ABSTRACT: Characteristics of the 1985 Mexican earthquake and the influence of the
subsoil conditions on the strong ground motion in Mexico City are described. Some

aspects of structural design practice and examples of structural damage are discussed
qlong with the emergency changes to the building code.

1 INTRODUCTION

This paper summarizes the structural
design practice in Mexico City, the
dominant role of the soil conditions on
the strong ground motion, the structural
damage in Mexico City and the resulting
emergency code changes. These observations
of structural damage were made during the
site visit of the five member Canadian
team (Mitchell et al. 1986a&b) in October
1985 and during a subsequent visit by the
author in September 1986.

¢ NEAR SOURCE GROUND MOTION

The September 19, 1985 earthquake which
occurred off the Pacific coast of Mexico
along the Michoacan segment of the Cocos
Plate had a magnitude of 8.1 followed by a

Magnitude 7.4 aftershock on September 20,
. The subduction of the

1985. See Fig. 1

| Pacitjc -Q
Ocean movement of
!\ Cocos Plate
] 2 E _
Miehoaean Picentral region of the 1985

earthquake.

Cocos Plate under the North American Plate
has resulted in a number of earthquakes of
magnitude 7.4 to 8.0 along the Pacific
coast. Figure 2 gives the accelerograms
recorded at La Villita close to the
eplcentre., The maximum acceleration
measured was only 12% g in both the E=W
and N-S directions and the ground motion
was characterized by high frequencies with
a second major burst of energy released
after about 40 seconds,
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Fig.. 2. The N=5 anga E-W accelerograms
recorded at La Villita (Anderson et als

3 THE EFFECI QF SUBSOIL CONDITIONS ON
STRONG GROUND MOTION

Although the earthquake caused damage to
1ow rise masonry buildings near the
epicentral region, only minor damage
occurred in the coastal resorts of Ixtapa,
7ihuatane jo, and Acapulco. Considerably
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pig. 6. N-S and E-W accelerograms

recorded at UNAM, SCT, and Abastos (Prince Fig. 7. Zones of damage in the 1957, 1979
et al. 1985a, Mena et al. 1985 and Quaas and 1985 earthquakes (Instituto de

ot al. 1985). Ingenieria 1985).

resultant of about 4% g but lacked the zones I, II and III as shown in Fig. 8.
nigh frequency content that was The code permitted the elastic response

experienced at La Villita (See Fig. 2). spectra to be reduced by dividing Dby a
At the Secretary of Communications and ductility factor Q which ranged from 1.0
Transportation (SCT) complex the 30 m of to 6.0. The resulting design spectra for
compressible soil resulted in a peak zone III are given in Fig. 9. A brief
acceleration resultant of about 20% g with description of the ductility ratios is
a predominant period of vibration of about given in Table 1. More details are given
2 sec, This represents an amplification by Mitchell et al. (1986a&b).

of about 5 times the peak acceleration

recorded on firm ground. At the Central S ——
de Abastos site the thicker layer of o
compressible soil resulted in a peak 0.30 o I

acceleration of about 12% g with a \
- — '\

predominant period of about 3 sec. & ,_._____ - |
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Fig. 9. Design spectra for zone II1
accounting for the ductility factor, Q.

Table 1. Ductility factor, Q

Case Structural system Q

1 Ductile moment-resisting 6.0
frames of concrete or steel
meeting special design and
detailing requirements

2 Dual systems of moment-resisting 4.0
frames together with either
braced frames or concrete shear

walls meeting special design
and detailing requirements

walls meeting s
; pecial con
S < o finement
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adjacent buildings buyt not
6.001, 0.0015 snd 0,002 Lime 1633 t
building height for zopeg . S han
respectively.

4.1 Reinforced concrete code p
OVigy
The detailing requirements i Ong
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Fig. 10. Details for '
reinfo
frame members. reed conerete

function of the column dimensions (C4 ang

?2) and the tie diameter (dp tie). The
977 code required that the ends of column

ties be'anchored elther with 135 degree
bends_ With a straight bar extension of 10
bar diameters or with 90 degree bends with
a. Straight bar extension of 20 bar
diameters, It is noted that after
Spalling of the concrete cover these %
f’egr‘ee bend anchorages would D¢
lneffective and therefore are not
Permitted by many codes (e.g. CSA 198%
for structures designed to exhibil
Significant levels of ductility and energy
absorption. In addition to the B
SPacing requirements shown in Fig. 10 "
ties must have a yield force of at e
17200 times the yield force of the large“
longitudinal bar or bundle of longitudlnsi
bars, In order to prevent buckling © t.s
longitudinal bars the tie spaclns 1r
limited to 13 times the lorlsit“dina1 blaz
diameter for the usual grade of steel (!

f
fpa)- In addition minimum confinemis.
einforcement is required in the aolut

E D cr i ot pie 0 i
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Column reinforcement details
(Mitchell et al.

