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1. INTRODUCTION 

The following report covers the findings of the subject missi,n, based on 
observations of damages in Mexico City, resulting from the September 19, 
1985, Guerrero - Michoacan earthquake, reports received d~ring the mission, 
discussions with engineers and researchers in Mexico City and information 
obtained by the consultant from other sources prior to the mission. Th£ 
mission took place in Mexico City during the two-week period of December 
1-15. 1985. 

As team leader (ref. UNJDO telegram no. 97438 of Novemb~r 27, 19e5). c~r.

sultant coordinated the efforts of the UNJDO team of experts, consisting 
of Messrs. J.G. Bouwkamp, E. Dulacska, M. Erdik, G. Penelis and M. V.-:.1kov. 
The members of the team had all been involved in the UNDP-UNIDO Prc.•~ct 

RER/79/015, on Earthquake Resistant Design in the Balkan Region. 

Considering the particular aspects of the earthquake groundmotion in 
Mexico C~ty, the type of damages and the structural systeras involved, the 
building inventory and construction practices as well as the needs for re· 
pair of damaged structures and possible strengthening of both damaged :.nd 
undamaged buildings, including historic monuments, it was decided that the 
advisory capacities of the team could be deployed most effectively by 
having each member address one or more of the specific problem areas. In 
this manner the team would be able to offer to mexican engineers and re
searcrers as well as governmental organizations advise in a number of areas 
without duplication of effort. 

After briefings by Mr. Silva-Aranda, UNDP Resident Representative and 
Mr. E. Csorba, U~DP Consutant, on December 2 and a visit to the severely 
damaged areas, task assignments were defin~d. reflecting both advi~ory 

' 
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needs and specific expertise of the individual consultants. Accordingly. 
t~e tr:an. ~aembers agreed on the following task assignments: 

Liilacsk~ 

Erdik 

Vr 1 kuv 

i•iilSonry constru~tion; analysis and design as well as 
:epair and strengthening methods, 
strong ground motion, soil-structure interaction 
C'*'oundatior respcnse), strong motion instrumentation, 
strengthening of historic monuments and post-earthquake 
Aehabilitation me1sures, 

prefabric~te~ and in-situ reinforced concrete structures 
;es2arc.h, ana1ysi:>, d~si~r. and retrofitting of r.c. ele
ments and struct1.1.·es, 

~i2tional and Regional Project Management - Balkan ex
perience. Post-e~rth~uake damage assessment. Research 
~rogram and equipmer.t develJpment. 

The .:~t-. .·.··:...s were added because an dfir.iant project management is 
arso,utEi> nP-.trjary in guiding both ilatic.tnai -ind regional efforts of 
p~isible i~i! rP ~NOP funded projectr in earthquake engineeri~g. Further
irt'ire, ·i· o:· 'er :c derivet;1e maximum ben1?fits fro.il Regiona1 Projects it is 
·:s~ntiiil tn~t unified post-earthqu3~e da~~ge a~sessment ?rOcedures are adop-
~ed by a,1 pariicipating countries. This wuuld ~ermit not only efficient 
and innv.:,li? \.e reg icnal poSt-earthquake emt:genc;· assistance efforts by 
damage-ir:~2ct1or teams from other CvJntries, b11t also.subsequently, the 
u!:e ~f 'Sue.fl C.:unage <lata in assessi•.g the potent:~ 1 damages a simular earth
quake ~ould have caused when other areas in the region would have experier.
ced similar ~round mot ionL In fact, by adopV n1? post-earth~Jake damage 
evaluatioJ proc~dures which have atre1dy been adopted elswhere (Balkan 
~egiun), the damage-data could be ~~cd .nterreqionally for potential 
damage asse~)tnent studies, provide .. constn:ctic:i practices and building 
systems fo "the area under study are similar to tilose present in the area 

hit by the earthquake. 

2. MISSION PROGRAM 

The mission programs in Mexico City ccn:ist~d of the fellowing activities~ 

Oecemb~r 2, 1985 am - meeting at UNO? nffices, briefing by Mr. Silva
Aranda, UNOP ~e~1dent Representative 

• 

.. 

• 



.. 

W I 

- 9 -

pm - visit to UNAM,Nat~oral Autonomous University of 
Mexico and meeting with Professor L. Esteva -
Civil Engineering 

- visit to Chamber of Construction 
December 3, 1985 am - all day visit to damag~d areas in 

pm Mexico City • 

December 4, 1:35 am - meeting with Professor R. Meli and members of 

IAEE Sub-Co11111itee on Earthquake Performance of 
Rural Structures 

(members: Prof. Arnand Araya, India, Dr. Teddy 
Boen, Indonesia, Dr. Y~ji Ishiyama, Japan, 

Ing. Julio Vargas Neumann, Vice Minister, Peru, 
and Dr. Charles Scawthorn, USA. 

- visit to the Structural Research Laboratories of 
the Civil Engineering Institute, including the 
Shaking Table Laboratory. at UNAtt 

pm - meeting with Professor Meli and members of the 

IAEE Sub-Conmittie - Presentation by Prof. Meli 
on Effects of the September 19, 1985 Earthquake 
on Buildings in Mexico City. 

December 5, 1985 am - meeting with Professor Meli to finalize December 6, 

1985 Seminar by UNIDO £..<perts .. 

pm - meeting at Chamber of Construction for dewing 

of video movie on post-earthquake damages immediatly 
after the earthquake. 

December 6, 1985 am - seminar by UNICO Experts on pertinent topic~ rele

pm - vant to Mexico City earthquake damage observations. 
December 7, 1985 am - visits to damaged appartment bu~ldings in the Nono-

pm 
December 8, 1985 

alco-Tlaltelolco section of Mexico City. 
Sunday 

December 9, 1985 am - meeting with UNAM faculty and other engineers 

pm - visit to damaged structures in Mexico City 
December 10, 1985 pm - presentation at Chamber of Construct~on 

December 11, 1985 pm - presentation at Chamber of Construction 
'December 12, 13, 

14' 1985 other pertinent business and return of 

experts. 
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The December 6, 1985 Seminar was developed considering both the advisory 
needs, as assessed by Hr. Bouwkamp, and the expertise of the UNIDO con
sultants. The following program was presented: 

9.00 - 9.45 Bouwkamp - The Balkan Project, objectives, scope and 
· management. 

9.45 - 10.15 Erdik 

10.15 - 11.15 Velkov 

11.30 - 12.00 Dulacska 
12.00 - 13.00 Penelis 
13.00 - 14.00 Velkov 
14.00 - 14.30 

- Post-Earthquake Damage Assessment. 
- Behavior of Prefab. Structures (soilstruc-

ture interaction). 
- Retrofitting - a case study. 
- Moment-Resistant R.C. Frame Structures 

(research and analysis). 
- Stone Masonry Structures 
- Repair and Strengthening of Historic Monuments. 
- Prefabri.:ated R.C. Structures 

Discussion. 

The above program was developed because the earthquake of September 19, 
1985 eAhibited extensive soil-structure interactive effects (Erdik) and 
showed severe damages to reinforced concrete frame and column-slab type 
structures (Velkov). Damages to masonry structures seemed to have been 
limited, nevertheless a presentation by Mr. Dulacska was considered 
appropriate. Although damages to historic b~ildings were not immediately 
noticable, information received implied that significant damages did have 
occured. Hence, a presentation by Mr. Penelis on the subject was considered 
potentially beneficial. 

A presentation by Mr. Velkov on prefabricated R.C. Structures was con
sidered to be of particular interest to engineers as this type of construc
tion could well be considered for future use in Mexico City.With the same 
low construction depth as the waffle-slab floor system used in Mexico City, 
prefab. systems are expected - based on observations in the Balkan region -

' 

to ,perform structurally, far better than the typical waffle-slab systems. 
Admittedly, tile foi;ndat'ion design of the more rigid prefab systems require 

I I I I 

par:"ticular attention because of the pour soil condi.tions in Mexico City. 
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The presentation by Bouwkamp reflected the experience of the Balkan Project 
RER/79/015, both in terms of organization and technical coverage. Also, 
it placed empnasis on the necessity of developing regionally unified post
earthquake damage evaluation procedures and post-earthquake emergency 
assistance programs. 

The December 10, 1985 presentations at the Chamber of Construction were 
aimed at informing the construction sector on some of the potential appli
cations of new technologies, both in material sciences and construction. 
On December 11, 1985, the presentations focussed on significant considera
tions in post-earthquake repair procedures with particular emphasis on po
l icy aspects of post-earthquake repair procedures and on the consequences 
of repair and strengthening procedures, incl~ding retrofitting. According
ly, the following program was formulated: 

December 10, 1985. 

Csorba 

Ve1kov 

New Technologies in Building Materials, Production, Prefabri
cation and Construction. 

- System Development, Research and Behavior of Prefabricated 
R.C Large-Panel Structures. 

December 11, 1985 

Penelis 

Velkov 

- Post-Earthquake Rehabilitation Measures following the June 20, 
1978, Thessaloniki Earthquake. 

Design and Retrofitting of R.C. Elements and Structures 

Because soil amplification and soil-structure interaction effects had been 
I I I I 

a primary cause of the failures observed in the Mexi,co City region and the 
development of strong-motion instrumentation arrays :may be an ~ssential 

' ' ' 

"part of any future research effort, ,Mr. Erdik met seperately with both 
"Professors J. Prince anti G. Romo. Al'so, in order to :provide an :information 

' ' ' 

:: transt·er on post .. earthquake rehabiHtation measures 'and pol icie's as well as 
"on the repair of" historic monume'nts,' Mr. Penelis met: with Mr. A:lexandro 

II I I I 
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Rivas Vidal, Coordinative Office of Technical Operation, Mexico City, and 
with representatives of the Office of Dr. Sonja Lombardo, Directorate for 
Historical Monuments, National Historical and Antropological Institute. 
Mr. Vidal's organization is responsible for city-wide post-earthquake de
molition, repair and strengthening measures. 

Mr. Bouwkamp met seperately with Professor Oscar de Buen, leading struc
tural engineer, responsible for the design of most high-rise steel build
ings in Mexico City and designer of the two 15 and 21 story high steel 
office towers which had collapsed on-September 19. The meeting took place 
at 21.00 hrs on December 6, 1985 at UNAH. 

• 
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3. THE MEXICO 8ICROACAN-GUERRERO EARTHQUAKE OF SEPTEMBER 19, 1985 

3.1 Earthq~ake Characteristics (1-5) 

The earthquake Gccured at 7.15 am. local time (13 hrs, 17 min., 44 secs 
GMT) and had, according to Instituto de lngeniera, I.d.I., UNAH, an epi
center in the Pacific Ocean (17.68° N (latitude) and 102.47° W (longitudej), 
off shore the Mexican coast at the border between the States of Michoacan 
and Guerrero (river Las Balsas). On the other hand, the US National Earth
quake Information Service (NEIS), placed the epicenter on shore, w~st of 
the mouth of the river Las Balsas, -at a distance of about 50 km NNE of the 
first location, Fig. 1. The focal depth (hypocenter) was 33km. Initial 
estimates of the Richter.magnitude, -according to the l.d.I. and NEIS, were 
Ms= 7.8 and 8.1, respectively. 

The earthquake, one of the best recorded events, was caused by the sub
duction of the tocos Plate under the North American Plate. The fault 
rupture length has been estimated at ISO miles or 240 km. and was located at 
the SE edge of the so-called Michoacan Seismic Gap. In the coastal region, 
18 out of 20 strongmotion accelerographs recorded the event. These instru
ments were installed under a cooperative program between the I.de I., UNAM, 
and the University of California, San Diego. The program is sponsored by 
the National Science Foundation, Washington, D.C., and contemplates the 
installation of 30 strongmotion instruments in total. In addition to the 
20 accelerographs noted above, 15 more strongmotion instruments had been 
installed at the time of the earthquake and were located in dams in the 
State of Guerrero. 

3.2 Ground Motions recorded in the Epicentral Area and in Mexico City. 

One of the significant records in the epicentral region was obtained at 
Zaculata, located in the delta of the Las Balsas river, Figure 2. The 
record seems to indicate the occurence of two earthquakes with an interval 
of about 30 seconds; the first with a NS peak acceleration of about 28~g. 
the second with about 20%g, Figure 3. Spectral data, shown in Figure 4, 
indicate considerable excitation up to natural periods of 1 second. 

( ) see reference list 
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In Mexico City, located about 400 km. away, an initial count indicated 
that at least 15 instruments recorded the earthquake ground motions. The 
locations of eight of these instruments are shown in Figure 5. The maximum 
peak acce1eration, velocity and displacement values of these eight records 
are presented in Table 1. In general, results indicated that the maximum 
acceleration recorded at the University (UNAM) was approximately 4% g., or 
about 15S of the max. acceleration recorded at Zaculata, in the epicentral 
region. In fact, according t~ information, records on bed rock near Mexico 
City seem to have shown max. accelerations of between 1% and 2S g.; values 
reflecting the common reduction of the ground motion intensities associated 
with large epicentral distances. According to Table 1., the maximum accel
eration recorded in ~exico City was about 17% g. and occured at the 
Ministry of Transpotcation (SCT). 

Considering the results recorded at the University and SCT, it should be 
noted that the University instrument is located in a region of firm soils, 
while the SCT site is located on the soft clays of the old lake bed on 
which a major part of Mexico City has been built. The results clearly il
lustrate the influence of the soil conditi~ns on the ground motions; an 
amplification of four. 

Equally important is the --~t that the instrument at the University, see 
Figure 6, showed a recor~ · predominant period of about 2 seconds, 
reflecting in fact the basi .1ic motion of the underlying bed rock; 
the record also illustrates ~,·ad lengthening effect of large-distance 
earthGuake~ (from 1 sec. at Zaculata to 2 secs at Mexico City). Considering 
this periodic ground motion, it is not surprising that the record of the 
above noted SCT instrument also showed a predominant period of about two 
seconds as illustrated by the response spectra shown in Figure 7. Witi: 

recorded motions of 60 to 180 seconds duration, the damage potential of 
the Mexico earthquake for structures with natural periods between 1 and 
2 seconds is exceptionally large. From Figure 8, showing the SCT ground 
motion record, it ,can be observed that the motion is virtually harmonic 
with a period of a1bout 2 seconds, and that the intensity of the ground 
motion in the EW ~irection exceeds 10% g for about 20 seconds, thus result
ing in about 10 cycles of strong motion. This type of sustained motion has 
in principle a la~ge damage potendal and is significantly more severe 
than motions recorded in ea:rlier earthquqkes in Mexico City. 
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3. 3 Eva 1 uat ion of Damage Pc tent i a 1 of Recorded Ground r4ot ions 

Comparing the ground accelerations recorded at the instrument installed 
at SCT, with data from earlier earthquakes (Table 2), it is obvious that 
the 1985 data is practically five times larger than those recorded pre
viously during the earthquakes of 1979 and 1980 (3). Furthennore, it is 
about 3.4 times larger than the maximum estimated ground acceleration of 
the July 1957 earthquake (6). 

The damage potential of the ground motion recorded at the SCT site, is 
further illustrated by the calculated linear elastic response spectra for 
different percentages of damping. The EW response spectrum for 5% damping 
shows for a fundamental period of 2 secs a maximum acceleradon of 0.984 g, 
or almost six times the recorded peak ground acceleration of 0.168 g. This 
amplification is significantly larger than nonnally reflected in other 
codes; in the US the amplification factor for 5% damping and a period of 
2 seconds is only two . 

The damage potential is further illustrated by comparing the intensity of 
the linear elastic response as noted above, with the design response spec
trum of the present earthquake code for Mexico City (7). As shown in Fig. 
9, the calculated linear elastic response of structures with periods of 
vibration between 1.8 and 3 seconds, using the SCT EW record, exceeded the 
Code provision bya factor of four (base-shear coefficient C =V/W of 0.98 
versus 0.24 }. Considering furthermore that a reinforced-concrete, ductile, 
frame-type structure can be designed using a ductility factor Q = 4, the 
design base shear coefficient C of 0.24 can be reduced to 0.06. This would 
reflect a design level of only I/16th of the level of excitation which 
could be expected for a building with a fundamental period of 2 secs when 
subjected to the SCT EW ground motion. 

The damage potential has been further accentuated by the duration of the 
ground motion. Based on several records, major shaking during ten or more 
cycles of motion may have been co1~~on. The EW record at SCT, see Table 2, 
indicated, that 16 cycles of motion with accelerations of 50% or more of the 
recorded peak ground acceleration have been regi~tred. This phenomenon is 

I 

potentially so devastating as it causes virtually the same number of deform-
ation reversals in buildings having closely the same fundamental periods 
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as the period of ground shaking. Considerhg the poor standard of construc
tion and earthquake characteristics, such stron~ shaking may well have led 
to serious stiffeness deterioration. Structures with fundamental periods 
of initially 0.8 to 1.2 seconds, could, afterafew number of cycles of 
strong excitation, experience a lengthening of the fundamental period through 
stiffness degradation. This effect would cause the structure to undergo 
increasingly larger motions while moving closer to the predominant period 
of excitation as a result of a continuing loss of stiffeness. This would 
rPsult in a tuning effect, causing a virtual resonance condition. 

Finally, the poor soil and foundation conditions, may have also contri
buted to the observed failures. The fundamental periods of buildings, may 
in fact have been larger than analysed for purposes of design. A twelve 
story building with a period calculated at about 1.0 second, may in reality 
have had a fundamental pe~iod of close to 1.3 or 1.4 seconds, an i~~rease 
of 30 to 40% above the design value. This would furth~r increase the potent
ially damaging effect of the earthquake. 

4. BUILDING PERFOR~ANC~ -- DAMAGE OBSERVATIONS. 

4.1 General 

Failures and severe damages to buildings in Mexico City have been dramatic. 
However, considering the total number of structures , estimated at 1.5 
million, percentage wise a relatively small number of bui1dings have act
ually been affected. Estimates of collapsed or severely damaged buildings 
may represent ~nly about one half of one precent of the total inventory. 
Such numbers are misleading bec~use the damages were concentrated in a 
relatively small section of the city (23 km2). The central rP.gion of i1exico 
City and the areas with both moderate and severe damages are shown in Fig. 
10. The severely damaged region is built on the highly compressible clays 
of the old lake bed, with - as shown in Figures 11 and 12 - depths to the 
first layer between 26 and 32 metres and depths to the second layer of 
hard soil between 30 and 46 metres '9). The damage susceptability of, the 
central section of the ~ity is clea~ly illustrated by the zones of d~mages 
observed in the earlier,1957 and 1979 earthquakes. 
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It is important to note that in the 1110derately damaged area, and even in 
the area with severe damages, many buildings sustained only very little 
or no damage at all. In general building performance was excellent for 
buildings with less than 3 stories. With the exception of school buildings 
even buildings of 5 stories in height performed well. Likewise, very tall 
buildings such as the 43-story "Latino America" tower and the 54-story, 
211 m high, "PEMEX" tower performed excellently, without the slightest da
mage. In fact these observations agree with the response spectral infor.n
ation that buildings with fundamental periods between 1 and 3 seconds, or 
structurally between 10 and 25 some stories, could be expected to be pre
dominantly susceptable ~o serious damages. Because of the relatively small 
number of structures in this catagory, as compared to the total inventory 
in the central region of the City, the damages, although serious. were in 
fact sporadic. 

In regions with high compressive soil layers at only small depths, buildings 
did not suffer serious damage because the level of excitation was small 
because of insufficient amplification of the basically low-intensity bed
rock motions. In regions with high compressible soils at depths larger than 
those in the· central region, damages were considerable smaller because the 
fundamental period of these deeper layers was higher than the 2 seconds of 
the bed rock ground motion; thus preventing soil amplification. An other 
factor contributing to the lack of damages in the outer region was the 
absence of significant numbers of taller buildings. 

4.2. Damage Characteristics 

The damage characteristics according to strurtural types, year of con
struction and number of stories are presenteL in Table 3. 

These data indicate that reinforced concrete (R.C.) frame-type buildings 
and buildings with waffle slabs performed the worst and constituted about 
80% of the buildings which collapsed or were severely damaged. Thereby was 
observed, that in compa~ison to the inventory of these types of buildings, 

I 

the d~mage,density for waffle-slab structures was twice as high than for 
buildings ~ith frame-type, beam-co1umn, earthquake load resisting systems. 
Considering Table 3 further, it is important to note also, that of the 
structures :which collapsed or were severely damaged and which were built in 
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the period since 1976, waffle-slab failures alone constituted about 70% 
( 21+18 or 39 versus 56}. R.C. framed-type structures built in the same 
period accounted for almost 20% of the collapsed or severely damaged 
structures built since 1976. This observation is particularly i~portant 
because a new code for seismic resistant design was introduced in 1976. 
Clearly, this code needed modification. In fact, such ci.!nges were intro
duced shortly after the earthquake, with the stipulation that the design 
coefficient C (see Fig. 9} should be increased from 0.24 to 0.40 for 
structures located in the central area of Mexico City. 

Furthermore, as could be expected from the earthquake spectral characte
ristics, most damages and collapses occured in buildings ranging from 6 
to 15 stories·;~ height (161+34 = 195 versus 330, or 60%). These buildings 
most likely experienced progressive stiffeness losses tnereby moving towards 
the potentially critical predominant ground excitation period of 2 seconds. 

Finally, it should be noted that collapsed and severely damaged buildings 
up to a height of 5 stories, accounted for less than 1% of all buildings in 
this catagory in the zone with heavy damages. Assuming a failure percentage 
of about 0.5%, the total of all buildings in this catagory would be about 
25,000. Similar percentages of about 15%, 15% and 8% for structures with 
story characteristics of 6-10, 11-15 and over 15 stories, respectively, 
would constitute about the following total number of buildings in each of 
those catagories, namely: 1000, 200 and 70, respectively. The survey by the 
staff of the I.de!. would thus imply that the total number of buildings 
which collapsed or were severely damaged 1n the heavy damaged region (330), 

amounted to about 1.2% of all buildings (26,300) in that region. 

In reflecting on the relative p~rformance of steel versus concrete build
ings, a brief review of the causes which led to the collapse two high-rise 
buildings seems in order. These buildings, built in 1957, were basically 
designed for wind. Nevertheless an effective base shear coefficient of 6~ 
was achieved. This value cou·ld be considered representative for normal , 
earthquake design conditions. However, contrary to present-day design pro
visions, ductility requirements and P-delta effects had not been considered 

I ' 

in, the design. Of course the virtual coincidence with the fundamental 
period of the building' and the period of excitation (2 seconds) created' a 

I ' 

most severe earthquake, loading condition. In fact of t~e five closely , 
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standing office towers of 15, 21, 21, 21 and ls· stories, one of the outer 
21 story towers collapsed and fell on the adjacent 15-story structure, 
causing its collapse as well. The three remaining structures, a'though 
severely damaged, remained standing. The structures were all similar in 
construction, consisting of welded box-type columns and truss-type floor 
girders forming the lateral-fo"a_d resisting frames. Due to the sever:-e 
shaking, the large moments in the colL~ns caused heavy shear loads in the 
floor trusses. causing failure of many web truss members. This in turn 
weakened the s\·stem and most likely caused an overload in the columns. 
As a result, .welded field joints in the columns at the third or fourth 
floor level may have developed local plate buckling which initiated the 
final collapse of the 21-story structure. In fact, similar local buckling 
failures could be noted in one of the still standing 21-story buildings. 

4.3. Types of Structural Failures 

The predominant failures causing or contributing to the structural collapse 
or resulted into severe damages, are presented in Table 4. This table shows 
the percentages of failures which led or contributed to the collapse of 
buildings catagorized in Table 3. In most cases more than one single type 
of failure caused the collapse or ·the severe damages of these buildings. 

Reviewing the data clearly points to the fact that corner buildings were 
particularly susceptable to failure {42%). Furthermore, failure in the 
upper floors ar.d major failures at intermediate floor levels seemed to 
have been o~served equally as major causes in about 42% of the cases. 

Failure of corner buildings were typically caused by irregularities in the 
plan layout resulting in unbalanced stiffeness at the ground floor level 

' ' 

and critical torsional effects under earthquake excitation. The pancake-
type failures of the upper'floors were undoubtedly ~ue to a combination of 

' ' 

several factors, such as extreme horizontal accelerations due to the long' 
period shaking and rigid-bcidy rotation of the total structure ~ua to poor: 
foundation conditions, inadequate code requirements for lateral load dis~ 
tributi~n in the upper flo~rs, excessive live loads e~ceeding ~onsiderabl;: 
the design 1 i ve 1 oad va 1 ues used in' the design and 1 ow qua 1 i ty 'of construct'
ion of ~he upper floors s4~sequently, by other cQntrac:tors. 



Fa;lure of the inte~diate floors were due in part to ha~ring effects 
of close standing buildings of different height. The same phenomenon also 
contributed to the upper floor failures of the shorter adjacent building. 
Otherwise, intermediate floor failures were most likely caused by the in
sufficient strength of the buildings at these levels due to sudden large 
changes in the-column sizes. This phenomenon resulted in an insufficient 
fl~xural yield strength of the columns as compared to the beams and even 
waffle slabs, thus causing failure of the columns at that level. The pre
sence of high axial loads and the lack of sufficient columr. stirrups at 
the top and bottom of the columns led to critical interaction of high 
ax1al loads and column moments which resulted in a brittle failure of 
these columns. 

Although according to the I.de!, UNAM, survey (Table 4) punching-shear 
failures of waffle slabs caused or contributed to the collapse of only 
4% of the buildings, many failures of such structures occurred as noted 
earlier in Table 3. 
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5. RECOff4ENDATIONS 

Considering the damaging impact of the Hichoacon-Guerrero earthquake of 
September 19, 1985 on the buildings in Mexico City in particular and the 
vulnerability of south America to devastating earthquakes in general, 
national and ~egional research efforts are reconmended. Each earthquake 
is in first instance of national importance. However, the data and 
lessons learned from each event are of utmost importance for the inter
national COlllllUnity at large and should be dissenminated as such. For that 
same reason, also the re~ults of national research efforts related to the 
specifics of a national earthquake disaster, should be made available to 
the regional engineering conmunity. Such information transfer would 
potentially reduce the earthquake hazard far beyond the national borders 
of the stricken country. ln order to meet these objectives, a frame work 
for research data tr•~sfer is of vital importance. Such transfer could 
best be guaranteed through a regional network of research institutions 
which would address conman problems in earthquake engineering through 
well coordinated programs of research. Integrated research efforts would 
permit addressing regional problems and, through mobilizing the regional 
expertise, permit resolving a broad spectrum of earthquake related pro
blems through the efforts of many. Cooperative regional research programs 
would also permit the development of disaster assistance teams which could 
operate regionally and could be called upon to assist national teams in 
post-earthquake emergency services and engineering assistance. Such efforts 
would significantly enhance the regional capabilities to respond effectiv
ely in providing emergency -disaster assistance in general. 

Considering the specifics of the Mexico City damages. the following research 
efforts are reconmended to be undertaken: 

1. The deveopment of strong-motion instrument arrays to study soil ampli
fication in the greater Mexico City area. Such information would be of 
great significance worlwide in evaluating the soil r.ffects on the surface 
motions resulting from given bed-rock earthquake excitations. 

2. Forced and ambient vibration studies of exsisting buildings to evaluate 
the basic structural and soil-structure interaction effects. This in-

, formation would permit assessing thc,antitipated dynamic-response of the 
'structure and its potential behavior'under strong ground motions under 
1 I I I 

, consideration of foundation and soil ,characteristics. In general, such 
I 



data would be essential not only ir. determining the strength of existing 
buildings and the effectiveniss of possible retrofitting measures, but 
also in developing improved earthquakP d~sign codes and detailed design 
procedures for structural systems and elements. 

