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FREFACE

Construction and maintenance cost of roads in the mountainous
area is usuelly high in comparieon with the roads in other conditions.
A high percentage of the roads in Thailond are constructed in the
typical area since many parts of the country arce mountainous, especially
the north, and the weste One of the main factors that raisc up the costs
is the ocourance of slope failures during and after the construciion,
The camac of failure can be dne o the lack of knowledge about gome
gpecizl characteristice of the mountaing in the local areass The
depariment of highways is tryiné to reduce the high expenditure rate
by putiing more detoils in the work and, in the consequence, urging

mora rosearch in this field,

(Ohnlec z/a_,»aaum

(Chaleo Vajrobukka)
Director-General
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AN INVESTIGATION OF SLOPE FALURES

IN THE NORTHERN PART OF THAILAND

VI'HARN POOPATH, M.S., Ph,D,
CIVIL ENGINEER 6

Materials and Research Div., Depariment of Highways, Bangkok, Thailand,

1. INTRODUCTION

The paper is a report of a case of slops failures at Xm, 42+650 and Km,
44+100 of the road rumning to the top of Doi Intanont, the highest
mot;iit'a;i.n in the northern part of Thailanc:i. The failures ocoured at the
embankment sI;]..o‘pe, after the construction, The field investigation was
done to find the donditions of terrain, geology,soilsygeometry of the
existing road at the two stat ions, possible surface and ground waters,
and grassing at the side slopes. The soil samples was tested in
laboratory to find its basic ‘pro;':erties and strength (direct shear
strength), Caloulations were done to predict amount of sirface

water and esdifunate stability of the slopess In the fingl, causes of
failure were expected, and the recommendstion for correction and the
cc_mclusion of the case were drawn,

2, PHYSICAL. PROPERTIES OF NATURAL SOTL .
Samples of meferials were collected at side slope of Kme 45+700. The
seil sample is gimilar to those of the failure area. Field density
test was also done at the s‘h'a.'llsiqn.‘_ Collected samples were tested in

laboratory to find natural moisture content, Atterberg's Limit,gradation,



compactability and direct shear s'tr_ength at various moisture contenis
of each sample. It was found as presented in the table 1 that the
moigture conmbaining natu?ally in the soil is much higher than the
optimum moisture content, This indicg:l:es that* the mo':i.stﬁ::r"e in fhe

air will also be high around the area, From the result of the density
testy the natural dry density is less_than the density at opfimum
moigture content by about 15 percents, It iz expected that the in
gitu density was decreased by incremenf. of water content due to

seépage of sﬁrfacé water inio the arca, Cradation of the material was
found to be composed of about.ST percents of sand_size pﬁrticle and
about 43 percén‘l‘.s of silt and cl'a;y size particles, '1'he 43 percent

fine particles which found to be non-plastic are expected to be majorly
comopésed of silt;si-ze particles, Soils- with the combination of -
particle sizes is expected $o héve.high permeabil ity and-high reduction
in gtrength as subjected t§ water under unéonfined state, Reaults of
the soil sirength are presented in Table 1, Tt was found that the ﬁ
a.néle ie maximum at a certain moi_sture content and the c~value decreases
ap the moisture content i.ncreass;d.

3, GRASETNG

Crowing of grass was done 5y cuttingjﬁhe‘side glope info =zmall steps
and the sprigs of grass were grown a:.l-;' a disbanoe apart as shown in

%o Pigars 1o e condition of grass growing will be able to slowdown
running wa£er on the slope sufface and étabilize the soil surface and
thup pre;ents surface scouring, hut the siowed down rumning water will
be'able to have cha.n::e. to penetrate down iﬁto ihe gide siope since the

s0il surface is still opened and the running speed is low. At the dwo



Table 1,
Basic Soil Properties

(S0il sample collected at Kme45+700)

Natural Moisture Comtemt 25,31 %
Optimam Moisture Bontent 485 %
Dry Density at OMC. 1.85 em/ce,
Natural Dry Density 1,615 * {Field Test)
Natural Wet Density 2,029 © "
Plasticity non plagtic
Gra.dation:; "
Sieve No, % Finer

