6 do dbc 16n, tham chi doc dung va cé ham éch,
nén viéc xac dinh nguyén nhan, danh gia nguy co sat 16 ctia nai da voi rat kho khan, can phai
két hop nhiéu nganh k¥ thuat dé xir ly. Nghién ctru nay da sir dung to hop cac phuong phép dia
k¥ thuat thudc linh vuc k¥ thuat Tric dia, Pia chat va Dia vat ly dé xac dinh nguy co sat 16 cho
Nui Vuon Gia thudc xa Truong Yeén, huyén Hoa Lu, tinh Ninh Binh. Cong nghé bay khong
nguoi lai, may toan dac dién tir va GNSS/RTK duogc Gng dung két hop dé xay dung md hinh
DSM, DEM va thanh lap ban dd hién trang ty 1€ 1:500; tng dung k¥ thuét do dia chin khuc xa
dé xac dinh mit trugt; dung k¥ thuat dia chat dé xac dinh cac nguyén nhan va danh gia nguy co
sat 16. Két qua da xac dinh dugc nguyén nhan gay ra hién tugng sat 10, khdi luong dit da cé
nguy co sat 16 va khoanh viing anh huong do sat 16 dat da gay ra tai khu vuc Nai Vuon Gia.
Két qua ctia nghién ctru nay da duoc chinh quyén dia phuong sir dung lam co sé dé di roi ngay
lap tirc cac ho dan bi anh hudng va 1ap phuong an xur ly khi sat 16 xdy ra.

Twr khoa: Nui Vuon Gia, Sat 1o, Pia ky thuat, DSM
1. Mé dau

Sat 1 dat d4 1a mot tham hoa xéy ra phé bién tai cac khu vuc vung nui, da roi thuong la ngﬁu
nhién, strc tan pha 16n va qui dao di chuyén kho c6 thé xac dinh dugc chinh xéc [1]. Tham hoa do
sat 1o dat da gay ra 1a rat nghiém trong, ton that to 16n vé tai san va tham chi 1a ca vé con nguoi.
Céc yéu td gy ra dich chuyén bién dang bao gdm tinh chat co ly dét da; cac tac dong ngoai luc bén
ngoai va su phong hoa dat d4 theo thoi gian [2]. Thong thuong dat d4 sat 16 ludn ¢ biéu hién dic
trung |4 xdy ra trong mot gian dai bién dang, toc d ctia qua trinh dinh chuyén va bién dang c6 thé
xac dinh bang céc sb liéu quan tric da thoi gian [3]. Tuy nhién, voi nai da voi, dia hinh c¢6 d6 doc
16, tinh chat co ly da va diéu kién dia chat phtc tap, dan t6i su dich chuyén dat da thuong dot ngot,
khé c6 thé xac dinh dugc bang phuong phéap quan tric thong thuong.

Viéc nghién ciru vé nguyén nhan, tinh chat, mé phong huéng da roi va du bao ving anh
huong do sat 16 dat da gay ra da dugc thuc hién boi nhiéu nha khoa hoc véi cac nhiéu cach tiép can
khéc nhau nhu: nghién ciru theo hudng ly thuyét [4]; phan tich thong ké cac s6 liéu thi nghiém [5];

diéu tra va khao sat thuc dia [6], tmg dung cong ngh¢ hién dai sir dung mang neuron nhén tao va
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thuat toan toi uu dé 1ap mé hinh du bao kha ning va xac dinh ving anh huong cta da roi [1]. Cac
nghién ciru trén déu cho thay ngudn dir liéu nghién ctru phong phu, thu thap tir nhiéu phuong phap
khac nhau, dic diém dich chuyén va sat truot dat da khong giéng nhau cho cliing di tuong.

Nti Vuon Gia thudc huyén Hoa Lu, tinh Ninh Binh 1a nai da voi dia hinh c¢6 ciu tric
phirc tap, d4 phong hoa tao thanh nhiéu ké niit, hang Krast. Khu vuc sudn dong ctia nti Vuon
Gia xuét hién hién tuong trugt 16 dat d4 tao thanh ham éch c6 nguy co sat 10, anh huong toi
cudc sdng ctia nhiéu ho dan dudi chan nai. Viéc nghién ciru danh gia, du bao va khoanh ving
¢6 nguy co anh huong do sat 16 d trén ndi gy ra la thuc su can thiét va cip bach. Tuy nhién,
Nui vuon gia thude ving 18i bao vé di tich C6 d6 Hoa Lu, nén can dua ra bién phap ky thuat
hop ly dé khong anh huong t6i canh quan maéi truong khu di tich.

