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ABSTRACT: The impact of the stronmg earthquakes of Romania, generated by the persistent inter-
mediate depth source-zome of the curvature of Carpathians in 1986 and 1990, made it necessary
to revise the regulatory basis of earthquake resistant design. The revision tackled more or
less all categories of provisions, like design principles,zoning, methods of design, layout
and detailing. New chapters, concerning the protection of equipment and the mitigation of
risk affecting the existing building stock, were added to the design code. More recently,the
row of moderate magnitude, but rather high epicentral intensity, crustal earthquakes,having
occurred in 1991 in Western Romania,raised new problems in relation to the regulatory basis.
Data are given on the evolution of the regulatory basis, on the methodological impact of re-
cent earthquakes, on the modifications adopted and on their background.

1 INTRODUCTION

Romania was struck during last five decades
by several strong earthquakes. The most im-
portant ones were generated by the source
zone located outside of..the curvature of the
Carpathians, referred to usually as the Vran-
cea zone. Those events occurred on 10 Novem-
ber 1940 (M=7.4), & March 1977 (M=7.2),30/31
August 1986 (M=7.0), 30 May 1990(M=7.0) and
31 May 1991 (M=6.2). The first two earthquakes
referred to were destructive, leading to
heavy losses (Balan et al.,1983). The latter
ones produced also damage, sometimes strong.
More recently, in 1991, a row of crustal
earthquake occurred in Banat (Western Roma-
nia), out of which the strangest ones were
those of 12 July 1991 (M=5.7), 18 July 1991
(M=5.6) and 2 December 1991 (M=5.5) (the nume-
rous aftershocks did not reach M=5.0). These
events produced heavy damage in villages lo-
cated close to the epicenters (intensities
ranged up to VIII).

The earthquakes referred to had a direct
impact on engineering activities. Some first

instructions of the Ministrg of Public Works
were endorsed in 1942 for the protection of

public works. A first zoning standard was
endorsed as STAS 2923-52, with new versions
STAS 2923-63, STAS 11100/1-77 and STAS 11100/
1-91(92). A design code for buildings and in-
dustrial structures was endorsed as P.13-63,
with new versions P.13-70,P.100-78,P.100~-81,

P.100-91(92). Besides those most significant
regulations, other regulatory documents were

develioped in parallel,

After the period of development and endor-
sement of a first rather completé regulatory
basis in the early sixties, when the communi-
ty of design engineers became aware of the
specific problems involved by earthquake pro-
tection and practically all structures desig-
ned were nominally also earthquake protected,
the impact of the 1977 earthquake represented
a turning point of activities of this field.
The community of specialists was well prepa-
red to investigate the earthquake effects and
to summarize that experience. The seismic zo-
ning was improved. The design spectra were
revised, based on the first strong motion re-
cords obtained in Romania. Detailed provisi-
ons aimed to provide ductility to reinforced
concrete members were introduced. Explicit
3D input for 3D structural analyses was spe-
cified.

The impact of the more recent strong earth-
quakes was of considerable importance and it
raised the need of revision of the whole re-
gulatory basis of earthquake resistant design
and some main concequences of this impact are
presented further on. Some main aspects con-
cerning the experience of the earthquakes are
dealt with. The implications for seismic zo-
ning are presented. Some main aspects concer-
ning the content and "the philosophy of the
new design code are discussed. Some specific
features of the main chapters of the code are

then presented.
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2 SOME DATA ON THE EXPERIENCE OF RECENT
EARTHQUAKES

These data refer basically to the earthquakes
having occurred after the destructive event
of 1977.