3/4 100,

3/8% : 98442

*4 ' 973

*10 ' ‘ 94475

*40 - ' 67424

*100 49449

~*200 4309

Pan . --

Direot Shear Strength o
Moisture Gc;n‘l:en‘!:.;| % wet,gmfoc C,Ksm @, degree
19477 1,85 379 23
21 ?06 2.0 2885 35
24,08 © 1485 2714 2945




stations, grassing by this method wase doné enly at the top part, about
ane 'bhird; of the side slopess The surface __of the lower part or the
bottom part of the side_slopes is a bare soil murface. It should be
remarked here that both types of surfaces, the surfaces with and
without sprigging of gra.ss; cannot prevent penetration of water
th;wgh them,

4. CROSS SECTION AND GEOMETRIC AL IGNHENT

Cross sections of the road ag designed are shown in Pizure 2, It

can be seen thai at both sta‘tions; the road surface slopes down in
the oppoeite direction of the failed side #lope, However slope of
the shoulder next to he side slope does have ‘the same direction

with the side slopes Concrete lining side glcpe Yo catch watoer from
the attached hill side and the road surface, At the two stations, the
embaxﬂ;nents laying on sloping original grounds arc about 16 meters
high at ¥Xm, 424650 and 21 meters high at Xm, 44+100, The side slope
of the emba.t_ﬂments ig 1425 t 1 which is rather stecp for such high
mbMenfs. Geometric alignments is z combination of horizontal
and"vgrtical curves, The ver;ci?al grades cre 15 percent at Km, 424650
and 6,057 percent at Km, 44+100,

5. FPCSSIBLE SURFACE “ATER

Kme 424650, The sarfaco wator that causes failure at the station im
\axpacted 40 come_from four separatc ways as shown in Figures 3a.
Surface water No, (1) which is the rain water on the road surface
éspecia.lly on_the area of the shqulder of the road flows down to the

slope surfacce Surface water Noe (2) is the rain water falling directly
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cn the slove surfaces Surface water Ho, (3) is the Tain water collected
ir the 3:i.de ditch from the hill side sloping to the road and the road
surface, and flows down to the toe slope. Water No. (4) is expected
to come from the rain water flow:mg from the right side of the rgad,
and seeps into the road embankment,

Kme 444100, Only three possible ways of surface water are expected at
this station, They are surface water nos, (1),(2) and (3) with the
same characterictic as émla'inea in the previous station, It should
be remarked here that the surface water Moo (3) at this station which
is now a running water that comes from the side ditch at tho left side
of the road and runs across the road in a oiroular concrete pipe,
diameter 0,80 meters was drained out at the right side of the slope
by a gutter as shown in the Figure 3k, Unfortunately, at the outlet
end of the_pipe, the amount of water was too Zl.arge to be carried by
the gutter, Overflow occured at the location, The overflowing water
scoured the supporting soil under the gutter and broke a part of the
gutter and fl?wed. down perpendicularly to the intended direction to
the toc slope. ’

6s STABILITY AMALYSIS

S'i:a‘nility analysis was done by assuming drained and effective

stress condition sinece the =oil is rather pel"]:'leable and under ground
water is not expected. Strength of the so :'Li wag ohiained from the _
direct shear test method using the samples collected from the site,.
Testing wee dqne to find the =so0il strength at variocus moisiure conténts

and densitiess The anolysis was done to compare stability of the slope
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at different conditions of moisture containing in the vicinity of
sliding zone including the dshdition which the toe slope is wet, The
factor of safety for the various condltlons is presented in Table P
It can be seen that at both statlons, the stability of the side

alope at natural molsture content is below limit of good stable

elope (F.5.,=2,00) but not thiez condifion whan subjected to sa'f‘tening
and scouring ofhfhe toe slopé by water will tend to cause slippage’

of soil mass at the side slope aleng a elip surface, After an initial
sl ippage occured, tenslon cracks will ba formed at the ares near the
slope crest, The tension crack is always o good indication of soil
mass mpvement and following slip failure,

7. FATLURE EXPECTATION

Asgumption of foilure of the two stéiions can be explained as folldw,
Failure of ‘l';.he gide slopes i's"expécted to be wainly due to the instability
of the side slove. Surface scouring is also cxpected 4o ocour at the
bare soil Burface part of the side slope egpecially at the toe slope,
Tt the scdﬁring ig not the main affect 6f the s}ope failure since
the scouring will be occured by surface water No,(t) and {2) in which
ampunt of the waters is amall in comparison with the surface waker
Yo, (3), and a part of the waters will penetrate into the side siopes
The instability of the side slope.cﬁﬁ be easily reachéd gince the
slope is rather high and it iz not in good sisble cénditioﬁ as.
explained in’the sectlon of the sitability analysis. Reduc%ion 6f the
_slope stabilltv can be cansed @y reductlon of goil strength at

toe slope and crosion of so0il mass at the ores, It is expacted that



.42+650

...........................................................................

