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1 INTRODUCTION 

Ever since the beginning of its construction in 1573, Mexico 
City’s Metropolitan Cathedral has been subjected to a gradual 
differential settlement process due to the soft lacustrine clay stra-
ta that underlie it. Geotechnical studies to understand the prob-
lem began in 1986, when the maximum settlement was 2.40 m 
and the west tower had tilted 2.1 degrees. The buried remains of 
heavy Aztec pyramids at the site have had a very strong influ-
ence in the local peculiarities of settlement distribution. 

If no corrective measures had been taken, future settlements 
within the next 65 years, could have reached almost 5.5 m and 
tilts in the west tower close to 5 degrees. Strong earthquakes as 
the one that hit the city in 1985 could very possibly bring about 
the collapse of the western tower and cause great damage to the 
structure as a whole.  

In 1992, local authorities accepted underexcavation as a safe 
and reliable technique to induce corrective settlements. Under-
excavation began in 1993 and when it finished in 1988, the 
maximum induced corrective settlement reached 88 cm and the 
tilt in the western tower had been reduced in about half a degree 
of arch. It was later decided to harden the subsoil selectively in 
order to obtain a more uniform distribution of compressibilities 
within the clay mass. Further details may be found in previous 
papers (Tamez et al, 1997; Ovando-Shelley and Santoyo, 2001; 
Santoyo and Ovando-Shelley, 2004). 

2 SOIL EXTRACTION AND SOIL HARDENING 

Work in the Cathedral began in 1992 with the excavation of 32 
circular shafts 15 to 24 m deep to reach the deformable soft soil 
layer. Underexcavation began in August 1993 and was carried 
out for nearly 4.5 years over which l 4 220 m3 of soil were ex-
tracted. 

The north part of the structure descended 88 cm and tilts in 
the west tower reduced in about half a degree. In applying the 
observational method, the structure was instrumented with an 
ensemble of electronic plumbs, wire references and surveying 
points to follow its behavior as soil extraction was performed, to 
ensure that the induced settlements were effective and could be 
tolerated by it. 

From the analysis of the results at two field trials, it was de-
cided to create a mortar structure in the soil mass below the Ca-

thedral by means of slender mortar cylinders or rigid inclusions, 
30 cm in diameter, and vertical mortar sheets 2 to 3 cm thick. 
Grouting over selected areas started in mid 1998 and was done in 
three stages to adapt it to the structure’s response, i. e. applying 
again the Observational Method. Grouting ended in 2001; 571 
inclusions and grouting points were used. 

The effects of grouting can be appraised by the fact that pres-
ently the maximum settlement rate is only a small fraction of the 
original one (less than 10%). This means that if the present set-
tlement rates are maintained in the future, the unstable geometri-
cal condition will have been avoided. 

3 FINAL COMMENTS 

The Project for the Geometrical Correction of Mexico City’s 
Metropolitan Cathedral has been a most successful and enlight-
ening experience. The techniques developed in this project and 
the experience gained in it have led to devising new procedures 
for correcting tilts and differential settlements of buildings, mod-
ern and ancient, in Mexico City, using the underexcavation 
method. Over the last 15 years more than 60 buildings, 5 to 16 
storeys high, have been returned to the vertical and a new tech-
nique for underpinning light structures, also developed in the 
course of this project, is now becoming popular in the city. We 
also believe this experience can shed light for solving other simi-
lar problems elsewhere. In the case of the conservation of archi-
tectural or historical monuments, underexcavation, a non-
obtrusive method, is highly appealing. 
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ABSTRACT
This note provides a summary of the main achievements obtained during the project for the geometrical Correction of Mexico City’s
Metropolitan Cathedral by means of underexcavation and selective soil hardening. Underexcavation and soil hardening are now two
important tools for correcting inclined buildings affected by differential settlements in Mexico City. 

RÉSUMÉ
Cette note technique relate les résultats obtenus durant le projet de correction géométrique de la Cathédrale Métropolitaine de Mexico 
par sous-excavation et traitement sélectif du sol.. La sous-excavation et l’amélioration du sol constituent maintenant deux utils impor-
tants pour redresser les édifices inclinés sous l’effet des tassements differentiels à Mexico. 
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