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A bstract. Landslidcs is onc o f the most scvcrc hazard in Vietnani, iimong that a major numbcr o f 
laiìdslides arc induced by hcavy raiiifall The papcr dcals with hcavy rainfall induccs shallow 
laiìdslidcs at tlic cxcavatcd slopcs in Bac Kan provincc and at the natural slopcs in Binh Dinh 
provincc. Landslidcs in Bac Kaii can liappcn whcn Uic amount o f rainíall is 180111111 conlinuously. 
Landslides o f natural slopcs in Binh Dinh can only occur whcn raiiifall niakcs tlic slopes almost 
saturated. This can happcn w hai thc amount o f raiiifall rcach ovcr I260mm. Landslides induccd 
by hcavy rainfalỉ also dcpaid on ữie initial water contcnt (i.e. antcccdcnt rainfall), gcological 
scttings, and plant cover. Thcrcforc rainĩall paUi and critical rainfall can vary in a givcn rangc in a 
placc, and can vary widcly ữom pỉace to place.
Keynvrds: Hcavy rainfall; Slopc; Landslide; Unsaturatcd soiỉs.

1. In tro d u c tio n

Landslidcs and flooding arc thc m ost scvcrc
geohazards in V ietnam . A nnually, landslides 
alone c a u s c  a d a m a g e  o f  n c a r ly  100 m illio n s  
U SD  |6 ). T he serious hazard  often takes placc 
during storm s or tropical depressions. Storms 
and landslides had destroyed 448 bridges, 789 
culverts, strongly dam aged 6 m illions m2 o f  
highw ay suríace, 2.7 m illions m 3 o f  soils and 
rocks had to  bc clcaned during the period  from  
1990 to  1995. M ore seriously, landslides along 
w ith debris flows can  cause  severe fatality. As 
show ing in  table 1 the hazards o f  landslides and 
debris flow s are very severe and  can  occur in all

m ountainous areas o f  V ie tn a m  A  rem arkable 
situation is that all o f  them  only occurred 
during hcavy rainfall. T he ongoing clim atc 
changes have the po tcn tia l to  signiíicantly 
incrcase th c  co u n try ’s risk  exposure to 
geohazards. Extrem e w eather events induccd by 
clim ate changes are happen ing  m ore  frequently 
and w ith h igher in tensities. H eavy rainfall and 
clouđbursts a re  lead ing  to  m ore floods and 
landslides. L ocal livelihoods experience set- 
backs. T he events are counterprcxỉuctive and are 
threatening the sustained econom ic development 
o f  V ie tn a m  It m ay b e  as a consequence of 
clim aíe change landslides have recently 
occurred w ith  h igher frequency  and  intensity.
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Tablc 1. Reccnt rccordcd scverc landslides & debris ũow in Vietnam

Location Date Typc No. o f deaths 
& missing

Damages

Nam Cuong, Cho Don (Bac 23 Jul. 1986 Dcbris flow & 07 120 ha ricc íields, 20 km o f
Kan province) laiidslidcs roads
Lai Chau tovvn 27 Jun. 1990 Dcbris flow & Over 100 607 houses, 5 bridges, 10km2

Landslide o f  town dcmolished
Nani Muc & Muong Lay (Lai 17 Jul. 1994 Debris Flow & 20 -
Chau province) Landslides
Muong Lay town (Lai Chau 17 Aug. 1996 Dcbris flow & 55 The conimuiie had to move to
province) Landslide anothcr placc
HighvvayNo. 27 (Lani Dong lOOct. 2000 Debris flow & - 37 scvere landslidcs in 55 kin.
provincc) laiidslides 500 m highway fully desưoycd
Ialy hydropowcr plant (Kon since 2002 Landslide - causing darnagc o f billions of
Tum province) VND each ycar
Du Tien & Du Gia, Yen 19 Jul. 2004 Dcbris flow & 48 33 houses, 627 ha ricc fíclds
Minh (Ha Giang province) laiidslides
Sung Hoang (Phin Ngan, ^at 13 Scp. 2004 Landslidcs 23 4 liouscs dcstroycd
Xat, Lao Cai province)
Nghia Lo, Van Chan (Yen 28 Sep. 2005 Flash FIood & 42 Cat Thinh com mun c & Nghia
Bai province) Landslidcs Lo tơn \vere scvcrely damagcd
Bat Xat, Sa Pa, Bao Thang, 09 Aug. 2008 Flash Fỉood & 65 Many communes wcrc
Bao Ycn (Lao Cai provincc) Landslidcs dcstroycđ

