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SUMMARY: Aiming at the importance of monitoring to verify the safety of buildings, the present 

work aims to present an analysis of the settlements from a case study of two buildings in reinforced 

concrete with 36 and 39 floors located in the city of Caruaru, in the state of Pernambuco, Brazil. 

The foundations of the buildings are of the Shallow foundations, composed of footings and are set 

in rocky subsoil. The monitoring of settlement suffered by the structure was carried out, during and 

after the completion of the construction, through an optical level and of the installation of 

monitoring pins embedded in twenty-two columns of tower A and eighteen columns of tower B. 

The values of these settlements were recorded in six different readings, encompassing the various 

stages of the construction, the first being performed at the moment the pins were installed and the 

last one, after completion of the construction. During the readings, maximum absolute values were 

recorded in the order of 19 mm for tower A and 12.55 mm for tower B, in addition to values of 12.4 

mm of differential settlements in tower A and of 7.6 mm for tower B. These values show that, 

although they are based on rock mass, they presented significant values of settlements, showing the 

importance of the monitoring by means of field instrumentation of the settlements in projects of 

foundations of buildings, independent of the subsoil which will support their loads. 
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1 INTRODUCTION 

 The Settlements refers to the vertical 

displacement, downwards, suffered by the 
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discrete elements of the foundation due to the 

deformation suffered by the mass of soils or 

rocks. It is inevitable, when subjecting the 

foundation elements to a load, the occurrence of 

settlementss, although it is common practice to 

consider, within a conventional structural 

design, the hypothesis of indescribable 

supports, neglecting the actual behavior of the 

support layers, having a unrealistic 

representativeness.  

   According to Antoniazzi (2011), the values of 

the settlements would be practically uniform if 

the footings had the same dimensions and the 

subsoil was homogeneous, which does not 

occur in practice, since the soil presents a great 

variability and the footing, besides the diverse 

sizes, are also subjected to different loads that 

reach them through the columns of the 

superstructure. 

   The rock settlements, constitute the 

descending vertical displacements caused by the 

application of a load in the rocky body, whose 

values can be determined considering the 

properties of the support material and the 

discontinuities present in its structure. 

   According to Wyllie (1999), the occurrence of 

rock settlements depends directly on the 

properties of the intact rock and its 

discontinuities and, depending on these 

properties, four types of settlements can be 

identified: settlements resulting from the 

combination of intact rock stress, small 

occlusions and the movement of discontinuities 

with the compression of clay layers; resulting 

from the movement of rock blocks due to shear 

between the discontinuity surfaces; which 

includes deformations with ductile rocks such 

as salt, which deform at any level of loading, 

and in fragile rocks if the applied stress exceeds 

its carrying capacity and due to subsidence in 

mining areas, where there is the collapse of 

openings due to the extraction of coal in these 

areas, forming depressions on the surface. 

   As shown by Gusmão Filho (2003), it is 

necessary to know data referring to local 

geology, especially the characteristics of the 

loaded rock (if it is intact or altered), for the 

estimation of the settlements. In the case of 

altered rock, the author points out the need to 

know the degree of weathering, the conditions 

of the fractures (if they are open or closed, if 

they are near or far apart, their direction and 

dive and others); for the case of the rocky mass 

to be composed of layers, one must have 

knowledge about the thickness of these rocks, 

the relative resistance of the rocks present, their 

degree of billing or weathering of each layer. 

   Due to this great variability in both the 

foundations and the subsoil, it is recognizable 

the manifestation of settlements (especially the 

differentials) in buildings, which occurs through 

the appearance of pathologies in their structural 

elements, such as cracks and cracks. In this 

context, the monitoring or control of settlements 

is necessary for the accurate identification of 

the real behavior of the foundations 

(MILITITISKY, CONSOLI AND SCHNAID, 

2008). 

   The objective of this work is to present a case 

study about a work case of two buildings in 

reinforced concrete supported on rocky mass, 

where the monitoring of settlements was carried 

out along different stages of construction, 

showing the measured values and some 

analyzes related to the data collected. 

