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1 Introduction

This report details the data verification process for the information utilized in the publica-
tion ”Empirical fragility and ROC curves for masonry buildings subjected to settlements”
[3]. The data are stored in the 4TU.ResearchData repository [4]. Data collection and anal-
ysis took place between 2020 and 2021, with the final version being published in 2023.
A thorough check was conducted before and after the publication of the manuscript to
ensure data quality. While the first check was conducted by the Authors of [3] during the
initial data collection, this report focuses on the second check, carried out after the pub-
lication. In this document, the adopted methodology for the data verification is detailed
and the results of the procedure are presented.

This report begins with Section 2, which outlines the methodology used for the data
verification, whereas Section 3 summarises the results. Section 4 offers a discussion and
conclusions. Finally, appendix A contains the calculations that support the verification
checks.

1.1 The collected information: buildings’ features and levelling
measurements

The dataset collects information on 386 masonry buildings located in the Netherlands.
The original hardcopy reports were produced by various Dutch engineering firms and
institutes. Appendix B provides three representative examples of reports from the dataset,
shown in an anonymized format to ensure that all sensitive information is excluded.
For each building, the collected information includes: i) the measurements of bed-joint
levelling along the buildings’ walls, ii) the information about the damage documented in
the field survey, iii) the foundation system (i.e. shallow or deep foundation)[3]. The data
from these hard copies were digitized and saved in a MATLAB ”.mat” file, available at
https://doi.org/10.4121/18279155.v1 [4], including a ”ReadMe.txt” file in the repository
to detail the metadata.

The dataset, however, excludes the original hard copies, which may contain addresses,
photographs of the surveyed buildings, and the names of surveyors, in order to protect
the privacy of residents, owners, and other relevant parties. For the same reason, any
references to the engineering firms and institutes that conducted the surveys are not
disclosed.

Regarding the sources of uncertainties of the dataset, the data collection followed a non-
standardized procedure, as there are currently no guidelines for this type of information
gathering. The procedure included a desk survey and manual digitization, which in-
troduces the potential for human error. For example, bed-joint levelling measurements
along walls were extracted from technical drawings. When drawings were not to scale
but included a scale reference (e.g., 1:500), distances and displacements were measured
by rescaling the drawings in AutoCAD. This method is prone to scaling errors, especially
since some of the hard copies were scanned documents, which can distort the measure-
ments (see B.3 as an example).
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Moreover, the original hardcopy reports were written in Dutch, whereas not all the Au-
thors of [3] involved in the data collection and curation are Dutch native speakers.

1.2 The computed settlement parameters

The collected levelling measurements of each surveyed wall collected in the dataset were
used to compute different parameters that measure the intensity of the settlements,
namely differential (or relative) settlement δρ, rotation (or slope) ∆, relative rotation
(or angular distortion) β, and deflection ratio δ/L. These parameters are schematically
illustrated in Figure 1, and are detailed in the following:

• The ”Differential settlement δρ” is calculated as the maximum difference in
elevation between recorded settlement points.

• ”Rotation θ” represents the maximum gradient among lines connecting two refer-
ence points in the settlement profiles.

• The ”Relative rotation” or ”angular distortion β” refers to the slope of the line
joining two consecutive points in relation to the rigid body rotation of the structure.

• The ”deflection ratio” ∆/L” represents the ratio between the maximum relative
deflection and the corresponding length.

Additional information regarding the settlement parameters is provided in [3]. The reader
is referred to [1] for the original definitions.