3. Studies on the behavior of typical construction elements and details 
{such as beam-caluum joints and infill walss) under cyclic loads to 
evaluate the resistance and ~uctility under earthquake load conditions. 
Scr.h afforts are to be focussed on thereinforced concrete waffle-slab 
and frame-type structures in order to develop appropriate design re
quirements for new construction but also strenthening procedures to 
increase the earthquake load resistance of existing buildings. 

4. In case the economic potential of prefabricating systems were to be 
established, research on such systems, appropriately adjusted to the 
regional construction capabilities, could be most beneficial in possibly 
replacing the waffle-slab type systems in the region. 

In the above experim.ental research studies, quasi-static and pseudo-dynamic 
testing procedures should be used, requiring displacement controlled, double
acting load cylinders and high-speed data acquisition 3ystems. In case of 
pseudo-dynamic tests of subassemblages, computer controlled closed-loop 
test procedures need to be developed. Considering the available testing 
equipment at the lnstituto de lngeniera, UNAM, the special equipment necessary 
to carry out the above listed studies is virtually non-existant. The shaking 
table facility at the Institute de Ingeniera is medium in size and could be 
used effectively in carrying out real-time dynamic tests on structural as
semblies (multi-story four-column frames). 

Future research efforts suJ;cirted under the auspicies of the United Nations 
Developmeut r~ogr~ITITle,should be formulated in consideration of the US-Mexico 
joint research Prograrrme sponsored by the US Science Foundation, Washington, 
DC. This organization will be administrating research efforts in the amount 
of S 4,000,000 (US $) over the next couple of years. Such efforts will be 
carried out in US institutions, involving both US and Mexican engineers and 
researchers. 
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TABLE 1. SUMMARY OF SIGNIFICANT ACCELEROGRAPH RECORDS OBTAINED AT DIFFERENT LOCATIONS IN MEXICO CITY 
DURING THE SEPTEMBER 19, 1985 MICHOACAN-GUERRERO EARTHQUAKE 

PEAK ACCELERATION 
- (cm/sec2) - - -

- - - - - - PEAK VELOCITY 
(cm/sec) 

PEAK DISPLACEMENT 
(cm) 

DIRECTION 

NS 

EW 

v 

NS 

EW 

v 

NS 

EW 

v 

I.de I., UNAM 
CUMV 

37 

39 

20 

9 

11 

8 

6 

4 

5 

CUIP 
32 

35 

22 

10 

9 

s 

6 

8 

7 

CUOl 
28 

33 

22 

10 

9 

8 

6 

7 

7 

SCT 

98 

168 

36 

39 

61 

9 

17 

21 

7 

C. ABASTOS 
CDAO 

69 

80 

36 

35 

42 

11 

25 

25 

9 

CDAF 
81 

95 

27 

25 

38 

9 

15 

19 

8 

VIVEROS 

44 

42 

18 

11 

12 

6 

9 

7 

7 

TACUBAYA 

34 

33 

19 

14 

10 

8 

12 

9 

8 

I 

"' ~ 
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TABLE 2. SUMMARY OF RECORDED INFORfAATION ON THE RECORDS 
OBTAINED AT THE SCT STATION DURING THE SEPTEMBER 19, 1985 
EARTHQUAKE 

ACCELERATION 
(cm/sec2) 

VELOCITY 
{cm/sei:) 

DISPLACEMENT 
{cm) 

DIRECTION 

NS 

EW 

v 

EW 

v 

NS 

EW 

v 

PEAK VALUE 

93 

168 

36 

39 

61 

9 

17 

21 

7 

HUMBER OF CYCLES 
EXCEEDING 50% OF 
PEAK VALUE 

20 

16 

21 

9 

13 

17 

9 

14 

6 

NOTE: dur;ng earlier earthquakes the following peak accelerattion 
have been recorded: October 24, 1980 34 cm/sec2 {NS) 

March 14, 1979 30 cm/sec2 {EW) 



TABLE 3 STATISTICS ON COLLAPS£D AND SEVERELY DAMAGED BUILDINGS IN MEXICO CITY 

Type of Structure Type of 
Damage 

Concrete frames Collapse 
very severe 

Steel frames Colh!lse 
very severe 

Waffle slabs Collapse 
very severe 

Masonry Collapse 
very severe 

Others Collapse 
very severe 

i-.. 

TOTA!. Collapse and 
very severe 

percent of damage of all buildings 
in heavy dainaged zo"e 

....... 

Year of construction 

<-1957 57-76 1976-> 

27 51 4 
16 23 6 

7 3 0 
1 1 0 

8 62 21 
4 22 18 

6 5 2 
9 13 1 

4 8 2 
0 4 2 

82 192 56 

' 7 

·-
Humber of floors -- ... --·-····- --· ·-

(5 6-10 11-15 > 15 
Collapsed or very 
severely Ja~aged 

27 46 8 1 82 
10 28 6 1 45 ---
4 3 1 2 10 
0 0 2 0 2 

36 49 5 1 91 
5 26 12 1 44 

11 2 0 0 13 
22 1 0 0 23 

12 2 0 0 14 
2 4 0 0 6 

129 161 34 6 330 

-·,-----

(1% -15% ,..15% -a% 

Note: damage density in waffle-slab systems was twice as high as in concrete-frame systems 

Mexico City Earthquake September 19. 1985 UNAM. December 4, 1985 

N 

°' I 
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TABLE 4: PREOOMHIANT CAUSES OF FAILURE IN PERCENTAGES OF TOTAL 

plan-assynmetry (nonsyn111etric rigidity) 15% 

corner building 42% 

first-floor flexibility (soft story) 8% 

short-column effect 3% 

excessive overload (increased live loads) 9% 

buildings with previous differential settlement 2% 

foundation failure (local large settlement) 13% 

pounding/hanrnering of close-standing buildings 15: 

previous damages from earlier earthquak~s S% 

punching of waffle slaos 4% 

major failure in upper floors (often only 
upper most floor) 38% 

major failure of intermedidte floors. 40% 

NOTE: in numereous cases a combination of above 
causes lead to ultimate collapse or severe failure 

Mexico City Earthquake, September 19, 1985 
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Pacific Ocean 

Fig. 2 Location, of the Zacatula Strong-motion Station 
in the Delta of the Balsas River 
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4 

Fig. 9. Comparison of the 5% Damped Linear Elastic Response Spectrum 
of the EW Component of the Acceleration Record recorded at 
SCT with the 5% Damped Linear Elastic Spectra used by the 
Mexican Code (1976) and with the Design Forces for a 
Ductility Factor of Q = 4. 
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Fig. 10. Zones of Earthquake Damages in the 1985, 
1957 and 1979 Earthquakes. 
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Figure 11. Curves indicating Depth to First Laye,r of Firm Soil 
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Figure 12. Curves indicati~J u. Jth to Second Layer of 
Firm Soils (Deep De~ isits) 
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This report submitted by the subscriber who visited Mexico City 

from 2 to 15 of December 1985 as a member of the UNIDO'S mission of 

consultants after the earthquake of 19 and 20 September 1985 for 

technical advise in aseismic construction strengthening and repair 
of buildings. 

In the frame work of the job description SI/MEX/85/11•54/32.1.K 

of the above mentioned mission the reporter together with the other 

members of the group has participated in the foll~ ng activities: 

Study of the behaviour and situations of various types of 
buildinqs. 

Study of the soil conditions and types of foundations of various 

buildings and assess to what extend the soil and foundations 
caused the recent earthquake disaster. 

Study of the research conditions in Mexico. 

Reviewing of the administrative procedures established for the 

damage eval~ation re~~ir and strengthening. 

Reviewing of the existing Code and its mod1f ication recently 
adopted. 

Transfe1 of experience in design of earthquake resistant 

structures, from Balkan region to Mexico. 

Transfer of experience in damage evaluation, repair and strengthen
ing from Balkan region to Mexico. 



-~-

The above mentioned activities were carried out by means of 

visiting fully and less damaged buildings in the city and outside, 

having meetings, discussions, visiting the research institutes, 

giving lectures and having exchange of technical information with 

members of the team and local specialists. In Annex I a detailed 

shedule of the reporter's stay in Mexico City is given. 

It was decided by the members of the consultant's group that 

for a better coordination of the mission each member of the group 

in parallel to the general overview would focus his interests to 

some special areas and the results of his activities in these areas 

would be presented in his report in.detail. So it was decided the 

following job distribution: 

1. Prof. J. Bouwkamp :a) General information 
b) Steel Structures 

2. Prof. Dulatscha 

3. Prof. M. Erdik 

4. Prof. G.Penelis 

5. Prof. M.Velkov 

Masonry Buildings 

Soil-structure interaction 

:a) Monumental Buildings 
b) Administrative procedures for the 

rehabilitation of the City. 

R/C structures 

In the frame of this decision in the preceding chapters the 

interest will be focused on 

a) Monumental Building-Repair and Strengthening. 

b) Administrative procedures for the rehabilitation of the City. 

~~-§~E!~Q2~~~-£~~E~~!§E!2!!~~ 

The Mexico earthquake of September 19, 1985 had a magnitude 

Ms=8.l(NEIS) and the epicenter was located about 30km off the 

Pacific coast, near the mouth of the Balsas river and about 400km 

from Mexico City. 

The earthquake intesity had a regular deminuation law in a zone 

of 30-40km from the epicenter and then due to the special soil 

conditions in the valey of Mexico City heavy damages appeared 400km 

away from the epicenter. 

Eight Clgital strong motion instruments installed at various 

sites of the city recorded the accelerograms of the earthquake. The 

peak ground acceleration recorded varied from 40gals(cm/sec2) in 

"firm" ground to 200gals(cm/sec2) is "soft" ground. The predominant 

period of the earthquake was appr. 2,0sec and the duration appr. 

12vsec in some instances. In Annex II more detaLled information on 
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the earthquake characteristics may be found [l] , [2] , [3] , [4] , [s] . 

3. SOIL CONDITION AND MICROZONATION -----------------------------------
Mexico City is founded in a valley at an altitude of 2.240m.The 

major part of the city was founde~ on a drained lake. Three main 

zones may be defined: the hill zone of firm soil, the lake zone of 

deep deposits of a very soft clay and in between a transition zone 

where the clay deposits are shallow. 

The amplification of the max ground acceleration from 40 to 200 

gals is a very good correlation to the subsoil condition at the 

hills and in the lake area (see Annex III) ~] • 

There is a clear correlation between the geographical distribution 

of damage and the type of subsoil. Areas of significant damage are 

located in the lake zone: outside this zone only minor damage is re

ported. The area of highest damage is located at the west of the 

lake zone where the firm deposit is between 26 and 46m (see Annex 

III) [6) • 
The lack of da~age in the zone of firm soil and in the transition 

zone it is explained by the small intensity of the ground movement 

that was not amplified by layers of soft soil. The low damage in the 

areas of thicker soft soil layers is due partially to the fact that 

the natural period of vibration of these layers is significantly 

higher than the dominant periods of vibration of the movements that 

arrived from the subjacent firm deposits, thus giving rise to a less 
' severe ampl,ification: it is also due to the lower density of tall 

buildings fn these areas~]. 

1~-£~~E~£!~E!2!!£2_Q~-!~~-Q~Q~Q-~~!~Q!~Q2 
' 

The highest incidence of damage in the most defected area was in 

buildings f:rorn 6 to 15 stories (161 cases). The number of damaged 

buildings l'ower than five stories was rather small (101 cases) in 

comparison ',with the number of buildings of this type which are the 

majority in this area, Very few buildings of more than 15 stories 
' were damage,d (3 cases) • 

An appr'oximate census of all existing buildings in the most 
' 

affected ar,ea was made. The data were' used to estimate the percentage 
' 

of damaged buildings with different h~ights. The percentage are as 
' 

fpllows: 
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Buildings up to 2 storeys : 2\ 
n between 3 and 5 storeys: 3\ 
n n 6 and 8 n 16\ 
n " 9 and 12 n 23\ 
n higher than 12 storeys 22\ 

Total damaged buildings 3\ 

Taking into account that the predominant period of the earth

quake was 1.5 to 2.5sec it is quite rational that buildings with 

number of storeys between 6 and 15 and with low stiffness as they 

are mainly frame resistant or waffle slab building with no R/C 

shear walls appear the highest percentage of damage as the fundament

al period of these buildings lies in the same range with the pre

dominant period of the earthquake. In Annex III[6] a classification 

of the damaged buildings is given according to the number of storeys 

the year of construction which is related to the followed successive 

Code modifications and to the type of structure. 

The classification regarding structural systems included: R/C 

frame , waffle slab and steel frame, masonry and others. 

In the three first cases the main structural system was common

ly stiffened by masonry partition walls and only seldom by R/C shear 

walls. 

In the case of masonry buildings the masonry constitutes the 

bearing structural system and this system was the most common for '1ow 

rise construction. The small number of damaged building of this la,st 

case reflects the more favorable response of low, stiff buldings. : 

Regarding the first three type of buildings it could be said that , 

those with waffle slab appear the worst behaviour due to the punch: 

effect in the column area. 

5. TYPES OF STRUCTURAL FAILURE ------------------------------
The main reason of the large number of failures is the extra

ordinary severity that the ground motion reached in an area of the' 

city where the characteristics of the subsoil were such that the 

movements transmitted by the firm subsoil were greatly amplified. 

The structures were submitted to a very large number of cycles of , 

ground movements of large amplitudes and approximat~ly constant 

period. The effects of this ground movements were significantly 

larger than those contemplated by the present code ~specially for 

the medium flexible buildings. 
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However it can not be overseen the fact that the damaged build

ings in the most defected area constitute a small percentage for 

each category of buildings, which means that also other factors 

contributed to make more severe the effects of the ground movement 

and they gave rise to some prevailing modes of failure that are 

mentioned below [6] • 
a) Brittle behaviour due to column failure. 

b! Non symmetric array of partition masonry walls. 

c) Scft ground floor. 

d) Damages due to previous earthquakes. 

e) Short columns. 

f) Pounding of adjacent buildings. 

g) Overload. 

e) P-6 effect. 

h) Punching of waffle slabs. 

It is very important also to mention that it is the first time 

that the failure appeared to such an extend at the upper storeys of 

the buildings (38\ of the damagen buildings). Thi~ phenomenon must 

be studied in depth before conclus.ions could be drawn. It is also 

important to mention that in Mexico City a clear correlation of 

corner buildings and failures appeared too (42\ of the damaged build

ings are located at the corners of the blocks). 

~~-~QQ~Q~!!Q~-r~1~2g~ 

Only seldom the collapse of the building could be totally 

attributed to a foundation failure; the few collapses of this kind 

are related with very slender builuings where large overturning 

moments were produced on raft foundations or friction piles. 

It is assumed however that in several cases the settlements and 

rotations at the building basis due to incipient foundation failure 

significantly contributed to the collapse of the building arnplyfying 

the P-6 effect. 

In many cases classified as severe damage, the incipient 

foundation failure was the dominant cause as in tilting of slE:nder 

buildings [6] • 

7. ASEISMIC CODE ----------------
Before 1957 Seismic Regulations were very simplistic and un

conservative. A horizontal load of 2.5\ of vertical load was taken 
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into consideration to simulate the earthquake exitation while an 

increase of 30\ of the allowable stresses was introduced for the 

combination of horizontal and vertical loading. 

At the end of 1957 a rather comprehensive set of seismic design 

recommendations was enforced. From 1976 the present code governs the 

structural design. It can be said that this code is a modern code 

that has taken into account the updated knowledge in earthquake 

engineering at the time it was issued. However it can be said that 

this Code has not taken into account the special problem of Mexico 

City which is the soft soil amplification of the ground motion of 

the stiff layers for long period (l:S-2.Ssec) movements. This could 

be achieved either by regulations imposing the construction of stiffer 

buildings (lower buildings or buildings of the sa~~ height, but with 

a stiffening shear wall bearing system) or by increasing of the 

horizontal base shear for the analysis. This second alternative is 

adopted in the modifications of the code of 1976 introduced after 

the earthquake of September 19, 1985 for the repair and strengthening 

of the buildings together with some extra provisions especially for 

the column design. 

It should be noted here that a new updated Code is now elaborated 

to be in force in due time [6] , [7] , [8] . 

For the better information on the procedure followed in Mexico 

City for damage evaluation repair and strengthening the reporter 

visited the "DEPARTAMENTO DEL DISTRITO FEDERAL I SECRETERIA GENERAL 

DE OBRAS (S.G.O)" where he had a long discussion with Ing.Alejandro 

Rivas Vidal, active technical coordinator. The conclusions of this 

discussion may be summarized as follows: 

a) Just after the earthquake a political counsil was formed with the • 

participation of the army, the police, e.t.c. to take care of the 

earthquake relief of the city. 

b) The general coordination of the activities was entrusted to DDF. 

c) The first efforts were oriented to the rescue of lives and to 

the relief of injured citizens. 

d) Then the efforts we~e concentrated to the gathering of deads. 

e) Afterwards, working groups with the necessary equipment began 

with tt demolition and shoring activities. 

f) In parallel various institutions as S.G.O., COVITTJE, FI UNAM, 
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C.I.C.M. e.t.c. began to work on damage evaluation. 

For this activity there was not a central coordination neither 

an in adva~ce adopted plan of action. Up to 2-12-1985, 11.802 

builcings had been inspected and sometimes one building had been 

inspeced twice or three times by different intitutions. 

g) After October 31 the •secreteria General de Obras•cs.G.O.) has 

been in charge for the inspection of buildings with more than 

4 storeys while the other institutions continued the inspections 

in buildings with 4 storeys or less. 

According to the inspections carried out up to December 2 the 

foilowing results were announced[9]. 

o Buildings with damage in the struct.system with 4 storeys or 

less 2.299 

o Buildings with damage in the struct.system with more than 4 

storeys 907 

- Total partial collapse 309 

- Severe damage : 267 

- Local damage 331 

TOTAL 907 

h) According to the Modification of the Aseismic Code being now in 

force the owners of the buildings are responsible to notify to 

the 0 s.G.O." possible damage and ask for inspection, which means 

that the inspection of the buildings is limited only to those 

for which such a notification has been made [8] • 
i) The damage evaluation especially in the buildings with more than 

4 storeys is carried out the high qualified engineers approved 

by the S.G.O. and according to a detailed format prepared by this 

service (see Annex IV). 

j) The repair and strengthening should be carried out according to 

a series of new regulations put in force after the earthquake. 

According to these regulations the damaged buildings are divided 

into two categories: 

i} Buildings with local damage. 

ii) Buildings with damage which affects the overall structural 

behaviour. 

For the buildings of the second category a structural reanalysis 

must be carried out according to these new regulations.It should 

be noted that according to these regulations much higher 

horizontal forces ar~ to be taken into account for the eart~quak~ 
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loading and much less ultimate resistance should be adopted for 

the columns than in the up to now Code in force[a]. 

k) In parallel an updated new Code is going to be elaborated that 

will be in force in due time. 

9. DAMAGE EVALUATION REPAIR AND STRENGTHENING OF HISTORICAL -----------------------------------------------------------

For a better information on the procedur~ tollowed in Mexico 

City for damage evaluation repair and strengthening of historical 

monuments, the reporter visited the •INSTITUTO NATIONAL ANTROPOLOGIA . 
E HISTORIA, S.E.P., DIRECCION DE MONUMENTOS HISTORicos· where he had 

a long discussion with the Architect Restaurer Virginia Isaak, 

responsible for the restauration of the historical monuments of the 

City. Afterwards the subscriber was guided by two architects of the 

Institute to some of the most important monuments to form a personal 

idea of the situation. The conclusions of the discussions and the 

visit at site may be summarized as follows: 

a) There are in Mexico City and in the surroundings 1425 historical 

monuments. These monuments belong to three major periods 

i) Precollonial period (prehistoric period). 

ii) Hispanic period (historical period). 

iii) Artistic period (20th century). 

b) The prehistoric m(•numents as they are massive and rigid enough 

did not appear any damage. 

c) For each historical monument a visual inspection is carried out 

and the findings are recorded on a special format prepared by 

the Institute (see Annex V). 

d) Up to now 500 historical monuments have been inspected. 

e) From the inspection carried out so far 100 monuments have been 

found to have major damage from which24 are churches. 

f) The most important reasons of this damage according to Mrs. 

Virginia's Isaak opinion are the following: 

- Abandonment and lack of preservation • 

- Modification of the original form for alternative uses. 

- Overloading and setbacks. 

- Pounding of adjacent buildings. 

g) It is the reporter's personal estimate that the historical 

buildings having a nassive form with high stiffness were out of 

fase of the recent earthquake so they did not suffer much. They 
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had the same behaviour with the majority of the masonry 

buildings. 

The author of this report has inspected the buildings around the 

Constitution square (Zocalo square), the Cathedral, the Santo 

Domingo church, the Inglesias de Encarnation and some collonial 

smaller buildings as well. He has inspected also the most impor

tant prehistoric monuments of the city as the Pyramids of Teo

tihuacan, and the •Templo Mayor•. His findings agree with the 

reasons of damage mentioned above. In the important monuments 

which are preserved well only the reappearance of old cracks 

could be observed and in some cases new cracks due to soil 

settlements. 

h) The damage evaluation repair and strengthening procedure is 

carried out so far without any cooperation with structural 

engineers. Only restaurer architects are engaged. This has as a 

result the use of traditional technics in the restauration pro

cedure without any laboratory tests or analytical procedures for 

the justification of the interventions decided. 

The members of the consultant's group have visited the •rnstituto 

de Ingeneria de la UNAM" many times and they have got there many 

discussions for the research activities in progress. They have vi

sited also the laboratories of the institute. 

It i£ the author's opinion that the re~earch in earthquake 

engineering in Mexico is in a very high level. 

It should be noted that within some days after the earthquake of 

September 19, they were 1~ position to report a series of accelero

grams and the first conclusions on the microzonation and the be

haviour of the buildings to the earthquake • 

However it should be noted also that their research activities 

would be accelerated if they have got updated laboratory equipment 

and especially displacement controlled double acting jacks equiped 

with servovalves and data aquisition system for large scale quasi

static cyclic loading tests. 

It is also important to note that the author of this report can 
' 

not' estimate the degree of knowledge transfer ~rom the research 

ins~itute to the practicing engineers and the degree of usage of the 

exi~ting laboratory facilities for testing and control! of constru

ction Industry. 
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11. TRANSFER OF EXPERIENCE IN EARTHQUAKE ENGINEERING FROM BALKAN ----------------------------------------------------------------

This task was accomplished with meetings, discussions and pri

marily with the lectures that the members of the group gave in the 

University and in the Chamber of Construction Industry. These 

lectures have covered a very broad range of subjects in earthquake 

engineering. As far as the author of this report is concerned he 

presented two subjects. 

i) "Repair and Strengthening of historical Monuments", Lecture in 

the University. 

ii) •post-earthquake rehabilitation activities following the June 

20-1978, Thessaloniki's earthquake•, Lecture in the Chamber of 

Construction Industry. 

In Annex VI copies of the used diatransparencies for these two 

lectures are given just for information. 

12. CONCLUSIONS ---------------
From ~ -~ above report the following conclusions may be drawn. 

• 

a) The main reason of the large number of failures seems to be soil 

condition in Mexico City which has amplified the stiff subsoil's 

movement to a large extend for a predominant period of 1.5-2.5 

sec. However it should not be overseen that the whole sit~ation 

worsenerl by the low stiffness of a large number of buildings and 

by some typical structural mistakes in many buildings with damage. 

b) Only seldom the collapse of the building could be totally attri

buted to a foundation failure. 

c) The aseismic Code in force although modern did not protected 

enough the City as this Code had not taken into account the 

special problem of Mexico City which is the soft soil. This is 

the reason that after the earthquake additional regulations had 

to be put in force for the repair and strengthening of the 

buildings. 

d) The damage evaluation procedure was not centrally coordir.ated. 

It is the author's opinion that a preparedness plan should be 

elaborated for future use. However the repair and strengthening 

procedure is well organized. 

f) For the monumental buildings a close cooperation should be esta

blished among Archeologists, Architects and Structural Engineers 

so that a justified repair and stren9thening methodolcgy would 
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be used. as it happens allover Europe. 

g) The research activities in earthquake engineering which are at 

a high level in Mexico would be accelerated with updated labora
tory equipment. 

h) The transfer of experience in earthquake engineering from Balkan 

region to Mexico was accomplished to the maximum possible degree 
in the framework of a fifteen days visit. 

Prof. Dr. Engineer 

---~ 

.~LIS 
L _______ ,.,-) 
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A N N E X I ------------------

Monday, Dec.2 Arrival in Mexico City. 

Tuesday,Dec.3 : Visit of the group of consultants at fully and less 

damaged buildings guided by scientists of the "In

sti tuto de Ingenieria de la UNAM". 

Wednesday,Dec.4: Visit of the group of consultants at the "Institute 

de Ingenieria de la UNAM". 

o Presentation there by Prof .MELI of recent avail

able information on: 

- Statistical evaluaticn of damage • 

- Strong motion measurements and analysis. 

- Correlations on damage distribution and soil 

conditions(soil predominant period). 

- The main points of the existing and recently 

modified Code. 

o Discussions on the above presented material. 

o Visit at the laboratories of the Institute and 

discussion on research programs in progress. 

Thursday,Dec.S : Visit of the group at the Chamber of Construction 

Industry to attend a video film on the damage in 

the City. 

Visit afterwards of the reporter at the "DEPARTA

MENTO DEL DISTRITO FEDERAL" to get information on 

the administrative scheme that is followed for the 

damage evaluation repair and strengthening. 

Friday, Dec.6 : Presentation of a series of lectures by the members 

of the consultant's group in the "Instituto de Inge

nier!a de la UNAM". Disci1ssion. 

Saturday,Dec.7 : Additional visit of the consultants at damaged 

buildings of interest at TLATELOLCO. 

Sunday, Dec. 8 : Free for visit at places of cultural interest. 

Monday, Dec. 9 Visit of the reporter at the "INSTITUTO NATIONAL 

ANTROPOLOGIA E HISTORIA" for getting' information on 

damage evuluation of Monuments and tpe procedures 

followed for repair and strengthening. 



Tuesday,Dec.10 

-~-

Visit to some monuments of interest guided by two 

architects of the Institute. 

Presentation of a series of lectures by the members 

of the group in the Chamber of Construction Industry. 

Discussion. 

Wednesday,Dec.ll:Attendance of the presentation of a series of lectu

res on new materials and on the base isolation of 

structures to earthquakes by UNIDO's experts. 

Participation in the discussion followed. 

Thursday,Dec.12: Classification of "the collected material ,prepara

tion of the report. 

Friday,Dec. 13 Classification of the collected material, prepara

tion of the report. 

Saturday,Dec.14: Visit of places with cultural interest. 

Sunday, Dec. 15: Departure. 
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A N N E X II 

IN:ORMATION ON EARTHQUAKE CHARACTERISTICS AND STRONG 

MOTION RECORDS 

. LOCALIZACIOU PRELIMH~flR DEL SISf'iJ DEL 19 DE SEPTJU·iBRE DE 1985. 
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A N N E X III 

MEXICO CITY MICROZONATION-BEHAVIOUR OF THE BUILDINGS 

TO THE EARTHQUAKE 
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ZONE 
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J, U !! E }'. IV 
---

(Copies of diatransparancies used for 

the lectures together with slides) 
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PRESE::r:r:n EY PRC:F G. ?EIIBLIS, GREECE. 

