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Study of damage distribution and intensity in regions of the facade
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Abstract The ceramic coating systems applied to building

facades have relevant aesthetic value and protection func-

tions. The architectural and environmental conditions can

greatly influence the degradation process of the facades,

which may pose risks and compromise the durability and

service life of the building and its components. The

degradation process of facades changes according to the

region where it takes place. To this end, the present study

aims to determine damage intensity and distribution in the

different regions of the facade. This study investigated the

facades of three buildings that are part of the Materials

Testing Laboratory (LEM) database of the Universidade de

Brasilia. The degradation was quantified using a method-

ology proposed by Silva (2014) to generate a degradation

index expressed in m2. After the quantification of damages,

few indexes associated with the percentage of degraded

area, applied to the facade regions, are presented. These

weighted indexes allowed to standardize the values

observed in each region. Obtaining these indices is fun-

damental to the study of degradation. The results show that

for a comparative analysis between the regions, the

observed values should be corrected for the proportionality

of the area of each region in relation to the total area of the

facade. It was also noted that the continuous walls are the

most affected regions, but they do not always present the

highest damage intensity.
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Introduction

Buildings must be designed to meet all requirements

demanded to achieve the lifetime for which they were

designed. However, they begin to deteriorate from the time

they start being used, showing a progressive loss of per-

formance until they become ineffective [1, 2]. Conse-

quently, there is growing concern about the durability and

service life of buildings, mainly for economic and envi-

ronmental reasons.

The different situations of each building make degra-

dation particular and unique to each building, or to each

individual building facade, even for buildings constructed

under the same conditions [3, 4]. This different degradation

rate is justified by the existence of numerous conditions

that influence the degradation process, such as design

constraints, microclimate and whether the regions are

sheltered or not. To study durability, it is necessary to use a

simultaneous approach regarding the performance of ele-

ments and the interactions between the systems, such as the

facade coating and other components, and elements [5].

Degradation is often heightened by errors that occur

during the different stages of the construction process, such

as planning, design, specification, materials, execution and

use (operation and maintenance). For example, several

problems may result and directly affect facade durability

when joints are not properly placed and sized according to

the acting forces, during the design phase [6]. It is
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emphasized that it is extremely difficult to consider all

variables that affect durability, thus hindering the under-

standing of the degradation phenomenon. Therefore, the

study of degradation becomes important and can be of

great use to the construction science [7, 8].

The ISO 15686 standards (Building and construction

assets—service life planning) identified and established

principles for the provision of service life and systematize a

building planning framework through the service life. It is,

therefore, a fundamental reference for studying the service

life of buildings [4, 9, 10]. The ISO 15686-2 [11] standard

addresses systematically, service life prediction method-

ology of building components and procedures, based on the

technical and functional performance, which facilitates

predicting the service life of building components.

The Brazilian standard NBR 15575-1 [12] establishes

durability as one of the performance requirements, quali-

tatively, and service life as one of the criteria of durability,

quantitatively. Thus, the durability study is directly related

to the expected service life.

Degradation studies and measurement methodologies

are auxiliary tools to predict service life, and to determine

maintenance requirements [13]. The degradation curves are

one of the tools used to predict service life since they

reflect the speed at which the systems start to fail and stop

meeting the minimum requirements [14–16]. The main

objective of the degradation curves is to monitor the per-

formance over time. Usually, the behavior is graphically

expressed by degradation rates over time, represented by

the degradation curve. The degradation index is the com-

bination of degradation action responses in buildings. Thus,

this indicator should be able to measure the existing

degradation level of the building systems or components

[9, 17].

The degradation process can be accelerated or reduced

depending on the exposure conditions, of the sensitivity to

degradation of components, and maintenance interventions

[18]. The envelope of the building is the first obstacle

encountered by external degradation agents, resulting in

greater loss of performance of external components than in

other systems or components of the building [19, 20]. The

major external agents of degradation are the climatic

agents, such as the action of the environment and whose

effects are dependent on the climate and microclimate

around the building. The main climatic agents are driving

rain, wind, radiation and temperature gradient [21, 22].

The degradation process of facades does not occur

uniformly due to the different demands and different

exposure of each facade region or component. It is note-

worthy that degradation of the top regions is different from

that of the balconies since the exposure conditions are

different, thus becoming necessary specific studies in each

area. It is important to note that the exposure conditions,

location, and level of severity of the conditions influence

the non-uniformity of the degradation process of the

facades [23].