Fig. 12

Column reinforcement details.

Figure 1

1
N the Shows the reinforcement details

endcf{ ai column under construction
Fth Y 1n October 1985, just after
diatributiquake‘ This column has a good
the Perimon of longitudinal bars around
e\’ery alt eter of the cross-section and
"Ith 010 Srnate longitudinal bar is tied
Figure 11 also
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13 Waffle slab construction 1n
Hotel.

anchorages for the column ties. Figure 12
illustrates the column tie reinforcement
details for a large hotel structure under
construction just after the earthquake.
This column has well distributed
longitudinal column bars (no bundled bars)
with each longitudinal bar laterally
supported by ties. The ties are anchored
with free end extensions of 20 bar
diameters with only 90 degree bends.
Figure 13 illustrates the reinforcement
details in the Nikko Hotel which was under
construction at the time of the 1985
earthquake. Waffle slabs are very common
in Mexico City and are constructed either
by reusable waffle pans (Fig.: 13).00- DY
embedding hollow masonry blocks in the
slab. Note the presence of reinforced
beams between the columns and walls.



Shear wall reinforcement detaills
in Nikko Hotel.

Fig. 14.

rigure 14 shows the shear wall
reinforcement details for the Nikko Hotel.
These walls have boundary elements in the
form of columns containing confinement
reinforcement,

4.2 Code provisions for masonry structures

ihe 1977 masonry code

3 Kl (Instituto de
Ingenieria

Produced ang 0.53 :
- times the
E:c?:sg:g St;ength for blocks not af‘vaiiiie
: asonr
POE1 civis Y walls gre classified as

compresﬁive Stl"erlgth of 3 st
and contain at least 3 1‘3’“3:"“3%inalJ 1P,

developed. These members must
minimum amount of transverse O

distance between the tieg or Stirr«u

d, is the depth of the confingn S ang
The maximum sSpacing betyeen theg J

stirrups must not exceeq L& tieg 4
mm. The maximum horizontal Od?op 200

between confining members jg 4 S 1 Stang,
° me i

wall height but cannot €Xceeqd y = B
maximum vertical distanCe 8 The
confining members is 3 p. A1l
greater than 1/4 of the ya1y 4. ngs

must have confining membersg aroy
perimeter. If the height t

ratio or  the 'wall 1is greater th
additional stiffening memmn ;
provided to prevent buokling,
s FREINForeed masonry yayjgm
contain '
reinforcement. The sum of the
and vertical reinforcement ratios p
at least 0.002 with neither ratio
less than 0.0007.
thickness ratios greater than 3
contain stiffening members t, Prevent
buckling. Longitudinal bars must be
located a clear distance of at least 1/
of the bar diameter from the face of
internal cavity and the cavity must bhe
filled with concrete or mortar over the
wall height. The bars Mmust have a clegr
cover to the outside of the wall of at
least 15 mm or the bar diameter whichever
1s greater. At least one #3 bar should be
Placed in 2 consecutive cavities around
the wall DoOumdary.  at all wall
Intersections and the spacing betweer
these groups of bars should not exceed 3
M. In addition the individual vertical
and horizontal bars in the wall must be a
least #3 and must have a maximum spacing
of 6 times the wall thickness or 900 1
Whichever is smaller. The horizont
steel shall be continuous and anchored al
the ends of the wall, ¢
4, "Unreinforced walls" are those ™

meeting the above requirements. b
structures the ©

1 39

must

For ord lnary ve 4
(?nstituto de Ingenierfia 1977a) garise
Slmplified analysis procedure for 10"‘;:1r~es

(less than IS3omiin height) 8truc For
Drimarily consisting of walls. 3113
©Xample for g3 structure with 1"’rick-wieﬂt
in Zone III the lateral force cC'effl(r:n i
ror g structure between 4 and p10ck
"eight is 0,09 (0.10 for hollo¥ b e

Walls), These coefficients mus
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: code provisions for steel structures

srements of the 1977 steel design
Instituto de Ingenierfia 1978) and
récommendations given by Bazdn and
e (1985) for steel structures designed

wieth 5 ductility factor, Q.= 6 are:

only compact sections may be used to

1. desired level of ductility,

schieve the
,, Beams are designed with an increased

4 factor for shear and torsion of 1.4,
108 che usual grade of steel (ASTM A36)
g:;a'n and Meli (1985) recommend that the
onds of beams be laterally supported (over

Jength equal to twice the beam depth) by
;racing with a maximum spacing of 63.2
times the radius of gyration of the beam.

