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The Oligocene Sea of the Carpathian Basin

The basin’s floor structure is band-like, made up from sheets formed in 
a wide variety of geographical locations, which were partly welded 
together

The earthquakes in the Carpathian Basin are known 
since the year 463, a wide literature was (and still is) 
dealing with the earthquakes, structural dimensioning, 
hazard and vulnerability.

The study of an area’s seismicity and risk means the assessment of the 
past earthquakes. 

Geologicaly this region is a sedimentary basin of the
Tethys Ocean, from which the Carpathian Mountains 
emerged during the Alpine orogenic phase. 

The Seismicity of the Carpathian Basin and of the Region

The Pliocene Sea of the Carpathian Basin
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0.14 – 0.160.1275%0.50250 years

0.10 – 0.120.10 – 0.1275%0.50100 years

0.08 – 0.100.0875%0.5050 years

0.08 – 0.100.08 – 0.1075%0.00250 years

0.080.06 – 0.0875%0.00100 years

0.06 – 0.070.05 – 0.0675%0.0050 years

Peek acceleration (.ag [g])ProbabilityStandard 

deviation (σ)

Period

Cluj-NapocaGyır

The seismicity can be displayed probably in the best way through the 
expected ground accelerations between two distant cities: 

Cluj-Napoca, in the middle of the Transylvanian Basin, and 

Gyır, a major settlement in “Kisalföld” (Little Plane).



The horizontal peak acceleration values (g) with standard deviation σ = 0, considering 
75% probability of no exeedance within 50 years, in the Carpathian Basin.
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The horizontal peak acceleration values (g) with standard deviation σ = 0, considering 
75% probability of no exeedance within 100 years, in the Carpathian Basin.

The horizontal peak acceleration values (g) with standard deviation σ = 0, considering 
75% probability of no exeedance within 250 years, in the Carpathian Basin.

The horizontal peak acceleration values (g) with standard deviation σ = 0.5, considering 
75% probability of no exeedance within 50 years, in the Carpathian Basin.

The horizontal peak acceleration values (g) with standard deviation σ = 0.5, considering 
75% probability of no exeedance within 100 years, in the Carpathian Basin.

The horizontal peak acceleration values (g) with standard deviation σ = 0.5, considering 
75% probability of no exeedance within 250 years, in the Carpathian Basin.



isoseismal lines

Historical Earthquakes in the Carpathian Basin

Studies: 

Komarno earthquakes: J. Grossinger (1783), Kitaibel and Tomcsanyi (1814), 

Zilina earthquake: Kornhuber, Schmidt, Hunfalvy (1858) and Jeitteles (1859), 

Transylvanian earthquake: Koch, Schuster (1881), 

Zagreb earthquake: Hantken, Torbar (1882), Wahner (1883),

Ljubljana earthquake: Suess (1897)

Earthquakes in the Carpathian Basin during the 455 – 1995 period:

1880 - ’81: Earthquake Comission (Hungarian Geological Society) 

Measuring instruments placed in railway stations (R. Kövesligethy, F. Schaffarzik)

Réthly (1952): 455 – 1918, 1997 earthquakes,
Csomor and Király (1962): 1880 – 1956, 873 earthquakes,
Zsíros, Mónus and Tóth (1988): 5022 earthquakes,
Zsíros (2000): totally 20,478 earthquakes...



Komárom / Komarno (SK)8.05.647.76N, 18.12E1599.10.01

Háromszéki havasok / Vrancea Mountains (RO)7.05.945.70N, 26.60E1599.08.04

Vráncsaföld / Vrancea (RO)8.06.445.70N, 26.60E1196.02.13

Vráncsaföld / Vrancea (RO)7.05.945.70N, 26.60E1107.02.12

Savaria / Szombathely (HU)9.06.347.24N, 16.62E456.09.07

Historical Earthquakes in the Carpathian Basin

Major earthquakes during the years 456 – 1600:

Major earthquakes during the years 1601 – 1700:

Barcaság / Burzenland (RO)4.04.345.60N, 26.00E1681.11.24

Vráncsaföld / Vrancea (RO)8.06.445.70N, 26.60E1681.08.19

Vráncsaföld / Vrancea (RO)6.55.645.70N, 26.60E1660.02.08

Vráncsaföld / Vrancea (RO)8.06.445.70N, 26.60E1605.12.24

Háromszéki havasok / Vrancea Mountains (RO)8.06.445.70N, 26.60E1604.05.03

Háromszéki havasok / Vrancea Mountains (RO)7,05,945.70N, 26.60E1711.10.11

Gölnitz / Gelnica (SK)6,54,648.86N, 20.93E1703.07.28

Vráncsaföld / Vrancea (RO)7,56,245.70N, 26.60E1701.06.12

Major earthquakes during the years 1701 – 1800:

.m – measured magnitude; I0 – epicentral intensity

LocationI0.mEpicenterDate



LocationI0.mEpicenterDate

Historical Earthquakes in the Carpathian Basin

Major earthquakes during the years 1801 – 1900:

Major earthquakes during the years 1901 – 1995:

Vinga – Varjas / Vinga – Varias (RO)5.53.946.01N, 21.13E1900.01.29

Háromszéki havasok / Vrancea Mountains (RO)6.05.445.70N, 26.60E1802.11.07

Háromszéki havasok / Vrancea Mountains (RO)9.57.245.70N, 26.60E1802.10.26

Pozsega / Požega (HR)6.54.945.36N, 17.69E1995.08.25

Zaránd-hegység  / Zărand Mountains (RO)4.346.39N, 22.31E1995.02.02

Temesvár / Timisoara (RO)4.645.91N, 21.56E1992.03.02

Vejte-Grád / Voiteg (RO)7.55.645.47N, 21.18E1991.12.02

Háromszéki havasok / Vrancea Mountains (RO)8.06.645.85N, 26.66E1990.05.30

Háromszéki havasok / Vrancea Mountains (RO)8.06.945.54N, 26.31E1986.08.30

Berhida (HU)7.04.947.05N, 18.09E1985.08.15

Vráncsaföld / Vrancea (RO)9.07.245.77N, 26.76E1977.03.04

Háromszéki havasok / Vrancea Mountains (RO)9.07.345.77N, 26.73E1940.11.10

Komandó / Comandău (RO)7.06.245.76N, 26.42E1940.10.22

Vráncsaföld / Vrancea (RO)8.06.645.80N, 26.50E1934.03.29

Kézdivásárhely / Targu Secuiesc (RO)6.56.245.90N, 26.50E1929.11.01

Háromszéki havasok / Vrancea Mountains (RO)8.06.845.50N, 26.50E1908.10.06

Nagytorák / Begejci (SRB)7.05.045.51N, 20.64E1901.04.02



HUNGARIAN SEISMIC DESIGN SPECIFICATIONS

„Conventional static calculus“ (late 1800‘s), 
considering 2 kinds of inertial forces: 

- for long period oscillations: S1 = k1 · P

- for short period oscillations: S2 = k2 · P

(global coefficient multiplier: 1.50) 0,750,3750,1875c2 = 1.50 k2

0,1500,0750,0375c1 = 1.50 k1

½¼1/8k2

1/101/201/40k1

987

IntensityCoefficients

Dynamic design theory (mid 1900‘s):

b = as / ag → „modal analysis“ ηik =
xik · S Qk· xik

n

k = 1

S Qk· xik
2

n

k = 1

ME 95-72 and ME 95-74 (technical specifications): Seq ≤ ( S + P ) · 1.25

Sk = Q · k · b 0.8 ≤ b = 1 / T  ≤ 0.3

0.050.0250.010.005k

8765

n / 30n / 20n / 15T (s)

Clay and sand, 
loose soil

Clay, sand, 
debris

Solid, rocky, 
hard soil

Subsoil

self-oscillation approximation (n – nr. of storeys):

more precise calculation sample:

2·p·l2 m       1+2.25·e+1.3·e2

3.52 E·I      b
T =



MI-04-133-78 and MI-04-133-81 (technical guidelines):

S = Q · kg · ks · kt · bi · Yi · hi,k 0.8 ≤ b = 1 / Ti ≤ 0.3

max1
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except buldings with H < 50 m, where:

Building protection (importance) classes:
- I (extremely important buildings and structures),
- II (very important buildings and structures),
- III (important buildings and structures),
- IV (less important structures),
- V (small significance buildings).

