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ABSTRACT 
This article presents a case of monitoring of settlement in order to identify the performance of the foundation of a building with 26
stories built in the Metropolitan Area of Recife, Brazil. From the results of the monitoring of the building, reinforcement was
conceived and executed for its foundations with dangerous settlement. The reinforcement was performed while the building remained
occupied and stabilization of the settlement was obtained. 

RÉSUMÉ
Cet article présente un cas concret de contrôle des tassements, pour lequel les mesures ont permis d’identifier um fonctionnement
inadéquat des fondations dans un immeuble de 26 étages construit dans la Région Métropolitaine de Recife. A partir des résultats de 
ce contrôle, un projet de renforcement des fondations a été conçu et mis en oeuvre. Ce dernier a été exécuté sans évacuation des
habitants de l’immeuble et la stabilisation de l’immeuble a été concluante.
Keywords: settlement monitoring, foundation reinforcement, tall building 

1 INTRODUCTION 

The Recife Metropolitan Area – RMA is located in the northeast 
region of Brazil. The region presents two very different 
morphological sceneries: the hills and the plain. The occupation 
of the city with high buildings has been made only in the 
limited space between the hills and the sea front, which is a 
large fluvial-marine plain. The Recife plain is composed of two 
levels of sandy marine terraces corresponding to the last marine 
transgressions and contains deposits of swamps, fluvial-lagoon 
sediments and recent alluviums. 

From a geological viewpoint, the subsoil has a very large 
variation. There are layers of loose fine and medium sand, and 
soft organic clay. Well consolidated sandstone is also present. 
The deposits of soft and medium organic clay are found in 
about 50% of the plain, and they may occur at the surface or at a 
depth below the sandy layer. 

The current practice of foundations in Recife is strongly 
influenced by the geological and geotechnical characteristics of 
the subsoil, although other factors influence the choice of 
several types of foundation (Gusmão Filho, 1998; Gusmão, 
2005). 

Due to the diversity of geotechnical profiles in the RMA, the 
usual practice has been to monitor the settlement of buildings. 
In order to demystify the measurement of settlement, a few 
convincing strategies have been presented to the builders: (i) 
monitoring must be seen as a technological control of the work, 
like the control of concrete resistance; (ii) monitoring allows a 
better understanding of the behavior of a building and a retro-
analysis of the soil parameters, which lead to bolder projects 
without compromising safety; (iii) and monitoring will identify 
with greater certainty the causes of eventual pathologies that 
occur in buildings, where the foundation is usually suspected 
(Gusmão, 2006). 

This article presents a case study of monitoring of settlement 
where it allowed the instrumentation to identify the bad 
performance of the foundations of a 26-story building on the 
coast of the RMA. From the results of  

the monitoring of settlement, the reinforcement foundation was 
designed and executed for the building. 

2 STRUCTURE AND SUBSOIL CHARACTERIZATION 

The building structure is a frame of reinforced concrete with 26 
floors and 62 columns, with 18 columns in the main tower and 
44 in the periphery. The vertical constant load in the columns 
varies between 3676 and 21705 kN in the main tower and 
between 100 and 1870 kN in the periphery. There is a garage 
floor that is semi-buried at a level -1.90 m below the level of the 
main street. 
   Various soil borings with SPT and rotary equipment were 
made before the foundation was excavated. Figure 1 shows a 
typical soil boring having a thick layer of silty clay with organic 
matter, being ash dark and very soft, between the -14.50 m and  
-24.00 m levels. Another relevant aspect in the boring is the 
sandstone layer that gets thinner in the direction of the beach 
(east) and south.        

The foundation of the building was made at the -4.40 m level 
with allowable soil pressure of 450 kPa (Fig. 2). It is noted that 
the footings have an unusual form. 

3 HISTORIC 

The building was built at the end of the 1980s (most likely 
between 1987 and 1990) and it was opened for residential 
occupation at the beginning of the 1990s. According to reports 
and interviews with some residents, damage began to appear in 
the building from the beginning of its occupation. From that 
point on, it began to worsen, especially in the two lower floors 
of the garage and the mezzanine. Damage included fissures and 
cracks in the masonry, slabs, beams and columns as well as the 
inclination of the building in the east and south directions.  
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Figure 1. Geotechnical profile by SPT boring. 

Figure 2. Foundation plan of the building. 

The building began to be monitored in 1992 through periodic 
measurements of the settlement and tilting of the entire 
structure. Besides these measurements, the evolution of some 
fissures was accompanied over time.  

Figure 3 shows the evolution curve of the total settlement of 
the main tower columns between 1992 and 2002. It is noted that 
the settlements varied from 74.4 to 123.3 mm. The last 
measurement  (21 March 2002) did not show any tendency 
toward stabilization. Throughout the period of 10 years, the 
partial velocity of settlement remained practically constant with 
an approximate value of 25 μ/day  or  9.1 mm/year. In that 
period, the tilting of the building was also monitored in both the 
east and south directions, as it is shown in Figure 4.  

A nearly linear increase in tilting was observed, whose value 
in the east direction (1/175) was already above 1/200, normally 
considered a threshold for structures of this type. 

Initially, a complete survey of the damages that appeared in 
the construction was performed. Most fissure damages were 
found to be located in the floor of the garage, especially in the 
section where the main tower joined the building periphery.     

