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1. Introduction 

The software tool outlined in this document was developed within the framework of 

the project SIBYL Action C1: “Simplified Integral Structural Model Approach to 

Seismic Vulnerability Assessment”. Conceptually, as stated in the project proposal, 

the approach should be, on the one hand, building-specific, implying that every 

building needs to be individually considered; on the other hand, it should be simple, 

cost-efficient and fast enough to be applicable to relatively large built-up areas in a 

comparatively short time (ca. 1 day per building), combining, therefore, a rational 

assessment rate with an acceptable accuracy of estimation. 

The simplified integral structural model (SISM) approach and, correspondingly, the 

SISM-tool, was developed conforming to the requirements of Eurocode 81 and, at the 

same time, aiming at a simplified evaluation of the seismic performance of existing 

reinforced concrete buildings using a simplified integral structural model as a system 

with only a few degrees-of-freedom. 

Following the classifications of Eurocode 8, Part 3 (EN 1998-3: 2005), the SISM-Tool 

was developed bearing in mind the limited knowledge level (KL1) of information 

required for the seismic evaluation of buildings, assuming that the geometry data is 

obtained from original outline construction drawings with a sample visual survey or 

from a full survey, while the details and the material properties are obtained from 

limited in-situ inspections or/and updated using simulated design. For the seismic 

evaluation of buildings at this knowledge level, the Eurocode 8 recommends the use 

of linear analysis methods, either static or dynamic. Correspondingly, the SISM-tool 

is based on the use of the static approach and the application of a special 

linearization scheme. 

The building assessment procedure generally includes data collection, structural 

modelling and seismic evaluation. The detailed description of the whole approach is 

described in Deliverable DC1: “Guidelines for the Building Assessment Procedure 

and Short-Term Monitoring”, while the present Deliverable DC3 describes operating 

instructions for potential users of the SISM-tool. 

With the use of the SISM-tool, the user can assess the seismic performance of a 

building in a very fast and simple way, entering the collected input information 

(containing geometry, structural details and material properties of the building and its 

elements, as well as input parameters of seismic load at the site) and obtaining 

estimated damage to structural elements, including the damage distribution in the 

building story-by-story. 

The estimated damage level is described in terms of the limit states (LS) traditionally 

used for reinforced concrete structures: (1) cracking in concrete, (2) yielding in 

reinforcement bars, and (3) loss of bearing capacity and destruction. It is assumed 

that, the limit state LS2 approximately corresponds to Damage Limitation (DL) and 

                                                           
1
 http://eurocodes.jrc.ec.europa.eu/showpage.php?id=138  

http://eurocodes.jrc.ec.europa.eu/showpage.php?id=138
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the limit state LS3 – to Near Collapse (NC) according to the classification of 

performance points in Eurocode 8. 

A considerable advantage in applying the offered approach might be the fact that it 

does not require sophisticated commercial finite element software; instead, the 

computational procedure is incorporated into Microsoft Excel-based software. There 

are obvious benefits to this, in particular, Excel is a part of the widely used and 

commonly available Microsoft Office software package, therefore most engineers and 

specialists are already familiar with this application. This also implies good 

opportunities for the training of civil protection practitioners and other potential users 

of this tool. 

The user should bear in mind that the current version of the tool is intended only for 

reinforced concrete frame buildings. Furthermore, as indicated above, the tool should 

be used for the knowledge level KL1 in terms of Eurocode 8. The level KL1 (limited 

knowledge) reflects, in our opinion, the most plausible situations in the routine 

practice of Civil Protection. If higher knowledge levels are pursued, then more 

sophisticated methods and software need to be used, which would definitely require 

additional time and labor resources, as well as specialized qualification and 

experience of users. 
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2. Operating Instructions 

2.1. The SISM-Tool 

The developed SISM-Tool is presented in the form of conventional Microsoft Excel 

spreadsheets with macros, which were written using the programming language VBA 

(Visual Basic for Applications). An important prerequisite for using the tool is the 

activation of macros within Excel, when starting the program for the first time. 

Generally, to use the SISM-Tool, the user does not require any special knowledge or 

experience either in computer programming or in structural mechanics. Using the 

standard MS Excel interface, the user has to enter collected data (describing 

characteristics of the investigated building as well as the seismic input for the site) in 

the properly identified cells of the spreadsheet and then he will automatically obtain 

the calculated results, including the masses and stiffnesses of the structural 

elements, the natural frequencies and periods of vibration for different limit states, as 

well as an evaluation of the expected damage levels and its story-by-story distribution 

at the given level of seismic hazard for the site. 