 

 

2 FIELD INSTRUMENTATION 

 

The performance of a superstructure foundation 

can be verified, among other practices, through 

the control and monitoring of settlements. This 

procedure, which follows a control installation 

according to NBR 9061 (1995), uses an optical 

level of precision that is connected to a 

benchmark, in addition to an invar plate with 

scale which is supported on spherical end metal 

pins which are set in the columns of the 

building and can be fixed or removable. Russo 

Neto (2005) presents a schematic of the 

arrangement of the monitoring of settlements 

with the use of optical level, which can be seen 

in Figure 1. 
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Figure 1. Arrangement of the monitoring of settlements 

(Adapted of RUSSO NETO, 2005). 

 

   Milititsky, Consoli and Schnaid (2008) point 

out that the measurement points of the 

settlements should be chosen in order to 

facilitate the readings and to provide the 

necessary data to follow the problem raised. 

They also affirm that the periodicity of the 

measures is related to the effects to be followed, 

and may be daily in special cases or situations 

of risk, weekly in cases of excavations and 

execution of rods, monthly or bi-monthly in 

cases of routine monitoring and semi-annual or 

annual when the effects to be checked are long 

term. 

   Chen (2011) portrayed in his work a case 

study in which the settlements suffered by the 

Shenzhen Saige Plaza building, a seventy-two-

floor high riser building located in China, with 

deep foundations of granite-type rocks were 

analyzed. The values obtained in the field, in 

the order of 13 to 16 mm, with differential 

settlements in the order of 2.2 mm, they were 

expressive.  

   The practice of settlements monitoring by 

means of field instrumentation is usual, being 

portrayed by several other authors, to be cited 

Gusmão (1990), Gonçalves (2004), Danziger et 

al. (2005), Russo Neto (2005), Mota (2009), 

Savaris, Hallak & Maia (2011), Santos (2016) 

and Rosa (2016). 

 

 

3 DESCRIPTION OF THE CASE STUDY 

 

The object of study of this work is a residential 

condominium located in the Indianópolis 

neighborhood, in the city of Caruaru-PE, 

formed by two towers: The tower “A”, with 36 

floors (1 ground floor, two mezzanines, thirty-

two type-floors and one roof floor with attic) 

and the tower “B”, with 39 floors (one ground 

floor, two mezzanines, thirty-five type-floors 

and one roof floor with attic), both of reinforced 

concrete. Figure 2 shows the floor plan of the 

tower A-type floor; Figure 3 shows the floor 

plan of the tower B-type floor. 

 

 
 
Figure 2. Floor plan of tower A-type floor. 

	

Figure 3. Floor plan of tower B-type floor. 

   The foundations project consists of footings, 

whose base elements are in different 

dimensions, chosen according to the 

characteristics of the subsoil. Because it is 

located in the Borborema Plateau region, the 

city of Caruaru presents soils with more 

resistant characteristics, with predominance of 

very or little fractured rocks. According to the 

investigation of the subsoil, a thin layer of soil 
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was found in the surface regions of the area, 

with the presence of sandy soil with boulders, 

as well as altered rock and cataclisite with RQD 

(Rock-Quality Designation) of values 

predominantly greater than 80 %, showing a 

rock recovery from good to excellent.	Figure 4 

and Figure 5 show, respectively, the subsoil 

profile of the areas where towers A and B are 

located. 

 

	

Figure 4. Subsoil profile area (Tower A). 

	

Figure 5. Subsoil profile area (Tower B). 

   The monitoring of settlements, recommended 

by NBR 6122 (2010) to monitor the 

performance of large buildings during and after 

the execution of the construction, was carried 

out using settlements pins set in the columns of 

the ground floor of the building together with 

optical level for the monitoring of measures. 