2. Khu vue nghién ciru

A

Hinh 1. Khu viec nghién cuu Nui Vieon Gia, xa Truong Yén, Hoa Lu, Ninh Binh
Ni Vuon Gia co dién tich khoang 1ha, dia hinh ni d4 voi ¢6 do doc 16n, chénh cao 16n
nhat khoang 40m, dat d4 c6 ciu tao phan 16p, c6 nhiéu khe nut, dut giy va cac hang Karst. Dia
hinh ¢6 cay cdi che phii, dudi chan nui ¢6 nhiéu ho dan sinh song (hinh 1). Suon dong cta Nii
xudt hién khu vuc c6 nguy co sat 16 xudng nha dan.
3. Phwong phap nghién ciru
Céc phuong phap dia k¥ thuat da dugc stir dung trong xéc dinh nguy co sat trugt ctia Nui
Vuon Gia bao gdm: K§ thuat tric dia, K§ thuat dia chat va ky thuat dia vat ly. Chi tiét ap dung
cua tirng phuong phép tuan theo qui trinh trong hinh 2.

Po dac tric dia Diéu tra dia cht Po dia vat ly
Thanh lap DSM | | Lép ban do dia hinh 1/500 Tinh chit co ly ditda || Cac tai bién dia chat Po dja chin khic xa
\ v l l l
Dic diém dia hinh, vi tri sat trugt Nguyén nhin gy ra sat 1o dit da C6 hay khong mat trugt

' J ,

Tong hop phén tich dir liéu
: ‘

Danh gia nguy co sat &

A4 A

Tinh todn khéi lugng sat 16 Dy bao viing anh huong  [— | Dé xuat phuong an xir ly

v

Hinh 2. Qui trinh xac dinh nguy co sat lo tai Nui Vuon Gia
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4. Thuc nghiém
4.1 Thanh lap mo hinh DSM va ban do dia hinh

Str dung thiét bi bay khong ngudi 1ai UAV inspire 2 (camera 24MXP) thu nhan anh khu
vue nghién ctru, voi phuong phéap bay chup theo dang mit ludi (dai hai chiéu vudng goc), chiéu
cao bay chup 80m, dg phu trum anh doc va ngang 85% do phan giai anh mat dét dat 2cm. Dé
nan anh va kiém tra doc chinh xac mé hinh 16 diém khéng ché anh mat dat (GCP) duoc thanh
lap trén khu vuc do v&. Két qua xtr ly anh va danh gia do chinh xac mé hinh DSM, diém kiém
tra c¢6 sai s6 10n nhat toa mat bing va do cao 1a 2.5 cm va 5.2 cm. Pat d6 chinh xac phuc phu
thanh 1ap ban d6 ty 18 1/500. M6 hinh DSM dugc thanh 1ap thé hién trén hinh 3.

Hinh 3. M6 hinh DSM khu vue Nui Vieon Gia

Do dia hinh nui hiém trg, cay cdi che phii nhiéu, mic du dir liéu UAV da bay voi do phu
trum 16n (85%), dai bay dugc thiét ké dang lugi (hai chiéu bay vudéng goc) nhung van ton tai
cac vi tri khong xac dinh dugc chinh xac dia vat va do cao bé mit dja hinh. Do viy, may toan
dac dién tir va may do GNSS/RTK da duogc sir dung két hop dé do bd sung do cao dia hinh va
cac dia vat, khu vuc nti bi che khuat. Két qua két hop dir licu tir UAV, Toan dac di¢n tur va
GNSS/RTK da cho phép thanh lap dugc ban dd dia hinh ty 1€ 1/500, khoang cao déu 0.5m, dam
bao do chinh xéc theo tiéu chuan hién hanh [7].
4.2 Xdc dinh mt truwot bang phwong phdp dia chin khiic xa

S6ng dia chin lan truyén trong 1ong dat gip cac bé mat ranh gidi giita cac 16p s& phan xa,
khiic xa va quay trd lai mat dét (hinh 4). Tia song di vao mdi truong c6 van toc song V1, khi
gdp mat ranh gidi phan chia hai méi truong cd su khac biét ve tro song am hoc, thi méot ph?m
song s& phan xa lai va mot phan sé truyén qua mit ranh gidi va di vao méi trudong thir 2. Trong
truong hop van tdc song cua 10p tha 2 16n hon 16p thir nhat, goc toi i (Hinh 4) dat goc ti han,
song s& trugt doc mit ranh gidi va tao thanh cac song khiic xa quay trd vé mat dat. Pay 1a co
so dé sir dung phuong phap dia chan khiic xa xac dinh cac mat ranh gi6i gitta phan trén (da
phong hda) c6 van toc song thap va phan dudi (da gdc) c6 van te song cao hon. Phuong phap
dia chan khuc xa da dugc ing dung rit phd bién ¢ Viét Nam va trén thé gisi [9, 10]. Két qua
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do dia chan khc xa xac dinh cac mat truot cho két qua tuong déng véi két qua tinh toan tu dir
liéu khoan dija chét [11].