3, - The factored axial load on columns
aust not exceed 0.6 times the axial yield
load, Pyr of the column. For column loads
in excess of 0.15 Py 2 load factor of 1.4
instead of 1.1 must be used.

i I menmust be capable of

transmitting the yield forces of beam
flanges.

5 STRUCTURAL DAMAGE IN MEXICO CITY

The September 19, 1985 earthquake and 1its
aftershock on September 20 caused

unprecedented damage in Mexico City as
discussed below,

5.1 Severity of ground motion

'ghe peak acceleration on firm ground at
agitltis tuiz g with a slightly higher peak
transit? on of 4.5% g measured in the
i st on zone (See Fig. 5 and 6). The
fibe celeration at the SCT site in the
Eroundone region was 20% g. This strong
104 motion had 11 cycles greater than
- Hi;:llea dominant period of about 2
ol iu unusual ground motion
81::::1?32131;1@3, that is , an almost
2 large eVibration at a period of 2 sec,
the r‘elztfk acceleration together with
Notion . Vely long duration of this
Structypa) #6 & major cause of the
THe s damage in Mexico City.
E~y acc:fonse Spectra calculated from the
ismogra i"osr‘ams recorded at the three
8lven 1on Stations shown in Fig. 5 are
last i, 1g. 15. Also shown are the
réSponse spectra from the 1977

As can be seen the response

i
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UNAM

response spectrum

v =l

acceleration
O
n
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code elastic design spectrum

ABASTOS |
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Fig. 15. Response spectra calculated for
E-W components recorded at UNAM, SCT and
Abastos for 5% damping (Prince et al.

1985a) .

spectrum determined from the records at
UNAM is below the design spectrum for this
zone I site. The response spectrum for
the SCT site in the lake bed region (zone
III) indicates a peak response of 1.0 g at
a period of about 2 sec. This response is
clearly much greater than the design
spectrum and 1is certainly one of the
principal causes of the severe damage 1in
this lake bed region. The response
spectrum for the Central de Abastos site,
which has a thicker layer of compressible.
clay, gives a maximum response of about

0.4 g at a period of about 3 sec.



number of differen:
eres that were eithe

Table 2 gives th

tu
types of struc
damaged oOr suffered col

in
Table 2. Types of structures affﬁ:Fedthe
the damaged region (courtesgy e
Mexican Government, a5 of Oct. <y
Type No. damaged No. se;erely
but repairable damaged Or
collapsed

Publié¢ buildings el 68
Schools 115 372
Medical facilities 15 10
Theaters 18 38
Private buildings 643 449
Sports centres 1 3
Market structures 5 8
Overpass structures 1 1
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Figure 16 classifies 263 damaged or

collapsed Structur
Structural B ::11;0 T ient s

construction,

Surveyed concrete

L St dag frame

structures, Steel frame

flat plate Structures
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Conorete
frames
steel
frames
S ey
flat
plates
year of construction
Fig. 16. Damage survey of 263 Structures

according to type of framing and year of
construction.

Tatfle 3. Percentage of buildings in each
height category that suffered severe
damage or collapse,

RS e R MR e B st A ot S SRR A

No. of Percentage collapsed or
storeys severely damaged

\———-—._-__—-————‘-/

S 2%
3505 3%
6 to 8 16%
y Lo g 23%
> 12 22%



cffect of foundation rocking and
1ative damage

17 illustrates the reasons for

Fisu;jeptibility of the 6 to 15 storey
the s:tu!'es to severe damage. The
gtru

idealized response
spectrum

Acceleration

shift in period
due to damage
and foundation rotation

Period

Accumulated damage of 6 to 15

i A
storey structures (Mitehel) =t al.

1986a&b) .