2. H eavy ra in ía lỉ in d u c ed  landslides in  Bac 
K an  prov ince

Bac Kan -  a northeast m ountainous 
province belongs to  the  northeast-ío ld ing region 
w ith co n p lcx  gcological settings. The 
geological activities, especially neotectonic 
m ovem ents have created  the variable and 
com plex topographical characteristics in  Bac 
K an province. In this study, the C au river basin 
is m ainly íbcused. It stretches from  Cho Don to 
C ho M oi district (along national highvvays No.
3 and No. 257) in the  length  o f  103kra The 
area o f  study region is about llO km  . The 
geom orphology in  the region is characterized 
by tw o m ain types: erosive re lie f  a t hills and 
m ountains and  accuniulative re lief along C au 
river and stream s [2]. M ost o f  study area is 
characterized b y  erosive re lie f  w ith the 
elevation o f  200-500m  and the com m on slope 
angles o f  35-40°. The a rea  o f over 500m  high is 
very limited.

In the region, bedrocks are  diversified with 
5 íorm ations (Phu N gu - O3-S 1 pn , Bac Biui - 
Dibby M ia Le - D ]/;//, Song H ien - T i.2?h  and 
Ha Coi - J |.2hc) and Q uatem ary  sediments. 
A m ong that, landslides often  occur in  the 
vveathering crust and highly  cracked bedrocks 
o f Phu N gu and M ia Le form ations. The 
w eathering criist o n  Phu N gu  íorm ation is 
variable in tlìickness, rang ing  from  0 to  over 
lO m  The popular thickness is 1 .5-2.5m  The 
M ia Le íorm ation is characterized  by clay 
sericite shale, silty  sandstone, cherty  schist, and 
thin beds o f  lim estone. 600-700m  thick. The 
\veathering crust thickness is sm aller than lm, 
landslides only occur along w eak suríaces in 
cracked rock m asses. The tectonic activities, 
especially the đeep-seat íau lt along highway 
No. 3 have intensively \veakened the strength o f 
rock niasses and ma de in tensiíĩcation o f 
w eathcring process. T he bedrocks w cre strongly 
cracked causing som e rockslides w ith slip 
suríaces o f  opposite direction to bedding suríaces.
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Tablc 2. Gcotechnical propcrtics o f rcsidual soils in 
Bac Kan

Properties Value
D60 (nira) 0.46
Dio(mra) 0.01
Water contcnt(%) 
Wct density (KN/m3)

31
18.5

Void ratio 0.759
EtTcctivc aiiglc o f ữiction (dcg.) 28
EíTcctivc cohcsions (KPa) 5.5
Saturatcd cocíĩìcicnt of 
permcabiiity (m/s)

2 X  10-6

The database is m ainly achieved  from  
several investigations along som e national 
highw ays N o. 3 (fton i C ho M oi to Bac Kan 
tow n), No. 257 (Bac K an tow n - C ho  D on) and 
som e segm ents o f  No. 256 (B ac Kan tow n -  Na 
Ri) in  2001 and 2002. Ít contains geological 
settings o f  the region, lcvels o f  \veathering, 
physical m echanical properties o f  soils and 
rocks. The most im portant đata is a set o f 72 
recorded large landslides. T he detail 
investigation was carried  out for each landslide 
and the retrieved data contains the location, 
dim ensions o f landslide, slopc anglc, 
characteristics o f  soils and rocks, plant 
coverage and  hum an activities affecting the 
landslide. D uring the investigation, 40  disturbed 
and 80 undisturbed sam ples o f  residual soils 
and rocks w ere also  taken for íu rther analysis in 
the laboratory. G eotechnical properties o f  soils 
are show ing in  table 2 and Fig. 1.

Fig. 1. Soil vvater charactơistic curvc ofresidual 
soils in Bac Kan (dry curve).

