ON THE RUMANIAN GENZRAL DESIGN SPECIFICATIONS
FOR CIVIL AND INDUSTRLAL BUILDINGS IN SEISHIC
AREAS. BEXAMPLES

by Em. Titarux) and Al. Ci@migiuxx).

Over an important area of Rumania, including the coune
try*s capital, earthquakes were recorded from time to time,
the intensity of which attained the degrees 8...9 in the
M.C.S. (Mercalli-GCancani-Sieberg) scale. The most severe
earthquakes are rare and have a persistent hypocentrum loca-
ted on the external part of the curvature of the Carpathian
mountains at a depth of about 1loo...200 km. Concern for pre-
paration of aseismic design rules became actual only after
the great earthquake of lo.1l.1940; this earthquake, whose
magnitude according to the Richter scale was ¥ = 7,4, caused
important damage even in Bucharest, at an approximate distan~
ce of 170 km from the focus.

The preparation of aseismic structural design specifica-
tions remains even nowadays a difficult problem because da=
sign methods and especially the values of design parameters
cannot be rigorously established. Our point of view was to
glve the practicing design engineer necessary indications in
order to solve with maximum efficiency the cases of usual
practice; such indications are based on an up-toedate know-
ledge of theoretical achievements gs well as on design rules
consecrated by existing experience in the construction and
behaviour of aseismic structures. Thus some design data were
established on basis of practice, of engineering judgement
and of economic considerations.

5

1. DETERMINATION OF THHK HORIZONTAL SHISHI

FOR THE STRUGTURE AS A WHOLS

lele In order to determine the seismic forces the theo-
ry of the "Response Spectrum" was adopted, because this theo-
ry was found to be at the present time the best fundamented
both theoretically and experimentally answering at the same

x) Em. Titaru, Chief Design Engineer, IPCMC, Design Office

for Industrial and Structural Engineering, Bucharestj

*X) al. Cismigiu, Chief Design BEngineer, IPB, Design Office
for the City of Bucharest.
Adresss
str. Dionisie ILupu 4, Bucharest Rumania.

077



E. Titaru and 4, Cismigiu

time to practical guestions, (4),(2),(3),'(4).

1.2. The eguation adopted tor the determination of the
basic econventlonal shear force iss

Q- K¥yeP=ocyePa c.P (1)

The fzctors introduced in this equation i1aciude all the
elements of the response spectrum theory which influence the
values of the seismic forces.

The parameter k establisnhes tne seismic intensity of
the site and depends on the characteristics of the focus, on
the properties of the soil and on the distance to tne focus.
To the parameter a~ are ascertained values in direct propor-
tion to the acceleration spectrum Sa’ We consider that this
factor expresses tne highly complex soil-structure interac-

tion. .
The parameter ¥ introduces the eftect of internal dam-

ping in the structure.

The parameter & is a factor by which the system with
many degrees of freedom is made equivalent with a one mass
system.

P is the resultant of 2ll gravity permanent and live
loads acting on the structure above the level from which de-
formation under action of seismic loads exists. The force P
ineludes the weight of foundation if the deformability of
the soll is considered in the deétermination of the dynamic
elastic line of the bullding.

In the practical design equation, the product of tne
factors ¢ and is represented by the dynamic factor O¢ -

1.3, Establishment of the factor k.

At the present time, it has become clear that the Mer-
calli scale and its various alternative proposals cannet
serve as a basis for an engineering scale of forces. The
establishment of a scale for Rumania has demanded an appre~
ciation of an international scale of seismic intensities,
corresponding to 4 zones:

Zone 1: danger of moderate damage if buildings are
built without respect of aseismic rules. :

Zone II: danger of important damage.

Zone III: danger of very great damage.

Zone 1IV: danger of extremely grave damage. zones of ma-
ximum intensity for which adoption of general aseismic mea-
sures may be allowed.

