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SUMMARY:

This paper addresses seismic vulnerability assessment of historic brick-masonry buildings located in the city of
Vienna based on Rapid-Visual-Screening (RVS). The RVS methodology has been adopted for this specific type
of buildings considering their consistent typology and consequently, enhancing the validity and quality of the
seismic assessment. In this connection two parameters of the inspected object are evaluated, i.e. the damage
relevance and an overall structural parameter. Based on the derived score of these parameters the building is
classified into one of four vulnerability classes. In a large-scale in-situ investigation a set of 375 buildings within
the 20" district of Vienna has been seismically assessed. The resulting vulnerability map gives useful
information for emergency and evacuation planning as well as for identification of critical objects vulnerable to
seismic loading.
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1. INTRODUCTION

Historic brick-masonry buildings, which were mainly built in the period between 1850 and 1918,
represent a substantial amount of the existing building stock in the city of Vienna, the capital of the
Republic of Austria. Most of these objects have been maintained unchanged without considerable
structural improvement for decades, but nevertheless they are typically still used as residential
buildings. In particular, the reliability of these buildings against earthquake-induced collapse is a
major issue of a comprehensive areal seismic assessment. In such an assessment the objects of a larger
area are classified with respect to their seismic vulnerability. Based on this classification into
categories critical objects are identified and further, more detailed investigations can be performed.

In the last few years several different methodologies for the assessment and classification of existing
buildings have been developed (Calvi et al. 2006). Many of them, so called Rapid-Visual-Screening
(RVS) methodologies, are based on visual inspection of the buildings using predefined forms. Their
main advantage is the fast and elementary implementation, which allows the user to evaluate a large
amount of buildings in a relatively short period of time. Particularly in areas with high seismicity the
application of RVS techniques is widespread. In this paper a recently developed RVS methodology
(Achs 2011, Achs and Adam 2011) specified for the comprehensive seismic evaluation of Viennese
brick-masonry buildings is presented, which aims at realistically estimating the vulnerability of these
historic objects under seismic loading.

One of the basic documents, developed and used in the United States of America, is the RVS
methodology described in the FEMA 154 (2002) handbook for seismic evaluation of existing
buildings. This method has already been used for years and is an important basis for various
international techniques. In particular the method is based on a scoring system, in which different
building parameters are classified and benchmarked. Apart from the RVS procedures in the United
States of America several other techniques have been developed in different countries. The Japanese



technique (JBDPA 2001) is based on the so-called Seismic Index (IS), which describes the resisting
earthquake capacity of a storey and is estimated from the strength and ductility of the building, the
regularity of the building and a certain time index. In contrast, the RVS procedure applied in Canada
(NRCC 1993) accounts for structural parameters, such as the stiffness and the regularity of the
building, as well as for non-structural parameters, the foundation of the building, building occupancy,
importance of the building, and falling hazards. Compared to other countries, India has a very large
amount of existing buildings of different types, which led to the development of several RVS
procedures in the last few years (Jain et al. 2010, Gogoi 2010). Most of the European RVS procedures
were developed in Greece (OASP 2000, Demartinos 2006) and in Turkey (Sen 2010, Hassan and
Sozen 1997, Ozdemir and Taskin 2006), with the investigated masonry buildings of the high
seismicity area of Istanbul (Vatan and Arun 2010, Erberik 2010) being of primary interest for the
proposed RVS procedure developed for Viennese brick-masonry buildings. The Swiss Standard SIA
2018 (2004) applies a three-stage concept for evaluating the seismic risk. In the first stage, based on
the building plan and visual inspection, the most important elements of the building and the seismic
risk are roughly assessed. In the second stage the seismic risk of some selected objects is studied in
more detail. In the third stage strengthening measures are developed for a limited number of
vulnerable buildings.

Some fundamentals of the methodology described in this paper were developed for historic masonry
buildings in Italy (D’Ayala and Speranza 2002) and Portugal (Ferreira et al. 2010). The assessment of
brick-masonry facades can be directly applied by quantifying the building geometries (D’Ayala and
Speranza 2002). Among the numerous other RVS procedures, methods developed in Germany
(Meskouris 2001, Sadegh-Azar 2002) are of particular interest for the proposed RVS methodology in
Vienna, as they were applied on similar historic buildings located in areas with comparable seismicity.