Fig.

idealized response spectrum represents the
response spectrum for the lake zone region
with compressible soil depths of about 30
m. If the 6 to 15 storey structures had
rigid foundations and responded
elastically they would have fundamental
periods of vibration below the 2 sec
critical period. These structures had
their periods of vibration lengthened due
to both foundation rocking and due to
structural damage. With each successive
cycle of strong ground motion the
structures suffered cumulative damage, the
Period of vibration increased and as a
iesult the structure attracted greater
d:ertial forces! This resulted in severe
?:Se or collapse in many cases.

Strucé:r interesting to note that a taller
ks atet, (greater than about 20 storeys)
M Nt r;act smaller inertial forces as
rocking zndlengthens due to foundation
0P a gy due to inelastic response.
Lati, Amiri the steel-framed 44 storey
caley] ot og can -Tower (see Fig. 18) has
1,54 Pperiods of vibration of 3.66,
Bec for the first, second

modes (Zeevaert and Newmark
This moment resisting frame
8itts 1:'foun::led on end bearing piles
Fegion of ated in the compressible soil
Mexico City. The period of

of the foundation is 1.31 8sec
in combined structure-foundation

Periog
f 3.88, 2,02 and 1.64 sec for the

8 0

11
{

44th
storey

"LL. L LLlE
o B I NS S B R
kL. F L LFLE
FEL L BEEL
DEEEEEEEE
BERE EEER
ground o ekl

evel W1 ! 111N

|

14144

i

storey

gth
storey

Fig. 18. Structural steel framing of the
44 storey Latin American Tower (adapted
from Zeevaert and Cuevas 1983).

first, second and third modes (Zeevaert

1972).
is to increase the periods of vibration,

particularly

vibration.
higher modes of vibration results 1in a

greater participation of these higher
modes resulting in greater overall
inertial forces and in particular larger
inertial forces in the upper storeys.
This phenomenon was an important factor in

the damage to the upper storeys of many
structures.

The effect of foundation rotation

the higher modes of
The increase in the periods of

The Latin American Tower which was

completed in 1956 has been subjected to

three major earthquakes (1957, 1979 and
1985) without experiencing structural

damage.
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Fip. 2. Overturning of , ) W
structure due to pull-out 4f ff‘ieti:i
piles (Mitchell et al. 1986aap). N
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Fig. 19. Severely tilted building.

*ig. 20, Foundation sSettlement of about 1
m relative to road.




Failure of reinforced concrete

bzacing and infilled masonry wall of 13
Slorey apartment structure.

5.5
Damage dye to torsional eccentricity

Alth
Dlae:dugmh Structures with symmetrically
asonry walls performed well during

the e
arthquake many structures with

danage  otY Placed walls suffered severe

end HallFiélure 23 shows the damage to an
long, nara the first storey level of a
*OW apartment building. This

fiEUr
€ a

l‘einforc e lllustrates the use of
bracing

me €d Concre
Mberg With infy te diagonal

The bottom storey
‘ columns and two
ers Plérs have been cast at the
Vacuatiy, .. Uhe wall to facilitate
thOf this structure. A close-up
© diagonal bracing members 1s

97

Blms. . @5
concrete braced structure with masonry
wall infills.

Failure of joint of reinforced

given in PFPig. 24. Filgure 25 shows the
fallure of: the  Jjolnk replap-of a
reinforced concrete structure with
diagonal braces. This struecture was

triangular in plan and was subjected to

large torsional loading due to the

eccentrically located infilled masonry
walls.
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Plg., 20, Failure of upper =S
(Mitchell et al. 1986aé&b). #ige 8. Fedllse of top R
compleX. Of 301

wing of structure.
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rig. 30, Example of pounding failures 12
adjacent parking structures (Mitchell
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collapse of the top 0 storeys of

1. .,
Fige csgntinental Hotel (Mitchell et al.
the
19863&b)'
spper storey columns, and (c) the use of

apper storeys f‘o*r st:orage espgcially in
,g;wernmant buildings. 'Flgure 26
illustrates upper storey failures of an

1ated building. Figure 27 shows the
.ffect of large storage ioads in a
;;vernment building which suffered
-ollapse starting in the second storey
srom the top. The large SCT government
somplex is located in the compressible
B e ton WwWhere the largest
sccelerations were recorded. The collapse
of the upper floors of this structure is
shown in Fig. 28. Another example of
failure of upper storeys 1s given in Fig.

29.