I. INTRODUC!ICN 

o It i:ust te err:!'.-'!"1asized from the begining that the atter:;t cf 

restori~g a~d stren£thening a monument is a co~plicated prcc(du-

re vhich de~a~~s the collaboration and tte c~ordination of hig~ 

qualified scie~tists cf various fields. Because,t~e significer.ce 
\ 

of these ....:or'k!? i-:J:ich ccnsist a very inheri tar.ce fer the Wcrld, 

but also a ~istorii::al docu.'!".ent for the abilities o: the nations 

that have built t!:em for creation of worlcwide signif ica!".t ~l tu-

ral monuments does not allow improvjsations. Any decision for 

intervention requires a complete justification, as the u..~iqueness 

of such structures and the perspective of preserving them for an 

unlimited period of ti1r.e do not allow for unjustified decisions, 

which may prove, in the near or far future, har~ful for the mo-

nument and its ~enuiness. 

• The monumental buildings as f~r as tteir vulnerability,the 

assessment of their earthquake resistance and their strengthe-

r1in~ rire conce:r1ied rr.c.y te grouped ir:. tv~o categories. 

• Hingeii (wit!.ciut rnor'tar) structures 

In tlse pl'e.::eed ir.~ presentati en on lv ma~·onrv mor:umerits v!ill be ' 

d€-~lt with. 

2. CLASSIFICATTO!! OF THE r·:A$0IIRY _ MO!:UT-:E!JTS BY ARCHITECTURAL FORM 

Cl&ssific&tion in accordance ujth their function 



-· 

- 69 -

• Buildincs of worship (churches, mosques e.t.c) 

• Public t~ildin~s (palaces, mausoleums, markets e.~.c) 

• Fortifications (Walls, towers, e.t.c) 

). ¥:.ATERIALS A~~ ~:ETHODS OF CONSTRUCTION 

3.I. Y.aterials 

• Jlfortars 

• Bricks 

• Timber 

• Steel ties 

3.2. Methods of construction 

• Masonry 

• Vaults - Dom~s 

• Bhrrel vault 

• Groin vault ~ doffiical - vault 

• Dru.'!. dome 

• Dun.e on pe:noe'tives 

• Penderjtive dorrie 

• Dome on Squinch 

• Half domes 

• Timter roofing - Timber ties. 

4. STRUCTURAL TYPES .... VULNERABILITY 

4.1. Classification bv structur~l form 

• Free sta~ding,walls 

• Timber - roofed Basilicas 

• MultiFtory buildings 

• Domed circular buildings 
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• Vaulted and domed Basilic~s 

• Cro!:s doir.ed central nucleum 

• To~ers and Minarets 

4. 2. Struc-tur:::il elements 

d.2.I. Free walls 

Strue:turc.l charactc-r·i !-"tir s 

• d/h 1:2.5 -i- 1:3 

• T = O.I sec 

(J 
• f. ma Y. o.::;o -r 0.33g 

VuJ riere: bi 1 i tv 

• differential settlements (diaeonal cracks) 

• Lack of tomogeneity (buckling of outer skin) 

4.2.2. The Arch and the barrel vault. 

Structur?.l characteristics 

• external b2king at the base to form a pier 

Vulnerability 

• cracks at the crown for loads less than the service loads 

• Arch collapse is due to f~ilure of the su,porting syste~ 

• The failure of the supporting system i~ usualy a stear 

cO~!Jression failure. 

• cracks ar.d sr-liting at the crown 

• Ties at the base improve the behaviour 

!.:_2.3. Groin - Vaults 

• NecesRi ty of "Fly inc - buttresf." or timbrr ties for the 

stRbiliz~tion of diagonal rib~. 

• , In case, tho!='e tie~ are dest,royed havy damc:ge ar.rpear!?. 
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Stru~turel ch~racteriFtics 

• sphed e:~l don.e 

• 11:cn.L·re:f1E; bel1aviour· to lar·e~ extend 

• liiL;_· f01-.:·e~ positive for tp~ 50.82° 

e f\~::ili firoL] Elr: the supportin.s syFtem 

• It is for:1.ed as a ring capable in carryin£ 

N~ &~tj~c a~ a series of indepe~dent tuttresFe~ ~s 

it~ tcLEilE- stren£th is not reliable. 

• CaEe study : The ring of Rotonda 

Cross - domed church 

Quinc"LJ"i>: Type (Cross - in - square) 

\'ulnerabilitv 

• Existance of cracks in the directios of neridia~ 

even for service loads 

• The dru.~s of the domes are sensitive at their base. 

4.3. Structural syste~s 

4.3.I. Free walls 

Already exa~ined as struct.elernent. 

4.3.2. Timber roofed Basilicas 

Descrintion ~f the structural system 

• An external rectangle. 

• 2 or 4 internal colonades with arcades carried ty 

the colur.ms 

• Above the columns and on the arcades rest the ra~~eries 

• The timber roof over the nave i$ r~ised usua1y atove 

the ga~lery 
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Structur~l b~h&vjour 

• Because of lack of horizontal ~tiff connection each 

ele~ent fur.c:ions indepedently. 

• FoL vertical loads ell the elementF are free of hcri-

• 
• 

zontal thrusts. 

Fer horizontal seis~ic loads the system vul~eratle . 

"'alls h /t:: I 5 Eigenperiod : T:: I. 5-2 sec . 

Out cf fa~e usually. 

Vulnera'!:ilitv 

• permanent declinations of walls and colonades 

• eislocations of vertical masonry walls at their joining 

line 

• Dislocations uf the colonades 

• C::-acks at the crowns of the arches of the arcade. 

4.3.3. Multistctey Buildin~s 

Structural description 

• It includes internal and external bearing walls 

• Floo:s are usually of timber or shallow masonry vaults. 

• Roofs a1·e al11ost invariably timber. 

Structur~- 4haviour 

• For vertical loads each element functions independently. 

• For seismic loading the behaviour of the system depends 

on the degree of the cooperation of the various elements 

to transfere: the Joading to walls parallel to it . 

.Y.1!) ne1·Fi Ld 1 :i tv 

• It depenjs on the degree of integral response of all ~alls 

tc,, the lH·1·izontril slier1r'. 
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4.3.~. nc~e~ circular buildings 

Structur~l behavjour 

• A rinc::: 

• A drum 

St :ru c-t ur·r-) 1-. .;-! 1~ -:j our 

Struc-tnr&l de~eriptie:n 

Im: tef:d of t ir~J)er r0of vaults and domes a1·e for 
coverirg the church. 

Structural behavior 

The vaults cause strcng horizontal thrusts l\hich r:,ust be 

carried either with ties or with flying buttres~es. 

Vulnera"bilitv 

Very sensitive tc e~rthouakeF ev~n i~ the for~ cf tra~-

sept Basilica. 

4.3.6. Crossed do~ed central nucleum 

Structural 6escriptio~ 

• Four stro~g piers ffi~rk t~e corners of the centre squa~e. 

• T!1e piers carry t"-.e barrel vaults of four short crcs~ ar::.i 

• A do~e on pende~tives. 

Structurel baha~iour 
' 

~ The loadf cf the do:-:-,e flo.,,. tl1rour·f: the- rinr of t!·.e dru.'T. 
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a~ vertical and horizo~t&_ thrusts to the pende~tives 

and thr:::u£h the barrel vaults s??:r:>thly to the pier~. 

• The systen is very raubust aLc compact 

• It has ~--e"!:y sr.crt eit;er.period and does not a::::t:::if:: 't:;e 

ground acceleration. 

• The exii:tance of the shear \-:all!:: in plan consists a •1ery 

good layout for seis~ic loadinf. 

~ulnerabilitv 

• Radial crack~ in the ri~g a~d in the lo~er part of the 

do?:"ie. 

• Horizontal cracks in the base of the dru~. 

• Diagonal cracks in the spandrels 

• Dia~onal cracks ~t the piers 

4.~.7. ~in3rets 

S truc-tu:rr:l d escri rt:: u.!L_ 

• It tic.s tuhul[~r forrr,, tr-11 a1:d slender and with a stair 

in tlie eentr-e. Sr,mc- meters from the top it has one sl igh

tly p1·oj~cting platform. 

St ructu1·::. 1 hE-hnv i flllr. -Vu lnera bi l i tv 

• It i!::i chL.1·rc:tt:ri?~d '.·y 1011g naturi:.l period. 

• Tbt- higher hr.rn.c.nics c-<use usu&.ly d&r:lage at the top . 

.2 REPAIR Jd:D ~TTlENGTHE!!ING 

5.I. Introductorv remArks 

2...:..£. Initial d~rnrr.-e evaluation' and temporary shcrir. ..... 

• Generalities 

• Methcdolo~y of first ins~ecti0~ 

• Prelimin~ry ~truct~rr-1 anrlysis for shorin~ deci~io~: 

• Shorinc material equipmc~t a~~ nrr2~£€~e~ts 

• Su~ports for cPrry!1:r dead load~ 
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• J!ut t1·1:-~~e~ fo1· c~1-ryinr. horizontPl thrusts. 

• T1·&nsv.:-rPoJ cc.r::f j ne1r.1:-r, t ~ 

• PrE:~ t?·E ~ £" e:i ri !:£:. 

• Prestres~ed te?·,r er,; 

• Pre-sti·Esse::: ties 

5.3. In situ investig~tions 

• Geometrical ar;C: constructional survey 

, . - cracr.ing. 

• Indication for t!:e future condi tior:. of the '-,:r.u."!ient 

• Study of the ~ettodology of re~air of eac~ crack. 

• Roug:h estil'.!late of the grouting work 

• Visual indication of the causes of cracking 

- Tiltin£. 

• In situ destructive and ncn 6estructive tests 

coretaking 

hammertesting 

- ultrasonic ~easure~ents. 

• Determination of dynamic properties - In situ tests 

• Soil investigationP 

5.4. Laboratorv TestP 

• Chemical properties of building materials 

•proportion between parte and afgregateE 

• existarice of Lydraulic at;:ents in the mort;:,1·. 

• Mech~nical p~operties of the mRterials 

• Soil tertf'. 

• Model te:ru·. 

• , Deterrrination of the rr:ech. char~ cteri~ticf' of 1!-.e !T'.onu~ .. eri"... 

'. l - 0 
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• Modulus of ela~ticity of the ma~onry 

• Dyi~c rr,.:i {· char:- cteri!'"tics of the M01:urnent. 

• Ducti,ity factor 

• Sei:::'!!.ic 'L~se sher:r. 

• Rean~lysis of the Monu~ent. Princinles and Met~:ds 
• Static loadinr. 

- Shell theory 

- Theory 01~ linear structures 

- F.E.M. 

• dynamic an?lysis 

linear a!'".alyf'is for special cases only (Minarets e.t.c.) 

• St?tic loading 

non linear analysis 

- application of upper a~d lower bound theorems for the 

collapse rr.echanism 

- Step by st~p cethods 

- F.E.M. ~ethods 

• dyna~ic ar.alysis 

r.on linear analysis ~ not yet. 
' 

.6. Damare evalu~tion and as~ess~er.t of Earthouake 

• Lo~d combinations 

• Dead Lo&ds ': vg G 

• Dead + Sei2m. Lor.:d '• vg G + Ve E 

" = \/ ( vrr: -: "f3 ' ":fm) 
v fT = for 1 OrJ (j t.• .. 
"r-·. = f OJ' 1·1, I!, Q, 

"rri = for M<:itel'ial~ 
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Vg = 2.0 - 3.0 

Vg = I.I 

VE = I.4 - I.5 

Local d~~?.ge 

General type da~age 

5.7. ~aterials ar.c met~ocs of renair G~C ~tren~ther.in~ 

5.7.I. Generalities 

• I·:aterials 

~ortars, mortar groutings, epoxy groutines steel reir.force-

ment, ste~l of prestress, concrete ti~~er. 

• rt.ethods 

partial reconstruction 

injections in cracks 

gunite concrete 

cast in place concrete 

prcstressed rings 

prestressed ties 

pres tressed sti tcl1ing nails 

tra~sversal conf i~ements 

~.7.~. Ferrous ~&terials 

:, .8.Repair arid stre?'lp;theriing oropo~r ls ' 

• G~neral repuirs 

• Local repairs 

Principles 

• The re~airs have to be visible 

• T~~e repa:lrs ha\·e to be reversible 

' • Repairs ~o;·. reversible have to be cari1;id cut with mate-, 

rials cc~p~tible to those cf the 
' ' 

' 

rr.0:-:11::-.~n t. 
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5.9.FinFl redesif~, repai~ a~d stre~gthe~ing 

5.9.I. Safetv coefficients of actions 

a) Masc~ry walls. ~~ers 
' • Dead Loads : 3act,d = (,2 .0 T 2.3)G 
' • Dead + Se ism . s =, I.IG + {I.4 . act,d 

b) Steel ri!ig:S 1 
' ties 1 junc,tions 

• Deac Loads : {I.6 . I. 7:5)G T 

' • Dead + Se ism I.IG + {,I. 4 . I.5)E : T 

' 5.9.2. Strength of m~terials 

a) ~asonry w~lls 1 piers 

. I.5)E 

• Compre~£ion : Prisr::atic: Strength ( 5~ fract.) 

• Flexure : Fltxural stre~g1h ( II 

• Bonn 

• S~ear - Compression 

• T~nsile yield s~~~ng1.h 

-
' 

( II 

curves (" 

" 

" 

" 

) 

) 

) 
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POST EARTHOUAKE REHABILITATION ACTIVITIES FOLLOWING THE JUNE 

20-1978 THESSALONlKI'S E~.RTHOUAKE 

BY PROF. G.PENELIS, DR. ENGINEER 

l. INTRODUCTION 

In this short presentation an effort is made outline the pro

blems raised after the earthquake of June 20-1978 in Thessaloniki 

and the procedured followed for the rehabilitation of the City 

and the district in general. 

Acting at that period as one of the main consultantE of the 

State for the rehabilitation program I had the opportunity to liv1 

from very near the problems in a global way and to contribute to 

the decision making in all steps of the procedure to the level I 

could. So, I thought, it would be worthwhile to present tc you in 

short my experience from Greece. 

2. CITY CHARACTERISTICS 

• Population 

Approx. 1.000.000 inhabitants. 

• Layout of the City 

The City is developed like a band around Thermaikos Gulf. The 

upper part is founded on the bedrock while the lower part on 

aluvium deposits. 

• Nui •. ber of bui !dings 

Appr. 60.000 buildings. 

• Main tvpe of construction 
R/C buildings with a structural system ,consisting of fraroes 

and shear walls. 
High degree of strong partition walls. 

- The predominant number of storeys is 5f'9 storey3. 
' 

The majorit',Y of the buildings were buil,t after 1950. 

3. EARTHQUAKE CH'ARACTERISTICS 

• Epicenter of ~he earthguake 

- The epicenter was near to Volvi lake, appr.20krn from Thessa

loniki in the Serbomakedonic Zone. 

- The depth of the focus was estimated to' 15-20km. 
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Balkan region and Thessaloniki 

Voevi lake 

~>~ 
EP-icenter 

Epicenter of the earthauakr June 20-78 
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• Magnitude of the earthquake 

- 6.5 Grades in Richter scale. 
- Duration lOsec. 

• Intensity of the earthquake in the Citv. 

- VII~VIII degrees of M.Mercalli scale. 

- Acce~elogram :One in the basement of the City Hotel 
Spectral analysis of the accelerogram. 

• Max ground accel. : 15-13\ g. 

• Predom. period : 0.4-0.5 sec. 

4. RESPONSE TO THE EARTHQUAKE 

• Buildings 

- One 9-storey building collapsed. 

- 2.5\ had severe structural darnege. 

- 23.S\ had limited structural damage. 

- 74\ without visual struct. damage. 
• Life lines 

- Limited damage 

<t Population 

- SO citizens dead 

- Chaotic situation for the first 24 hours 

Paralysis of the economic life of the City for many days • 
• 2ll.!~ 

- It was the first time after fifty years that an earthquake 

of that intensity had stricken the second big city of the 
Cr;;.~try. 

- C~ the other hand, after the earthqukaes of 1954-57 that had 

stricken a large area of Greece no serious problem had 
appeared. 

So 

• The State was unprepared to face the problems. 

• The existing general plans for extra notes did not function 
well in the chaotic situation of the first days. 

• New plans of action hao to be decided upon in these first 
difficult days and nights. 
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a)S!ructural S\•stem: from reinf concrete 

Total number of b:.Jildings: 1441 

year of ell!'c ti on 

b.)Structural system' concrete and masonry 

Total numtx?r of buildings : 213 

c) Structural system: masonry 

Total number of buildings:61 

c- :l3 27 31 35 39 43 4 51 55 
111 
0\ d) Percentage of building~ per type of structural system 

'00 ~ 
'.!;! 
::I 

80 .0 
----------0 . ---<D Concrete 

ED ... 

40 

t--7'......_ ____ Q) Concrete -ma~on1y 

/ ~asonry 

/ 
20 

0 
.. ,, ..... .,.,._ -.. :. --

' 55 59 6.3 35 39 43 4 

FIG. 3. The evolution. of cons1ruction practices in the area. 
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_ ... -

sg 63 67 71 
year of erection 

FIG. 15. Percenwge ct. buildings inc:orpor.i1 ing shear .... :Ls at tht st•ircase 
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S. DAMAGE EVALUATION AND ASSESSMENT 

• !Buildings to be inspected 

I 
by indiv.engineers by a State 1service 

After Call All Buildings 

f ors againsts f ors againsts 

elimitet woik •liffiited control •high degree •high cost 
control 

eno Law pro- •unreliable final 
bl ems estimation 

- -

egood losse's 
estim. 

ef eeling of 
safety 

•long term deval. 
of the real estat] 

ehigh deqree of 
coordination 

It was decided that all buildings should 

be inspected and officially characterized 

• !Type of inspection j 

Qualitative visual inspection of the 

structural system of the buildings 

• joegrees of damage I 

I No visual damage in the structural system 

• Unlimited use of the building (G R E E N) 

I 
Limited not severe damage in the structural system 

• Limited entrance in the building 9n users 

responsibility CY E L L O W), 

I Severe ddmage in the struct~ral s~stem 

• Entrance in the b~ilding Prohibited CR E D) 
' ' ' 

•:I Administrativ~ scheme I 
' 

As a damage evaluatio~ after an earthquake is a job that 

a) Requ~res a la~ge number of engineers 

b) Includes a deg~ee of subjectivenes~ 
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1st degree Emergency 
control ------1 service t-----c 

2nd degree 
control 

REPAIR 

GREEN 

YES 

GREEN 

3rd degree 
control 

DEMOLISH 

Damage evaluation procedure 

NC • 

: 
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CIVIL ENGINEERS 

I I 
Individuals I State Private 

employees Enter.Empl. i 

r I 
POLITICAL MOBILISATION 

Ministry 

of Pub.Works 

Quick 

Training 

Distribution 

of engineers 

1st degree Control of 2nd degree 

control \!ital build. control 

Inspection 2 member 2 member 

departments groups groups 

Police-Dept. 

2 member 

groups 

Administrative scheme of the Service 

charged with the building inspections 

Government 

Enter.Empl. 

3rd degree 

control 

3 member 
groups for 
demolition 
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~ 
an administrative scheme was necessary to secur~: 

• Quick termination of the whole procedure 

• Uniform and objective if possible assessment 

• Ability for tracing of mistakes of the first inspection 

• Quick information of the shoring and demolishing service in 

case of urgent cases. 

The basic points of the elaborated plan were the following: 

• Inspection by two member groups of Civil Engineers 

• Preparation of proper formats 

• Provision of a second degree inspection 

• Provision of quick information of the shoring and demolition 

service 

• Inspection of the buildings of vital importance with priority 

• For the whole campaign a nu~her of appr.1000 Civil Eng. was 

required that was covered through political mobilisation for 

45 days. 

• This staff was distributed properly in departments and was 

centrally controlled by the Ministry of Public Works. 

• The whole campaign terminated in 40 days. 

5. REDESIGN AND REPAIR 

•!Problems raised! 

• f!!!!.ncing p1oblems 

• Administrative problems 

i) Degree of State interference 

ii)Necessary State Services for the campaign. 

• Bureaucratic arrangements 

• Scientific and Technical problems 

~) Level of strengthening 

ii) Specifications for repair and strengthening 

iii)Cost analysis and standarisation 

iv) Training of Engineers and Techni~ians 

v) Provision of the required labourers. 

• Law arrangements 



• 

- 91 -

• Financing of the repair and strengthening 

- The whole activity was supported by the State with 70\ Jf 

the cost as a loan for a 20 year period with an interest of 

3\ and the rest 30\ as Social aid. 

- Extra taxes had to be acded. 

• Administrative problems 

- It was decided that the State through the Ministry of Public 

Works would interfere for the private buildings only in the 

cont~ol of the design to give the permission of the works, 

the supervision of the repair activities and the control of 

money consumption. For the public buildings it was decided 

the works to be carried out with the procedure of the public 

works construction. 

For the whole campaign a new service was established in t~e 

Ministry of Public Works where some of the most high quali

fied civ.engineers were moved from other services and manx 

new were employed. 

• Bureaucratic arrengements 
' - It was decided and a new Law came in force to simplify th~ 

whole procedure for the approval of the design~ and the 

issue of the permission for repair so that the whole proce',

dure could run quickly. 

- The required time for a usual case was about 15-20 days. 

• Scientific aud technical problems 

Accepted leyel of strengthening 

According to a new 
updated Code 

According to the Code 
with which were designed 

Division of the damaged 
buildings into two categories 

i)Buildings with local damage 
ii)Buildings with damage that 

affects' the overall struct. 
behaviour 

First category 

Local repair following newly 
issued specifications 

Second category 

Reanalysed and redesigned accor~
ing to the Code in force taking, 
into account for the elements , 
under repair and the new ones the 
requirements for strength and d~
cti li ty establi'shed by the spec~
fications 
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- The Ministry of Public Works in cooperation with the Techni

cal Universities of Athens and Thessaloniki issued in a three 

months period after the earthquake, specifications for the 

redesign repair and strengthenin9. 

- In the same period unit prices were elaborated for the works 

of repair and stren9thenin9 necessary for the objective de

termination of the financin9 heiqht in each case. 

- As the most engineers were not experienced in the reanalysis, 

redesign, repair and strengthening procedures, seminars had 

to be organized. The whole procedure was carried out by the 

Ministry of Public Works in cooperation with the University 

of Thessaloniki and the Technical Chamber of Greece. 

- In order that labour and meaterials be secured for the repair 

and strengthening the issueof permissions for new building 

was suspended for a period of six months. 

• Law arrangements 

- For all these activities a series of new laws had to be appro

ved or modified by the Parli~ment and especially: 

- The Law of horizontal ownership. 

- The Law of building demolitior.. 

- Overcoming of the General building Code for strengthening 

reasons or for reasons of reconstruction. 

7. CONCLUSIONS 

The State should be organized in advance in detail and in 

visible way to be in position to face the problems that 

raise after a strong earthquake in a big city. 
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PREFACE 

This mission undertaken under the initiation, guidance and the 
contractual agreement with UNIDO has contributed to the exchange of 
information gained in different regions of the world on the earthquake 
perfonrance of structures and has paved the path for better understand
ing of the earthouake phenomena through scientific and technical inter
action. In this respect my sincere thanks are due to Mr. Petrossian of 
UNIDO, fir. Silva-Aranda, l~NDP Pesident Representative and to Ms. Schubert, 
UNDP Program Officer. 

Prof. L.Esteva, Prof.R.flEli, Prof.J.Prince and Prof.~.Romo of 
Institute de lngenieria, UNft.M have generously shared their information 
and vast experience on this earthquake, and these contributions are grate
fully acknowledged. 
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l . H\TROOUCTION 

Following the earthquakes of 19 and 20 September 1985 in Mexico 
with disasterous consequences in the Mexico City and on the basis of 
the re~uest of the Goverrvnent of Mexico from UNIOO to benefit from the 
experience ~ained in UNIOO's previous projects on relevant subjects, 
~team of Earthauake engineering experts. including myself have been 
contracted by UNIPC for the first two weeks of December, 1985 to provide 
technical advice on earthGuake resistant construction, strengthening and 
repair of buildings in the Mexico City. 

The teaw. of experts recruited on the basis of their involvement in 
the RER/79/015 UNOP-UNIOO Balkan Regional Project consisted of Prof .J. 
Bauwkamp (team leader), Prof .M.Erdik, Prof.G.Penelis, Prof. M. Velkov, 
Or E.Csorba and Prof. E.Oulacska. The duties of this team, as elaborated 
in the UNIDO Job Description No: Sl/MEX/85/804/11-55/32.1.K, encompases 
the assessments of the earthquake performance of various type of structures, 
study of the strong ground motion, soil-structure interaction and site res
ponse as well as the exchange of infor~4tion with the Instituto de Ingeneria, 
UNA~! and the consultation on the repair and strengthening of damaged struc
tures. 

Although most of the activities pertinent to these duties have been 
undertaken as a team, it has been decided to have each member of the team 
to concentrate on a specific area and to rrepare the individual report on 
the same area so as to for~ a specific entity of the final report to be 
synthesized by lJNIDO for presentation to the appropriate authorities. In 
this context, I have been assigned the assessments and suggestions involving 
(1) the strong ground 1T10tion, (2) sae response (soil amplific<.tion} and (3} 
the soil-structure interaction (foundation response} aspects of the duties 
and of the final report. 

P.fter this introductory charter, the Chapter 2. of this report covers 
my program in this mission. Chapter 3'provides a general assessment of the 

' ' 

earthquake disaster, fol lowed by the Chapters '5trong Ground Motion, Site 
Effects and Soil-Structure Interaction.' The l'ast Cha~ter of the report is 

' ' 

devoted to the suggestions fo" future undertak,ings. 
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2. PROGRA~i OF THE ~ISSION 

The brief program of the mission can be given as follows 

December 2, 1985 - AJ4. -

P.H. -

December 3, 1985 - A.~ .• P.M. -

Decern~er 4, 1985 ~ A.M. -
P.H. -

December 5, 1985 - A.M. -

P.M. -

December 6, 1985 - A.M.,P.M. -

December 7, 1985 - A.M.,P.M. -

December 8, 1985 - A.M.,P.M. -

December 9, 1985 - A.M. -
P.H. 

Visit to UNDP, Briefing 
Visit to UNA~ (Prof .Esteva) 
Visit to Chamber of Construction 

Visit to Damaged Areas in Mexico City 

Meeting with Prof .Meli, UNAM 
~.eeting with International Association 
for Earthquake Engineering (IAEA) team 
on earthquo~e performance of rural 
structures (Prof .Arya, Prof .Ichikawa, 
Dr.Scawthorn, Prof .Neuman, Dr. Boen) 

Meeting with Prof .Prince, UNAM 
Meeting with Chamber of Construction 
(Watching Video Movie on Earthquake) 

Presentations on various relevant 
subjects in UNAM by Prof .Bouwkamp, 
Prof .Erdik, Prof .Velkov, Prof .Penelis. 

Visits to damaged structures in the 
r.exico City. (Masonry) 

Visits to damaced structures in the .. 
Mexico City (Nanoalco-Tlaltelelco 
appartment complex) 

Meeting with Prof .Romo, UNAM 
Visit to damaged structures in the 
Mexko City. 

