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A.zero was kept again by an open draining.

Searoh after the settlement of the soil surfaoe surrounding the foundation pit« During the digging 

of the foundation pit some fixed height-points (see Appendix 1, points numbered 1 till 10), required 

by the construction, were brought on the surrounding field. By a levelling the height of these points, 

in regard with distant points of whioh the height was exactly known, was fixed and regularly inspected. 

It was stated that, the draining of the foundation, set going, the fixed height-points permanently oame 

to lower level.

On Appendix 3 is a graphic representation of the settlements of these points 1 till 10. It oan be 

seen that:

1. All settlements had about the same oourséj

2. During the period of the open draining and the first months of the well-point system the inorease 

of the settlement was greater than that during the period in which a oonstant gauge was upheld by the 

well-point system;

3» After finishing the well-point system no settlement of the soil surfaoe took plaoe.

As the settlement of the soil surfaoe could be explained only in oonneotion with the ohanges of 

the groundwaterlevel, in oonsequence of the draining of the foundation pit it was desirable to know 

the rising of the groundwater below the soil surfaoe. To know this, a gauge tube, that reached with 

its lower side below the layer of peat, was placed at every point of which the height vras regularly 

controlled and in which the rising of the groundwater was measured.

On the Appendix 3, h, 5 and 6 are marked the settlements of the soil surface and the corresponding 
groundwaterlevel for the observation points 1, 2, b and 5* From this information it is apparent that 

in the points referred to, the level of the groundwater was lower than the lower side of the d a y  and 

peat oomplox.

As it is ds o  of importance to know the expanse of the settling ground severd fixed points were 

placed till a maximum distanoe of 1500 m from the foundation pit. The height of these points was 

regularly controlled. At some of these points a gauge tube was placed to measure the groundwaterlevel. 

From the gathered information could be deduced that, in the points, of which the rising height of the 

groundwater was above the lower side of the peatcomplex, the soil surface had settled too (see Appendix 

7).

By means of the measured settlements of the soil surfaoe the limitations of the ground oould be 

fixed. On Appendix 1 this limitation and dso the one of the ground in whioh the settlement of the soil 

surfaoe was more than 15 om i6 marked.

Conclusion. Cause of the settlements must be sought in the consolidation of the layers of peat, result-' 

ant on the reduoing of the groundwaterpressure. The extent of the settlement is ohiefly dependent on 

the extent of the pressure reduction and on the compressibility of the various layers. At greater dis­

tances the settlement was less than that at the shortest distanoe of the foundation pit.

The slump of the soil surfaoe settled up to a distanoe of about 1000 m from the pit at the north 

side. That the slump settled up less in the direction of the river Lek, finds its explanation in the 

circumstance that the thiokness of the layer of peat deoreases and on some places the layer of peat is 

missing entirely.

The nearness of the river, too, will have exerted influenoe on the rising of the groundwater.

No. F-ll THE NATIONAL THEATBE BUILDING AND EFFORTS MADE TO PREVENT ITS FURTHER SINKING

Jose G. Ledesma, Commis. Engineer, Mexioo City

The Nationd Theatre building is located on the Eastern end of the Alameda Park with nearest 

oonstruotions on its Eastern side and the furthest towards the West. The lot on which it stands was 

the site of the Santa Isabel Church and Convent, both of considerably more weight on the Eastern and 

Southern faoades than the Theatre struoture.

Tho struoture has a steel frame planned by Mr. William H. Birkmire, an engineer from New York City, 

according to instructions and data sumministered by the arohiteot in oharge, an Itdian, Ademo Boari.

The firm Milliken Bros, of New York ware oontraotors for the frame, part of whioh they built in New York 

and the rest in Germany.

The outside walls are oonorete, 17.32 inohes thiok, end fill the spaoes between beams and oolumns 

of eaoh story.

The faoades are thiok marble anohored with metal hooks to the structures and resting on the grillage 

of the foundation. All marblostone used is from the native quarries of Mexioo as follows: the base, red 

sepia marble from Tenayo, Yautepec, State of Morelos; the wall faoings are in white marblestone from 

Buenavista, State of Guerrero; mouldings and ornaments in white orystd and olouded marble from Tatatila, 

State of Veracruz, end the statuary marble from Carrara, Itdy.

Inside irnlls are, some in oonorete 17*32 in thick, and others in "Roenmbling" brick, 2 and 5 inohes, 

the former resting on beams and the bricks bonded to the struoture. One oannot help but notioe the ex­

treme heaviness of the oonorete walls and. vaults, so unnecessary in the oase of a steel frame building» 

they oould havo been greatly reduoed without affecting the arohiteoturd plans in any way and yet, econo­

mizing in weight and oost.

Steel frame runs throughout the bdoony, boxes, gdlory and the stairways that give aooess to them,



dressed with "Roembling" briok and deoorative plastering.

The flooring consists of heavy girders locked to the main beans and seotioned. They have a load 

capacity of 2200 lbs per 1.20 square yard.

