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1. INTRODUCTION 

The structural diagnostics of a masonry building should 
involve numerous criteria, phenomena, and criticalities. The 
process of knowledge starts from an in-depth investigation of 
various different aspects of the construction, including the 
building history (expansion interventions, transformations, 
traumatic events), the geometry, the technology used, and the 
characteristics of the materials as well as any degradation, 
cracking, or deformation. The synthesis of this information 
allows us to better understand the structural behaviour and to 
formulate a valid diagnosis, highlighting the potential 
weaknesses, collapse mechanisms, instability, and degradation of 
the structure. 

Masonry churches are the category of buildings most 
vulnerable to catastrophic events, often experiencing serious 

damage and collapses as a result of the earthquakes that have 
occurred throughout history and have compromised the 
structural performance of the buildings [1].  

The difficulty in analysing masonry building degradation is 
related to the heterogeneity of the factors that pertain to the 
building’s residual performance evaluation.  

As a multicriteria decision-making tool, the analytic hierarchy 
process (AHP) allows for performing exhaustive structural 
analyses due to the possibility of considering numerous criteria 
and subsequently affording them a calibrated weight.  

This method has become popular in various areas of 
construction. Starting from the project stage, both Fong and 
Choi [2] and Hsieh et al. [3] used the AHP approach to identify 
the key selection criteria for determining the contractor selection, 
Plebankiewiczm and Kubek [4] and Kahraman et al. [5] for 
selecting the best material supplier, and Wong and Li [6] for 
analysing the selection among the various intelligent building 
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quality but also to other criticalities that can jeopardise the connections, wooden elements, and non-structural elements. As such, the 
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for performing exhaustive diagnostics by considering all the parameters affecting the building performance.  
In this paper, a new procedure for performing rapid visual surveys and the diagnostics of masonry buildings using a set of condition 
ratings is proposed. The proposed novel approach includes three synergistically related techniques: i) the analytic hierarchy process 
method for measuring and analysing both qualitative and quantitative data during a visual survey, ii) a suitable survey form to perform 
a rapid visual inspection implementable in a decision support system (DSS), and iii) a DSS procedure to provide a powerful computerised 
tool that would be useful in large-scale data acquisition. Finally, to demonstrate the potential of the proposed approach, the 
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systems. The AHP method has also been used for the systematic 
evaluation of various factors, including building efficiency, 
safety, user comfort, reliability, functionality, and maintainability. 
In addition, it has been employed to characterise the design work, 
to evaluate the soft benefits in relation to the costs [7], [8], and 
to estimate the environmental work impact [9], [10]. Meanwhile, 
Teo and Ling [11] and Li et al. [12] used the AHP approach to 
evaluate the safety and administration of work sites, while Das et 
al. [13], Wu et al. [14], and Kettner and Diaz [15] used it in 
relation to construction management, and Ali and Nsairat [16] 
and Chang et al. [10] used it to estimate green building ratings. 

In terms of existing buildings, the approach presents an 
effective assessment tool for supporting building energy 
rehabilitation [17], [18], performing large-scale structural 
vulnerability analysis [19], and identifying the criticalities in 
seismic and volcanic vulnerability assessments [20], [21]. 

 Furthermore, the AHP approach has proven useful in 
scheduling the building maintenance and selecting the most 
suitable intervention alternatives [22], since it allows for 
comparing multiple measures such as attribute data and both 
qualitative and quantitative data [13]. Meanwhile, Sangiorgio et 
al. [23] employed the approach as part of a decision support 
system (DSS) during the performance monitoring phase, which 
involved a combination of the AHP method with various 
information technologies. Here, the authors obtained data 
weighted via AHP in order to evaluate the building conditions.  

Cultural heritage monitoring and preservation is a developing 
discipline that consists of the application of intelligent 
technologies in cultural sites. At present, such technologies are 
widely used to monitor different parameters, such as the thermo-
hygrometric conditions [23], [24], the light, and the air quality of 
churches, to help preserve the wall paintings and architectural 
monuments [25], [26], [27], [28], while they are also employed to 
estimate accelerations, tensile stresses, compressive stresses, and 
the degradation of building materials [29], [30]. 

Numerous parameters must be considered to obtain a 
complete overview of the performance of masonry churches, 
with the masonry quality, cracking patterns, connections, or 
wood elements just some of the parameters that must be 
analysed to obtain an exhaustive preliminary structural diagnostic 
of such churches.  