These pins were installed on the PA01 to the 

PA22 columns  of Tower "A" (being PA07 to 

PA10, PA13 to PA16 central columns and the 

others, border columns) and on the PB01 to the 

PB18 columns of Tower "B" (being PB07 and 

PB08 central columns and the others, border 

columns). Referring to the first retaining 

reading at the time the pins were installed, a 

total of six readings of columns, comprising 

different stages of the work. This stages can be 

seen in the Table 1 and Table 2. 

 
Table 1. Stages of Construction (Tower A). 

Nº of 

reading 

Date of 

reading 

Days 

elapsed 
Stage Tower “A” 

1 11/14/13 0 
Slab of ground floor 

completed 

2 08/06/14 265 
25th slab-type 

completed 

3 11/04/14 355 Slab attic completed 

4 04/28/15 530 

internal masonry of the 

32th floor type 

completed 

5 10/23/15 708 

installation of frames 

in the 17th floor type 

completed 

6 07/04/16 963 completed construction 

 
Table 2. Stages of Construction (Tower B). 

Nº of 

reading 

Date of 

reading 

Days 

elapsed 
Stage Tower “B” 

1 11/14/13 0 
Slab of ground floor 

completed  

2 08/06/14 265 
29th slab-type 

completed 

3 11/04/14 355 Slab attic completed 

4 04/28/15 530 

internal covering of the 

25th floor type 

completed 

5 10/23/15 708 

installation of frames 

in the 11th floor type 

completed 

6 07/04/16 963 completed construction 

 

 

5 ANALYZES E DISCUSSIONS 

 

   Table 3 shows the values, in millimeters, of 

the absolute settlements measured in the six 

readings performed on the columns of tower A. 
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Table 3. Readings of settlements (Tower A). 

Reading (mm) 

column 1st  2nd  3th  4th  5th  6th  

PA01 0.00 0.61 1.22 3.61 3.20 - 

PA02 0.00 1.81 -0.14 4.94 4.44 - 

PA03 0.00 2.28 0.59 6.04 5.59 - 

PA04 0.00 3.29 1.78 7.74 7.51 - 

PA05 0.00 1.59 -1.55 4.62 4.21 - 

PA06 0.00 2.76 1.04 7.11 7.09 - 

PA07 0.00 3.21 1.83 8.04 7.68 - 

PA08 0.00 3.51 2.57 9.13 9.42 - 

PA09 0.00 3.94 2.92 9.22 9.27 - 

PA10 0.00 4.12 3.32 9.59 10.64 - 

PA11 0.00 2.42 3.09 5.23 5.27 - 

PA12 0.00 2.63 0.77 6.58 6.33 - 

PA13 0.00 3.26 5.44 8.12 - - 

PA14 0.00 3.70 5.96 8.88 - - 

PA15 0.00 4.51 6.88 9.66 - - 

PA16 0.00 5.02 7.43 10.90 11.89 13.38 

PA17 0.00 1.72 2.51 7.11 - - 

PA18 0.00 3.32 5.25 7.54 - - 

PA19 0.00 5.79 8.76 11.44 - - 

PA20 0.00 9.84 14.48 18.37 - - 

PA21 0.00 8.28 11.95 15.33 17.38 18.99 

PA22 0.00 2.32 3.73 6.09 6.03 6.52 

 

   Note that for some columns of readings 5 and 

6, the readings were not performed; this was 

due to the fact that the monitoring pins were 

removed by the operators without the 

authorization of the engineer responsible for the 

lectures. In addition, it is noted that there were 

some errors in the readings, as can be observed 

in the fifth reading of the pillar PA01. 

   The highest absolute settlement observed was 

that measured on the column PA21, with a 

value of 18.99 mm; the highest final differential 

settlement was found between PA21 and PA22, 

with a value of 12.47 mm. 

   Table 4 shows the values, in millimeters, of 

the absolute settlements measured in the six 

readings performed on the pillars of tower B. 

 

Table 4. Readings of settlements (Tower B). 