130

3.7 Pounding of adjacent structures

Jue to inadequate separation between
uildings and due to the flexibility of
S*ime Structures there were many examples
3: collisions or pounding between adjacent
;;:tlitures_ figure 30 shows the failure
-st;mf pounding of two adjacent parking
and 'a t:reis (a large span precast structure
whds ¢inforced concrete frame structure

infilled masonry walls). The

Con
“inental Hotel suffered severe collapse

g:r;ﬂ:oti O storeys of a 12 storey wing
Bpacted n Fig. 31, This 12 storey wing
i“tl"Oduci against the 15 storey wing
Wp of th:g large lateral forces at the
illuBtrate o storey structure, Figure 32
arge Hafaf the top storey damage to a
Nunding fle slab structure due toO
Severa) cai adjacent wings. There were
Structures €8 of pounding between adjacent
leve) Wwhose floors were at different

18 resulted in severe damage to
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Fig.

32.

Failure of top storey of a large

structure due to pounding of adjacent

wings.

Fie

33.
pounding between ad jacent structures.

Shear failure of column due to




flac

Upper storey failures of

Fign 3”"

plate structure.
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Fig. 36. Punching shear failure at corner
column.

failures in the slabs. Figures 34, 35 and
36 illustrate failures in these types of

sStructures.

.9 Reinforced concrete column failures

There were many examples of failures x
"short" columns. Such situations Wi;:
caused by openings in the infilled =
Of concrete frame-wall structures .expog'f(’;g'
a4 short length of column (see Fig. of
Figure 38 l1llustrates an exampledeep
"Sshort" columns created by f'elative%y Fig:
Spandrel beams. The short column in

. nel.
39 was caused by a masonry flller- Ij)Lae to
These short columns are susceptiD

ese
Shear failures as can be seen from th
three figures.



Fig. 38. Shear failure of short exposed

column due to relatively deep spandrel
beams.

indicates that the reinforcement was
brittle,

5.10 Reinforced concrete beam failures

Fig, 37 Figure 44 shows the buckling of the bottom
colump | Shear failure of short exposed longitudinal bars of a beam due to the
Wall ool partially infilled masonry wide spacing between the stirrups.

Figure 45 shows the shear failure of a
large reinforced concrete beam that was
supporting a masonry infilled frame-wall.

The stirrups across the shear failure

40 s |
hows a shear failure in a plane have ruptured.

CoOncret
Exampleg - € <Cifeular column.

Inade quat failures of columns due to
In Fi, !4? cjfélfinement details are given
% ’

failegq and 43, These columns which 5.11 Reinforced concrete joint and
beng ang?,d Wide tie Spacings, 90 degree anchorage failures
SPace b orages for the ties and large
30 4 Slween the longitudinal bars. The Figure 46 illustrates the failure of a
1nEffeeg{ee bend anchorages became corner joint. Note the congestion of the
SDallEG 1fve after the concrete cover hooked anchorages for the beam bars, the
Steg) mo % In addition the longitudinal placement of the beam bars outside of the
"Wtupey the column shown in Fig. 41 had column bars and the absence of any
| 404 n Without displaying any "necking transverse reinforcement in the joint
OF : bie ERaRs s oot fon: This region, Figure A7 also illustrates an
101
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Fig. 45. Shear failure of transfer girder

Fig., 44, Buckling of bottom bars in beam
of 9 storey office building. in 13 storey structure.

y structure causing it to

adjacent 14 store
The framing

collapse as shown 1in Fig. 50
of these structures consists of built-up

steel columns, tubular steel

:::;lple of the loss of anchorage of the

outsidzeinfforcmg bars which were placed

Pitars 1103 the longitudinal column bDars.
W fshows a ten storey reinforced

infilled r‘:rile structure with masonry trusses and K-bracing as shown in F1g. 51.

abs which experienced Figure 52 shows a buckled corner column of

one of the 21 storey structures that 1s

81
joig:t.iaficaﬁnt' shear distortions in the
close-up of the joint distress still standing. The tubular columns Were
20 mm thick steel plates

and loss
88 of anchorage of the slab bars 1s fabricated from 4
he corners tO

“¥en in Pig. 19
¢ which had fillet welds at &
form a 400 mm X 600 mm box section. A

close-up view of one of the buckled corner
columns (see Fig. 53) reveals the local

3:1p
Collapse of 21 storey steel
buckling of the plates and the failure of
the welds. This structure was severely

damaged with a permanent displacement at

| The Pine.
| cantain:dsiarez government office complex
hree 21 storey structures and the top, in one direction, of 1200 mm. In
addition permanent torsional deformations
of the structure were evident. _

tubular
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Fig. 47. 1In
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in joint region. nchorage of beam stee]
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Fig 48. Ten storey structure with large
Jolnt shear distortions.