December 10, 1985 - Presentations at the Chamber of Construction. 
' 

December 11, 1985 - , Presentations at the Chamber of Const~uction. 
' 

Decembe~ 12,13,14 - , Other Businness and Return of the Consultants. 
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3. GENEft8.L ASSESS~NT 

The main shock of earthquake occurred at 13:17:47.8 UTC (07:17:47:8 
~~xico City time) on September 9, 1985 with a Surface Wave Magnitude of 8.1 
as reported by the U.S. Geological Survey. The epicenter was located 
(18°.18 N - 102°.58 W) near Lazaro Cardends, a small town on the Pacific 
coast of Mexico in the State of Guerra. The epicentral region of the earth
quake is located in the so-called Michoacan Gap, previously identified by 
Singh et.al.Cl) to be capable of producing a large earthquake in the next 
few decades. 

~ore than 500 structures in ~~xico City, located at about 400 km from 
the earthquake epicenter, collapsed or severally damaged cai..~.ng an estimated 
5,000 - 10,000 deaths, at least 11,000 injuries, and economic losses of 
US J 5 - 10 billion. The extraordinarily high degree of dam1~e at this large 
epicentral distance was mostly due to specific site amplific~ -~of ground 
motion by.the alluvial sediments in Mexico City. Past·· .~~nt earthquakes 
also originating from the Pacific Coast (e.g. 28 July ,_::, MS= 7 .5) had 
also caused similar damage attributed to the same reason 

The peak accelerations measured in the epicentral (near-field) area 
ranged between 0.10 - 0.20 g with almost white spectra rhese are consid
erable lower than those that would be expected from a shallow earth~uake of 
such a high magnitude.. The accelerations measured in _he Mexico City ranged 
from few percent of the acceleration due to gravity on the "finn ground" zone, 
to 0.20 g with a coherent time history at 0.5 Hz. on the "compressible soil" 
zone. 

Most of the collapsed structures were in the 5-15 story range, with 
relatively less damage in lower and taller build1ngs, indicative of the 
pseudo-resonance phenomena between the vibratio11 these structures and that 
of the underlying sediment. Complete foundation failure seems to be involved 
in about 10 percent of the collapses. Most of the da~~ged reinforced concrete 
buildings tended to have waffle slab - flat plate type construction with long 
span beams and relatively slender columns. The damaging interaction between 
the closely spaced buildings were also ~ound to be contributory to the damage. 

(1) Singh, S.K., L.Astiz and J.Havskov (1 981), Seismic Gaps and 
Recurrence Periods of Large'Earthquakes alon9 the Mexican Subduction 
Zon~: A Reexamination, Bu11:seism.Soc.~m., 71, pp.827-843. 

.. 

, 
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For example the failure of a 21-story steel buildin~ also caused the failure 
of a 14-story nearby building. Critical effects from plastic foundation 
movements seems to be an important factor for the overall building perfor
mance. There has been at least one instance of complete shear slip-circle 
failure of the foundation of a 10-story reinforced concrete building and 
several instances of buildings leaning out of pl1111b for at least 10 degrees. 
Government buildings.as a group, sustained considerable damage compared to 
the privately owned buildings. 

The Constructions Regulations for the Federal District of ~exico-1977 
(~anual de Diseno por Sismo, Segun el Reglemento de Construcciones para el 
Distrito Federal - Universidad Nacional Autonama de ~-exico) used in the 
earthQuake resistant design of the post-1977 buildings has been found to bein 
conformity with the modern concepts and developnents is the Earthquake 
Engineering. The code provides the seismic coefficients of 0.16, 0.20, 0.24 
respec~ively for the three mi:rozones of Mexico City involving fir~. transition 
and corrpressible soil grounds with a maximum allowable ductility of 6 for 
unbraced frarr.e structures. P set of emergency 110difications imposed on thh 
code for the post-earthquake repair-strengthening and construction purposes 
(MJdificaciones de Emergencia al Reglamento de Construcciones Para el Distrito 
Federal) have increasPd the seismic coefficients to 0.27 and 0.40 respectively 
for the "transition ground" and the "compressible son• zones and have reduced 
the maximum ductility factor to 4. 

The post-earthquake reconstruction in the Mexico City have already 
started. It fill be a slow and expensive process worthy of due care and 
attention to avoid future disasters. 
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4. STRONG GROUND MOTION 

The Guerrero accelerograph array, installed as a joint prvject of 
the UNAM (National Au~Jl\Jlllous University of ~.exico) and the University 
of California at San Diego (UCSD) to record strong ground motions on 
bedrock from large subduction earthquakes, had 29 of the 30 planned ac
celerographs in place. Seventeen of these stations produced strong motion 
records as reported in the Preliminary Report GAA-1A( 2). Figure 1 shows 
the locations of the accelerometers with peak accelerations in each of 
the three axes. ~asured peak accelerations in the epicentral region are 
about 0.16 g with a~out 25 seconds of strong shaking with accelerations 
about O.lC g. At an individual stron~ mc:;tion station orerated by UNAM at 
Zacatula in the epicentral area have recorded peak accelerations reaching 
0.27 g. Accelerations reaching 0.2 g are nieasured with the same array in 
the epir.entral region during the September 21, 19P5 major aftershock 
(MS= 7.5) of the earthquake. 

These recorded accelerations on the bedrock produce pseudo velocity 
response spectra which are almost flat in the medium frequency ranges and 
are similar to those obtained in the near field and on bedrock from eartt.
quakes of siffiilar m~chanism. What is unusual, however, is the unexpectedly 
low values of the peak near-field accelerations. Such low accelerations can 
not have been predicted on the basis of available strong motfon informatfon, 
especially noting that the 3 March 1985 Chilean earthquake (HS• 7 .8) of 
similar mechani~m have produced peak ground accelerations reaching 0.85 g. 

. . 

The Institute of Engineering at UNP.M maintains a r.etwork of about a 
dozen digital strong motion accelerographs in Mexico City. The Institute has 
adequate, state-of-the ai~t equipment and menpower to process the instrumental 
data and have produced excellent riports on the strong ground motion in a 
matter of days after the earthquake. Figure 2 indicates the location of the : 
accelerograph stations in Mexico City and the peak acceleration~ obtained. 
The stations Tacubaya, Viveros and Ciudad Uriversitaria are located on the 
firm ground within the zone called •zona de Lomas•, whereas the stations of 

(2) UCSD and UNAM (1985), Preliminary Presentation of J.ccelerogram Data 
from the Guerrero Strong Motion Accelerograp~ Array. Mechoacan -
Guerrero, Mexico,, Earthquakes of 19 and 21 September, 1985, 
Preliminary Report GAA-lA, October 10, 1985.: 
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SCT and Central de Abastos are located on compressible lacustrine clay 
sediments in the zone called "Zona del Lago". The time history and the 
absolute acceleration response spectrum of the significant free-field 
motions recorded on firm ground (Ciudad Universitaria) and on compress
ible soil ~round (SCT and Central de Abastos) are provided respectively 
in Figures 3, 4 and 5. These figures are taken from a series of reports 
publishea by the Institute of Engineering, UNAM after the earthquake. It 
can be seen that the energy contained in the Ciudad Universitaria record 
are· spread over a period band between 0.2 to 3.5 seconds (or within the 
frequency range of 0.3 to 5 Hz), whereas the accelerograms re~orded at 
the compressible ground show distinct periods where the ener9ies are con
centrated (2 sec. for the SCT record and 3.5 sec. for the Central de J!bastos 
record). 

The peak accelerations recorded on the firm soil in the Mexico City 
could have been ~redicted on the basis of 'he attenuation relationships 
based on previously recorded worldwide data. For example for an ea~thquake 
of magnitude MS= 8.1 and at an epicentral distance of 400 km's Campbell {J) 

relationships provide a mean peak acceleration of 25 gal and mean-plus-one
standard deviation peak acceleration of 36 gal, well within the range of 
peak accelerations recorded in the Mexico City.on finn ground. 

In Figure 6 the velocity response spectrum of the SO~E component of 
the ground motion recorded at SCT is compared with the same of the El-Centro 

,NS record of the 1940 Imperial Valley earthquake, widely used for the earth
,quake resistant design of structures t~roughout the world. It can be seen 
: that after 1.5 sec. period the motion at SCT have up to 7-8 times higher 
,spectral velocity than the El-Centro record. Similar comr.arisons also hold 
:for the U.S. Nuclear Regulator Agency Site-Independent response spectrum . 

:(3) Campbell, K.W. (1981 ), Near Source Attenuation of Pear. 
Horizontal Acceleration, Bull.Sefsm. Soc.Am., 69, pp.2039-2070.: 
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Figure 6. Comparison of El Centro 1940 N velocity response with the record 
obtained at station SCT, 14exico City, S60E component. (After NRC
EERI Preliminary Reconnaissance Report tftled "Impressions of the 
Guerrero-Michoacan, Mexico Earthquake of 19 September 1985", 
October 1985). 
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5. SITE EFFECTS 

Mexico City has a long history of being particularly sensitive to 
earthQuake shaking and was more heavily damaged than cities and towns 
closer to the recent earthquake, local geolo9y and soil conditions must 
have played an important role in the distribution of recent damage as they 
have in the past. Mexico City lies in a broad basin formed by block fault-
ing of a uplifted plateau about 30 million years a9o. About 3 million years 
ago volcanism in the region was renewed and lava flows formed a dam across 
this ialley just south of Mexico City. This dam resulted in the formation 
of a large lake that slowly bega~ to fill with silt, clay, and ash from 
nearby volcanoes. Changes in the climate during this period led to oscil
lations in the levil of the la~e. The Aztecs built their capital on an 
island in the lake connected to the shore by causeways. During the Spanish 
era, to solve the flood problem, canals were built to drain the lake to the 
north. As the water level dropped, several small lakes were fonr.ed from the 
single lake and portions of the old lake bed were exposed. This lake bed 
has been used for the expansion of ~xico City. Today, much of the City rests 
on lake deposits made up of silty, volcanic clays and sands with thicknesses 
of 50 meters or greater. These lake deposits overlay other, older sedimentary 
seouences with thicknesses up to Z,000 meters. The lake clays are very comp
ressible and have a hi~-water content. 

Today in the vast metropolitan area of the ~xico City there exist a 
vide spectrum of soil conditicns ranging from basaltic lavas or ver1 ~ompact 
soils, as is the case of foothills, to the highly compressible soft soils of 
Ute Lake, with a transition zone where clayey layers of the lacustrine origin 
exhts. These zones are marked by the stratigraphic changes, especially by 
the depth of the shall aw C0111pressible clay layers. Fi gun 7 depicts the fl(

cel lent correlation of the earthquake damage with the thickness of compressible 
soil deposits. Figure 8 shows the seismic microzoning adopted for the Mexico 
City based on the stratigraphic data. Typical soil stratigraphies along the 
North-South and East-West Profiles of the Mexico City are provided 'in FigurP. 9. 
As it can be seen there exists very soft "Upper Clay Deposits" of about 30 m 
depth followed by a 3-4 •deep "First Hard Layer" and then the deeper deposits. 
The "Upper Clay De,osits" have shear wave proragatton veloct ties between 
50-100 m/s and unconfined ca.pressive strengths of between 0.7-0.9 kg/cm2• 
In the "Fir$t Hard Layer" the unconfined co~pressive strengths are between 

; 

I 
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Figure 7. Correlation of the Earthquake Damage Zones with the Depth of the Compressible Soil Deposits. 
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Figur' 8. Seismic Microzoning Map for Mexico City 
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2 - 2.5 kQ/cm2<4•5). Under such adverse soil conditions the engineers have 
made extensive use of pile foundat;ons for supporting structures. Some of the 
typical pile foundations used are provided in Figure 10. 

It is well known that when unconsolidated soft material undPrlies 
a site, the seismic motions are modified from what it would have been on 
hard soil. The amplitude of the motion may change depending on the fre
quencey region, the degree of this change (amplification) being a function 
of the physical properties of the media. This amplification is evident 
upon comparison of the Figures 3, 4 and 5. A theoretical assessment( 6) of 
this amplification phenomena can be made on the basis of the transfer func
tions between motions on the hard and soft soil zonP.s. Figure 11 provides 
the theoretical SH-wave transfer function for the soil profile at T1at~1olco, 
which is quite similar to the SCI accelerograph site. The soil profile and 
the characteristics are taken from (5) as provided by Prof .H.Romo, UNAM. It 
can be assessed that there exist an amplification of 10 at 0,55 Hz {about 
2 sec. period) even for 5% material damping. This figure (jrrelates excel
lently with the response spectra provided in Figures 4 and 6. 

The direct influence of the soft soil deposits on the ground moticn 
can be assessed through the analysis of the non-linear propagation of S-H 
waves. For such an analysis, lets consider the soil profile provided by 
Facioli and Ramirez{ 5) for the Tlatelolto area shown in Table l. 

Layer 
1 (FP.S) 
2 (FAS} 

Table 1 

Thickness(m) 
15 
15 

3 {Capa dura) 5 
4 {FAZ} 10 
5 (DP) 10 
6 {DP} 10 
7 (DP) 10 
a (or) 10 

Halfs~ace Base a> 

- Soil Profile at Tlatelolco 
Shear Wave 

Density{kgtm3) Propagation Velocity(m/s) 
1300 47 

1200 75 
1770 
1270 
1770 
1800 
1900 
2000 
2100 

I 

105 
138 
245 
265 

I 

215 
287 

1040 
I 

The stress-strain characteristics of the soil layP~S are assumed to 
I 

{4) Marsal, R.J. (1975), The Lacustrine Clays of the Valley 'of Mexico, 
UNAM, Report No. ~. 16 . ' 

(5) Facciol:i, E. and J.Ramirez (1975), Repuestas Sismicas Ma1ximas 
Probables en Las trcillas de le Ciudad de Mexico, UNAM, 'Report No.359. 

(6) Erdik, r,. (1985}, Site Response P.nalysis, Proc. NATO P.d~anced Study 
Institu~e on Strong ~round Motion SP.ismology, Reidel, Holland. 
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follow the hyperbolic hysteretic relationship with the ultiwate shear stress 
-3 . equal to 10 tlmes the low amplitude shear modulus. 

The reference 110tion,assumed to act at the outcrop of the halfspace 
base is taken to be similar to the grour.d motion recorded at the Ciudad 
Universitaire (Jardin) and is simulated by a band pass filtered white noise 
as indicated in Figure 12. This simulated r~ference motion matches the amp
litude and the frequency characteristics of the motion recorded at the firm 
ground free-field at Ciudat Universitaire (Jardin). The true non-linear 
vertical SH-wave propa9ation analysis is carried out as described in Erdik(6). 
The resulting surface motion is shown on the same figure. As it can be as
sessed both the amplitude and the freQuency characteristics of this synthetic 
motion matches closely to that of the actually recorded notion at SCT w~th 
similar soil characteristics to the Tlatelolco site. 

The non-linear actions taking place at the 15 m depth of the soil are 
indicated in Figure 13 as the hysteresis curves. It can be seen that the 
shear strdins up to 5xlo-3 have resulted in the soil media, resulting possibly 

in plastic permanent deformations . 
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6. SOIL-STRUCTURE INTERACTION 

The extensive soil-structure interaction displacements experienced 
by the foundations of the slender structures resting on soft soil deposits 
resulted in the follow;ng typical failures C(Jlllll()nly observed in Mexico 

City. 

Compaction or consolidation occured under the foundations of braced 
frame and/or shear wall structures because of the overturning forces and 
moments generated. This results ir. the extensive •rocking• of the building 
with residual out-of-plumbness tilt. Several buildings in Mexico City have 
been observed to be tilted from the plumb line as much as few degrees. In 
one instance.the whole foundation of the building failed in slip-circle 
mode due to extensive shearing stresses in the soil. 

Lateral compressi~n or slidin~ of the materials surrounding the found
ations of braced frame and/or shear wall_structures niay result from the 
translational movement of the foundation. Such lateral displacenents may 
cause ruptures in the walls, floors and/or foundation ties of the structure. 
However such damage are not easily observable. 

Lateral and flexural failure of the foundation piles due to the bending 
and shear forces caused by the movements of the soil surrounding the piling 
""'Y occur in soil formations such as those found in t~xico City. However 
such failures can only be detected on the basis of examination trenches. 

Open frame type structural systems can usually yield at the prescribed 
design forces and limit forces and moments transferred to the foundation 
medium. However in the case of braced frame and shear wall structures this 
yielding phenomena cannot occur, unless special precautions have been taken, 
and the structure can overload the foundaticn above and beyond those forces 
and moments used in the design of the foundation. This seems to be the major 
reason of the permanant tilts observed in most of the slender shear wall 
structures in the effected areas of the Mexico City. Although no attempt 
have been made to discriminate between the pre-earth~uake differential set
tlements and the co-earthquake plastic deformations it is believed that the 
post-earthouake tilts reflect the c1J111bination of the both causes in varying 

I 

degrees. 

• 
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As further investigation cf the soil-structure interaction pnenomena 
the response of the Type-M buildings of the Tlatelel co .~~p3rtment Complex 
will be analysed. These are 22 story shear wall and braced frame reinforced 
concrete buildings supported by piles. A typical plan section and the ele
vation section of t~e buildinQ is shown in Figure 14. These buildings are 
associated with tilts of about (1/50) or 0,02 radian. A substantial part 
of these tilts seemed to be so-seis~ic as evidenced by the fresh sections 
of the mozaic fac?1e unearthed ( about 30 cm) after the earth~uake due to 
the permanent rocking defonnation of the foundation. 

For the soil-structure respcnse analysis of this structure a simple 
three-degree-of-freedom 1R>del shown in Figure 15 is used. The use of such 
a model is also sanctioned by the ATC-03( 7) earthquake code. In this model 
the super structure is modeled by its rigid base first mode behavior and the 
foundation is assumed to have one lat~ral and one rocking degree-of-freedom. 
The soil and the foundation impedance parameters are deduced from the soil 
profile provided in Table 1. As the free-field ground motion a 0,5 Hz 
(2 sec) monochromatic acceleration with a reak amplitude of 0.17 g is used. 
This motion is believed to be the represe~tative of the actual motion at 
the site during the earthquake. 

In Figure 16 the results of the response analysis in the strong direc
tion of the structure are presented. It can be seen that the total relative 
first mode absolute acceleration experienced of the building is about 0.43g 
and the total absolute acceleration is about 0.60g. Since ~~e super struc
ture receives very small intrinsic accelerations (about 0.054g) the super 
structure remains in the linear ranges of deformation. However the founda
tion receive shears and overturning moments that would correspond to a seis
mic coefficient of about 0.60. This value is probably several times above 
that was used in the design of the foundations. Tnus the foundation material 
are stressed in the plastic ranges of defonnation resulting in permanent 
settlements. 

(7) ATC-03 (1978). Applied Technology Cour.cil. Tentative Provisions 
for the Development of Seismic Re~~lations for Buildings, NB25, 
Washington DC. 
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7. SUGGESTIONS 

The suggestions will be limited to those assessments presented in 
the secti~ns 4, 5 and 6, and are intended to provide insight for the 
post-earthquake repair and strengthening efforts and reconstruction as 
well as future research and development. 

1. The repair, strengthening and the re-leveling of distressed foun
dations, especially pile foundctions, is a highly site-structure 
and-soil specific technique and only general comments can be made. 
The followino suggestions are adopted from ATC-03 (7) : 

Exploration below grade can be made to determine the condition of 
footings and piles. In the case of pile footings, if significant 
ldteral movement has occurred the piles may have been damaged due 
to excessive bending. This can be verified by uncovering a length 
of pile. However, removal of c:arth from the pile surface will re
duce the load-bearing capacity of friction piles. In some cases, 
damage may be so great or soil properties so poor that repair or 
strengthening is not economically feasible. 

Foundation elements may be strengthened by adding cross-sectional 
area reinforcement as described in these sections. Where epoxy in
jection is used to repair cracks in exterior basement walls. the 
injection may be limited to one side. In such cases it may be dif
ficult to obtain full penetration, and special care must be exerci
sed in determining adequacy of such repair. 

Correcting settlement distress involves both preventing future 
settlement and releveling. The method used to correct settlement 
distress will generally depend on the s~pporting soil characteris
tics and a thorough soils inves tigatio.1 should therefore be made 
and evaluated prior to selecting a method. 

Pile footinas that have settled due to earthouake forces are diffi
cult ta relevel and strengthen. Soil stabilization rather than vn-

, 

derpinning should be considered. Where possible, such procedu~es 
obviate the need for additional, difficult-to-install piles.' Where 

I 

calculations show that multiple pile footings do not meet appropriate 
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code criteria, it may be necessary to remove the existing pile cap, 
place additional piles, and provide a new pile cap. The existing 
column or other load-bearing ~ertical element must be cut loose and 
jacked back to its required position. Such vertical components must 
be t~orarily supported before being cut loose. 

Space for adding new piles lll\lst be available, including vertical 
clearar.ce for a pile driver if driven piles are used or space for 
a drill rig where drilled and cast-in place concrete piles are used. 

SOiie methods of soil stabilization and compaction, such as vibration, 
preloading, and blasting, increase surface settlement of the area and 
therefore cannot be used to repair foundatioris. Other methods. such 
as pressure grouting or intrusion grouting with cement grout or che
mical grouting, do not settle the ground surface and are frequenctly 
used to stabilize soils under existing buildings in that the bearing 
capacity of the soil is increased. Pressure grouting may also be used 
to raise settled footings or floor slabs. 

Soil stabilization should never be used unless a thoro~gh investigation 
of underlying soils has been made. Selection of a soil stabilization 
technique is a function of specific soil characteristics. such as size 
of granules, moisture content, and soil chemistry. Sane soils are not 
adaptable to any type of soil stabilization technique. In such cases, 
abandorunent and demolition of the building may be necessary. 

2. Strengthening of super-structure without attention to foundation prob
lems may aggravate the foundation problems in the future earthquakes 
since a stron9er (i.e. not easily yieldin9) structure can overload 
the foundation above its design values. For proper performance of 
foundatfon the ductHity of the super str1,cture should be increased 
rather than its strength. 

3. For slender and rigid buildings (i.e. shear wall, braced frame and 
heavy panel-prefabricated) resting on compressible soi ls special pro
visions should be incorporated in the earthquake resistant design 
codes to avoid overstressing of the foundations. These provisions 
may include the checking of the foundation stresses that corresponds 
to the ultimate overturning manent capacity of the superstructure. 

• 
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4. The soil-structure interaction analysis should be made mandatory 
for slender and rigid buildings founded on compressible soils 
for proper assessment of the stresses in the foundation, structural 
displacements, vibration frequencies and the P-~ effects. 

5. Limits should be imposed on the overal allowable tilt of the build
ings. Several codes provide 0.002 radians for such distortions 
(i.e. Indian Standards IS -904 -1978). 

6. To provide much valuable data for the future developments in the soil 
structure analysis, an appropriate structure, foundation and the soil 
layer should be instrumented with a three dimensional strong motion 
array. Such an array can have about 10 triaxial force-balance acce
leration transducers (four of which are down-hole units} connected 
to a control signal conditioner, trigger and digital recorder unit 
at an approximate cost of US S 70,000. The data obtained from such 
a system will especially enchange the design techniques for soil -

structure interaction problems. 
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IV. FINDINGS AND RECOMMENDATIONS 
ON THE KICHOACAN-GUERRERO EARTHQUAKE OF 

19 SEPTEllBER 1985, WITH SPECIAL REFERENCE TO 
REINFORCED CONCRETE STRUCTURES 

BY 

K. VELlOV 
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This Report is prepared by Prof. Kiodrag Velkov, UNIDO Consultant, 

who in accordance vith the agreed tasks accomplished a consultant 

mission in Mexico City in the period 2 to 15 December 1985. 

Within the scope of the tasks accomplished by the Consultants group 

discussion~ vere held at the Institute of Engineering, National Univer

sity of Mexico, Camara Nacioanl de la Industria de la Construction aimPd 

at getting introduced to the global causes, records and consequences of 

the disastrous Mexico earthquake. Also, the basic concept and achieve

ments of the research project on the BalRanregion, building con

struction under Seismic Conditions in the Balkan Region. have been 

presented. It vas proposed and accepted to hold lectures related to the 

research results obtained vithin the project. Therefore. a series of 

lectures vere given at the Institute of Engineering N.U.K. as vell as at 

the Camara Nacional de la !:ndnc;tria de la Construction. 

My lectures considered problems assnciated to th~ study and design 

of R/C structures in seiS111ic regions in relation to the problems of 

structural behaviour of reinf nrced concrete elements during the Mexico 

earthquake. In addition, a review was given on the prefabricated struc

tures which have been subjects of study and which have been constructed 

in the European and Balkan countries. 

The enclosed Appendix presents the basic problems included in the 

lectures given. 

On the basis of the ~eneral insight of the state of the structures 

and the observed damage caused by the September 19, 1985 earthquake in 

Mexico, the following can be concluded : 

1. It is inevitable to carry out a deeper analysis of the design 

practice for new and strengthened of e~i~ting R/C structures and 

structural elements, aimed at ensuring ductile behaviour without 

brittle failure, reinforcement Anchorage). 
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2. Analysis of the optimal level of equivalent seismic forces. in 

compliance with the design Code, in order to provide technically 

optimal and economically rational buildings. 

3. Analysis of the depth and the way of foundation based on soil 

condition analysis which should ~nsure minimum deformations due to 

dead and additional seismic loads with the required level of 

structural safety. 

Por accomplishment and long-term resolving of all the problems and 

earthquake consequences, it is necessary to consider the possibility for 

initiation of a large-scale project on international and regional basis 

with participation of related United Nations agencies • 
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CONCEPT FOR DESIGN AND STUDY OF HIGH-RISE 

BUILDING STRUCTURES 

It is knovn that during the seiSlllic effect only a liaited number of 

structures remain in elastic - linear range of behaviour. It means that 

in case of infrequent violent earthquakes a large number of structures 

behave beyond the elastic range, suffering, thus, non-linear defor

mations. Nonlinear defonaations cause certain level of structural 

vulnerability, vhich requires a specific design treatment, particularly 

for determination of the safety criteria of the basic Code concept for 

design and construction in seismir. regions. 

Buildings to be constructed in large series are of particular 

importance, either because of their typified character or vhen prefab

ricated elements or vhole structures are applied, vhich imperatively 

imposes the need for seismic risk assessment. 

The concept for detert~ination of the non-linear behaviour as a 

design criterion, as vell as the determination of the maximum seismic 

effect is carried out in accordance to experimental and analytical 

studies of structural elements and whole buildings. 

From the structural viewpoint, depending on the built-in material, 

structural type, construction technology, i.e., production in case of 

industrially produced structu~al elements, vhen analyzing the structural 

stability it is very important to determi~e the following eff~cts to 

which bu~ldings could be subjected : 

- local blast (inside or outside the building); 

- Larger-scale soil settlement due to different effects;: 

- wind effect 

- seismic effect. 

• 
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The experience vith structures have shovn that the risk of failure 

and particularly the risk of progressive failure, in case of local 

primary dat!'~ge, is directly associated vith one of the following struc

tural systems : 

- the building is constructed vithout the risk for local f Ailure -

damage, vhich aeans that the structure remains, always, in 

elastic range; 

- to allow for local damage to the system or to design the system 

allowing neither complete nor partial failure. 

In case of high-rise building, structural systeas vhich can sustain 

partial damage under a strong earthquake are regularly used, which means 

that the structure shall experience nonlinear defot'118tions. This concept 

of construction of high-rise buildings is nowadays considered as the 

basis for design and construction. AssesS111ent of the behaviour of the 

structural elements of the main structural system in both linear and 

non-linear range by determination of the stress and deformation level 

depending on the vulnerability level is the immediate task of contempo

rary structural engineers designing high-rise buildings. 