0.1000.0500.0250.0100.005kg

98765intensity
Earthquake intensity factor:

Building protection factor:
0.500.701.001.401.60ks

VIVIIIIIIclass

Subsoil and 
foundation factor 
kt:

-1.301.10-Floating pile

1.301.151.00-Support pile

1.101.000.90-Base plate

-1.151.000.80Cup 

-1.251.150.90Pillar

-1.251.151.00Spread footing

Water-logged 
soft soils

Wet, less 
bearing soil

Medium 
quality soils

Rocky soils, 
coarse gravel

Subsoil conditionFoundation type

2,00Very low flexible structures, simple load-bearing walls with bond beams

1,66Very tall, slender objects (water towers, antennas, chimneys)

1,33Reinforced concrete structures with stiffening walls, core and frame combination concrete
structures, bearing walls, masonry with bond beam

1,00Reinforced concrete frames, steel frames, one-story industrial structures
ψStructure type



TS S-35 (1990): some novelty, but mostly repeating the guidelines of MI-04-133-81

MSZ ENV 1998-1-1 NAD (1998): 

Based on the elastic response:
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1st zone ag = 0.04 g,
2nd zone ag = 0.06 g,
3rd zone ag = 0.08 g,
4th zone ag = 0.10 g.

TT-TS 4 2003 – HSM: equivalent static method

tsgtsgSM kkkQqkkkQS ⋅⋅⋅⋅≥⋅⋅⋅⋅= 2,0/, β 5,2
1

≤=
ST

β

empirical formulas:
- wall and masonry TS = N (1 ± 0.5) / 25

- rc frame structure TS = N (1 ± 0.5) / 8

0.84. Inferior buildings (agricultural and 
provisional buildings)

1.03. Common residential and public 
building

1.22. High traffic building 
(train station, office building, theater)

1.41. Very important buiding
(hospital, fire station)

ksCategory of importance

1.4Granular and cohesive soil under water

1.2Dry granular and cohesive soil

1.0Rock, solid and dry gravel

ktSoil quality

design acceleration:   0.7· PGA(EC8)

or kg from the NA (EC8, ag zone value)



Calculation not 
required

Provisional building, less important 
structures

V.

877One-floor house, public and 
commercial building

IV.

877One-floor industrial, energetical 
building with more than 50 people 
capacity

III.

987Everything, except I, III, IV and VII.

988Monumental and very important 
building, structure

I.

987

Zone intensity
CharacteristicsClass

ROMANIAN SEISMIC DESIGN SPECIFICATIONS

Decision nr.84351 of the MLPC (1941): „Provisional instructions to prevent damage to buildings 

due to earthquakes and restoration of degraded” (9 pp)

Decision nr.60173 of the MLPC (1945): „Instructions to prevent damage to buildings due to 

earthquakes”, approved by the Superior Technical Council (in Journal nr.7/1945) (10 pp)

STAS 2923-58 (1958): „General design specifications in seismic regions. Seismic Loads”, by the 
Standardization Commission (Vol.1: 132 pp, Vol.2: 97 pp) – unapproved...

P.13-63 (1963): „Conditioning Standard for the design of civil and industrial buidings in seismic 

regions ”, approved by the CSCAS (39 pp)
∑ ⋅==⋅⋅⋅⋅=⋅=

n

i

kS QcSQKQcS ψεβ

02,0>ψεβ ⋅⋅⋅= SKc

SK

0.1009

0.0508

0.0257

KSZone 
intensity

6
9

8
7

7

7
7

0.6 ≤ b =  0.9 / T  ≤ 3 b = 1.25 · 0.9 / T  ≤ 3 b = 1.50 · 0.9 / T  ≤ 3

Admissable stress on the 
foundation soil, [ kg / cm2 ]:

s ≥ 2 s < 2 Weaker, wet, loose soil
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Equivalence coefficient (e) with load factor:

0.8Industrial buildings –
except nr. 1.