The parameter k is typical for the relative intensity
of the zones. It was accepted that k should vary according
to a geometric sum. The ratio of tuis sum was determined on
the base of a medium value of the vasic shear foree factor,
accepted in eungineering practice for the case of rigid ma-
aonry buildings sited on a medium groumd; thus:
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€= 0,005 for zone I3

€= 0,25 for zone 1V,

It followed that r = 5 and the k values: kl = 1,03
ku = 1,73 kIH = 2,9; kws 5404

In a modern conception, the seismic zoning should be a
"spectral zoning" aiming to give the design engineer the res-
ponse spectrum determined by means of direct records made at
the considered site. This being at present impossible, a
practical solution is obtained by operations of "macro-zoning"
and "micro=-zoning", that is by combining general festures
with local ones. By "macro-zoning", a territory is divided in-
to zones of probable seismic intensity, corresponding to the
proposed scale. ¥For appreciation of the intensity in the epi=~
central zone, use of Jgble 1 is recommended, which takes in=-
to ascount the depth of the focus and. the magnitude of the
earthquakes.

It i8 proposed that the seismic features of the soil
should be considered in the selsmic zoning as followss

= in"macro-zoning®, features of predominant basic layers

should be considered (Table 1);
~ in "micro-zoning" should be considered the characteris-

tics of local surface layers.

In practice, the category of ground, to which the surface
layer(on which the building is founded) belongs, is established
by microe-zoning. This is of a qualitative nature. The quanti-
tative aspect is introduced by the values of the factor
which differ according to the nature of layers. Thus the soil-
structure interaction effect is pointed out for various cate~
gories of layers in the response specira.

l.4. Determination of the parameter 1\'.

This parameter is introduced in order to establish the
standard response spectra corresponding to various soil condi-
tions, in the case of a certain reference value "n* of the
damping factor. The authors consider that existant experimen=-
tal results as well as the behaviour of buildings in wvarious
801l conditions corroborate the existsmce of intervals of va=
riation of predominant periods depending on the rigidity of
the ground, as well as theé possibility of a technical appre-
ciation of the those conditions on the acceleration values.

We specially refer to the studies of the Japanese scien-
tists Takahashi, Xenei, Kawasumi, (@),(8), to the behaviour
of buildings in Mexico City during the earthcguake of July
1957, to the Seattle spectra (Washington, USA) determined in
13 April 1949, (4), on soft grounds as compared with typical
spectra for medium grourds, etc.

Grounds were classified in classes for which the follo-
wing values of predominant periods were appreciated: very
hard soils:s 0,15 s, hard soils: o0,1...0,2 8, intermediate
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01182 052s+20,4 8, soft soils: 0,34440,6 s, Very soft soils:s
0,6s041,2 8BC.

The cbject of "micrc-zoning" is to establish the catego- -
ries of grounds, depending on surface layer stratification;
this proceeds according to indications given in Tables 2 and
3a

The authors consider that the establishment of standard
response spectra to be introduced in design specifications
should follow this principle, the form and values of response
spectra should result as medium forms zand medium values of a
great number of direct rescords of accelerograms on various ca-
tegeries of grounds, when making a survey programme of spec-
tral zoning of a territory. For intermediate grounds the me-~
dium forms established by G.W.Housner ( for Californian
earthquake were adopted. These medium forms may satisfactori-
ly be remplaced in the 0,1l...0,5 8 interval by a straight 1li-
ne and in the 0,5:..3,interval by an equilateral hyperbole.
For the remsining 4 categories of grounds, the response spec~
tra wePe empirically drafted, always keeping in mind the ge-
neral form of medium ground spectra, the behaviour of buildings
in various ground conditions and the intervals of variation of
predominant periods (fig.l). The forms of these spectra were
considered to hold good for sll four zones of seismic inten-
sity outlined above. Any change in form of the spectrum as the
distance from the fccal zone varies was not considered, since,
in the danger zone in which the earthguake may lead to damage,
the predominant periods of the ground may be supposed to be
constant, the variable factor being the ground acceleration
(included in the parameter k). :

In the interval T = 0...0,14 0,15 seconds, it is propo-
sed that the acceleration values should egual the double ma-
ximum value. This seems to be true, since for T = Q0 the system
must have the accelerations of the ground and very rigid buil-
dings also posess a very small internal damping.