Reading (mm) 

column 1st  2nd  3th  4th  5th  6th  

PB01 0.00 1.84 1.80 3.87 3.92 - 

PB02 0.00 4.60 4.50 6.93 - - 

PB03 0.00 5.90 6.98 9.90 11.02 - 

PB04 0.00 6.51 7.18 9.91 11.11 - 

PB05 0.00 4.23 2.93 5.97 - - 

PB06 0.00 3.15 3.57 6.45 6.91 - 

PB07 0.00 4.17 4.43 6.81 7.39 - 

PB08 0.00 4.90 5.27 7.57 8.10 - 

PB09 0.00 4.17 3.80 6.01 - - 

PB10 0.00 3.31 3.40 5.64 7.72 - 

PB11 0.00 6.27 7.10 9.69 10.50 12.15 

PB12 0.00 3.02 3.74 5.45 5.65 - 

PB13 0.00 3.34 3.97 6.35 6.35 - 

PB14 0.00 2.61 2.50 5.02 5.41 6.18 

PB15 0.00 1.68 1.75 - 4.63 - 

PB16 0.00 2.13 1.92 4.29 4.45 4.51 

PB17 0.00 2.92 3.50 5.48 6.66 6.62 

PB18 0.00 2.37 2.30 4.11 4.91 5.01 

 

   Note that, as in the case of tower B, for some 

columns of readings 4, 5 and 6 of tower B, no 

readings were also taken. Note also some errors 

in the readings, as can be observed in the thirth 

reading of columns PB16 and PB18. 

   The highest absolute settlement observed was 

that measured on column PB11, with a value of 

12.15 mm; the highest final differential 

settlement was between PB11 and PB16, with a 

value of 7.64 mm. 

   Comparing the observed settlements in the 

two towers, it is possible to affirm that tower A 

had the highest measured absolute settlement, in 

the order of 18.99 mm, but also presented the 

highest differential settlement, with a value of 

12.47 mm.  

    It should also be noted that the differential 

settlements were below the limits proposed by 

Bjerrum (1963) for the angular distortions (ratio 

between differential settlement and the distance 

of the columns) presented between the columns, 

which proposes values of up to 1/500 for 

damages in masonry and 1/150 for the 

appearance of damages in structural elements. 
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  Table 5 shows the values, in milimeters, of the 

average of settlement readings in the six 

readings performed on the columns of tower A 

and tower B, and the average of settlement of 

the two towers together.  

   The graph of Figure 6 shows the averege of 

each Reading of settlements, in milimeters, in 

relation to the time of monitoring. It is possible 

to note that the highest average settlement 

measured between the readings made in tower 

A was in its last reading, at 963 days, with a 

value of 12.96 mm; in the case of tower B, the 

highest average settlement among readings 

occurred at the 5th reading, at 708 days of 

monitoring, with a value of 6.98 mm. 

Analyzing the towers A and B together, the 

highest average settlement can be observed in 

its last reading, at the 963 days of monitoring, 

with a value of 9.93 mm. 

 
Table 5. Average of settlement readings. 

Average of Settlement Readings (mm) 

Reading 

Days 

elapsed 

Tower 

A 

Tower 

B 

Average (Tower 

A + Tower B) 

1st 0 0 0 0 

2nd 265 3.63 3.73 3.68 

3th 355 3.97 3.98 3.98 

4th 530 8.42 6.26 7.34 

5th 708 7.73 6.98 7.36 

6th 963 12.96 6.89 9.93 

 

	

Figure 6. Average of settlement readings. 

 

   Table 6 shows the average values of the 

readings of settlement observed on the central 

and border columns of tower A. Figure 7 shows 

the graph of the average settlement of readings 

observed on the central and border columns of 

this tower. 

   It is possible, through the analysis of the 

previous graph, that the average values of the 

readings performed between the settlements of 

the supports of the central columns are greater 

than those observed between the supports of the 

columns of border; this is due to the fact that, in 

general, the central columns are more loaded 

than the border, generating larger settlements in 

their supports compared to those observed 

between the supports of the border. 