Several researchers have been studying the degradation

phenomenon. Silva [4], Gaspar [9] and Galbusera [24]

investigated which conditions influence the degradation

process and degradation behavior over time. The studies of

Silva [16], Antunes [25], and Souza [26] dealt with dura-

bility and degradation characteristics observed in buildings

in different situations. Antunes [25] presented the most

common pathologies in ceramic tiling facades and proved

the relationship between certain anomalies and their loca-

tion. Silva [16] associated the level of degradation to dif-

ferent exposures of each orientation. Souza [26] used

degradation indicators and reported that some regions of

the facades are more sensitive to degradation.

Even as the studies advance, understanding the evolu-

tion of buildings’ degradation needs further scientific

studies since unexpected behavior occurs, especially in

different cities. Building inspections show anomalies and

allow observing the degradation patterns and trends along

the facades, thus helping to prevent and finding ways to

repair it [27]. One of the great advantages of obtaining

degradation data through the inspection of buildings is the

direct correlation between the state of the components, the

exposure environment and the use of the building [26].

The incidence of anomalies is different for the different

parts/regions that make up the facade. The degradation

analysis of the facade shows the most common anomalies

in each region of the facade and their severity related the

areas of occurrence. The degradation mechanism is

strongly correlated with the location of the anomalies [25].

This study investigates the most common anomalies in

ceramic tiling facades, such as ceramic detachments

cracking, grout failure, efflorescence, and infiltration. To

this end, the present study focuses on analyzing the

intensity and distribution of the different types of degra-

dation in the different facade regions.

Degradation measurement

The measurement of the degradation is one of the basic

steps for evaluating the service life of the building and its

elements [11]. For this, the data collected can be associated

with long time exposure, especially field exposure,

inspection of buildings, exposure of experimental buildings

and use exposure. The inspection of buildings allows

studying degradation evolution since samples of similar

buildings of different ages are examined. When the

investigation is designed properly, the result provides a

direct correlation of the degradation level of the building,

with the exposure conditions (environment), and the use of
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the building [11] The quantification of degradation by

inspection identifies the type, extent and location of each

anomaly on the facades, and has resulted in a general index

degradation. Thus, the degradation can be represented by

the degradation index over time, leading to a degradation

curve, which allows defining the behaviors regarding ser-

vice life prediction [5, 11].

The measurement of degradation has resulted in a

degradation index. Quantification of degradation and the

weighed degradation levels are steps of the measurement

process. The overall degradation rate is estimated after

obtaining the results for these steps.

The Degradation Measurement Method (DMM) was

formulated from the study of several cases of degradation of

buildings compiled by the Material Testing Laboratory of

the University of Brasilia [16]. The DMM consists of three

steps: (1) quantification of anomalies, (2) classification and

quantification of the level of degradation, and (3) determi-

nation of the global degradation index (Degradation General

Factor—DGF). This study investigated only the first step.

The degradation is quantified from the data obtained in

damage maps. Initially, a 0.50 9 0.50 m (0.25 m2) mesh is

overlapped on damage mappings, and each mesh is the

measurement base unit, shown in Fig. 1 [28]. The degraded

area is obtained by simply counting the mesh units,

expressed as m2.

The mesh units are counted to determine the total area of

the facade, as well as the damaged areas. The degraded

areas are counted for each type of anomaly, and any

anomalies observed in the mesh unit should be counted, as

well.

The DMM may be applied to all facade coating systems,

considering the most common anomalies of that system.

This method was applied to study ceramic tiling facades

[26], considering the following anomalies: ceramic

detachment, grouting failure, cracking, efflorescence, and

sealing failure. These are the most common anomalies for

ceramic tiling facades in Brası́lia—Brazil [29].

The facades are sampled according to floors and regions

as to enable the analysis of degradation along the facade

elements and degradation rates among facade regions.

Table 1 defines the six facade regions considered in DMM.

The overlapping of the mesh on the anomaly mapping

along with the definition of regions (Fig. 1) allows quan-

tifying the distribution of damages as a function of each

specific region of the facade [30]. The values obtained

represent the percentage of the facade area that degraded,

and the sum of these areas is the total area of the facade.

Thus, the aim in this study is to apply the DMM to

identify and quantify the anomalies; associate them with

the regions where they occur in similar buildings but with

different degradation degrees.