2.2 The Excel-file and the worksheets 

For every new project (i.e., new building to be analyzed), a new Excel-file should be 

created (using the provided SISM-template) and used for the analysis. 

It is important to note that only one Excel-file can be opened and used 

simultaneously, otherwise uncontrolled interactions between similar tables and cells 

in different Excel-files is possible, which may lead to erroneous results in the 

calculations. 

Initially, the template-file contains two worksheets intended directly for the user. The 

first worksheet is titled "Building", where the required input parameters (see a 

detailed description in Table 3.1 of this document) are to be entered by the user and 

where the output results of the building’s evaluation are presented. The last sheet of 

the file (entitled “Manual”) contains these operating instructions. 

In the process of entering the required input data, additional worksheets (up to 

eighteen in total) are generated automatically, depending on the entered number of 

stories (up to ten in the current version of the tool) in the building and the number of 

types of columns (up to five different cross-sections) in the structural system. One 

more worksheet is purposed for the case when a stiffness core (shaft) is present in 

the investigated building. The additionally generated worksheets are used by the 

computational program and contain intermediate results of computations and 

temporary data for individual stories of the building. Generally, those worksheets are 

not intended for normal users; however, they can be used for reviewing and 

controlling intermediate results by more qualified users. 

For a description of the main parameters used in the tool, the user should refer to 

Table 3.1 in Section 3 of this deliverable. 
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2.3 Worksheet “Building” 

The main worksheet of the tool, titled "Building", is intended for the user. The 

worksheet contains both the tables for entering the input data and the output results 

of the computations. The required input data includes parameters of the building and 

its structural elements, as well as the parameters of the seismic loading at the site. 

The output data includes calculated masses and stiffnesses, natural frequencies of 

the building as well as evaluation of its seismic performance, including expected 

damage (in terms of achieved Limit States for different stories of the building). 

 

2.3.1 Parameters of the building 

The first table in which the user should enter the parameters of the building is located 

in the upper part of the worksheet (Fig.1). Initially, the cells into which the user has to 

enter the required parameters are marked in pink (Fig.1a) and they automatically turn 

light green (Fig.1b) as soon as the corresponding data have been entered. In 

general, the presence of pink cells in the worksheet is intended to prompt the user to 

enter specified data in the corresponding cells. 

 

 

(a) 

 

(b) 

 

(c) 

Figure 1: Table with parameters of the building (a - initial view without data, b – an 

example of the table with entered data and acceptable model, c – an example, when 

the model has to be corrected) 
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The building parameters (as can be seen in Fig.1) include the total number of stories, 

total height of the building and its overall dimensions in plan (in both X and Y 

directions). In the same table, one should also enter the number of column types in 

the building (i.e., the number of different cross-sections, which in the current version 

of the tool is limited to five) and specify the parameter of “stiffness ratio” between 

horizontal and vertical structural elements (beams and columns) of the building. In 

addition, the user should enter the mechanical parameters of the structural concrete 

(E-Modulus and Poisson’s ratio) and E-Modulus of the walls. The user should use the 

measure units as indicated in the tables. 

Additionally, the measured (or estimated) natural frequencies for the first two bending 

modes in both directions should be entered. The last column of the table contains the 

automatically calculated values of the natural frequencies, and compared with the 

measured frequencies. The results of such comparison are shown in the last, but one 

column using the traffic light indicator, namely, the results shown in green color 

(Fig.1, b, when the calculated differences between the measured and numerical 

values lie within 20%) are acceptable for the further analysis, while in case of a red 

color (Fig.1, c, when the differences are larger than 20%) the parameters of the 

model should be corrected to achieve a better fit. In the latter case, improvement in 

the model should be done by changing those building characteristics that are 

associated with the largest uncertainties in the available input data (e.g., they may be 

related to unknown cross-section sizes or the mechanical properties of the building 

components).  

