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Abstract

Earthquakes are rather rare in Croatia. Therefore, citizens of Croatia are less motivated in
understanding the earthquakes than the citizens of e.g. California or Japan. Unfortunately, this
results in difficulties which civil engineers have in fulfilling the requirements of clients and even
architects. Additionally, in education and lifestyle, Croatia is traditionally oriented towards Austria
and Germany, northern countries where the earthquakes are not significant for the stability of the
buildings. That is why the corresponding subjects were included in the civil engineering curricula
in Croatia rather late. Also, this is why many of the family houses have been often built without
any engineering support. Even after the March earthquake damaged a considerable number of
family houses and older buildings in Zagreb and the surroundings, the citizens in general still
do not understand that a stronger earthquake could be expected and they do not recognize the
difference between the reparation of the cracks and improvements of the structural stability. The
response of the Government showed that the community is ready to help people who lost their
homes in the March earthquake, even those whose apartments or houses suffered damages.
It is clear that a similar response could be expected in case other parts of the country got hit by
an earthquake. It is good to bear in mind that preventing damages of this kind is several times
less expensive than dealing with the damages. Therefore, it would be advisable to invest in
retrofitting the older buildings and family houses. The paper suggests education for the citizens
of Croatia to facilitate the understanding of the importance of the civil engineering role. The paper
proposes an addition to the education of architects to ease communication with the structural
and geotechnical engineers. The paper proposes elements of education for the civil engineering
study programmes and the graduated civil engineers to help them deal with seismological data.
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1 Why would additional education be necessary?

The damages and phenomena following the Zagreb 22 March earthquakes, and Petri-
nja 28 and 29 December earthquakes had important impact on many people’s lives in
Croatia. Many of the persons in Zagreb or its vicinity, as well as in the Sisak-Moslavina
County lost their homes or their homes got seriously damaged, and the industry and
agricultural works suffered substantial losses.

How was it possible for an EU member to have this level of damages after all the stan-
dards were in place, prepared by the best experts from all around Europe? Well, like in
many other areas around the world, the new standards rarely get applied to the ol-
der buildings and houses. Therefore, the older buildings and houses, built before the
new standards were adopted, often suffer damages or collapse even in the areas of the
world that are used to earthquakes. Sometimes we get alarmed and encouraged. The
M6.9 Loma Prieta earthquake in 1989 and M6.7 Northridge in 1994, gave an important
incentive to various organizations and individuals to start retrofitting bridges and buil-
dings and preparing them for the next big one. However, for the right set of actions, we
need to understand the interaction between earthquakes and buildings — which may be
quite impossible without proper education.

The necessary insights are, of course, different from role to role, and it is important
to have proper trust in other professions — but also to value both their competences
and their limitations. It appears that without proper understanding no true improve-
ments could be done. One of the examples was the initiative to upgrade the energy
efficiency in the existing buildings in the recent years — forgetting about the certainty
of new earthquakes and the necessity to improve the structures. At the same time,
numerous fountains and monuments have been built in the capital of Croatia — while
all the hospitals, many schools and other significant buildings, as well as bridges etc.,
were in need of improving their structures. A new hospital was to be built in Zagreb, but
its completion was, unfortunately, stopped after the main structure was built — which
is still in good condition, while the buildings of the most of the hospitals in Zagreb need
retrofitting or replacement. One of the open issues is the certainty that in a foreseeable
future Zagreb should expect an earthquake quite stronger than felt in the year 2020, an
M6.5 or similar. Therefore, repairing the damages and returning to the previous conditi-
ons is just a temporary, maybe a too expensive solution. Zagreb needs better structures
for many of its buildings. The same may be said for the vicinity of Zagreb, as well as for
many other areas in Croatia.
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2 Immediate response and decision to help and support restoration

For people in Croatia owning a house or apartment is quite important as other solutions
of living are expensive and often unpleasant. Therefore, many people engage a big por-
tion of their income, take loans and suffer for years to allow their families, and future
families of their children, to live in nice houses and have proper safety in their lives.