Figure 1: Schematic illustration of different settlement parameters, following the original defi-
nitions proposed by [1]. Image retrieved from [3].
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In the published article [3], a MATLAB code was employed to automatically calculate the
settlement parameters for all the surveyed walls. The computed values are not reported in
the dataset. However, the authors provided the adopted script. Therefore, a systematic
review is conducted in this document to ensure that no technical glitches are present that
could impact the calculations.
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2 Data verification procedure

In this document, two types of checks were conducted (as schematically illustrated in
Figure 2):

Check 1. A verification was carried out to ensure that the input information was accu-
rately collected from the various hard copies (”Check 1” in Figure 2). A native
Dutch speaker conducted the verification of the quality of the collected docu-
mentary information. In total, 116 cases, representing approximately one-third
of the dataset, were thoroughly checked, starting from the original hard copies.
The checks primarily focused on the buildings’ features, such as foundation
type and year of construction. Additionally, the bed-joint leveling measure-
ments were verified for each selected case.

Check 2. The calculations of the settlement parameters adopted in [3] have also been
checked (”Check 2” in Figure 2). Toward this email, five chases have been ran-
domly selected. The wall length, tilt, differential settlement, rotation, relative
rotation and deflection ratio have been computed again and compared with the
information used in the published manuscript. The settlement parameters are
not published in the dataset, however, the code used to compute them for each
wall was provided by the Authors upon request. The values adopted in the
published article are then compared with the ones computed herein.

It is important to emphasize that both checks were conducted independently of the Au-
thors of the published articles to ensure an unbiased and independent process. However,
the Authors provided the original data and supported the initiative to verify both the
data and calculations, ensuring the quality and accuracy of the dataset.
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Figure 2: Flowchart of the data verification procedure.
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3 Results of the data verification

The following sections summarize the findings of the data verification procedure.

3.1 Documental information

Each building in the dataset is assigned a unique ”ID.” The 116 randomly selected cases
are identified by the following IDs:

B1 - B50, B55, B57, B61, B72, B81, B87, B94, B110, B119, B122 - B130, B142 - B151,
B213 - B219, B240 - B245, B254 - B262 and B343 - B358.

Among the randomly selected 116 cases, the data verification process did not uncover
any discrepancies in the collected information regarding foundation typology, structural
typology, or year of construction.

Regarding the damage information, all the buildings in the dataset were classified ac-
cording to the visible damage as “No Damage”, “Light Damage” and “Moderate to Se-
vere Damage” [3]. This classification is more suitable for the buildings in the dataset
compared to more detailed classification systems, as the damage was assessed using the
available documentary information rather than being quantified through extensive sur-
veys. Consequently, the adopted damage classification may be influenced by subjectivity.
Nevertheless, no discrepancies are found in this document.

Regarding the levelling measurements stored for each building, a few typos were found
and are reported herein in Table 1.

Table 1: Overview of the typos found among the levelling measurements stored in the dataset
[4].

Case Wall Coordinate Mistake Correction
B16 1 Z [−115,−10,−135,−105] [−115,−120,−135,−105]
B28 4 Z [−20, 20,−28,−94] [−20,−20,−28,−94]
B31 4 Z [−114,−89,−84,−14] [−114,−89,−84,−114]
B63 3 X [0, 3.8, 8.4, 13.1, 17.2, 22.1, 16.7, 30.4] [0, 3.8, 8.4, 13.1, 17.2, 22.1, 26.7, 30.4]
B40 3 X [0, 2.9, 5.8, 9.1] [0, 2.9, 6.2, 9.1]
B104 6 Z [-1.71, -0.40, -0.97, 0, -0.31] [ -17.10, -4.00, -9.70, 0,-3.10]
B121 1 X [0, 3.69, 8.80, 12.45, 16.10, 25.35, 285.44, ... [0, 3.69, 8.80, 12.45, 16.10, 25.35, 28.54, ...

34.11, 38.70, 46.08, 50.87, 59.90, 66.10, 72.49] 34.11, 38.70, 46.08, 50.87, 59.90, 66.10, 72.49]
B212 1 X [0, 5.27, 11.99, 18.29, 24.73, 31.62, 37.14, ... [0, 5.27, 11.99, 18.29, 24.73, 31.62, 37.14, ...

