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Landslides
Sat l& dat

* Every year an estimated 400,000 landslides
occur worldwide causing thousands of
casualties. Hang nam udc tinh cé khoang
400.000 vu & dat xay ra trén toan thé gidi gay ra
hang ngan thuong vong.

* Landslides can pose a major threat to human
lives, property and infrastructure. Sat |& dat co
thé la mé&i de doa l&n dén tinh mang con ngudi,
tai sdn va cd sd ha tang.

* Climate change, urban growth, deforestation,
and land use are considerations affecting
landslide risk. Bién déi khi hau, phat trién doé
thi, nan pha rirng va st dung dat la nhirng can
nhac anh hudng dén rui ro sat L& dat.

« A safety risk factor from measured
parameters can be developed to provide an
early warning alert. Mot hé so rli ro an toan tur
cac thong sé do dugc cé thé dugc phat trién dé
cung cap canh bao sém.
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More
Landslides

WHERE DO LANDSLIDES OCCUR?

(National Landslide Susceptibility Model, 2024)

l|.

Fewer
Landslides

Modeling Landslide
Risk Factors

Mo hinh héa cac yéu to ruiro
sat L& dat

Real-time monitoring and soil testing can be used in the
development of a safety risk factor. C6 thé sir dung viéc giam
sat thoi gian thuc va thir nghiém dat dé phat trién hé sé rdi ro
antoan.

Parameters influencing the probability of landslides have been
identified in the scientific literature and can be included in the
calculation of the safety risk factor. Cac thong s6 anh hudng
dén kha nang xay ra l& dat da duoc xac dinh trong tai liéu khoa
hoc va c6 thé dugc dua vao tinh todn hé sé rui ro an toan.

Wide variety of predictive models found in the literature. A
landslide safety risk factor monitoring algorithm is site specific
and would need to be developed before using to warn the
public. Nhiéu m6 hinh dy doan khac nhau dugc tim thay trong
tai liéu. Thuat toan giam sat hé so rdi ro an toan sat & dat cu
thé cho tirng dia diém va can dugc phat trién trude khi str dung
dé canh bao céng chung.

There is no single formula or method. The development of a
safety risk factor is a site-specific scientific process. Khong co
cobng thic hay phuong phap duy nhét. Viéc phat trién hé sé rui
ro an toan & moét qua trinh khoa hoc cu thé tai tirng dia diém.




Parameters Affecting Landslides
Cac thong s6 anh hudng dén sat L& dat

HILL SLOPE (B)
pO DOC POI (B)

The steeper the slope, the
greater the risk. D0 déc canglén
thi rai ro cang lén.
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PRECIPITATION/ LUONG MUA

Rainfall saturates the soil which in turn
increases the weight of the soil. Water
also influences the cohesive forces in the
soil. Lwgng myra lam b&o hoa dat khién
trong lugng dat tang lén. Nudc clng anh
hudng dén luc két dinh trong dat.

Antecedent or Past Rainfall is used in
many models. Luong mua tru'de do hoac
tronr% qu],la kh&r dugc s dung trong nhiéu
mo hin

Total Precipitation or Maximum Hourly
Rainfall over the past 24 hours are often
used. Tong lwvgng mua hoac gio co lugng
mua téi da trong 24 gio qua thuong dugc
su dung.

VEGETATION/ THAM THUC VAT

Vegetation promotes evapotranspiration
(ET), helping the soil to dewater quickly
after a precipitation event. Tham thuc vat
thuac day qua trinh thoat hoi nuée (ET), gitp
dat thoat nuéc nhanh sau mot tran mua.

Intercept rainfall where water evaporates
off the leaves. Chan luvgng mua noi nudc
béc hoi khoi la.

Roots can hold soil particles in place. Ré co
thé gilr cac hat dat & dung vi tri.