Fig. 1 Schematics of damage

maps divided into floors and

regions
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Investigative procedure

Investigative Procedure consists in study of sample and

measurement of degradation. Thus is possible check the

regions with higher intensities of damage.

Sample

From the application of DMM, it was possible to verify the

intensity and distribution of anomalies in different regions

of the sample buildings. The samples of the facades are

from three typical buildings, with construction character-

istic of Brasilia. Figure 2 shows the buildings a, b and c;

aged 5, 10, and 32 years, respectively. We inspected a total

facade area of approximately 9400 m2 covered with cera-

mic tiles (a—3029 m2, b—4055.25 m2 and c—

2312.25 m2).

Degradation measurements—methodology

of processing data

The degradation indexes of the studied facade samples

were determined from the quantification of damage

obtained by DMM. The indexes were applied after damage

was quantified. These indexes are associated with the

percentage of the total degraded area and areas that make

up the facade. These indices are fundamental to study

degradation because they are weighted to allow standard-

izing the values observed in each region for an adequate

comparison between the regions. The division of the facade

into regions aims to identify the most critical regions and

the most common problems in each region.

Total Degradation Factor ðDFTotalÞ evaluates the inci-

dence of degraded area over the total area of the facade

(sample) (Eq. 1).

DFTotal ¼
Ad

At

ð1Þ

where DFTotal is the total damage factor, Ad is the damaged

area, and At is the facade total area.

Souza [31] and Gaspar [32] reported that different

facade regions display different behavior so that there

should be a factor damage for individual regions. The

damage factor of the regions is calculated similarly to

DFTotal, but considering the damaged area of the region in

relation to the total facade area as shown in Eq. (2).

DFR ¼ Adr

At

ð2Þ

where DFR is the damage factor of the regions, Adr is the

damaged area of a certain region, and At is the total sample

area. Note that six regions were defined in Table 1.

For the analysis, the facade is divided into its six main

regions. Some regions have greater areas, depending on the

architectural design of each building. This variation can occur

both from building to building and in samples from the same

building. Since the degradation factors are measured by the

damaged area, it is not possible to compare the degradation

Fig. 2 Studied buildings

Table 1 Facade regions

considered in DMM
Region Description

(1) Continuous walls (CW) Continuous areas (masonry, panels)

(2) Openings (OP) Areas around the openings (windows and hollow elements)

(3) Balconies (BA) Wall areas of the balcony that stand out from the facade plan

(4) Corners and borders (CB) Contour areas of the facade plan

(5) Transition between floors (FT) Facade areas between floors

(6) Top (TO) The upper area of the top of the facade
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indexes between samples that have regions with different

areas. In order to measure and compare the degradation in

different regions, in different buildings, it is necessary to

establish a factor that standardizes the proportion of regions,

thus enabling a coherent analysis in the comparisons.

The correction coefficient of the regions (CCr) is a factor

that allows correcting the proportionality of the regions that

make up the facade, which is determined for each sample of

different building facades. Therefore, the ratio between the

smaller area and the area of the studied region (Eq. 3) is used

so that higher weights are assigned to smaller areas.

CCr ¼
ArðmÞ
ArðxÞ

ð3Þ

where CCr is the correction coefficient of the regions,

ArðmÞ is the smallest region area, and ArðxÞ is the area of the

studied region.

Table 2 shows the example of a facade sample, 100 m2

(45.6 m2 CW, 37.2 m2 OP, 2.7, 5.8 m2 FT, and 8.7 m2 TO)

and the smallest area equal to 2.7 m2 (CB) has a CCr of

0.06 for the CW.

The Degradation Factor of the Standardized Region

ðDFRSTDÞ, given by Eq. (4), allows comparing the extent of

anomalies in different regions and between different facades

(buildings), even if proportions are different between

regions. It is important to note that when DFR is corrected,

the resulting value is not the degraded area percentage.

DFRSTD ¼ DFR� CCr ð4Þ

where DFRSTD is the degradation factor of the standardized

region; DFR is the damage factor of the studied region; and

CCr is the correction coefficient of the studied region.

Results and discussion

Table 3 shows the DFTotal and DFR indices that resulted

from the mapping and analysis of the extent of the area of

anomalies in the buildings, considering total area as well as

of individual buildings area.