3.97, 50.19, 57, 63.36, 60.61, 75.96, 82.6, 88.8] 3.97, 50.19, 57, 60.61, 63.36, 75.96, 82.6, 88.8]
B245 1 Z [250, 237, 228, 223, 254, 271, 238] [250, 237, 228, 223, 254, 271, 283]
B256 1 Z [−8,−9, 0] [−8, 9, 0]
B376 1 X [0, 1, 20, , 7.02, 14.49, 21.20, 28.31, 35.50] [0, 7.02, 14.49, 21.20, 28.31, 35.50]

1 Z [0, 1, 218.68, 38.63, 27.64, 19.48, 9.93, 0] [21.87, 38.63, 27.64, 19.48, 9.93, 0]

3.2 Computed settlement parameters

Manual calculations were performed and compared against the data adopted in [3]. The
hand calculations were integrated and compared with the results of a MATLAB script.
Five cases were randomly selected for this aim, namely, B1 wall 3, B50 wall 1, B98, B211,
and B317. When checking the 5 cases, no mistake has been found. One example is
provided in the following, whereas the remaining are reported in Appendix A.
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3.2.1 Hand calculations for the case ”B1” - wall 3

Figure 3 reports the hand calculations for the case ”B1” - wall 3. All the four selected
settlement parameters are computed, namely differential settlement, rotation, relative
rotation and angular distortion. In addition, the length of the wall was also checked.

Additional examples for other cases are reported in Appendix 3.2.

Figure 3: Hand calculations for case ”B1” wall 3.

This example highlights how laborious manual calculations can be, especially given the
large number of cases included in the dataset. However, they serve an indispensable role
in ensuring the accuracy of the calculations.

3.2.2 Verification via a MATLAB script for the case ”B1” - wall 3

In the following section, a MATLAB script is employed to further verify the calcula-
tions. The dataset is represented by the variable ”Database,” while the variable ”Re-
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sults” denotes a structure that consolidates the data and settlement parameters used in
the published manuscript. The variable ”Temp” contains the same version of the dataset,
stored locally on a TU server, and is included to ensure redundancy within the script and
facilitate multiple checks.

The first part of the code selects a case using the variable ”i.” The information regarding
damage, foundation, and wall length is cross-checked among the three versions of the
dataset. Then, the settlement parameters are computed and compared with the ones
adopted in the published manuscript.

1 %%

2 % Data

3
4 Database; % The dataset

5 Results; % The data and settlement parameters used in the

published manuscript.

6 Temp; % dataset , stored locally on a TU server

7
8
9 i = randi ([1, length(Database)],1) %select a random case from

the database

10 disp("for case: B" + num2str(i)) %displace the selected case

11 %%

12 % Check if the damage from results , database and temp are

similar

13
14 if Database(i).Damage == Results(i).Damage & Database(i).

Damage == Temp(i).Damage

15 display('Damage is correct ')
16 else

17 display('Damage is wrong')
18 end

19 %%

20 % Check if the foundation from results , database and temp are

similar

21
22 if Database(i).Foundation == Results(i).Foundation & Database

(i).Foundation == Temp(i).Foundation

23 display('Foundation is correct ')
24 else

25 display('Foundation is wrong ')
26 end

27 %%

28 % Check if the wall from database and results are similar

29
30 D = Database(i).Wall;

31 R = Results(i).Wall;

32 for p = 1: length(R)
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33 if R(p).x == D(p).x*1000 & R(p).z == D(p).z

34 disp(" Wall " + num2str(p) + " is correct ")

35 else

36 disp(" Wall " + num2str(p) + " is wrong")

37 end

38 end

39 %%

40 % Checks if the wall lenght is calculated correct

41
42 for p = 1: length(R) %for all walls

43 wall_lenght = D(p).x(end)*1000; %finded the last value of

the wall = wall lenght

44 wall_length_temp = Temp(i).Wall_Lenght;