Design Concept 

Construction of modeTn high-rise buildings in seismic areas re

quires a particular design approach vith experimental and theoretical 

study of the stability of structural elements and the structural system 

as a vhole. Depending on the used construction materials and the type of 

structural elements, the following basic problems can be distinguished, 

as they require particular investigation: 

1. Basic structural elements (frame or structural valls) rigidity, 

deformability, strength capacity, reinforcement of R/C structural 

systems, failure mechanism). 
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2. Floor structures (strength capacity, connection vith the aain 

structural systea, particularly in the case of prefabricated and 

steel structures). 

3. Joints betveen horizontal and vertical elements of the aain struc

tural systea (particularly in the case of prefabricated structures) 

- load bearing capacity and tranSlllission of noraal stresses, 

- transaissio~ of shear stresses 

- energy dissipation mechanisa. 

- bond effect betveen concrete and reinforcing bar 

in case of R/C structures, 

- buckling of panel zone in case cf steel structures. 

4. Construction of details, structural elements depending on the main 

structural type and failure mechanism. 

5. Formulation of the mathematical model of the structural system. 

6. Analysis static and dynamic, linear and nonlinear. 

In some cases, vhen structures are desi[Tled and constructed in 

large series (typified structures. prefabric&ted structures) seismic 

risk evaluation is required. They require additional investigation ~f 

site seismicity. and determination of the seiS111ic design parameters 

applying a non-deterministic approach. 

Safetv Criteria 

Fig. 1 presents a block-diagram showing the design criteria for 

design of high-rise structures. The seismic intensity effect is clas

sified into the f ollowin~ three levels : 

Level I - for seismic effects of love~ intensity, earthquakes which 

occur more frequently, structural vibrations should be controlled so 

that story drift does not cause disturbance in structural functioning. 

• 
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Both structural and nonstructural elements r~main strictly in elastic 

range of performance. 

Level II - For stronger earthquake. so called design earthquake 

level. the aain structural system behaves mainly in lineAr range. 

hovever. liaited nonline~r deformations that strictly control the stress 

and deformation level {relative storey drift) are allowed • 

Level III - In case of disastrous. very infrequent earthquakes. 

structures suffer considerable damage - nonline2r deformations charac

terized by high energy dissipation and yielding of material. hovever no 

even local structural failure are allowed. 

Concept of Experimental and Theoretical Studies 

When designing modern high-rise buildings it is necessary to 

determine the points of potential plastic hinges and plastic zones of 

the system. in order to define the corresponding mathematical model of 

the structural system as the basis for theoretical study of structural 

behaviour under seismic conditions. 

In the most cases, in order to simplify the analysis, the following 

assumptions are made in formulation of the mathematical model of the 

system : 

- horizontal floor structures are of doubled stiffness, i.e., high 

rigidity. 

plastic deformation mechanism, in case of frame structural systems, 

develops, uFually, in the beams and then in the columns. In case of 

structural wall systems, plastic zones appear at one or tvo levels 

with previous occurrence of nonlinear deformations in the lintals 

above wall openings. In case of prefa~ricated large panel struc

tures, vertical panels remain usually in linear range, while 

non-linear deformations occur in the ~oints. 
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the first level of multi-storey structures (basement or ground 

floor) reaain permanently rigid, vith high level of rigidity, 

These principal assumptions ensure a rational analysis, giving 

almost always reliable results on the structural response to seismic 

excitations. 

In case of uncertainty regarding some assumptions defining the 

physical properties of the mathematical lllOdel, it is possible that even 

a subtle analysis (like three-dimensional static and/or dynamic analy

sis) shov the behaviour of a completely different structural system, 

vhich is not the subject of study. That being the case, it is necessary 

to use available experimental investigations for formulation of the 

considered structural system 1ll0del, its strength and defonaability 

characteristics as vell as the failure mechanisa itself. 

The experimental studies, generally, include 

Structural elements of the main structural system (bending 

effect, shear forces, anchorage and bond effect of reinforce

ment, for R/C structural eleaents, buckling, for steel ele

ments, failure mechanism. 

Joint zone: joints and v~1dings in joint zones of steel 

structures. Joints of ~:cfabricated structures, etc. 

Structural frag91e'nts: single or multi-storey, etc. Tests can 

be carried out by quasi-static cyclic loading or by applying 

dynamic loads, usually, full-scale model testing on a shaking 

table. 

Forced vibration tests on construct~d buildings in linear 

range of behaviour, in order to determine dynamic characteris

tics. 

• 
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Forced vibration tests on structural elements or fragments in 

corresponding scale up to total collapse. 

By the experimental technique it is possible to formulate the 

realistic mathematical model of the structural system. as well as to 

determine the nonlinear behaviour mechanism depending on the earthquake 

effect: intensity. frequency cont~nt for design and maximum expected 

earthquake level. 

Such extensive experimental and theoretical studies may be rather 

costly. ho-.1ever scheduling of experimental studies. that are necessary 

for certain types of high-rise building structures is carried out 

depending the level of the seismic risk. the use of the building. the 

structural type. etc •• which should provide the optimal conditions for 

the selection of the most appropriate structural system. which in turns 

shall justify these studies. 

BEHAVIOUR OF R/C STRUCTURAL ELEMENTS 

l. Structural Elements Subjected to Bending and Shear Forces 

The behaviour of R/C elements eY.posed to bending combined vith 

shear forces is directly affected by the geometrical proportions of the 

structu~al eleme~ts. the quality of the built-in concrete and reinforce

ment. as vell as the percentage and distribution of section reinforce-

ment. 

The ductile behaviour of these elements is related to the following 

boundary conditions: 

- One Way Reinforcement 

p 
.... < 0 2 •. p ,. = • P•o 

p 

----
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where, Re - compressive cube strength of concrete, 

Example: 

f - specified yield strength of reinforcement. 
y 

Steel 5400 ; Concrete Kc • 30 N/ .. 2 

p% < o.4 30 
< 3.ooi 

400 

It, practically, aeans that the section of this exaaple should not 

have more than 3% of reinforcement, because otherwise brittle failure 

may occur. 

- Double Vay lteinf orcement 

Example: 

Steel 5400 

p~ < 

'-- '--P c > 0.5 p% 

f -p p% 
Re 

< a.a r -
i 

2 Concrete Kc • 30 N/mn 

0 8 30 - 6 00., . ;mrr- ... 

In case of double vay reinforcement, vhen the minimum reinforcement 

criteria for compressive reinforcement are met (according to the above 

criteria), the reinforcement ·~rcentage can be doubled, since, practi-

cally, in case of symmetrica· reinforced sections bending brittle 

failure does not occur due to pl .in flexure. 

- Shear Force 

+ Q g 
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ultimate capacity •oments at the tvo 

ends of the beaa 

- the beaa clear spain 

- shear force due to dead and live load 

- dimensions of the active beam cross-section 

Q. 
1 b·d > ---

0 - 0. 17 ·Re 

By analyzing the above expressions it is clear that the shear force 

value is directly related to the ulti111ate capacity moments, meaning that 

strong (properly reinforced) cross- sections, with the· same concrete 

quality, may easier suffer brittle failure before reaching the ultimate 

bending strength capacity. 

2. Elements E.~posed to Bending, Compression and Shear 

Axial Force Effect 
p 

A > --c - t ·R e c 
o. 15 ~ te < 0.25 

( t 

where, Ac - cross-section area 

P -total axial force 

Re - compressive cube strength 

of concrete 

The load bearing capacity of the column in ultimate state, when 

plastic hinges are formed at its ends, and ultimate capacity moments 

develop, is directly influenced by ~he axial force in the column and its 

change due to the seismic effect, which depends on the main structural 

system and the position of the considered column in it. 
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The above expression with the coefficient of 0.15 ~ tc ! 0.25 

should, practically, provide ductile behaviour of the column in the 

structural systea. 

Shear Force Effect 

Sasic criterion 

I f4'JP I -+: I Mdu I 
1 • 5 Q ~ < Q. = ...__u--r-1 _.....;__..;;....:,. 

1 - 1 h. 
1 

< 3Q~ 
1 

IMuupl ; IMudl - ultillate capacity moments with 

absolute values 

hi - eff~ctive net height of i-th column 

Qis - seismic shear force of i-th column 

Short c.Jlumns 

1.5 Q~ < Q. < 4 Q~ ; 
1 - 1 - 1 

Short columns 

h. 
1 = 3-4 b 

h; 
with b • 2 - 3 must be avoided 

h. 
1 b - ratio of effective net height of column "hi" to the 

largest dimension of the cross-sections "b" of the 

column. 

3. Failure Mechanisms of Elements Exposed to Bending 

Shear and Compression 

,., N Q 

I 
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Three zones of development of failure mechanism (I. II. III) 

can be distinguished depending on the geometrical parameters. the 

percentage of reinforcement. the quality of built-in concrete and the 
.'\xial force. 

Modes of Failure of Columns 

- Single mechanisms of failure 

Ductile mode of 
t.ilure 

Shw moc1e"1 hlilure 
Combined modes of failure 

B 

Bond mode of 
hlikn. 

A 

Anchcnge mode of 
hlilure 

' 

M.ND 

Nonductile mode 

lllfND•Qr MNn•Q!! MND·a-
' . ~;;,;.__--------~ 

Ncnductile mode°"+ Q mode 

, 4. Confinement 

Confinemant reinforcement is required only in the case when the 

' design axial load exceeds 40% of balanced load. 
' 

ao 
~ s 0.2 - confinement is required 

ao 
R; < 0.4 - upper limit. which is not, prar.tically. exceeded 

ao 
~ ! 0.6 - the transverse confinement steel requirement 

usually becomes excessive, and for practical 
' 

reaso~s it will be necessary to choo,e large column 

sections. 
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PREFABRICATED STRUCTURAL SYSTEMS 

The hasic prefabricated structural systems can be identified as 

- large panel systems, 

- frame systems, 

- slab-colUlllt\ aystems with walls, 

- mixed systems. 

The structural system of a particular building can consist of one 

basic system or of combinations of basic systems. The system can also be 

composed either wholly of prefabricated elements, or of prefabricated 

elements in combinatio~ with cast in situ concrete. 

The configuration of the basic prefabricated structural systems, 

and the use of non-structural prefabricated elements are discussed 

below. 

large Panel Svstems 

Structural Components and Configurations 

When considering a struc:ural system of precast systems, the 

designer almost always think of a monolythic reinforced concrete struc

ture. For construction of such a system, the structure and the struc

tural elements should be designed to include structural walls capable of 

withstanding both vertical and horizontal loads. It means that the 

cast-in-place structures of panels acting as structural walls can also 

be constructed as large panel systems. This enables construction of the 

system according to alternative technological, prefabrication and 

Architectural programs. 

The basic concept for design of a precast system, including trans

formation and design of assemblages of a cast-in-place structure into a 

large panel system, is being developed according to the following 

criteria: prefabrication technology, transportation, capacity of 
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transportation facilities and connection concept. According to the 

European practice, the connecting points between panels are the inter

secting edges between the walls and the intersection between the hori

zontal panels and walls. 

Seismic considerations are given in correlation with the position 

and the general configuration concept of connections, as follows : 

(a) In order to provide sufficient strength of the system against 

earthquake effects, it is necessary to incorporate earthquake 

resistant structucal members in both orthogonal directions of the 

structure. Currently, in all seismic regions of Europe, especially 

in Eastern Europe, a two-way system which mobilizes all the walls 

to withstand the seismic effects is adopted. This arrangement of 

vertical structural panels is rather efficient for small apart

ments. In future, a thought should be given to the concept that 

only a part of the existing walls should act as structural walls 

during an earthquake. In this way, the external facade walls and a 

part of the internal walls will act as non-bearing walls. So, the 

total length of connections will be decreased and a possibility 

given for application of light weight material for the nons~ruc

tural members in the system. The system designed in this way will 

have a much simpler configuration and at the same time more clearly 

defined response to earthquake effects. 

(b) In general, the walls may have various sections, rectangular and 

flanged. Even the possibility for barbell section should not be 

eY.cludcd although panel walls of such section have not been used so 

far. Concerning reinforcement, the reinforcing bars may be lon~i

tudinal, transverse, and additional "confinement" reinforcement. 

Their combination can improve the system as a whole, resulting in 

better performance during euth;:uakes. 

(c) It is desirable to define in advance the zones where development of 
I 

nonlinear deformations is allowed, avoiding the performance in 

plastic range, particularly, if it is due to slidin$ along the 
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vertical and horizontal connections. It is necessary that th 

nonlinear deformations of the structural panels be realized through 

reinforcement yielding due to overall bending caused by overturning 

moment. 

(d) In some cases the possibility shoul~ be considered to design a 

structure with one part cast .in situ, where nonlinear deformations 

are expected. 

Connections 

' 

Depending on the direction of the joint, two main types, of con-

nections may be identified : 

"vertical joints", which connect the vertical edges of adjoining 

wall panels and primarily resist vertical shear force due to 

seismic loading. 

"horizontal joints", which connect the the horizontal e~ges of 

adjoining wall and floor panels and primarily resist ve,rtical 

normal forces due to gravity loads from the upper panel's and 
' 

floors, horizontal shear force due to seismic loads, and bending 

moments in two directions due to seismic loading action: on the 

upper panels and gravity loading acting on the adjoining floor 

panels. 

' 

A wide range of details for joints are possible. In geqeral, the 

joint may be either "wet" or "dry". Wet joints are constructed with 
' 

case-in-situ concrete in the joint regions between prefabri~ated panels. 

If structural continuity is required through the joint, protruding 
' 

reinforcing bars from the panels are welded, looped or other;wise con-

nected in the joint zone before casting-in.situ the concret~. Dry joints 
' 

are constructed by welding or bolting together steel plates ,or other 

steel inserts which have been cast into the ends of the prefabricated 

panels for this purpose. In dry joints the actions between the panels 

are transferred at discrete points at the panel edges where 'tne steel 
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inserts are connected, and hence stress concentrations occur. Wet joints 

result in a structure more closely approaching monolithic construction, 

but dry joints result in faster erection. 

Frame System 

Prefabricated multi-storey fr.ames are used for both residential and 

industrial buildings. They have been more frequently used for industrial 

buildings than for residential buildings, because fewer partition walls 

are required in industrial buildings. In thosP. positions where partition 

walls are needed, they can be appropriately separated and detailed so as 

not to interfere significantly with the deformability of the frame 

during an earthquake. 

Prefabricated frames can be constructed of linear elements or of 

spatial beam-column subassemblages comprised of linear elements. Prefab

ricated beam-column subassemblages have the advantage that the connect

ing faces between the subasse~blafes can be placed away from the crit

ical regions of the frames. For example, the connecting faces can be 

placed at the mid-height of storeys and within the spans of the beams, 

away from the regions of maximU111 moment caused by earthquake loading. 

However, linear elements are generally preferred because of the diffi

culties associated with forming, handling and erecting spatial elements. 

The use of linear elements generally means placing the connecting faces 

at the beam-column junctions. That is, the beams are generally prefab

ricated in lengths to occupy the clear spans between the colwnns, and 

the columns are either prcfabricat~ ~. or ~recast on site, or case in 

situ, so a s to pass through the junction. The beams are normally seated 

on corbels at the columns, for ease of construction and to aid the 

transfer of the vertical shear from the beam reaction due to gravity 

load. 

Rigid Beam-Column Joints 

The connections between prefabricated members can be designed to 

provide the frame with rigid joints when sub'jected to live load and 



- 144 -

seismic forces. Continuity of longitudinal reinforceaent through the 

beaa-coluan joint is obtained either by velding the bars together on the 

steel plates. or by the use of aechanical connectors. or by anchoring 

the bars in a sufficient length of cast in situ concrete. Cast in situ 

concrete is required betveen the ends of the beams and the coluans. The 

columns a:ay be cast in situ. An example of the be..-coluan connection of 

such a fraae is shown in Fig. 2. 

- Hinged Beaia-Coluan Joints 

The connection between the prefabricated beaas and coluans can be 

designed to be hinged. This is noraally achieved by seating the beaas on 

coluan corbels and by holding the beaa ends in place by welded steel 

shoes, or by tue use of vertic9l dovels or bolts, so that shear can be 

transferred benieen the beaa and column but not bending aa.ent. 

Floors 

Floors for frame systems can bP prefabricated as p~nels occupying 

the area bounded by the clear spans of the beam grid and acting as 

tvo-vay slabs, or semi-panels made into continuous tvo-vay spanning 

elements placed site hy side. A topping of cast in situ concrete may be 

used. Wholly cast in situ concrete slabs are a possible alternative. 

The floors need to be designed to act as diaphragms to transfer the 

seismic forces to the horizontal load resisting elements, as well as to 

be c.apable of carrying the gravity loading. 

Slab-Colmnn Svstems with Walls 

Prefabricated slab-column systems with walls have been devised 
' which have as their special, feature the method of construction. Two such 

systems are a lift-slab sys'tem involving cast in situ reinforced con-
' crete flat plates and prefa,bricated reinforced concrete columns, and a 

system consisting of prefa!Jt"icated reinforced concrete slabs and columns 

vhi,ch are prestressed toget,her after erection to form a continuous 
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structure. Both systeas rely on structural valls. either of cast in situ 

or pr~fabricated concrete to r~sist the horizontal seisaic loads. 

lift-Slab Svstea vith Walls 

A lift-slab syste• which has had extensive application is shown in 

Fig. 4. The syste• is used for aulti-storey residential, office and 

industrial buildings. The reinforced concrete slabs are cast in situ at 

ground level,, and above the other, and are continuous over the whole 

area of the building. The reinforced concrete colU11ns are prefabricated 

ir. lengths of Gne clear storey height. The columns are designed to carry 

only gravity loads. The horizontal seisaic loads are resisted by cast in 

situ concrete structural valls and stair-well cores. The other walls of 

the building have only partition function. The significant feature of 

the systea is that all slabs are lifted siaultaneously as a package. 

When the required storey level is attained the one storey high prefab

ricated coluans are positioned under the slabs, the bottoa slab is then 

left bearing on the columns, and the lifting procedure continues for the 

remainder of the slabs. Usually the stair-well cores are constructed 

before lifting the slabs and act as the guiding and bracing system. The 

column to slab connection is designed as hinged and the slab to 

stair-veil core connection is rigid. The connections between the slabs, 

structural walls, and stair-veil cores are designed to permit satisfac

tory transfer of horizontal seismic loading. 

Slab-Column Svstem Prestressed for Continuity 

A prefabricated slab-column system uses horizontal prestressing to 

achieve continuity. The system has had extensive application in the 

construction of buildings for a wide range of uses. The reinforced 

concrete columns are prefabricated in lengths of 1 to 3 storey heights, 

depending on the building. The reinforced concrete floor slabs are 

prefabricated generally of a size to fit the clear spans between col

umns. The slab soffit is either cofferred of flat with the slab voided. 

After erecting the slabs and columns of a storey the columns and floor 

slabs are prestressed into a monolithic whole, by prestressing tendons 
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vhich pass through ducts in the coluans at floor slab level and along 

the gaps left between adjacent slabs. After prestressin~. the gaps 

betveen the slabs are filled vith in situ concrete and the tendons then 

becoae bonded vithin the spans. Horizontal seisaic loads are resisted 

mainly by special prefabricated structural co:1crete valls vhich are 

positioned between columns at appropriate lr,cations. 

- Mixed Svsteas 

There reaain soae structural systeas vhich do not fit specifically 

into large panel systeas or fra.e systeas or slab-column systeas vith 

valls. For exaaple. one particular systea in used consists of cast in 

situ structural valls and prefabricat'd floor slabs. Such syste.s can be 

referred to as aixed systeas. 

The further presentation vas folloved by the demonstration of the 

procedure and realization of the testing program at IZlIS. Yugoslavia. 
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1. Instroduction 

2 to 15 Dece:iber, 1985. the .\uthor had an opportunity 

to study dn!:lages in Iiexico City causec by an earthqua~e 

of 8.1 Llagnitudes intensity. By then part of the dcraaeed 

buildings have been-demolished, only ruined buildings 

subsisting to that time could be studied. 

!rhe earthquake had a period of 1.5 to 2.5 sec, to what 

it may be ascribed that of the 330 buildings seriously 

damaged and collapsed, only 36, that is, about 10 % had 

a mesonl".Y structure. laely, masonry structures having 

periods from 0.02 to 0.3 sec did not resonate to the 

earthquake period. 

The well-known relationship 

1 log ~ = 7.7 - 0.9 M 

is an empiri~l correlation between period T /sec/ and 

magnitude fii. From it is obvious that period of earthquakes 

of magnitude M = 6.o to 7.5 equals that of masonry structu

res, hence this is the earthquake magnitude the most danger

ous to masonr.r structures. 

Nevertheless, in Me:x:ico City, 10 percent of collapsed 

buildings had mason17 structures, imposing to find structu

ral causes responsible for it. To this aim, let us investi

gate damages tnical of masonl"J' structures. 
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2. ilar.Jages to masonry structures classified accordin~ to 

causes 

2.1.- Tipical crack patterns in masonry structures 

I.Iasonry structures may develop four kinds of typical 

cracks 

a) Horizontal cracks may develop by ~rumbling' of a 

poor-quality mortar layer, or at tilting of a 
' 

masonry pill.Sr /middle pillar in Fig. 3/. ' 
' 

' b) Vertical cracks may develop upon cracking of poor 

quality bricks due to faulty masonry bonds,: or in 

walls with vertical layers /see left side of Fig.1, 

top of Fig.4. or Figs 1 and 8/. 

c) Skew cracks ifiay develop upon crumbling ot poor 

mortar, as a-~stepped" crack /Figs 1 and 5/. 

d) Skew cracks may also develop so that relatively 
' 

weak bricks crack. In this case wall parts: separated 

by the crack may be relatively displaced, causing 
' ' 

progressive ~ollapse /Figs 2, 5, 6/. 
' 

' 

?lo such slide arises in caae c); after cracking, motion 
' 

of the masonl'J' ~bsorbs much energy by friction, thus, 

the ID880Jl27 shc;nrs a more ductile behaviour than in 

case, of a crack of tJpe d). 

Vert~cal cracks under b) may entrain failure ~t the 
' ' 

wall body 'b7 dividing it to alende~ vertical elements 

that, may fail b7 deflection. 

• 
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Shenr 1'18lls in framework usually develop crack patterns 

c) or d) at a loss of bracine ability. 

L broken wall tends to fall out, even if braced by r.c. 

ribs /?ig.11/. 

2.2. Relatively thin structural walls 

Walla of thicknesses of half or one brick have an 

insufficient resistance to lateral seismic forces, and 

tumble down. 

If these are structural walls, tumbling entrains collapse 

of the building /Figs 12 and 13/." 

2.3. 1.fissing ties or r.c. tie beams 

Adequately constructed masonry buildings comprise ties 

or r.c. tie beams embracing the walls and making them 

to interact. Otherwise the walls are prone to tumbling, 

entraining collapse ot the building. The actually 

collapsed buildings show no trace of a tie or tie beam 

/Figs 12, 13, 14, 15/. 

2.4. Missing connection batween floor beams and walls 

It floor beams are o~nnected to the walls then the 

two-way wall aystem can interact by letting the floor 
' 

transfer horizontal forces to the wall plane. The 

collapsed buildings were exempt from such connections 
I 

/Pigs l~, 14, 15/. 
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2. 5. /_ "."1811 of superoosed but tn sufficiently coherent 

A raasonry of superposed b~t poorly coherent layers 

gets disconnected by shear forces due to seiS!aic effects. 

Thereby the wall is transformed to a structure of reduced 

load capacity where slender layers can fail piecewise. 

Such a damage may arise also if there ere too many 

chimneys in the 1'1811. Such a damaging is shown in Figs 1 

and a. 

2.6. Shallow arches spanning 02enings 

Relative displacements between wall bodies entra5n arch 

support displa~ements. There upon steep arches beha_ve 

as three-hinged arches: to a degree indifferent to · 
' 

support displacement. Shallow arches, however, slip off 
' 

the support, initiating thereby collapse of the supported 

floor. Such an incipient arch slip is seen in Figs 9 

and 10. 

2.7. Application poor quality of bricks 

' Bricks applied in Mexico city ha~e strengths ranging 
' . 

from 30 to 50 kp/sq.cm. This brick strength is insuffi-
' 

cient in seimnic areas, ~nd through letting the bricks 
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crack scross, it may entrain domoges of types 2.1.b. 

or 2.1.d. /~ics 5 and 6/. 

3. Susaestions for masonry structure6 less prone to da!:m-:inr: 

Most of damages in buildings with masonry structures may 

be avoided by applying correct constructional rules, such 

as: 

3.1. At every floor level of buildings with masonry 

structures, r.c. tie beams or steel ties have to be 

applied, and the floors connected to them. This 

constructional rule provides for the interaction 

between ell the wells of the building with masonry 

structure. 

3.2. Only relnforced concrete or steel beams lather than 

arches have to be used for lintels. 

3.3. J.lason17 =t~uctures should have a wall thickness of 

at least one brick length /25 to 30 cm/ since thinner 

walls than that have no sufficient lateral resis

tance. 

3.4. Load-bearing masonry structures have to be made with 

mason171bricks of min. 100 kp/sq.m compressive 

strength while the mortar strength must not exced 

10 % of ·the brick strength. 
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namely e higher mortar strencth hardly adds to the 

compressive strength of the wall, ~hile inducing it 

to creek patterns 2.1/b or 2.1/d depriving it fron 

ductility. For a co rt er weak compared to the brick, 

failure develops without brick cracking, by mortar 

layer crombling, by ductile deformation, peferable 

for the building behaviour. 

3.5. In maaon.-r.r buildings, it is advisable to apply a 

r.c. tie beam over the top level of foundation, with 

the inter.mediary of a sheet 1,5 to 2 cm thick of 

poor mortar /of a compressive strength of 3 to 

4 kp/sq.cm/ so that the top level of foundation is 

·wider by 10 cm each side than the wall. Thia weak, 

thin mortE.-· layer is irrelevant to the vertical load 

capacity of the wall, while it is able to crumbling 

upon horizontal seismic forces, and to horizontal 

displacement with friction. Thereby much of the 

seismic energy is absorben. The system of r.c. tie 

beams over the crumbling layer provides for the 

displacement of ~he integer building on the weak 

mortar sheeet. 

J.6. The dimensional ratio of masonry pillars has to be 
' 

such that no skew shear crack arises in the wall 
' 

body. This cau be achieved by having tne wall body 
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width less than half its height. In this ~sy, however, 

the stability of the masonry is garanteed only to a 

seim:iic coefficient a/ g = o. 2 /intensity :X of l.!I~ 

skale/. ~herefore in areas of-intensities !I or 1II, 

reinforced concrete shear walls ere advisable also in 

masonry structures • 

. 
4. Problems of infill wells 

Buildings with reinforced concrete-framework are often made 

with brick shear walls. These ere built between r.c. columns, ' 

end if adequately of a sufficient number they often prevent 

the r.c. framework from collapsing. Though, in several 

occasions, masonry walls caused collapse themselves, such 

as: 

Exposed to a lateral force, the masonry shear wall reckoned 

with in design falls out from between the columns, rather 

than to act as e::z:pected. 

railure of part of the masonry shear walls causes eccentri

ci t7 of the bracing 97stem, and arising torsions destroy 

the r.c. framework. 

Infill walls, parapets out of design add to forces acting 

on columns in their plane, and transmit lateral forces to 

columns accelerating their failure. 

