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LANDSLIDES IN THE TROPICAL REGION OF RIO DE JANEIRO
GLISSEMENTS DE TERRES AU REGION TROPICALE DU RIO

F. EMMANUEL BARATA

Engineering School, Federal University of Rio de Janeiro, Brazil.

SYNOPSIS - The Hill-Slopes of Tropical Mountainous Regions are submitted to the concomitan-

ce oF_an extremely severe weathering process and the occurrence of raining seasons
duration and high intensity. Such circunstance favours and increments the

of long
probability of

Landslides, that become catastrophic when the Hill-Slopes are situated in or near the large
human aglomerations. On the subject and concerning the problems of Rio de Janeiro, the Au-

tor brings his contribution.

1. INTRODUTIGON

The City of Rio de Janeiro, Brazil,owing
to its geographical, geological, <climatic
and human characteristics, has always been
submitted to problems of landslides. Untill
1961, the phenomenon had been processed wi-
thout serious consequences. In 1962,coinci-
dent with a substantially reining summer,
had place the first large urban landslide
of Rid, the "Querosene Hill Landslide". AF-
ter a 4-years interval, the City was wasted
- for two consecutive years, in the 1966 -
1967 summers - by Uncommon and catastrophic
number of landslides of every type, causing
the lost of hundred peoples, the destruc-
tion of innumerable properties (houses,buil
dings, industries, walls, etc.), roads and
runways, besides the transitory disorganiza
tion of the community.

The accidents of 1966 - 1967 were duse,
mainly to the occurrence of exceptional ra-
ins, the largest for the last 80 years. The
phenomenon alarmed not only the government,
autorities and people in general, but also
the engineers-even the specialists in Soil
Mechanics and Applied Geology-became amazed
with the intensity and extension of the pro
blem. It is noteworthy to mention that fo-"
reign specialists that had visited the ci-
ty during or after the catastrophe, said
that "the slope-stability problems of Rio a
re,probably,larger than that of any othersi
milar town of the waorld". (JONES, 1967).

In view of the general interest in the
subject - mainly for engineers and applied
geologists of similar regions in other coun
tries and continents - the Author presents
‘several basic data for better characteriza-
tion of Rio de Janeiro region, as those are
important to the understanding of its geote
chnical and geological problems.

Otherwise, the residual and colluvial ter
rains of the City, the types and shapes of
Hill-Slopes, the characteristics of the Lan
dslides and the measures for its prevention
and correction are analysed and discussed.

2. GENERAL INFORMATIONS ABOUT RIO REGIGN
2.1. GEOGRAPHICAL DATA

The average geographical coordinates of
the City of Rio de Janeiro are 2292 54'(Sou
th lat.§ and 432 10' (West Greenwich long.7.
It is situated immediately below the Tropic
of Capricornio, and belongs to the State of
Guanabara, the most recent State of the Bra
zilian Federation (N.B.:this State was cria
ted in april of 1960, thogether with the i-
nauguration of Brasilia, the new Capital of
the Country).

The Guanabara State has varying topogra-
phy, presenting deep contrasts between cha-
in of mountains, alluvial plains and isola-
ted hills. (Fig.l). There are three main
chains - Tijuca - Carioca - Pedra Branca
and Gericino - whose two highest peaks reach
1020 meters (TEIXEIRA GUERRA,1965).The al-
luvial plains ("Baixadas") are distributed
by four main areas: the Urban Baixada (wich
includes the Commercial Center, the South
Zone and the Northern Zone of the City),the
Guanabara Baixada, the Jacarepagua Baixada
and the Sepetiba Baixada. Isolated Hills are
dispersed through the plains, and are, in gg
general, less than 250 meters high.

Today's population of Guanabara State is
aproximately 4,5 millions more than B80% of
which are concentrsted in the esastern third
part (aprox.400 km<) of the State territory,
which constitutes the City of Rio proper
(the Commercial Center, the Urban and Subur
ban main Districts and the touristic regioﬁ)
Such area includes the Urban Baixada and the
Guanabara Baixada, entirely, the Jacarepa-
gua Baixada, partially, and the whole chain
of Tijuca - Carioca Mountains. The remain-
ning area (2/3 of the Territory) - in spite
of presenting some emall urban sub-centers
in development - constitutes the Rural and
agricultural zones, having little and scar-
ce population.
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FIG. 1 - Orography of Guanabara State

2.2. HISTORICAL DATA ABOUT THE GROWTH OF

THE CITY

The original urban nucleus was establi-
shed in the XVI Century, on the Castelo Hil
l,not more than?200 m high (NUVAES PIN-
TD, 1965).N.B.: That Hill was razed in 1922
for enlargement of the Commercial Center).
Next were occupied the lowlands near the
Guanabara Bay. This occupation lastsd Ffor
the XVI,XVII and XVIII Centuries, carrying
an intensive work of reclamation of swamps
and marshy lands. In the beginning, beyond
the Castelo Hill, were also inhabitted so-
me other small and isolated hills, near &he
Center.