w Diém no v May thu

Tia séng thang

B0 T N L

V2
. r ]

Hinh 4. Nguyén Iy do dia chan khiic xa [8]
Ap dung nguyén ly trén, 02 tuyén do dia chan khuc xa T va T véi tong s6 20 diém n
(diém gan cam bién song dia chin) da duoc bd tri dé xac dinh mat truot tai suon Pong, Nui
Vuon Gia (hinh 5)

PR

Hinh 5. Vi tri tuyén do dia chan xac dinh mdt truot tai Nui Vuon Gia

» Dvl 21

. Jpviio Lo ! [ ) IS I N N S S O A S A A AN (O £ O

b Dt . v‘

4 i)

I o Mty doin | |

» 1.2 Dvi | : =1 ‘ {
3 ! ¢ * T 1—Dvi2 |
H Dyl 1 |+ P2 purr {
i Pam Y

Hinh 6. Mgt cdit song dia chan khiic xa xdc dinh mdt truot a. Tuyén do Tl, b. Tuyén do T2

Két qua phan tich cho thdy c6 thé chia cau trac da voi doc theo tuyén do thanh 2 phan: Phan
trén tir bé miat dén do sau khoang 2m dén 3m 1a 16p van tbe thép hon dai dién cho da voi nut né,
mot s6 chd c6 hdc, dap v, co6 khe nut. Phan bén dudi la da voi ¢ van toc truyén song cao dang
khdi rin chéc. Tai vi tri diém do DVL3 dén DVL7 trén tuyén T va DCL2, DVLI11-dén DVLI5
xuét hién ciu tric d6i ¢6 van tde thép lién quan téi mat trugt dudi khéi dat da (hinh 6)

4.3 Xdc dinh nguyén nhan trwot lo
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N 20° 17' 25
finh Ninfy Binh,H. Hc

N 20¥17' 25" E
Tinh Ninh Binh,H. Hoa | u, Tru

L 117202
W N 2017 21 B 10
NintyB, A, HBa L u e
kel :'i] 'an\&

%

R A
. > B fas | % T F., ﬁm\rs
c. Dut gay thuan F1 tai vi tri VG021 d. Dut gay thuan F2 tai vi tri sat VG027

Hinh 7. Vét 16 mdt trueot va cdc dirt ngay tai khu vuc co nguy co sat lo cao tai Nui Vuon Gia

Tong hop cac dir li¢u tham do, dia chét cho théy nguyén nhan chinh dan dét su truot 16
dat d4 tai Nai Vuon Gia 1a do c6 cac dat gdy, tao thanh mat truot, thé hién trén so do ciu truc
trién tao hinh 8.

MAT CAT CAU TRUC - KIEN TAO- AB
TY LE DUNG: 1: 600

A TY LE NGANG 1: 500 B

36m

30

24

18

12

6

0

6

MAT CAT CAU TRUC - KIEN TAO - CD
C 1190 ’ TV LE DUNG: 1: 600 ' »

37m . . T TY LE NGANG 1: 500 37m
30 I ' 30
24 ‘ 24
%l |
12 12
6 I aQ,'rh I .'\Q,‘Ihl 6
0 I_. . ! N |,;.,/,,'_.i, ; '.,]T: l: {: I."I 0
6 F T T T 1.6

Hinh 8. MGt cdt cau triic dia chat AB va CD
Sy dich chuyén cua khéi da khong chi phu thudc vao cac yéu té nhu goc dbc dia hinh 16n
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va cac yéu td ngoai sinh (16p phu thuc vat, min va 16p vo phong héa) ma yéu té quyét dinh toi
trugt 16 d6 chinh 1a cac dut gdy va khe nit trong d4, chinh cac yéu té nay lam cho dé bi dap vo

mat tinh dong nhét, khi dugc tong hop du cac yéu td d6 s& dan téi bi trugt 16.