Eccentric bracing of corner buildings due to infill walls 

causes early failure of the r.c. framework. 
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To escape the outlined effects, it see."'ls advis! Jle to 

develop a S)rste!:l having r.iaso'!l~ wells before, :i .ther thar. 

between, the r.c. colwn'!ls, connected to the.~ b: flezible 

connections against tumbling. 

This solution would of course exclude the brae: !g effect 

of the masonry •11, requiring adequately deaif 1ed and 

constructed r.c. walls to this aim. 

Thereby building collapses due to accidental D!I sonry 

effects would be excluded. 

• 
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1. INTRODUCTION 

1.1. Frame of the Mission 

The mission to Mexico was undertaken at the invitation of UNIDO, 
addressed to some of the participants in the UNDP/UNIDO Balkan Pro

ject RER/79/015, •suilding Construction under Seismic Conditions in 
the Balkan Region•. 

The job description, as transmitted by UNIDO, is reproduced in 

Annex I of this report. The majority of the team nominated~ UNIDO 

undertook the trip to Mexico for a two-week period from 2 to 13 

December 1985. Since it was not possible for the author to obtain 

the required travel visas in due time, the trip was undertaken se

parately, with the agreement of the UNIDO Headquarters and of UNDP/ 
Mexico, from 6 to 18 January 1986. 

It is suggested to UNIDO to put together this report with the 

report{s) : of the other members of the project, who undertook the 
trip to Mexico in last December. 

l. 2. Activities 

The main activities that took place during the two-week mission 
were: 

a) initial contacts with the Embassy of Romania, ,UNDP/Mexico, 

UNIDO/Mexico and UNAM/Instituto de Inqenieria, aimed 'to detail the 
schedule: 

I ' 

b)' field visits in the most affected zones of Me~cico City; 
I 

c): technical discussions with specialists of UN~/ Instituto 
de 1nge,nieria and of Camara Nacional de la Industria de la Con
struccion; 

d), examination of the technic~l documentation provided by 

UNIDO/Mexico, UNAM/Instituto de Ingenieria and CNIC;, 
' 

e): presentation of two conferec;:es at UNAM/Instituto de Inqenieria; 
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f) presentation of preliminary comments and suggestions to a 

group of specialists of UNAM/Instituto de Ingenieria during a final 

meeting. 

The activities related to the mission took place exclusively 

in Mexico City, ac~ording to the schedule adopted during the initial 

contacts with UNIDO/MeXico and UNAM/Instituto de Ingenieria. The 
I 

findings and recommendations presented in the report are therefore 

related essentially to ',that city. Some aspects dealt with are never

theless of wider intere,st. 

The list of person,s contacted during the mission is given in 

Annex II of the report.' The chronological sequence of activities is 
I 

given in Annex III of the report. 
I 

The bulk of activi~ies was carried out with the kind support of 

UNAM/I de I, that arran~ed the field visits, the meetings with highly 
I 

qualified experts and tpe lectures presented by the author and made 

available most of the information asked for. 

1.3. Importance of the Seismic Event of 19 September 1985 

The importance of the seismic event having occurred on 19 Sep

t~mber 1985 in Mexico is obvious in case one considers: 
I 

a) its high magnitude and the extent of the areas affected by 
I 

high seismic intensities; 
I 

b) the ,paramount importance of local ground conditions, as 

put to evidence by the geographic distribution of intensities; 
I 

c) the 'large number of buildings (out of which many designed to 
I I 

resist eart~quakes) that have been subjected to high sP.ismic intensi-

ties (and ou't of which rnany suffered severe damage or even collapse) ; 

d) the number of lost lives and injure'd persons and the overall 

economic los:ses; 
I 

e) the high likeli~ood of occurrence, ,in ~he not too remote 

future, of events of comparable size and importance, given the seis-
, I 

mic activity', of the sour,ce zone that has generated the events referred 
to; 

f) the high qualifLcation of Mexican specialists, involved in the 

investigatioh of earthqu~ke effects, which ~re~tes premisses for 
I I 

efficient learning from 1this experience as well as for dissemination 

of highly valuable knowledge at an internat~on~l level. 
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1.4. Addenda on the Report 

The mission report has two main sections: section 2, on findings 

provided by the mission activities, and section 3, on recommendations 

for future activities. Some final remarks on the place of the seis -

mic events referred to and on the suitable future activities are 

presented thereafter in section 4. The content of Annexes I, II and 

III was mentioned in previous sections. The Annexes IV and v present 

lists of titles of technical documentation overhanded to Mexican 

institutions and received from them. The final Annex , VI, gives a 

list of some additional references, found to be useful during the 

drafting of the report. 

In reading the report, a reference /IV.I.A.6/ means that it is 

necessary to look in Annex IV, part I, for list A, item 6. 

The terminology adopted in the report in relation to the analy

sis of earthquake disasters, vulnerability and risk, is basically 

the same as that agreed upon during the experts meeting convened by 

UNDRO in 1979 /VI.6/ and used afterwards in the UNDP/UNESCO/UNDRO 

Balkan Project /VI.7/, considering also the subsequent developments 

proposed in /IV.I.A.8/. 

Some figures were reproduced in the report from the reports of 

UNAM/I de I overhanded to the author during the mission. The figures 

are referred to as fig. RP.1, fig.RP.2 etc.(see figure captions too). 

2. FINDINGS 

2.1. On the Earthquake of 19 September 1985 and on the Seismic Hazard 

The source of the earthquake of 19 September 1985 was, according 

to /V.II.A.l./, in the zone of contact of the cocos Plate and of 

th9 North American Plate (fig.RP.I). The earthquake mechanism was of 

subduction. The source was at a depth estimated as not more than 35 
I I 

Km and at a distance of ,some 400 Km. South-West from Mexico City. The 

magnitude estimates wer~ frorn 7.8 t~ 8.1. The earthquake was followed 

by numerous aftershocks,, of which the most important was that of 20 

September, with magnitud'e estimates' from 6.8 to 7.5. 

I I 

The intensities gen,erated on l~ September 1985 were in the range 

of IX (MM) for some zone's of the ocean shore. The intensi ti ~s es ti-
, 

mated for Mexico City we,re in the =~nge of V t.o VI for f .l. • ··;,il, but 
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much higher, in the range of VIII to IX, in the lake zone. The 

strong motion instrumental data presented in the reports /V .II.A.!/ 

to /V.II.A.8/ of UNAM/I de I refer to accelerations in the range of 

0.4 g in Acapulco with dominant periods shorter than 0.15. and with

~ut important destructive effects, of 0.27 g in 3acatula (close to 

the epicenter), of 0.03 to 0.04 gin Mexico City - Zone I (firm 

ground), 0.04 to 0.05 gin Mexico City - zone II, at Viveros de 

Coyoacan (transition) and 0.08 g to 0.2 g in Mexico City - Zone III 

(lake). Intensity estimates on the basis of instrumental data (res

ponse spectra), applying the methodology described in /IV.I.A.6/ to 

the response spectra of fig.RP.S through RP.14, lead to intensity 

estimates of VIII for ZacatUla, VI for Ciudad Universitaria,Tacubaya 

and Viver0s de Coyoacan, VIII for Central de Abastos and IX for the 

place of the most important record, Secretaria de comunicaciones y 

Transportes. 

T~e analysis of the record obtained in the epicentral zone as 

well as in the capital zone put to evidence the existence of signi

ficant low frequency components of motion, which is less usual for 

crustal earthquakes. Mote that in the Romania earthquake, that was 

generated also by a subduction mechanism (in that case of inter~e

diate deoth) significant low frequency components were present too. 

The attenuation for firm soil conditions in Mexico City was somr· 

what lower than the average according to data of Chapter VI, by 

L.Esteva, 0f /VI.l/. This might be due to the location of source, 

that was deeper than the average for crustal earthquakes. Note that 

in Romania t!~e magnitude 7. 2 earthquake of 1977 generated intensities 

of VII or VII+ at places located as fa'.r as 250 to 300 Km from the 

source (cities of · ·aiova, towards WSW, and of Iasi, towards NNE), 

which is about tl _ grades higher than predicted according to the 

reference given. 

The local ground conditions must be considered, in general,from 

two main view points: the role of dynamic filter play~d by the sys

tem of upper soft layers, that modifies (under free field conditions) 

the basic rock motion on one hand, and the role of deformable 3upport 

of buildings, in connection with the soil-structure interaction phe

nomenon. The first aspect is considered in this section only, leaving 

the interaction aspect for section 2.2. 
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The most striking feature of the ground motion was represented 

by the extremely strong influence of local ground conditions, as put 

to evidence by the records of zone III of Mexico City (Secretaria de 

Comunicaciones y Transportes - SCT and central de Abastos - c de A). 

The very strong filtering effect of the soft clay layer is present 

at both places, and creates particularly high amplifications. One 

can rt:!Inark at both places strong peaks of the acceleration response 

spectra, though for different periods (some 2.0 seconds at SCT, 

some 3.5 seconds at c de A). These dominant periods correspond to 

particularly soft upper layers. For example, in the case of SCT, the 

period of 2.0 seconds, for a soft surface layer of some 35 m., corres

ponds to a propagation velocity of s-waves around 70 m/s (according 

to verbal infornation obtained, the s-wava propagation velocities 

tend to be located generally in the range of 50 to 100 m/s in 

the lake zone). The peak shear stresses transmitted by the clay at 

the lower boundary (contact with base rock) were under such condi

tions close to 0.1 M?a. To compare again with dates from Romania, 

the record of INCERC - Buc•.arest (1977) at a place with a 125 m. thick 

upper layer of clay and ~and, with an average propagation velocity 

of s-wC!Vas of some 400 m/s.(determined directly), led to a dominant 

period of some 1.5 seconds (which is somewhat longer than the period 

of some 1.2 seconds which should be predicted on the basis of calcu

lations and is put to evidence by recordg of microtremors, due to 

the decrease of stiffness for higher strain oscillation amplitudes). 

The record of INCERC correspon:Jsto peak shear stresses oi some 0.35 

MPa. transmitted by the upper layer at the base rock lev~l. 

An attempt of evaluation of the seismic conditions (free field) 

in Mexico City must consider the sources affecting the zone and their 

activity, the attenuation phenomenc:Jl and ~he local conditions. 

Examining the sei~micity that affects Mexico, more specifically 

Mexico City, it turns· out that the seismic hazard is ~ominated by the 

activity of the zone of contact of the Cocos Plate and of the North 

American rlate. The number of events recorded during 86 years(from 

1900 to 1985 inclusively) is, according to /VI.3/, that relies on 

/VI.2/, of 34 for even~s of magnitudes 7 or more and of 8 for events 

of magnitudes 8 or more, ~ith a maximum of M- 8.4 in 1932. It may be 

noted also that the activity was considerably higher for tne time 

interval from 1900 to 1932 inclusively; when 19 events of magnitudes, 
' of 7 or more and 7 events of magnitude~ 8 or more, out of the total , 
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mentioned previously, were recorded. It may be stated thus, that less, 

and less strong, events affected t modern building stock, built 

during last five decades, then wha~ should correspond to the average 

for this century. In case a sequence comparable to that of the period 

from 1900 to 1932 is considered, the return period of events of mag

nitude 8 is lower than five years. 

The attenuation phenomenon, considered in the light of the 

direct experience of the 1985 event and of the sequence of intensi

ties estimated for this century /V.II.A.l/, seams not to raise un

usual problems in case of local condition. of firm soil. It would be 

interesting, nevertheless, to check more directly the attenuation pa

rameters for the sequence of major earthquakes of this ~entury, re

ferred to previously. 

The local ground conditions in Zone III (lake) of Mexico City 

appear to be a factor of paramount importance to deal with. The in

strumental strong motion data referred to must be considered in connec

tion with data on the features of microtremors, obtained verbally 

during the last discussions at UNAM / I de I. The records of micro

tremors, obtained in late 1985 at almost 100 points in Mexico City 

put to evidence a high diversity, or non-homogeneity,of conditions 

(dominant periods that tend to be in Zone III generally long and 

well correlated ~ith the thickness of the soft clay). The dominant 

periods are of some 5 seconds for the crossing constituyentes I 
Reforma, 2 seconds for Roma (hardest hit), 4 seconds for the way to 

Puebla., 2 seconds for SCT, short for Alameda. It may be noticed here 

also that there appears practically no shift of dominant periods from 

strong motion to microtremor record and this permits to state that 

the upper layers were not overstressed during the strong motion,such 

that they could be able to transmit eventually even higher stresses 

and accelerations during a future earthquake, provided a corresponding 

disturbance occur~ at the base rock interface. A belief that the 

soft clay would not be able to transmit disturbances that are stron

ger than those of 19 September 1985 would thus not be justified. The 

agreemEflt between the instrumental data provided by the monitoring 

of microtremors and strong motion data obtained in 1985 (and earlier) 

creates most encouraging conditions for the predict.ion of the spec

tral content of future events. It may be stceed thus that, assuming 

source mechanisms generating at source spectral contents not very 

different from that of 19 September 1985, the spectrdl content of 
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ground motion is in principle quite accurately predictable in Mexico 

City, but the significant differences between not too remote surface 

points must be accounted for. 

Returning now to the expected sequence of events, as consi

dered for Mexico City, it may be recalled that, accounting to the 

estimates of /V.II.A.l/, which deserve the whole confidence , three 

major events affected the capital, in 1911, 1941 and 1985, with mag

nitudes, according to /VI.3/ of 7.9, 7.9 and 8.1 respectively. The 

strong earthquake of 1932, of magnitude 8.1 according to /V.II.A.l/ 

and of 8. 4 according to /VI. 3/, would have generated smaller inte1 •. ,.::.

ties in the c~pital. It may be stated on this basis that, assumin· 

stationarity of seismic activity, two to four events of intensities 

comparable to those of 19 September 1985 are likely to occur every 

century in Mexico City. There is no reason to believe that the 

intensities of 1985 represent an upper bound of possible intensities, 

since higher magnitudes than 8.1 are likely to occur in the source 

zone (according to /VI.3/ the magnitude 8.1 was exceeded three times 

since 1900), the radiation pattern could lead to higher intensities 

under firm ground conditions and the soft layers of zone III of 

Mexico City appear to be able to transmit higher accelerations than 

those recorded in 1985. 

Normal buildings, built for use for about one century, must be 

expected to undergo several events of intensities comparable to 

those of 1985 (possibly even higher than those). 

In case one compares the intensities observed in 1985 with the 

provisions of the regulatory basis /VI.4/, it turns out that, in 

Mexico City, the int,ensities having occurred in 1985 are considerably 

higher at some place',s of zone III, but that the regulatory basis 

appears to have been, at least sufficiently conservative for zones ,I 

and II. Buildings built in Zones I and II according to the regulat'ory ' 
' ' 

basis in force, should have been subjected only to moderate post -, 

elastic deformation '(if any) in 198 5. This statement is supported' by ' 

the absence of apparent damage under the conditions referred to. 
' Unless there exist significant seismic S~urces of a different, 

category than those 'of the contact zone of ~he Cocos and North

American plates, which could lead to a difff:rent picture of the in~en- ', 

sity distribution and, perhaps, of the spectral content of ground , 
motion too, it turn~ ',out that the regulatory basis for Mexico City 'is ' 

' ' 
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conservative for Zones I and II, but unsufficiently conservative 

for zone III. More discussion on this subject is presented in sec

tions 2.3 and 2.4 cf the report. 

2.2. On the Earthquake Effects {Building Performance) 

The information available during the preparation of this re

port does not permit to make any statement about the overall effects 

of the earthquakes expressed in terms of losses. Only aspects of 

the physical performance of buildings, based on the effects observed 

during the field visits may be tackled, under these conditions. The 

relatively late date on which the inspection of affected areas could 

be undertaken, made impossible the direct sight of most of the 

buildings collapsed. It was nevertheless possible to examine, in 

cases of buildings wher~ partial collapse or only damage of different 

nature and level represented the effects of the earthquake, some re

levant mechanisms and causes of damage. 

The artifacts examined were buildings (residential buildings, 

office buildings, hotels etc.), of different heights, ranging from 

one or two, to some twenty stories. Most of them had reinforced con

crete load bearing structures, combined frequently with masonry 

walls that contributed to, or influenced significantly, the mechanism 

of transmitting seismic inertia forces to the ground. In a few cases 

steel structures were inspected too. 

Before going into an examination of some technical aspects re

lated to the earthquake performance, it must.be clearly stated that 

the proportion of buildings of Zone III(in the center of Mexico City) 

nominally designed to resist earthquakes, but having collapsed or 

,having been heavily damaged during the earthquake, was unacceptably 

:high, by any standard. 

The most severe form of damage observed (except for cases of 

'total collapse) was that of failure mechanisms extended over complete 
' 

,stories. It may be remarked here that the buildings examined were 

'characterized by the failure of upper stories in most cases, what is 
I 

,rather unusual if the experience of other earthquakes is considered. 

'It was possible to see, in such cases, lower stories standing and 

~earing a package of slabs of collapsed upper stories. The relatively 

frequent incidence of this severe failure mechanism must be noticed 

'(about one quarter of the approximately eighty buildings inspected) .one 
' could observe also some cages of failure of lower or of intermediat,estories, 
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bit the incideoce of such cases was relatively low at the nanent of inspection. 
This frequent collapse of upper stories may be considered as a sig

nificant feature of the performance of buildings in M~xico City, 

that is rather unusual for other destructuve earthquakes and de
serves in depth analysis and explanations. 

A structural solution used extensively in Mexico City, namely 

f:at slabs or waffle slabs supported by reinforced concrete columns, 

was involved in most of the full story failure mechanisms mentioned. 

Another type of drCMatic full collapse of such structures, that was 

still observable in a few cases was represented by the sliding of 

slabs downwards the columns, after punching-type failure. one 

could observe also cases when upper stories collapsed only parti

ally (e.g. some corner zones of the buildings involved). That might 

be related e.g. to the effects of oscillations wher€overall torsion 

was relatively important. 

Another kind of severe damage frequently observed (in many cases 

beyond repair) was represented by brittle type failure of columns. 

Brittle failure could be observed mainly as a result of excessive 

shear force in cases where the layout adopted led to short columns. 

cases of buildings standing, but practically condemned, may be men

tioned in this category. Another type of brittle failure of columns, 

that occurred relatively frequently, was that of failure of the ends 

of columns, characterized by relatively small areas of concrete sec

tions, by low web reinforcement and by excessive longitudinal rein

forcement. The zones close to the nodes were destroyed in such cases 

by crushing of unconfined concrete followed by buckling of unsuffi

ciently tied longitudinal reinforcement bars. Such damage resulted in 

some cases analyzed in general collapse and in more cases in damage 

beyond repair. 

It was possible, in another category, to observe cases of failure 

of rigid members that worked in parallel with more flexible ones. This 

failure pattern occurred frequently for fa~ade structures of buildings 

with relatively flexible frame type main .Joajbearing structures. such 

types of failure may have not directly endan~ered structures as a whole, 

but they may have produ~ed, on one hand, life threatening damage and, 

on the other hand, considerable economic losses, The brittle failure 

of fa~ade elements or cd,mponent~ was observed again in case of about 

one fifth or one quartec of the buildings inspected. 

Another significant aspect to be mentioned was that of the unfa

vourable influence of e'ccentric layout ( i. e of eccentricities 
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between the inertia, and stiffness, axes respectively). This kind 

of layout resulted in important amplitudes of the oscillations of 

overall torsion, that led to overstressing of the lateral load

bearing substructutes and, in several cases, to important remanent 

deformations of overall torsion. The unfavourable torsional effects 

were evident in the general damage pattern not only for structures 

characterized by non-symmetric layout, but also for some Y-shaped 

structures, for which the stiffness is considerably lower for overall 

torsion than for overall bending-shear deformation. 

The unfavourable effects of relatively large deformations and 

displacements were present not only in the extensive damage of non

structural components (as external, or partition, walls), but also 

in other kinds of damage, that were sometimes more severe and ha

zardous.- The large deformations that exceeded the permissible li

mitc as determined by the ductility of r.c. members led in some cases 

to unfavourable stress redistributions (in several cases, the exa~ 

gerated flexion deformation led to a considerable decrease of the 

area of cross sections of columns able to transmit shear forces in 

columns, producing thus brittle shear-type failure). On the other 

hand, the latge deflections led to pounding between neighbouring 

structures and, thus, to uncontrolled damage degree. The cases where 

severe pounding effects could be observed represented 10 % or 

more of the buildings inspected. 

A last type of severe damage to structures to be mentioned here 

was that of the steel structures of the 23-stories tall buildings of 

Conjunto Suarez. One of them collapsed, while the other ones were 

very severely damaged, such that several upper stories had to be 

removed. This case put again to evidence the fact that, in spite of 

the potentially high ductility of construction steel, as a building 

material, steel structures may not perform as ductile structures in 

case of unappropriate design. In fact the rows of external columns 

were severely damaged by local buckling due to excessive compressive 

forces ,generated by overall bending of the structures represented 

as vertical cantilevers. 

A :final aspect, that was of wide importance for the conditions 

of Mex:Lco City, was represented by the behaviauof ground considered 

as a su',Pr>Orting system (the s~cond aspect of ground conditions, as 

mentioned in section 2.1). The unfavourable ground conditions could be 

observe'd in many cases, with different unfavourable aspects. There 
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~as, first, the unfavQlrable influence of differential settlements 

having occurred before the earthquake, that exhausted, partially 

or fully, the ductility of sane structures. There were, on the 

other hand, several cases of important differential settlements 

inflicted by the earthquake to relatively resistant structures for 

which the observable damage was limited, wt the post-earthquake 

important differential settlements raised the question of the pcssi

bility of future use. The observed post-earthquake settlements at 

some parts of tall b.lildinqs reached in sane cases the order ofi.~ 

or even 1.5 m., putting SCllle parts of b.lildings that pertained ini

tially to ground floors (sometimes provided for access of vehicles) 

under conditions of basement floors. One may consider in this cate

gory first of all the performance of friction piles foundation sys

tems. The ability to transmit vertical forces through friction was 

lost during the earthquake, resulting in overall settlement of some 

(in most cases high-rise) buildings. It seems likely , on the other 

hand, that the very important differential settlecents observed at 

the basement level of several buildings were due to the high non

homogenei ty of ground, which put to evidence, amonq other, by the 

important differences in the spectral content of microtremors recor

ded at different places of Zone III. 

The most significant damage patterns, presented in this section, 

deserve sane immediate discussions at this place. Some further ana

lysis is presented in next section, devoted to findings in relation 

to the pre-earthquake activities. 

The first preliminary report /V.II.A.'ll, in spite of having been 

draftee very shortly after the earthquake, presents a comprehensive, 

in-depth, ~nalysis of the earthquake inflicted damage. The main 

features of behaviGlr and types of damage mentioned are: 
a) brittle behaviour of colu~~s; 

b) influence of partition walls; 

bl)' lack of syrrmetry in a horizontal plane; 
' 

b2~ soft first storey; 

b3)' damage-induced lack of symmetry; 

c) damage due to previous earthquakes; 

d) short columns; 
e) pounding between neighbouring structures; 

f) excessive :rravity overload; 

g) P - A effec,ts; 

h) punching of waffle slabs. 
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Attention is given also to the non-satisfactory performance of 

foundation systems, llohich could be observed quite often, as ~ell as 

to the negative influence of differential settlements having cccurred 

prior to the earthquake and having more or less exhausted the ducti

lity of structures. Sane statistical data given in the report put 

to evidence some features of the damage distrihltion, putting to 

evidence the high incidence of heavy damage or collapse in buildings 

with eight to fifteen stories. 

The second preliminary report /V.II.A.2/, which is devoted ex

clusively to structural aspects, goes into more details and gives 

more accurate statistical data. The damage quatification methodology 

used is described. Data on the geographic distrihltion of damage in

cidencP are given. A typological analysis of damaged hlildings is 

presented. The categorization of features of behaviour and types of 

damage reproduced previously is reccnsi~ered and extended, adding: 

e') failure of upper stories; 

j) problems of foundation displacements; 

k) damage in secondary members. 

The preliminary conclusions presented put to evidence the need of 

revision of design regulations and in design practice. The main aspects 

referred to are: 

1. Revision of design spectra. 

2. Revision of ductility factors. 

3. Revision of detailing provisions. 

4. t>rcmX.ion of more resistant structural systems. 

5. Restrictions in the use of flat slabs. 

6. Problems raised by ma&>nry partition walls in flexible struc

tures. 

7. Problems of soil-structure interaction. 
' 

8. Control of application of regulations. 

The results of the field inspection mentioned above, the data 

and canments of the predi~~nary reports referred to and some additi-
, 

onal analyses, are at the,basis of the attempt of sunmary presented 

at this place. 

1. The ground motion'was extremely severe in Zone III of Mexico 

City in case one consider~ the records of SCT (Secretaria de Comnuni

caciones y Transportes) and C de A (Central de Abastos). The peak 

ground accelerations to.ere :not particularly high, yet the high number 

of cycles of canparable amplitudes led to highly unusual peaks of the 
' absolute acceleration res~onse spectra. In case one considers as a 
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reference, as usual, the spectral accelerations for 0.05 critical 

dampinq, the spectral peaks ~re of more than 1.0 g at SCT for pe

riods of SCl!e2 seconds and of sane 0.5 g at C de A for periods of 

sane 3.5 seconds. It is practically impossible to b.Iild ~all buil

dings, lid.th fundamental natural periods in the range of spectral 

peaks, to ~~thstand such accelerations with controlled post-elastic 

deformation. In case one considers stiffne5Se5 cf framed structures in 

the elastic range, a period of 2 seconds (site of SCT) is a funda

mental period of buildings of sane 20 stories, "'1ile a period of 3.5 

seconds (site of c de A) is a fundamental period of buildings of 

sane 35 stories. In case one considers an apparent fou.r fold de

crease of stiffness, due to seismic overstressing, the fundamental 

periods will dcuble , i.e. a period of 2.0 seconds will be a 

fundamentai period ior a building of sane 10 stories, whue a period 

of 3.5 seconds will be a fundamental period for a building of sane 17 

stories. Post-elastjc deformation results, as known, in stiffness 

decrease, as far as non-ductile performance does not lead to brittle 

failure. In spite of the relative narrowness of !ipectral peaks, a 

wide range of buildings were affected by them. Thus, the spectral 

peak of SCT should have affected buildings of twenty stories (or some

what more), b.lt a slight stiffness decrease of these should put them 

in a better position, in the range of lonlJ;!r periods, where the spec

tral accelerations were relatively moderate. The ductility requirements 

for them may have been thus moderate. On the other hand, lower-rise 

blildings, of some ten stories, were overstressed initially even for 

the lower values of response spectra, corresponding to, say, 1.0 

second oscillation period. The stiffness decrease due to overstressing 

led s.ich bJildings into a much worse position, close to the spectral 

peak. The already overstressed members had to face the spectral peak 

and, thus, ductility requirements that w~re beyond their physical 

limits. So, it ·is eas;! to understand why, in a zone where lhe response 

spectra were not mich different from those of SCT, an important share 

of the buildings of 8 to 15 stories collapsed or underwent heavy da

mage, while the higher rise buildings {i.e. 20 stories or more), or the 

lower rise blildings {i.e. 5 stories or less) 'tilere not affected that 

severely. In other terms, considering the base shear coefficients that 

may have ranged, given the code prOU'isions, between sane 4% and 10%, 

the gap between these values and the spectral peak illplied unrealis

tically high ductility requirements, corresponding to a factor "O" 
of the Mexican Code /VI.4/ of 10, or 20, or even more. 
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On the other hand, in case one considers the records of tmAM, 

Tacubaya and Viveros de Coyoacan, the ground motion M!.S moderate in 

Zo:ies I and II of Mexico City, what is in good agreement with tre 

absence of significant damage. 