For all three buildings, the highest percentage of

degraded area is observed in the CW region, followed by

FT, TO, CB, OP, and BA. The CW region has more than

65 % (11.41/17.42) of degraded area (mainly by building C

contribution). The sum of the percentage of degraded areas

(DFR) is equivalent to the percentage of the total degraded

area ðDFTotalÞ because DFTotal and DFR are calculated on

the total area of the building facade.

The CB, CW, and TO regions had the largest degraded

areas in building a, representing approximately 86 % of the

degradation in this new building. In building a, the OP and

FT regions had low values of degraded areas, indicating

that newer buildings may have lower incidence of damage

in these regions. The largest damaged areas in building b

were observed in CW and FT, representing almost 63 % of

the damaged area. On the other hand, the TO and BA

regions had the smallest damaged area. Also, the CW area

of building c represented almost 70 % of the damaged area.

The FT and TO regions of building c facade are regions

with significant levels of degradation as well.

Figure 3 shows the percentage values of the damaged

areas of the studied buildings’ regions, allowing to visu-

alize the percentage area with and without damage, in

addition to the degradation percentage of each region.

Figure 4 shows that the DFR and DFTotal values

increased from newer to older buildings, resulting from the

fact that degradation increases over time. Moreover, the PC

region is always among the regions with the largest

degraded areas, corroborating the results of Silva [29] and

Silva [30].

The regions with largest damage areas are the continu-

ous walls (CW), which are extensive ceramic coating

plans. The absence or faulty horizontal and vertical

movement joints hinder the performance of this region due

to its own tensions. Stress arising from the different

behaviors of the layers that make up the coating system,

added to the stress transferred by the deformations of the

reinforced concrete structure, the masonry, and

hygrothermal variations that act on different elements and

components of this system, result in system failure

Table 2 CCr calculated for continuous walls (CW) for the above example

Total area of

the facade sample (m2)

Areas of

the different regions (m2)

Area of the smallest

region (m2)

Area of the analyzed

region (m2)

CCr CWð Þ

100.0 CW 45.6 2.7 (CB) 45.6 (CW) CCr CWð Þ ¼ 2:7
45:6

OP 37.2

BA 0.0

CB 2.7 CCr CWð Þ ffi 0:06

FT 5.8

TO 8.7
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[6, 13, 23]. The design process (specification of compo-

nents, cover layers, and determination of settlement and

movement joints) and implementation should be carefully

planned to ensure the best performance of the coating

system [9, 18, 20].

Except for CW, the regions that stand out with evident

damage are TO and CB in building a; FT, CB and OP, in

building b; and TO and FT, in building c. The high per-

centage of anomalies in CW, TO, FT and CB demonstrated

the vulnerability of these regions to the occurrence of

anomalies, so it is assumed that the concentration of

mechanical and thermal stresses is a factor in these regions

[16].

The CB regions had large degraded areas, which may

result from the expansion or contraction movements due to

heat and/or humidity. In the FT regions, masonry and

structure are in direct contact, and the different materials

respond differently to the imposed demands, causing

damage to the interfaces. Therefore, in the FT region, the

localized damage results from absent or faulty movement

joints. These anomalies are common in TO regions since

these areas are the most exposed to sunlight and rain.

Table 4 shows the CCr of the three buildings analyzed

in this study.

Because the regions of the facades have different areas

and degradation is measured in units of area, the DFR

index needs to be weighted so it can be used to compare the

degradation of the various regions consistently.

The comparison of the extent of the anomalies in dif-

ferent regions may be influenced by regions with larger

Fig. 3 Percentages of the damaged areas in the regions of buildings

Table 3 The DFTotal and DFR

indices for the regions of the

studied buildings

Region DFR

All buildings (%) Building A (%) Building B (%) Building C (%)

Continuous walls (CW) 11.41 0.27 3.68 39.56

Openings (OP) 0.90 0.11 1.49 0.90

Balconies (BA) 0.19 0.00 0.44 0.00

Corners and borders (CB) 1.38 0.26 1.48 2.69

Transition between floors (FT) 2.06 0.02 2.31 4.31

Top (TO) 1.48 0.30 0.18 5.29

DFTotal 17.42 0.96 9.58 52.75
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areas, as they may present a degradation percentage higher

than other regions. The use of CCr corrects the values

according to the proportionality of the regions that make up

the facade. Figure 4 shows DFR and DFRSTD.0 for the

building a, b and c regions.

