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3—3 PRESENT CONDITION OF SLOPE PROTECTION
PROCEDURES AND STABILITY OF SLOPES
DURING RAIN by KAZUYA YAMAMURA and
KATSUYUKI KUTARA

1. Introduction
Factors that may cause slope failure include rain water, melting snow,
frost heave, and earthquakes, but the main cause for slope failure is the

action of water,

Japan-abounds with sitnatiohs that may lead to the disasters of slope
failure. Her terrain is steep and mountainous, and her natural conditions
are such that are liable to invite heavy rains of typhoons and the wet season, "'
In addition, the 'difficulty in the acquisition of land for highway construction
which has become exceedingly serious in recent years has often resulted in
the adoption of slopes of a steeper'grade.

The recent disasters of sl_ope failure which occurred successively
were caused directly by seepage and surface water due to'héavy rain,” and
the falling mud and rock crushed or swept away into the river those vehicles
which were travelling on the highway, theréby posing a diffi‘(.:ult problem

in the control of traffic at the dangercus zone during heavy rain.

‘Especially the failure of cutting slope oceurs frequently even while
the highway is still under construction, and continual efforts have been made

to protect slopes all the way fhrough the stages of.the highwvay planning, the

highway construction, and the maintenance of highway after the completion

of their construction and putting them into service to the public, In order

to protect slopes from surface erosion and ensure safety against slope
failure, the results of soil survey are being actively used for the selection

of the optimum procedure of slope protection; but so far no'selection
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criterion and design method for the optimum procedure of slope protection
have been established, which is applicable to all kinds of slopes, mainly
because the effect of water on the shearing strength of soil has not yet been,
clarified, and the causes and process of slope failure are exceedingly com-
plicated due fo a wide variety of the composition. of strata. and -soil con-
ditions, )

For the deter_‘,minati‘on of optimum gradés 'of embankment slopes or cut
slopes: and the selection of the optimum proced}lre of slope protection, a
very rough‘ guide exists which is based on the types of soil, condition of
surface water and seepage water; but final decision ie made ac‘cording‘to
the techr.x.ig:jal judgement of the engineer concerned which is based upon his
experience and preference and aicied by the information obtained from the
actual .construction which has been executed under similar conditions.at the
nearby site. Even if the subject is restricted to slope failure caused by

water, the conditions, involved are too complicated to allow a _sy_ste;natik:

.description of the effectiveness of various procedures of slope protection,

In this paper, therefore, the authors would :like to deal with only @
the resulis. of actual investigations on the procedures of slope prptectibn
which have been adopted on highways in Japan and @ the slope failure ex-
periment which has been carried out by applying artificial rain to the full-
scale model of a slope in order, to clarify the causes of slope failure due to

the flow of seepage water,
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2, Actual Condition of Slope Protection .

(1)  Actual Investigation of Slope Protection

In order to obtain basic data for a criteria of selection of optimum
procedures of slope protection, some parts of the national highways. - .
were selected and actual investigations were made on all the slopes
lying in the parts. Side by side with the above, actual investigations
of dangerous spots were made by selecting @ those cutting slopes
which caused comparatively frequent slope failures. and @ slopes which

were considered.exceedingly liable to cause alope. failure.

- The former investigations by complete enumeration were aimed at
grasping the actual condition of application of various kinds -of slope protec-
tion procedures to actual cutting slopes and clarifying:the: characteristic. .

features of the kinds of élope protection by region or.by.kind of soil and by

geological property, Whereas the latter investigation was aimed at finding
out.the actual condition of those slopes which were generally considered

liable to cause slope failure and the kinds of:-slope’protection which were

applied to such dangerous slopes. o e L

In both the above-mentioned investigations,. detailed studies were

made on the properties of soil and rock on the slope, presence of the fault
e of weathered rock, condition of fissures, -conditions.of surface water and
seepage water on the slope, kinds of slope protection precedures, history

of the past slope failures and their causes, and weather conditions under
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2, Actual Condition of Slope Protection

(1) Actual Investigation of Slope Protection

In order to obtain basic data for a criteria of selection of optimum
procedures of slope protection, some parts of'the national highways
were selected and actual investig#tions were made on all the ‘slopes
lying i.n the parts. Side by side with the above, actual investigations
of dangerous spots were made by selecting @ those cutting slopes
which caused comparativély frequent slope failures and @ slé}aes-which

were considered exceedingly liable to cause alope failure.