0.8Housing and socio-
cultural buildings

1.0Tanks, warehouses, 
elevators

Live load3

0.8Snow2

1.0Dead load 
(machines, equipments too)1

Load 
factorLoad type

1.53. Tall, flexible structure, isolated 
chimney, water tower, communi-
cation towers, towers

1.22. Rc frames, roof hinged to rc 
column

1.01. All buildings, except 2 and 3

ψStructure type

Damping factor (Y):
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Base shear force (mass proportional distrtibution):

Initial condition for 
simplified calculation:

or

502512.5Entire gravitational 
load on the console

Widespan console

1005025Entire gravitational 
load on the console 

Very loaded console

1005025Pillar stressesPillar-bearing beam

1005025Axial loadTensioned -
compressed element

987

Increase factor %Increasable load
or stress

Structural part
Any1.000.500.25

Balcony, gutter, industrial 
equipments on structural 

parts

Any1.400.700.35
Railing, exterior / interior 
decoration, low chimneys 

and towers

Perpendicular to 
the surface of the 

element
0.3000.1500.075Exterior, interior wall

987

Seismic load 
directtion

Dimensioning 
coefficient, c

Non-structural parts:

QcS ⋅=



P.13-70 (1970): „Standard for the design of civil and industrial buidings in seismic regions ”, 
approved by the MCI and the State Committee for Economy and Local Government (63 pp)

∑=⋅⋅⋅⋅⋅=
n

i

kS SQKS ϕψεβ

0.03---Provisional building, lesser 
important structure

IV.

0.050.030.02-One-floor housing, public, 
commercial or industrial building

III.

0.080.050.03-Everything else not in I, III, and IVII.

0.120.080.050.03High priority building: monumental, 
artistic, cultural, primary importance 
by earthquake, economically major 
priority 

I.

9876

K
S

/ Seismic zoneBuilding, structureClass

00,2
8,0

60,0 ≤=≤
T

β

1.2Anything else not 
above

2.0Water tower

1.8Tall, flexible structure, 
isolated chimney, tower 
or tower-like

1.3Masonry wall structure

1.2Rc wall structure

1.0Frame structure

ΨStructure type

By the equivalence coefficient, higher modal shapes could be 
taken into account:
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Condition by the first 
vibration mode:

1.5Clayey soil, sandy clay, low consistency sand, higy 
humidity (w> 20%) loess, high groundwater level

0.8Rock, compacted gravel, or other consolidated ground

1.0Common, natural soil

φ factorFoundation ground type
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11402
H

H
Tc

H

H
Tcδ

Most positive aspect
- seismic gap calculation between

side by side buildings [cm]:

The lessons learned from the 4th March, 1977, earthquake has led to a new intensity zone map and 
to new design specifications.



P.100-78 and P.100-81

QKS rSr ⋅⋅⋅⋅= ψεβ

6

2

1
6
7
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1
7
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8
9

SK6

2

1
6
7

2

1
7
8

2

1
8
9

SK

0.320.260.200.160.120.090.06KS

98½87½76½6Seismic zone i.

0.07   (P.100-81)

Importance classes: 
- high (z.i.+ 1), 
- medium (z.i.), 
- low: a, b (z.i.- 1), c (no)

0.75 ≤ br =  3 / Tr ≤ 2.00Natural soil:
Rocky, compacted gravel, 
consolidated hard soil:

0.75 ≤ br =  0.8 · 3 / Tr ≤ 2.00

Clayey, sandy,wet, loose soil: 0.60 ≤ br =  1.3 · 3 / Tr ≤ 2.50

0.35Water towers

0.35Tower-like buildings, chimneys

0.25Tanks, bunkers, reservoirs

0.20
0.15

One-floor industrial buildings  - with 1 aperture,
- with more apertures

0.25
0.15

Multistorey frame structure  - with 1 aperture,
- with more apertures

0.30
0.25

Rigid wall structure, combined wall and frame structure
- GF + 4F, H ≤ 15 m,
- GF + 5F or more, H > 15 m

ΨBuilding, structure type
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π
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Seismic gap calculation 
(between side by side buildings)
considering higher vibration 
modes too:

P.100-90 and P.100-92

Relative drift: HL / 200, HL / 150

GcS rr ⋅=

ψεβα ⋅⋅⋅⋅= rrSr Kc

2 maps:
- Tc (corner period),
- new protection zones

0,81,01,21,4α

IV.III.II.I.

