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SUMMARY:

Switzerland is a country of moderate seismicity #redtherefore typical problems among the projesponsible
people: a low awareness of the seismic hazard atibag underestimation of the seismic risk. Seistgsign
of the building structure according to the Swisslding codes could be widely implemented among Swis
engineers. The seismic design of nonstructural efesnon the other hand is still widely ignored. Bhaation is
complex because responsibilities are not clearexpected safety levels are not fixed. An intensdodue and
decision making are needed from all project peapsponsible: owner, architect, specialisede plannin
consultants and building contractor.
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1. MOTIVATION

Despite of the requirements for seismic designaufstructural elements in the actual Swiss Building
Codes SIA until this day there are no basics ferregmlization and control of nonstructural elements
and building equipment in Switzerland. Thereforeagally no analysis of the earthquake resistance of
nonstructural elements takes place even thoughe tiedmments exist in every building type —
residential or office building, shopping centre @ement or industrial halls.

Beside the obscure responsibilities and the misgirggnmotion among project people responsible
another major part of the problem are indiffereramgvenience or conscious ignorantée seismic
risk is needlessly increased on a constant base.

Analyzing the actual situation the coordinationtcainat FOEN decided to work on a publication to
fill the gaps: basics for the project practitiofecusing on useful approaches and procedures eclear
knowledge about responsibilities and a huge cati@ad demonstrative examples of fastening details.

The publication was developed inside a accompangiogp of experts and specialized practitioners
from different technical backgrounds. The documaititbe published through FOEN by the end of
the year.



2. SEISMIC HAZARD IN SWITZERLAND

Seismic hazard in Switzerland can be classifiethederate. Therefore strong earthquakes may occur
but considerably less frequently than in highlyetitened zones, like Turkey or ltaly. Oot of the
national angle there is a greater hazard levdierMalais, the Basel Region, in Central SwitzerJand
the Engadin und in the Upper Rhine Valley.

Figure 1. Seismic hazard zones of Switzerland accordingadeCSIA 261 (2003)

In Switzerland, an earthquake of magnitude 5 orRiicbter scale and causing damage on a local scale
may be expected every 10 years or so. An earthqofkegnitude 6 causing damage on a regional
scale may be expected every 100 years or so. Aaegional destructive earthquake of magnitude 7 —
like the Quake of Basel in 1356 - may be expecteerye 1,000 years. In fact the majority of
earthquakes attain magnitude M < 3. On averageaftBcakes are registered every year that are felt
by the population, hence with a magnitude M > 4idbs building damage — structural damage at
vulnerable buildings - occurs starting from magaéu > 5. A strong earthquake with a magnitude M
> 6 starts seriously damaging structures of robuitling.

Damage to nonstructural elements already occuraiah lower magnitudes. Starting from magnitude
M > 4.5 considerable damage may occur dependinfp@lepth and the location of the epicentre of
the earthquake and the settlement and infrastrictfithe affected region. Nearly no attention goes
towards the potential of damage of small earthgsilakemall earthquakes can not only have
catastrophic impact, they are also much more freiguguch kind of earthquakes are likely to occur
even in the lower and the weakly seismic zonesvagtz8raland. The extent of damage of a smaller
earthquake in Switzerland will massivly dependlmndetailing of the nonstructural elements.



3. SEISMIC RISK IN SWITZERLAND

Seismic risk in Switzerland has to be consideratedugh and is — in oposition to the seismic hezar
zones — more evenly distributed over the countighWalues-at-risk appear in the agglomerations of
Berne, Zlrich or Sion. Reasons therfore are it tiirs big density in settlement, then the high tasse
values and after all the vulnerable infrastructibee to this earthquakes have the highstes damage
potential among naturals hazards in Switzeralnd.

Figure 2. Seismic risk in Switzerland and factors of inflaer(Source: SED)

In fact the parameter capable of being influencethe risk equation is the vulnerability of the Ssvi
building stock.

95 % of the buildings were built before 2003, hehefore the introduction of the actual Swiss
building codes. Because of high quality in condtacand wind design old buildings that weren’t
designed to resist earthquakes show a certain fioali@l seismic safety. But it must be assumed that
a lot of the existing buildings especially the omath typical seismic “weaknesses” don't fullfithé
actual code requirements. Additionally among newmstiction it is to be doubted that code
requirements are kept. Reasons are the underdastimait the seismic risk and insufficient legal
obligations.

Paper length is to be not longer than 10 pagesidng summary, main text, all figures, tables and
references



4. OBJECTIVE

Beyond controversy the main goal of seismic desagd construction of structures is avoiding
casualties through building collapses caused by-stvengthening the structure.

But buildings do not only consist of the structuMext to the structural elements a number of
nonstructural elements of the interior fitting, tH¥ACR, the building exterior and the furnishingear
directly or indirectly connected to the structure.

Therefore, also beyond controversy, the secondaa/rgust be the avoidance of property damage that
can already occur at small earthquakes and danmaggractural elements to a considerable financial
extent.

Figure 3. Typical nonstructural damage (Source: FEMA)

The problem of earthquake safety of nonstructueahents is barely considered among project people
responsible. The earthquake damages of nonstrueferaents and the complexity of the problems is
not very well known in Switzerland and mainly unelimated. Therefore the necessity of seismic
fixations is rarely executed.

According to Swiss Code SIA 261, Section 16.7 “tiaretural elements that in case of collapse have
a potential to endanger people, damage the steuotuinfluence the operation of important facibtie
have to be designed considering this impact inolgidheir fixation or anchorage.

When the real behavior of nonstructural elementanrearthquake has to be reviewed, the expected
level of performance of every single element durargl after the event has to be analyzed and
discussed. Of course these requirements directigrabon the building requirements:

Best behavior Fully operational
Immediate occupancy
Damage control
Life saftey
Risk reduction

Worst behavior No requirements

It is often misjugded that the seimic detailingnohstructural elements is massivly responsibléHer
maintenance of the functionality or the oparatidntiee building. In most of the cases a small
investment causes an enormious increase in therpehce of the nonstructural elements and a
massiv gain of safety.



5. DELIMITATION

In general all buildings have to comply with thdss@c requirements of the actual Swiss SIA
buildings codes — structural and nonstructural elemn

The publication will treat the most important greugd nonstructural elements (archtectural, HVACR,
interior). Most of the elements, p.e. partition ivaéxist to a large extent in every builing type.

Nonstructural elements cannot be considered indigenof the building. Depending on type and
function of the building the damage requirementegatals the same element can be totally different. a
The consequences of a destroyed water pipe in rdmgeake can be taken as an example: one time
thenpipe is in a hospital and one time in a redidebuilding.

6. PUBLICATION

To raise awareness of the topic the introducingpteia will define the systematic of nonstructural
elements and their major difference in behavior.

The origin and consequences of the influence ofs#ismic phenomenon on nonstructural elements
will be also explained.

A procedure to approach the evaluation of the aecdeplamage level and the possible damage
behavior of nonstructural elements is presented.

The main part of the publication are examples @fhgie detailing of nonstructural elements and their
fixation and anchorage.

The primary target audience are the non-engineejeqtr people responsible: building owners,
architects, specialized planning consultants anittibg contractors. The goal was to produce a
nontechnical documentation that focuses

Knowing how unaware the engineers also are of thblgm, the publication is considered as the first
more superior sensitization in that topic in thastauction world in Switzerland.
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