2.2.1 THE OCCUPATION OF HILL SLOPES

The human aeccupation of the Hill-Slopes
("Encostas") of medium elevation started in
XIX Century. Finally, in the XX Century,
th the large and accelerated development of
the City - mainly during the last 25 ysars
(SEGADAS SOARES, 1965) - the modern streets
roadways, houses and buildings penetrated
the inner valleys of the territory,and rai-
sed and occupied definitely and progressive
ly the Hill-Slapes of the big mountains,re-
quiring, thenceforth, esver increased cuts
and excavations.

Observing the present Plan of the Touwn
it is quite evident that all the fringe of
Hill-Slopes, from the plain untill the elg
vation + 60m to + BOm, is covered by stra-
ets and buildings of svery size. On some
Hill-Slopes the construction reaches higher
level (+ 100m to + 150m), as is the case of
Santa Tersza, Catumbi,Rio Comprido,Ti juca,
etc. Moreover,there are some new roads on
the mountains - specifically the touristic

w.i.
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roads - that reach + 300m to + 400m (ex.:
the roads of Corcovado, A.B.Vista,Grajau-Ja
carepagua etc) and people are startlng to
build on its borders and neighbourhoods.

2.3. GEOLOGICAL ASPECTS

The predominant rocks are gneisses which
represent about 38% of the State's territo-
ry (TEIXEIRA GUERRA,op.cit.), while the gra
nites take up 20%. In very small proportlon
there are alkaline rocks (Phonolites, Lam-
profires,etc.) and dykes of diabase and ba-
salt. The Author will emphasize the gneiss-
es, because they are spread mainly in the g
astern part of the State, were the City is
concentrated.

The gneisses constitute almost integral-
ly the big (urban) chain of Ti juca-Carioca
and the respective appendices. They are
classified according to the following ty-
pes §SILVEIRA,1952,HELMBOLD,lQGS,C.N.Dq.,
1966):

a. LENTICULAR GNEISS that is also called
FACOIDAL or PORPHYROID; it is a microline-
gneiss, presenting sometlmes feldspar crys
tals of large dimensions (facoids); it cons
titutes the most part of the Peaks and abru
pt Scarps of the Urban chain (ex.: the Cor-
covado Peak, The Sugar Loaf, the Gavea Sca-
rp, etc.);

b. LEPTINITE GNEISS that is alsoc a micro-
line-gneiss, but having a very laminated
texture; it is of light tanality, rich in
quartz and with small percent aof mica; oc-
cupies small area in the City, being res-
tricted to the Hill-Slopes of South-Santa
Tereza, Laranjeiras and Corcovado Hillj;

c. BIOTITIC GNEISS - very rich in biotite,
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and therefore is of dark shade; it is call -
ed KINZIGITO when is rich in granada,silli-
manite and cordierita, having then a schis-
tose texture; it is the more widely spread
gneiss, crossing integrally the State, in
the NUW - SE direction.
d.MIGMATITE - that is a granitic-gneiss, of
mixed origin; it constitutes the small hil-
ls and, thus, it hasn't the importance of
the others.

2.4, CLIMATIC ASPECTS

In spite of its small territory,the Gua-
nabara States has a large variety of clima-
tic nuances, quite uncomonn in other parts
of the world (SERRA and RATISBONNA,1941).Su
ch fact is due to the conjugation of seve-_
ral geographic factors,mainly: a. the lati-
tude, inducing the concentration of tropi-
cal masses so much in the Summer (continen-
tal tropical massg as in the Winter (atlan-
tic tropical mass); b. the characteristic
position of the State along the Brazilian 1li
toral, where it changes its direction N-S§
and turns to E-W, becoming exposed to the
direct action of polar winds from the South
which promote quick and intense variation of
temperature; c. the existence and orientati
on of the mountains, interfering with the ~
circulation of the dry or humid-cold or hot
-air masses, etc.