 

2.3.2 Columns, Shafts and Walls 

The next four tables of the worksheet “Building” (namely, “Uniform Grid of Columns”, 

“Non-uniform Grid of Columns”, “Hollow Shaft”, “Walls”) are intended for entering the 

parameters of the main structural elements (Fig. 2). The data should be entered in 

the corresponding table rows (story by story). Having entered the data for one story, 

the user should press the button “Insert” at the end of the table to transfer the data 

for the current story and after that, when the cells in the table row are cleared, the 

data can be entered for the next story and subsequently transferred by pressing the 

button “Insert” for every story.  
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Figure 2: Tables with the parameters of the main structural elements 

 

2.3.2.1 Uniform Grid of Columns 

This table should be used in the case where the structural system is represented by a 

uniform grid of columns. The data to be entered are: total number of columns and 

bay widths in both the X and Y directions, cross-section sizes (for rectangular 

columns) or diameter (for round cross-sections), coordinates of the starting point of 

the grid and material density (Fig. 2). As above, the user should enter and transfer 

the required data story by story and pressing the button “Insert” at the end of the 

table row for each story. 

 

2.3.2.2 Non-uniform Grid of Columns  

This table should be used for the case of a non-uniform grid of columns. The data to 

be entered for the columns are: coordinates of the columns, cross-section sizes (for 

rectangular columns) or diameter (for round cross-sections), and the material density 

(Fig. 2). Again, the user should enter and transfer the required data story by story 

and pressing the button “Insert” at the end of the table row for each story. 

 

2.3.2.3 Hollow Shaft (Stiffness Core) 

This table should be used for cases involving the presence of a stiffness core (e.g., 

an elevator shaft) in the building, which can significantly contribute to its lateral-load-

resisting capacity. The data to be entered are: the coordinates of the center of the 

core and cross-section sizes, including of the widths of the core and the thicknesses 

of the core walls in the both directions, as well as the material density (Fig. 2). In the 

same way as for the tables above, at the end of the table row the user should press 

the “Insert” button for each story. 
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2.3.2.4 Walls 

This table should be used if walls are present in one or another story and they are to 

be considered in the simplified model (in case they contribute to the load-resisting-

capacity or to the stiffness of the structural system). The required parameters are: the 

coordinates of the starting point of the wall and the end point of the wall, thickness of 

the wall and the material density (Fig. 2).As before, having entered the required data 

for a current story, the user should press the “Insert” button at the end of the table 

row to transfer the data. 

Important note: The building parameters entered in these four tables (uniform and 

non-uniform grids of columns, hollow shaft, and walls) do not appear in the tables in 

the worksheet “Building”. Instead, corresponding tables with the entered parameters 

are created in additionally generated worksheets (for corresponding stories of the 

building). As mentioned above, the additional worksheets can be used for reviewing 

and controlling the intermediate results by more qualified users. For other users, if 

some of the parameters entered in the four tables above need to be modified, it is 

recommended to use for the modified model a new file of the SISM-template. 

 

2.3.3 Number of Elements 

The next table of the worksheet is entitled “Number of Elements” and contains 

information about the total number of columns, shafts and walls for every story (Fig. 

3). The table is useful for checking if all the required data have been entered properly 

for each story. The size of the table (i.e., the number of rows) is defined by the value 

entered in the cell "Number of Stories" at the beginning of the worksheet (Fig. 1). As 

for the general building parameters, the cells in the table are initially pink and they 

turn light green when a value is entered. If some of the elements (columns, shafts or 

walls) are not present in a particular story, then a zero value should be entered in the 

corresponding cells. 

 

Figure 3: Table for controlling the number of structural elements for each story. 

This table is intended for controlling whether all the columns, walls, or shafts have 

been included properly, therefore it would be an advantage to fill the table before 

entering the data for the structural elements. For example, if not all columns have 

been entered yet, the cells in the tables "Uniform Grid of Columns" and "Non-uniform 

grid of columns" are pink. This indicates that the user should enter the data for at 
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least one column. At the same time, if one enters a current story number in "Current 

Story" cell (Fig. 2), the cells turn green again, if all the columns have been already 

entered in this story. Thus, it means that the missing data may refer to another story. 

An advanced user (i.e., more qualified in the field of structural mechanics) may have 

an overview of all the entered data in the additional worksheets related the 

corresponding stories. 

 

2.3.4 Cross-sections of columns and shaft and concrete properties 

The next tables are intended for entering parameters of the main structural elements 

(the columns and the shaft) to be used for the analysis of their bearing capacity, in 

particular, corresponding to achieving different limit states in the elements. 

In the table “Column cross-sections”, the geometry data should be entered for the 

different column types (Fig. 4). The size of the table (number of rows) is defined 

correspondingly, depending on the number of column types with different cross-

sections. For every column type, the user should enter data about the cross-section 

sizes and the concrete cover (Fig. 4). Up to ten different column profiles (cross-

sections) can be considered in the current version of the tool. 

 

 

Figure 4: Geometry data for different column types. 

