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Analytical approach to the calculation procedure
of N.A. on paragraph 4.2.3.2.(8) EN 1998-1

1. General

The Greek national annex on EN 1998-1 restores the definition of mass eccentricity1 in accordance with
the requirements that existed in Greek Earthquake Standard (EAK2000) paragraph 3.3.3. and Annex

2T. In the following it is attempted a logical sequence for computing the figures, mainly as a memoran-
dum on how exactly things come out®.

In the following the term "a dynamically independent unit" means a building within the notice of the
paragraph 4.2.3.1. (1) P.

2. Geometry of storeys in plan

For each storey are calculated, in the reference coordinate system:

e The values of moment of inertia lyq, lyg and Ixyo of the shape in plan of the diaphragm. Aim of
this calculation is the determination of polar moment of inertia at the center of mass (lp=Ix+1vi),

using the Steiner transformation formula from the origin of the reference system.

o Determination of storey total mass M; and centre of mass (Xy,Yw).

3. Determination of "elastic" axis of the building

It is defined a real or virtual axis of the building as follows:
o Determine the nearest building diaphragm (reference diaphragm) to the level z,=0.8H, where
H® is the building height.
e Load diaphragms with, all having the same sign,(torsional) moments M,;=cF; where, F* is the

static storey seismic force and c® an arbitrary number.

e Calculate the angle of twist of every diaphragm 6,, and find the pole of the reference diaphragm
Po (Xpo,Ypo). In every other diaphragm consider the points where P, is projected. This shall be
considered as center of inertia.

' The introduced, by N.A., method practically leads to spatial models for building calculations because re-
quires the development of a such for the calculation of these parameters.

% Footer notes(in blue) express personal positions of the author of this text.

® The height of the building is not clearly determined (e.g. if consider the end of staircase shed at the terrace
this may change the reference diaphragm with almost no change in model). Also it is not explained what to
select, in case that level z, is found exactly between two diaphragms.

* The static force F; is defined on paragraph 4.3.3.2.3.(2)P and (3) EN 1998-1 under, of course, the condition
of (4)P.

® So can also be c=1.0
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4. Determination of principal system.

The reference system is that
by which all structure is
geometrically described. The
principal system is the one
that (EAK2000: %.3.3.3.[3])
when the model is loaded
with the static horizontal
seismic forces, in the direc-
tion of its axis x or y, would
produce no twist on the ref-

erence diaphragm.

e The building is loaded in all diaphragms with the seismic forces F; ® to the direction of main axes

of the reference system.

e The displacements Uyyx, Uxy (Load to axis X: displacement to axis X or Y) and Uyx, Uyy (Load to

axis Y: displacement to axis X or Y) are determined. It is Uyy= Uyx.

e The angle a is calculated for the displacements of point P, of the reference diaphragm as
tan2a=2Uxy/(Uxx-Uvy). This angle express the orientation of axes x, y (note the lower case let-

ters) of the principal system. If angle a<10° then Uxx ~ Uyy and then it may be taken as a=0.

e The seismic calculation will be performed on the principal system7, as just defined.

5. Building torsional sensitivity

Torsional sensitivity is defined by the relations (4.1a)8 and (4.1b) of paragraph 4.2.3.2.(6) EN 1998-1.
According to this, in order a building not to be torsional sensitive must, at every level, these two relations
to be valid :

eoxi < 0.31y; and e,y; < 0.31y; (4.10a), 1y = I and 1y, = Ig; (4,10b) where:

€oxi» €oyi . IS the distance between center of inertia and center of mass, calculated on the direction
that the relative index specifies, transversally to the other direction.

® This expression of EAK2000 on paragraph 3.3.3.[3] and on Z.3.3.3.[3] indirectly assume that force applica-
tion point is at the center of mass.

” This distinction does not exist on EN 1998-1 paragraph. 4.2.3.2.(6) "for every analysis direction X and Y".
Nevertheless see EN 1998-1 4.3.3.1.(11)P.