Recent research (SOUTO MAIOR,1954) has
classified the climate of Guanabara (Rio de
Janeiro) under two main types, according to
the criterion of KBPPEN:

TYPE A - "Hot and Humid Tropical climate";
is the predominant in the State, presenting
three varieties, copresponding to the preci
pitation through the year, particularly in
the Summer (December,January and February)
and the Winter (June, July and August),i.e.:
Sub-Type Aw - of humid Summer and almost dry
Winter; spreads over the most part of the
State, mainly the "Baixadas™; in these are-
as, the monthly Summer rainfall exceeds 150
mm and in Winter, 30mm; the anual precipita
tion is higher than 1000mm;

Sub-Type Am - of humid Summer and almost hu
mid Winter; it is a transition between Aw
and Af; occurs in the narrow zone of the 1li
toral, at the foot of the mountains,turning
Southward; the Summer monthly rainfall is
more than 150mm and in the Winter, more than
50mm; the anual precipitation is over 1300
mm 3

Sub-Type Af - of humid Summer and Winter
(has no dry season); occurs at the Hill-Slc
pes of the mountains (mainly the steep ones
facing to south) up tot the level + S0Omm
the Summer rainfall is over 170mm,and in the
Winter more than BOmm; the anual precipita-
tion is over 1600 mm;

TYPE C - "Rainy and Temperate Climate",res-
tricted to the

Sub-Type Cfa, distinguished by the humidity
and moderate temperature, due to altitude
effect (is also called "tropical of altitu-
de"); has hot (more than 229C) Summer; is ty
pical of the mountainous region above + 500
m, and is restricted to a small area (5%) of
the State; there are Few data about this rg
gion.
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MEDINA, 1964, calculated for Rio de Janeiro
a "Thornth-Waite Moisture Index"™ TMI= -0,02,
which corresponds to a Sub-Humid Climate
(from dry to humid) in the Thornthwaite Clas
sification. Medina based his calculation on
observations made in the Baixada zones (Aw
climate of K8ppen).

3. THE TERRAINS OF .-THE REGION

The ™Baixadas" are constituted, in general,
of sedimentary terrains (alluvial,deltoid
and marine),geologically recent and some
still undergoing evolution (the Sepetiba Bai
xada, for exemple). There are many sandy
plains, organic-soil (silty and clayey) and
peat deposits, besides large areas of arti-
ficial fills in the urban and harbour-zones.
However, the residual terrains are more spr-
ead, occupying the hills, the mountainous rg
gions and pratically all the area above le-
vel & 20m (FROES ABREU,1957). The residual
soil is common even in the "Baixadas",on the
surface of the terrain or at small depth bg
low sedimentary layers. We seldom find a sg
dimentary soil directly settled on the rock
(sound or with little alteration) - There
exists, almost, always, an intermediary re-
sidual mantle.

The colluvial terrains and "talus" occur
at the foot of Rock Scarps. They are not so
frequent as the others and their characte-
ristics are still little knouwn.

3.1. RESIDUAL TERRAINS

Thoy appear at the surface of more than
50% of the total area of the State. In the
City proper (see item 2.1), it is probable
that more than 70% of the area is coated by
the residual mantle. In the medium and high
topography zones, the residual mantle is
constant.

The residual materials result mainly from
the Weathering of gneisses and granites.The
Weathering action is very intensive in the
Region, owing to the climatic conditions
(see item 2.4.). The resulting profile ten-
ds to assume - when the evolution is advan-
ce and corresponds to a more general case -
the characteristics of the Figure (Fig. 2).

The origin and evolution of the residual
terrains of Rio de Janeiro are very similar
to the process explained by RUXTON and BER-
RY, relating to the Hong Kong granites. In
Fig. 2, the diferents layers are correlated
with the symbols of Ruxton and Berry. The
denominations of Fig. 2 are quite well known
by the Brazilian engineers (see VARGAS,1953)
Thus:

a. MATURE RESIDUAL SOIL - Is the oldest lay
er and doesn't have neither the appearance
nor the structure of the Mother Rock,owing
to its decomposition, alteration and evolu-
tion; it ie constituted of clayey soil (sa-
nd-silty clays or sand-clayey silts),kaoli-
nitic, very cohesive and plastic when resul
ting from weathered biotite-gneisses and
migmatites, and cohesive and less plastic
when resulting from leptinite gneissj; its
common colour is red or yellow-reddish -due
to the presence of iron-oxides; the Mature
Layer attains at thickness from 5m to 10m in
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FIG.2 - Complete profile of a Residual Terrain
general, and even more, excepcionally;
b. YOUNG RESIDUAL SOILS - Is more recent

than the Mature soil and keeps, sometimes,
the appearance and structure of the Mother
Rock (is also called SOIL OF ROCK ALTERATI-
ON and, popularly, "SAIBRO"); has a coarse
texture (sand silts or silty sands, with fra
ctured or altered gravel and micaceous - ve-
ry micaceous when from biotite-gneiss); eve
ntually, contains pebblegs, stones and even
boulders within its mass; its colours may

be grey, yellow, brown etc.; the layer at-
tains a thickness bigger than that of the
Mature Layer's sometimes thicker than 20 m;
c. VERY ALTERED ROCK Is the transition be
tween the Young Residual Soil and the Rock
Proper; it is constituted of fragmantarymas
of altered rock elements, of all sizes, sur
rounded and intersected by veins or spots of
mature and/or young residual soil; this lay
er is impenetrable by the common wash-bor-
ing equipment; with rotary drilling however,
the recuperation is very small.

d. FISSURED OR FRACTURED ROCK Is the rock
with its system of joints, fissures and fra
ctures, whose elements are s8till little or
non-weathered; the joints may present some
clayey material filling (generally of mont-
morillonitic characterg

e. MOTHER ROCK Is the original rock base-
ment, practically sound and perfect.

