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PREFACE

Landslide is a oommon phenomenon of road oonstruction
in Northern Thailands The causes of landslide are many and
complexe Sometimes it is hard to justify them correotly.
dooording to the past experience and quite a few local inves—
tigation, landslide mostly occurs in the rainy season along
som¢ wesk planes oreated, It is the purpose of this paper
to hypothesize the effeot of geological history, structural
complex, as well as the peismioc action in induoing landslide
in Northern Thailand, Comparison betwean landslide in the
North and the Penineula of Thailand tends to substantiate
that all the local factors are all effective in landslide
cccurrings It is hoping that this paper will give some
significance aboul seismicity and structural complex in
ovausing landslide in Worthern Thailsnd, Evidence shown will
be informative for practicing engineer working various
phases of design regarding to earth surface.,
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ABSTRACT

During the geologic time Northern Thailand was subjected to many
cycles of orogernic event, inducing different structural complexes
in the earth crust. Today these events are still effective, espe-
cially some forms of earth movement and sarthquake which are
recorded by the equipment in this particular region. Road cutting
in some vicinities emcountered the problem of landslide. The
primary causes of landslide are geclogical factor, associsted wikh
creep phenomenon, crack formation, and water infiltration, while
the trembling effect of microseismic activities is minmor in promo-
ting the potentisl of lendslide,

INTRODUCTION

Northern Thailand wes subjected to many cycles of orogenic events
which resulting from both voleanic and tectonic activities, These
activities were acoompanied by eruption of andesites and tuffs,
and intrusions of relatively large mass of granitic rocks which
are widely formed in this region, As a consequence of these com-
plex activities, quite a few f'ault zones and other structural
basement complexes‘ were fomed. The helt of the recorded seismic
epicenters in,Burmla and India passing through Andaman Ssa and
Sumatra tends to substantiate these activities (Gutenburg and
Richter, 1965). 4s Northern Thailand has moderately high annual
rainfall of 4500 ~ 2000 mm with warm temperature, recks tend to
decompose forming a mantle of residual soil and weathered rock



covering the originel parent rocks, There exists the boundary

or wesk transition sone between residual soil and weathered rock
in the profile. Roed cutting in this erea of which the terrain
is mountainous encountered the problem of slide or slip in the
cut slope. Occurred slides are either along the geologic weak
planes, or dus to the seismic shock in the region, or both,

Field observations reflected the creep phenomenon and progressive
Pailure in some particularly suitable topography, indicsting

ths movémnt of the mantle of the earth mass along the hillslope
through some specific week planes. These planes might be either
the fault zones which were formed in the geologic time, or weak
planes created by water infiltration inte the residual soil during
the reinstorm inducing a saturated zome of low shearing
reglistance, From the recordad seismic data associated with
the ficld evidenco it was found that seismic activities are still
aotive in Northern Thailand. This paper is going to present data
pertaing to local seismic events and other structural basement
complexes of the area which reduce stability of the cut slope

ard induce iandalide. Examples of local failure are also include.
Discussion and coneclusion are going to be drawn on ratiomal

approach.

STRUCTURAL BASEMENT COMPLEXES OF NORTHERN THAILAND

The present geoclogical condition of Northern Thailand is the res-
ult of many orogenic evdnts as deseribed by Campbell and Nutalaya
(1975), German Geological Mission (1972) and Piyasin (1978). The
map of the strustural basement complexes is shown in Figure 4

(Cempbell, 1975). The regional mejor fault zones are Hoei-Uthai
Phani and Wang Chao, and they could be easily traced from the

LANDSAT images, There ars some minor fault zones es Yusm, Theon



associated with other basement complexes as anticlines, synclines,
joints and folds which extensively formed in this region, Looking
through Figure 1 it will be seen how geologic structure of the reg-
ion is rather complicsted. These basement complexes are the seats
of geological weak zones inducing landslide in road cutting, How-
ever, landsiide or slip is accelerated by water percolstion during

the rainstorm, the seismic shock and other microseismic factors.