The former investigations by comple"te enumeration wére aimed at
grasping the actual condition of applic.ation of various ‘kinds of slope protec-
tion procedures to actual cuttiné slopes and cl‘arifyir_xg the characteristic
features of the kinds‘of 'slope protection by région or by kind of soil and By

geological property. Whereas the latter investigation was aimed at finding
out the actual condition of those slopes which were generally considered
liable to cause slope failure and the kinds of slope protection which were b
applied to such dangerous slopes.

In both the above-meéntioned investigations, detailéd studies were
made on the properties of soil and rock on the slope, presence of the fault
of weathered rock, condition of fissures, conditions of surface water and
seepage water on the slope, kinds of slope protection precedures, history

of the past slobe failures and their causes, and weather conditions under
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which such failures occurred, and present condition of the slope protec-
tion and of the slope; and a judgement on the overall stability of each slope
was given,

The locations of investigation were selected in the following way:
Twelve routes of highways were selected which were considered repre-
sentative of the respective regions of thé entire country, and an investi-
gation section of 50 km' in length was set up in each of the routes, and. all
tﬁe slopes that were'lying in the section were investigated.

The number of locations investigated by complete enumeration reached
1, 282,

The investigation of dangerous locations was made on those slopgs
which were considered speeially to be in danger of failure, outof the de-:
signated sections for traffic control, such as those locations where the
traffic was usually stopped at the time of heavy rains. The total number
of the object locations in this survey amounted to 523, |
(2) Results of Investigations

As a result of the above-mentioned investigations, various interest-
ing facts have been clarified regarding theé regional characteristics of the
oceurrence of slope failure, relationship between the type of soil and rock -
which forms the slope and the kind of slope protection procedure, stabi_—
lization of slopes by slope protection procedure, and relationship between
the condition of water on the slope and the stability of the slope.

Slope failure tends to occur in regional concentration, and the areas
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which such failures occurred, and present condition of the slope protec-
tion and of the slope; and a judgement on the overall stability of each slope
was given,

The locations - of investigation were selected in the following w:vay:'
Twelve routes of highways were selected whi_ch were considered repre-
sentative of the respe_étive regions of the entire country, and an investi-
gation section of 50 km in length was set up'in each of the routes, and all
the slopes that were 1lying in the section were investigated.

The number of locations investigated by ¢omplete enumeration reached‘
1, 282,

The. investigation of dangerous locations was. made on those slopes
which were considered‘sp,ecia.lly‘to'-b.e in:danger of failure, out of the de~
signated éections for-traffic control, such as those locations where the
traffic was.usually stopped at the time of heavy rains. The total number
of the object locations in this s{:rvey amounted to 523.

(2) Results of Investigations

As a.result of the above-mentioned, investigations, various interest-
ing facts have been clarified regardiﬁg the regional characteristics of the
oceurrence of slope fajlure, relationship between the type of soil and rock
whieh_forms the slope and the kind of slope protection procedure, stabi-
lization of slopes by slope protection procedure, and relationship between
the condition of water on the slope and the stability of the slope.

Slope failure tends to occur in regional concentration, and the areas
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showing multiple-occurrence of failures are localized, As a general
trend, it is observed that the r:atio of occurrence of slope failure
becomes gradually higher from the north to the south in Japan. As
mentioned above, slope failﬁre is caused by surface water or'seepage
water. Upon the investigation of a consecutive total ra_.i;lfall up to the time
of the occurrence of a slope failure, it has been observed that the conse- |
cutive rainfall increased from the north to the south in Japan, The annual
rainfall in the south is considerably larger than that in the north, and the
above-mentioned fact means that in the rainy district, slope failure will
not easily occur, uglegé,_th_ere is a large amount of rainfall, ,‘Seve’r_al_‘v
features which have been clarified as a result of the investigations are

explained below:

i) Characteristic Features of Slope .protection‘Prpce_dures Used
One of the outstanding features of the procedures‘use_d.__ as far as
slopes mainly made of soils are cqncerned,’ is the trend of: protecting
slopes by covering of vegetation, whenever possible, -for the sake of
economic reasons and the scenic effect of planting g}gen_grasges.
The most frequently used method, of éovering with vegetation are the
seed-jetting method and block-sodding method, which are applied to
slopes made of various kinds of soils. For slopes made of stiff sandy
soil (SW and SC), clayey soil, and clay (ML, CL, OL, MH, OH, and
CH), the pick-hole planting methoed is often'useid with success.