M onitoring đata o f  daily rainíall in 2001 are 
retrieved  from  9 stations. However, only 3 
stations, includ ing  Phuong Vien, Dong Vien 
and Bac K an are dealt w ith the current research. 
The research w as conductcđ by using various 
m ethods. The rem ote sensing & G1S m ethod is 
applied  to classiíy  the areas o f  different heights, 
inclined angles and assum e the potential areas 
o f  landslides for íurther research. Geological 
m ethods perniit elucidating lithological 
com position o f rocks, their ability o f  \veakening

đue to  w eathering and deíine  the cracked zones 
caused by  tectonic m ovem cnts. Then, the site 
investigation was deployed, including 
m easurem ent o f  landslide dim ensions, taking 
sam ples and field  tcst o f  soil, rock  mass shear 
strength. The sam ples, subscquently, were 
analyzed  in the laboratory to  deíĩne physical, 
m echanical properties o f  soils and rocks. 
A fterw ards, the achicved data in com bination 
w ith transient slope infiltration w ere used for 
slope stability  assessm ent.

2.1. Rainfall in the stonn  No. 7 (3 a n d  4 July 2001)

B ac K an has two distinct seasons in term  of 
rainfall. The w et season stretches from  A pril to 
O ctober occupying 85-90%  o f  the total rainfall. 
The rem aining period  o f  tim e (N ovem ber to 
M arch nex t year) is dry season. The am ount o f 
rainfall and can be  a hundred tim es more or less 
from  year to  year. T he average rainfall in Bac 
K an is 1400-1800 mnVy. It reduces from  west 
to  east and from  higher locations to lovver ones. 
L ong-term  m onitoring o f  rain íall shows that 
rain  intensity is concentrated  in 3 m onths from  
June to A ugust, accounting for 75% o f the total 
(Fig. 2). H ow ever, rainfall is m ainly contributed 
b y  several rainstorm  events. In a surge storm, 
ra in  intensity can reach hundreds o f millimeters 
per day. The 3 and  4 July 2001 rainstorm  event, 
íocused  in this study, is a typical exanp le .

The event started lately on  2 July 2001 
w hen the surge storm  N o. 2 lanđed onto the
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m ainland. The recorded data every 6h a t 3 
stations show that the early average rainfall 
intensity is 2m m /h for the first 18h. lt reached 
to  the highest íigure o f  about 15mnVh at the 
early o f 4 July (Fig. 3). The event was then 
stopped at the end o f  4  July. Finally, the rain 
intensity during storm  w as 261.1, 191.1 and 
133.7m m  at Bac Kan, D ong Vien, and Phuong 
Vien stations, respectively. The rainfall 
intensity was the highest daily rainíall since 
1996. In the s to rm N o . 2 in  2001, there w ere 11 
large landslides with the total volum e o f  about
16,000 m \  These oncs lcd to  the interrupts in 
the national highw ay No. 3 and m any other 
national highw ays for a  long time. The cost o f 
dam age was over several b illion VND. A long 
the road No. 3, No. 256  and No. 257 over 30 
landslides w ere recorded to  be occurred in this 
surge storm.

Fig. 2. Monthly rainfall Ũ1 Bac Kan province.

2.2. Landslide P roperty

Landslides in  Bac Kan province are often 
occurred at the slopes o f  national highways, and 
only take place in rainy  seasons. They can 
occur either in the vveathering crust or in the 
highly cracked rock m asses. T he slip surfaces 
have arc shape in the w eathering crust (Fig. 4a) 
and they coincide \vith bedding  suríaces in  high 
w eathered rock m asses. The landslides w ith 
large volum es often have c o n p le x  slip suríaces 
including both arc and íla t bedding slip suríaces 
(Fig. 4b). T he volum es range from  tens m3 to

over 5 ,0 0 0 m \ am ong that the volum es o f  100- 
500 m3 are dom inant. Som e typical landslides 
in  the s to rm N o . 2 are show n in table 1. The 72 
recorded landslides d istribu te m ainly in 7 
regions (3 regions in C ho  D on disứict, 2 in  Bac 
Kan tow n and  2 in C ho  M oi district). T he site 
investigation indicated that the landslides only 
occurred w here bed  rocks strongly  in íluenced 
by íaults or the direction o f  bedding  surface 
coincides w ith inclincd d irection  o f  slopes; the 
slopes are constituted by residual soils o r highly 
cracked rocks; the thickness o f  \veathering crust 
o f  over 5m  usually mct a t landslides over 
500m 3. The high density  o f  vegetable coverage 
is taken p lace a t alm ost landslides. Therefore, 
the role o f  vegetable coverage in slope instability 
is not signiíĩcant. The prior research has defĩned
4 zones o f  different possibility  o f  landslide, 
w hich are very higli, high, m edium  and  low 
possibility, respectively [4].

a) Rain fall intcnsity

Fig. 3. Intcnsity and accumulation oftlic rainstorm [3].

