" ACCURACY AND SIMPLIFICATION OF THE SEISMIC DESIGN *
BY SP., MENAYAS, CIVIL ENGINEER

1.~ From an examination of the seismic problem, it becomes imperative to ex-

mess the seismic cosfficient not as a constant for all structures of the
same geographical regicn, but as a function of:

a) The rigidity of the strugture end the mass distribution,expressed
in terms of the natural period 'l;ae the fundamental motion of the stru-
cture,

_ 61:) The physical property of the material of the structure and the
groun

On the othexr hand, since dwring the oscillations, the seismioc coef-
fiolent of the structure changes as a function of time, the most unfavou-
rable moment of the fundamental motion, which produces the maximum base
shear, must be determined, taking into eccount the increase due to resonan-
oe and the decrease due to damping,

For these it is proposed to use the following terms:

a) Externsl seismig coefficient Co @ seismic cvefficient of the grounds

We define thus, the ratio of the observed maximum horizontal component
of the seismic aoceleration of the groumnd to the acoeleration of gravity,

b) Mean or particular seismic ooefficient C of the struoture:

We define thus, the ratio of the maximm resultant of the; latersl sei-
smic foroes (base shear) to the weight of the whole structure.-
Hence, by the dafinition :

R.:cw....'.-.. -(’)
where: R=the resultant of the harizontal (latersl) seismic faroes,

W= the weight of the struotwre,

Obviously, becsuse all the points of the structure have not the same
seismic acoeleration, the ocentre of the selsmic farces does not ocoinoclde
with the oentre of gravity of the struot&n. ,

The particular seismic coefficient & of every struoture depends on its
rigidity,

The measure of rigidity is given by the natural periodeot ths stru-
coture, Giit) :

The maximm partioulsr seismic cosffioientC of the building, after en
impulse of the ground motion, is produced in the case of stereostatic (per-
feotly rigid) struoture and it is equal %o v

The partioular seismic ocefficient of a structure can be written:

Cs.’ktn.co(z)
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where: }\.-. a function of the rigidity
tl,:a factor depending on the rescnance and the damping.
2,=- Calculation of the mean or particular seismic coefficient of a structure.

A.~ The capacity of absarption of seismic kinetic energy by the stru-

cture is limited and depends on its rigidity,
By equatin? the work done by the ideal stereostatic structure and ths

resl structure (elastic) during an earthquake impulse (half a ground oscil-
lation), we have the relation :
n

(3
C =Co__ﬁ=;_____w ............ (3)

o

ﬂw.'ezw =the weight of the ﬁ“‘ floor
KR =

W=2 W
k=t K
Ti= the number of floars

Q =the amplitude of the horizontal component of the motion of the
ground

@ = the translation of the - during the time of displacement

A,on the ground, Befare the structure starts to give out the
absarbed seismic energy (before the beginning of the vibration
of the structure) (Fig.l).

Clearly the ratio : n

Za‘,‘WR
k=1 =A""""' 4
a.oW | ()

is less than unity and is called rigidity factor,
When the velocity U of transmission of the motion of the ground in the
overlying structure is given by the equation :

Ugg_l.i-—......‘......(S)

T

where: = is the height of the structwe, the megnitude of the translation
CQl_1is given by the equation :

3
{ Kty ARl 3 2h
a&"”"z'ao[” bl 2(‘° ﬁ](s)

where: ‘J«‘;ﬂm distanoce from the foundation to the point A under consi-.
deration (Pig.1) 4 (2}
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H= the aistance from the foundation to the point M (Fig.l) over
which the motion has not yet been transmitted when the founda-
tion hes moved through the emplitude 2a

Hence: .
Te _Te .. )
H=v—=H T |

where: 1-e= the period of the ground foroing motion (earthquake)

a=—a 1+sm—£(1 2h, T ] (8)
&k 2 o 2 H Te ‘
For structures with storeys of ooustant height and constant concentrated
static loads i,e, when:
H =N ‘:,o Ceia e (9)

W::.T]Wk. ....... (iO)

where: 1l = number of storeys
o‘ the height of every storey,

Prom equations (6) and (7) we have:

g92c
the value of the rigidity faotm‘A is derived from equations (4), (8), an

(10) : =

I
/’? -—:/a _22”/;24-.;01?——( -I-S:'n-‘-é’f-//",’;é’é}‘r
f =
7.
povios e psin (1= 2 )