A first category of information of highest
‘importance is represented by the numerous
instrumental data which could be obtained due
to the considerable development of the strong
motion network after the 1977 earthquake
(thanks mainly to the generous aid provided
by UNDP/UNESCO and by the US Government).
Several records with PGA's exceeding 0.2 g
were obtained in 1986 and 1990. More impor-
tant than that, one disposes now of sequences
of 2 or 3 records due to different events
pertaining to the same category of strong
intermediate depth events. The main conclu-
sions derived from the records of 1986 and
1990, of motion due to intermediate depth
Vrancea earthquakes (Radu etd., 1990 , Saddi
et al.,1991) were as follows:

1. The influence of local conditions on the
spectral content of ground motion was always
strong and evident, but the influence of fo-~
cal mechanism and of radiation pattern on the
spectra was by no means less important.

2.The attenuation for intermediate depth
earthquakes was always lower than what lite-
rature shows for crustal earthquakes.

3. Besides that, the attenuation is highly
random and the randomness should be conside-
red even in spectral termq‘(various.spectral
components are radiated mainly in différént
directions for different events).

4. The intensities prescribed hy the zoning
map in force at that time were exceeded at
'several locations by intensities estimated
on the basis of records. Moreover, in case of
‘rescaling of intensities for higher magnitudes
(like those of 1940 or of 1977) the cases of
exceedance become rather frequent and serious.

The conclusions 1 and 4 were strongly con~
firmed by the records obtained in 1991 during
crustal earthquakes.

The records obtained on buildings (as a rule
couples of records at basement and top floor
levels) put to evidence the ability of seve-
ral structures to resist top floor eccelera-
tions in the range of 0.4 to 0.5 g with only
minor damage. The influence of PGA on the
apparent natural periods of structures and on
ground to top floor amplification was also
made evident (Radu et al., 1990).

The observation of performance of buildings
put to evidence the gradual increase of dama-
ge due to several earthquakes, when proper
rehabilitation measures were not adopted. In
some cases damage following the 1986 or 1990
events was even heavier than that observed
after the destructive earthquake of 1977.
Structural damage occurred less frequently,
‘but the rigid’' non~structural components of
numerous buildings were often heavily affec- '
ted. It turned out that-earthquake protection

in this direction is connected with a major
economic stake. The need of investigating and
deriving full constitutive laws concerning
the cumulative nature of damage should repre-
sent a major matter of concern for the future
given the frequent occurrence of intermediate
depth earthquakes especially.

3 MODIFICATION OF SEISMIC ZONES

The improvement of seismic zoning of Romania
was undertaken subsequently to the 1990
earthquakes. Macroseismic information on ear-
lier earthquakes was considered too, but the
main category of information used was repre-
sented by the instrumental data obtained in
1977, 1986 and 1990. The relationships bet-
ween seismic intensity and instrumental data
used were based on developments of (Sandi,
1990). The instrumental parameters EPA and
EPV (ATC, 1978) (on which intensity estima-
tes relied) were rescaled assuming magnitude
intensity relationships for intermediate
depth earthquakes starting from data of
(Balan et al. 1983). The rescaled values EPA
and EPV were basically enveloped and the
seismic zones were redrafted essentially on
this basis. The seismic zoning, as presented
in the 1991 version of the Romanian design
code, is expressed in terms of a couple of
maps : the basic seismic coefficient k_,which
corresponds basically to the ratio EPA?g, and
the corner period of the dynamic factor, T.-
The values of kg range from 0.08 to_0.32
(geometric progression with ratio 21/3) and
the values of Tg are 0.7, 1.0 and 1.5 res-
pectively, for different zones. Note also,
that the maximum valuer of the dynamic fac-
tor is 2.5. More datails on this subject are
given in (Sandi et al. 1991, Pacoste et al.
3991). The return period of values kg is very
low,of about 50 years for the zones affected
by intermediate depth earthquakes. This low
level was adopted in order to avoid a too
strong increase of design forces in compari-
son with values used before.

The zoning standard includes a map expres-
sed in terms of MSK intensities, which is
consistent with the couple of maps of the
code, on the basis of developments of (Sandi,
1990).