Vegetation index as percentage of ground
cover bare soil/vegetation can be used in
models. Chi s6 tham thuc vat dudi dang
phan tram dat trong/ tham thuc vat che phu
mat dat cé thé dugc sur dung trong cac md
hinh. P . s o e z:




Soil Geotechnical Parameters/ cac théng Sé Ky Thuat Dia Chéat

Soil Stress Cohesion (c in kPa)

Luc két dinh &ng suat dat (c tinh bang kPa)

Soil Angle of Internal Friction (¢ in degrees)
GoAc ma sat trong clha dat (¢ tinh bang do)

Represents the angle at which the material begins to fail
due to shear stress. Biéu thi goc la goc ma vat liéu bat dau bi
héng do ng suét cat.

This angle is crucial in geotechnical engineering for
designing foundations, slopes, and retaining structures.
Goc nay rat quan trong trong ky thuét dia chat dé thiét ké nén
mong, mai doc va két cau chan.

The angle of internal friction is determined through
laboratory tests such as the direct shear test or triaxial test
and is influenced by factors such as soil type, density, and
moisture content. Géc ma sat bén trong dugc xac dinh thong
qua céc thir nghiém trong phong thi nghiém nhu thr nghiém cat
truc tiép hodc thlr nghiém ba truc va bi &nh hudng bdi cac yéu to
nhu loai dat, mat do va doé am.
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Soil Properties Parameters
Cac Thong S6 Vé Tinh Chat Pat

Weight of Wet Soil

Trong lwong clia dat uét

A typical dry bulk density of soilis 1.5

grams/cubic centimeter. Mat do khéi dat kho dién hinh
la 1,5 gam/cm3.

Therefor one cubic meter of dry soil weighs
1500 kg. Do d6, mét mét khéi dat khd nang 1500 kg.

If the soil is saturated at 45%, the weights of

the water in one cubic meter of soil is 450 kg.

Néu dat bao hoa & mirc 45%, trong lwong clia nwéde trong mot
mét khéi dat 1a 450 kg.

Under these conditions, the soil would weigh

450 kgs more per cubic meter than it would dry.

Trong nhirng diéu kién nay, dat sé nang hon 450 kg trén mot
mét khéi so v&i dat kho .
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p=mj/V

Density is equal to mass
divided by volume
Mat do bang khéi lwong chia
cho thé tich




Soil Properties Parameters
Cac Thong S6 Vé Tinh Chat Pat
Saturated Hydraulic Conductivity N
A = > ~ pY S Al s dl
D0 dan thuy lu'c bao hoa
Darcy’s Law/ Dinh luat Darcy
The Saturated Hydraulic Conductivity, K, (or Ks ) represents how
fast the water will drain out of soil during saturated conditions. The
longer the soil stays saturated the greater the risk of slope failure.

D6 Dan Thiy Luc Bdo Hoa, Ke, (hodc Ks) biu thi téc do nudc thoat ra
khoi dat trong diéu kién bao hoa. D4t bao hoa cang lau thi nguy ca sat &

The speed of water moving through saturated soil
depends on the saturated hydraulic conductivity
along with the gradient of the hydraulic head with
respect to distance. The Kg; is a property of the soil
that can be measured. The bigger the Kgg, the faster

cang lén. . . o8 Y "
g the water will drain out. Toc d6é nudc di chuyén qua
T dat bao hoa phu thudc vao do dan thuy luc bao hoa
Ah cung vdi do doc cua ap suat thuy luc so vdi khoang
| cach. Keyt & mot dac tinh cda dat cé thé do dugc. Keat
cang lén, nudc sé thoat ra cang nhanh.
Soil Texture Homogeneous | Structured Loam | FineSand | Sand Gravel
Két cau dat Clay Clay Patthit | Catmin Cat D4 soi
Dat sét batseétco
dong nhat cdutrac
'T\ K(SAT) cm s 108 10€ 104 102 1 10
ZZ ZI hZ hI

Mat cét ngangA}A \ Ditl(J)m D liu
Q z=

Cross Section A
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Soil Water Dynamics
Péng Iwc hoc nwéc dat

Soil Moisture Target

Po6 am dat muc tiéu
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Field capacity is the point at which saturated soil
drains by gravity and the water stops dripping = 0.33
Bar. Truong dung tich la diém ma dat bdo hoa thoat
nudc theo trong luc va nudc nglrng nho giot = 0,33 Bar.
Permanent Wilting point is the moisture level where a
plant can no longer pull water out, or 15 Bar. Diém kho
han vinh vién l& mic d6 8m ma cay khdng con cé thé
hut nudc ra ngoai, hoac 15 Bar.
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Soil Moisture
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Typical Field Capacity in mineral soil 5% Organic Matter.
Soil Moisture data over a Tmonth time period.