2. RAPID-VISUAL-SCREENING OF VIENNESE BRICK-MASONRY BUILDINGS
2.1. Fundamentals

As most of the international RVS methodologies are focused on buildings with a consistent topology,
an adopted method with specific parameters for the historic residential buildings in Vienna had to be
developed. The proposed methodology for Viennese brick-masonry buildings considers the results of a
detailed study of historic documents such as Viennese building codes from the 19" century (Building
Code for Vienna 1859, Building Code for Vienna 1869, Building Code for Vienna 1883, Municipality
of Vienna 1892). Furthermore, findings of more recent investigations (Flesch et al. 2005, OIBI 2009,
Rusnov 2006) on this specific building type entered this RVS methodology appropriate for Viennese
brick-masonry objects. Particularly, several approaches from a guideline (OIBI 2009) for the in-situ
assessment of the state of preservation of the structural system of existing Viennese buildings were
adjusted.

2.2. Elementary Parameters
The proposed RVS methodology is based on two parameters (SIA 2004), i.e.

— the Structural Parameter SP of the inspected building, and
— its Damage Relevance DR.

The Structural Parameter SP consists of nine single indicators to evaluate the impact of certain
structural parts on the seismic vulnerability of the building. In Table 2.1 all individual parameters of
SP, denoted as Sopi, Sz, ... See, are specified. Parameter Sgg, which evaluates the foundation, and
parameter Sqg, Which refers to the state of preservation, are described in more detail in Tables 2.2 and
2.3, respectively. Depending on the actual situation and condition, each of the individual parameters
are benchmarked, compare with Table 2.1.



Table 2.1. Set of individual parameters describing the Structural Parameter SP

Parameter Description Benchmark
S Seismic zone according to ON EN 1998-1 (2006)
Seisrﬁlicit - Vienna, southwest of the river Danube Su=10 S;=1.0-20
y - Vienna, northeast of the river Danube So1=2.0
Classification of the regularity in plan according to ON EN 1998-1
S (2005)
02 - - - -
. - Regular plan, length to width ratio in plan < 4 Sgp = 1.0 0.
R(iar?ullz;rr:ty - Regular plan, length to width ratio in plan > 4 Se2 = 5.0 Sz =1.0-10.0
P - Irregular plan, length to width ratio in plan < 4 Sp2=5.0
- Irregular plan, length to width ratio in plan > 4 Sp2 = 10.0
Vertical irregularities with particular attention to soft storeys
So3 - All partition walls and shear elements preserved Sp3=1.0
Regularity - Some partition walls removed / shear elements preserved Sgz =20.0  Sgz = 1.0 - 100.0
in elevation - All partition walls removed / shear elements preserved Sp3 =50.0
- All partition walls and shear elements replaced by columns Sp; = 100.0
Evaluation of the ceiling-wall connection
- Connection of timber ceilings and walls with steel ties
S Existing and in good condition Sos1=1.0
04 - - - g - .-y -
Horizontal - Non-existent, not identified, or in bad condition Sos1=5.0 Spe=1.0 - 25.0
stiffening - Brick faqlts abov_e the baseme_nft
Existing and in good condition Sos2=1.0
Non-existent, not identified, or in bad condition Sos2=5.0
Soa = Soa,1% Soa2
Potential local failure mechanism of the fagades (Achs 2011) according
to the load factor Ag (D’Ayala and Speranza 2002)

805 ﬂo <0.25 805 =1.0 _ _
Local failure 0.25< 4y <0.50 So5 = 5.0 S0 =1.0-200
0.50< 49 <0.70 Ses = 10.0
Ao =0.70 Ses = 20.0

Exposed secondary structures such as chimneys, sculptures and statues
of the fagade, cornices, etc.
Sos Number Exposure to the public
Secondary 0 Ses = 0.0 Ses = 0.0 - 20.0
structures <3 low / high Ses = 1.0/5.0
3-6 low / high Ses = 5.0/10.0
>6 low / high Ses = 10.0/20.0
Local soil conditions classified according to ON EN 1998-1 (2005)
Soil class A Se7=1.0
So7 Soil class B Se7=25 _ i
Soil condition Soil class C Se7=5.0 S0 =10-10.0
Soil class D Se7=7.5
Soil class E Sg7 =10.0
Sog Score depending on the location of the building and type of foundation. S.=10-10.0
Foundation  For details see Table 2.2 08— = '
Sog - - - _
State of State of preservation of the structure (ceilings, columns, brick-masonry, Sy = 0.0 - 30.0

preservation

etc.). For details see Table 2.3

Structural Parameter (total score)