SEISMIC ACTIVITIES OF NORTHENN THATILAND

Generally Thailand is not situated in the zone of seismicity as
demonstrated by the National Farthquake Information Center Map
(Condie, 4978), According to the mep of seismicity as compiled
by Gutenburg and Richter (41965) Thailand is considered to be a
atable mass, and earthquake epicenters are not located in this
part of the continent. " The seismic region closest to Thailand
belongs t0 the Sumatra - Burma Arc (Condie, 1978; Gutenburg and
Richter, 1965). Some recent epicenters in the Sumatra - Andeman
Sea - Burma Arc as recorded from the local earthquake recording
stations in Changwet Tak and Ghanéwat Lempeang and compiled by
Yensuang (1978) are shown in Figure 2, It is clearly seen that
most epicenters are outside Thailand. The body magnitude My of
the regionsl earthquake shown in Figure 2 ranges from 3,0 4o 6.5.
Even though the epicenter is outside Thailard, for the large ear=-
thquake in Burma the trembling effect could be tranamitted to
Northern Thailand, or even Bangkok which is about 1_OQ0 I gway.

From the earthquake recording stations in Northern Thailand, gquite
a fow selsmic activities with egicenters in Thailand are slao
mcorﬂed, and some are shown in Figure 3 (Yensuang, 1978). The
Jocal magnitude MLof the earthquake hit as in Figure 3 varied from



1.6 to 4.0 with the depth of 040 km, which is considered to be
shallow, The intensity is not strong enough to destroy the con-
crete building, but ceusing some demage es craclcing of the brick
wall. The local earthqueke could be felt by the local peopleL
Hopefully, the earthquake of this type tends to asscciate with
the basement complex and wafer percolation in accelerating the
creep rate, progressive movement and landslide or slip of the
earth mantle. |

At this stage it may be stated that whether the erthquake hits
are from sources outside Thailand or in this region, They do not
have the destructive influence. But it is expected that their
influence tend to support the weak zomes in landslide occurring.

THE CONCEPT OF ZONES AMD PLANES CF WEAKNESS IN ROCKS

The concept of "Zones and Planes of Veakness in Rocks” has achieved
widespread consideration on éngineering geology relating to some
degree of investigations on the stability of rock slopes (Komar-
nitekii, 1968). According to this concept, slidirg breaks down
along the wesk planes in the rock mass, Plane of weakness in the
concept included joints, contact surfaces between beds or sequences
of rock, fault surfeces, slip surface of ancient and buried slide,
interbgds of high plasticity or rock with infiltration instability,
lamination, brecciated and other tectonically disturbed zones,
Landslides in the cut slopes or hillslope in Northern Thailand
tend to satisfy the above concept, whether these weak planes are
gealogically or environmentslly oreated.,

DISCUSSICN ON EFFECT OF GEOLOGICAL PACTCRS, CLIMATIC CONDITION,
AND SEISMIC ACTIVITIES IN LANDSLIDE OCCURHENCE

Geclogical Factors, Climatic Condition snd Creep Phencmenon,




Landslide along the geologically formed weak plasncs in the hille
alope or cut slope was more or less described in the preceding
sectiona, This section is going o explain about mechanism of
landslide along the weak planc in residual soil created by ﬁater
infiltration asacciated with progressive movement die to creep
phenomenon in the hillslope,

Moat of the land of Northern Theiland is covered with residusl
soil derived from the decouposition of both igneous and metamorphic
rocks such as granite, gneiss, slate and shels, Road excavathon
releases the existing overburden pressure and tends to induce some
expansion in the cut slops. As a consequence quite a few cracks
are shownt up in the top of the hill or the face of the cut slope.
Crack opening tends to be widened in the rainy season, indicative
of the creep phenomenon and progressive failure inducing landslide
in residual soil. Creep phonomenon is reflected hy some slant
trees in the hillslope.

The aversge annuel rainfall in this vicinity is 1500 « 2000 om

and the rainy sesson lests sbout L-6 months, Stress relaxation

due to road excavetion induces expansion and crack in the hillslope,
thus reducing the shearing resistonce of the residuval soil, High
rainfall increases the unit weight of the soil, and the percolation
woter filling in the cracks tends to creaste the wesk plane and
destroy the cohesion of the scil. Then the creep rate is incrw
easod and the progressive failure is accelerated. Finally, lend-
slide ocours due to the combined effect of stress relaxation,

water infiltration, and ¢reep phenomenon,

Sgismic Activities, As the magnitude of the earthquske in Nor-
thern Thailand is not large and does not have the destructive
effect as aformentioned, and as the residual soil and weathered