In this paper, the AHP approach [31] is used to 
comprehensively study the characteristics involved in the 
performance of masonry structures and to establish a novel 
visual-survey-based methodology to measure both quantitative 
and qualitative data and to perform the relevant diagnostics. 

A key point of the proposed method is the effective 
evaluation of suitable condition ratings, which depend on an 
extremely large amount of possible damage, degradations, or 
criticalities affecting the church. In this field, the use of the AHP 
approach can be particularly useful since it allows for considering 
both qualitative and quantitative data and for examining complex 
issues via multicriteria analysis. The resulting condition ratings 
can then be easily implemented in a DSS that supports the 
decision-making activities related to maintenance and 
monitoring [32]. 

2. THE ANALYTIC-HIERARCHY-PROCESS-BASED 
METHODOLOGY 

The AHP methodology, used to quantify the weights of the 
macro-element collapse modes, is based on Saaty's well-known  
three-step method [31], which involves i) hierarchically 

structuring the problem, ii) a weight evaluation, and iii) a 
summary of the priority. Starting with a decision issue, the first 
step consists of structuring the problem according to a 
hierarchical scheme to identify the macro- and sub-criteria. 
Meanwhile, the second step, the weight evaluation, presents the 
core of the method and provides the weights necessary to 
generate the ranking. In this step, it is possible to analyse each 
aspect of the decision issue individually by considering ordered 
criteria and by performing pair comparisons using Saaty's 
fundamental scale (Table 1). The result is a nxn judgments matrix 
A (Figure 1). 

In terms of solving an eigenvector issue, the AHP approach 
allows for determining the relevant weights. In addition, Saaty's 
method involves defining the consistency ratio (CR) to verify the 
coherence of the assigned judgement and the reliability of the 
results [31]. According to the various empirical studies conducted 
by Saaty, a CR of < 0.10 can be regarded as acceptable [31]-[33]. 

Finally, the third step, summarising the priority, is performed 
to determine the global ranking and weight. These are obtained 
by multiplying each criterion weight by the alternative weight and 
by summing the results for each alternative. 

3. APPLICATION OF THE ANALYTIC HIERARCHY PROCESS 
APPROACH 

The proposed approach is particularly useful in terms of 
providing an exhaustive overview of the issues potentially 
affecting a masonry church. In addition, numerous aspects and 
criteria, both qualitative and quantitative, can be considered 
within the diagnostics structure. The main advantages of the 
proposed approach are the simplicity of the measurements, the 
affordability of the survey, and the possibility of obtaining a 
complete overview of the criticalities and an adequate ‘history’ of 
the previous surveys by implementing the approach in a DSS. 
Meanwhile, while specific investigations performed using 
thermal imaging cameras or ground-penetrating radar can 
provide a higher level of information (e.g. cracks not visible to 
the human eye), this type of survey is more time consuming and 
is rarely applicable to the entire structure. As such, the two 
approaches can be regarded as complementary. First, the 
proposed DSS approach can be applied at a large scale to identify 
the components of masonry churches that require further 

Table 1. Saaty’s fundamental scale [31]. 

aij Verbal scale 

aij = 1 Equal importance  

aij = 3 Moderate importance of one over another 

aij = 5 Strong importance  

aij = 7 Very strong importance  

aij = 9 Extreme importance  

1.5 - 4 - 6 - 8 Intermediate value 

 1/9,1/8,….,1/2 The reciprocal expresses an opposite judgement 

A 1 2 … n 

1 1 1/a1,2 … 1/a1,n 

2 1/a1,2 1 … 1/a2,n 

… … … 1 … 

n 1/a1,n 1/a2,n … 1 

Figure 1. The generic matrix of judgments A.  



 

ACTA IMEKO | www.imeko.org March 2021 | Volume 10 | Number 1 | 8 

investigation. Second, more in-depth surveys using thermal 
imaging cameras or ground-penetrating radar can be carried out.  

3.1. Step 1: the issue of masonry damage and quality 

The first step of the AHP approach was applied to investigate 
the deterioration in the structural performance of masonry 
churches that is due to the various phenomena and typologies 
pertaining to construction criticalities and damage. Specifically, 
three macro-criteria were considered: A) the masonry 
performance, B) the effectiveness of the connections, and C) the 
conservation state of the wooden flooring.  