In the cities, apartment buildings are quite common, but in the suburbs and in villages,
many people live in family houses, and in many cases, those were built or rebuilt by
their owners, or with some support not-adequately educated. Family houses are rarely
designed by engineers. Many of such houses suffered badly in the recent earthquakes,
as well as older buildings built before appropriate standards were developed.
Volunteers from all over the country started gathering in a couple of hours after the ear-
thquake to lower the dangerous chimneys, improve the roofs situation, help in all ima-
ginable ways, but also to inspect the houses safety, give psychological support, cook,
bring food, clothes, toys, etc., as well as to provide caravan trailers, container houses,
houses. The law was passed promising financial support to those who lost their homes
or those that were damaged, although there are some differences in the level of the
promised restoration. It is important to note that the community, both as individuals
who quickly organized themselves, and as the state, decided to compensate for the lost
homes and make sure that the citizens affected by these earthquakes get decent places
to live. This will mean substantial costs to the EU and Croatia, but it certainly seems
proper not to abandon the victims of a natural catastrophe. It is important to notice here
that the reparation may be several to many times more expensive than prevention of
the earthquake damages. [1]

It is important to keep in mind that many parts of Croatia may expect strong earthqua-
kes in the future and that there is a substantial number of buildings and houses which
need retrofitting.

3 Role of civil engineers

Although civil engineering has been an almost invisible profession for decades, the
structural engineers came into focus of media after the earthquakes in Croatia, as they
volunteered, together with many architects — from the first hours after the events — in
evaluating the safety of the damaged buildings and houses. It became clear very soon
that many of the buildings built without the engineering support behaved very badly
and had a lot of damages or even collapsed. Most of the citizens understood quickly
that the engineers (structural engineers) were needed to give them approval to continue
living in their homes, or no approval so that they have to leave them.

The Croatian Centre for Earthquake Engineering (Hrvatski centar za potresno inzenjer-
stvo) [2] was established ad hoc by the experts in structural engineering, earthquake
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engineering and in damage recognition. The education for the younger or less experien-
ced colleagues was prepared, so more than 1,000 volunteers contributed to the wellbe-
ing of the citizens and worked on preliminary inspection quickly and diligently.

In the Petrinja earthquakes, another series of problems appeared: numerous cases of
liquefaction under houses and in the field, landslides and cover-collapse sinkholes. The-
se events turned the spotlight on geotechnical engineers and geologists.

Geotechnical engineering should be present also to recognize the possible amplification
of the earthquake effects on the buildings on soft soil. Famous are the damages in the
Mexico City in 1985 event M8.0, some 400 km from the epicentre — due to the amplifi-
cation on the soft deposits under the city.

Geotechnical engineering should be also present to recognize the dangers of liquefacti-
on and landslides and to prevent those problems, or deal with them should they occur.

Actually, geotechnical investigation should never be forgotten.

Hopefully, civil engineering and geotechnical engineering, with the support of geology
and seismology, will retain the deserving importance after being suddenly recognized.

4 OQur cities in the past, present, and in the future

Having a history connected with Austria and Hungary, many of our former engineers
and architects came from those countries or studied there, where the earthquakes do
not significantly influence the building safety. Therefore, many of the Downtown buil-
dings in Zagreb and Petrinja were built without considering the earthquakes and with
more or less rich decorations, and contrary to the suggestions of the great Andrija Mo-
horovici¢, who already after the 1880 Zagreb event warned of the dangers from the
falling sculptures etc. [3] as seen in Figure 1 after the 2020 event.

In the meantime, the situation of those beautiful buildings deteriorated — the material
aged while various windows or doors got opened up, or walls removed, without proper
care for the stability.
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The 1962 Makarska M6.1 brought again the awareness of the earthquakes into our
lives. The 1963 Skopje M6.1 event provoked the creation of new standards, which
allowed the newer buildings to be safer and their behaviour in recent events better.
However, even the 1969 Banja Luka M6.0 and 6.4 events were not sufficient to turn the
understanding of the public to the downtowns built before.

Joining the European Union and adopting the Eurocodes increased the requirements on
the design of buildings but, unfortunately, without much reflection on the 19* or the
first half of 20™ century. Many of those buildings were damaged in March 2020. Some
of them are being repaired, some of them strengthened.

However, even some newer buildings got damaged and many might be seriously da-
maged in the stronger earthquake that may be expected. Unfortunately, still in the re-
cent years structural engineers have difficulties in persuading some of their colleagues
architects, and various investors to allow for better structures, as the behaviour of a
building depends decidedly on the design, not only on the calculations.