The étone-pitching method and the concrete block=- pitching,

e e
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method are often used for the protection of slopes made of gravelly

soil (GM and GC) and gravel (GW and GP), giving high stability to

those slopes. Other methods which can be expected to give high stabi-

lity to slopes are the re‘taining-wé\lllmethod and concrete frame-work
method, The retaining-wall miethod is designed, taking into account

the earth pressure that corrésponds to the soil conditiéns; therefore,

disasters are rarely found in the c¢ase of this protection method. This

method is effectively used for all kinds of'soil, The concrete frameé-

work method is fréquently appliéd to slopes made of sandy soil and

the locations where spring water is found, The mortar-jetting method

is rarely applied‘to slopes made of soils, but is applied to hard and

- dense slopes. This method, however, may pose problems in’the

cold district, beciusé the slope employing this method of protection is

easily broken by frost heaving.

‘As for slopes mainly made of rocks, disasters of slope failure

have rarely occurred: in the case of slopes protected by the concrete -

block-pitching method or thé mortar-jetting method, This fact does
not prove the high stability of slopes obtained by .these protection
methods; it may rather be more appropriate ‘to consider that thése
methods are applied to slopes, which' have rather been stable, for
the only purposé of preventing their surfaces from being éroded.

ii) Shapes of Cutting Slopes

Cutting slopes mainly made of soils are dealt with here, In

s
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general, slopes are often cut ata grade.of about 1:1 regardless of the
kinds of soil. For slopes made of gravelly soil or sandy soil, a grade
within the range of 1:0.8 to 1:2,0is adopted, depending on the heights
of slopes and the condition of water on the slope.

When élopes having a grade of 1:0.8 to 1:1.0 are compared
with those having grade of 1:1 to 1:1.2, the ratio of the number of
slopes which are judged to be stabilized with respect to the total number
of slopes increases from 88 for the former slopes to 97% for the latter
slopes.

' The slope height is evenly distributed over the range of 5 m to
30 m for slopes made of various kinds of s0il, ‘. Slope having a height

of less than 10 m is generally judged to be stable, while slope having

2 height of more.than ' 10m - poses problem. . .In case of slopes of more ‘

than 10 m high, however, the relationship between the height and the

stability of slope is not clearly shown.

iii) Kinds of Procedures of Slope Protection and Stability of Slopes - .
From the results of the above-mentioned investigation by com-

plete enumeration, Figs. 1, 2 and 3 are obtained, in which the ratios

of the numbers of various slope ‘protection procedures used with respect

to the total number are indicated against the degree of stébility of those

slopes composed of soils, soils and rocks, and focks only, respec-

tively.

According to Fig. 1, slopes composed of soils are often protected by

~ 97~

s
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the seed-jetting method, retaining-wall method, block-sodding method,
or concrete block-pitching method; and it is very rare that the cutting
surface is left untreated. -Slopes to which these methods are applied
have comparatively satifactory stability, showing that more than 85%
of them are stable, The soil that forms slopes is mostly gravelly soil
or sandy soil, both of which combined accounts for more than 70% of
the total. In the case of slopes composed of soils and rocks accounts
as shown in Fig. 2, slopes composed of gravelly soil or sandy soil also
account for a greater part of the total, The procedures used frequently
for the protection of this kind of slopes are the mortar-jetting .method,
retaining-wall method, seed-jetting method and concrete block-pitching
method, There are.only a comparétively small number of untreated
slopes.. Out of those procedures, the mortar-jetfing method gives a
comparatively higher stability, while the retaining-wall method and
concrete block-pitching method g.ive inferior stability. These results

are contrary to the commonsénse concerning the stability given by

sloﬁe protection methods, but may imply the fact that the retaining-

wall method and concrete block-pitching method are often used on
slopes which are under unfavorable conditions especially in case of
the retaining-wall method. Moreover, ‘the slop which continues up-
wards from the retaining-wall ‘.has often experienced local slope
failure. It is considered that these condit.ions frequently appear at the

deteriorating slopes. In the case of slopes made of rocks as shown
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in Fig. 3, slopes are often unfreated, and those slopes of no treatment ) .
account for more than half of the total, The kinds of procedures which
are used on this kind of slopes are mostly the retaining-wall method
and mortar-jetting method throughout all the kinds of slopes formed
with rocks, followed by, in order, the net method, seed-jetting method,
and falling rock guard fence method. As the rock which forms slopes
changes from unsound rock to hard rock, the stability increases; and
this trend is clearly observed in the slopes of no treatment and those
slopes which employ the net method and retaining-wall method.