Céc dut gay va khe nut dugce xac dinh trong qua trinh khao sat thuc dia tai Nai Vuon Gia,
st dung cac phuong phap do thé ndm cta mit truot khe nat va dut gy da xac dinh dugc cac
dut gdy chinh 1a F1, F2, F3 cha yéu theo phuong Tay Bic- Pong Nam, két qua trén hinh 7.

4.4 Tinh khéi lwong dit dd cé nguy co trwot 16

Dir liéu tinh khéi lugng bao gdm 3 yéu t: Ranh gidi tinh, gidi han trén boi bé mat dia hinh
thue, gii han dudi mat trugt. Ranh gidi tinh khdi luong duoc 1y chinh 14 ranh gi¢i khéi khuot,
xéc dinh tir so dd ciu trac dia chat, cac vét 16 dut gy va dugc do toa do b%mg may toan dac dién tir
(cac diém do nhu hinh 9). Ranh gidi trén 14 bé mat dia hinh 4y tir ban d6 1/500 da thanh lap, ranh

gi6i dudi 1a mat trugt da xac dinh duoc tir két qua do dia chan khic xa.

R3,

R4

Hinh 8. Ranh giéi khoi dat da c6 nguy co sat [6 tai swon dong Niii Vieon Gia

Khéi lugng dat da co nguy co sat 16 duoc tinh toan theo phuong phap mait cit ding song
song. Tinh toan khdi lugng duoc chia lam hai khéi tinh: Khéi trugt trén va khéi chan véi ranh

€161 nhu hinh 8.

35 35
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5 10
1 Mat cét 3-3

35
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25
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5 10
Mt cét 4-4

Hinh 9. Mt cdt dimg song song tinh khoi lwong
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Trong d6: Si - 1a dién tich cic mat cat; £ - Khoang cach giira 2 mat cit.

Bang 1. két qua tinh khéi lwong dat dé c6 nguy co sat 16

STT Khéi tinh toan Thé tich (m?)
1 Khdi truot trén 834.12
3 Khoi chan 184.70

4.5 Khoanh vung anh hwong do sat truot

Mat cat cau truc kién tao cat qua khu vuc ¢6 khoi trugt 16 dang xay ra dugc xay dung dua
trén cac két qua do v€ dia hinh, kién tao, thé nam mat trugt cuia khoi truot, dac diém cua da tai

khu vuc nghién ctru. Tr d6 xac dinh dugc huéng dich chuyén cta khéi truot va xac dinh dugc

pham vi anh hudng.

Vi tri khéi trwot

Vi tri ban diu ciia
khai trwot
P(L), goc doc mit trwot

quy dao di chuyén
cua khoi trwot

hwéng dich trwot,
di chuyén

pham vi viung anh
hwong

P(TIL)qk

)

Hinh 9. So d6 nguyén 1y xdc dinh pham vi anh hwong do sat 16 [12]
Tir md hinh DSM (hinh 3) ban dd dia hinh, két qua khao sat thuc té vé dia chit (hinh 8)
va két qua do dia vat ly, xac dinh dugc gbéc dbc mit truot tai khu vuc ¢o nguy co sat 16 1a 55°

va trugt theo phuong 119°.

Bing cac cong thire tinh vat ly chuyén dong cua khoi d4 trén mat

phang nghiéng, nhom tac gia da phan nao khoanh dugc pham vi anh hudng cua khéi da khi xay

ra truot 1. Cu thé nhu sau:

Hinh 10. Nguyén Iy xdc dinh quang dwong truot cia khoi dat da
Ap dung dinh luét IT Newton va chiéu 1én mit phiang nam nghiéng: P; - Fms = ma
+ Khi d6, vat truot xudng véi gia toc:
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P.—F .g.Si —u.m.g. .
o o lmms — mgsmamllmgcoa:g(slna —‘u.COSCZ) (1)

+ Van tdc cua vat & chan mat phé‘ing nghiéng tai vi tri B:

Vg = v2.4.8 (2)

+ Gia toc cua vat trén mat phiang ngang (a =0°) :

a'==P=—puyg 3)

m
+ Quang duong BC duogc tinh theo cong thtc:

P =2
Spc = v;;B 4)

Trong d6: hé sd ma sat u = 0.5; gia tdc trong trudong g = 9.8 m/s” (dugc 1ay tir két qua
phan tich 03 mau thi nghiém co ly dat d4 tai khu vuc thuc nghiém). Goc doc dia hinh o = 55°;
chiéu dai mat nam nghiéng AB chinh 1a bé mit cia mat truot tai khu vuc di xac dinh Sap=
47.24 m.