Par oontinuous un:\.formly distributed statio loads, equation (11) becomes:

PRV TR AR £ 7

Prom equations (11) and (12) the tables | ana I are set out, the first far
ooncentrated masses on the floors (point  loads) of the multistory buil=-
dings and the second far continuous mass distribution, along the height of
the structure,

Tt is of special impartance to mote that the partA Mand especially
the region ¥ (Pig.l) is subjected to the maximum danger “of damage because
of the small radius of curvature of the deflected structure,

The point M 1lies on the structure when it is slender and flexlble,
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Generally the total lateral seismic forceR for ove earthquake impulse
is given by :

R=(AoW,+ X WG, e (3)

where: )pathe rigidity factor for point loads
A = the rigidity factor far continuous loads,
p=the resultent of the point loads, -
W =the resultant of the continuous loads.

B,~ Resonamce and damping
Definitions:

T,= the dnration of maximum seismic intensity, This is a function
of the magnitude of the earthquake and can be taken equal to
6 seconds, T

Ps ing coefficient dnring half a period: _§ of the struoture
fundamental motion, 2

F:G-f R R ('44)

where: K= Constant: depending on the physical properties of the material.
Far reinforced conorete structures i can be taken equal %o 0,20,

r(_" Resonance factor i.e, factor of inorease of the particular
seismic goeefficient of the struoture because of resonance, ta-
king into account the
Q= the amplitude of undemped oscillation of the point Ay (Fig.2)
vithout the influence of resonance,
Qzthe mplitude of cacillatiom of the point Ag arter m gromd
i:q:ulses taking into account the effeots of resonance and dam—

ping
Hence, by definition :

a’z tl.f,a.k~»..“ “ e - (‘5)

The value of the resonance faotcrk(oau be caloulated from the equation:

P H—y———-—i( ) z-—-———-—-—-mé”? f—--ﬁ--l"i’”H peiff 3)-4]
b P Sm ; sm[fzm-a) -2—]

tion glvan y ehefreuuom |
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‘ m > (sot
From equation (16) the table Ll is set out, far T6= f,O (soft ground),
If in equation (16) we introduce: :
sec : o
1;_’*0,3 2!‘0: hard ground)
o ‘reao &>“(for medium stif ground),
Pl —e .
we can set out two tables which with tablel{l cover all needs of the aseismic
design, ’

3= Dish’ibﬁtion of the total lateral seismic foroe along the height of the structure,

By'shear deflection (Fig,3) of multistory structures the distribution
of the total lateral shear R, given by the relation :
' mn

R=IP=cW=rprcW..... (8

P:,,,CW wVZ’,— e (‘9)

k=i~ K

which sssumes a paraboliodeflection of the structure, ,

When the deflection is due to shear and to bending (stacks) the distri-
bution of the total latearal farce along the height of the structure, can be
obtained by the equation : :

cW
Pea Wh o)
‘ éc(wkﬁk) s '

which assumes a linear deflection of the structure. (Fig.lh)
The lateral shear() on the Kth floor (Fig. 3 and 4) is given by the

reiatim:‘ f C )
=) P e (21
QL

4y~ Distribution of the shear Q n the oolumns snd walls,

Par the distribution of the shear (] on the seismic load besring verti-
cal members, it is required to determine its point of ‘applic,ati.on.n Because the
coordinates of the point of application of the shear () are funotions of the
coordinates of the pole of the harizontsl rotational oscillations of the slab-
discs of ‘the floor under considerstion, whose position depends on the position
of the centre of the seismic farces, the coordinates of the pole is determined
by the method of successive approximations as a function of the coardinates of
the oentd® of seismic farces by the following equations which are valid in the
case thaf”iap;qr‘allel to the axis ofQx(Fig.5) : . ‘ Y s b
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N RN P s s
iy 6o
B n
X;=3C = _z_..ib.]_)_i-:(- e (26)

wher i i i the
: D = the indices of resistence in bending and shear of
° kx ’:Dky- colurms and walls carrespondingly in the direction of

axes Oxand Oy
xk YR‘ the coordinates of the centre of section of the columm
or wall Q
Cpxz the angle of maximum horizontal rotational oscillation
XE’Y the coardinates of the centre E of shear 3 (seismioc
farces)

I ’YI = the coordinates of the elastic centre i,e.,, the centre of
gravity[of the indices ‘Dky 5 D&x