iv) Effect of Seepage Water and Surface Water on Slopes to Stabilitv
of Slopes

The r_esults_of ihe investigation of dangerous locgtioqs are summa-
rized in Fig. 4, which indicate the condition of water on slopes, ?nd kin.ds
of procedures of slope protection and stability of slopes.. As canbe
observed from the figure, the stability deteriorates in slopés which
are wet or have surface water or spring water, as cpmpaljed with dry.
slopes, throughout all kinds of slope protection procedures. 'In the
investigation by completé enumeration, the r_'atio of dry slopes to the
total showed a considerably:larger figure of 83% than that shown in
Fig. 4. When the results of both the investigations are taken into ac-
éount together, it is found that those slopes which are affected by water
have lower stability than those whi_ch are not,”- T_he authors.especially

emphasize on the importance of drainage of water from the slope and

—29—
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of taking into careful consideration the activities of water when the

selection in procedures of slope protection is to be made.

v) Stability Given by Mortar-jetting Method

The most freciuently used method for protection of slopes which
are mainly formed by rocks is the mortar-jetting method. Since the
evaluation of effe.ctiveness of the mortar-jettiné method varies widely
with engineers, for the sake of information, Fig.5 shows the relation-
ship between the stability of slopes aftér the complétion of their con-
struction add their aging. The locations for investigation w_e‘r'e picked
up from those which had unfa.v.orable‘ conditions, As a result of this
investigation, it waé found that the slope surface to which the ﬁuﬁrtar—
jetting method had been applied was wééthered dufihg the period of 1
to'3 years after the completion of the prétect:ion, and the numiber of
those slopes, which still rétained the original surface condition irfi-
mediately after the completion, accounted for about 33% of thé total.
The number of slopes which showed discoloring and the fall of mortar
and réek éhips accounted for 20% of the total in 3 to 4 years after the

completion. Especially the mortar-jetting ‘on those slope surfaces which

were wet or used to cause freezing and 'm'elting was short-lived, and
should be cotisidered only as a temporary protective work,

i 3. Slope Failure Experiment Using Artificial Raig °

E“i (1) Object and Method of Esxperiment
i As explained before, most of the cases of slope failure are caused
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directly by the effects of water, i.e., rain water and seepage ;vater.
The following is the description of the slope failure experiment which

was conducted on the full-scale model of a slope for the purpose of trac-
ing the detailed phenomenz of slope failure, thereby clarifying the methods
of design and the construction of highly stable slopes, and the procedure
for the prevention of slope failure. '

The slope failure which is caused by rain often occurs at the cut-
ting slope, resulting in serious problems in the control and maintenance
of highways., " Since it is difficult to make an experiment on a natural
slope in situ, the experiment was made on an embankment constructed
for the purpose of the experiment. It is also often reported that embank- ..
ment slopes along highways showed failure when heavy rain of a total
rainfall of more than 250 mm ({(approx.) fell on them.

The slope failure experiment using-rain was conducted at'the large-

scale laboratory of the Public Works Research Institute of the Ministry

. of Construction.

In the experiment, a full-scale experimental embankment was :con-
structed in the laboratory, and artificial rain was applied to the embank--
ment for a long time until the slope showed a failure.

The experimental embankment was 4 m high and had a grade of .
1:1,5. The material used for the embankment was Kanto-loam (a kind
of volcanic-ash soil) which had been dried and then had its moisture .

content adjusted. In the construction of the embankment, the soil was

TITTETIR
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filled up by applying light rolling compaction to the fill at an interval of
30 cm in thickness in order to ensure the evemnness of compaction of the
£in,

Inside the embankment, pore pressure gauges, earth pressure
gauges and aluminum pipes ‘were installed, while on the surface of the
embankment; surface strain gauges are fitted to measure the shifting,
contraction-and elongation of the surface. Alminum pipes were used for
casing pipes 1;9 insert RI moisture meter and density meter,

The embankment was constructed in the laboratory of 32 m wide
and 36 m-long and equipped with artificial rainfall equipment capable of
makidg rains ofany given strength.

The experiment was conducted one ronth after the completion of
the embankment, In the experiment, rain of a certain strength was ap- /
plied to the slope of the embankment, and measurements and observations
were continuously made on the condition of percolation-of rain water and
also on the cracks and deformation that occurred on the embankment,

The strength of rainfall was set to 15. mm/hr in order to ensure
that nearly thg entire rainfall would seep into the embankment, and no .

surface ‘erosion and scouring would occur as a result of the surface flow.