Soil Moisture vs Time

K

\

4!

— wfv1l

Inflextion point during dewatering is Field ¢
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Lower Limit Where Crop is Stressed

e T

apasity

6/4/22 8:45

6/8/22 12:45 6/12/22 16:45 6/16/22 20-45

6/21/22 0:45
Time

6/25/22 4:45 6/29/22 8:45 71322 12:45

Field capacity is the
inflection pointin the
dewatering curve. At 0.33
Bar, the movement of water
switches from gravitation
water flow to capillary
water flow (Wicking). The
movement of water from
capillary forces is much
slower than water draining
out be gravity.

Field capacity in this time
series datawas 30.15 %
with a standard deviation of
1.33% for 1 month. The
longest it stayed at or
above field capacity was
3.2 days



Grou ndwater/ Nuwoc ngém The Unsaturated zone (sometimes called the Vados

Zone) is the part of the subsurface that is not aways
The Saturated Zone is the groundwater and the aquifer under the saturated. It is above the water table, and it is where plant

water table. It is the part of the subsurface that stays saturated all of  roots take water out of soil. It is typically the top meter of
the time. The level of the water table can be monitoringinawellwitha  sojl. \Viing khong bao hoa (doi khi dugc goi la viing Vados)
pressure sensor. Vung bao hoa la nuwéc ngam va tang chita nwéc ngam |3 phan clia bé mat bén dudi khdng phai lic nao ciing bao
du6i muc nudc ngdm. By la phan clia beé mat lubn béo hoa. Muc  hpa. N6 ndm trén muc nudc ngdm va a noi ré cay lay

nudc ngdm cé thé dugc theo doi trong giéng bang cdm bién ap suét. nudc ra khoi dat. N6 thuding & mét dat trén cung.
Thoat hoi nuwéc
Tra irat B i
e Sv chan lai
s S Imerception TG tiGU
Sv thoat hoi nwéc ikl 5 .
Ev-a irarshiatio Precipitation Murc nuwéc Sw thoat hoi Nwéc mua ] Irrigation
i & Luong mua trong tang nwrére tir céc Rainfall Bay hoi
Observation well  chtra nuée viing ven sbng I i 1 Evaporation !' | | l
VVVVVV v giéng quan Saye khong gi6ihan - gyapotranspiration — 111% Fhana £
VYVvE vV Water level i D¢ ha
Nap lai - ater levelin from riparian areas ong chay
Recharge .»3 .
$ tran
“9 LB F-
@ E),E \,3_,5' =i Raot Water
Vung chwa S 1S = L5 Liptake
ng ghrasi |2 = Sw hép thu
Water level o] bdohoa |~ = -
er level (head) in s oundwatertud’ = nwoc cla ré
Mgﬂfer\ row direction a0C "9 £
Mire A (du) trong g R ——
tang nuéc han ché = Oeep Droinage |04t NUOC SaU
: Capillary _Rise B2 .
¢ttt Tang mao mach - Woter Table DAl NUOC
VL'Jng béOE h‘_—_——- Groundwoier Rechaorge
[=] (-7 ] ’ A 2 .
Confined aquifer hga 2|5 Nwéc ngam duoc bd sung lai
Téang nwée han ché w3

ST=V=NS| POG) 1 TRUNG HAI l‘?‘igure 5.1 T’ran‘sient ‘water ﬂf)w process'es in soil (’sim}"lnek and ‘van Genuchten, 2007).

Hinh 5.1 a trinh dong nwéc tam thoi trong dat (Simunek va van Genuchten, 2007
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Soil Water Potential vy

Thé nang nwéc cua dat

Sandbox Hop cat

Y, IS the matric potential in units of negative pressure
such as Pa. y,, 18 ma tran thé nang theo don vij ap suét
am nhw Pa.