A) The first macro-criterion, used to determine the structural 
performances, relates to the quality of the masonry. Here, the 
following five sub-criteria were considered, as shown in Figure 
2.  

i) The first sub-criterion classifies the macro elements of the 
churches by considering the recurrent failure mechanisms. The 
macro elements are as follows: chamber, façade, chapel, roof, 
transept, apse, bell tower, dome, and triumphal arches (indicated 
in blue in Figure 2). 

ii) The second sub-criterion relates to the damaged elements. 
It is worth noting that recent post-earthquake observations in 
Italy (i.e. Umbria and Marche, 1997; L'Aquila, 2009; Emilia, 2012; 
Central Italy, 2016) revealed different levels of vulnerability 
depending on the damaged building components [34]. The 
relevant elements here include walls, pillars, columns, arches, 
vaults, architraves, floor strips, and ribs. 

iii) The third fundamental criterion exploits an existing 
methodology known as the masonry quality index (MQI) 
method. This method is both effective and perfectly compatible 
with the AHP approach and was thus incorporated into our AHP 
methodology. The MQI method involves evaluating the 
presence, the partial presence, or the absence of certain 
parameters that define the ‘rule of the art’, that is, a set of 
construction devices that, if executed during the wall 
construction, provide good behaviour and ensure both 
compactness and a monolithic quality. In such an approach, a 
visual procedure is used to classify the masonry on the basis of a 
direct measurement of a specific group of parameters (i.e. stone 
properties [SM], stone dimensions [SD], stone shape [SS], wall 
leaf connections [WC], horizontal bed joints [HJ], vertical joints 
[VJ], and mechanical properties [MM]) before, finally, the MQI 
is evaluated through the various tabulated values.  

iv) The fourth criterion relates to the masonry performance 
in terms of cracking or any criticality manifestations affecting the 
building. Here, it is necessary to take into account the type of 
damage affecting each church element in order to perform 
exhaustive diagnostics. In addition, the classification of the 

damage must be established according to the model devised by 
Sangiorgio et al. [35]. In this approach, the types of building 
damage are decomposed and coded on the basis of crack type 
(vertical, oblique, etc.), with each crack-type then further 
classified in terms of the severity of the damage (magnitude A, B 
or C, where C is the most severe damage).  

v) Finally, the sub-criterion, criticality manifestation, is 
considered in terms of identifying any masonry deformation, 
scroll back, or disconnection.  

B) The second macro-criterion relates to the efficiency of the 
connections and is also classified in terms of various sub-criteria 
as follows: vi) tie rods anchor systems, (vii) relative corrosion, 
viii) wall-to-floor connections, and ix) wall-to-wall connections. 
These aspects ensure the continuity of the energy path and 
prevent the occurrence of the majority of local collapse 
mechanisms. In fact, the out-of-plane behaviour of masonry 
walls observed in recent seismic events has demonstrated the 
critical importance of having appropriate connections in 
historical buildings.  

C) The third macro-criterion relates to the conservation state 
of the wood flooring. The evaluation of the quality and 
degradation of the wooden elements begins with a macroscopic 
examination that allows for the identification of the 
characteristics of the wood, such as colour, grain, and texture, as 
well as any anatomical characteristics. Specifically, the following 
wood flooring qualities are considered in the evaluation of the 
overall performance of masonry buildings: x) the typology of the 
damaged element (e.g. timber truss or slab), xi) the wood 
criticality related to moisture, xii) surface alteration, xiii) 
extension of the problem, and xiv) any mechanical problem 
including cracks or xv) deformations.  

Finally, a suitable classification of the wood quality is used to 
take into account the natural vulnerability of the material in terms 
of xvi) knotting and xvii) shrinkage.  

3.2. Step 2: weight evaluation 

The second step in the AHP involves analysing each aspect 
of the structure of the problem individually in order to weight 
the criteria and parameters involved.  

This section refers to previous studies related to every aspect 
of masonry structures to obtain the judgment matrices. Here, 
seven matrices were used to analyse the sub-criteria and 
parameters of the masonry macro-criteria, with five matrices 
evaluated to obtain the criteria and parameters weights of the 
connections macro-criterion, and eight matrices estimated to 
provide the weights related to the wood flooring macro-criterion.  