Penetration resistances at various parts of the embankment also were
measured by the static cone penetrometer three times, i.e., before the
commencement of the rain experimeént, "after its completion, and in be-

tween, in order to investigate the effect of the rise in the moisture

SR, v e e a2
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content exercised upon the shearing sirength of the soil, When the rain-
fall reached 200 mm, the slope began to develop cracks; and when the

rainfall reached about 300 mm, it was observed that the cracks expanded
and the slip gradually progressed. At the completion of the experiment,

the slope failure as shown in the photo 1 occurred.

(2) Results of Experiment and Discussion on Slope Stabilization

Changes in moisture content inside the .embankment which have been
observed by means of the experi.ment are expressed in the degree of satu-
ration:as shown in Fig. 6. The distribution of saturation degree inside the
embankment at the commencement of the rain is almost uniform through-
out the embankment, except a slightly larger value shown at the foot of
the embankﬁent. It is clearly discernible that as the consecutive total
rainfall increases, the embankment increases its degree of saturation
gradually from the dried state. Sincé the experimental emba‘nkment has
been constructed upon an impermeable foundation, the saturation degree
at {he lowest.part of the embankment rises. Except this part, however, the
saturation degree does not rise very high, especially the moistur;e content
in the center paft of the embankment does not rise easily, which fact should
be noted as one of the characteristic featufes of the embankment.

Fig. 7 shows an example of the penetration resistance measured by .
a static cone penetrome_ter. At the same time, the values of saturation
degree of the soil also.are plotted into the figure so that the relationship

between the penetration resistance and the:saturation degree can be clear-

e
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1y found out, The variations of these two values are fairly similar, It
has also been ascertained that the pore pressure which is generated

inside the embankment while the rain is being applied, will disappear

quickly after the completion of the experiment, except from that part at '

the bottom of the embankment which has been saturated.

This experiment reproduced the fact that as rain is applied to the
embankment and the moisture contént of the embankment rises, the
stability of the slope gradually deteriorates urtil it develops a slope
failﬁre.v' The causes for this failure are: @ the increase in the weight
of the soil which acts as force causing the slip. @ the rise in pore pres-
sure, which aets as a factor to reduce the resistance against the slip and
@ decreasing in the shearing strength of soils due to an increase in the
moisfure content of scils, According to the results of the expériment,
however, it is considered that the increase in the weight of soil and the
risé in pore préssﬁre‘ have not any significant effects upon the slip, It
is c_oncluded, therefore, thatthe decrease in the shearing strength of
the soil is the governing factor of the failure. Conseque’;ztly, the pheno-
menon ofvfailure can be explained to some extent, if the relationship be-
fween the moisture content of unsaturated soil and the shearing strength
of the soil can be clarified, .

The phenomenon of the shear failure of unsaturated soil, however,
has not been fully investigated and contains many points which are still

unknown. Consequently, as a sort of an expedient, it was decided to
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obtain the relationship between the moisture content and the shearing
strength; and in a'laboratory experiment, a close investigation was made
concerning the relationship among the cone penetration resistance, mois-
ture content and saturation degree in respect of compacted samples.
Aftér making sure, by a consolidated undrained triaxial compression
test, that the value of ¢« remains more or less 10° even if the value

of moistire content fluctuates slightly, the cohesion was calculated from
the penetration resistance on the asSumbtion that the frictional angle
would be 10° and by using the formula for calculating the bearing capacity
of piles.. The relationship between the cohesion thus obtained and the
degree of saturation is shown in Fig! 8.

"The above-mentioned relationship is used for the examination of
the stability of a slope, which fs explained below: after the saturation
degree distribution of the soil at the respective stages of the rainfall had
been obtained in the experiment, the embankmeént was sliced into several
zones according to the values of saturation degree for the purpose of
calculation. Fig. 9 shows the constants of the soil which have been de-
termined according to those zones after the slicirg of the embankment.
This figure also contains safety factors‘ which have been obtained by the
calculation of circular slips under the conditions as shown in Fig. 9.
These safety factors are the minimum factors at the centers of those
circular slips,

By looking at the figures included in Fig, 9 oné by one from the top
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to the bottom, it is possible to find how safety factors decrease as a
result of a rise in the moisture content. Fig. 10 shows the relationship
between the safety factor against slope slip and the total rainfall, This
figure shows a good fit to the actual phenomenon in which the safety
factor sharply drops until the rainfall reaches 200 mm, and the slope
failure occurs at a rainfall of 250 to 300 mm,

- Since.it is difficult to explain the phenomenon of slope failure
caused by the action of seepage water, by means of the results of th.e
shearing test alone, an investigation has been made by full-scale model
experiment, and an explanation has been given on the stability against
slip by means of the variances of moisture content aﬁd shearing strength, .
Tt has been also ascertained that@the_ paving;of the top Aface of the em-
bankrﬁent will decrease the penetration of seepage water and consider-
ably improve the stability of a slope at the time of rain, and @installing
a drain near the toe of the slope and tamping the slope will be highly ef-
fectivé in enhancing the stability of the slope.