 
Table 6. Average of settlement readings of tower A 

(central and border columns). 

Average of Settlement Readings of Tower A (mm) 

reading Days elapsed 
Columns 

Central Border 

1st 0 0 0 

2nd 265 3.91 3.48 

3th 355 4.54 3.65 

4th 530 9.19 7.98 

5th 708 9.78 6.71 

6th 963 13.38 11.76 

 

	

Figure 7.  Average of settlement readings of tower A 

(central and border columns). 

      Table 7 shows the average values of 

settlement readings observed on the central and 

border columns of tower B. Figure 8 shows the 

graph of the average of settlement readings 

observed on the central and border columns of 

this tower. 
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Table 7. Average of settlement readings of tower B 

(central and border columns). 

Average of Settlement Readings of Tower B (mm) 

reading Days elapsed 
Columns 

Central Border 

1st 0 0 0 

2nd 265 4.54 3.63 

3th 355 4.54 3.81 

4th 530 6.79 6.34 

5th 708 8.10 6.86 

6th 963 - 6.89 

 

	

Figure 8.  Average of settlement readings of tower B 

(central and border columns). 

   Similarly to that occurring in tower A, 

through the analysis of the previous graph 

referring to tower B, that the average values of 

the readings performed between the settlements 

of the supports of the central columns are 

greater than those observed between the 

supports of the columns of border; this is due to 

the fact that, in general, the central columns are 

more loaded than the border, generating larger 

settlements in their supports compared to those 

observed between the supports of the border. 

   Table 8 shows the values, in micrometers per 

day, of the average partial velocity (which is 

calculated by the difference between the values 

of the settlements of two consecutive readings 

divided by the time elapsed between these 

readings) of settlements in the six readings 

performed on the columns of tower A and tower 

B, and the average velocity of the two towers 

together. The graph of Figure 9 shows the 

averege partial velocity of each reading. 

 

Table 8. Partial velocity of settlements. 

Partial Velocity (m/day) 

Reading 

Days 

elapsed Tower A Tower B Average 

1st 0 0.00 0.00 0.00 

2nd 265 13.70 14.08 13.89 

3th 355 3.78 2.78 3.28 

4th 530 25.63 13.03 19.23 

5th 708 -3.88 4.04 0.08 

6th 963 20.51 -0.35 10.08 

 

	

Figure 9. Partial velocity of settlements. 

   Note that there is a certain variation between 

the partial velocities in which the settlements in 

the towers A and B occur. It is also observed 

that they occur below the permitted limit 

velocity, which is 200m/day for shallow and 

deep foundations for buildings under 

construction (which is the case analyzed in this 

study); in case of buildings completed, the limit 

velocity varies according to the age of the 

construction, being acceptable a velocity of up 

to 30m/day for buildings between 1 and 5 years 

and of 40m/day for buildings with more than 5 

years (ALONSO, 1991). therefore, both towers 

are presented, in the analysis of settlements, in 

safe conditions. 

   For both Tower A and Tower B, both 

settlements did not stabilize as the construction 

came to an end. This can be explained by the 

fact that until the useful construction stage, 

there was still an increase in loadings in the 

structure, coming from the construction 

elements; therefore, this load contributed to the 

evolution and increase of settlements, until the 

final of the construction. 
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6 CONCLUSIONS  

 

The practice of monitoring settlements is 

undoubtedly essential to ensure the safety of 

buildings. In this study, it was possible to 

analyze that, although the buildings were in 

areas where the subsoil was constituted by 

rocks with RQD values predominantly greater 

than 80%, it was still possible to observe the 

development of settlements with significant 

values. between the two analyzed towers, 

differential pressures higher than 12 mm were 

observed for tower A and 7 mm for tower B. 

Although observed, such settlements developed 

at a speed below the limit established for 

buildings under construction. therefore, the 

monitoring of settlements should be taken into 

consideration in the design of building 

foundations, regardless of the subsoil that will 

support their loads. 
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