To provide an example, the weight calculations of the tie rod 
anchor system related to the connections macro-criterion is 

 

Figure 2. Structure of the problem: historical masonry church diagnostics. 
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provided. In fact, the effectiveness of the tie rods is related to the 
typology (classified by year of manufacture) and the level of steel 
corrosion, as discussed in the structuring of the problem. Figure 
3 shows the preliminary study and classification of the main tie 
rod typologies. 

By referring to the preliminary study, pairwise comparisons of 
the alternatives were carried out as well as qualitative analysis to 
obtain the judgment matrix. The weights were obtained by 
solving the eigenvector problem defined by Saaty [31]. 

The resulting matrix satisfies the CR requirement (CR < 0.1), 
meaning it was possible to derive consistent weights, all 
normalised between 0 and 1 (see Table 2). 

It is worth noting that the typology of the tie rods was 
combined with their state of conservation to ensure a precise 
evaluation of the performance. In fact, this second parameter, 
steel corrosion, classifies the condition in terms of three 
alternatives: low, medium, and high. Meanwhile, a qualitative 
evaluation was performed to quantify the influence of corrosion 
on the tie rod performance based on the detailed studies 
contained in the existing literature. 

The condition ratings could be defined following the 
weighting phase. This operation relates to the third step of the 
summary of priority. The condition rating formulas were 
obtained by multiplying each criterion weight by the sub-criteria 
weight and subsequently summing the results, as in the standard 
AHP procedure. For this purpose, three condition ratings were 

defined: masonry index (IM), connection index (IC), and wood 
elements index (IW).  

To provide an example, the IM could be obtained by using the 
weights obtained in step 2 of the AHP. Table 3 shows the 
association of the criterion, sub-criterion, or alternative with the 
relative weights obtained via the comparison matrices, while a 
complete overview of the tabulated weights is available in the 
supplementary material (Figure S1).  

Let us assume we have surveyed a certain component of the 
church, one pertaining to a specific macro-element and one that 
exhibits a specific combination of MQI, cracking, and 
manifestation. Here, the condition rating for quantifying the 
performance of the masonry criterion (IM) could be evaluated 
using the following equation in accordance with Sangiorgio et al. 
(2019): 

𝐼M = 𝑣1 ∙ 𝑤1,𝑗 + 𝑣2 ∙ 𝑤2,𝑗 + 𝑣3 ∙ [𝑤3,1 ∙ (∑ 𝑤3,𝑗

7

𝑗=2

∙ 𝑤3,𝑗,𝑘)] + 𝑣4 ∙ 𝑤4,𝑗 ∙ 𝑤4,𝑗,𝑘 + 𝑣5 ∙ 𝑤5,𝑗 

(1) 

where vi is the weights associated with the sub-criteria and wij is 
the weights correlated with the parameters of the analysis. 
Meanwhile, it was possible to evaluate the performances of the 
connections. Here, the connection index (IC) could be evaluated 
using the following formula: 

𝐼C = 𝑣6 ∙ 𝑤6,𝑗+ . . .  +𝑣9 ∙ 𝑤9𝑗 ∙ 𝑤9,𝑗,𝑘  . (2) 

The wood flooring index (IW) could then be evaluated using 
the following formula.  

𝐼W = 𝑣10 ∙ 𝑤10,𝑗 + 𝑣11 ∙ 𝑤11,𝑗+ . . .  +𝑣17 ∙ 𝑤17,𝑗  . (3) 

Finally, the overall condition rating (global index: ISTRUCTURE) 
could be evaluated, with the average of the IM, IC, and IW values  
calculated for all the components of the structure [36].  

4. INTEGRATION OF ANALYTIC-HIERARCHY-PROCESS-BASED 
APPROACH IN A DECISION SUPPORT SYSTEM 

The proposed approach can be easily exploited to create a 
spreadsheet that would prove useful to conducting a rapid survey 
of a historical church. Here, an appropriate survey form was 
developed, and a suitable flowchart was produced to explain the 
DSS process better. 

 

Figure 3. Study of tie rod evolution over time. 

Table 2. Judgment matrix for tie rod typology parameters, weights, and CRs. 

Typology a b c d CR w6,1 

Before 1500 (a) 1.0 1.8 2.5 3.0 

0.01 

1.00 

Between 1500-1800 (b) 0.6 1.0 2.0 2.8 0.69 

Between 1800-1900 (c) 0.4 0.5 1.0 1.9 0.41 

After 1900 (d) 0.3 0.4 0.5 1.0 0.26 

Table 3. Connections, macro-criteria, and weights.  

