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Code provisions for

~ffects observed in Mexico City, the foundation factor (F) i

. | : : in

5 2.0 for very soft and soft fine-grained soils with depth greater than 15
an m.

Emergency changes were also introduced to th '
: : ; e desi
Federal District of Mexico City, gn code fo

soft deposits by as much as 67%. In this paper
sdof systems is used to investigate the adequacy of these protection measures and

incr ] '
€asing design forces for structures on deep
the dynamic response of bilinear

the significant differences between both codes in accounting for amplification

effects of deep soft deposits.

INTRODUCTION

On 19 September 1985, a large earthquake (Mg = 8.1) occurred near the south
situated at 300-400 km from the eplcentre,

coast of Mexico. Mexico City,

sustained severe building damage and heavy casualties. Buildings that sustained

moderate or higher levels of damage were restricted exclusively to the Lake Zone
(1987) demonstrated that the immense

(EEFIT 1986). Dobry and Vucetilc :
amplifications recorded in Mexico City were primarily due to the almost'lmear
f shear strains (=.3%) induced

behaviour of Mexico City clays within the range © |
that at such long epicentral

by the earth ' ' ideration
quake. Taking 1into consl : t arad
distances, a ' ' F £h t cmic energy at bedrock 1s associ
: subs al portion of the selsS : _ :
el 1ification recorded in Mexlco City

with low frequencies, the levels of site amp
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e L Ising t. 96% of the damage sust.;
. ghould not be gurif ; s(::g 7 5). During that event, 961 o &% Sustajpe,
. the 1957 earthquake | -

i fact, similar damsgl patterns were observed durin,
. In fact,

Lake Zone (Mitchell et al. 1986). Since

in Mexico City was restricted to the ¢ the ground motions at frequencies i,

. Che
tend to focus . e?erfg-geq‘:mncy of the soil PEPUSETE.. - aghex damap,
cures of fundamental periods close to the Site

_ . . the damage pattern observed during the
1985 earthquake for 1086). Soil deposits in the Lake Zone (Zone 111 inp He:r,i{;

| Mit 11 et al
g:i‘h:ﬂxit::: characterized by natural periods int e:feslsggaf)l.o S€C and depty,
txzcdlng 20 m of compressible soft clay (Gomez e : :

Sﬁil

ke, a presidential decree was published in Mexicq
for construction in the Federal Districe, The

. ved increasing design forces by as much as 67y -
;::;g::::i iilhat?ns:ia;:v;c}ne (Mitchell et al. 1936). Based on o't)s'ervat;ions during
S 1995 event, & ftoudatisn Fsctor (V) of 2.0 we& Spsciied 1n the mac
(National Building Code of Canada) for very soft and soft in_e-gralngd soils wiry
depth greater than 15 m (NBCC 1990). This implies a 33% increase in design force.

as compared to the previous value of F=1.5.

b Following the 1985 earthqua
giving emergency code changes

Heidebrecht et al. (1990) had shown that the amplification levels associated
with deep soft clay sites and subjected to low intensity, very low a/v (ratio of

‘peak ground acceleration to peak ground velocity) motions are underpredicted by

the factor F=2.0 provided in NBCC 90. Their results were based on computations
of the response of simple elastic systems. In the current study, evaluation of
code provisions for site amplification is extended to computations of the
nonlinear response of simple bilinear sdof (single degree of freedom) systens.

Ground motions included in the study are exclusively restricted to those recorded

in Mexico City during the 1985 main shock. The immense amplifications recorded
in Mexico City are a valid test of NBCC 90 provisions because as stated by
Mitchell et al. (1986) : _

l. The potential for large earthquakes near Vancouver could give rise to

amplification effects by the thick recent sediments in the Fraser River
delta similar to those recorded in Mexico City.

2 Sensitive clays are present in the seismically active parts of the St.

Lawrence River valley

_ 11:: the Hexi;o City code is based on past experience with substantial site
anp iflcation effects, it is instructive to compare it to the NBCC 90 in this

Study. Mexico City code, henceforth shall ' ' |
- stud; ., h srth, s P _ - 1985
. m:.s‘my ch‘?‘g“f (losion ok Gt TOUE: - refer to the code after _ the

l the nonlinear résponse- of structures
- 2 U.1 to 4.0 sec. For longer _structural
iable model for actual structures due to lack
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The program ha‘s been modi
5y5tem5 according to eithe
+his paper, the Measure of
ductility is the ratio of
i tS yield displacement

For the purpose of this study
design earthquake for Mexico City ’d
1. Design spectra in Mexico City

December 1959 (Rosenblueth 1979) a3
recorded since then.
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5 . Hill Zone duri :

(.:.70 ye.zr rtehturn 1E)&L‘locl) al€ more consistent with the de:igg;h:piztg:iam?mfh?(:k
City code an the .05 g value tg 15 the acceleration due to prav; g e
on the longer return period of 100 years . gravity) based

| Con?equently, the zonal velocity ratio used to specify design base shear in
NBCC 90 is based on peak ground velocities recorded in the Hill Zone during this
event and which are .1 m/s on average. Moreover, the records obtained during the
1985 event classify Mexico City as a region of low a/v motions. This is of
consequence in specifying the seismic response factor, S, in NBCC 90.

DESIGN BASE SHEAR

NBCC 90

The design base shear, V, is given by . P13
vV = (V,/R)U

Where (4]
V., = vSIFW
= base shear for elastic respomnse.