The seismic inertia forces generated in buildinqs during an 

earthquake must be transmitted to the ground by a chain of members 

of which the last is represented by the b.mdation system. Seismic 

overloading, like that which was due to the 1985 earthquakP., will 

lead to yielding (or full failure) of the weakest link of this chain 

and the weakest link may lie in some of the structural members, or 

in thefoJndation and ground system. A relatively strong structure 

will lead in many cases to failure of thefcuntlation system (as this 

astually happened in several cases). 

2. A characteristic feature of building performance in Mexico 

City was represented by the highly unusual frequent incidence of 

collapse of upper stories. This feature of performance might be 

tentatively explained by the effects of oscillations along higher 

modes, or whipping effects, but more in depth analyses, based on non

linear time-history computations are required in this connection. 

3. The lack of appropriate ductility of structural members could 

te observed at many places. The columns ~re often too slender, what 

may have led to exaggerated compressive stresses. The exaggerated 

longitudinal reinforcement ratios, visible at several places in 

damaged columns, contributed to the lack of ductility as well. A 

negative influence in the same sense was due.to the insufficient web 

reinforcement, observable at several places too. Another important 

source of lack of ductility was represented by the presence of short 

columns, that could be observed in sane cases also. 

4. Building structures consisting of reinforced concrete co

lumns and flat slabs (waffle slabs) were particularly common in 

buildings severely ,damaged. This solution may present advantages fran ' 

the architectural-~unctional view point, hit it is seldan appropriate , 

for earthquake prot'~ction, since it does not lead to a proper clear 

frame 

performance 

vere damage 

of punc hi.ng 

as a loadbearing structure. The unfavourable features of 

of such solutions were often evident in the form of se-
, 

in the, node regions (the most dramatjc cases were those 

and sllding of slabs do~nwards, alonq the columns). 

------------



- 181 -

5. The presence of rigid members obliged to undergo the sa~e 

deformation as more flexible members of the main lcadbearing struc

ture resulted in many cases in severe damage of the rigid, but 

unsufficiently resistant, members. Slch phe.nanena occurred particu

larly frequently, affecting partition walls, fa~ade finishing, 

glaZing etc. The presence of rigid members may have been beneficial 

in most cases for the performance of the main laadbearing structures 
desi~ned to resist too lot.- earthquake l~~s (unless they led ·to

~near failure of columns or they generated eccentricities), yet their 

failure nust have lel to heavy economic losses ard, in some cases, 

to life-threatening damage. 

f. The lack of dynamic symnetry le~ in several cases to' poor 

structural performance. The adoption of a layout characterized by 

eccentric bracing could be observed in reinforced concrete structures 

or in steel structures, with significant negative effects in all 

cases. 

7. The unsufficient separations between neighbouring structures 

were at the origin of heavy damage due to pounding • This damage 

may have affected in some cases only locally the structures involved, 

but it led, in other cases, to collapses of important parts of sane 

stories. 

8. Steel is recognized as the most ductile hlilding material. 

Steel structures are nevertheless not autanatically ductile. Unappro

priate layout and/or detailin9 may lead to phenomena like buckling of 

ddlltlnantly axially lo@ded columns, to rupture in some connections 

etc., as tnis could be observed at some places. 

9 ..... ,!.e poor fourxiation conditions generated by the s.:>ft clay 

of Zone III were at the origin of many cases of poor performance of 

l:uildings. The friction piles became unable to transmit friction 

during the shaking, while, in some cases, piles transmitting forces 

through their peaks were put in bad condition by the settleuients 
I 

having occurred prior to the earthqua~e, leaving their upper parts in 

conditions of short columns. The failure of the systems of piles (in 

the mildest cases in the form of impo~tant unequal settlements) re -

presented an important source of highly costly damage. 

10 ~ The differential settlemel'lts ',having occurred in some cases 

prior tq the earthquake were also at the origin of poor performance 
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in sane cases, since the ductility reserves of structures were 

more or less exhausted by them. 

2.3. On the Pre-Earthquake Activities 

Before tackling specific technical aspects, sane remarks of 

general interest must be made at this place. Zhe ability of structures 

to withstand earthquakes is determined .by a chain of human activi

ties, ranging from general planning and design to manufacturing and 

construction activities, as well as to use, sirvey of performance 

and intervention during service. The causes of damage or of non

satisfactory performance must be looked for in principle in each of 

the links of this chain, and this is to be done considering on one 

hand the regulatory basis in force during the pre-earthquake period, 

and , on the other hand, the way in which the hlilding regulations 

were applied in pract~ce. 

An attempt is made at this place to identify, on the basis of 

information available and of canments of previous sections of the 

report, some main aspects of pre-earthquake activities that led to 

unsufficient earthquake resistance, according to the lessons of the 

earthquake. 

1. The Mexican code /VI.4/ is generally an advanced and refined 

code, if canpared with t~ codes in force in various countries. The 

earthquake experience put to evidence nevertheless sane shortco~ings 

of it, of which the most important are the underestimate of seismic 

l<:*ding for Zone III of Mexico City and the lack of concern for for

mulation of precise general ductility requirements. The factor "c", 

which represents the fraction of gravity acceleration corresponding to 

the maximum ordinate of the design acceleration spectrum, was 0.24 

for Zone III,Wiile the record of SCT led(for 0.05 critical damping) 

to a homologous value 4 to 5 times higher. This gap cannot be covered 

by ductility of normal structures, such as te control the earth

quake inflicted damage degree. On the ot~r hand, the lack of concern 

for explicit, p~ecise,guidelines on how to prO!lide suitable ductility 

~ means of appropriate layout and detailing, contrihlted to adoption 

of solutions th~t were in many cases unable to perform adequately 

under the earthquake induced overstresses. 
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In relation to the urban planning activities it may be stated 

that streets were in most cases sufficiently wide. The main short

canin'; ".>£ pre-earthquake urban planning activities was connected 

with the unsufficient protection degree adopted for Zone III. In case 

the features of actual earthquake spectra would have been predicted, 

the urban planning should have practically prohibited buildings ~~th 

critical heights (say 8 to 15 stories) frciR·being built in Zone III. 

I 

2. Some ~hortcomings of design activities, that are partially 

connected with the ccxle, but represent also a resilt of technical 
I 

traditio~-, Jtl\lSt be emphasized here again. The tulmerous cases of 

buildings with non-syrrmetric (eccentric) bracing members, the use of 

flat (waffle)', slab structures, the adoption of unappropriate de

tailing of r.~. members (especially columns), the lack of concern 

for the behaviour of rigid members (e.g. partition walls or fa~ade 

canponents) Obliged to follow the deformation of relatively flexible 

loadbearing structures, the unsuff:'.ciently wide and unappropriately 
I 

detailed separations, the adopt.:ion of unappropriate fro ndation so-

lutions, were 'a 11 factors with signi:E icant negative influence on 
I 

building performan~e. 

3. The information made available with respect to the construe-
I 

tion activitie,s was very limited and the time devoted to ::on - site 

inspection was' limited too. The quality of building materials appea

red to be in g~neral satisfactory if not good. It is likely that the 

unappropriate detailing of some members was due rather to design 

than to construction mistakes. 
I 

4. The use of buildings was in some cases unappropriate. The 

information available on this subject permits to warn on the hazard 
I 

increase genetated by overloading cf floors. 

5. The sitvey and maintenance of buildings was unsufficiently 
I 

systeI!"'1tic. According to information available, damage due to pre

vious earthquakes or other sources of overlc:ading was not inspected 
I 

systematically, in order to rehabilitate and, eventually, upgrade 

tuildings affected. 

6. It see~s that sane interventions on b.lildings,,carried out 
durinq service , without appropriate ~ngineering and de'siqn were also 

I 

at the tasis of unsatisfactory rc.i:formance. 
I I 
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Some comments on t}'\ pre-earthquake research activities may be 

of im:e:::-est too. The informatiOL available is related to the activi

ties of Instituto de Ingenieria of UNAM. During the visits to UNAM/ 

I de J. the i ·.;: :. =~·~l of resear~h activities, Viich made this insti

tute one of the leading institutes of the world, was obriais. The 

successful installation an~ maintenance activities which made pOS$i

hle an excellent work of the strong motion ac~eleroqraphs during the 

earthquake must be acknowledged. On the other hand the unsuff icient 

number of accelerograph~ installed in the ccuntry as a whole and in 

Mexico City as well, nust be strongly emphasized. There should have 

been allocated considerably more financial resources, as required by 

a much more extended strong motion network. In relation to the pro

file of activities of UNAM/I de I, it may be stated that too few 

resources were allocated for applied research on structural systems 

and that the cooperation tli.th engineers involved in developing new 

structural systems was not sufficiently extensive. Some further 

comn9nts and suggestions on these activities are given in subsequent 

Y;Ctions of the report. 

2.4. On the Post-Earthquake Activities 

Sane canments are presented at this place on post-earthquake ac

tivities on which information was obtained durin~ the mission. 

l.The emergency modificdtions of the Mexican code /V.II.A.3/ 

were necessary and are welcane. The seismic factors were modified in 

the right sense and more conservative conditior-s for the ductility 

factors ~ere set. It must be stated on the other hand t~at, if a 

ground motion like that of 19 September 1~85 is likely to occur again 

during the next decades (what is the belief of the auth.'.>r), the 

revised value c = 0.4 is yet unsufficient if canpared with the spec

tral acceleration determined for SCT. On the other hand, the reore 

conservative and careful adoption of the values of the ductility 

factor "Q" cannot compensate for the lack of general recanmendat.ions 

on how to pr011ide ductile behaviour (to avoid. Ll:i~tle failure in 

r.c. structures, loss of local stability like that of t.he columns of 

the steel strucLures of Conjunto Suarez ~tc.). 

2. It was not possible to obtain sufficient information on the 

general strategy of post-earthquake reca1ery, in tne Hense of rehabi

litation and upgrading. It m~y be remarked, according to what could 
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be seen on site, that the works proceed at a relatively slow pace 

and that the hllk of work is still devoted to demolition. 

3. The analyses of the earthquake information and 12ssons, as 

seen in the reports of UNAM/I de I/V.II.A.l/,/V.II.A.~/ etc. were 

generally excellent, b.lt it may be stated that this work is yet to 

be completed. Sane suggestions in this sense are given in next sec
tions of the report. 

4. Withait denying the positive contribltion of UNAM/I de I in 

the post-earthquake recovery effort, it seemed,during the visit,that 

not sufficient forces ~re devoted to consulting activities, to 

checking of structural solutions by means of engineering analyses 

and physical testing etc. 

3. RECOMMENDATIONS ON FUTURE ACTIVITIES 

3.1. On the Development of Research Facilities and Activities 

The l..f;:1qualifications of researchers and the fact that UNAM/ 

I de I is one of the leading institutes in the world in several 

areas related to earthquake engineering were already mentioned in 

the report. It ~as also mentioned that, from the view point of prac

tical needs, there is sane imbalance, since too few rescurces are 

devoted to applied research on structural systems. 

It is recanmended, in this view, to develop more powerful ex

perimental facilities, especially one or mre new shakin:J tables able to reprcxiuce 

(or rncxiel), with a 91fficient safety factor, gra.mi notioos like thosa .rec:xm3ed 

in Zone III of Mexico City for sufficiently large structural canpo

nents or models, as well as a strong reaction wall with a system of 

electronically controlled powerful hydraulic actuators able to 

load up to failure full scale components cf structures. The deve~op

ment of cuch facilities should be accanpanied by a corresponding de

velopment of the staff concerned with structural analysis. Perhaps a 

most convenient model in this sense is repr'2sented by the Earthquake 

Engineering RP.search Center of the Uniyersity of California, Berkeley. 

It is also recommended to find more efficient ways of cooperation 
' ' 

of UNAM/I de I with other staffs. As an exar:tple, some field stl•dies 

suggested further on' in Section 3. 3 will require large staffs, that 



- 186 -

could opera~e under the s=ientific coordination of UNAM/I de I. 

Some further recorrtnendations on th~ development of strong motion 

instrumentation are given in section 3.2. 

3.2. On the Investigation of Seismic Conditions 

As it was already mentioned in section 2 of the report, the 

experience of the earthquake put to evidence the considerable under

estimate of ground motion severity by the Mexican code. It is of 

O.l::JIT iou s importance to correct this situation,reachinJ a realistic characterization 
of the seismic hazard that affects especially Zone III of Mexico City. 

Realistic hazard estimates should be compatible with the avai

lable information on source activity (8 events of magnitudes 8.0 or 

more from 1900 to 1985) ,o~ macroseismic effects (3 highly destruc

tive events for Mexico City in this century, in 1911, 1941 and 1985) 

and on spectral content (strong motion records of 1985 and of previa.is 
I 

events, correlation with the spectral content of microtremors). 

A useful exercice would be an attempt to assess (or retrcdict) 

the response spectra of 19'September 1985 for various subzones (beli-
, 

eved to be relatively homoqeneais) of Zone III of Mexico City. The 

available information on microtremors and on damage distribution, as 
' well as an analytical appr9ach, could be considered for this goal. 

It is also recomnende~ to install a dense network (at a.irface 

level and at bedrock level 1 both) in Zone III, perhaps mainly along 

the profiles of figure RP.4. The high frequency of cases of occurrence 

of strong motions makes it 1 practically sure that, within ten years, 

highly valuable information will be made available. It is suggested, in 

relation to the strong motion instrumentation, to considerably ex

tend the conventional strong motion network (which consists of indi-
, 

vidual instruments) and to,~quip some representative buildings with 
central recording systems. ' 

' 
' 

The outcome of st~dies on seisnic conditions, especially for 

Zone I II , should 

(for , say, 0.05 

probability (say 

' consi!iJt o~ a sequence of (smoothed) response spectra 

critical damping) with some definite non-exceedance 
' 

60 % 9r sq %) for various durationr. (s~y 5, 10, 20, 
SO, 100, 200, 500 ••• years), This outcane wa.ild represent a suitable 

basis for a .. realistic m.icrozoning, which is ollv iously needed in 

the nearest future. 
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The necessary support for analytical T110rk, for recording and 

processing microtremors, for carrying out geophysical prospections 
etc. should be provided in this view. 

3.3. On the Investigation of Earthquake Effects and of ~lnerability 

The statistical data on the damaged blildings, given in 

/V.II.A.2/ are of obvious value. It may be stated, nevertheless, that 

these data are far from exhausting the possibilities offered by the 

exceptional amo.int of basic information at hand after the earthquake~ 

A more canplete statisti=al intlestigation of the damage degree inflic

ted to various classes of buildings would be must beneficial for the 

inmediate tasks faced in Mexico as well as fot the international 

technical comnunity. 

An in depth statistical investigation requires the use of appro7 

priate inspection forms (computer compatible) to be used for ran- ' 

domly selected samples of the populations of b.lildings (.t:uildings mofe a 
or less affected) and afterwards storage of information in a com- , 

prehensive data bank • This would make possible a statistical treate7 

ment of subsamples believed to have been subjected to homogeneais 

loading conditions. Information on some in depth analyses carried 

out in Europe subsequently to destructive earthquakes are given in, 

several publications, like /IV.I.B.l/, /IV.I.A.8/, or volume B of 

/VI.7/. The information on the damage distribJ.tion for variais classes 

of buildings, presented at the beg.il)Jling separately for various 9.lb- ' 
' 

zones of Zone III of Mexico City, would make it possible first to , 

derive conclusions on th~ features of ground shaking, in spectral terms 
' (statistical damage spectra and conclusions on the geographiJ distri-, 

b.l tion of intensities in ',Bucharest, as related to various spectral in

tervals, derived in this, way in Romania, are presented in /IV. I. B .1/) ',. 

Further on, the data on the damage distribution may be used to derive, 

vulnerability matrices for variais classes of b.lildings and, hence,to', 

dispose of bas~c data re,quired for full risk analysis, as well as 
• for basic info~tion that could greatly contrib.lte to the refinement', 

of the macrose.t snic inte'nsi ty scale (some technical aspects on this , 

subject are deal,t with in', /IV.I.A.6/). This latter category of infor-' 
' 

rnation would be 10f especi'ally high interest for the instrumental corn-, 

rnunity. 

Finally~ j t' is of paramount irnpor~ance to carry out canpreher.sive 

aoo realistic: estimates of the earthquake inflicted losses. It is 
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necessary to consider separately the various loss components 

(lives, property, activities disrupted etc.) and it is most desi-
, 

rable to collect information such as to derive, conclusions for the 

proneness to losses as conditional upon the severity of physical 
' 

damage or upon some parameters of the sscillations of buildings. 

This information could be organized in the form of •secondary vul

nerability• matrices /IV.I.A.8/. 
' Sane of the information given verbally du~ing the Perugia, Italy, 

International Seminar "Learning fran Earthquakes• (April, 1985),may 

be mentioned here, in relation to the earthqu~es of Friuli (1976) 

and off the Adriatic Coast (1979). Both earthquakes struck with 

high intensities (IX or more) sane populated zones, producing locally 

heavy losses. In each of the cases the population living in areas 

affected by intensities VIII or more was less than 100,000 inhabi-
' 

tants aJIJd the losses of lives were definitely smaller than in Mexico 

City. The CDllplex loss estimates mentioned durfng the seminar lliere of 
' 

5 billion US dollars for Friuli and of 4 billion Gs dollars far 

Yugoslavia. 

Note again_ that realistic loss estimates' are indispens.:ible for 
I 

carrying ou~ cpnparative cost-benefit analyses pf various possible 

protection or intervention policies, aimed to justify the most reas::>

nable of them. 

3.4. on the Development of Design Regulations 

Only some emergency problems are considere~ at this place in 

relation to the design regulations. Some aspects related to the emer

gency modifications /V.II.A.3/, that should be corrected were mentio

ned already in section 2.4. 
' 

rt was mentioned thetefirst that even tr~ provisionally increased 

factor "c" (c = 0.4) adopted, is unsufficient, since this l«'ll!ld imply, 
' ' 

in case of occurrence of a new similar evrrnt, e~aggerated ductility 

demands and consequently lack of control of blilding performance (the 

occurrence of a new motion with a response spec~n.m1 peak :of some 1 g, 
which is, according to the author's belief, rather likely within the 

next half century, would lead to ductility demands of s0rne 2.5 times 
' ' 

thedesign values O of the code). A first recanmendation ,is thus to 

tr ing the value of "c" into better agreement with the peak spectral 
' ' 
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values, calculated on the basis of instrumental data, or inferred, 

on the basis of other information available (as sug~ested to be 

done in section 3.2).A significant increase of the value "c" for 

Zone III may make sane classes of buildings prohibitive, but 

hazardcus buildings must be prevented any way from being built any 

more. Some reconunendations in this sense are given in section 3.7 

of the reports in connection with the future strategy of development 

o~ the building stock. 

It is, according to the author's belief, very important to 

introduce in the design code provisions on the layout and detailing 

of buildings and other structures, considering the structural and non

structural components both. As an example, the Romanian technical 

community is st.ron'JlYconvinced that the provisions of this nature,given 

in the Romanian code /IV.I.B.4/ are at least as important as the pro

visions of quantitative nature, concerning the design lOClds, the 

design stresses of materials etc. Given the experience provided by the 

on-site inspection during the mission, such provisions should concern 

the location of structures, the distribution of masses and stiffnesses 

along the height and in the horizontal plane (amphasis on dynamic sym

metry!) etc. The ductility requirements must be expressed in quanti

tative terms. For reir.forced concrete members this will mean limiting 

the compressive forces (average compressive stresses) in columns, li

miting of the average compressive stresses ~t the most loaded zones 

of shear walls, limiting of shear stresses in horizontal sections, 

limiting in spacing of web rein,f:>rcement in the zoneswhere post -

elastic behaviour ~s expected to occur (in order to provide confinement 

of the concrete), avoiding of short columns, avoiding of shear failu

res inm beams, avoiding of failure mechanisms to develop in nodes of 

frames and in columns etc. General reconunendations on the layout and 

detailing of steel structures are necessary too, because steel struc

tures are in no way automatically ductile (consider the performance of 

Conjunto Suarez). Loss of overall or local stability must be avoided, 
' 

the zones where plastic st.rain is to develop must be sufficiently ex

tensive, the connections must not permit brittle failure etc. Similar 
' 

provisions are necessary for masonry buildings or component~ of com

posite structures. Even in case there exist more detailed design pro-
' visions for some particular classes of structures, the gene~al guide-

lines must be present in the general earthquake resistant design re

gulation and a consistent philosophy must lie at the basi& ~f this 
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category of provisions and ALSt be alsoexplicitely presented. This 

philosop~y must be consistent with that of limitation of displacements 

(absolute and relative, both), of deformation or strain, such as to 

avoid dangerous P - fl. effects, severe damage to non-structural com

ponents and even alter.ation of the schemes of transmission of in

ternal forces due to exaggerated deformation (curvatmeof reinforced 

concrete members etc.). 

More strict provisions in relation to separations between neigh

bouring buildings or structures must be considered too, regarding the 

required distance· and the finishing elements. 

Attention should be paid also to the 3 D oscillations of buil

dings (note, as an example of practical approach, Annex iI of the 

Romanian code /IV.I.B.4/). 

Given the relatively short time interval between destructive 

earthquakes, which is in the range of a few decades, it is necessary 

to develop a philosophy of protection of buildings against several 

str~ng earthquake actions to occur during a normal life time. Minimal 

conditions in this sense would lead to consistent avoiding of non

ductile post-elastic performance and to limitation of post-elastic 

strain, i.e. to sufficiently con~ervati~values of the factor "O" of 

the design regulations. 

It is not possible to formulate here more specific reconunenda

tions, given the lack of detailed information on the structure of the 

system of building regulations of Mexico and on the general technical 

environment. What can be mentioned in this view is the need for a 

consistent treatement of the regulatory basis as a whole and, more 

specifically, particular attention to be paid to the cootdination bet

ween the regulatory basis concerning the design of new works and the 
' regulatory basis concerning the repair and strengthening of damaged 

structures and the evaluation of the existing building stock in re

lation to:the mitigation of seismic risk related to it (see section 
3.6 of the report in this relation too). 

3.5. On tHe Cevelopment of New Structural Systems 
I 

The exaJTlination of structures adversely affected by the earth

quake put :to evidence several shortco'llings of the structural solutions, 
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as mentioned in section 2 of the report. Among other, the direct 

experience of the 19 September earthquake has confirmed the fact 

yhat flat (waffle) slabs on columns are not an appropriate solution 

for zones of high seismic loading and this system shall not be used 

in future in its present form, at least in zone III. One condition 

to adopt better suited structural systems is represented by an im

proved regulatory basis, but this necessary condition is not suff i

cient too. The developnent of appropariate earthquake resistant so

lutions for large structures represents a demanding activity, which 

requires in many cases special studies to be carried out by research 

staffs, with approcriate means of engineering analysis and of phy

sical testing. It ~s thus desirable to organize a close cooperation 

of design and research staffs, in order to develop some pilot, or 

standard , solutions, for some types of buildings, such as to 

present a controlled safety degree for the specific conditmons of 

Mexico (especially for Zone III of the capital). The positive expe

rience of development of standardized solutions in some countries on 

the basis of extensive teams work should be considered in this 

connection. 

From another view point, without denying the importance of 

architectural and fUnctional aspects, it is not permissible to leave 

the architects the upper hand in developing the layout of buildtags, 

since this may lead (as it actually has during the pre-war period 

in Romania and more recently in Mexico City) to various shortcomings 

likeE!Ccentric bracings, discontinuities of main load bearing mem

bers, unbalanced distributions of stiffnesses and masses etc.). 

3.6. On the Mitigation of Seismic Risk Affecting the Existing 
Building Stock 

The direct experience of Mexico, as that of Romania and of 

numerous other countries has put to evidence the high risk connected 

with the existing building stock, due either to the lack of appro

priate protection measures adopted in design, or to the adverse 

effects of previous earthquakes or of other overloading sources. The 

existing buil~ing stock deserves special attention in order to 

mitigate the risk of severe future losses. The problem of mitigation 

of seismic risk has two main sid~s: development of appropriate repair 

and strengthening techniques and development of an appropriate 
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methodology of adopting and implementing the devisions on interven

tion. 

The design of repair and strengthening works for existing buil

dings is much more an art than the design of new buildings and 

appropriate education and experience are necessary in this view. It 

is necessary to consider, at the same time, the local aspects, of 

introducing new material which is to be well connected with the 

existing one, and the system aspects, of providing finally a struc

ture with an appropriate layout and with a satisfactory earthquake 

performance. It is highly desirable to develop a comprehensive re

gulatory basis, covering both aspects referred to. A useful guide 

in this sense may be represented by volume 5 of /VI.8/, which is 

the outcome of an international effort, in which experts of the 

Balkan region were assistad also by most ,\,;vmpetent experts of other 

regions of the world. The repair and strengthening works require also 
' 

the development of appropriate constructi,on techniques and eqliipment 

Given the dimension of the problem facing' Mexico City and perhaps 
' 

other regions of the country, it is sugge,sted to consider organizing 

of sone special enterprises, to carry out' pilot work, to check and 
' endorse work carried out by other ent~rprises. This could be 

a concern for the Camara Nacional de la' Industria de la Construccion. 

In relation to the repair and strengthening works the special case 

of some buildings that were damaged only ',slightly, but underwent 

strong uneven settlements,must be considered. It may be reasonable 

to consider, for such cases, the possibil~ties of relocating them, 

in relation to the modification of the foundation system. Such buil

dings could be moved by some tens of meters in connection with some 
' 

possible changes in the urban pattern. Some suggestions on this sub-

ject are given in section 4.2. of the rppbrt. 

The adoption of a reasonable decision on the intervention on the 
' existing building stock must rely, in prinpiple, on a more or less ex-

~licit cost-benefit analysts, that must rely, on its turn, on an 

appropriate risk assessment for the actu~l state of the existing 

buildings and for the alternative solutions on intervention conside

red to be feasible. The basic data to be considered in the risk asses-
, 

sm~nt are related to the seismic hazard to the vulnerability of the 

buil6ing stock and to the specific elements at risk. The evaluation 

of the existing stock is an activity dealt with especially in 

Japanese and American literature and the ~apanese report /V.II.A.9/ 
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presents extensive developments in this sense. It must be mentioned, 

in this respect, that the methodology presented at that place inclu

des the evaluialcbon and the adoption of decis~on. It may be reconunen

ded to consider in this context a different philosophy too, namely 

to use directly, from the methodology referred to, only the part 

that makes possible an assessment of the resistance (or, conversely, 

of the vulnerability) of the existing buildings, such as to leave 

more freedom in the adoption of decisions, considering other factors 

too(primarily, the subsequent lifetime considered as reasonable for 

some existing buildings, given the general pattern and strategy of 

urban development and, also, the r~le of a building in the urban 

fabric). One can consider, for methodological aspects, the excellent 

wo"L·k coordinated by Mexican specialists /VI .1/, developments of 

volume 4 of the UNDP/UNIDO Bal3an Project referred to /VI.8/, or 

the debate of the symposium /IV.I.B.3/. It is suggested to use, in 

ordeL to detennine the input for risk analyses, also the data on 

vulnerability (damage probability matrices) reproduced in /VI.l/, 

and those obtained more recently in Europe in the frame of Working 

Group B of the UND9/UNESCO/UNDRO Balkan Project /VI.7/ and in other 

countries too /IV.I.A.8/. Further on, it is desirable to develop 

practical criteria, suited for the Mexican conditions of differen

tiaation of the required degree of upgrading as a function of func

tional importance (including the consideration of elements at risk) 

and of subsequent lifetime. Finally, the decision on the interven

tion must be correlated With the general policy of urban renewal 

and development, considering the position of individual structures 
, in the urban fabric. 