As in the process of seismic load determination it is po-
gsible to introduce the influence of internal damping, the equi=-
valence of structures with many degrees of freedom with a one-
mass system and the influence of higher modes of vibration,
the spectrum variation was drafted up to 3 seconds, that is
for the interval for which records exist.

The authors are thus persuaded that by a complex use of
"macro-zoning”, "micro-zoning” and of spectral forms differing
by ground nature, light may be thrown on the following impor-
tant practical issues:

a. distingulishing of seismicity of sites with different
predominant basic layers,
yor o?.tgis:igggigging in a small zone with the same basic la-

smiclty of sites with different surface layers.

We think it is unjustified to follow the practice of some
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specifications which introduce the effect of soil on the
spectra by changing only the intensity, without changing the
form.

1l.5. Establishment of the parameter .

The influence of internal damping was not introduced by
a system of spectral §_ curves, differing with the factor
“n¥, but an independen® parameter was proposed. This pa-
rameter is defined as a ratio between ordinates of two spece
tral curves (S, and S,) for two different values of the fac-
tor "n", corresponding to the same pericd T.

Computing 4he " " values for various "n" for the me=-
dium résponse specira of intermediate soils, it results that
these values are fairly constant for the entire scale of pe-
riods T. Thus it is possible to work in practice with a sin-
gle stable "basic®" cgurve computed for a "basic" factor 'n*,
instead of considering a system of spectral curves correspone
ding to various "n". To pass from one spectral curve to ano-
ther, corresponding to another "n" value, the basic curve is
multiplied by factor "« These results were considered va-
1id for the spectral curves other ground categories too. The
basic value 6f "n" was chosen to ve n = 20% N,y Decause this
value corresponds to brick masonry bulldings. With the medium
values thus computed, the following analytieal expression was
established for the factor (fig.2):

9ﬂ= 2,92 (2)

It was considered that éﬁé factor "n¥ is not dependant
on the vibration modes. The factor "n* is especially conditio-
ned by the following important influences: the nature of buil-
ding materials, the predominant strain, the intensity of the
state of stress on the building as a whole, a8 shown in the
"gstress-strain” relationship, as regards great elasto-plastic
or plastic strains. In table 4 the proposéd values for{ are
given, depending on the following medium values admitted for
"n*: gteel 2...6%, concrete and reinforced concrete Peeeld%,
brick masonry 15...25%, structural timber lo...20%.

In spite of the fact that present data are of a quali-
tative more than of a quantitative nature, such a prvposal
means to guide the design engineer in making a full and sc-
tive use of the damping properties of various materials and
structures and in the rational design of earthquake-resis-
tant structurss.

1.6. Determination of the equivalence factor € ; the
distribution law of seismic forces; the influence of higher
modes.

The equivalence factor @ of a system with many degrees
of freadom with a one-mass system may be determined as
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_[nB.a.a]z _ [fﬁﬁ»]l £o b=
el Few]  ZRIL Zrt] ) wha

It may be showm that E-»1 . . . _
The conditions of eguivilence in which this equation

was established were: the identity of periods and the ecua-

lity of energies. ggnsidering the expressions of the iner-
tial forces F -%m,_u.._ a simple development leads to a

distribution law of the basic shear Qg along the height of
the buildings:

B.ue 325«. _Y.8Q _
I I TR

qu(ﬁ) may be used'in a direct determination of the
seismic level shears S; (without a preliminary computation

O'f P_ . Zn.Pof'

) ]t = oy S bm: [B = @By
The rea (‘i'isplacement of the level ’(i‘) may be computed
from eq.(6): '

Uy pend = 5. Trec = 2087 T 0 (6)

The equivalence factor & (eq.3) and the distribution
law make possible a guick determination of seismic forces
for higher vibration modes of structures with many degrees
of freedom, using the response spectrs for the one-mass sys-
tem (fig.ls, if the form of the dynamic elastic lines corres-
ponding to the considered modes are previously computed.