 

As for the shaft (representing the stiffness core), the current version of the tool 

considers the possible presence of only one shaft in the building. The geometry data 

for the shaft are to be entered in the table “Shaft cross-sections” (Fig. 5). 

 

 

Figure 5: Geometry data for the shaft. 
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The entered data are then compared with the previously entered data for different 

stories (Fig. 2) and used for the analyses of the structural performance of the 

elements for different limit states. The data provided in the table “Concrete 

properties” serves the same purpose, where the user has to enter the strength values 

and the reinforcement ratio (Fig. 6). If the required input parameters are not available 

from the in-situ testing or from the building specifications, then, as a first 

approximation, the user can use default values for the time of the construction of the 

building. 

 

 

Figure 6: An example of concrete properties  

 

2.3.5 Stiffnesses, Masses and Weights 

The next two tables contain the calculated data about the story-by-story distribution 

of stiffnesses, masses and weights in the building (Fig. 7). Initially, the tables are 

empty, but, when the parameter “Number of Stories” has been entered (Fig. 1), these 

tables are extended correspondingly, in the same way as the table “Number of 

Elements” (Fig. 3). The values of “Story Height”, “Slab Thickness” and “Slab density” 

are the only parameters to be entered in the table “Masses and Weights” (Fig. 7, b) 

by the user; all other fields are automatically filled out with the calculated values 

based on the previously entered input data. The slab density for concrete is usually 

equal to 25 kN/m3. It is, however, recommended to increase this value by 20% to 

50% to take into account the weight of the partition walls and non-structural 

elements. 

 

(a) 
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(b) 

Figure 7: The tables with distribution of stiffnesses (a) and masses and weights (b). 

 

2.3.6 Stiffnesses for different limit states 

The following tables contain the values of stiffnesses calculated for the different limit 

states (LS2 and LS3), taking into consideration the changed physical and mechanical 

characteristics of the structural elements in accordance with the achieved damage 

level (limit state). The changed parameters are calculated based on the previously 

entered input information and, subsequently, the tables are filled out automatically 

(Fig. 8). 

 

 

(a) 

 

(b) 

Figure 8: Calculated stiffnesses for limit states LS2 (a) and LS3 (b). 

 

2.3.7 Earthquake forces corresponding to different limit states 

For the different limit states, when the building properties have changed due to the 

damage experienced under seismic loading, the distribution of forces in the damaged 

building is changed correspondingly. The following tables show the distribution of 
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earthquake forces in the building story-by-story and in both the X and Y directions. 

The computed values correspond to different stiffnesses under different limit states: 

LS1 (a), LS2 (b) and LS3 (c).  

 

 

(a) 

 

(b) 

 

(c) 

Figure 9: Distribution of earthquake forces for LS1 (a), LS2 (b), LS3 (c) 

 

2.3.8 Calculated frequencies and periods of vibration 

The next table (Fig. 10) contains the calculated frequencies for bending vibrations in 

the X and Y directions, corresponding to different limit states. Only the values for the 

first vibration modes are considered here, because only the first bending modes are 

of practical interest in the framework of the simplified approach. 

As mentioned above, the calculated frequencies for the initial state of the building are 

compared with the measured values (Fig. 1) to validate and, if necessary, to calibrate 

the created structural model of the building. Furthermore, the obtained values 

(recalculated to vibration periods, Fig. 10) are used for determining the earthquake 

forces on the structures (Fig.11). 
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Figure 10: Tables with calculated frequencies and periods of vibration. 

 

2.3.9 Earthquake base shear force 

Another table, where the user has to enter the input data is the table “Base shear 

force” (Fig. 11). 

In accordance with Eurocode 8, for the calculation of the earthquake base shear 

force Fb the following expression is used:  

Fb = S(T1) * m * λ , 

where S(T1) is the ordinate of the acceleration spectrum at the fundamental period of 

vibration of the building for lateral motion in the considered direction (T1 = 1 / f1). The 

user has to determine this value, either using available results of seismic hazard 

assessment for the site (e.g., seismic microzonation) or following the national seismic 

code and taking into consideration the estimated natural frequencies (and vibration 

periods) for the building (Fig. 10); the user has to enter the corresponding values of 

spectral acceleration for the vibration periods estimated for the three limit states 

(Fig.10). 

m is the total mass of the building, above the foundation or above the top of a rigid 

basement. In the SISM-tool, this value is determined automatically, using the 

previously calculated results (Fig. 7, b). 