Thay cac thong s6 vao cong thirc (1-4) duge cac két qua nhu sau: a = 6.34 m/s>, Vp=22.2
m/s; a’ = -4.9 m/s>va Spc = 50.3 m. Pay 1a co s dang tin cdy dé khoanh dugc pham vi anh
hudng cta khdi da truot khu vue nti Vuon Gia. So d6 khoanh ving pham vi dyu bao viing anh
huong trong truong hop khoi d4 truot xudng thé hién trén nén ban d6 dia hinh 1/500 va nén ciu
tric dia chat (hinh 11).

T ' CHi DAN
105° 54' 27.5" £
20° 17" 32.8" Qb s
2 aQ; { Hé tng Thai Binh
o Trém tich song (a) : bot sét mau
xam, xam nau (tram tich ngoai dé); bot sét pha catl mau nau, xam nau
(trdm tich trong dé) chira bao tr phan hoa
o Hé ting D8ng Giao
$ X Tap 2 : Da voi mau xam, xam sang, doi chd xam den xen it I6p da voi dolomit &
aQ, th il phén trén. Da phan |6p vira - day, doi chd dang khéi. Day 800 - 1000m
X \ Il. CAU TRUC - KIEN TAO
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Hinh 11. So do va mit cdit du bdo viing anh huong do sat lo dat dé tai khu vuee swon Dong Nii Vuon Gia
Tir két qua trén hinh 11, c6 thé thay ring viing anh huong du bao duoc chia lam hai viing:
ving 1 (dudong mau xanh nude bién) 1a ving anh huong néu khéi dat da chan (khéi 1) sat 16 co
it nhat 03 ho dan bi anh hudng va phai di doi ngay lap tirc; ving 2 (duong mau xanh 14 cay) la
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viing anh huong do ca khdi sat 16, ¢6 nhat 05 ho dan bi anh hudng va can di doi ngay lap tuc.

5. Két luan

Két hop cac phuong phap dia k¥ thuat: Tric dia, dia chat va do dia vat ly da cac dinh
dugc nguy co sat 16 tai khu vue NGi Vuon Gia, két qua cho thay:

+ Céc phuong phép dia k§ thuat da 4p dung da bo sung cho nhau dé xac dinh dugc nguy
co sat truot ndi da voi, néu ap dung riéng 1¢ timg phuong phap s& khong thuc hién duoc;

+ Viéc ap dung thiét bi bay khong nguoi lai két hop véi, do toan dac dién tor va
GNSS/RTK gitip giam thoi gian va cong stc lao dong trong qua tinh do dac thanh 1ap ban do
ty 1€ 1/500 khu vuc Nghién ctru;

+ M5 hinh 3D DSM cung cép dir liéu truc quan cho cac thiét ké, nghién ciru vé dia chat
va dia vat ly;

+ Phuong phép do dia chan khuc xa 4p dung dé xac dinh mat trugt bang tai khu vuc
nghién ctru 1a hoan toan phu hop va cho d6 chinh xac dam bao yéu cau.
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ABSTRACT
APPLICATION OF GEOTECHNICAL METHODS IN ASSESING THE
RISK OF LINESTONE LANDSLIDES

Le Van Canh, Cao Xuan Cuong
Kieu Duy Thong, Phan Van Binh, Nguyen Quoc Long
Hanoi University of Mining and Geology

Corresponding author: levancanh(@humg.edu.vn

Limestone mountains are often weathered, forming blocks, so there is a risk of insecurity
for households living close to the foot of the mountain and the surrounding area. Due to the
complex nature of the soil, rugged terrain, mountain slopes with a large slope, even steep and
jawy frogs, the identification of the cause, assessing the risk of landslides of limestone
mountains is very difficult, it is necessary to combine many technical disciplines to handle. This
study used a combination of geotechnical methods in the field of Geodesy, Geology and
Geophysical Engineering to determine the risk of landslides for Vuon Gia mountain in Truong
Yen commune, Hoa Lu district, Ninh Binh province. Unmanned aerial vehicle, Total station
and GNSS/RTK are applied in combination to build DSM and DEM models and establish a
large scale map 1:500; application of refractive seismic measurement techniques to identify
sliding sides; Use geological techniques to identify the causes and assess the risk of landslides.
The results have identified the cause of the landslide, the volume of rock at risk of landslides
and the zoning affected by landslides in the area of Vuon Gia mountain. The results of this
study have been used by local authorities as a basis for immediately relocating affected

households and making a plan to deal with landslides.

Key words: Vuon Gia Mountain, landslides, Geotechnic, DSM
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