In order to determine seismic forces for important pro-
minences placed on buildings, the maximum values of forces
which appear in higher vibration modes may be chosen and es~
peclally those which appear in the firet vihration modes of
the prominences.

°

EITERINA Y AL SHE1ISHIC BORCES
The authors censider that the respowse spectrum theory
may hold good for the vertical seismic action too. As the
vertical rigidity of buildings is usually extremely great,
the assumption was made that the vertical vibration period
of the building is greatly influenced by the deformability
of the ground. This leads practically to short periods, si-
tuated on the constant part of the spectrum, that is to ma-
ximum values for accelerstions. In the special case of big
span cantilevers and roofs, if the vertical flexibility of
the structure becomes important, the periods increase and the
influence of higher modes may be considered. In analysis, e-

tions (1), (3), (4) hold good, but for the factora", for
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which values amplified from 3 to 4 times were proposed.

3. DETERMINATION OF SELSKIC PAlSSURuS LXE

The seismic pressures p, exerted by liquids stared in re-
servoirs are considered to bé constant along tne height of
the vessel and are determined by eq.( # )(fig. 3 ):

=w.Xpax. 0. # (®

The seismic pressures of friable masses in silos result
from the increase in active thrust due to the diminution of
friction angles, to which the resultant of inertial forces
corresponding to the stored mass is added.

8

RIEL SY LicUIDS

" )

With the values of & and T computed for the 1l-st mode,
the ratio = & may be evaluated by means of which the ne-
cessity of “analysing higher modes may be appreciated. The ra-
tio P may serve as a criterion of dynamic rigidity, more sa-
tisfactory than the classifications made on basls of the peri-
od of the first mode only. A curve &= &(7)(fig.4) may ve tra-
ced ior the &,T values of various medes; this curve may help
to forecast approximately the&, T values for higher modes,

- using the g , T, values computed for the lower modes; this may
lead to important advantages in practical amalysis.

4. ASEISMIC STRUCTURAL ANALYSIS

4.1. Principles
The chapter of aseismic structural analysis was develo-

ped on the following principles:

l. In problems of strength of materiagls {general sectio-
nal stresses, sectional stresses on structural members, unit
stresses), rigidity (relative level rigidity, gemeral rigidi-
ty, rigidity of structural members), stability (mechanical
and elastic, -~ local and general), vibrations (determination
of periods and of vibration modes), consideration must always
be given to the spatial co-operation of structural members.

2. The behaviour of the building must be considered not
only in the stage in which the prescribed forces may act,
but for all phases, ranging from O seismic load up to the
collavse load, and following step by step the process of de-
velopment of elastic and plastic strain, during the dynamic
adaptation phenomena.

3. An increase in strength and stability of the spatial
structure must be achieved by alloting some strength reserves
in members and sections of decisive rdle.

4.2. Basic principle of the dynamic-spatial analysis
The authors developed a general method for the dynamic
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and spatial structural analyeis of buildings stressed by
earthguake loads. This method comprises all the steps needed
in an exhaustive analysis, such ast

1. the determination of dynamic elastic lines;

2. the determination of periods;

3, the determination of the basic shear;

4. the distrivution of the seismic forces along the
height of the building;

5. the determination of seismic forces acting on the
principal resistant members of the spatial structure (frames,
diaphragms, special bars, etc.);

6. the determination of sectional stresses in various
sections of the structural members.

The method may be applied for any vibration mode. The
fundamentzl idea of the method lies in the fact that it co=-
ordinates in a comprehensive method the spatial behaviour,
the active use of principles outlined in 4.1, of the respon-
se spectrum theory {(eq.l, 4, 5) and of free vibration analy-
sis ?periods and forms).