Dwﬁ': the indices of resistance in tarsion,

By the first step of caloulation we assume that the centre E (Fig.5) of
seismic faroes, coincide with the centre of gravity G

The distribution of the resultantQ< in the columns and walls is carried
out by she following relation:

Toum B O LB @7)
J-—‘:P(x x )D (28)
where: .Ff:x)pk the components of the seismicforce per columm or wall cores=

Yy Pondingly parallel to the axes

-

.L J - the moment of inertia of the static loads paxrallsl to the

SJ( )Srs the static munent of static loads pwallel to the axes,
W the statio loads,
Omm, if the pole of rotetimal oscillations is taken as w:lgln the

equation (21)
_Y "‘——-- LSRR RAREE (29)
X

Omitting the tnglnmoe of the index of tarsiomal resistance, the ardinate



Accuracy and Simplification of the Seismic Design

); ;Mhe pole of rotation is given by :
_IDox D,
cx 2yD - YEZDRx

5.,= Indices of resistance and static caloulation,

N (30)

It is aimed to obtain the indices of resistanoe and the static caloula-
tion of a mltistry frame by treaking it up into equivalent one=column multie-

story frames,
The indices of resistanoe]) are calculated from the equations :

r:)l?:.%_ .......... (3') |
S= %—4.}_‘-:6-)—&- +ﬁf) ........ (32)

vhere: x: coefficient of relative rotation of the tangents at the upper aud
lower ends of the colums o walls
F) = the height of the columm or wall
j = the moment of inertia of the section
F= the area of the section

p:the anglo of slastic rotation of the tangent at the lower end
(Pige6)e

The velue of ) varies between 0,25, when the tangents remain parallel,
after the displacements, and 1,0 in the case of free upper end,

The cooefficient K of the column AB is calculatqd by the relaf;ions :
x:é_?_‘?._:.'. eremneee (33)

op®
o= 28 (34_)

R B
Faet Fan
B . ﬁl -y
R A ()
ka':_ﬁs': : B: AB
A katkatha .. (36)

AB RIrRkor ko
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where: ‘< Q = the stiffness value of the right (r), left {1}, IM )

B) A na upper” (o) members of the nodes B and 4 Fig.6)

B A N
P o' = the degrees of fixity of the oolumn o wall 4B, o® ©
AB” AB dingly of the lower and upper ends Band 4,-

28 0

The values of the degres of fixity vary from unity (camplete ﬂ”"m ¢

zero (free end), 1 equlve-
For the csloulation of degree of fixity™P the lengths L of the

~ lent spans are introduced, ’ o is
In the case of besms with undisplaced supparts the squivalent sP®F

gim by the relation : :

: 1’= l(' - _'%’_) (37)

and the term stiffness value :

T (8
k=g (38)

In the case of free horizontal displacements of the ends of the ‘©OLums
the stiffness values become :

a) In the case of loading of the starey AB of the colum by a Wmm
faroe applied at the upper end A, the stiffness value of AB is given bYW
relation : (Fig 6) J. ,

RA;ggg;B> ie. [-—-:,S&é ....... (39)

b) 1In the case of loading of the storey AB of the oolum by a mewnet
X oonstant elong its height AB (Fig,7), the stiffness value AB of ood.tam

AB is given by the relation : )
k =) e l=3h _....(40)
AB 3 B AB
6) In the case of loading of the floar AB of the column, by, a mcement
M ‘oonstant along the height AB (Pig.7), the stiffness value of BC of® +he
underlying floor BC of gh‘e colum is given by the relation:

\ "

R P A 1T CD)

B¢ 3hg +=°
o ; | > |
where: ‘ﬂ-—-th_e degree of fixity of the colum, (floar B0), at the loB&~ end C,
| Por the ocamplete separstion of a miltistory frame—oolunsi fron the wmylti-
- story frame building snd to take into account the transmitted actions Poeom the
~ remsining bullding frame, the spans of the beams are replaced by the ollowng
equivalent freely supparted spans L (Pig.8) s L
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u
where: ? ? = distribution facters of the momentse

The above determination of ind.i.oes of resistence D and correspondingly

the static caloculation on the as tion of free harizontel displacement i.e.,
without developpment of herizon?alf reactions at the oolums by the slab disc,
is valid when the seotions of the colums or walls remain the same or change
propartionally firam floar to flooar, for-all the colums or walls, In a different
case the calculation is oorrected by the infroduction of the tam “degree of