The more recent experience of the 1991
earthquakes referred to put to evidence again
the need of revision of the zoning map for
the zones affected by crustal earthquakes.
Corrections were adopted for the province of
Banat, but it is obvious that such correc-
‘tions are necessary also for other zones,
perhaps first of all for the zone affected
by garthquékes'generated in the Fagaras chain
of mountains.

. .The newly adopted zoning maps, concerning
the,parameters k_ and T formerly discussed,
are reproduced in following figures.

Note also that ‘the dynamic factor B has
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a maximum value 2.5 (for D<T<T ), and then 2 Earthquake resistant design principles
decreases linearly up to a'minImum value 1.0. 3 Planning and location of structures

4 Layout of structures

5 Structural analysis
4 CONTENT OF THE NEW DESIGN CODE 6 Rules of verification

7 Provisions for reinforced concrete struc-
The content of the new earthquake resistant tures
design code is as follows: 8 Provisions for steel structures
1 General 9 Provisions for masonry structures
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10 Design of installations and equipment
11 Evaluation of existing buildings
12 Measures of intervention on existing buil-
dings

13 Conditions for comstruction activities
Annex A Zoning of the territory of Romania
Annex B Simplified methods of analysis
Annex C 3D analysis
Annex D Details regarding reinforced concrete
structures
Annex E Details regarding steel structures
Annex F Classification of installations and
equipment

The text was diafted by the authors. There
acted as consultants: V.Apostolescu, D.Lungu,
C.Pavel, E.Titaru. The coordination on behalf
of the Ministry of Public Works and Land Use
was provided by R.Petrovici and D.Stanciules-~
cu.

5 GENERAL

The code covers essentially design rules for
buildings and engineering structures (except
special structures like bridges dams, retai-i
ning walls, nuclear structures). It pays at=
tention first to the adoption of solutions
in broad terms, providing recommendations
for siting, layout and detailing. In depth
recommendations are provided for layout, with
regard to the requirements of general sym-
metry, appropriate distribution of masses and
stiffnesses, appropriate foundation systems,
limiting when necessary and possible height,
as well as masses located at high places, a—
doption of simple shapes in a horizontal
plane, adoption of solutions sufficient duc-
tility and rigidity, adoption of appropriate
solutions for non-structural components.

The design parameters of seismic action
are differentiated with respect to the seis-
mic conditions (expressed in spectral terms),
to the allowable ductility demand and to the
importance of structures designed. The impor-
tance classes considered in the code repre-
sent a more detailed approach than that of
the standard of general design principles,
which is concerned with all categories of
buildings or other works. An importance
factor of design forces takes the values
1.5,1.2,1.0,0.8, for buildings or other struc-
tures -of importance classes I to IV, as de-
fined in the code. The highest importance
category includes buildings that are neces-
sary for recovery after earthquakes or which,
if damaged, could engender heaviest conse-
quences.

6 CLASSIFICATION OF METHODS OF ANALYSIS AND
3D ANALYSIS

The code provisions implicitely accept the
use of two basic representations of seismic
action at ground level : design Spectra and

design accelerograms. Design spectra are
fully prescribed for horizontal translational
acceleration components. Values independent
of natural periods are prescribed for the
vertical translational component. The concern
for the rotational components is present only
in relation to rotation in the horizontal
plane and two approaches are adopted here :
in case of separate analysis for action along
one single (horizontal, translational) com~
ponent, prescribing of a conventional eccen-
tricity;

- in case of 3D analysis, prescribing of a
conventional value for the amplitude of ro-
tational disturbance (in Annex C, which is
referred to further on).

The code considers two design methods de-
noted by A and B, respectively. These methods
differ from the viewpoint of modeling of se-
ismic action and of structures, as well as by
the way of checking layout. and .detailing con-
ditjons and structural performance. The ap-
proach to structural design, aimed to con-
trol structural response by imposing the
zones where post-elastic (plastic) deforma-
tion is to develop in case of strong action,
appears to be to date a unique case in na-
tional regulationms.