Foundations. The foundations of the structure vras planned by engineer Birkmire and oonsists of a metal 

grillage set in a double oourse of trussed girders. Those whioh form the base for the oolumns and main 

walls have a 24 inch height at the arch and their weight varies, according to the load, from 80 to 100 

lba per foot; those that distribute the load over the foundation bed are 15 inohes, and their weight from 
h2 to 60 lbs per foot. All axes are trussed and the reoeiving girders loaded at the ends. The disposi­

tion of the girders in all round towers is radial. The grillage rests on individual conorete beds 52 in 

thiok and the whole solidified in oonorete. There are 210 oolumns symmetrically distributed over the 

longitudinal axis of the struoture (North by South), with both loads balanoed.

Loads.

DATA

Surface of the Conorete Platform 7*450

Surface of the Steel Grillage 4,249

Conorete volume 17,94l 

Conorete weight, 23OO kilograms
per cubio meter--------------  141,264»300

Weight of Steel grillage 1,667*210

square meters
n 11

cubic meters

kilograms
It

Total weight of Platform 1|2,931>510 kilograms

Column loads lj4,525,000 "

Total weight —  87,^54,510 "

Sinoe the oonorete platform distributes the loads to the area of the soil, the load per unit would 

be 87,454,510 kilograms divided by 7*543 meters sq.f or 11,739 kilograms per square meter, that is, 

1 .1 7 4  kilograms per sq. oentimeter.

Sinking Motion. After the platform was finished, it started a uniform sinking motion reaohing after the 

first six months a level 0.073 meter below. Afterwards, it sank lower at the gravity center, leaving a 

slightly oonoave part on the surfaoe. In order to level all steel struotural ooluiims their foundations
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were wedged with steel plate.

The sinking motion oontinued uniformly until 1907j however, when the structural steel frame was 

ooiapleted and the walls started going up, the platform sank lower on the southwest sides after a few 

months the inclination changed towards the Northeast; hence, the movements were faster on the Western 

facade (on the Park side) than on the Oriental side (towards the Post Offioe building), both faoades 

showing a sinking motion from South to North (stronger on the Western side). Also, the Northern faoade 

was sinking more rapidly than the Southern faoade and both showed inclination towards the West so that 

the lowest corner was the Northwest.

An investigation was started to find out the reason for this behavior of the subsoil» it was fig­

ured that, on the Eastern side (towards the Post Offioe), the subsoil would be of a more compaot nature 

on aocount of the weight of the old constructions of the church and convent of Santa Isabel, but that 

the weight of the new Buildings of the Post Offioe and the Mutual would influenoe the sinking motion 

towards that side.

Several pits were dug around the platform in order to study the behaviour of the under ourrents of 

water and the fluctuations in their level and it was found that there was a stream of water running in 

a Northeast direction whioh seemed to be the connection with the sinking axis of the platform.

Sinking Causes. The sinking below surfaoe of the entire building is due to the mistake of having allow­

ed a greater load than the subsoil of the City of Mexico can stand; moreover, after having excavated 

down to 2.50 and 3»50 meters to form the bed for the ooncrete platform, at a level where the subsoil is 
quite insecure. The concrete load of the platform weighs 41,264,300 kilograms and the metal grill for 

the foundations 1,677,210 kilograms. So that, minus a small difference, the ooncrete in the platform 

weighs as much as the upper structure and by itself, only a load of 544 grams per square centimeter, 

which represents a fair load for this type ground.

The deformity noted towards the oenter of the platform was due to the concentration of pressures 

towards the central point and its disadvantage counteracted by the plaoing of wedges beneath the bases 

of the columns as stated before.

Means Employed to Cheok the Sinking Cofferdam. To oounteraot the effeot of the undercurrents of water, 

it was decided to build a oofferdam, and engineer John N. O'Rourke from New York was called upon, as his 

reputation in this line was very high. The plans submitted by Mr. O'Rourke included a cofferdam con­

structed with material known in the United States as interlocking oorrugated steel sheet piling, to 

surround the platform at a distance of three meters. The sheet iron forming the cofferdam would be 25 

feet long and were to be bonded to the platform by means of caissons of conorete.

In order to better point out the advantages in general of oofferdamming and in this particular oase, 

to the suggestion made by Mr. O'Rourke, we must make a brief analysis of the reasons for the sinking of 

Mexioo's buildings.

The Bubsoil of the City of Mexico is seepage ground with 50 to 80% water and formed of argillaceous 

materials, volcanic ash and fine sand; this makes an unstable and oohensionless subsoil.

The water element is subjeot to daily short fluctuations speoially notioeable during the rainy 

spells and in dry seasons. These fluctuations are the main cause for the settling of buildings.

During the rainy season the water reaches its highest level and occupies all the spaoe between the 

olayish formation; in winter the water level drops to its lowest expression. This drifting carries with 

it the finer particles also, and when the water leaves, the subsoil offers less resistance to the pres­

sure of the structures and these naturally begin to settle down.

Due to the continuous sinking motion of the struoture of the National Theatre, work on the buildings 

was abandoned for several years until 1923 when, at the suggestion of engineer Vioente Cortes Herrera, 

then Director of Buildings and Monuments, the subsoil was injected with a mixture of day, lime and sand 

which stopped the settling of the building to the extent that it was possible to oomplete the struoture 

in 1934. Since then, there have been a few settling motions but dtogether the work was successful.

The injeotion of the mixture was carried out under the supervision of engineers Barooio and Alvarez 

Varela.