In light of the damages and the results of building 
monitoring, it was concluded that the main tower of the building 
had settled more than the periphery. Columns P11, P14, P16 
and  P18, located in the main tower at the east and south area, 
settled more than the rest. Therefore the tilting of the structure 
was in the eastern and southern direction.     

As both the structures of the main tower and the periphery 
were connected without any type of joint, there was a tilting of 
the periphery in the direction opposite to the tilting of the main 
tower, in the other words, in the west and north direction (Fig. 
5). This mechanism of building movement explains the 
appearance of all the observed damages and is considered a 
limit for structures of this type.       

A solution of a reinforced foundation using injected micro 
piles was designed. Then, one experimental 260mm diameter 
micro pile was executed having around 28 m depth and a 
compression load test was carried out. The load test was taken 
until a maximum compression load of 1979 kN, when the micro 
pile presented signs of rupture (Fig. 6).         

A permissible load of 1150 kN was fixed. It can be sdeen 
through the load-settlement curve that a load of 1150 kN 
corresponds to a settlement of 5 mm.   

Originally, the project conception showed the reinforced 
foundation in all the columns of the main tower of the building. 
Subsequently, due to technical discussions among the 
professionals involved in the case, it was decided that the 
reinforcement would be executed in two stages: 
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Figure 3. Evolution of settlements between 1992 and 2002. 
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• 1st stage: reinforcement of the following footings: 
SP(17+18), SP(15+16), SP(12+13+14), SP(10+11) 
and SP9; 

• 2nd stage: the reinforcement of the footings of the 
columns P1 to P8 would be executed only if the first 
stage was not leading to the stabilization of the 
settlement of the building. 
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Figure 4. Evolution of the building tilting. 

Figure 5. Mechanism of the building tilting. 
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Figure 6. Load test on a trial 260mm diameter micropile. 

The detailed design of reinforcement predicted the following 
stages (Figures 7 and 8): 

• Execution of elevation block of lean concrete to allow 
the lifting of the piling execution equipment, avoiding 
a reduction of the water level. 

• Drilling of holes in the footings for anchorage and 
connecting the ties. 

• Drilling of holes in the lateral side of the beams for 
anchorage and connecting the nails. 

• Execution of the piles after the drilling holes have 
been made in the floor concrete of the footings and 
sandstone. 

• Execution of the ties, nails and complementary 
framework of the incorporation block, followed by the 
placement of concrete according to an established 
order by the analysis of soil-structure interaction. 

102 micro piles were executed in the period between 21 July 
2004 and 19 April 2005, within the specifications of the project. 
All stages of reinforcement were executed with the building in 
use by its residents, with only the semi-buried floor closed 
because of logistic aspects. The incorporation of the blocks to 
the existing footings was done between 22 December 2004 and 
23 May 2005. 

Figure 7. Reinforcement of P9 footing (plan). 

Figure 8. Reinforcement of P9 footing (section). 

4 SETTLEMENT MONITORING 

Before the beginning of the foundation reinforcement process, 
the settlement of the building was already being monitored. 
However, the installation of new pins was necessary in all the 
columns of the main tower, as some of them had been damaged. 
This caused a discontinuity in the monitoring between 21 
August 2002 and 29 September 2003. Figure 9 presents the 
evolution of column settlement from the beginning of the 
foundation reinforcement. 

MAIN TOWER PERIPHERY

EASTWEST



A.D. Gusmão et al. / Foundation Reinforcement and Performance of Tall Building in Brazil1914

-5

5

15

25

0

10

20

30

T
O

T
A

L
 S

E
T

T
L
E

M
E

N
T

 (
m

m
)

200 600 1000 1400 18000 400 800 1200 1600

TIME (days)

ZERO READING - 29/09/03 (T=0)
LAST READING - 13/03/08 (T=1627 days)

MICROPILE
EXECUTION

P1

P2

P3

P4

P5

P6

P7

P8

P9

P10

P11

P12

P13

P14

P15

P16

P17

P18
BLOCK

EXECUTION

STABILIZATION

Figure 9. Evolution of the settlements between 2003 and 2008. 

It can be seen that an acceleration of settlement occurred 
during the piling execution phases. This was due to non-
confinement of the soil, as well as the injections. It was also 
observed that stabilization of the settlements took place 
during a period almost 600 days after the placement of 
concrete in the blocks and the beginning of the incorporation 
of the piles. The average settlement was 7 mm during this 
period, very near the settlement required by the mobilization 
of the pile load (5 mm). 

During the execution of the reinforcement process, 
settlement was monitored. The frequency of the readings was 
changed in light of the results obtained. The principal fissures 
were also monitored by the engineers involved in the service. 

Following the stabilization of the settlement, the pre-
existing damages have not continued to worsen further. At 
present, all fissures and cracks are being recovered. 

5 CONCLUSIONS 

The article presents a real case of monitoring of settlement 
used to identify poor performance of a building foundation in 
the Recife Metropolitan Area, Brazil. 

From the results of the monitoring of the building, a 
foundation reinforcement project was conceived and 
executed. The reinforcement was done while the building 
remained occupied and an acceleration of the settlement was 
observed during the phases of piling execution. The 
settlement of the columns stopped after the conclusion of the 
foundation reinforcement. 
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