3.2. COLLUVIAL TERRAINS

They occur at the foot of rock Scarps,of
steep Mixed Hill-Slopes and of earthy "Bar-
rancos" (see item 4, next). The oldest lay-
ers of colluvial terrain may have undergone
egolution for long time, acquiring the aps-
arance of a residual terrain, making diffi-
cult to distinguish between the two types.
The permeability normally is high in these
terrains (N.B.: Other details are given in

item 5.2).
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4, TYPES AND SHAPES OF HILL-SLOPES

There is a large variety of types and
shapes of HILL-SLOPES ("Encostas") in Rio
de Janeiro; they may be classified as fol-
lows:

SCARPS (Fig. 3) are very steep rocky Hill
Slopes, with neither vegetation nor earth
mantle: its average inclination is higher
than 6Ritsheight may attain hundreds of me-
ters. There are Natural and Artificial Scar
ps. The Plane Natural Scarps are almost pla
ne walls, having natural origin from an old
geologic faulting (see item 2.3.) or from a
permanent process of superficial erosion
and thermic exfoliation. There are also ma-
ny artificial Scarps, remainders of old
quarry exploration. These are almost verti-
cal and reach tenths of meters in height(N.
B. - nowadays there is a municipal law that
forbids the exploration of quarries in ur-
ban zones). There are also many Curve Natu-
ral Scarps, mainly the "encircled front" ty
pe, whose main example is the "Sugar Loaf".
The Natural Scarps, in general, are quite
common in the Tijuca-Carioca Mountains.

FIG.

3 - Natural Scarp

ROCK-SURFACES are non-scarped rocky Hill-
Slapes.

EARTHY HILL-SLOPES constitutes the most
part of the slopes of small to medium incli-
nation. They occupy large areas of the City.
When of residual origin, they have Shallow-
Mantle on the steeper-slopes (above 302),
and Thick-Mantle on the less steep ones (ba
low 309) The tarthy Hill-Slopes of colluvi-
al origin tend to be very flat, except when
quite near the Scarps and "Barrancos", from
wich they are originated.

"BARRANCOS" are Earthy Hill-Slopes of ve
ry steep - almost vertical inclination.
They are of natural (resulting from fluvial
or marine srasion) or of artificial origin
(resulting from excavations for building or
from exploration of loam or "saibro"). The
"Barrancos" are, in general, of precarious
stability.
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MIXED HILL-SLOPES are those in which coe-
xist earthy mantles and rock emergences.
They are, in general, transition types,i.s.,

a. Scarps of medium inclination with arisip
g residual mantles, or b, Earthy Hill-Slo-
pes of medium to steep inclination and shal
low mantle, in wich the landslides and ero-
sion scarpe the surface.

Also as Mixed Hill-Slopes, we may consi-
der the.earthy slopes with stones and boul-
ders enclosed or laid on its surface. The
boulders are as much of colluvial ("talus"
deposit near the Scarps) as of residual o-
rigin. The residual boulders are autochtho
nous,Le., they belong to and originatsd in
the mass of residual soil by which they are
surrounded. Its emergence occurs after a de
layed process of erosion of the surrouding
soil (RUELLAN, 1944). There are many exam-
nles of this type on Hill-Slopesin Rio de
Janeiro, some of them with thousands of sto
nes boulders of all sizes. (Fig. 4).

5. CHARACTERISTICS OF LANDSLIDES COfF RIO DE
JANEIRO

The landslides (this expression is used FIG. 4 - Hill-Slope with residual boulders
here in the general sense, i.e., denoting
all movements involving soils and rock ele-
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ments) are of all classic types, but assu-
me peculiar aspects in some cases. Accor-
ding to the criterion of VARNES,1958,with
slight modifications, the Landslides belong
to the following types:

(FaLL
ROLLING
sLow
movemenTs of |FLOV RAPID
SOILS AND RO ¢
CK ELEMENTS
ROTATIONAL
SLIDE
PLANAR
compL
compLEx

The Fall of rock elements (boulders and
plates) is quite common in the abrupt Scar-
ps (natural or artificial). It occurs, alsa
with earthy lumps from the "Barrancos" in e
volution. -

The Rolling is the typical movement of
the stones and boulders when detaching from
its original bed at the surface of Earthy
Hill-Slopes. That is the origin of many
cidents during the rainy seasons.

