ABSTRACT

The objective of :
jective of this wo -
rk is t
0

codes currentc ins the 1. S plemen
. as well as those L the provisions of buildi
ng

resistant design of buildi of oth :
ldlﬂgs_ €r Ccountries for the seiemi
| ¥ %

The w -
rot of 28 s i 1di PES m
rotal elected building codes Includes the implementation of
| a

vo lume the main e The obj ' '
provisions of each jectlve 1s to assemble in one

computer program and 1illustrati code followed b
1ve examples f 7 the correspondi
esi

buildings. Thils paper
pap presents a section in this volume gn of typical
corresponding to the

:mplementation of th f amd .
Lap?;”orma 5 1: I;Sdeilfsimlc provisions of the buildin d :
lflcacion y Acclones en la Edifii Cc_} e used in Spain,
acion, NBE-AE-88.

INTRODUCTION

The design of buildings and other structur '
earthquakes are generally based on building desfsn tzoéeswt S e
spec%flc c-ount:_ry or region of a country. Build%ng coilispr;::l%iizddfzr 5
EIOVldE 'guldellnes and formulas which constitute minimum legal re u;ree EO
for 'dei-ugn and construction within a particular country or re€ io?x ITHEHSS
requirements are intended to achieve satisfactory performagnce‘ of Tzhz

structure when subjected to seismilc excitation.

.ﬂ:le Objective of the presentc work is the preparation of a wvolume
ontaining 4 description of the seismic codes for countries located
of high seismic activity. This work also includes
the implementation and application
To illustrate this undertaken, the
ired by the building
o the seismic design

¥

the development of computer programs for
; - - -

of the seismic codes of these countries.
main provisions for seismic design of buildings as Trequ

code currently in use 1n Spain 1s presente
of a six-story building.
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b) Response factor B
s on the period of the structure and g g

The response factor A depend
damping characteristics as given by

p_-;__?_zo,s (11)

JT

in which B = 0.6 for buildings with many internal partition walls and B - 0 8
The values for the response factor B for the second and third

otherwise. .
modes are also calculated with Eq.{11) after replacing the fundamental period
T respectively, for the period corresponding to the second and third modes.

1 - v P ] & = .
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¢) Distribution factor n;

For structures modeled with discrete concentrated weights Q;, the
distribution factor 7, corresponding to the level i is given by

FLOW e ';'-I_a.':- l. 1 -'--I-.p Lais o " TP : ki 3
= . I' 7 'Fﬁ‘%ﬁ:m‘; 4H1_¢%:-|‘::-.;" iiga y . ". E

N
; Qk xk
T I ——— (12)

N
E Or Xk
k=1

where
N = Number of levels with concentrated weights
Xy = Maximum displacement at level k
Qx = Concentrated weight at level k

“The
e Mturevaéues of the foundation factor 6 are given in Table 3 according '°
Lo of the soil and type of foundation.
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S e 3 FosmaRtlon factor 5 (npg NE. &
g = S P,}
”/,’_ S oy g PR e
'ype of 55;6]‘1“"“ ——— g
Swamps L0Os
o AXISE 4
e gr:i‘ib Convelideied - “Comaar’ & o)
dation - 500 5 h, sands and pra comp
Type of o 200 < ¢ < 1000 1000 < ¢ g,g 2000%1 rocks rocks
4000 2000 < c <4000 ¢ > 4000
T
Piles:
Friction type 2.0 1.0 0.7
Beanng (ype 1.8 0.9 0.6 - 53

Isolated......-- 1.6 1.1 0.8 0.5 0.5
Continuous. ... ol 1.0 0.7 0.4 0.3
Y e S 1.4 0.7 0.5 0.3 0.2

s} Overturning moments

The lateral seismic forces produce overturning moments and axial forces
:n the columns, particularly at the external columns of the building. These
overturning moments increase alternatively the gravitational forces 1n the

-xternal columns at one side of the building during the vibration of the

The overturning moment at a level of the building 1s determined

structure. '
orces applied at

2s the moment produce at that level by the lateral seismic E '
the above levels. Therefore, the overturning moment M; at the level i of

height Z, is given Dby

o=y P (729 fordi-s 12 i3]

f) Story Shear Forces

The shear force V; at level 1,
the building, is given by the sum of
level:

N
Vi:;
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Torsional moment M,, at each story is equal to the Story shear «

sultiplied by the eccentricity e, the distance between the cepns

above mass and the stiffness center of the story. This distance

g) Torsional Moment

normal to the direction of the seismic forces.