0  6  12 B  24 3 0  3 6  4 2  4 8  &) 6 0  66

E l a p s a d  tim ®  ( h. s lrv c e  1AM 2 J u ly )
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In short, the storm in the 3 &  4 July 2001 
caused  the highest daily  rainíall in Bac Kan 
province during the pcriod 1996-2001. It 
triggered about 30 landslides along  the national 
highw ays N o.3, 256 and 257. Shallovv landslidcs 
can occur when the rainỉall am ount is higlìer than 
180mm and PW P is still in negative values [3].

a) Arc slip suríacc

h) Complex slip suríacc

Fig. 4. Slip surfaces o f  landslides.

3. H eavy  ra ii iĩa ll ỉnduccc! lan d slid es  in Bỉnh 
D inh p rov incc

Heavy rainỉall in Binh Dinh province from 
12 D ecem ber to 15 D ecem ber 2005 caused 
serious dam ages. Lancislides caused traffic ja ins 
a t niany roads, 03 persons vvere killed by 
ílooding. A vast landslides occurrcd at a
m ountain o f  C anh Lien com m une, Van Canh
district, killed 4 hulls, íllled  up som e rice field. 
Portunately, there vvas not any fatality. Nearly 
the sam e at the oppositc site  o f  the mountain 
therc w as also  a series o f  large landslides. 
E specially, the landslides occurred w ith several 
loud explosions. The fact has lcad to  serious 
nervousness o f  the resident population.
Landslides took  placc a t the natural slopes vvith 
slope angles o f  28-31°. T he vegctable cover vvas 
very loose.

T he geological settings are very
com plicated. The region distributes 3 
form ations sucli as Xa Lam Co (A R x /c ), M ang 
Y ang (T 2iwy). and Ọ uaternary  (Ọ ). M ost o f  the 
area  is constituted by igneous rocks that belong 
to 4 com plexes, including V an Canh (G- 
SG/T2v c ị  C haval (G bT3ncv), Deo Ca (G /K d c ị  
Cu M ong (G b/Etvn). T he fault system 
especially  th e  sem i-longitude fault leads to 
m any crack ing  blocks o f  the bed rocks. The 
heterogeneous distribution o f  cracking system  
has lead to  the diíTerent thickness o f  w eathering 
crust and lìiakes potetial slip  suríace for large 
landlsides.

Table 3. Geotechnical propcrties ofresidual soils in 
Binh Dinh

Properties Value

Water content (%) 
Wet density (KN/nv)

19
18.7

Void ratio 0.75
Effective angle o f ữiction (deg.) 28.9
Effective coliesions (KPa) 15
Saturated cocfficicnt o f  pcrmeability (m/s) 
(samples taken at 0.3-0.5m dccp)

5 X 10‘5
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The database is m ainly  achieved from  the 
investigation in Van C anh district from  August 
2006 to June 2007. It contains geological 
settings o f  the region, characteristics o f 
weathering, physical m echanieal properties o f 
soils and rocks. The detail investigation was 
carried out a t 05 large landslides. During the 
investigation, 60 disturbed and 50 undisturbed 
samples o f  soils and rocks w ere taken for 
further analysis in the laboratory (Table 3). 
M onitoring data o f  daily  rainfall in  2005 is 
retrieved from  the V an Canh station vvhich is 
20km  away from  the slid ing site. In addition, 
the data o f  m eteorology and  rain íall from  1977 
to  2003 w as also taken into account.

3.1. R ain fa ll in the p e r io d  o f  Septem ber  - 
D ecem ber 2005

A s m entioned above a series o f  large 
landslides occurred in the m idd le  o f  D ecem ber 
2005. So as to  elucidate a relation betvveen