ARTICLE 1 All buildings which were
laing damaged, are currently under

construction, or will be built in the
future must comply to the emergenc)
changes,

-&—B-I_I_(.:_L;E_?_ These changes apply to all
the building codes including the material
codes,

ARTICLE 3 All structural damage must De

reported to the authorities.

M{‘_ The owners must submib @
technical report of the damage U0 L
authorities and authorization must %
obtained for any repair or et
construction,

M Structures under constf‘uctl?g
on September 19, 1985 that were located *
£ones I and II, .which did not sufff;
damage, must satisfy only Article "
concerning Separation between adjacen
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Fig. 49. Close-up of joint distress at

corner column.

Fig. 51. Structural framing of the Pino-
Suarez office towers.
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Flgs < 9o Buckled column at second storey
level of 21 storey structure.

being
:14ings. All structures currently
;e ied as "important!" must

constructed classifli
be revised according to the emergency

changes.

ARTICLE 6 . fkhe resistance factor for




Close-up of severely damaged

3
built-up tubular steel column (Mitchell et

al. 1986a&b).

Fig.

columns where the ductility factor Q is
greater than 2 is lowered to .5 Por

resistance under shear, torsion and
flexure plus axial compression., It a
level of confinement according to the code
1s provided in the form of Spiral
reinforcement or Wilth = £Ede8 gpr
Supplementary cross-ties then this
resistance factor may be taken as 0.6 in

calculating the resistance under flexure
and compression,
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diameter at spacings that do

8hall not be less than 0.4 p'd

seismic lateral force cCoafer:.
tngee used in the simplifieqg meft,fhlsgenta
wordinary" low rise Struotures Loy
increased. The 1mportance aQthar:e
tnereased from 1.3 to 1.5, i3
ARTICLE 10 The ductility factor
to be modified as follows: ¥ 1y
fay @ =0 1818 case isg eli"‘linated‘

Fop - dh draer to ysa Q

following requirements must be pet. oS

(1) The resistance 1in all 1@,:,&13

dales togethe
CoOncrete
which the capacity of the framesg alone
at least 50 percent of the total .

(ii) The minimum ratio of tpe

13
Wallg in

13

braced frames or with

. reSistin
capacity of one stor:ey Lo the desigp f‘or-g
level should not differ by pgpe iy ;E

percent of the average of thes
all storeys,

(iii) Columns with tie Reinforcement S
minimm 5 ai
least 300 mm, the maximum Spacing bEtween
longitudinal bars shall not

€XCeed 300 mm
and closed ties must anchor

alternate bar and all of the corper dars,

ongitudinay bar
150 mm f'r‘om 3

shall be more than
restrained bar.,

Closed ties of at least 9.5 mm i

NOT exceed
200 mm nor 10.8 longitudinal bar diameters

(for fy = #12 MPa) must be provided. These
limits are reduced by one-half at the ends
of the column over a length equal to the
larger column dimension or 600 mm
Whichever is larger. This results in 2
decrease in the spacing of the ties near
the ends of the column to prevent buckling
of the longitudinal steel.

The sum of the tie areas, Ay in each
direction of the section of the colunmn
c Sp where
P' is the volumetric ratio specified by
the code, do, is the core dimension
confined by the ties in the direction
considered and Sh, is the tie spacing. e
The ends of the beams must
designed and detailed to allow the
formation of plastic hinges. 118
(v) The ends of reinforced concrete Wa_al
must be reinforced to resist a“of
compression and moment. If the areathe
Steel exceeds 0.0075 times the RrRG of s
Wwall then the ends must be detailed

columns, beals
(vi) Steel Frame Structures - The n the
oteel rrame Structures

S
frame consists of beams made of tl;l:: bé
then the compressive members mW



solid slab region around the column over A
distance of at least 2h from each column
face. In the analysis of slabs it 18
necessary to account for the variation of
the moment of inertia of the equivalent
beam. The reinforcement of the equivalent
beam in the solid portion of the slab
around the column must have stirrups
having a spacing not exceeding 1/3 of the

effective slab depth. (The resulting
illustrated

a resistance factor of 0.7.
connections must permit

;_1_w._3m131 attention must

the transmission of the

gh the column.