45 if wall_lenght == wall_length_temp(p) %check of the

calculated wall lenght is similar to temp

46 disp(" Wall length " + num2str(p) + " is correct ")

47 else

48 disp(" Wall length " + num2str(p) + " is wrong")

49 end

50 end

51 %%

52 % Checks if the Differential_Settlement is calculated correct

53
54 lst = zeros(1,length(R)); %empty list of the nummer of walls

55 for p = 1: length(R) %for all walls

56 z0 = min(abs(D(p).z)); %find min value of Z coordinate

57 z1 = max(abs(D(p).z)); %find max value of Z coordinate

58
59 delta_z = abs(z0-z1); %difference between min and max Z

coordinate

60 lst(p) = delta_z; %store in the empty list

61 end

62
63 diff_settlement = max(lst); %find max difference in Z

coordinate

64
65 if diff_settlement == Results(i).Differential_settlement %

check with the result table

66 disp(" Differnetial_settlement is correct ")

67 else

68 disp(" Differnetial_settlement is wrong")

69 end

70 %%

71 % Check if the rotation is calculated correct

72
73 D = Database(i).Wall;

74 lst_rot = zeros(1, length(D)); %empty list to store data of
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rotation

75 lst_tilt = zeros(1, length(D)); %empty list to store data of

tilt

76
77 for p = 1: length(R) %for all walls

78 x = D(p).x*1000; %x-coordinate

79 z = D(p).z; %z-coordinate

80 lst_rot_wall= zeros(1, length(x) -1); %empty list for

rotations of one wall

81 for k = 1: length(x) -1 % for all x-coordinates

82 rotation = abs(z(k) - z(k+1)) / abs(x(k)-x(k+1)); %

calculation of rotation

83 lst_rot_wall(k) = rotation; %store in empty list for

one wall

84 end

85 lst_rot(p) = max(lst_rot_wall); %store the max rotation

of one wall to the general rotation list

86 end

87
88 rotation = max(lst_rot); %find max rotaion value

89
90 if rotation == Results(i).Rotation %check with the result

table

91 disp(" Rotation is correct ")

92 else

93 disp(" Rotation is wrong ")

94 end

95 %%

96 % Display x and z coordinates for hand calculations

97
98 x = D(1).x % x-coordinates

99 z = D(1).z % z-coordinates

The output of the code for case 1 is given below. Additional examples for other cases are
reported in Appendix 3.2.
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Data 

for case: B1

Check if the damage from results, database and temp are similar 

Damage is correct

Check if the foundation from results, database and temp are similar 

Foundation is correct

Check if the wall from database and results are similar 

 Wall 1 is correct
 Wall 2 is correct
 Wall 3 is correct
 Wall 4 is correct

Checks if the wall lenght is calculated correct 

 Wall length 1 is correct
 Wall length 2 is correct
 Wall length 3 is correct
 Wall length 4 is correct

Checks if the Differential_Settlement is calculated correct 

 Differnetial_settlement is correct

Check if the rotation is calculated correct 

 Rotation is correct

Display x and z coordinates for hand calculations 

x = 1×3
         0    5.7200    6.5100

z = 1×3
     0  -145  -145

1



4 Discussion and Conclusion

Although the data collection conducted in [3] adhered to a non-standardized procedure,
due to the lack of established guidelines for gathering information on buildings affected
by the settlement, it was carried out systematically. Similar datasets have been used in
previous research, e.g., [2, 5].

The data collection involved a digitization process for data originally obtained from hard
copies of varying quality and from different sources. This digitization was done by man-
ually entering information into a digital dataset, which may be prone to human errors.

In the checks performed herein on the information of the subsample of 116 cases (about 1/3
of the total number of cases), only minor mistakes in the collected levelling measurements
are found and reported. Therefore, the database [4] can be considered accurate and
suitable for further research. However, this observation does not address the limitations
inherent in the dataset, which are discussed in detail in [3]. No inconsistencies were
detected in the collected data regarding foundation typology, year of construction, or
structural typology.