5 Behaviour of structures in earthquakes and their design

Almost each big earthquake gives new insights and allows the design rules to be im-
proved. However, the importance of the structural simplicity has been recognized a long
time ago, together with the importance of regular stiffness distribution, uniformity,
symmetry and redundancy, regularity in elevation and in plan, minimizing weights, etc.
The behaviour of buildings may be regulated by pendulums, dampers, isolators, etc. [4].
Less fortunate buildings — with irregular plans and without proper reinforced concrete
elements — suffered serious damages or collapsed. Two examples shown in Figure 2
witness our need to close the walls and to highlight the edges — but it was done only as
a decoration, not structurally.

Figure 2. Unfortunate houses in Petrinja illustrate the need to hem the walls — which was done only
visually, not structurally
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6 Education of civil engineering before, now and in the immediate
future

Quick education prepared by the Croatian Centre for Earthquake Engineering [2] was
sufficient for the young colleagues to inspect the damaged houses and categorize them.
Nowadays, the retrofitting of many buildings is starting and new experts are going to
be necessary. Many engineers with appropriate experiences and competences never
stopped working, but the need in demanding structural design got high.

It would be recommendable for all the institutions teaching civil engineering to revise
and expand their programs with earthquake engineering. The same is valid for the pro-
grams offered to the chartered engineers. Geotechnical earthquake engineering should
not be forgotten on both levels with additional geology and seismology, earthquake
effects, basic soil mechanics if necessary, appropriate field investigation and laboratory
testing, stress-strain models, liquefaction, slope stability problems, bearing capacity
and settlement of structures, retaining walls and seismic zonation. Some elements of
seismology to better understand the uncertainties would be valuable addition.

One of the weaknesses of civil engineering designers is low assertiveness and adding
subjects on communication skills as a welcome addition to the curricula. Many of the
communication problems, however, that structural engineers have with architects,
might be attributed to the too small overlapping in education.

7 Does the education of architects need to be expanded?

Japanese architects are at the same time structural engineers. Architects in Croatia, on
the other hand, in spite of the rich program about structures in their curricula, often lack
the understanding of the intentions and requirements given by structural engineers.
Encouraged to be imaginative and original and artistic, some architects forget about
the importance of stability, and especially of the stability in an earthquake and long
series of aftershocks. The rules for the design in seismic conditions are simple, but very
important. One of the most important recommendations is to keep the distribution of
stiffness wide enough and the plan simple and symmetrical.

To cope with insisting on symmetry, colours, for example, may be used to give the ne-
cessary visual individual qualities, as obvious on the famous “Viti¢” building designed by
the architect lvan Viti¢ and shown in Figure 3.

Additionally, very important are many details which are usually to be decided by archi-
tects, but are crucial for the behaviour of structures. For example, parapet walls, as in
Figure 4, may shorten the column in between making it stiffer and loading it with bigger
force. If not designed appropriately, the structure does not correspond to the calculati-
ons of the civil engineer. This is why it is vital that architects take part in the communi-
cation with the colleagues while designing a building.

In the Petrinja earthquake the wooden houses— light and flexible — behaved very nicely,
like the one in Figure 5, however old it is.
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Figure 4. An example of short column [6], an explanation, and an example of soft storeys [7] illustrating
the need to coordinate closely the work of architects and structural engineers

Figure 5. Wooden house in Mecencani, on the fault of the December earthquake, without any damage.
Wooden houses in the area suffered occasional plaster peeling, but generally no structural
damages

Urbanists are too often not interested in the ground conditions. However, the wide-
spread liquefaction in the Sisak-Moslavina County, and numerous sinkholes that sud-
denly opened in and around Mecencani, show that the urbanists should get involved
with geotechnical engineers, who are to work with geologists and geophysicists before
deciding on the future plans for new settlements.
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Figure 6. Two of the cover-collapse sinkholes in Mecencani. Widespread liquefaction in the December
earthquake [8]

In a similar way, architects should be aware of the requirements that actual ground
conditions, as well as landslides etc. could pose to the foundations.

Figure 7. Three photos from Petrinja: a manhole filled with sand due to liquefaction, ejecta on the other
side of the house and the consequent cracking; cracks around the balcony due to settlement
caused by liquefaction across the street. Two photos from Brest Pokupski: a cracked house and
thick layer of ejecta after liquefaction - the crack spread through several yards and filled several
houses with up to 50 cm of sand