' 3.7. On the St~tfgy of Future Urban Development 

The extent of damage and losses inflicted in 19 September 1985, 

' especially in Zone III (center) of Mexico City, as well as the high 

, likelihood of new seismic events of comparable severity in the not 

' too remote future, makes necessary the development of a consistent 

, strategy for the future urban development. It is not possible to 

' express here ideas about other regions of Mexico, due to lack of 

, appropriate information on hazard and on the features of the building 
, stock. 

The information on the seismic conditions of Zone III is conver

',, gent in demonstrating the tepEBtability of ground motions with response 

, spectra similar to those of 19 September. On the other hand, it is 
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une~onomical if not practically impossible to build buildings 10 or 

15 stories high to resist with sufficiently high probability ground 

motions with such spectra, using design ductility factors •o• with 

values of 2 to 4. It turns out that a building strategy must be de

veloped such, that only low-rise buildings (say up to five or six 

stories) or tall buildings (with fundamental periods somewhat larger 

than the period of the response spectra peaks) will Le built in future. 

The design regulations should be sincere, in penalizing buildings 

of hazardous heights (more precisely of hazardous fundamental natural 

periods) with values of the design spectra that are consistent with 

a response spectrunwith appropriate non-exceedance proba•ility. 

The strategy of urban development must consider in a consistent 

way the new developments and the existing building stocke A compre

hensive and consistent assessment of the risk affecting the center 

of Mexico City should be carried out in the nearest future and 

intervention priorities must be set on this basis. The task of miti

gating the risk is urgent, since the return period of ground motion 

with spectral peaks equaldn:]50% of the spectral peaks of 19 September 

may be in the range of 20 to 30 years and many of the damaged struc~ 

tures would not resist such a loftding if the¥ are not properly reha_ 

bilitated. 

Finally, it must be stated that the urban planners and archi

tects must closely cooperate with earthquake engineering specialists 

in order to set up an appropriate strategy of development. 

3.8. On the Development of a National Program of Earthql!ake 

Protection and Earthquake Preparedness 

The high seismicity affecting Mexico and in particular Mexico 

City makes obvious the importance of the development of a comprehen

sive national program of earthquake protection and earthquake pre

paredness. Such a program must encompass the pragmatic aspects related 

to the ~itigation of risk and to the preparedness to efficiently 

react under earthquake conaitions, as well as the scientific aspects 

related mainly to the ability to learn as much as possible in the 

event of future strong earthquakes. 

The pragmatic aspects dealt with must cover all the aspects 

of risk mitigation in new developments and in the existing ones, 

considering the possible direct effects as well as the possible 

• 
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secondary effects generated by chains of events. They must cover 

also the various facets of preparedness, related to the function of 

automated devices, to the reaction of humans, or to the availability 

of resourc~- and know-how required by emergency interventions. The 

scientific aspects dealt with must cover the installation and main

tenance of automated recording equipment, as well as the human 

preparedness for prompt and efficient post-eartnquake inspection 

(including inspection forms aimed to cover various· specific aspects, 

prepared such as to permit the storage of information in appropriat-! 
data banks ) • 

A primary pre-· requisite of successful preparedness is repre

sented by appropriate education measures at all levels, from the 

large public to the specialists asked to react in order to limit the 

earthquake effects and to scientists. 

It may be suggested to consider as a useful model the Japanese 

preparedness activities presented in /VI.5/~ 

4. FINAL REMARKS 

4.1. On the Event of 19 September 1985 

The earthquake of 19 September 1985 was evidently a major event, 

given its seismological characteristics, as well as its impact. It is 

important to derive from this event all lessons, which will surely 

benefit not only Mexico, but also the international community, from 

several scientific and pragmatic view points. It is therefore necessa

ry to provide to the highly qualified community of specialists of 

Mexico the whole necessary su~port in order to complete under best 

conditions the work under way. 

There may be mentioned some significant similarities between the 

events of Mexico (19 September 1985) and of Romania (4 Ma~ch 1977). 

The earthquake mechanisms were similar and the earthqua!:·~s originated 
' 

in sources zones that generate destructive earthquakes several times 

in a century. High intensities occurred in both cases at lar.ge dis-
, 

tances from ,the source and the most affected areas are in both cases 

the central 'Zones of capitals. The ground motion ~n the capitals was 

characterize',d by relatively long dominant periods, in both cases, 

such that ta,11 buildings were mainly affected. There existed, in both 
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cases,a large building stock built to resist earthquakes that was 

subjected to high seismic intensities. Given the high probabilities 

of occurrence of similar events within the next ~ew decades in both 

countries, an exchange of information and of experience is of ob

vious mutual interest. 

4.2. On Some Suitable Subsequent Activities and Proj.~ct~ 

The proposals to organize UNDP assistance projects, at the 

national and regional levels both, presented in /V.I.l/,are most 

welcome and deserve all available support. It may be mentioned in 

this respect that the experience provided by the recent destructive 

earthquakes of the Balkan region (especially those of 1977 in Romania 

and of 1979 off the Adriatic Coast) should be transmitted to Mexico, 

using the services of interdisciplinary teams of ~pecialists. Among 

other, it may be mentioned that the experience acu.~ulated during the 

last years in Romania in relation to the relocation of several buil-

dings (especially historical monuments), could b rticularly useful 

for Mexico City, where relocation could represPnt a unique solution 

for rehabilitating some buildings relative!~ . :Jhtly damaged, but 

having undergone important post-earthquake diff~-~ntial settlements 

(note that buildings with masses of hundreds 1ousands of tons 

were displaced in Romania at distances of teJ'lc;, or even h1Jndreds, 

of meters and that, in residential buildings ~ving been moved the 

inhabitants continued their normal li~e, dipposing of all services, 

like power, gas, water etc.). The positive eAperience of Romania in 

developing, repair and strengthening solutions for r.c. members using 

epoxy injections and plating with fiberglass fabric embedded in 

epoxy resins can be mentioned here too and recommended for application 

under the conditions of Mexico City. A visit of Mexican specialists 

to Romania and /or conversely, of Romanian specialists to Mexicu, to 

provide detailed information on the actmal possibilities, would be 

suitable in this relation. 

• 
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N:>. Title Source 

RP.l Preliminary epicenter locati01"1 Fig.l of /V.II.A.7/ 

RP.2 IDcation of digital accelerograpis in Fig.2 of /V.II.A.7/ Mexico City 

RP.3 Subsoil zonation of Mexico City Fig.3 of /V.II.A.l/ 
• 

RP.4 ~il profiles in Mexico City Fig.4 of /V.II.A.l/ 

RP.5 ~ depth curves of the deep deposits Fig.5 of /V.II.A.l/ 

RP.6 IDcation of col 1 apsed or severely Fig.l of /V.II.A.l/ 
damaged tuildinqs 

RP. 7 IDcation of damaged zcmes Fig.2 of /V.II.A.l/ 

RP.8 Itesp:>rlSe spectra, ·Mexico City,CU,outdoor Fig.8 of /V.II.A. 7 

RP.9 Re."PQDSE! spec tra,Mexioo City, Tacubaya rig.14 of/V.II.A.7/ 

RP.10 Resp:>nse spectra, Mexico City, Viveros Fig.13 of/V.II.A.7/ de Coyoacan 

RP.11 :Response spectra, Mexico City, scr Fig.10 of /V.II.A. 7/ 

RP.12 :Response spectra, Mexico City, Qie A , Fig.12 of/V.II.A.7/ front of refrigerator 

RP.13 Response spectra, Zacatula, NS Fig.10 of/V.II.A.8/ 

RP.14 Response spectra, Zacatula, EJi Fig.11 of/V.II.A.8/ 
' 
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ea,.cit1 ane eapal;ility in eartbquake DJillftri~. ~ ht.iu of' 
t.he ll'OllP IUIC1 in4iric1ual member• are .-u-isee u t~ovs: 

- ftmly '&.be bebariour ancS sit.•tiOD of .ri011• 't.JPe• ~t bldl 4ings 
( fUllJ' ~e4, leas a.-,e4, anc1 wll •intained), e~ssif) tbe 
t.nes of 11ui14i~s such as brick ••ODJ"7, FeintOJ"Ce4 cqncrete steel 
structarea, J'J'e1'abrieate4 builtinr:•, ft'ee4 or nll t.~ buil4iDFs, 
etc • 

' 

- St.11111 t.be moil COD4itiODS an4 t,,,e1 or f'oan4atiODS ~f ftJ'iOUI 
builti.,• ua uaess to wbat ntent t.'he soil an4 toana.tions eauaec1 
t.he neat. eanbquake eatutrop'he. 

- Mri1e t.he Maiean endneerinr institate (Jllstit.ato'te JDgenien 
4e l• VI»~} an t.be wa7• anil •an• O! 4e1i,-n, MtbOlolot.Y uc1 
construction or buil4illf."• resistant uainlt eanbquat.e1. 

' 

.. tWsuli. ua a4viae ir> dnelo;'inr mettd• ant! t.ecbniques for 
strnrt.beniar. ua F.,,air of' t.ht- •-•d builcSi.,,s, also 
•eolist.iar. •stable buildiar1. • •.. / •. 



t\lalifications: 

:6ackground 
infonaation: 
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- conlUlt and -4riae tor at.~henin« or Dall un~ed buildi"'~ 
in naral areas for protect.ion •ainat. tuture earthquakes. 

- ReYiev tbe exist.inc refnllat.ion• and st.andarcls tor 4esiam and 
constructior: of buil4i~ resiat.ant arainst. seisaic forces. advise 
if iap!owia, the exiatin« re«Ulations is founcl necessary. 

AboYe aentioned duties vill be carried out bJ 11eus of risitin« 
t\ally an4 less 4-fred buil4i~s in the cit;, and alllO outsi4e. 
baYiM 11eeti~s. discussions. Yiaiting the research institutes. inspecting 
the research actiYitiea • giring lecture• an4 bariorg exchange or 
technical information vi.th aembers of the t.eaa an4 local gpeci&list.•. 
etc. 

Tbe expert vHl also be exvected to prepare a final report. aettiM 
out the tinc!iD«• of his consultancy aiHion u4 alao a •et of 
rec~nc!ations to the GoYeraaent. on f'urt.her action which aip;bt 
be taken. 

Ciril/structural engineer vitb high minnity 4egree an4 a ain:U:mm 
or 15 ;rears' experience in earthquake eugineerin«. research. 
4esip and conatruction of buildinp. 

!aJglish 

F.arthquakes have bad catastrophic consequences because structures 
have not been properl;r c!esiped and many ll&fet.7 panaeters baYe 
not been taken into consideration both 4uring tb c!HilED an4 the 
con!'truct.ion sta«es. 

It is essential for countries situated in earthquake zones to 
consi4er tMs tacts wery seriously and imprOYe their construction 
industry in order to ain:imbe the natural 4i .. ster consequences. 

Follovin« t!:Je earthquake of 19 and 20 September 1~5 in !lilexico vhich 
destro;red a lar'-e JMDber or builc!ings in Mexico City and many other 
JIJ'O'f'inces • the Goverment bas ur~ently re~ested l1lrl00 to share the 
experience gained in UJ'III'lO'• preTiou• !'J'C)Jects c!eali"' vitt earthquakes 
in other countries 11nd re~iona. 

Since the- early 1970•' tmIDO bas experience in a11tiati°' the !&Utan 
states in pro,ect• dealin~ vitb the construction an4 rehabilitation 
or buil4in«! art.er earthquakes. It is consider~ bb:hly c!esirable 
tor t.'lm'>O to introduce and exc~e intonation vith the ~xican 
Authorities on lT?;IDO'• auistance in this area. 

• 

• 



• 

.. 

• 

.. 
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ANNEX II 

PERSONS CONTACTED DURING MISSION 

lH>P Mr .G.Silva A. , :Resident Repiesentative 

Mr .J .Ayza, Alto Asesor I'ldustrial EKtrasede 

Ms.E.Schmecher • 

'WAMf_l ue I: Mr. L-Esteva M, D:in!ctor 

Mr. R.Meli ". , Sublirector 

Mr. E.R:>senblueth D. 

~C: 

Uliv.of 

California, 

Bekeley : 

anbassy of 

JDnania : 

Mr. E.Mirarda M. 

Mr. M.Chavez G. 

Mr. F .Scl.iehez - Selma 

Mr. G.Ayala 

Mr. M.R:rlD O. 

Mr. J .Prince 

MS. S.Ruiz 

Mr. M.Mendoza 

Hr. R.()laas W. 

Mr. E.Mena S. 

Mr. x.Chen 

Mr.ff.Esqueda H., Technical Director 

Mr. v .Bertero 

Mr.R.Clough 

Mr. C.Babalau, Ambassador. 



Saturday, 4 J~ : 

suroay, s JaruaI'Y : 

Mlnday, 6 January : 

'l\leSday, 7 January : 

WE!dne!Day, 8 JanUacy : 

'lblrsday, 9 January : 

Friday. 10 January : 
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DIARY 

Departure ftan llJCharest, flight 

K> 237 to tbirid. 

Arrival to Mexico City, flight 

IB 971. 

Meeting at the atilassy of R:mania, 

with Mr .c.BabaJau. 
Meeting at 

Mr .J .Ayza and Mrs. E. Sclunacher. 

MeetiD;Js at mAM /II with Mr.L.Esteva 

and Mr .R.~i,drafting of mission 

pcugzam. 

Meeting at tmOO ,IMexi.co with Mr .J. 

Ayza and Mrs.E.Schlnacher, Field 

visit with Mr .E.~ at the area 

with damaged DDdern bliJdings {Paseo 

de la :Refonna - A~J.Chapultepec -

c. DJrangO - c.r.acatecas>. 

Meeting at m!OO,IMexico with 

Mr .G.Silva A., Mr .J .Ayza and Mrs.E. 

selunacher. Field visit at the area 

with damaged older and no5eni 

bl.i.Jdinqs {C.l)OJK:e].es - Av.Hidalgo -

Av.Juarez - v.carranza). 

Field visit with Mr.E.Miranda 

{Av. Rio de la toza - Fray Servan:X> 

Teresa de ~-er, c.Chimalpopoca -

c. :>rocongo) • 

Meetings at WAH with Mr .E.R:>senblueth 

Mr .x.Chen and Mr .M.Qlavez. First 

lecture ("Probability Baaed Criteria 

for Checking F.arthquake Resistant 

Structures"). 

• 

" 



• 

• 

Saturday, 11 January, 
SUrday, 12 January : 

M:xday, 13 January 

TUesday. 14 January 

Wednesday, 15 January : 

'lhlrsday, 16 January 

Friday, 17 January 

Saturday, 18 January : 

Sunday, 19 January 

M>may, 20 January 
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Free. Sightseeing, ~co City, 

Teot.:ihJar-..an. 

Meeting at WIOO ,IMexioo with Mr.J.Ayza. 

M:!eting at llW\l'II with Mr.J.Ayza and 

Mr. i.Esteva. Meetings at ttiAM/II with 

Messrs.V.Bertero a....m.Cloi..:.gh;=-ir .?Eli. Visit 

to Laboratory of nynar._" :::s. ~tings at _ 

t.IWVII with: Mr. F .sanchez - 5elma ;Mr. G. 

Ayala. 

Meetings at lNAM /II with :Mr .M.R:m:>; 

Mr .J .Prince ;Ms. s.Rl.iz. 
Meeting at Cl't"IC with Mr.H.Esqueda. 

Second lecture ("Vulnerability and Risk 

Analysis for Irriividua.l Structures and 
Systens•). 

Meeting at llW'VII with Mr .H.f.Bldoza. 

Meeting at tlWVII with Mr .R.().laas; 

Mr.E.Mena. 

Closing meeting with Mr .L.Esteva, 

Mr .E.R:>senblueth, Mr .R.Meli, Mr .M. 

C1lavez, Mr.M.R::m:>, MiS.S.Ruiz. Preseri

taticn of first findin:Js and suggestions 

in relation to the mission. 

Meetings with ~Mr. E. R:>nseblueth; 

Mr.M.C1lavez. 

Final Meeting at UNDP/Mexico with 

Mr.G.Silva and Mr.J.Ayza. 

&.mnary of mission • 

Meeting at the Dnbassy of R:Jnania 

with Mr .c.aab.alau. 

Free. Sightseeing. 

Departure fran Mexico City, fliqht 
Uf 4 81 , to Frankfurt. 

Departure fran Frankfurt, flight UI 3 5 4 

to Buda~st. 

Arrival at Bucharest, flight R). 234 
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'lmlNICAL !XXlH.NrATICN TIWS-lll"lm 'ID ~INSTl'lUl'O IE 

~ AND 'ID CNl\RA NN:ICNAL IE IA INIX1S'I'RIA !E IA 

CXH:i'l'KlXIW (List) 

I. tNAWnmnuro IE num:ERIA 

A. In English 

l. N.Ignatiev :Bepair aid Strengtheninq of a:tlr.forced C'a'.crete Structures. 

12-~.h FAEE Regional smtinar on Ea.rtJ:quake Engineering. HalkidiJtl, Greece, 

1985. 

2. v.&alevras :Seisnic E\raluation of EXisting Reinfo~~ emcrete sw~-tu

res. Ibid. 

3. H.Sancli :'!he Decision oo the Intervention oo EXisting Structures: 

Alternatives aid O>st-Benefit Analysis. Proc.4-th Intemational Cl:Xlf. 

of Applications of Statistics and Probabilities in Soil and Structural 

fn;Jineerinq (ICA5P-4), Firenze,1983. 

4. H. Sandi: Analysis of Seisnic Risk for Geographically Spread System;. 

Proc. International o:mf .on Structural Safety aid ~iability (lttSSAP.' 

85), Kobe, 1985. 

5. H.Sandi :Sane Technical Aspects of Technical PreparEdness. Notes oo the 

IDnanian Experience. Proc. Intemational seninar •tearning fran :Earth

quake S1to be published by IH>R), Geneva). Perugia, 1985. 

6. H.Sandi : Engineering Aspect!: ard Possible Refinements of the Concept 

of Seisnic Intensity, 12-t.h FAEE Regional Seminar on F.arthJuake Engine

erinq, Halkidiki, Greece, 1985. 

(with Appendix in ltr.lanian ~inq the processing of sane instrunental 
I 

data obtained in Mexico City during the 19 September 1985 ,~). 

7. H.Sandi : Probability Based G:riteria for Checking EarthJuake Resistant 

Structures. Ibid. 

8. H. Sandi (ooordinator) : ~rt to the 8-th European C.."lRference on 

F.artlquake Engineering (Lisbon,1986) on "Vulnerability aui Risk Analy

sis for Individual Structure8 aris Systems" (draft). FAEE ~king Group 
I 

5, 1985. 

• 



• 

• 

• 
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a. In lbnanian 

1. St.Balan, V.Cristescu, I.O>mea (editors) : '!be lOnan.ia F.arth;luake of 

4 M3rch 1977. Fditura h:ademiei. Bucharest, 1983. 

2. H.Sarrli ~Elanents of Structural Dynamics. Fditura Tehni.ca, Buchare.:.-t, 

1983. 

3. lbnanian National o:mnittee on~~ P.ngineering :Proc. Symp. ~ 

Structural Safety of Residential Buildings ;Evaluation of the revel of 

F.arthquake Protection am Proposals for Mitigation of Risk Affecting 

the Existing Building Stock, Ploiesti, 1984. PUblished in Construct.ii 

3, 1985. 

4. Ia::POC (central Institute for Research,' Design and Qridarx;e in Civil 
I 

Engineeri...-ig) : OJde for F.arthquake Resi~t Design of Residential, 

Social, Agricultural Buildings am IrdlStrial Structures, P-100-Sl. 
I 

O>llection of Q:ldes am Instructions, B\JC}larest, 1982. 

II. CNIC 

~he sdme as I.A.5 above 
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ANNEX V 

'lmlNICAL IXXlKNI'ATICN REX:F.I\<"ID FKM 

tm:oohECICX>, t.IWVINS'lT!Uro IE DGNIERIA A..'"f:> 

CNmRA NACICNAL IE :NnJIERIA II:: IA CXH>TIUx:ICN (List) 

I. t.mDO.h£XICD 

1. r..Csorba, 

H.O.Ianda 

(tHP OJnsultants) 

Rep:>rt oo the Mi.s..c;ioo to Mexico 

14 R:M!'li>er - 15 Dec:erriJe.r 1985 

II. llW\/INSTI'lUro IE DGNIERIA 

A. Reports 

1. CIWVII 

2. U!WVII 

3.: x x x 

'5.' E.Mena 
' ' 

'et al. 

' ' 

, 6., R.()laas 

'et al. 

El t3nbl.or del 19 de septianbre de 1985 y SUS 

efectos en las constnx:ciones de la Ciudad de 

~-
' 

i.'lfo1111e preUminar del Instituto de Ingenieria 

de I.a t.m.versidad Nacional Aut:.orx:Jna de Mexico, 
' 

el 30 de septiE!IDre de 1985. 

Efectos de los sisrcs de septiE!IDre de 1985 en 

las c:bnstrucciones de la Ciudad de Mexico. 
' 

Segundo infonne del Instituto de IRJenieria de 

la universidad Nacional Autoruna de Mexico. 
' 

Novi~ de 1985. 
' 

M:di(icaciones de S'lergencia al regla.-nento de 

construcciones para el Distrito Federal. 

Acelerogramas en Ciudad t.m.versitaria del sisrc 

dcl l~ de septiE!lilre de 1985. Informe IPC-10 A, 
Septianbre 20, 1985. Instrunentacion Seismica, 

Insti~ de Ingenieria, l.IM. 

Acele%-ograma en el centro SCD' de la Secretaria 

de carunicaciones y transportes. Sill'ID del 19 

de ~fmbre de 1985. Infonne IPS-10 e, Sept.ian

bre 21, 1985. Instr\Jnentacion ••• (etc). 

' 

IDs dos acelel'091'amas r.1el sian:> del 19 de septiem- , 

bre de 1985, obtenidos en la Cent.ral de abastos 

en Mexico, D.F. 

Inforile IPS-10 C.Septi.a'ltlre 23, 1985. 
' 

Instr\lnentacion ••• (etc). 

• 



• 

• 

7. J.Prince 

et al. 

3. E.M:ma 

et al. 

9.'llie Japan 

International 

OX>peration 

1qea::y Mission 

B. Papers 

1. E.a:>senblueth 

2. E. a:>senblueth, 

C-Ferregut 

3. E. a:>senblueth 

4. E. a:>senblueth 

Kanneslui 

Han P.H. 

5. F .J .Sanchez-5esma, 

J.A.Esqu ivel 
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EspectJt>.s de las carp:>nentes h:>rizonta.les 

registradas por los dos acelerografos digita.les 

de M:!xico D.F .SisnD del 19 de septierbre de 1985. 

Acelerogramas en V~eros y en Tacubaya. 

Ir~onne IPS-10 D. O::tubre 1,1985 

:rnstnnentacion • • • (etc.) • 

Analisis del acelerograma "Zacatula" del sisno 

del 19 de septienbre de 1985. 

Proyecto 5741. 

Infonne IPS-lo E.o=tubre, 1985. 

:rnstnnentacion • • • (etc.) • 

Rt:c.umer.dations on Damage EValuation, Repair 

and Strengthening fC'r Bni J dings Damaged by tl'x! 

Septanber 19-2o, 1985 Mexico F.arth:}l.lakes. 

Report SUbni.tted to the Department of Federal 

District of Mexico by the Japan International 

Cooperation 1qea::y Mission Dispatched to Mexioo 

fran October 19 to November 22, 1935. 

en the Processing of D:Jubtful Information : Part 

l : Ger.era! '11'leory. 

Paper rt:>.5, Aug.1983, Inst.for Risk Research, 

Univ. of waterloo, entario, Canada. 

en the Processing of D:>ubtful Information 

Part. 2 :Gaussian Distrib.ltions 

Paper rt:>.6, Dec.1983, Inst. for Ri.sk Research, 

Univ. of waterloo, entario, canada. 

Use of Statistical Data in Asses~ing IDcal 
Seisni.city • 

Inst. de Ingenieria, t.JNAM • 

Max:inun Entropy and Discretization of Prombility 

Distrib.Jtions. 

Inst. de Ingenieria, UNAM. 

Ground M:>tion on Alluvial Valleys W1der Inci.c'!ent 

Plane SH waves Bull SSA, Vol.'39, No.4, Aug.1979. 



6. F.J.Sanchez-Sesma 

7. F.J.Sanchez-Sesma 

8. M.Chavez, 

D. de IsJn 

9. M.Chavez 

M.P.R::ltD 

M.ArJ:oyo 

c.~ 

1. WAH /Ide 

D. Records 

1. UNNVI de 

I 

I 
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Diffraction of Elastic Waves by 3-D Surface 
Irregularities. 

Bull.SSA,Vbl.73,No.6,Dec.1985. 

Diffraction of Elastic SH waves by Wedges. 

Bull. SSA, \bl. 75, N:>.5, o::t.1985. 

Reliability of Nonlinear 5ystens with L"racectain 

Parameters and Raman Seisni.c Excitation. 

Proc. BW:EE, San Francisco,1984. 

Probabilistic Site Dependent Design Spe::tra 

for an NPP 

Inst. de Ingenieria, WAH. 

~ps of the EK-lakes Of fetioo, D.F. 

Di']ital Strong ~n Records of the 19 

September 1985 Event. 

III. CAr1MA tw::ICN\L DE IA !NOOSTRIA DE IA ~ICN 

i. orrc 

2.ICIC 

Cbnst:ruccion. No. 364, 

Febrero de 1985. 

().le es ICIC. 

• 

" 

• 



• 

1. c.Iamitz, 

E. R:>senblueth 

(editors) 

2. S.K.Si.ngh, 

M. R:ldriguez, 

J.M.Espimla 

3. J.Tonda 
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Seisn.ic Risk and EngineerinJ Decision. 

Elsevier, Amsterdam-Qcford-New York, 19 7 6. 

A cataloq of Ehallow Eartl'quakes fJ:an 1900 to 

1981. 

Inst. de Geofisica, UM, MeKi.oo City. 

Articles on the eartl'quake of 19 Septmtier 1985. 

El Dia, Mexico Cityr9,10 and 11 DE!CE!Diler 1985 • 

.i. EERI o:mnittee '!be Anticipated TOkai F.a-~ :Japanese 

on the Anticipated Prediction and Preparemess ~vities. 

'lbkai ~ EERI PUbl.ication ~.84-05, June 1984. 

5. IAEE F.arth:}uake :Resistant Regul.ati.als of the w:>rld. 

6. woro 

TOkyo, 1984. 

Natural Disasters and VUlnerability Analysis. 

Report of Expert Group Meeting tH>K>, Geneva, 

1979. 

7. UNDP/L'NESCX>/UNDOO Final Rep:lrts of w:>rking Groups A,B,C,D,E. 

Project REIV79/014 t.JNESO),Paris,1984. 

"~ Risk 
Reluction in the 

Balkan :Region" 

8. UNDP/UNIOO Manuals, volumes 1,2,3,4,S,6,7. 

Project REIV79/015 ~,Vienna,1984. 

"BuildinJ a>nstruction 

under Seisnic eomitions 

in the Balkan :Region" 