The consideration of spatial co-operation for the deter-~
mination of displacements in the structure as well as for the
determination of the loads acting on every resistant member
(frames, vertical and horizontal diaphragms, special bars)
was achieved by making use of the generalised method of -the

ntre rigidity, the basic notion of which 18 tne relative
level rigidity. This may be defined as the shear force at le-
vel (i), corresponding to a unit relative displacement: (6)
Ri= (fig.5). The guantity Rj is not a constant for the
considéred member at the considered level (1), since it de=
pends on the general elastic line of the member (variation
of rigidity and the distribution of forces along height); Rj
may even change of sign (X) along the height of the building.
It must be stressed that the expression for Ry has *
si igicance only if the state of strain is caused Dy bending
ear. :

In the special case when on a certain length pure ben-
ding (@s=0) exists, an indetermination of the form “% appears
which may be sclved by correcting the real shear force dig- ’
gram by a supplementary force acting at the top of the member.
This force, of small intensity compared with the other forces
(thus slightly influencing the displacements) does not allow
the shear to vanish along the height of the considered member.

Frog the practical point of view, the sensibility of Ry
(Phat is the variation of R; with the variation of the load
dzagr;m gi gg: :;ﬁ:iggr:g m:mber%.?ay be considered as follows:

- In ort cantilever diaphragms, when ben-
ding strain may be negligi i i
o gecmetric cogstant;g gible, Ry is invariable and becomes

2. in the case of frames in which ]
shears are predominant, the sensibilitydggp%:cfgezgzlg?e v

3« in the case of "bars” in which bending strains are
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dominant or cannot be neglected, R; has an extreme sensibili-
ty to 'small variations in the loading diagram.

If the principal inertial axes of some vertical members are
not parallel to two,orthogonal axes, it will be necessary to
determine for each member the oblique relative level rigidie
ties and the principal axes of rigidity at level (i}, (®), al-
ways keeping in mind the above-mentioned definition of R;. By
the generalised expression of the relative level rigidity and
its properties in the form above (dependency on, and sensibi=
lity in, the variation of rigidities and masses along the
height of the member, the property of being alloted a sign,
possibility of solving indeterminations on portions stressed
in pure bending, the consideration of oblique rigidities) a
basic criterion is obtained for the establishment of the com-
patibility of strains along the height of the member and in
the plane of the horizontal diaphragms. This criterion per-
mits the solving of the problems of establishment of the elas~
tic lines and the distribution of forces for any loading sys-
tem acting on a spatial structure; that is the solving of the
problem of the higher vibration modes. The method may easily
be suited to step=by-step procedures.

‘Starting from the wmethod proposed by L. Grinter for the
analysis of frames acted on by lateral forces (@), the au-
thors have outlined in Table 5 the steps necessary to obtain
the relative level rigidities, the elastic lines, and the
solution for lateral forces, in a practical form suitable to
step=by=8tep procedures. This table may also be used in the
determination of periods and vibration forms of independent
frames.

In the analysis of diaphragms with apertures, the au-
thors use the method of forces, with a grouping of redundants
(fig. 6) and certain simplifications due to practical consi-
derations. .

In the method outlined above, the spatial aseismic struc-
ture is treated as a "complex bar" supported by a deformable
medium; this was achieved by a generalisation of the notion
of "simple bar". i

Regarding the dynamic analysis (the determination of
forms and periods of vibrations), the énergy method with a
step-by-step procedure is adopted, for all vibration modes.

The dynamic elastic line corresponding to a certain vi-
bration mode is the elastic line of "the complex bar" under
action of inertial forces in direct proportion to the seismic
forces computed by eqg.4. Thus the sum o< the conventional
inertial forces (with which the vibration form was determimed
results in a basic shear Q'p , "m" times bigger than Qg (eq.l).
This result permits the coupling of the dynamic anglysis for
the determingtion of vibration forms gnd periods with the de-
termination of seismic forces on the base of the response spec-
trum theory (chapter 1). _

The step-by=-step procedure for the l-st mode.
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I-st Approximation. Step I, . Determine in a preliminary
approximation tne relative level rigidities R¢ 5o0for each
vertical resistant member, for a horizontal loading diagram
in proportion with the gravity level forces P .