Ym = —pwgH

Y, is the matric potential which is a product of the density
of water, gravity and the matric head. vy, la ma tran thé nang
duoc tinh bdi tich khéi lugng riéng clia nudc, trong luwc va ap suat
ma tran.

>

Hanging Water Column

Cot nudc treo
(-0.15to0 -0.005 bar)

-

Units for H are in meters and is the suction of a hanging -c
water column. Bon vi cua H la mét va la luc hat cua cot nude -

treo. pF _ Log lpm -
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Soil Properties Parameters
Cac Thong S6 Vé Tinh Chat Pat

Soil Water Retention Curve

Puong cong gilt nwdc cua dat

0.6

The soil water retention curve is a plot of soil
moisture on the y axis and matric potential 0s Soil Water Retention
(pressure it take to pull water out of soil) on the x Curve of typical soils
axis. Buong cong gilr nudc cua dat la mot do thi vé do o \ Nwérc giir trong dat
am cua dat trén truc y va ma tran thé nang (ap suét can N Pwéng cong cua cac loai
thiét dé kéo nudc ra khoi dat) trén truc x. \ \\ dat dién hinh

0.3

Pat sét

The soil water retention curve is very soil specific . \ \

and can help determine how water drains and \C’t . \
. . . , , a silt

moves through he soil. Buong cong gilr nudc cua o sahd
dat rat cu thé doi vadi tirng loai dat va cé thé gilip xac \_
dinh cach nudc thoat ra va di chuyén qua dat.

Do am dat
Soil Moisture

T T T T T T d
0 1 2 3 4 5 6 7

10 hPa 100 hPa 1000 hPa 10,000 hPa 100,000 hPa  1x10° hPa 1x107 hPa
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van Genutchen Equation

Phuwong trinh van Genuchten
Water Content Modeling and Prediction
M6 hinh héa va du doan ham lwong nudc

6, — 0,
:(I>1 + dhtm

o h -,

~

Do am dat
Soil Moisture

0s Soil Water Retention
Curve of typical soils

0t Nwéc gil trong dat
Dwéng cong cua cac loai
\ dat dién hinh

Dat sét
Cl
0.2
\Zét Bun
Silt
Sakd
0.1

N

0 1 2 3 3 5 6 7

10 hPa 100 hPa 1000 hPa 10,000hPa 100,000 hPa  1x10¢ hPa 1x107 hPa

Seh:}@c_er

Symbol

Definition - Binh nghia

Kh =Ks 1-[1-s " )

O

Soil water residual. A low level of soil moisture where
the microscopic channels of water in soil become
disconnected. Du luwong nudc trong dat. Do m dat thap khién
céc kénh nudc cuc nho trong dat bi ngat két néi.

Soil moisture at saturation. D6 4m dat khi bao hoa

K(h) = The Unsaturated Hydraulic Conductivity
[a parameter that indicates how well water moves through soil]

Air entry value. Point below saturation where the air in

soil becomes displaced. Gia tri luong khi di vao. Diém dudi
mutc bao hoa, noi khdng khi trong dét bj dich chuyén.

K(h) = Do dan thuy luc khéng bao hoa
[m6t tham sé cho biét nudc di chuyén t8t nhu thé nao qua dat]

Fitting parameter that is soil specific. Tham s& pht hop
V@i dat cu thé.

Hydraulic head which is basically the same thing as
the matric potential. Ap suat thuy luc vé co ban gidng nhu
ma tran thé nang.
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. Trwéng dung tich DBiém khd han vinh vién
_/SWC Field capacity Permanent wilting point

- 2 application

x )
o U >
© Tt t Ung dung néng hoc
2 e
o C
c O -
SRS @ — >
5 - | Q2 W ilabl
c 9 2. ater unavailable
w O /o 6.,
T < | o © for plant
Nwéc khéng kha dung
- cho cay

RWC |« -

T
\ b
-

AEV Suction (kPa) — 4
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: Transition
N \ effect zone
le— Boundary _— \ Vung chuyen tlep
effect zone
Vung ranh gi&i
hiéu ung suction value