I. - vital buildings (must function during 
and after earthquake).

II. - buildings playing role in damage 
limitation, after-effects liquidation.

III. - buildings not in other categories 
IV. - less important, minor buildings

0,080,120,160,200,250,32KS

FEDCBA

Macroseismic protection zone
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Dynamic coefficient:

Form factor in relation to the 
mass and vibration mode:
The stiffness and mass center → torsion

- changed shape:

M = S · e ;    e = e1 ± e2 → base shear force reduction

Studies of the 10.11.190 and 04.03.1977 earthquakes  → isoseismal lines (STAS 11100/1-77)

br = 2.5 Tr ≤ Tc

br = 2.5 – (Tr – Tc ) ≥ 1 Tr > Tc

Chapters 11 and 12 from P.100-92 were modified and extended in 1996 (by MLPAT)



P 100-1-2006

Reference PGA (agR, MRI = 100y) zone map: Control period (Tc) zone map:

(Banat)
Different 
response 
spectrum

233TD [s]

1,61,00,7TC [s]

0,160,100,07TB [s]
MRI = 100 y

for ULS

Z3Z2Z1zone:

Tc control period valuesMedium Recurrence Interval 
for the Seism Magnitude

Soil classification is according to the EC8
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Elastic response spectrum:
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Vertical oscillations: TBv = 0.1 TCv TCv = 0.45 TC TDv = TD

Reduction factor:  q = qm· qS = qm ·qSd ·qR

Design spectrum:



Sample structure...

5-storey house with cell structure (2.75 m floor height), made from:
RC walls (15 cm thick) with frame structure (30 x 45 cm columns, 25 x 30 cm 
transverse beams, 20 x 30 cm precast facade beams), 12 cm thick precast slabs 
(on top with a 13 cm thick soundproof stratification). 
15 cm thick AAC (Ytong) insulating masonry on the walls, 30 cm thick on the facade.

(θ)(Y)(X)(θ)(Y)(X)(θ)(Y)(X)

0,0240,0260,0320,0410,0520,0650,1480,2120,345T [s]

3 21

Time period [s]



24.863 km
22.9011147.79Satu Mare22.6823547.83503Csenger 

40.769 km
22.4668747.6911Carei 22.1302647.8354Nyírbátor 

25.795 km
22.1347.52Valea lui Mihai21.8983747.5266Vámospércs 

23.445 km
22.1047.35Săcuieni21.8919147.38248Létavértes 

22.838 km
21.921147.0722Oradea21.724747.1315Biharkeresztes 

13.665 km
21.51646.5225Chişineu Criş21.26946.643Gyula 

35.220 km
21.31746.184Arad21.016646.833Battonya

18.131 km
20.7546.167Nădlac20.81846.315Mezıhegyes 

22.962 km
20.63046.0723Sânnicolau Mare20.48346.217Makó

L.E.L.N.ROMANIAL.E.L.N.HUNGARY

L.N. – Latitude; L.E. – Longitude.

Near the state-borders...

Geographical locations

P100-1/2006; SR EN 1998-1:2004; 
NA:2006 * IMR = 100 years

MSZ EN 1998-1:2008

1.70690.174Satu Mare0.9810.10Csenger 

2.84490.29Carei 0.9810.10Nyírbátor 

2.84490.29Valea lui Mihai0.9810.10Vámospércs 

2.84490.29Săcuieni1.17720.12Létavértes 

1.70690.174Oradea1.17720.12Biharkeresztes 

1.13800.116Chişineu Criş0.9810.10Gyula 

2.19740.224Arad0.9810.10Battonya

2.19740.224Nădlac1.17720.12Mezıhegyes 

2.19740.224Sânnicolau Mare1.17720.12Makó

[m/s2][.g]ROMANIA[m/s2][.g]HUNGARY

1.831.451.20.730.5Transylvania

1.651.41.20.750.6Banat

2.01.51.20.70.4Vrancea 

ag(95y) / 
ag(100y)

ag(475y) / 
ag(100y)

ag(225y) / 
ag(100y)

ag(50y) / 
ag(100y)

ag(30y) / 
ag(100y)

PNCR = 39% probability under 50 years in Romania, considering TNCR = 100 
years of return period.