The method A, which is compulsory for all
structures, considers in a simplified, im-
plicit and approximate way the aspects of
dynamic and non-linear structural performan-—
ce, without making explicit the mechanism of
plastic behaviour in case of high intensity
seismic action. According to this approach,
design is made for conventional code forces,
applying additionally rules aimed to provide
a favourable performance from the viewpoint
of rigidity and ductility.

The method B makes it possible to put to
evidence the features of non-linear perfor-
mance, using a time-history approach on the
basis of use of design accelerograms of
ground motion. Successive corrections of the
strength and stiffness characteristics of
structural components and the verification
of deformation capacity in comparison with
homologous demands makes it possible to ob-
tain, with a high likelihood, the desired
plastic mechanisms. The method B is recom-
mended for structures of high importance and
for  repetitive structures.

3D analysis is recommended mainly for struc-
tures for which there is a significant coup-
ling of oscillations in different vertical
planes and/or with overall torsion oscilla-
tions. 3D structural models are used and ex-
pressions are given for participation fac-
tors corresponding to natural modes, where
the contributions of seismic action along
two orthogonal horizontal translational di-
rections as well as for the component of ret~
atdontin a horizontal plane are sumultaneous~
ly considered. The ground model is based on
developments of (Sandi, 1982). The three
components referred to which contribute to
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the participation factors are assumed not to
be cross-correlated. The amplitude of the
rotational component for a definite natural
mode' is -obtained by dividing the amplitude
of translational components (assumed to be
similar) by a conventional wave length (de-
termined on the basis.of a conventional pro-
pagation velocity and of a non-dimensional
factor that was calibrated by means of a
parametric analysis).

7 REINFORCED CONCRETE STRUCTURES

The frequently recurring strong earthquakes
(as referred to previously) made it compul-
sory to adopt earthquake protection measures
all over the territory. This led to the so-
lution of implementing in the genézgl stan-
dard for -design of concrete membets-also
detailed provisions for the earthquake re-
sistant design. Under these .conditions only
general design principles presented in sec-
tion 2 of the code were kept in sectien 7,
with the necessary adaptations. The resis-
tance conditions, the global ductility re-
quirements (including the definition of
favourable mechanisms of energy absorption
for specific structures, like frames or
shear wall structures), the local ductility
requirements at the level of sections, the
rules of avoiding non-ductile faildre due to
various causes, conditions for limiting da-
mage to non-structural components, conditi-
ons concerning materials, are presented
there.

The behaviour factor ¥ (which plays the
role of 1/q, according to the symbols used
e.g. in the Eurocode 8)are assigned values
of 0.2 to 0.25 for storied frames, 0,15 to
0.2 for one-story halls, 0.25 for shear wall
structures, 0.3 for structures.with flat
slabs, 0.35 for chimney-like structures,and
for elevated tanks, 0.25 for gilo structu-
res. Some separate instructions for special
structures increase some of these values,

8. STERLt STRUCTURES

The Most relevant provisions on steel struc-—
tures concern the local ductility and the
behaviour factor.

The local ductility is provided by restric-
ting the width-to-thickness ratio in compres-
sed parts of member sections. Three classes
are provided for this ratio:class 1 concerns
the plastic behaviour of members, class 3
concerrs the elastic behaviour and class 2 is
intermediatee

The behaviour factor Y are assigned values
that are similar to those of EC 8-~1988 or of
the Californian Code ECOSOC-1986. These va-
lues are 0.17...0.20 for multi-storey frames
and 0.20...0.37 for one-storey structures,
0.5...0.65 for. cantilevers. For concentric

vertical truss bracings they are 0.25 for
diagonals acting only in tension and 0.50
for V-bracings. In order to increase the lo-
cal carrying capacity of compressed diagonals
attention is paid to the slenderness factor
and to the connections between diagonals and
horizontal or vertical members,respectively.
A special verification is prescribed for the
zones of column bases and for anchor bolts.
A value of 0.18 is adopted for V¥ in case of
eccentric truss bracings.