a ductility

or concrete walls
these 1in which the
walls to the lateral

50 percent.

| y
k.o
%
EEri
b
N
¥

l§=§l ] filler block
S ===== column ., or pan
mEEEis - siRARRGE
— M AT 1L
AEERBERBEE 4 SANSNNERE
T
T TTTH | Lyon
P e 188, 4
__ : =2=§= ™ s <d/3
| 2
sonerete walls that d | =§-E=
® . of the requirements of Article 10Db E ‘= r——]
”‘m.- Also solid brick masonry walls .-
dmlsd by pilasters, bond beams, columns plan view
or beams Of ~einforced concrete or steel
‘pe used.
(.g . 1.5 A ductility factor of Q = /
1.5 may be ysed if the resistance to

1ateral loads 1s provided at all levels by
hnollow block masonry walls, confined or
isternally reinforced or a combination of
these walls with elements described in

cases (b) to (d) above.

effective zone
for calculating
stiffness

() Q=1 A ductility factor of Q = 1 18

to be used for structures in which the Fig. 54. Waffle slab details required Dby
lateral load resistance is provided at emergency code changes (Mitchell et al.
least in part by elements or different 1986a&b).

w: not specified above, unless it

can be demonstrated to the authorities

that a higher ductility may be used. ARTICLE 13 The bearing walls or

dividing partitions must be of the

following types:
Type I consists of walls contributing to

ﬁem It must be verified that
”" requirements for service limit

i : N o T, |
o _'i
§ , i g e _t
b L ] ' & Sl T
Ir: " 3 ¥
i 8 e} e P

——-

State pertaining t -
Satisfied . g to seismic action are
e In using the equivalent

,‘“‘:‘?l'ﬂl f“’ regular slab structures
mﬁlmu .""'_'tical loads the column
€33es should be reduced by one-half.

ad analysis an equivalent

twltun dimension perpendicular

ction in whiech moments are

B e g s w slab thiokness)
I % reqne, percent of the longitudinal

. s orcement necessary to resist

gy, 98 MUSt pass through the column
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the lateral load resistance and attached
firmly to the structural frame or to
pilasters and bond beams around the
perimeter of the wall. The pilasters and
bond beams must in turn be attached to the
frame, It must be verified that the beams
or slabs and c¢olumns are capable of
resisting the shear forces, the flexural

moments, the axial loads and in some cases
the torsions that are induced by the
walls. It must also be verified that the
connections between these elements are
capable of resisting the seismic actions.

Type II consists of walls which do not
contribute in resisting lateral loads
(partitions and bearing panels). These
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types of walls must be isolated sgignzhzf
no damage is done from the deforma

the structure. :
ARTICLE 18 The calculated torsiona

ted
eccentricity at any level is not gfgii:ion
to exceed 20 percent of the plag . o
of this level measured in the dire

the eccentricity.

BRILOLE 1D In inspecting

evaluating the resistance of ex;ftizg
structural elements needing repa oo
dead and live loads must also be eva

and the results of the evaluation ml;?;t gz
made on signed drawings and mu

Eions.
accompanied by design calcula
ART?CLE 16 For structures that have

suffered differential settlements greater

than that permitted by the regulatlssz
these must be accounted for 1in :
evaluation, Any structural damag

resulting from differential sett}emegt
must also be accounted for by reducing the

capacities of any damaged elen?ents.
ARTICLE 17 The separation between

adjacent structures and parts of the same
building must remain free of all ma?erlél.
Measures must be taken for existing
buildings that do not comply with the
separation requirement and that have also
been damaged in the September 1985
earthquake to ensure that impact with
adjacent buildings will not occur or will
not lead to structural damage.
sLkructures  in  ‘the “‘process of
construction on September 19, 1985 which
do not have the required separation must
be'made to satisfy the requirements.

The separation from adjacent buildings
must be clearly evident on the
architectural and structural drawings.

ARTICLE 18 Structures requiring
strengthening or repair must be propped up
such that the safety is guaranteed under

and

the present provisions,
ARTICLE 19 The placement and anchorage

details for reinforcement
connections between

shown to Scale on the
When rivets or bolts are used
the diameter, the number and the location
must be indicated, the connections

and for
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matters of safety.