rain ía ll and  this phenom enon the rain  data ỉrom  
Sep tem ber to  D ecem ber 2005 is taken into 
account. T he to ta l rainfall in  Sept. 2005 was 
28 7 .3m m , a norm al figure in  com parison to 
o ther years. In O ct. 2005, the íĩgure was 
1016.8m m  w hich is larger than the norm alized 
rainfall w ith  the frequency o f  5%  (1015m m ). 
T h ere ío re  the ra in ía ll in  Oct. 2005 w as above 
the íìg u re  occurred  once every  20 years. The 
n um ber o f  rainy  days in  this m onth  was 20 days 
continuously . Especially, the rainfall in 3 days 
(23-25  O ct.) reached to the to tal o f  566 .5m m  
(Fig. 5). H ow ever no large landslides occuiTed 
du ring  that m onth . The ra in ía ll in Nov. and 
Dec. 2005 w as 627.6 and 829. Omni, 
respectively  (Fig. 6). The ra in ía ll in  Nov. 2005 
is also a norm al fact. But the one o f  Dec. 2005 
is very  rem arkable. It is a íĩgure  that can only 
m eet once every 50 years. T hereío re all o f  the 
large laiìdslides occurred in  a m onth  vvith a  very 
h igh  am oun t o f  raỉn íall.

1
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E lapscd  đays fnm» 01 S c p te in b c r  2005

Fig 5. Rainĩall from 01 Scptember 2005 to 31 Deccmber 2005.

Fig 6. Monthly and accumulativc rainĩall.
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The above results show  tha t the landslides 
occurred after 3 m onths o f  heavy  ra in  from 
Sept. to  Dcc. 2005. The total ra in ía ll o f  onc 
m onth bcfore the ía ilu re  (17 N ov. 2005 - 15 
Dec. 2005) was over 1260m ni T he average 
daily  rainfall was 43.4 mnVday.

3.2. Landsỉide properties

The largest landslide took  p lace  in Lang 
C hom  w ith the volum e o f  about 22 ,000  m 3 (Fig. 
7). The landslide occurred  w ith  a serious 
explosion. Ít might derive from  the relieve o f 
com pressivc pressure in the slope. O thcr sounds 
w ere induced by the m ovem ent o f  soil and  rock 
m asses after sliding. T he top s lid in g  surface 
situates in  the w eathering criist how ever most 
o f  slid ing  suríacc is the in te ríace  o f  intact 
igneous rocks. Residual soils a re  w eathered 
from  rocks o f D eo C a com plex  \vith the 
thickness o f  4 -6 m  T he slope is 65 high, and 
slope angle o f  27ờ -  32°. Lots o f  rock  m asses o f  
about 10m3 vvere transported  dow n slope along 
the d istance o f hundreds m eters. T he sliding 
m aterials then destroyed  a local road  segm ent 
and íilled  up the L au  s tream  n e a r the slope 
causing an  increase o f  2-3m  o f  thc s tream  water 
level. Fortunately, there w as no  debris flow  due 
this phenom enon.

A t the sam c tim c in K a B ung  (the opposite 
site o f  the mountain) there w as a  series o f  large 
landslides (Fig. 8). T he th ickness o f  residual 
soils is 6 -9 m  The s lope  ang le  is 27° -  32°. The 
average volum e o f  these  landslides is 10 ,500m \ 
The landslides tcx)k p lace  far from  residen t area 
and did not cause any íatality.

The initial results show  tha t the natural 
slopes in  Binh D inh can  be instab le  w hen the 
rainfall in  a period  o f  tim e reach in g  over 
1260mm, and thc heavy rain fa ll o f  200-300m m  
in 2-3 days occur at the end  o f  this period . The 
slopes w ith  the inclined  angle o f  30° o r more 
steep have vcry high  potential o f  s lid ing  in such 
situation.

Fig. 7. Laiidslidc in Lang Chom.

Fig. 8. Landslides in Ka Bung.

4. D iscussions

H eavy rainíall thereforc can  trigger 
landslides at bo th  excavated and non-excavated 
(natural) slopes. Em pirically, the critical rainíall 
is 180m m  continuously in  B ac K an province. 
This can m eet during the extrem e clim ate 
events such as storm s and tropical dqDressions
[5]. The tim e o f  raining is about 2-3 days with 
the highest intensity o f  15 mnVh. T he threshold 
herein is considered as a  daily rainíall. The 
ĩigure is very  low  in com parison to the situation 
in som e places such as H ong K ong (75m m /h) 
[1] or S ingapore (80m m /h) [7]. Hcavy rainíall
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also induces m any shallow  landslides along the 
roads in B inh Dinh provinee. Hovvever the 
threshold can not establish because o f  lim ited 
data.