® This relation does not exist on EAK 2000.
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zZi

v, fyi : Is the diaphragm (i) radius of torsion of inertia that is defined® as Tyi = C@in (respectively

for y axis). The Uy, is the y displacement (principal axis) with the model loaded as before, 8, and ¢
are defined as previously explained in the current text.

ls : Is the radius of inertia of mass of diaphragm in plan [ = % where Ipy; is diaphragm po-

lar moment of inertia on center of mass and M, the diaphragm mass.

6. Calculation eccentricities.

At every direction are defined 2 eccentricities (either side of centre of mass), to the "elastic" axis, the

maxe; and mine;:

max e; =er +ey and min e = e, — ey , Where

€, € : Equivalent static eccentricities'® in order to take account of torsional vibrations of asymmet-
ric buildings for a shifting seismic excitation of the base. In buildings with a symmetry axis their values

are zero in the direction of the axis of symmetry. For spectral analysis these eccentricities are ignored.

In buildings with no torsional sensitivity (as previously defined) it is allowed these equivalent static ec-

centricities to be defined approximately as e;=1.5€e,; and e,=0.5¢,;

€ai : Accidental eccentricity".

In the general case (under the con-
dition of regularity in elevation - table 4.1
EN 1998-1) the determination shall be
according to the (6") annex =T of
EAK2000 (see drawing beside text), for

every diaphragm and every principal di-

rection as follows (note that the index of
diaphragm and seismic loading direction

is on purposely omitted, for clarity):

e Determine, in the principal sys-

tem, the ratio:

% To the N.A. the radius of inertia is calculated in the principal system and not in the reference and equals for

X axis rmy = /T4 + eg,; (respectively for y axis). The determination of values follows EAK2000 paragraph
3.3.3.[7] where the radius of inertia is defined in terms of displacements and not stiffness as happens in EN
1998-1 par. 4.2.3.2.(6) (As torsional and bending stiffness are defined differently their equivalency is not cer-
tain but at note of par.4.2.3.2.(8)b EN 1998-1 allows the use of alternative definitions).

"% These eccentricities do not exist in EN1998-1.

" Accidental eccentricity is defined in paragraph 4.3.2.(1)P. EN 1998-1. To this paragraph accidental eccen-
tricity is defined as 5% of the width of diaphragm under consideration (i.e. Transversely to the examined di-
rection).
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o u= Z
o I, = br

ls
e The eccentricity eq shall be taken always with positive sign.

e The L, is also always positive and is defined, as shown in the previous drawing, by the perimeter

of vertical elements (i.e. columns, walls).

e Based on the first uncoupled eigenperiod T of the building, to the direction examined it is de-
fined n as follows: n=1 for T<T, and n=2/3 for T>T,.

2&g
e&+uz-1

e Calculate the acute angle 2w derived by : tan 2w = if w20. If w<0 add, algebraically, the
value 90°.
e Calculate: Ay =1—¢tanw , A, =1+ ¢gycotw , 6,1 =cotw — 1, ,8,, =tanw + L,

8E2(1+115) 307

A . . .
Then: 1, = [—2 , = , Where € is dumping (in %).
° 12 A1 €12 104(1—1%2)2+4€2112(1+112)2 § ping ( 0)

: 1/2
) _sin2w (1 1 1
o Then:Ry=— (_Agn + i 281, A?Ag)
. 1/2
. sin2w (8%, | 8% 5r15r2)
) = —_— L
Then : D, . (Ain + a2 + 2¢&4, ATan
. r? 2 1-Dp
e Sofinally:ef =—R;=e,, . =—- < 0.5¢,
ls ls L—g

Note 1: The eccentricity e, is possible to take negative values in torsionally sensitive systems. The limi-
tations imposed (erzey and €,0.5e4) aim to the reduction of unelastic displacements of the softer side

and to the plasticity requirements of the stiffer side of the building.

Note 2: Positive values of e; and e, measure from Py to the directions PoM; of projections of the center of

mass M; to the principal axes x or y (see also previous drawing).
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