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SYNOPSIS: The instrumentation of three slopes affected by slow ground movements indicated a relation 
ship between ground movements, precipitation, seasonal fluctuating pore pressures and the widths of 
the cracks in the buildings. The results are presented and discussed below.

INTRODUCTION

An extensive program of research was carried out 
in order to detect the causes of the ncivanents in 
the hills of Olinda, Brazil. Many monuments of this 
historical city have been damaged over the last few 
centuries, most of which are located on the hills. 
The program involved investigation in situ, 
instrumentation and laboratory tests. The 
instrumentation program allowed us to define the 
unstable zones, to quantity the movements and so 
help to find the solution for securing the 
stabilization of the monuments.
This paper presents the field instrumentation 

program involving both the criteria used in the 
choice of appropriate equipments, the instalation 
site and their quantity, the frequency of 
measurements, as well as the main results.

SITE CONDITIONS

The city of Olinda is located on the 
Northeastern coast of Brazil, South America. It 
has an undulating relief with hills 15m to 60m 
high and slopes from 69 to 4 59. The average 
temperature varies from 279C (february) to 239 
(july) while the relative humidity is about 78% 
(yearly average) . The rainfall is conoentrated in 
the months from february to july, being heavier 
in may and june. The geology of Olinda is 
constituted of sediments belonging to Barreira 
Group laid upon the limestone, followed by 
sandstone and the bedrock. The surface deposits 
are loose to poorly compacted sand and silts, 
having a variable depth up to 6m. The following 
stiff silty clay layer has a variable thickness 
from 4 to 13m, is over-consolidated and supports 
most of the damaged monuments foundations,
Figure 1, (Gusmlo et al, 1S86).

The groundwater is affected in different ways 
depending on the geographic and geometrical 
characteristics. The Barreira Group sediments 
shows the phreatic water alternative to confined 
aquifer in some places. An extensive 
analysis connecting the local rainfall data 
with the groundwater effects and slope 
movements are presented else were (Gusmao et 
al, 1987).

Figure 1. General site plan

The most damaged monuments are the Canrc Church, 
S. Bento Monastery and S. Francisco Convent.
The manifestation of the damage presented are 
fissures in the walls, uneven settlement of the 
floor, tilting of the church tower, settlement 
and tilting of high walls, cracks by shear 
distortion of lateral walls, openings in the 
ground. Table 1 shows the type of observed 
damage, its ocurrence site and the values 
measured in each case.

Table 1. Observed damage

C SB SF
EXAMPIE CF 
VALUE

Tilting of wall • • 1 : 1 0 0

Tilting of tower • 1 : 80

Settlement of floor • • • 260mm

Settlement of wall • • • 300mm

Wall cracked by shear
distortion • 20mm

Wall cracked by bending • 4 0mm

Wall cracked by traction# 15mm

Opening in the ground • • 1 0mm

LEGEND:
C - Carmo Church
SB - S . Bento Monastery
SF - S . Francisco Convent
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Figure 2. Composite plot of observed data in Carmo site Figure 3. Composite plot of observed data in S. Bento site
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These various forms of damage are characterized 
by some particular feactures. They have been 
observed since the last century as found by the 
research of old documents. They are affected by 
the intensity of the rainy season. Damage is not 
generalized in all monuments but is oonoentrated 
in the block of the building. The fact that this 
block is placed near the slopes has led to 
associate the movements to slope instability.

INSTRUMENTATION

The instrumentation that was used in Olinda had 
the purpose of evaluating the monuments behavior 
through the control of (1 ) wall tilting, (2) 
crack opening, (3) ground horizontal displaoanent, (4) 
groundwater floatation,(5) rainfall intensity. 
There are some criteria to choice the type, 
place, number and reading frequency of the 
instrumentation.
As regards to the ground movement, we needed 

to measure the movement in depth in order to 
define either its surface or deep motion. The 
inclinometer was then the instrumentation reccmnended. 
The first layout of the boreholes was to check 
the hypothesis of a general movement ample 
enough to cover large areas. As least two 
boreholes were located along the steeper slopes 
near the damage area. Intermediary boreholes 
closed the grid between these hill points and 
the coastal plain. Some time later it was noticed 
that the movement was local and emphasis was 
given upon the inclinometers located near the 
damaged areas. Ten inclinometers were installed.
Due to the groundwater pressure, the instalation 
of the casing was made with the help of a 

weight in order to get down the set. Due to 
the slow velocity of the movement, the readings 
were taken monthy.
As the building movements turn out changing 

the width of the cracks, an extensometer is 
appropriated due to be sensitive up to a 0 ,0 1mm 
variation. It consists of rod measurements 
between reference points. The monthly readings 
were made at the same hour due to the influence 
of the temperature. The optical levelling was 
made to measure settlements and the inclination 
of the tower. Since the error was of 0,5mm the 
readings were taken each six months after a 
shorter time of observation. The vertical 
settlements were so small that the results were 
zero with this reading frequency or even longer. 
Then special attention was given to the movements 
of the fissured walls.