Gia trijhut
con |lai

R Residual
> o

Residual zone
- of —
unsaturation
Vung con lai

Air-entry cla suw khong
value bado hoa
Gia tri|khéng
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Where to Place Static Soil Properties
Stations

Monitoring station on slope where BV e e oc
human lives and property are at risk. \/ S

Céc tram giam sét ! Vach da
\/ét nirt CROWN MAIN SCARP

Pat mot tram giam séat trén sudn doc noi
CRACKS

tinh mang con nguoi va tai san bi de doa. . HEAD

e connere o ' I T T —
Place a monitoring stations on the : Subin d6e ngan
steepest part of the slope. Bat mot tram TRANSVERSE CRARSVERSE
giam sat & phan ddc nhat ctia sudn déc. _ c?‘c'\‘,iét ~e el L
Take into consideration Soil Stress
Cohesion in units of kPa, ”¢” and the S ¢ cacgo'ngﬁ &
soil’'s angle of internal friction in & nADIAL VB Nt xuyén (}ié‘ &\ Neonchanciabs

CRACKS tam

degrees, “¢ ”. Xem xét Do két dinh Ung .
suat dat theo don vi kPa, ”c” va géc ma sat A

trong clia dat theo do, “¢”. /[ =ik
€ mat tach bié

OF RUPTURE Co theé cd cac tram giam sat 1
hoac nhiéu noi trén phan doc
nhat cua swon doc

\ \ TOE OF SURFACE Mat Vo

Where the drainage index is the lowest.
Nai chi s6 thoat nuwdc thap nhat.

Possible Monitoring Stations 1 or

more places on the steepest part
of the slope
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Clay v. Loamy Sand

Pat sét so voi Pat thit pha cat

Water retention curve

Pudng cong gilr nwdc

WFV V. K unsat K Unsat vs Soil Moisture

2
KN UONMSSatvs ao arrm

Soil moisture vs head D0 dm vs head

— wivcay Wwfvdatsét o Eunsa:Lclay Kunsat sdét sét

04 wfv Loamy Sand | wfv d&t thit pha cat unsattoamy 8t unsat dat thit pha cat [
ig, S o o5
//
010 /
0 1 2 3 N 4 5 0.10 015 0.20 025 DOoém 035 040 045
head in pf Dau tham thau pF Soil Moisture bar

The smaller the area on the K(h) curve, the poorer . .
he drai . \( ) ’ \p , Drainage index = K(h)dh
the drainage. Dién tich trén duong cong K(h) cang nho Chi s8 thoat nuge 0

thi kha néng thoat nuédc cang kém.
e DYACON 1H’TRUNG HAI
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Landslide Risk Factor
Yéu td nguy co sat L& dat
LOW . / HiH

F = Walge + WpApyer + We(Pg— ETy) + WD(Pf - ETf) RISK

* F is a site-specific rick factor for a monitoring station strategically placed on the slope. F la hé s& lun tai vi tri cu thé
ctia mot tram quan trac dugc bé tri chién lugc trén sudn déc.

* This is a stating point formula containing the parameters that can be monitored. This formula would need to be
scientifically developed for a specific site. Pay [a cong thirc diém néu rd cac thong so c6 thé dugc theo dbi. Cong thirc nay
can dugc phat trién mot cach khoa hoc cho mot dia diém cu thé.

w, W, W.andwy, are weighted coefficients to the specific site. w,, wy, we.andwy, la cac hé so co trong sé doi vai
vi tri cu thé.

- t;. is the amount of time the soil stays at or above field capacity. Obtained from water retention curve.
tr- & khodng thoi gian dat duy tri @ mdc hodc trén murc trudng dung tich. Thu dugc tir dudng cong gilr nudc.

- (P4 - ET,) and (P;— ET;) are the antecedent and forecasted precipitation minus ET. The antecedent
values are the rolling 24-hour total precipitation. A possible forecast source is OpenMeteo,
https://open-meteo.com. (P, — ET,) va (P; — ETy) la lwong mua tir trudc dé va dugc dy bdo trir di ET. C4c gia tri
trude dé la tong lugng mua roi trong 24 gid. Dy bao co thé dén tir mot ngudn mé nhu OpenMeteo.