= force modification factor. ooeE
= calibration factor based on exper

City. ...
= zonal velocity ratio = ;- fox Hexlod / co City).

n 1.0 for Mexi
= seismic response factor (Z,/ 2%y clfjrsesth:f normal importance.
tru
= importance factor = 1 for s

1 Zone . .
R on e i II{J;l];i 7one (FS not to exceed 3.0

MmN QX

W = dead load. ==x

Eq. 1 may also be rewritt
vV(1/U) = V. /R
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o and Naumoski (1991), (1/U) in the left hand side ¢ ,
~ reflecting the fact that actujs] bui"" 3

£

 As discussed by Ts

o o T A e e D s

3 is basically an overstrength factor fas ¥
designed to the code base shear, v, will usually sustain larger lﬁ_ads prirj;"?ﬁ:‘:
yielding. Since the analytical model in this study does not inherent]y mode] .. to
overstrength effect, it should be explicitly incorporated in Specification r.;fh"?.,-.\ig
yield strength (P,). Thus, for the purpose of ac-hieving realistic estima?mt“*
the ductility demands in actual structures, P, is specified as - =8 of
P, = V(1/U)
(4)
Mexico City code
For buildings of normal importance, the design base shear, v_ % xie
V = CW S by
(S
For a building having a fundamental period, T : :
Cs = [(1+3T/T,)c/4]/Q° f £ b
R = 1164Q-2)1/1,] 6)
(73
(8
Cs = [q(1-r(1-q))+1.5rq(1-q)]c/Q T>T, J
g =) (91
i
J’f,lr.,

: Q is a'ductility factor that corresponds closely to the f
actor, R, in PIBCC 90. For the purpose of the curr
considered equivalent. Other factors in Egs. 6 to

Staled earlier, overstrength should be allowed
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presented in Figs. 4 and 5 bas
on each figure is Superimposed .
with the reduction factor used Th

based on NBCC 90 is iower
» 1t appears that NBCC
e Hill Zone without
Based on the above, any
Cructures in the Lake Zone, and
0, would lmply deficiencies in the
Ctual site amplification effects.

violation of the ductility potential for ¢
designed to the base shear provided in NBCC 9
foundation factor, F, in accounting for the a

ak n compressible soil

M+SD peak ductility results are presented in Figs. 6 and 7 based on the ten
components recorded in the Lake Zone. For results based on NBCC 90, a foundation
factor (F) of 2.0 is incorporated in the design base shear. Again, the design
ductility limit is superimposed, as a solid line., on each figure. In Fig. 6, it
is observed that for design based on NBCC 90, the tolerable ductility limit is
exceeded with the exception of the structural period range of .2 to .8 sec. For
structural periods close to the natural periods of the sites included in the
study (1.9-3.9 sec), u is highest at almost twice the tolerable ductility limit.
For design based on Mexico City code, y does not exceed 1.5, indicating adequate
protection to structures of nominal ductility in the Lake Zone.

In Fig. 7, it is again observed that while peak ductilities up to 4.0 can

be tolerated, design according to Mexico City code limits p to values no higher
than 2.2. As for design based on NBCC 90, ductility demands exceed the tolerable
limits within the whole range of structural periods included in the study. Th(e)
excessive ductility demand for structures of fundamental periods 1ess‘t.l:1an 1

sec is a direct consequence of using a period independent force moc}lfliatlan
factor. However, it can be observed that if a period dependent reduction lactor

is applied only to structural periods less than .5 sec, ductility demand would
still be excessive in the .5 to 1.0 sec period range.

FOUNDATION FACTOR

of 2.9
Results for the Lake Zone indicate that the foundation factor

_ lification
provided in NBCC 90 does not adequately account for the site amp

of qu ductility demands, i ts shown
mfd::?uir;dt?ul‘:n;;c?;g base shear, toO the tolerable d;ctpiilit); lir::uits g
in Pis-.?; are coﬁputed through a process of 1terat;3nsl.t r;s osb;er'ved Bt So
directly c;nplnd to the F values provided in b,
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: . eriods of F:e Sitescfnﬂludﬁd b
structural periods C10SE€ from 3.0 to 3.5 compared to 2.0 i ,
study, actual requiremencs for ¥ TENER, 0%, 4 0. For the case of R-s g
90. This observation G provided.lrltdﬂlj IV TOr struce..
demand for design fo ,

m
RN S B o oAs & substantiated’by the fact that for #

: ' umen s _ Saes
B Th}s o r provided 1in the code is qulte adequate fq ity
of R=2.0, the foundation factor p thae

range of structural periods.

(1990) had <tudied a deep soft clay site in Arnpri.

e

nsequence of using period indePQJJ
and

et al. ST oY

ﬁeidezrzizzher $es U.K. Their results indicate that for structural Periog.
?ntaruoéﬂl f the site periOd, actual requirements for the foundationp fmﬂm?
in the range O £ 2.0 provided in NBCC 90. g

reach 3.0, higher than the value O

CONCLUSIONS

onclusions based on the current study

for deep soft clay deposits does not adequateh
imilar to those recorded in Mexi.,

Following are the main C

City during the 1985 earthquake. e :
72 There is a need for adoption of period dependent force modification factors

in NBCC. The range of structural periods for which the force modificatign
factor is period dependent should be a function of the geological conditigps

at the site being considered.
3, Mexico City code provides adequate protection To structures of nominal

ductility and ductile structures in both the Hill Zone and Lake Zone.
4, Mexico City code is an example of how microzonation offers the better
alternative for future aseismic codes.
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