In order to measure the groundwater floatation, 
the Casagrande type borehole piezometer was chosen 
because of the slow moving velocity. It was not the case 
of rupture. As the soil permeability was variable, 
the piezometers had their tips placed upon both 
the first and layer as the following clay layer. The 
readings were made weekly.

The rainfall intensity was measured daily with 
one pluviometer and one pluviograph, whose results 
were presented else were (Gusmao et al, 1987).

The outflow of two site fountains was measured 
weekly with a volume-known container.

RESULTS

The instrumentation results are summarized on 
the Figures 2, 3, 4 and 5.
The piezometer levels show a good correlation

to the precipitation cycle. The lcwest piezcmeter 
levels were observed in march, on average apro- 
ximately 4.5 meters below the maximum levels in 
Carmo Church, 3.0 meters in Sao Bento Monastery 
and 2.0 meters in Sao Francisco Convent. The 
tiine-lag between precipitation and groundwater 
response is short. The pick's ocurrence is almost 
simultaneous. However the rise velocity of the 
groundwater in Carmo, for instance, is 15mm/day, 
almost 8 times the drawdown velocity after the 
pick. These values are 1.7mm/day e 1.3 2 times 
in Sao Francisco, and 4.3 mm/day and 3.93 times 
in Sao Bento (Gusmao et al, 1987).

The piezometer level variation acts upon the 
moving mechanisms of the slopes, in such a way 
that the rise provokes movements and the drav*torfn 
decreases this movements. As a consequence the 
buildings are also affected as is shown by the 
width of the cracks.

Readings of the crack widths are influenced 
by the rainfall intensity. There was a substantial 
enlargement of these cracks during the 1984 
winter when there was a intense concentration 
of rains during a short period of time. The crack 
behaviour was modified after that winter nearly 
coming to a standstill. This may be linked to 
the peculiar characteristics of the rainfall 
intensity in the following years compared to the 
1984 winter, or the 1984 rainfall may have 
actually triggered the phenomenon bringing about 
a significant change in the previous conditions 
of the structure.

Readings of the Inclinometer show that only 
the upper meters of the soil deposit are affected 
by deformations. The movement gradually increases 
from this depth to the upper surfaces.The ground 
surface is reached either by this gradient profile 
of the movement (see inclinometers I2 and l3)or 
by a translation of the top layer (I1 ). It is 
noticed that the whole layer overlaid the 
limestone bedrocks moves at the S. Bento site. 
Table 2 shows the profiles of the movements of 
the inclinometers , the occurrence site and 
the depths measured in each case. The foundations 
of the monuments are settled inside the moving 
layers, respectively 4.60, in Carmo, 2.90m in 
Sao Bento and 6.00m in Sao Francisco.

Table 2. Movements of some inclinometers

SITE
N.
INCL

PROFIIE
DEPTH
(m)

ROCK
DEPTH (m)

II Translation 0 - 5,.50 13..30

C II Gradient 5

OH1Oin .00 13.. 30

X2
Gradient 0 - 6 ..00 1 1 .. 10

II Translation 0 - 3,.60 7..80

SB II Gradient 3.60- 7,.80 7..80

l2 Gradient 0 - 5..00 5..00

12 Gradient 0 -1 2 ..00 28..00

SF
l3 Gradient 0 - 8 ..00 1 2 ..00

LEGEND:
C - Carmo Church
SB- S. Bento Monastery
SF- S. Francisco Convent

On the other hand. Figure 5, was obtained 
calculating the average velocity of the movement 
taking successive readings of the inclinometer.
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Figure 4. Composite plot of observed data in 
S. Francisco site.

Figure 5. Variation of the velocity of the 
movements along the time.

CONCLUSIONS

The instrumentation of three slopes in Olinda , 
Brazil, led to the conclusion that theirmovements 
are very slow, during the winter and slewing dewn 
during the summer time. The hydrological conditions 
affect the rate of displacement either by the 

fluctuation of the piezometric level in the soil 
layeres below the foundations or by the loss of 
humidity of these layers during longer summer 

periods.

It shows the displacement rate as a function of 
time. There is a good correlation between the 
movements and the rainfall intensity. The picks 
of velocity generally coincide with the picks 
of intense rainfall during the winter. The valleys 
of the curves show a tendency for the movsnents 
to stand still during the summertime. This is 
particulary clear in the Carmo site. The maximum 
rate of displacement reaches an average of 4mm 
per month, both in Carmo as in S. Bento sites, 
just fitting the winter months. This same rate 
of displacement can be zero some period after.
In some cases , the rate can reach negative, 
that means a radial contraction of the soil due 
to dissecation per reduction of humidity in the 
larger periods of summer. The movement can be 
classified as very slow with these values of 
velocity (Morgenstern, 1985).

Deep drainage works were made around S. Bento 
site in 1985, with a clear stabilization effect 
shown by the large reduction of the soil movements 
at that place. The restoration of the S. Francisco 
Sacristy was proceeded almost at the same time, 
with underpinning, however since then the 
readings have ceased to be taken.
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