Criterion CONNECTIONS 

Sub-criterion TIE-RODS TYPOLOGY  v6 TIE-RODS STEEL CORROSION v7 FLOOR/WALL v8 WALL/WALL v9  

Parameters 

Locking bolt and wood rod w6,1 HIGH w7,1 OPEN JOINT  w8,1 FAÇADE w9,1 

Locking bolt and steel square-
headed rod 

w6,2 MEDIUM w7,2 
INTERLOCKING 
LEANING JOINT 

w8,2 TRANSEPT w9,2 

Square-headed or round-
headed bolt and circular rod 

w6,3 LOW w7,3 CEMENTED JOINT w8,3 CHAPEL w9,3 

Other bolts and threaded rods w6,4         BELL TOWER w9,4 

               

            DISCONNECTION w9,j,1 

            VERTICAL CRACK C w9,j,2 

 

 

manufacture) and the level of steel corrosion as discussed in the structuring of the problem. Fig. 3 shows the 

preliminary study and classification of the main Tie-Roads typologies.  

 

Tie Rods evolution over time 

Before 1500 
A.D. 

−Wood Tie-rods; 
−Strong aesthetic impact; 
−High weight; 
−Problems related to the degradation both of 
wood and steel;  
−Locking bolt.   

Between 1500 
and 1700 A.D. 

−Steel Tie-rods; 
−Locking bolt; 
−Clamping techniques not very effective.  

 

Between 1800 

and 1900 A.D. 

−Advanced clamping systems; 
−Static or aesthetic needs; 
−Stiffening ribs; 
−Multiple threaded and tensioned rods; 
−Square-headed or round-headed bolt.  

 

−Bilateral connection on the wooden beams; 
−Bolted systems.  

 

After 1900 
A.D. 

−Advanced clamping systems; 
−Static or aesthetic needs; 
−Corrosion protection by austenitic or duplex 
steels; 
−Polymeric sheath inside between steel and 
masonry to avoid direct contact; 
−Remaining voids filled by injection of resins; 
−Chain joining via sleeve for threaded junction, 
clamped, clamped, bolted or grooved;  
−Bars equipped with threaded ends for clamping;  

 

Fig.3. Study of the Tie Rods evolution over time 

By exploiting the preliminary study, pairwise comparisons of the alternatives are carried out performing a 

qualitative analysis to achieve the judgment matrix. The weights were obtained by solving the eigenvector 

problem in Eq. (1). 

Table 3. Judgment M atrix for the typology parameter, weights, and CR 

Typology a b c d CR w6,1 

Before 1500 (a) 1.0 1.8 2.5 3.0 

0.01 

1.00 

Between 1500-1800 
(b) 

0.6 1.0 2.0 2.8 0.69 

Between 1800-1900 
(c) 

0.4 0.5 1.0 1.9 0.41 

After 1900 (d) 0.3 0.4 0.5 1.0 0.26 
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4.1. Survey form 

A crucial point of the proposed approach is the definition of the 
survey form that can be implemented in an app for smart devices. 
Such a spreadsheet-style form allows the user (technicians) to 
measure and evaluate both qualitative and quantitative data 
during a fast on-site inspection.  

In fact, the condition ratings can be obtained using Eqs. 1–3. 
Here, the proposed app can be used for detecting any damaged 
or degraded element of the structure to obtain a numerical 
evaluation of its condition by taking into account all of the 
macro-criteria, sub-criteria, and parameters of the considered 
AHP issue. Figure 4 shows a general survey form (empty form). 

4.2. Decision support system architecture 

The architecture of the proposed DSS consists of five 
components (Figure 5): 

i) The survey form consisting of a suitable spreadsheet that 
can be implemented in an app for smart devices.  

iii) A data management system (DMS), which collects the 
information provided by the users through the survey form.  

iii) A web-based platform that represents the intelligence of 
the system. This platform processes the survey form data, 
classifies the church's components, and calculates the condition 
ratings.  

iv) A web application used by technicians to display the 
reported survey form history and the register information related 
to the church.  

v) An application programming interface (API) connecting 
the survey form (app) and the web application with the web-
based platform and the DMS. 