Step I;. The loading of the svatial ‘structure w1jch tk_1e
horizontal inertial forces F; 4 = F. and the determination
of sectional level shears G,z ] _

Step Iz. The distribution of G 4,7 to the resistant
members, on the base of the relative level rigidities R¢, 4,0 -

Step Iy. Determination of a new approximation of the re-
lative level rigidities, R; 4 r on the base of forces obtai-
ned in step I3. o )

Step Is. Determination of relative level displacements
Ai,z, of the absolute displacements W,z and of those re-
1ative of the elastic axis the spatial structure with the eg.:
A 1,1‘:—9—"—)‘&-— P W, 41= Uie 4,244 41 fégza tb..,.',z

’ Z'Rax 7 %, vz

Step Ig. The determination of the periods in the appro-

ximation I:

in whichMdm,gzis the top displacement in cm.

II-nd roximation

Step IL . The spatial structure is loaded with the for-
ces Fooz = 2-§,¢,1 » and the i oz is drafted.
~ Step 1Ip. The distribution of (¢, to the vertical
resistant members, depending on Re, 4z -
Step II3. The determination of a new approximation of
the relative level rigidities Re, 0 o
Step IIy. The determination of Ac,;,r ; Ue 4 and
<, 42 on basis of eq, determined in step Inx
Step IIy. The determination of the period in the appro-

ximation II. }@z
= 0 (18 '¢ . /

Approximation nr. N

Step Ny. The steps are to be continued till the relative
2lastic line is the approximation N-1 and N fairly coTucide:

SN~ k1m0
Step Ng. The period and thé équivalent factor for the

l-st mode gre: T
_r = . & = [ﬁp‘.!‘/ﬁ”]
4N=02Y gy 5 Con= VLN

Step Ng. The shear at the basa is computed for the coh-
ventional forces: £, P
SN = le-fong

.

/ .
a'B,‘z”‘ . ’z'-fc,f,.ﬂ«/
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Step N,. The basic seismic shear force for the l-st mode
Q is computed with eq.l, for Tj ye.
B’l’gtep Ng. The factor m *éL%MU%%y;iS to be detsimined.
Step Ng. Determination of seismic level forces with the
€Qe 8

Si=m. B = m. Pedoan
It is thus sufficient to amplify by factor "m" the shéar
force diagrams obtained by distribution of sectional shears
in approximation N, for each vertical resistant member.

Higher modes of vibration
The succession of steps is, in principles, the same as

for the l-~st modes As a first approximation for the form of
mode j , the statical elastic line under gravity loads P
may be taken, considering j =1 intermediate supports at %hé
nodes of the considered mode, the position of which are cho-
sen by experience.

It is Known that the tentative analysis of higher forms
of vibration by applying simply step-by-step procedures is
bound to be unsuccessful, because it always leads to the
form of the first mode. But, if the orthogonalizing condition
of forms and the "purifiying" conditions are repeated at eve-
ry step, the I1oTms ol LOWEL Modes are ellminates and_ tne cho-
sen torm is obtﬁined. Lack of space does not permit a more
developed discussion. ‘

As shown above, the frequent case of a structure with
two rectangular axes of symmetry (for which a longitudinal
and a transverse analysis is made) may be solved correctly.
The method may be extended for the case of agssymetric struc-
tures if the displacements (rotations and linear displace-
ments in a plane perpendicular to the direction of earth-
quake) of the axis of the structure are small compared with
the displacements of the real spatial axis projected in the
plane of seismic action.