. prevention® (Fig.9)
D, /1Dy

C__ -
A AB/Z

'by means of the relat:!.m:
M -—M"‘———+(+—~‘-)M C

For the caloulation of the degree of prevention we mey accept with suffi-
cient acauracy the indices of resistande as caloulated by any approximate
formula,=

Atheng; March 1960,
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SP. MENAYAS




Menayas

i




Accuracy and Simplification of the Seismic Design

o 3N

Yoo S N
< »*‘% "Q S o O
il e

!
T \% | 8

ooy |
;szzag): (::
q

2005



S, Menayas

‘oas={l/

woggoree punouss 39, \\o Porusd/ =
3umprdps 297 fo porisd panyon =

SAQeps fo usgruniu =t
uoggowe punoib fo porusd =3
uUryITIdys 24 o \uo.u.\mn\ IPAyypu = 5

o05| ozlzsy| 97]gze] 27 [ er2] 8o]5e7 (70
wr0| 67 297 | s{262| /7| 947| 20| 276
827| 87 o7 | »7|S°%| 07| 657 | 96| 777 | 28
9p7| 291885 €7|242| s0|<LpY]| 50| 2a7]| 16
HR AR EIRIEARIEAN,
5, -
Z/=5rae oy mleus S agreny
o ...\HM. %\hﬁm\&.ﬁ 2L 578 WRUGXD UL of0 1S )WATIG

s Qﬂﬂro\ 2ea7p02¢ \bunvqh\\uw&\ So porizy
» ko\uﬁ.\\ U 2SI \o sarzmg

7 7%

6:/0 |02 |seo| s/ | LeO| 07 | 995 | 5P
oro |0y ozo| 67 (L26| 27| 726 | 65 |26 |25
7o |S€|,e0| 871620 €7 |99 | go| s90]| €%
20| ocleao| 27| se0| 27| 250 | 20| 265 | 22
570 | szl €20| 99 lpeo| 17]000| 96| s65| /0
@, j ,

“\ Yzl #1248 22| 22| 12y

spPa) SN MUTIUOD waf v

107702l Purrond 247 fo paTiacss Y
Bur1pINPS 297 \\n\ub\kmn\ JPunIwr =y

Z 372/

wpon/ 3301674 fo wryny

Z 9%

I AL 0z
srolsio|molero|ar0| /o 87
670|6/0|6/%|5/6|e/%|2/2 97
€20| €25 |e2b (220 [220( /27| 5,5 v7
420|125\ 220|920 |92 |se0 |02t |5/ 27
+¢6|cc0 (2€D| /£ 00| 820 | s70| /720 | £/0 o7

60| 8F0 |45 | 960|pe0| 260|620 | gz Lr 60 |
€4 0|z9o| 1p0|0po| 60| LeS | 560| 760|220 86
67 0|g90| £$0| 970|s40 470|249 | 860|620 £0
Zso| 950|550 |ps0|fso|zsb|osn| 9w 0lgeD| 20| 06
9956|590| 596|$90|690| 290|090 950|690 |52 | 56
924b|9.0 | sto| L0 | 940 526| /L0 190|690 |cptil» b
|| 80| 580|980 | #50| £90| 280| 626|220|£95 | €%
€60|266|265] /60| 68%| 285] 26

869| £60|965| 560 /%]

uslor| 6| 8| 4| 9| s|l¥lele|ls|Z%
= Z
J5bry junsuos fo ihasess pup s BM\ 217178 p3y
...ﬁy\\w\nw.ub\%h \Nu\u\% \G.\ D\.\Q\V‘m\\ \&Wu.w Jed \Q hw3\§

2006



Accuracy and Simplification of the Seismic Design

Sp. Menayaes- Civil Eng.

Supplement to the paper under the title

" gecuracy and simplification of the seismic design

Equation (3) and (4) of the above mentioned paper,must be
substituted by the following relation (3a) which is obtained
from the ratio of the equations which express respectively

the total lateral seismic force of the elastic structure and that

of the stereostatic (rigid) structure
»n

Za ¥
ﬂ,c‘fd!;h_—-........... (3a)

Relations (11} and ({2) are respectively substituted by the
followingbequations {11a) and (12a).

2 a
k=1 K / . 7
A= 5= 52 /n+sm—%7—ff—2: *

7 7
....+S/'77-27.7-//—2-7—€§—) ..... SHa)

Athens, April 1960.
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