The figure shows that the TO area of building a has the

highest DFR (0.30 %), which after corrected, shows that

the highest DFRSTD (0.26 %) occurs in the CB region. This

fact demonstrates that larger areas may have smaller

degradation intensities, compared with less representative

areas. It can be seen in Fig. 4a that the most damaged

regions are CB followed by the TO region while all other

regions had almost no damage.

Building b presents the highest DFR values for the CW

(3.68 %) followed by the TP (2.31 %), OP (1.49 %), CB

(1.48 %), BA (0.44 %), and TO (0.18 %) regions. But,

when the DFR values are corrected, Fig. 4b shows that the

intensity of damage is greater in the TP (2.31 %) and CB

(1.03 %) regions, followed by CW (0.58 %), BA (0.32 %),

OP (0.30 %) and TO (0.13 %). Therefore, after correcting

the DFR, the intensity of damage is greater in the TP than

in the CW region in building b.

Fig. 4 DFR and DFRSTD for the

regions of buildings a, b, and c

Table 4 Correction coefficient of the regions (CCr)

CCr Building A Building B Building C

CW 0.06 0.16 0.14

OP 0.07 0.20 0.56

BA 0.00 0.74 0.00

CB 1.00 0.69 0.85

FT 0.48 1.00 1.00

TO 0.31 0.73 0.97
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Figure 4c shows that DFR is significantly higher for CW

than other regions, and even after correction, the highest

DFRSTD is observed in the CW area. However, after cor-

rection, the DFRSTD values are no longer discrepant among

the studied regions. The major degradation values repre-

sented by DFRSTD occur in the regions of CW (5.36 %),

TO (5.13 %), FT (4.31 %), followed by CB (2.28 %) and

OP (0.51 %) regions.

It is noteworthy the different order of magnitude of the

degradation indexes (DFR and DFRSTD) for the three

buildings in Fig. 4, the highest values occurred for older

buildings. The newest building is an order of magnitude

above the average age of the building, and the oldest

building is an order of magnitude below the average age of

the building.

The regions with the greatest degradation intensity

varied among the three buildings. The region with the

highest degradation intensity is the corners and edges

(0.26 %) region in building a. On the other hand, in

building b is the FT (2.31 %) region, followed by CB

(1.03 %) while in building c, is the CW (5.36 %) region,

followed by TO (5.13 %) and FT (4.31 %). The older

buildings showed higher degradation intensity.

Conclusions

This study proposes to apply a damage factor to building

regions, based on data from three buildings whose char-

acteristics are typical of the construction systems of resi-

dential buildings in Brasilia, DF. The data obtained from

the mapping of the three buildings allow concluding that:

(a) The methodology analyzed was efficient in evalu-

ating the degradation due to age. It is possible to

quantitatively observe the degradation behavior

difference in the various regions, which make up

the facade, which allows more specific analysis

such as the study of weather degradation on

buildings.

(b) The most degraded regions are essentially CW, TO

and FT. This result converge with field observations

and represent elements notoriously subject to higher

requests.

(c) Although the DFRSTD is not a physical parameter to

measure degradation, it is important to allow the

comparison of different regions of the facades. The

most affected regions are the CW but not always

with the greatest damage intensity. The different

construction process, design, exposure to degrada-

tion agents and even maintenance actions can

explain the variation of degradation intensities of

different regions ðDFRSTDÞ at different ages.
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Superior Técnico (IST), Lisboa. (in Portuguese)
5. Jernberg P, Sjostrom C, Lacasse MA, Brandt E, Siemes T (2004)

Service life and durabilityresearch. In: Guide and Bibliography to

Service Life and Durability Research for Buildings and Com-

ponents. CIB Publication 295, pp 11–59

6. Silvestre JD, Flores-Colen IS, Brito J (2005) Strategy proactive

maintenance for joints in adhesive ceramic tiling (ACT). In: 1

Congresso Nacional de Argamassas de Construção, Lisboa,

pp 1–12. (in Portuguese)
7. Bordalo R, Brito J, Gaspar PL, Silva A (2010) Service life pre-

diction modelling of adhesive ceramic tiling systems. Teoria e

Prática da Engenharia Civil 16:55–69 (in Portuguese)
8. Flores-Colen IS, Brito J (2010) A systematic approach for

maintenance budgeting of buildings facades based on predictive

and preventive strategies. Constr Build Mater 24:1718–1729

9. Gaspar P (2009) Service life of buildings: methodology for ser-

vice life prediction of building components. Application to

external cement-renders. PhD Thesis, Instituto Superior Técnico
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