ARTICLE 20 Group B (ordinary) Stry
having a total height of more than 1§tnr;,.%

having a total floor areg ¢ on
3000 m2 as well as 313
(important) structures myst
construction supervised by |,
supervisor authorized by the b
The supervisor must submit Writte
to the authorites on the execytj
construction. Any deviation
structural drawings must haye j,
written approval from the st
designer.
ARTICLE 21
of a structure written document
first be filed with the autnpgy
must be shown that the proposed
use does not lead to

conditions.
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7 SUMMARY AND CONCLUSIONS

Severity of ground motion ip Mexicq
City

The compressible soil in the 1lake Zone of
Mexico City resulted in an amplificatigp
of the strong ground motion (up to 20% ¢
acceleration) with dominant periods from 2
£t 3 see. This coupled with the long
duration (up to 3 minutes at the Central
de Abastos) resulted in cumulative
structure damage and collapse of many
structures.

7.2 Types of structural failures

Most of the structures that suffered
Severe damage had between 6 to 15 storeys.

Structures in this height range were

Particularly susceptible to cumulative
Structural damage. As their periods

lncreased with each successive cycle of

motion they attracted larger inertial
forces due to the shape of the response
Spectrum in the lake zone. .
There were a large number of fail“"estgg
upper storeys of structures due to f
Participation of higher modes Zs
vibration, the reduction of column snce
In upper storeys and due to the presezop
of significant storage loads near o rge
of some structures. The presence of ja an
torsional eccentricities playe the
important role particularly due toonr)f
Presence of eccentrically located R
walls, : due
There were many examples of fallure:ures
to pounding between adjacent i the
due to inadequate separation betweer

R
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e . ypere were a large number of
Tufﬁﬁwﬁf%faﬂﬂgrete column failures due to
o Eforor dgtailins of the reinforcement,
onfinement and due to shear

of 'eaased by exposed short column

shear failures in reinforced
8 caused many structural

other types of fallures of
nerete structures include
failures of
1038 Of

and failures of Joints of

praced concrete frames.
re several examples of large
tilting of foundations and

pull-out of friction piles
in the averturning ot a

storey Pino Suarez steel
collapsed, probably due to local
£ the second storey columns.

7.3 cmergency code changes

ency changes to the 1977 bullding
assed many structural design

Design lateral load levels were
by 35% in Zone II and Dby 67% in
7one 1II. Large ad justments were made to
ehe ductility factors, Q. The case of Q =
¢ was eliminated and the categories for
other levels of ductility were redefined.
office live loads were 1increased to
sccount for the large number of cases
(particularly government buildings) that
suffered damage or collapse due to large
storage loads,

Some changes were made in the
reinforcement details of reinforced
concrete columns. The spacing between
| column ties were reduced, particularly at

::m:s in order to prevent longitudinal
tra: rom buckling and the amount of
mr:‘-'fse confinement reinforcement was
- cg Unfortunately the emergency
o ﬂSIngggeg did not address the practice
I t1g o degree bend anchorages for
Bia to- reinforcement .
Shear failﬁ:-le large number of punching
design and:S of waffle slabs a number of
These inclu:taﬂing changes were made,
design (4 d€ reducing the stiffness in
fl&ﬁbu 1:““ properly account for the
'lwﬂitm _ _Y)s increased amount of
hrou N8l ‘slab steel passing directl
m the . . pass ng. rectly
Tinimyy column and the provision of a
roungd amount of stirrups in the slabs

The emerg

aspects.
*- increased

hmllmns.

% op 4010081 eccentricity is limited to

: ~ﬂ:m;“;1mﬂnension of the structure
" Malls contributing to the lateral

load resistance must be included in the
analysis. The minimum separation between
buildings must be respected. Both
torsional eccentricity and pounding
between adjacent structures contributed to
major damage and many collapses.

7.4 Structural design practice in Canada

Design codes in Mexico City have adopted
microzonation to account for the dominant
influence of the compressible soil on the
gEround motlion, Studies are needed to
investigate how to cope with the design of
structures in Canadian seismic risk

regions that have the potential for
significant soil amplification. Examples
of potential soil amplification include
the Fraser River delta with %thick

sedimentary deposits and the St. Lawrence
Valley with sensitive clay deposits.

Research 1is needed to study the 1likely
performance of older Canadian structures

that have been designed with outdated
seismic design codes., Canada will have to

face the possibility of upgrading existing
structures to meet minimum standards.
The lessons learned from the 1985

Mexican earthquake are being studied by

Canadian code committees 1in order to
assess whether or not changes need to be

made to the design codes.
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