4.3. On dynamic adaptation.

The suthors recoumended in the Draft Specifications
the consideration of the property of adaptation of struc-
tures to seismic action. We think that the notion of "adap-
tation", set forth by A.Caquot (§) for the case of a system
of forces of constant form and value, may be extended for
the case of dynamic seismic action. This is justified by the
limited duration of alternative seismic stresses and by the
experience of damage procesees in buildings, showing a stress
redistribution. The conception of analysis based on dynamic
adaptation is best suited for aseismic design as it permits
a correct evaluation of the safety of structures, an impro-
vement in general behaviour and an economically advantage-
ous design. Making use of the property of adaptation, the
effects of diminution of seismic forces and of stress redis-
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tribution between members of the spatial structure may be
considered, according to behaviour schemes of the structurgs
in limit stages of stress and strain. To apply actively seis-
mic adaptability, partieular judgegept is needed in directing
the process of plastification (poslplons and'successi9n of )
plastic hinges and zones). The section in whlch.plastlc strain
occurs for one or more sectional stresses (bendlng'moment,
shear force, torsional moment, temsile or compressive normal
force) should be designed to resist safely to thg rest of sec-
tional stresses. A way for future investigation 1n_as?ism1c
structural analysis, outlining the capacity for seismic adap-
tation, is set forth by G.7.Housner!s proposal @@). The con-
dition of stability of a limit stage is: the sum of elastic
and plastic strain energies for which a structure is capable
in the considered limit stage should exceed the totel.seisuic
kinetic energy E, allotted to the structure. ,The parameters
set forth in chapter 1 permit evaluation of E; in eq.(8):

. 2 2
-gc ai-” SV ..-.--2% ( 9‘_2.;.:_-.) (8)

For more than lo years, limit design specifications are
in use in our country for the design of sections in the ulti-
mate stage and for the analysis of some structu?al.members in
which stress redistribution due to plastic strain is allowed

g T, in _the case of statical forces. At the present time, stu-
ges and investigations are made for the generalisation of

limit analysis and design to all building materials. Such
Specifications allow for the practical use of seismic adapta-
bility and of the energy analysis outlined above. In our
Draft Specifications, use of the property of dynamic adap ta-
bility on basis of assumptions of probable damage is especia-
11y recommended in the case of buildings with masonry panels
and those with load-bearing walls. -

4.4. Creation of strength reserves.

, Creation of strength reserves is recommended in the fol-
lowing cases: )

a. when uncertainties subsist in the appreciation of spa-
tial co~operation of some members of the structure or regar-
ding stress flow;

b. when reserves exist in section due to constructive
arrangements, which may become seismically effective with no
supplementary uneconomic sxpense of materials and labour;

c. when uncertainties subsist in seismic load determi-
nation.
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4.5. The aseismic analysis of multi-storey buildings.

T@e advantages of the method proposed above are céspecig-
11y pointed out in the aseismic analysis of high multi-storey
stuctures performed by the response spectrum theory. Regarding
the damping, the function ¥={/(n) allows for = fairly correct
appreciation on basis of experimental data, of the damping
factor and its influence on the spectrum. It is thus possible
to distinguish between various high buildings, regarding the
building materials used in the structure and cladding as well
as the structural solution itself (frames, diaphragms, rigid
or flexible structures, etc.). ‘

The function &=&CPukllows for the exact determina-
tion of the equivalence factor for any vibration mode, any
mass distribution and any variation of rigidity. The law of
distribution of seismic forces (eq.4) is gquite general and
takes exactly into account the form of the elastic line.

The method of dynamic and spatial analysis takes also in-
to account the spatial co-operation of all members resistant
to lateral action (including the consideration of the rigidi-
ty of resistant masonry panels). The higher vibration mode
can be completely and exactly determined by the energy method
using step-by-step procedures, with a "purification" of the
influence of lower wmodss at each stage. Thus, the use of res-
ponse spectre up to 3 seconds appear to be justified.

5. ASEISMIC CONFQORMATION

The chapter regarding "Aseismic conformation® was deve-
loped in such a manner as to give the design engineer the ne-
cessary elements for a rational and active organisation of
strength rigidity and stability in the designed Bstrucgure.

Such elements put forward the complex interaction between
choice of structure and of bullding materials and the optimum
stress flow under lateral earthquake action.

The designer's creative thought, rather not acquainted
with the seismic action, is systematically directed to the
pursuit and understanding of the behaviour of the structure
as an integrated whole, from,O"seismic load up to the coll-
apse load, in order to set forth any adaptatioh possibilities
by material and by structure, to achieve thus an optimum so-
lution.:

This chapter develops the foliowing main problems:

1 - General rules of aseismic building conformation

2 - Arrangement of masses and resistant members.