The Slow-Flow is very peculiar to the
Colluvial Hill-Slopes of very small inclina
tion (102 to 202), but may occur also in the
Residual terrains, when the slope is cut a-
cross the young soil, of friable characte-
ristics, i.e., presenting a high initial re
sistance which is lost suddenly after large
deformation. In tropical conditions the pro
cess tends to accelerate in the rainy peri-
od,)mainly in colluvial terrains (see item
5.2).

The most common type of Rapid-Flow, are
the AVALANCHES of soil and rock elements,
which occur mainly in the rainy season (du
ring or after heavy rains), in Earthy HilI-
Slopes of medium to steep inclination, and
of shallow mantle. In general, the Avalan-
ches are wet flows composed of materials of
the Young Residual Layers, which are predo-
minant in the shallow mantles. The Avalan-
ches starts as a normal slide, but it beco-
mes accelerated owing to two conditions: 1.
The Yaung Layer is quite permeable and beco
mes saturated with relative Facility; when
the downward movement starts, the mass chan
ges in a fluid, very quickly; 2. the slope
is of medium to steep inclination and fair-
ly long, allowing the development of the
phenomenon without obstacles.

The Slides are the most common type of
landslides. The Rotational Slides only oc-
cur in the Hill-Slopes of thick mantle of
Mature residual soil, where the rupture sur
face develops freely. The Planar Slides are
typical of the Hill-Slopes with shallow man
tle, where the rupture surface develops al-
most conditioned through the contact of the
soil with the rock basement. It is worth ng
ting that the Rotational Slides have been
and are being in most cases caused by huma-
ns, while the natural slides (without humam

ac
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action) tend to be of the Planar type.

The Complex Landslides are quite common,
also. They are combinations of other types,
mainly: a. Slides that become Avalanches;b.
Fall conjugated with or transformed in Rol-
ling, etc.

6.1. CAUSES OF LANDSLIDES

The landslides of Rio de Janeiro occur al
most totally during the rainy season and,ma-
inly, in or after the heavy rains. Therefore
it seems that the main cause of landslides
in Rio is the water action (by erosion, in-
filtration, increase of weight, 'pore pressu
re, solifluction, etc.). The main, but obvi
ously not the only cause. In fact, there a-
re many other influential causes of natural
and artificial origin. And the artificial
causes have in Rio de Janeiro, perhaps, so
much weight as the water effects. It was e-
vident during the exceptional rainy periods
of 1966-1967, when the City Hill-Slopes we-
re much more damaged than the Hill-Slopes of
the rural, the agricultural and the Virgin
zones.

So, we must conclude that the problem of
landslides in Rio de Janeiro - as should be
in any large and densely populated town of
mountainous tropical region, and differen-
tly of similar towns in cold and temperated
countries is largely dependent of the con-
jugation of geological, hidrological and hu-
man factors.

For illustration and clearness, it is con
venient to refer to the main artificial (Hu-
man) causes - ancient and modern - of lands-
lides in Rio:

a. Cuts and Excavations on Hill-Slopes - Ffor
construction of houses, buildings and other
structures, of streets, roads, tunnels,etc.;
for exploration of quarries, "saibro" etc.
b. Destruction of Vegetal Covering - for
construction of slums ("favelas") and other
concentrated habitations on the Hill-Slopes;
c. Action of Loads and Surcharges - houses,
buildings and other structures, ssveral mate-
rials (rubbish, trash, etc.), built or depo-
sited along and on the top of Hill-Slopes;
d. Removing of Supports - demolition of old

retaining walls, plateaus and buildings, on
or near the Hill-Slopes;
e. Explosions - in construction jobs; Ffor

exploration of quarries, etc;

f. Mix causes.

5.2. THE FORMATION OF COLLUVIAL HILL-SLOPES
AND THE MECHANISM OF THEIR MOVEMENTS

It is important to analyse the origin
and formation of the colluvial Hill-Slopes
of Rio de Janeiro and the Mechanism of their
movements in tropical environment. The Au-
thor will concern specially with the deposi-
ts situated under the rock Scarps and Mixed
Hill-Slopes (Scarps in formation or evolu-
tion - see item 4), considering their large
number and frequent occurrence, their "sui
generis" character and the enormous proble-
m§ and apprehension they are causing. (Fig.
5
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FIG.

S5 - Colluvium near Scarp

Such deposits are, in gsesneral, composed
of mixtures of rock elemsnts and soil mas-
ses which fall, roll and slip from the Scar
ps. In the case of rocky Scarps, the earth
contribution comes from the flatty top whe-
re the residual soil develops and iseroded
by the water. This is a dynamic and still
current process.