3179 23 -1,945 19.77 ad
1 2685 35 2a22 21?06 d. -

3179 23 1.85 1977 7
2 288 - 3B 2.19 21,06 %
2714 29¢5 1491 24,08 %
173 sofdened and scoured

toe b}' 3.00 m,

.................................................................................................................

w19 23 1,625 19,77 %
1 2885 35 14925 21.06 4

31719 23 14615 19.77%

5 ' 2885 35 1,945 21406 %
2174 29.5 14525 24408 %

146 3of1:ened and scoured.

toe by 4.00 m.

¥a Natural Moisturo Content.
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a part of the waters nos. {1);{2) & (3) percolated into the side
slope and were collegted at the toe slope, and thus reduce the soil
atrength at .the ares.e The soil mass at the toe slope can be mainly
ergded 1y surface water 1‘50.-(3). As the state of instability is
raal'zc‘hed,‘movement of a soil mase at the vicinity of tl_lt-; :o,l_ope will
ocour along o slip surfa.ce.a.nd. thue cé.uses teﬁsion crr;-.cks at and near

. Il

the slope crest as presented in the state I of the Figure 4. Number

of oracks are slways observed since movement of soil moss always
progressived ooccur. COracks can also -'be neen at the roa@ surface,
After cracks are formed, o certain amount of waters .ﬁos. {1) and _
{2) cen be able %o penetrate -into the side slope through the cracks.
The area is then softened, While the side glope is so:t’t, the seeping
water which seeps parallelly to the slope surface will be able to
push maas of'soil around the cracks down as presented in state II of
the Tigure 4. Aftor the soft part of the s0il at the side slope_:i.s
pushed swoy the remaining past will be as_shown in the state IIL, Tho
9911 that iz pushed to the tqe slope will be washed away after ward,
8. .RECOMMENDATION FCR CORRECTION .

It is quite obvious that the cause of.‘ the e%].ope failures at the tv':o
stations is the surface wator especially the surface water No,(3}se To
pravent damage from surface woter No.- (1) and (2) the failed side
slope hzst be refilled with soil aggregate which has rather high pla~
gticity index,e¢.g, PI. arround 18, and then the compacted side slope
must be covered with a layer of clay with grass growing on top of it,
T possible— a layer of rocke should be placed at bottom of the slope

as shown in ithe Pigurc 5. To provent the surface water No, (3) From
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damaging the slope, a proper gutter mist be comstructed to drain the
water from the side ditch cut some where beyond the toe slope, At Km,
44+100, a special size of gutter must be congtructed at the end of
1:]_19 outlet pipe fo provent overflowing of water at the locotion.
9. CONCLUSION
It is concluded hers that :-.- )

1. Pailures of gide glope at Km, 42+680 and 44+100 occured
aro‘u.ndlthe area of decomposed rocks of high degree of weathering.

2+ The weathered rocke which is soil after cut off, compose
mainly of sand and silt size particleg and, thue gives high permesbility
and it'ia goftened as subjected to water.

3s Grassing by the method of sprigging can only stiffen the
soil sm‘face._’aut_ can not prevent water from penetrating through the
soil sgr:t‘ace. ‘

4o Failure of the cide slopes is expected ito be initiated by
movetment of the soil mass due %o instability of the slope as collection

of water at and scouring of the toe slope ocour, and then the whole

side slope is poftened by penetrating weter through the tension
eracks formed after the soll mass movement, The softened moil will
be 'thel} pusl;n_ed dom_'by the seeeping_wa.ter.

5« The 't-wo cases of slope failure wi'.ll not be as the exigting
shape if only surface scouring took place, The faé.lnres are mainly

due to instuhility of the slope in the first places
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(i) - RUNNING WATER FROM ROAD SURFACE

(3 - RAIN WATER DIREETY ON SURFACE OF SLOPE
(3) - WATER RUNNING PARALLELLY AT TOE SLOPE
(@ - WATER SEEPING UNDER ROAD EMBANKMENT
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