3 ~ Arrangement of aseismic joints

4 - Conformation of foundations
5

6

7

- Conformation of vertical resistant members (frames and

diaphragms)
- Conformation of transverse ties between vertical resis$

tant members. )
- Aseismic conformation of non-structural members (princi-

pal and secondary).
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-~ Aseismic conformation of important prouinences

Aseismic conformation of bulldings made of various mate-
rizls {timber, steel, reinforced concrete cast "in situ®
and precast masonry). ’ _
10 ~ Aseismic conformation of various types of structural {in-
dustrial halls, multi-storey buildings).

O m
]

A somewhat larger development was given to buidings made
of precast parts, because the Economic Development Plan of the
Rumanian Xepublic lay particulsar stress on the industriglisa-
tion of the constructional activity by prefabrication (12) .

Regarding the answer to the guestion "Which structures
are to preffered in seismic zones, rigid or f}exible ones ??
the authorstpoint of view, based on their emgineering practica
is cutlined below:

2. Tlexible structures should be preffered in the case
of light structures, in which danger of damage in wall panel-
ling is excluded, due to a correct arrangement (wall panelling
should not be dragged along in the deformation of the struc-
ture);
)é. rigid structures are of advantage in the case of buil-
dings made of traditional materials and in the case of monumen-

tal buildings.

6. EXAMPLES

The application of the Draft Specifications as well as
studies and design of aseismic buildings carried out by the
authors have contributed towards the development in the Ruma-
nian Peoplest*Republic of a modern conception in aseismic de-
S5ige

In fig. 7,8,9,10,11,12,13 some typical structures built
in Bucharest are shown, which were directly designed by the
authors or for which the authors served as Consulting Engi-
neers for aseismic design. The designs were carried out in
the principal Design Offices in Bucharests

I.P+CeMoCs ~ Design Office for Structural ingineering:

I.P.B. - Design Office for the City of Bucharest;

I.S5.CcA-S. =~ Design Office for Studies in Construction

Town Planning and Architecture.

FIGURE GAPTIQES

Pig.1l. Response sPecpra for various ground categories and
various selsmic zones. ’

Fig.2. Diagram of the damping functiony

. Fig.3s The @ diagram.
Fig.4. Relation curve between the equivalence factor & and
. the natural vibration periods T for various modes.

Fig.5. The relative level rigidity.

Fig.6. The analysis scheme of diaphragms with apertures.

Fig.7. Typical 8 storey block, with rare aseismic reinfor-
ced concrete walls cast "in situ", of "cellular"' type

(Co-workers: D.Badea and T.Popp, Struct.Engrs.)
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Fig. 8. 1%:ig:m)((}o-workeren D.Badea and Gr. Eliescu, Struct.

Fig. 9. storey block with flexible ground-floor
forced cast "in situ" concrete co-workers:,Tf;o;;in
and D.Moscuna, Struct. Engrs.). :

Fig. 10. Typical 8 storey block in precast reinforced con-
crete, "big panel® system (Co-workers S.Cristescu

_ N.Mihalache, A.Sorbals, Struct.Engrs. ). ’

Fig. 11. 14 stcrey block, of "cellular" type with aseismie

reinforced councrete cast "in sity™® walls (Co-work
. - kers, D.Badea, Gr. Eliescu Struct.ingrs.).

Fige 1R2. quer_buildings 18 storeys high in reinforced cast
"in sitl" concrete. The complex structure is an
example of a complete application of the analysis
method described in chapter 4,2.

(Chief Design,Enginer P.Vernescu, Struct.fZng. co-
worker Z.M&dutd, Struct. Eng.).

Fige 13. Tower building 18 storeys high. Project, st¥ture
composed of a central reinforced concrete "tower?®
cast "in situ" and lift slgbs. (Co-worker, ¥.Ber-
leanu, Struct.Eng.).
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