4, Concluding Remarks

This paper consists of two parts, the first being a summary with dis-
cussion. of actual investigations which have been carried out on various pro-
cedures of slope protection applied:to the nationali highways under the control
of the Ministry. of Construction, and the second part being an examination
of the effécts of rain upon the stability of a slope by applying artificial rain

to the slope of a full-scale model,
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The actual investigations were carried out on those slopes wh1ch were
judged comparatlvely dangerous, and on all the slopes of certain mvesnga-
tion sections, and were able to give data concerning the general trénd of
slope protection procedure which had been adopted in all parts of the country,
stability of slopes by slope protection method, and the effect of water upon
the stability,

In the model experiment, it was considered that‘ the slope -fa.iluz.'e due
to x;ain is caused by the decrea‘se of shearing strength with the ris'e. in 1;nois-
ture content, and this concept waé examined with special emphasis on the
penetration resistance and the degree of saturation, By this experlment, it
has become possmle to connect the moisture content of 5011 with the stability
of a slope against slip, The résulis of the studies dealt w1th in this paper
may be utilized beneficially as data necessary for the determination of the

selection criteria of various procedures of slope protection. '
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Seepage Flow in River Embankment and Its Influence on Sfabilit_y of Slope
(July 1972)

by Kazuya Yamamura

Katsuyuki Kutara .

Synopsis ¢

' The movement of water through a fiver embankment and its influence upon the stablllty of the
slope of the embankment are described in this paper.

The sgepage flow in the embankment caused by rainfall is usually unsaturated flow. Taking up the
relationship between a capillary head and .a degree of saturation, the ur;sglturated moisture flow
equation Is given, Then the non-steady {low in the embankment is discussed by means of the numerical
solution of the equation. This solution generally agrees with the results of experiments by both a small
and a full scale model.

In addltlon to thls, non steady ﬂow m the embankment by a ﬂuctuauon of water level. is dstusscd

The graphlca] melhod to solve this kind of seepage durmg a {lood is given from pracucal point of
view. It is found out that the solution: obtained by the graphlcal method is reasonable in contrqst with
observations in the actural embankment.

In the end the stability of slope of the embankment under- the efl‘ect m‘ a seepage flowis dlSCuSSEd
As the seepage flow occurrs in the embankment, the slope of the eimbunkvment loses its stability. By
aid of the results of a full scale model test, . this phenohenqn is explainedv with a decrease in shear

strength of soils and an increase in unit weight of soils,

--Key words (river embankment, seepnge flow, test fill, slope stability)
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Reinforcement of River Embankment

(July 1972)

. by Kazuya Yamamura
Katsuyuki Kutara

Synopsis :

Economic activities have been growing larger in the areas along rivers since old. times. )

The further progress in these years results in the excessive concentration of population and propert-
ies in these areas. This means a large increase in an estimated amount of damage by a breakdown of
river embankment at 2 flood,

Taking this fact into considex"aﬁon, necessity for the reinforcement of a river embankment is empha-
sxzed in this paper.

In the first place, reliability of a river embankment under deﬂruchve force ' is dlscussed fram the

' point of view of a statistical interprétation in general concept In order to clear up the pomt ‘of counter-

measures to strengthen an existing river embankment the past records of destructmn of embankmenls'
by floods were thoroughly collected over the country for the past 25 years. The cause and the type ol'
the destruction ‘were investigated. Then, it was found that the greater part of the destruction ‘were
caused by overflow of river water over embankment:

In the latter half, full scale model test of reinforced embankments and its results are shown. The
embankment for test was devised so as to withstand a overflow during a flood. The method of refnforée-
ment was just to.lay a cloth beneath thin top soils at the crown ‘and landward slope of embankment.

Though the method was very s:mple, the test results showed that reinfored embankment withstood a
considerably heavy overflow and little scoring and erosion took place on the €mbankment except at
the top soils. It is considered that, this method can be effechvely used for an embankment of small
river as temporary reinforcement,

Key words (river embankment, probability safety factpr, overflow, full scale model test.)
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