λ is the correction factor, the value of which is equal to: λ = 0,85 if T1 < 2 TC and the 

building has more than two stories, or otherwise λ = 1,0 (EN 1998-1: 2004). 

When the parameters listed above are entered, then the maximum earthquake force 

(base shear force) Ftot is calculated automatically (Fig. 11) and used for further 

analyses, including the calculation of earthquake force distributions (Fig. 9) as well as 

for the seismic evaluation of the building (Fig. 12). 



16 
 

 

Figure 11: Calculation of base shear force. 

 

2.3.10 Limit State Assessment 

Finally, the tables „Limit State Assessment“ represent the results of the building 

assessment (Fig. 12), where the estimated values of forces corresponding to 

occurrence of different limit states (structural capacity) are compared with the actual 

earthquake forces corresponding to the hazard assessment for the site (structural 

demand). The comparison is made separately for the X and Y directions. 

The results of comparison are presented in the table using conventional “traffic light 

colors”, that is green, when the earthquake loads are lower than the forces 

corresponding to a certain limit state, and red, if the actual loads are higher than the 

corresponding forces for the limit states.  

The presented results can be interpreted in the following simple way: the green color 

shows that the corresponding limit state (LS1, LS2 or LS3) is not achieved at that 

story, while red shows that the limit state is achieved at the given story under the 

given level of seismic load.  

Correspondingly, the appearance of red color for LS2 (corresponding to Damage 

Limitation) and, especially for LS3 (corresponding to Near Collapse) for one of the 

stories of the building under consideration shows that the building is not safe at the 

given level of hazard and, therefore, protection measures should be taken for 

retrofitting/strengthening of the structural system.   
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Figure 12: Comparison of earthquake forces and limit state assessment 

 

2.4 Worksheet „Manual“ 

The last sheet of the Excel-file (entitled “Manual”) contains these operating 

instructions. 
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3. Description of parameters used in computations 

Table 3.1 provides a synoptic description of the main input and output parameters, 

including the corresponding measure units. This description is given for the users 

who are not familiar with the terminology specific for the practice of structural and 

earthquake engineering. 

 

Table 3.1: Description of used parameters 

Parameter Description 

Number of Stories Number of stories above the ground 

Total Height Total height of the building above the ground, m 

Length (X, Y) 
Overall dimensions of the building in plan in X and Y 
directions, m 

E-modulus Module of elasticity of concrete, MN/m2 

Poisson’s Ratio The Poisson’s ratio value for concrete 

Stiffness Ratio 
Stiffness ratio between horizontal and vertical 
structural elements (beams and columns) of the 
building 

Number of Column Types 
The number of column types with different cross-
sections (either shape or sizes) 

E-Modulus Walls Module of elasticity of walls 

Measured  Frequency (X,Y) 
The values of bending eigenfrequencies of the 
building obtained from in-situ measurements for two 
directions (X,Y), Hz 

Current Story 
The story for which the parameters are currently 
entered 

Total Number of Columns in 
X, Y direction 

The total number of columns in both directions in plan 
in case of uniform grid of columns 

Bay Width (X, Y) 
Distance between columns in both directions in case 
of uniform grid of columns, m 
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Cross-section Width (X,Y) Sizes of the cross-sections of the columns, m 

Diameter Diameter of the round cross-section, m 

First Column Coordinate 
(X,Y) 

Coordinates of the first columns in case uniform grid 
of columns, m 

Material Density 
Density of the material (for structural concrete or 
masonry walls, correspondingly), kN/m3 

First Point Coordinate (X,Y) 
X and Y coordinates of the point where the wall starts, 
m 

End Point Coordinate (X,Y) 
X and Y coordinates of the point, where the wall ends, 
m 

Strength Compression strength of concrete, MPa 

Reinforcement Ratio 
Ratio of the effective area of the reinforcement to the 
effective area of the concrete in the cross-section of a 
structural member. 

Tens.strength Tensile strength of reinforcement steel, MPa 

Earthquake forces 
Earthquake forces at different levels (center masses 
corresponding to the building floors) 

Base shear force Maximum earthquake force at the base of the building 

Limit State 1 (LS1) 
Fist limit state of reinforced concrete elements, 
corresponding to occurrence of cracks in concrete 

Limit State 2 (LS2) 
Second limit state of reinforced concrete elements 
corresponding to yielding in reinforcement steel bars 

Limit State 3 (LS3) 
Third limit state of reinforced concrete corresponding 
to the structural failure 

 

 

 