The Colluvial Hill-Slopes have, normally,
a "neck" of steep inclination in the con -
tact with the Scarps; the "neck" is conti-
nued downward by a "loin" of smaller incli-
nation. The "neck" fis a more recent accumu-
lation than the "loin", because it receives
directly the detritus that descend from the
Scarp. The "loin", in spite of to be older,
may also receive some detritus, mainly the
round-shape stones and boulders - the plate
and prismatic elements settle on the neck -
and the fine material carried by the run-
of f water.

As the deposit increases permanently in
the time, it tends to become unstable,main-
ly during the rainy periods, when it recei-
ves water in two ways: a. directly and uni-
formly all over the surface of the slope;b.
by larger and concentrated afflux into the
contact with the Scarp, the afflux being so
much larger as the contributory arsa of the
Scarp is spread. So, it follows:

I. Owing to a normally high permability the
deposit becomes satured quite easily, with
large increase of its weight;

II. As the afflux te the "neck" is larger,
it will be saturated faster than the "loin"
verge; there will be a tendency of downward
movement, and a consequent formation of a
zone of fluency (or even a potencial surfa-
ce of slide) within the mass;

I11. As the "neck" constitutes a loose and
steep zone in the deposit its movement is
larger and faster; thus, the "neck" detach
or slide in relation to the Scarp, oppening
a crack in the contact with the rock,throu-
gh which takes places a preferencial and
sasier ingress of the water coming down fram
the Scarp;
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IV. The water which penstrates that uppser
crack attains quickly - faster than the uni
form infiltration through the surface of the
loin - the inner parts of the deposit, par-
ticularly ths zones of Fluency and poten-
cial rupture; high pore-pressures are deve-
loped in these zones, besides the decrease
of shear resistance, and movements are con-
sequently generated;

V. The movement of a Colluvial has normally
the characteristics of a extremely SLOW
FLOW, with cyclic increments of speed; the
movement is intensified in the rainy-period
and prosecute along the dry-season with pro
gressive damping, till the next rain,when
it is accelerated again, stc, stc. This cy-
clic process is related with the function
of the basin of the Colluvial Deposit that
behaves as a large reservoir, accumulating
water during the rain-falls and liberating
it slowly during the dry-season;

VI. An exceptional rainy-season, with hea-
vy rains - as happened in 1966-1967 (ses
next item 6.) - can originate a movement of
large speed and deformation;

VII. The phenomenon is aggravated when the
Man excavates the fFoot of Colluvium - and
this has happened frequently in Rio de Ja-
neiro too,

6. THE LARGE LANDSLIDES AND ACCIDENTS
1966 - 1967

6.1 THE EXCEPTIONAL RAIN - SEASONS

According to the published data (SURSAN,
1966); VEIGA PIRES et al, 1966 and 1967),
the rains of the summers of 1966 and 1967
exceeded all maxima known and registered in
Rio de Janeéiro. The rains of January 1966
caused surprise, mainly for its long dura-
tion and high intensity. They were ascri-
bed to the following phenomenon (VEIGA PI-
RES et al, op. cit.?: occurred a shock
between a cold mass coming from South and a
continental tropical mass which was statio-
nary above the Guanabara; both masses remai
ned more than three days, with a total pre-
cipitation of more than 600mm in some areas;
and with an ayerage (over the whols urban a
rea of 400 kmZ) of 270mm. It's noteworthy
that the Normal Annual Average of Janeiro
is only 150mm - 200mm, with Maximum of 400
mm (over the "Baixadas" with Aw climate),
500mm. (over the foot of the Mountains and
at medium altitude with AF climate) and a-
round 700mm, over the Mountains (Af-Cfa cli
mate).

The Table I gives a summary of the main
observations of 1966 and 1967,

It is remarkable that the heavier rains
registered till that time were 96,5mm per
hour (4/25/1886) and 223mm per 24 hours
(4/26/1883) in Metersological Observatory

aF

Station, and 71mm per hour and 290mm per 24
hours, after 1940, in Botanical Garden Sta-
tion.