4.3. Decision support system process 

In order to better specify the DSS procedure and the use of the 
survey form, a suitable flowchart [37] was produced in 
accordance with the UML framework (Figure 6). Here, the rules 
and tasks of the actors involved in the process are highlighted. 
The flowchart procedure explains all the interactions between 
the two main components of the DSS (i.e. the survey form 
implemented in smart devices and the web application), and the 
actors involved in the process (i.e. the users of the survey form 
and the bridge technicians and engineers). The flow is described 
by defining three phases of the process: the data acquisition 
phase, the data processing phase, and the diagnostic phase.  

i) During the data acquisition phase, the user first accesses the 
list of churches on the web-based platform to select those to be 
surveyed (if the tool is used on a territorial scale, a number of 
churches can be selected by using a drop-down list). Second, the 
user can ask to use the survey form for the inspection. Third, the 
user can complete the inspection by taking photographs of any 
damage and criticalities before sending the inspection 
information to the platform.  

 

Figure 4. General survey form. 

 

Figure 5. Components of the DSS architecture. 

 

Figure 6. Flowchart explaining the procedure of the system. 

LOCATION DATA

IDENTIFICATION DATA

MACROELEMENT -

ELEMENT -

MQI NC PC C -

(Masonry Quality Index) -

-

-

-

-

-

-

YES NO

YES NO

-

YES NO

YES NO

YES NO

-

ELEMENT -

BIOLOGICAL CRITICALITY YES NO MOISTURE

SURFACE ALTERATION

EXTENSION -

MECHANIC CRITICALITY YES NO CRACKS

DEFORMATIONS

CLASSIFICATION I II III

(UNI 11119:2004)

SHRINKAGE CRACKS S D W D P D

-

-

IW

-

SIZE OF KNOTS

IC

STEEL CORROSION

JOINT
-

WALL/WALL -
DISCONNECTION/VERTICAL CRACK C

FLOOR/WALL

Photo/ Plan/ Section -

TIE-RODS ANCHOR 

SYSTEM

TYPOLOGY

TYPOLOGY 
-

-

IM

Mortar quality

CRACKS TYPOLOGY AND MAGNITUDE
-

MANIFESTATION

Resistance of the elements

Horizontal Rows

Presence of diatones

Shape of the resistant elements

Off vertical joints

Dimension of the resistant elements

PARAMETERS

20% 30% 50%
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ii) In the data processing phase, the web-based platform uses 
the received surveys to store the new data and to update the 
survey's history. 

 iii) During the diagnostic phase, the web-based platform sends 
notification of any new damage to the building staff who can 
read, change, or validate the inspection. At this point, the system 
is able to automatically evaluate the condition ratings using Eqs. 
5–7 and the tabulated weights obtained via the AHP method. 
Finally, if the condition rating exceeds certain defined threshold 
values, a suitable alarm protocol is triggered. An alert notification 
is then sent to all users of the DSS to set up an emergency 
intervention.  

5. CASE STUDY 

A representative example of a church with a typical Apulian 
architectural style, namely, SS. Salvatore, was selected in order to 
apply the proposed methodology. 

The SS. Salvatore church was built in 1541 at the will of 
Queen Sforza in the town centre of Capurso, located a few 
kilometres from Bari. Since it is typical Romanesque church, it 
exhibits a basilica-type plan, which is divided into three naves, a 
transept, an apse, a dome, and a bell tower (Figure 7a, b).  

The church has experienced numerous geometrical and 
technical alterations over time, which have resulted in the present 
configuration. The most crucial variation was the replacement of 
the wood truss roof over the principal nave with a heavy 
reinforced concrete ceiling.  

In fact, the church shows various signs of degradation due to 
atmospheric agents and the lack of maintenance. Therefore, the 
novel AHP-based procedure was employed to comprehensively 

investigate the church’s pathologies and to quantify its 
criticalities.  

The first step involved filling in the survey form in terms of 
any elements that appeared to be damaged. Figure 8 shows two 
examples of the survey form, one for the chamber pillar 
diagnostics (a) and one for the connection system of the bearing 
structure of the lateral transept vault (b).  

Finally, an evaluation of the church’s overall condition was 
carried out by calculating the global index (ISTRUCTURE) in terms of 
all the components of the structure. The result was 1.52 on a 
scale of 0–10. This low result indicated that the general structural 
condition was good and that only minor damage had occurred. 
However, the survey form indices highlighted the dangerousness 
of the damages. Indeed, the IM (Figure 8a) and IC (Figure 8b) 
values, which were over 7 on a scale of 0–10, suggested the need 
for deeper investigations.  