rock in this region could ba agsumed to be more or less glastlc
material, failure of the hillslope or cut slope due to selsmic
effect alone may not be commonly found, However, according to
the report of Yensuang {1978), after investizating the damage
of the concrete structurs and brick wall due to the sarthguake
hit in Amphoe Prao, Changwat Chiengmai in May 1978 (local mag-
nitude “L = 3ub), the maximum width of crack is about 1 cm with
its length varying from 3-7 meters, The damage reported is con-
gidered to bs minor, and no collapse of any concrete structure
or brick wall is found. Fpom the evidence as fcund by Yensuang
(1978) it is hoping that the trembling effect of the earthquake
hit to the hillslope should be lowered than that to the more
rigid structure as concrete building or brick vall. Therefore,
the crack or failure due to seismic activities in the hillalope

or cut slope is not c¢ommon,

Combined Geological and Seismological Effects, Even though the
magnitude of the earthquake in Northern Thailand is not large

encugh to create erack in residusl soil, or to induce landslide
in the hillslope, but as there exists quite a few number of small
sarthquake hits is this vicinity, it ia expected that these mic-
roseismic activities could mccelerate the creep rate and progre-
ssive movement of the hillslope. In other words, seismic ectiv-
ities tend to promote the landsiide potentiel as initiated from
ancient fault zones, or water saturated weak planes, There are
some reasons for this postulation which ias going to be discussed
in the fbllowing section.

The Peninsula of Thailand alsc has the mountainous terrain as
Northern Thailand; and there are many parts covered by residual
soil. Quite a few road cuttings were made through residual soil
" and weathered rock. The average annual rainfall is 2000-2500 mm,



higher than that of Northern Thailand, The duration of the rainy
season is also longer, and temperature is warmer. So higher
degree of rock wathering is expected, There are many types of
residual soil in this region as the North, But landslide, both
in the hillslope and the cut slope, is not common for road exca-
vation in the Peninsula of Theiland. This is presumebly dus to
the lack of the selsmic activities in this region, This presunp-
tion is consistent to the record of Gutendburg and Richter {(4968)
which reported that the land of the Penminsula of Thailand and
Malsysia is considered to be stable mass, That is, it is not

the seat of earthquake hit, Therefore, the number of landslides
in Northern Thailand compared to that in this region is conclu-
sively due to the supporting seismic activities regarded.

Pigure 4 demonstrates disgrammatically one of a big landslide
in a eut slope in Northern Thailand, This slide broke out in
1974 at km Shely 5-5L+650 along Srisstchanalai ~ Denchei Mational
Highway., The cause of landslide is due to the combined effects
of crack formation, creep phenomenon, water percolation, end
probably mierogeismic activities.

According to the plan -~ profile of the area as shown in Pigure
e, the quantity of the earth inducing landslide could be divided
into two sliding mssses. In the top of both sliding messes |
there one a lot of desp cr.acka formed as shown in the cross sec-
tion in Pigure 4b, indlocative of oreep phenomenocn before failure,
Water flows through these openings, softens the soil down below,
and creates the saturated weak zone. When cohesion is destroyed
and the shearing resistance is lowered to a oritical level, failure
oceurs, The vertical ¢liff formed after lendslide a3 shown in
Figure 4b indicated that the mass of the certh slipped along some
specific weak planes created from water seeping.



As the original structure of residual scil was highly disturbed
Aue to the earth movement, associated with the high water content
in both sliding masses, the shearing resistance tends to drop down
to the reaidusl walue, There exists the progressive movement of
the earth mass all the time., As its quantity is very large,
especially at the early stage of failure, immediately effective
design to prevent the earth flow will be costly, When landslide
ocourred for the first time, the quantity of the moving earth is
g0 grest that the elevation of the adjacent roadway wes lifted up
for 30 - 50 em, Even though the slope of the old lardslide is
about 35.as shown in Figure Lb, there is still unceasing movement
of these two sliding masses. The cheapest way being done during
the past few years is just taking the flowing earth out of the
roadway at the time of slide, However, as the quantity of earth
fiow is considerably reduced, design to control the drainege of
water in the cut slope and the old siide is %eing proposed for

more effective prevention.

CONCLUSION

t. Both geological factors, and seismic activities tend to pro-
mote each other for inducing landslide in the cut s8lope in
residual so0il and weathered rocks

2., 0Other factors influencing the sliding potential =re creep
phsnoménon, water percolation and lowering of the shearing

resistance in the saturated zons.
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