An other important detail is that the s-
torm of Jannuary 11-12-13,1966 and of Febru
ary 17-1B-19, 1967, were preceded by modera
tely rainy days. Thus, in Jannuary 1966, it
had rained an amount of 57,3mm during the 5
preceding days (A.B.Vista Station). In Fe-
bruary 1967 it had rained 37,7mm during the



_EMMANUEL BARATA

TABLE I
MAXIMA VALUES IN 1966 - 1967
Average Rainfall (mm)
extending to all2
MONTH LOCAL RAINFALL (mm) Urban area (400 Km?)
AND
VEAR TIME | PERICD HOUR) 4 24 48 72
DAY STATION CLIMATE
1 24 72 hours |hoursihours| hours
1966 |[JANUARY
11 B.Corumba(Tijuca)-Af - 287 631,6
12 Alto da Boa Vista-Af.Cfa - 306 - 20 97 242 270
13 Alto da Boa Vista-Af.Cfa - 133 675,5
J.Botanico - Am - - 487,3
FEBRUAFRY
25 Botafogo-Af 94 109 -
B.Corumba (Tijuca)-Af - 100,6 - 34
Alto da Boa Vista-Af.Cfa 38,8 47,1
MARCH ,
26 B.Corumba (Tijuca)-AFf - 282 -
Alto da Boa Vista-Af-Cfa 72,3 321 - 45
Eng.Dentro-Aw 103,6 166 -
1967 | JANUARY 3
22 B.corumba (Tijuca)-Af - 95 -
Alto da Boa Vista-Af.Cfa - 90,2 -
23 B.Corumba (Tijuca)=Af - 63,3 -
Alto da Boa Vista-Af-Cfa 83,5 177,0 - 41 35
FEBRUARY
17 Alto da Boa Vista-Af-Cfa - 113,2 -
Leblon - Am - 97,0 -
Eng. Dentro - Aw - 60,3 -
Laran jeiras - Af - 43,0 -
18 Alto da Boa Vista-Af-Cfa - 136,0 -
Leblon - Am - 145,0 - 51 49 250
Eng.Dentro-Aw - 120,8 -
Laran jeiras-Af - 168,0 -
19 Alto da Boa Vista-Af-Cfa - 152,0 401,2
Leblon-Am - 23,4 265,4
Eng.Dentro-Aw - 197,8 378,9
Laranjeiras - Af - 137,2 348,2

5 days orior to the storm (Laranjeiras Sta-
tion ), and 112,6 mm during the 10 preceding
days (A.B.Vista Station)(VEIGA PIRES et al,
op.cit.).

Those exceptional rain-falls destroyed
the transitory and/or the already unstable
equilibrium of many masses of earth and rock
elements, and caused several catastrophic
landslides.

6.2. SUMMARY OF THE MAIN ACCIDENTS

The main accidents resulting from landsli
des in 1966-1967 are now summarized. The im-
portance of the several cases is based on its
magnitude,on the number of affected humans
beings and the value of material damages, or

on its uncommon character, setc.

A. SANTO AMARO STREET - Hill-Slope of resi-
dual and colluvial soil,with 352 - 45¢ of
inclination, which slided (Rapid Flow)along
a narrow strip, affecting an earth volume of
more than 10.000 m3,

Many people died, houses were destroyed,
mainly the hall part of a big residential
Block. Main causes: fill executed during the
construction of a street on the upper part
of the Hill-Slope; deposition of rubbish on
the top of the Hill-Slope; Saturation during
the rains of Jannuary 11-12-13 of 1966.

B. BABILONIA QUARRY - An avalanche of the re
sidual mantle (more than 30.000 m3 of soil
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and rock elements) from the crost of the
Quarry. The material fell from a height of
35 meters and ran, then, horizontally as a
fluid. Some new buildings 100 meters distan
t from the Quarry werse affected.

C. GRAJAU HILL-SLOPE - Creep of enormous Col
luvial Slope (202 of average inclination),a
long an area of 400m x 400m, and aFFecting
a volume of around 1,5 millions of cubic
meters. The movement has been known far long
time (more than 20 ysars), but was accelera
ted in January 1966, when many houses and
buildings were damaged or collapsed. The lo
cal geology is complex; the talus is vepy
thick; there is a large infiltration of wa-
ter during the rains; excavations for cons-
tructions were performed at the foot of the
slope.

D. PAULD DE FRONTIN AVE. - Creep of Colluvi
al Hill-Slape (152 to 172 of average inclina
tion), along an area of 400m x 100m, enclo-
sing a mass of 600.000 m3 of earth and super
ficial or buried stones and boulders; the
movement must be old but was undetected un-
til February-March of 1967, when got accele

ration and caused damages to 12 houses and
buildings situated near the foot.The move-
ment is typical of the Colluvial Hill-Slo-
pes of Rio (ses item 5.2.

FIG.6 - Accident of Laranjeiras Garden (Ava
lanche)

E. LARANJEIRAS GARDEN - (Fig.6). Hill-Slape
120m high, with 3092 of inclination at upper
post and 172 at downwards. The material (rs
sidual soil and rock elements) slided from
the steep top (along 80 meters) and became
an Avalanche of 30.000 m3 which ran 100 me-
ters, dragging and destroying completely in
its way, one big house, two appartment buil
dings and part of two streets. 120 peopls
died in the night of February 19 of 1967.
The State Comission which investigated the
accident, attributed it to: a. geologigal
structure very disturbed in place (the most
part aof the sliding mass belonged to residy
al terrain of a granite dyke intruded in
the leptinite gneiss of the Hill-Slopse); b,
cut and excavation on middle-slope for cons
truction (1940) of a strest; c. discharge o
rubbish, along the time, on the slope; d.in

515

fFiltration of water, along the time, produ-
cing and accelerating the locel weathering
and originating conditions for piping and
high pore-pressure during the heavy raeins.