The collected levelling measurements of each building in the dataset were then used to
compute settlement parameters, as herein briefly discussed in Section 1. The calculations
were checked both manually and using a MATLAB script (see section 2) for five cases
randomly selected. Accordingly, no mistake has been found.

Overall, the data verification has not revealed any major issues with the information
stored dataset, although typos or mistakes could be present, they are not expected to
have a major impact on the results and/or conclusion of the published manuscript.

While this document does not aim to provide recommendations for future research, im-
plementing a standardized procedure for collecting and storing data on structures affected
by settlements could significantly reduce subjectivity and human errors in the process.
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A Result table calculations

A.1 B50 wall 1

Figure 4: Hand calculations for case B50 wall 3
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Data 

for case: B50

Check if the damage from results, database and temp are similar 

Damage is correct

Check if the foundation from results, database and temp are similar 

Foundation is correct

Check if the wall from database and results are similar 

 Wall 1 is correct
 Wall 2 is correct
 Wall 3 is correct

Checks if the wall lenght is calculated correct 

 Wall length 1 is correct
 Wall length 2 is correct
 Wall length 3 is correct

Checks if the Differential_Settlement is calculated correct 

 Differnetial_settlement is correct

Check if the rotation is calculated correct 

 Rotation is correct

Display x and z coordinates for hand calculations 

x = 1×3
         0    3.2000    6.4000

z = 1×3
     0   -18   -47

1



A.2 B98

Figure 5: Hand calculations for case B98
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Data 

for case: B98

Check if the damage from results, database and temp are similar 

Damage is correct

Check if the foundation from results, database and temp are similar 

Foundation is correct

Check if the wall from database and results are similar 

 Wall 1 is correct

Checks if the wall lenght is calculated correct 

 Wall length 1 is correct

Checks if the Differential_Settlement is calculated correct 

 Differnetial_settlement is correct

Check if the rotation is calculated correct 

 Rotation is correct

Display x and z coordinates for hand calculations 

x = 1×3
         0    2.3800    6.0000

z = 1×3
   -80   -82  -130

1



A.3 B211

Figure 6: Hand calculations for case B211
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Data 

for case: B211

Check if the damage from results, database and temp are similar 

Damage is correct

Check if the foundation from results, database and temp are similar 

Foundation is correct

Check if the wall from database and results are similar 

 Wall 1 is correct

Checks if the wall lenght is calculated correct 

 Wall length 1 is correct

Checks if the Differential_Settlement is calculated correct 

 Differnetial_settlement is correct

Check if the rotation is calculated correct 

 Rotation is correct

Display x and z coordinates for hand calculations 

x = 1×7
         0    6.5200   12.8700   19.3100   26.0200   32.1800   38.8100

z = 1×7
    51     3    11     5    31    48    45

1



A.4 B317

Figure 7: Hand calculations for case B317
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Data 

for case: B317

Check if the damage from results, database and temp are similar 

Damage is correct

Check if the foundation from results, database and temp are similar 

Foundation is correct

Check if the wall from database and results are similar 

 Wall 1 is correct

Checks if the wall lenght is calculated correct 

 Wall length 1 is correct

Checks if the Differential_Settlement is calculated correct 

 Differnetial_settlement is correct

Check if the rotation is calculated correct 

 Rotation is correct

Display x and z coordinates for hand calculations 

x = 1×4
         0    7.7800   15.3200   24.2300

z = 1×4
     0     4   -29   -36

1



B Reports used for obtaining the dataset

This section includes three types of reports to provide the reader with an overview of
their structure and content. The reports presented correspond to B14, B45, and B161 to
B172.
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B.1 Report for B14
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B.2 Report for B45
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B.3 Report for B161-B172

Cases located in Schiedam, damage information retrieved from [2].
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