Figure 6 shows two sinkholes of the kind known in the area, but not in such a number
as after the earthquake — obviously facilitated by many aftershocks and wet weather,
occasional snow which contributed to the high water content of the soil after rapid tem-
perature rise. Figure 7 shows two houses in Petrinja and one in Brest Pokupski after
the dramatic liquefaction in the area followed by settlements and cracks in hundreds
of places in the area. Having all this in mind, it is proposed to expand the curricula for
future urbanists and architects with the following (foreseeable required time suggested
in the parentheses):
- Appropriate earthquake engineering:
= earthquake nature, causes, and variability in foreshock and aftershock series, (2
hours);
= Gutenberg-Richter's frequency-magnitude relation showing uncertainty of the
maximal magnitude, (1 hour);
= magnitude and intensity in several scales with comparisons, (2 hours);
= the main rules of aseismic design, including importance of proper detailing, (9
hours);
= dealing with furniture etc. [9] [10], (2 hours);
= basic assumptions of calculations, (4 hours);
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- Basics of soil mechanics and geotechnical engineering:
= problems which could be encountered (landslides, excessive settlements including
soil failure, liquefaction, amplification), (2 hours);
= the necessary main contents, methods and possibilities of geotechnical investiga-
tion, explaining the variability in the ground and its importance, (2 hours);
= the main properties of soil and rock, with emphasis on the uncertainties, (4 hours);
= ways to avoid various geotechnical problems, in comparison with the costs of deal-
ing with the possible damages, (2 hours);
- Seismic zoning and geology for urbanists:
= importance of faults recognition, irregularities i.e. periodic occurrence of earth-
quakes, (2 hours);
= problems caused by building on the faults, and solutions, (2 hours);
= roads, railways, lifelines crossing faults in earthquakes, (2 hours);
= seismic zoning and codes, (2 hours);
= landslide prediction limitations and current solutions, (2 hours).

The suggested time necessary for these contents is estimated on the experiences in
teaching of Earthquake Geotechnical Engineering at TUAS in Finland (first author), and
Earthquake Engineering at the Zagreb University of Applied Sciences (second author).

8 What should citizens know on earthquakes and earthquake
engineering?

Just after the 2020 earthquakes in Croatia, television and newspapers were full of sta-
tements and explanations given by seismologists, geologists, geotechnical engineers,
civil engineers, as well as reporters, to satisfy the need for explanations, to calm the
weary citizens.

However, some of the given accounts got misinterpreted, and the sum of the stories
does not cover the full picture. At the same time, the citizens of Croatia deserve a pro-
gram which will teach the irregularities and uncertainties of earthquakes, and the me-
anings of the most frequently used terms — so that the reports on earthquakes would
become familiar like weather reports.

The second aim of the program should be to convince of the utmost importance of the
proper design and proper construction. The benefits of the involvement of architects
and civil engineers should be emphasised.

The third step should be giving the main rules for the construction of small houses. The
rules should not stop with the seismic effects, but take care of the rules everyone co-
uld follow to avoid landslides, problems with foundations and retaining walls, openings
and closing cracks on high plasticity clays, and similar. Such program could be prepared
through television, but in a systematic way, prepared by people who are devoted to and
experienced in education.
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The program could be given in the way the great Dr. Andrija Stampar [11] organized his
School of Public Health, but with contemporary means and dealing with the importance
of house stability (including foundations and ground) and the means to achieve it, pro-
per plumbing to avoid foundation problems and proper fixing of the furniture [9]. The
details are too numerous and exceed the contents of this paper.

9 How to obtain appropriate quality of the whole system?

The response of the citizens-volunteers through their help, of the state through the
new laws and organization of financial support, of the EU through the financial support,
show the importance of being loyal to the victims of natural disasters.

As the prevention of damages in earthquakes is many times less expensive than the
reparations [1], all the country should be engaged in the new levels of organized educa-
tion to avoid future unnecessary expenses.

The citizens should be prepared to turn to the engineering support or the support from
architects.

Architects should be prepared to understand the seismic and geotechnical problems
and to accept the cooperation with civil engineers.

Civil and geotechnical engineers — designers — should be prepared to understand the
seismological vagueness and architectural liberties.

Public administration should be prepared — by appropriate programs, or by employing
the graduated civil engineers — for the inspection of the designs which passed without
stricter revision.

Contractors and supervising engineers should be prepared to recognize vital details in
the designs and in the construction.

All parts of the system should be involved in the safety of buildings with full responsibi-
lity for their respective part of work and cooperation.

Laws and standards should be followed strictly.

All steps should be transparent and return the faith in the community and engineering.
Most of the mentioned undesired phenomena can be prevented, which is multiple times
less expensive than repairing the damages and losing the population.
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