SP = Zglsm
i=1




Table 2.2. Foundation: Parameter Syg

20M-22" district of Vienna;

st qrd _ qgth rd it
1%, 37 - 19, 23" district Building located in the area

Foundation type

of Vienna of historic waters
Shallow foundation, embedding depth > 0.65 m S =1.0 Seg = 2.5
Shallow foundation, embedding depth < 0.65 m Sos = 2.5 Sps = 5.0
Wood pile foundation Sos = 5.0 Spg = 10.0
Unknown Ses =25 Sos =10.0
Table 2.3. State of preservation: Parameter Sy

Extent of damage Very high High Moderate Low Very low  No damage
Basic score BSyg 15.0 10.0 75 5.0 25 0
Structural element Factor FSyg
Roof structure (Ingress of water, damaged connections) 1.00
Cornice (cracks, deposits on cornice, condition of the eaves purlin) 1.25
Top ceiling (moisture, other damage) 1.75
Standard storeys: ingress of water 1.75
Standard storeys: Cracks 1.25
Staircase (damage at the support of the stairs, joint between the stairs, condition of

. 1.25
the supports of the stair head)
First floor (damage of load-bearing elements) 2.00
Basement 1.75
Building equipment and appliances (connections, condition) 1.50

Sgg = max ( FSgg x FSog)

A high score implies a large impact on the seismic vulnerability of the considered building. Thus, as it
can be read from Table 2.1, the most important individual parameters, which can be directly related to
earthquake-induced damage, are the regularity of the building in elevation and the state of
preservation. The sum of the scores of the individual parameters Sp; to Sp Yields the Structural
Parameter SP of the inspected building.

The Damage Relevance DR is composed of five individual parameters, denoted as Dgy, Dy .... Dgs, t0
evaluate the social and economic influence of earthquake-induced damage on the inspected building.
An overview on the content of the Damage Relevance, and the description and quantification of the
individual parameters are outlined in Table 2.4. One of the main parameters of the Damage Relevance
is the number of exposed persons within the inspected object.

2.3. Classification
The categorization and prioritization of Viennese brick-masonry buildings is based on the combination

of the Damage Relevance DR and the Structural Parameter SP. To this end four vulnerability classes
have been adopted (Achs 2011), depending on the benchmark of SP and DR as specified subsequently.



Table 2.4. Set of parameters describing the Damage Relevance DR

Parameter Description Benchmark
Do1 Number of endangered individuals within the inspected object
Human (estimation accepted in case of limited accessibility of the Do: = no of individuals
exposure inspected object).

Importance of the inspected object according to ON EN 1998-1

Do, (2005) ranging from importance class 11 to 1V.
Building - II:  Ordinary residential buildings Dy, = 1.0 Dy, =1.0-50.0
importance - I1I: Schools, assembly rooms, etc. Dy, =10.0
- IV: Hospitals, etc. Dy, =50.0
Do3 Useable living area (ULA) multiplied by the potential price per ULAPrice RLT
Economic m2, and consideration of the remaining life time (RLT) of the D. =

importance inspected object. 03 100000 25

Real assets at risk (building content)

Dgs = - Low risk: residential buildings Dos=1.0 Do =10-10.0
Material assets - Medium risk: archives and libraries Dy, =5.0 04~ = '
- High risk: museums, etc. Do, =10.0
Effects of building collapse or partial collapse on the
Dgs environment of the building
Effects onthe - Low exposure Dgs = 1.0 Dgs =1.0-10.0
environment - Medium exposure: exposure of pedestrians Dgs =5.0
- High exposure: exposure of important infrastructure Dgs = 10.0
5
Damage Relevance (total score) DR = Z D,

—  Vulnerability Class I: SP <50 and DR <50
—  Vulnerability Class II: 80 > SP > 50 and DR < 100
or

100 > DR > 50 and SP < 80

— Vulnerability Class IlI: 140 > SP >80 and DR < 150
or
150 > DR > 100 and SP < 140

—  Vulnerability Class IV: SP > 140
or
DR > 150

If a building is categorized in Vulnerability Class I, its damage potential under seismic loading is low.
In contrast, the seismic risk of a building in Vulnerability Class IV must be assessed in more detail
because it is very likely vulnerable to earthquake excitation. Fig. 2.1 visualizes the separation of the
individual Vulnerability classes as a function of the Damage Relevance DR and the Structural
Parameter SP.