6. VALIDATION 

A comparison of the results obtained via the proposed AHP-
based method and those obtained via the traditional survey and 
diagnostics approach was conducted to validate the proposed 
approach for the Romanesque masonry church [1]-[38].  

Here, various specialists, who did not know the results of the 
innovative approach, were involved in reporting on the condition 
of the SS. Salvatore church, performing a direct on-site 
inspection, creating technical plans of the church with the 
indications of damage marked, and compiling a report [39]. 

Following the technical description, it emerged that the pillars 
near to the dome presented the severest cracks and 
deformations, likely due to the heavy weight of the reinforced 
concrete roof covering the central nave. Thus, the conclusion 
was that these structures had been affected by compression 
damage.  

The drawing shown in Figure 9, which was included in the 
specialists’ technical sheets, indicates the cracking in red and 
clearly reveals the serious damage suffered by the pillars. 

a)  

b)  

Figure 7. The SS. Salvatore church: a) principal façade, b) church plan. 

a)  

b)  

Figure 8. Survey forms for a) damaged pillar and b) damaged connection 
system. 
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The comparison between the results of the two approaches 
revealed highly similar diagnoses. In short, all of the pathologies 
surveyed through the survey forms and quantified via the AHP 
approach agreed with the damage indicated by the traditional 
survey. Furthermore, the minor phenomena in the other 
structures were also comparable. Despite the similarity between 
the results, the AHP approach had the advantage of producing a 
numerical quantification of the criticalities, which would prove 
useful for comparing the damaged elements of the same 
structure or identifying buildings that are most at risk on a large 
scale. In addition, it allows for comparing different forms of 
damage on the same structure and provides support for planning 
more in-depth investigations such as destructive investigations. 

Finally, this approach can be implemented in smart devices 
and a large-scale application information platform. In this field, 
the ratings of the specified conditions play a key role in the 
comparison between different structures and building types. 

7. CONCLUSIONS 

This article presented a new procedure based on the AHP 
approach, which was developed to perform rapid on-site 
measurements and diagnostics of masonry churches through a 
series of condition assessment indexes.  

This approach could be implemented in conjunction with 
specific information technology to provide the advantages of 
simplicity, survey affordability, and knowledge of the survey’s 
history through implementing the approach in a DSS. As such, 
the architecture of the DSS supported by an AHP-based 
diagnostics approach was specified in this work. 

This methodology provides four innovative aspects of the 
visual diagnostics of masonry structures. First, the AHP 
approach allows for both qualitative and quantitative data to be 
included in the analysis, including in terms of connections, wood 
elements, and moisture.  

Second, the proposed survey and diagnostics carried out with 
appropriate assessments of the conditions provides an extensive 
application for identifying buildings with the greatest amount of 
damage that require more detailed structural surveys. 

Third, the AHP-based diagnostics combined with a DSS 
procedure provides a useful tool that allows for performing 
analyses on a regional scale. In fact, the DSS could detect the 
damaged elements of masonry churches under investigation 
using specific survey devices, such as thermal imaging cameras 
or ground-penetrating radar. 

Finally, a comparison with a standard survey was carried out 
to validate the method and to underline the advantages of the 
attendant innovative diagnostics.  

After discussing the method, a representative case study was 
selected to assess the proposed methodology. Here, the SS. 
Salvatore church in Capurso (near Bari) was chosen since it 
presented the typical religious architectural characteristics of the 
Apulian Romanesque style.  

Here, a number of specialists performed a traditional survey, 
from which it was deduced that the pillars near the dome 
presented damage that was due to compression. A comparison 
of this result and the defined condition ratings was then carried 
out to validate the proposed procedure. Since the two 
approaches provided a comparable diagnosis, the innovative 
method was regarded as valid.  

Since the proposed AHP-based approach has the advantage 
of obtaining numerical values for characterising the performance 
of the structure, it represents a promising tool for structural 
monitoring and diagnosis. 

Future research will focus on a large-scale application of the 
proposed methodology to demonstrate the potential of the 
proposed DSS for monitoring and diagnosing masonry 
structures. 

 

Figure 9. Technical drawing by specialists (with damage representation).  
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