h) Lateral displacement

The lateral displacements at the various levels of the builg
determined by static analysis of the building subjected to ¢}

2T

lateral forces F;. When the structure is modeled as a shear byjja:

in story i may be

building is then given by the sum of

rigid horizontal diaphragms at the floor levels, the relative digp‘;;:;j;é Wit
evaluated as i3 S
v
A; = :: (15)
in which V; is the story shear force and K; is the stiffness of the e
The lateral displacement at level i with respect to the bas
aSEeE aof
the relative displaceme = sy e
= s oL the ..
stories. Therefore, the displacement X; at the level i is given by =
j -
X, = :
i — - (16)
Program developed to implement the <o:c.-.
in. The plane steel frame of ?;;,“—
A e, - I:oad.s of 20,000 Kp (kilograms weizh:
of the building except at the roof where :h-

intensity ¢ - 1x.
the columns S skl

The build ing

1 of consolidated Bravel and sand
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INPUT DATA S FOR EXAM]
.;-irl.[

a1SK PERIOD

RASE DIMENSLION (EARTHQUAKE DIR] NUI » 9

Dl OF SU1lL Sy BOT .

[YPE LE‘ k lrl‘ 1_ U1ON) (M) RI -« 50

1?{‘!{15\‘111:\'1 ION 1YL . - §

NUMBER OF STORI1IES NT « 3
NE = A
N“ - N

FACTORS OF THE SEISMIC COEFF
‘FRIC SATT
FACTOR s el
NTENSITY FACTOR (ALPHA) MODE 2
RESPONSE FACTOR (BETA) V. 080 - MODE 3
| L B 0,240 '
}.g{*Nl\\TIt‘N FAGCTOR { DE 1. A )

MODE 1}

U.689 ; 0,401

0.800 B L, 5¢
| 0.800 o o3
800

STRIBUTION FAGTOR, ETA(I,J)

1 EVEL MODE | MODE 2
B MODE A
0 L.420 -0 _10%
3 R .0 . 0S8 V.33
, 1 01 " 0.080
0 lll O 008
e 4 | R 4

; 0. /794 0.038 a8 ¢
.3 () H ,ﬁr i ["1 ORS . 'd““
: 0 153 1- | 0.010
- sy V.07 0.260

SEISMIC FACTOR, S(I1,J)

LEVEL MODE | MODE 2/ MODE 3
b 0.064 0.024 -
9 0. 055 il 513 (. 040
4 0. 045 0.002 0,084
3 0.035 0.009 T e als
1 0.016 0.017 0.129

RESULTS:

SEISMIC INTENSITY gl = i3
FUNDAMENTAL PERIOD ] = 1.39
SECOND PERIOD T2 = .49
THIRD PERIOD T3 = .2/
SEISMIC RISK RE = .72




EFFECTIVE
FORCE
1499

EQUIVALENT LATERAL FORCES (Kp):

MODE 3
2
MODE 1 MODE 1834

A 643 -ggg 299 1393
5 1092 i 1683 1938
g b 173 -2377 2502
2

LEVEL

702
99 621
507 389 2616

1 312 346
SHEAR FORCE (Kp):

2575

EFFECTIVE
FORCE
1756
2983
2735
iy
4136
4281

LEVEL MODE 1 MODE 2 MODE 3

6 643 -238 1634
5 1735 -497 2426
4 2632 -540 o
3 3334 -367 -1634
2 3841 22 ool
1 8153 367 1040

OVERTURNING MOMENT (Kp-m):
EFFECTIVE

MOMENT
8780
23527
34703
44631
61473
95584

MODE 3

8169
20300
24013
15844

8169
16487

MODE 2
-1188
-3672
-6372
-8208

MODE 1
5 3217
4 11893
3 25054
2
1

LEVEL

41724
60928 -8100
0 94151 -5162

LATERAL DISPLACEMENTS (cm):

EFFECTIVE

LEVEL DISPL.

MODE 1 MODE 2 MODE 3

6 2. 91
5 2.47
4 2.03
3 3.2Y
2 P
1 0.71

MODE 1
643
1735
2632
3334
3841
4153

-0.12
-0.07
-0.01
0.04
0.10
0.09

TORSIONAL MOMENT (Kp-m) -

MODE 2
-238
-497
- 340
-367

22
367

0.30
0.07
-0.15
0,22
0.01
0. 23

MODE 3

1634
2426

743
-1634
~ 393
1040

o
2.47
2.03
1.60

RS
0.74

EFFECTIVE
MOMENT
1756
2983
2735
3713
4136
4281
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