- Apyetis the difference between the dry bulk density and the wet bulk density. As soil moisture
increases so does Apyet - Apye: @ sukhac biét gitta khoi luong riéng kho va khoi lugng riéng wét. Khi do am dat tang
thi Ap,,e: clngtang. | Mgry + VO  mgyy

Apwet = v Y
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https://open-meteo.com/
https://open-meteo.com/
https://open-meteo.com/
https://open-meteo.com/
https://open-meteo.com/
https://open-meteo.com/
https://open-meteo.com/

Onsite Equipment

Thiét bj tai cho

WATER RETENTION CURVES

BO THIET BI PHAN TiCH DUONG
CONG GIU NUOC

Unsaturated Hydraulic
Conductivity K(h). 6 dan thay
luc khéng bao hoa K(h).

Soil moisture at 0.33 bar. b6
am dat 4 0,33 bar.
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TEMPE CELL

Pprosity qnd dry bulk density. Do
x0p va khoi lvgng riéng chat kho.

FALLING HEAD PERMEAMETER
THIET BI DO PO THAM THAU

Saturated Hydraulic Conductivity
(Ks) and Unsaturated Hydraulic
Conductivity (Kh). Thiét bi do D6
dan thuay luc bao hoa (Ks) va Do dan
thuy luc khéng bao hoa (Kh).

\




Onsite Equipment
Thiét bi tai cho

STEELHEAD DATALOGGER + SOIL EXTENSIOMETER
HydraProbe SOIL SENSOR SKYVIEW 360 _ _
_ _ Measures soil movement using
Measures soil moisture. Bo Monitoring dashboard = Early vibrating wire technology. Do chuyén
doé am dat. warning. déng cuia dat bang cong nghé day rung.
Connects to datalogger. Két Bang digu khién giam sat > Canh Two metal disks 3 to 15 m apart. Hai

ndi véi may ghi di liéu.

bao sém. dia kim loai cach nhau 3 dén 15 m.

— Output in mm, PLUS - soil

" separating and MINUS = soil

| compacting. Bau ra tinh bang mm,
— CONG = tach datva TRU = nén dat.

{ - :
b
|| A
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Other Sensors
Nhirng cam bién khac

Meteorological/ Khi tuong

* Evapotranspiration/ Thoat hoi nudc
* Precipitation/ Luong mua
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Air Temperature
Humidity

Barome

tric Pressure

Cell Phone
Data Loggi

ng
Modbus Slave

Water Level/ Muc nuéc

Streams/ Dong chay
Groundwater/ Nuéc ngam

SMART

PT




Conclusion
Két luan

* Site specific parameters/ Cac thong s6 cu thé
cuia dia diém:

* Slope angle/ Géc dbe
* Vegetation index/ Chi so tham thuc vat
* Unsaturated hydraulic conductivity/ Do dan
thuy luc khéng béao hoa
* Real-time monitoring parameters/ Cac thong
s6 giam sat thai gian thuc:
* Soil moisture/ D6 am dat
* Groundwater level/ Muc nude ngam

* Meteorological parameters/ Cac thong sé khi

tuong
* Slope movement/ Chuyén déng déc
* Laboratory parameters/ Céc théng s6 phong thi
nghiém:
* Water retention curve/ Dudng cong gitr nudc

* Saturated hydraulic conductivity (Ksat)/ D0
dan thuy luc bao hoa (Ksat)

* Soil cohesion/ Po6 két dinh clia dat
* Internal friction/ Kha nang chéng truot
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SCGIENECE GO LT D!

D liéu va tinh toan
cé thé dwoc xem va
quan ly trong Sky
View 360
Data and
calculation can
be viewed and

managed in Sky

Determination of F,
the site-specific

landslide risk factor m—)

View 360
Xac dinh F, hé sb
rdi ro truot dat Eai
dia diém cu thé
SkyView360
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