0.3110.0620.1100.2845Satu Mare
0.1410.0390.0820.108Csenger
0.51801020.1840.473Carei 
0.1410.0390.0820.108Nyírbátor
0.51801020.1840.473Valea lui Mihai
0.1410.0390.0820.108Vámospércs
0.5180.1020.1840.473Săcuieni
0.1690.0470.0980.129Létavértes
0.3110.0620.1100.284Oradea
0.1690.0470.0980.129Biharkeresztes
0.2070.0410.0740.190Chişineu Criş
0.1410.0390.0820.108Gyula
0.4270.0740.2190.359Arad
0.1410.0390.08420.108Battonya
0.4270.0740.2190.359Nădlac
0.1690.0390.0980.108Mezıhegyes
0.4270.0740.2190.359Sânnicolau Mare
0.1690.0470.0980.129Makó

0.0320.0650.345T [s]

Σ3.2.1..η =0.8165

Global seismic coefficient comparison for the X direction elastic response spectrum



Global seismic coefficient comparison for the X direction design response spectrum

0.1300.0350.0470.116Satu Mare
0.0660.0210.0450.044Csenger
0.2150.0540.0780.193Carei 
0.0660.0210.0450.044Nyírbátor
0.2150.0540.0780.193Valea lui Mihai
0.0660.0210.0450.044Vámospércs
0.2150.0540.0780.193Săcuieni
0.0800.0260.0540.053Létavértes
0.1300.0350.0470.116Oradea
0.0800.0260.0540.053Biharkeresztes
0.0860.0220.0320.078Chişineu Criş
0.0660.0210.0450.044Gyula
0.1780.0560.0850.147Arad
0.0660.0210.0450.044Battonya
0.1780.0560.0850.147Nădlac
0.0800.0260.0540.053Mezıhegyes
0.1780.0560.0850.147Sȃnnicolau Mare 
0.0800.0260.0540.054Makó

0.0320.0650.345T [s]

Σ3.2.1..q = 3,00



What is along the country border:
the answer to this question was illustrated by the previous tables. 

Between the border's left and right side - although we started from the same EuroCode -
we could see significant differences. 

Perhaps the fault lines or the seismicity of the area is changing?

NO! 

Only the National Annexes and mainly the concept of security are 
different.

In our humble opinion, since a lot of knowledge has been accumulated, a 
UNIFIED EUROPEAN MAP would be needed. 

The knowledge accumulated in particular countries (especially the 
compatibilization of the lessons learned from recent earthquakes) can 

help to find a right solution to this issue.



CONCLUSIONS

� Earthquake-resistant structures, in the sense of fullfilling the required protection, can be built only 
trough correct structural composition.

� The data processing after the earthquakes observed in the Carpathian Basin are leading to the 
conclusion that it is not sufficient to dimension just for earthquakes, it is required to develop a 
protection concept based on structural behavior.

� The concept of safety is in fact a tehnologic and economical issue. 

� Excessive risk-taking is uneconomical.

� The  real behavior of the buildings and structures provides a sufficient basis to the reasonable 
development of the safety concept.

EC 8 (CEN) criteria:

� ULS (no-collapse requirement)

� SLS (damage limitation requirement).

� LS NC (no-collapse requirement)

� LS SD (damage limitation requirement)

� LS DL (damage limitation requirement)

MSZ EN 1998-1:2006, for T = 50y, PNCR = 10%, TNCR = 475y    → ag (ULS) / ag (475) = 1.00

MSZ EN 1998-1:2006, for T = 92y, PNCR = 10%, TNCR = 95y      → ag (SLS) / ag (475) = 0.53

EN 1998-3:2004, for T = 50y, PNCR = 2%, TNCR = 2475y            → ag (LS NC) / ag (475) = 1.75

EN 1998-3:2004, for T = 50y, PNCR = 10%, TNCR = 475y            → ag (LS SD) / ag (475) = 1.00

EN 1998-3:2004, for T = 50y, PNCR = 20%, TNCR = 225y            → ag (LS DL) / ag (475) = 0.75

The accelerations used in the assessment of existing buildings 
should be according to LS SD, LS DL and LS NC.
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