7. PREVENTION AND CORRECTION OF LANDSLIDES
7.1. LEGISLATION ON HILL-SLOPE CONSTRUCTION

There are two main laws dealing with the
occupation and construction on Hill-Slopes:
a. The FOREST LAW - that forbids the cons-
truction over dsterminated lsvel (the limit
level varies from + 50m to + 190m, depend-
ing of the local), intending, exclusively,
to preserve the forests and springs (the mo
re recent law exists since 1959);

b. The LAW FOR LICENCE OF CONSTRUCTION IN U
NEVEN TERRAINS that doesntt limit the le-
vel, but regulates the construction on fair
steep Hill-Slopes, or when there is a geolg
gical disturbance orany potenciel danger;
the Law demands for the proof and guarantes
of the buildings and Hill-Slope's stability,
after convenient and specialized calculati-
ons and design, and under the control of
the Geotechnical Institute of Guanabara(the
First Law on this subject is from 1965;the
more recent is from 24/8/1967.

The Forest-Law has been frustrated fre-
quently by the construction of slums ("Fava
las"). The "favelas"™ are many and spread on
the Hill-Slopes from the level 0,0m till +
250,0m. They carry the devastation of the
vegetal cover, many excavations, etc.,chang
ging very much the superficial and deep
drainage conditions of the Hill-Slopes.

The other Law, has been accomplished sin
ce the big accidents of 1966-1967, after
which the State Government criated the Gea-
technical Institute, deeply concerned with
the geological and geotechnical problems of
Hill-Slopss.

7.2. CORRECTION AND STABILIZATION WORKS

Almost all tradicional methods even sg
new or improvised according the necessi-
have been used to correct and stabili-
the Hill-Slopes under movement or ready
move.

In the case of unstable boulders, the an
chorage system is being normally used, and
is progressively accepted in Brazil (CDSTA
NUNES and VELLOSO, 1963). Such system has
had wide aplication also, for the shoring
of large excavations on Hill-Slopes.

To combat the effects of superficial e-
rosion, .revetments of all types ars employ
ed: bitumen, soil-cement, several grassses,
light walls of concrete, etc. The use of
grasses and other kind of plants for restore
the protector vegetal cover is being inten-
sified, mainly after the research work of
the agrologists from the Geotechnical Insti
tute.

Berms and platforms combined with surfa-
ce shaping and foot-wall have besn quite ug
ed when tendency of sliding is detected.

If Flows an Slides are promoted by the
soil water (infiltration water level rising:*
setc.), 2 good and efficacious solution is
being the use of horizontal drainage (pipes
or galleries)
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7.3. OBSERVATION AND CONTROL OF MOVEMENTS

For the last two years, in view of the
Slow Flow rovements of the Colluvial Hill-
Slopes, modern methode of observation and
control are being used. For exemple, com-
bined systems of: a) piezometers and obser-
vation wells; b) measurement of horizontal
drains discharge; c) measurement of movemen
ts of supsrficial and deep marks; d)"slope-
indicator"; e) hydro-meteorological statio-
ns, etc.

Besides this kind of work - still relati
vely incipient in Guanabara - there is the
tendency for promote and intensify special
studies and research over Weathering in Tra
pics, the origin and specific characteristj
cs of residual and colluvium - residual so-
ils, setc.

8. CONCLUSIONS

The experience undergone by the City of
Rio de Janeiro - one of the world largest
metropolis in the tropical zone - demonstra
tes the importance of the urbanists and Ci-
ty administrations (with the consulting as-
sistance of geotechnical engineers and ap-
plied geologists) to take some epecific pre
cautionary measures in the way to avoid (in
similar regions) catastrophic accidents, to
day and in the future.

It is evident and conclusive the necessi
ty and importancs of: a. Special legislati-
on to control and regulate the civil cons-
truction near and over the Hill-Slopes; b.
Systematic study and research of hydrologi-
cal, geological and geotechnical conditions
- and their correlations - in tropical re-
gions, intending to obtain a progressive
knowledge about the Tropical Weathering pro
cess and its influence upon the propiciati-
on of Landslides in those regions; c. Obser
vation and Control Methods of movemente,for
obtaining experience and knowledge upon the
mechanism of Landslides, and for the develg
pment of systsms for ths antscipation and
prevention of the large accidents.
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