Some general requirements are prescribed
for the design of multi-storey buildings and
for one-storey halls as well.

9 EQUIPMENT AND SERVICE SYSTEMS

The provisions concerning the earthquake
protection of equipment and service systems
were considerably developed in comparison
with the homologous provisions of the pre-
vious code. Attention is paid to an appro-
priate classification of equipment (5 cate-
gories, including A : critical equipment;
B,C,D: support equipment of different clas-
ses of importance ; E :various less impor-
tant types). Alternative qualification met-
hods are considered (in-depth engineering
analyses, tests, simplified analyses and
engineering judgement). The use of floor
design spectra is explicitely recommended
for higher category equipment. Rules for the
formulation of qualification reports are
specified, in relation to each of the four
methods of qualification referred to. In
case of use of simplified analyses the de-
sign spectrum is to be multiplied by 2.0 for
category A equipment, by 1.5 for category B
equipment and by 1.0 for equipment of cate-
gories C,D,E. Rules are prescribed for loca-
ting and installing equipment and service
systems and that includes some detailing
provisions. Particular attention is paid to
some support functions of service systems,
1like permanent safety lighting.

The Annex F of the code presents a compre-
hensive list of categories of equipment used
in buildings with various special functionms.

10 PROVISIONS CONCERNING THE EXISTING
STRUCTURES

The evaluation of the level of aseismic pro-
tection of existing structures and the de-
sign of upgrading works represent activities
of highest difficulty for civil engineers.
These activities, which are connected with
the pathology of various works and are bound
to meet a virtually unlimited manifold of
specific situations, can be hardly covered
by regulations of the same kind as those
concerning newly designed structures. This
is the reason for which such provisions are
almost absent at a world level.

The problem of the existing building stock
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is particularly acute in Romania, due to the
gize of the area affected by high intensities
and to the high recurrence rate of strong
earthquakes. The economic constraints play
also a paramount role in this connection.

The sections 11 and 12 of the code conside-
red an hierarchy leading to a differentiated
treatment of:

- various structural categories of the exis~
ting building stock, according to the degree
of difficulty implied by the evaluation/

intervention activities;
- investigation methods (five levels of met-

hods are considered in this relation);
=’activities dmplied by various urgency ca-
“tegories of intervention;

THe main quantitative criterion to be es-
timated on the basis of such investigations
is a ratio

actual bearing capacity of a structure
required bearing capacity,according to
code

The value of R, together with the category
of importance, are used, to determine:
- the urgency category (Ul,Uz,U3) to which
the investigation and intervention works
pertain;
- the minimum values R required for the ve-
rification of upgraded structures.

R =

11 CORRELATION WITH OTHER DESIGN REGULATIONS

The regulatory basis of structural design
includes, besides the code for earthquake
resistant design, standards for general de-
sign principles (verification of structural
safety and reliability), for classification
and design combinations of actions, for va-
rious specific actions, for the design of
basic components of plain, reinforced and
prestressed concrete, of steel etc. and of
some types of buildings (shear wall buil-
dings, large panel buildings). The basic
approach to structural design is semi-proba~
bilistic (limit states method).

12 FINAL REMARKS

The further development of earthquake resis-
tant design regulations is considered to be

a steady task. It is expected that, in a few
years, a new version of the code will be de-
veloped. Some additional topics are to be
dealt with, among which provisions for earth-
quake resistant design of foundations. It is
expected that seismic conditions will be des-
cribed in terms of a system of maps with dif<
ferent return periods and that the level of
protection will be specified by return periods
differentiated with respect to verification
eriteria and with respect to the importance
‘of structures dealt with. 3D analysis is to
‘be dealt with in a more complete way, conside-
ring also cases of multi-support structures

5660

with explicit specification of non-synchro-
nous input at different ground-structure
contact points. The behaviour factor is also
to be reconsidered. Precise specifications
on how to carry out time~history analyses
are to be developed too. Preparatory work
in these directions is under way since some
time.
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