The limits of the individual vulnerability classes are based on a calibration of the outcomes of an
initial application of this RVS methodology on a set of 18 Viennese brick-masonry buildings. In this
connection the state of preservation, structural system, dynamic behaviour, and socio-economic
parameters of those buildings were known in advance from detailed in-situ investigations,



experimental tests and computations. The buildings distributed across the historic city centre of
Vienna should represent a wide range of evaluation parameter possibilities. A comprehensive
description of those buildings, results of the application of the RVS methodology and outcome of the
calibration is given in Achs (2011).

2.4. Inspection Form

A standardized inspection form has been prepared to simplify the on-site visual screening of Viennese
brick-masonry buildings. The form guides the surveyor through the screening procedure step-by-step,
and it supports the inspection. After digitalization of the data the Structural Parameter SP, the Damage
Relevance DR and the classification of the inspected building into a particular vulnerability class is
evaluated automatically. For details refer to Achs (2011).

3. APPLICATION
3.1. Test Area

The proposed RVS methodology was applied in a large-scale experimental investigation. Therefore,
an adequate test area was chosen in the 20" district of Vienna including a set of 375 historic brick-
masonry buildings. A site plan of the test area is shown in Fig. 3.1 with the inspected objects
highlighted in red. It can be seen that the historic brick-masonry buildings are the predominant object
type within the test area. In particular, whole blocks of buildings have remained homogenous since
their construction in the 19" century. The inspection of the buildings was performed continuously
within a time period of three months.
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Figure 2.1. Vulnerability classes presented as a function of the Structural Parameter SP and the Damage
Relevance DR



Figure 3.1. Map of the test area in the 20" district of Vienna. Inspected historic residential buildings
(highlighted in red)

3.2. Results

In Fig. 3.2 the Damage Relevance DR is plotted against the Structural Parameter SP for each inspected
building of this large-scale application. This figure reveals that the outcomes of the experiment show a
precise separation of Vulnerability Classes 1l and IV either in terms of the Damage Relevance DR or
the Structural Parameter SP. Hence, inspected objects classified in Vulnerability Class IV either have a
comparatively high Damage Relevance DR, predominantly caused by the high number of exposed
persons within the building, or have a very high Structural Parameter SP, which can be only generated
by an irregularity in elevation. According to Fig. 3.2 most of the inspected objects were classified in
Vulnerability Classes Il or 111, without any precise separation between those classes. The main reason
for that is the relatively large number of different individual parameters, which enter DR and SP, and
hence, the benchmarks of a single parameter at a specific building may vary significantly. The
comprehensive results of each inspected building and any evaluated parameter can be found in Achs
(2011).

4. CONCLUSIONS

The Rapid-Visual-Screening (RVS) methodology is a fast and widespread method for seismic
assessment of existing buildings. Recently, a RVS technique for historic brick-masonry buildings in
Vienna was adopted, due to the fact that those buildings represent the predominant type of
constructions in the city centre of Vienna, and so far there was no information about their vulnerability
under seismic actions. The developed methodology consists of a visual inspection form and the
subsequent evaluation of several parameters to capture the effects of possible damages on the
environment and to describe and classify the structural behaviour of the building under earthquake
loading. Subsequently, the buildings are classified into four vulnerability classes to prioritize the
building stock by using the evaluated parameters. In a large-scale investigation a set of 375 historic
brick-masonry buildings was evaluated by the proposed RVS methodology. The results of these tests
were integrated into a local seismic building vulnerability map. The evaluated vulnerability maps give
useful information for emergency and evacuation planning as well as for identification of critical
objects and further investigations.
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