Regarding the excavated slopes in Bac Kan, 
along with the ro le o f  heavy rainfall one reason 
should be em phasized is the slope angle. The 
slopes herein are stable w hen the slope angles 
are lovvcr than 35° [4]. But all o f  slope angles 
are more than 45°, and m ost o f  them  over 60°. 
Surprisingly, the fact is com m on no t only a t the 
highvvays bu t also a t the residential sites. This 
derives from  the effort to reduce excavated 
volume. T hat leads to  a  quite low  critical 
rainíall because the landslides can occur when 
the pore w ater pressiưe (PW P) in the slopes is 
still negative.

The initial saturated degree (S) o f  residual 
soils in slopes plays an im portant role. As see in 
the Fig. 1 the residual suction o f  soils in Bac 
Kan province is about 80K Pa and a dry soil 
slope can only increase the PW P to about -60 
KPa under the rainfall o f  180m m  M eanw hile 
the slopes can be instable when the average 
PW P is -6 K Pa [3]. Hovvever rain  can occur 
every m onth a t the sam e tim e the tem perature is 
low in the dry (w inter) season in  Bac Kan 
province. Thereíore the saturated degree o f 
soils is ahvays high. The sam ples taken in 
Decem ber have the average s o f  0.75-0.8. And 
the initial PW P interpolated from  Fig. 1 is about 
-45 KPa. In the contrary, the rainfall is very 
small and the evaporation is rem arkable in  Binh 
Dinh province. The s o f  soils is only 0.3-0.4 in 
dry season. The heavy rainfall a t the beginnin^ 
o f  wet season can only increase the \vater 
content bu t can not make the soils m ostly 
saturated. In fact, the rainfall in  O ctober 2005 
was larger than in  D ecem ber 2005 bu t the 
landslides d id  no t occur in  October. An 
interesting fact is that the effective intem al 
angle o f soils is about 2 8 -3 1°(28.9° in  average),

and the slope angles o f  landslides vvere abou t 
28-30°. So the landslides w ere triggered  w hen 
the slopes were alm ost saturated.

T he in íluence o f  geological settings is also 
rem arkable beside tw o reasons o f  slope angle 
and heavy rain íall. T he bed  rocks o f  schist and 
clay shale in B ac Kan p lay the ro le o f  an 
im perm eable layer below  residual soils (Fig. 
4b). W hen rainy vvater penetrate in to  the slopes 
and reach to  th a t layer it w íll be accum ulated  
and m ake a flow  dow n slope. This leads to 
m ore rap id  increase o f  PW P in  the  slopes. In 
Binh D inh province this layer is taken p lace by 
som e intact igneous rocks (Fig.9).

Fig. 9. Slip surface at ứie interface o f  intact bcdrock 
in Lang Chom, Binh Dinh.

The results g ive a recom m endation  for the 
early vvaming o f  landslides. In Bac Kan 
provincc the m onito ring  data  o f  6-hourly 
rainíall can be m ain ly  used. T he hourly data is 
also necessary because the intensity  som etim es 
reaches over 15mm/h. T he Nvaming system  has
3 levels for exam ple level 1 - 125mm, level 2 - 
150mm and  level 3 - 175m m  T hereío re the
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local authority and residents can arrange time to 
rem ove and save thcir property. For natiưal 
slopes in Binh Dinh province the daily rainfall 
is used and when the rainíall can reach to  the 
threshold an early w am ing m ust establish for 
the residents to go far avvay from  the slopes 
with the slope angles o f  ovcr 30°.

5. C onclusions

1. Hea\ 7  ra in íall can cause severe 
landslides at the excavated or natural (non- 
excavated) slopes. H eavy rainfall induces 
shallow landslides o f sm all volum es a t the 
excavated slopes. In natural slopes the volum e 
o f  landslides induced by heavy rain íall can be 
large or very large.

2. Landslides in Bac Kan can happcn when 
the am ount o f  rainfall is 180m m  continuoiisly. 
PWP in the slopes is still negative when the 
íailure occurs. This fact can be early w am ing 
by the available rain m onitoring stations in the 
region. Landslides o f  natural slopes in Binh 
Dinh can only occur w hen rainíall niakes the 
slopes alm ost saturated.

3. Landslides depend on the initial vvater 
content (i.e. antecedent rainfall), geological 
settings, vegetable cover. Thercfore rainfall 
path and critical ra in íall induce slope failure in 
a place can vary  in a given range.
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