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Abstract. The earthquake of September 19, 2017 left multiple buildings with 
structural damage in Mexico City; these cases require unusual technical solutions in 
order to preserve the affected properties. This article presents the case of two 
buildings built on lacustrine soils, underpinning with piles built by hand; also it 
remarks the effect of regulations on geotechnical design. 
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1. Introduction 

Mexico City was built on thick lacustrine deposits of soft consistency, capable of 

amplifying seismic waves, and also increasing the duration of the movements. For 

example, the seismic site effects will be more significant in Lake Zone III (Rome, 

Condesa and Doctores communities); and less severe in the area of Hill Zone I (such as 

Ciudad Universitaria, and to the west of Mexico City)[1]. 

This article presents the case of two buildings called A and B that were inaugurated 

in 1951 and have endured the earthquake of 1957, 1985 and 2017; according to the 

Complementary Technical Standards for Earthquake Design of 2017 from Mexico City 

[2], these properties belong to Group A, subgroup A1, which means that their structural 

failure could have particularly serious consequences and should therefore remain in 

operation after an earthquake of significant magnitude. 

Originally, the buildings consisted of five stories and their base were a raft 

foundation stiffed with beams in contact with the soil. Edifice A is embedded 1.5 m and 

edifice B 2.7 m. Subsequently, the number of stories was increased to seven for both 

structures. 

During the Michoacan earthquake of September 19, 1985, these buildings sustained 

significant settling, causing tilting of 25 cm and 27 cm in southeast direction for both 

edifices. Because of this, the entire property was re-leveled and underpin in 2003.  

However, with the Puebla earthquake on September 19, 2017, the structures 

sustained damage, so it was agreed upon to reinforce them to make a unit and underpin 

buildings again. Based on the updated standards, it was decided to build piles on the site 

from the level of the raft foundation. 
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2. Underpinning 2003 

The analysis carried out to design the underpinning for the buildings after the Michoacan 

earthquake of September 19, 1985, complied with the Complementary Technical 

Standards 1987, which concluded installing 49 and 45 Mega square section piles, 

measuring 40x40 cm, laid at depth of 18 m, for edifices A and B, respectively. 

3. Geotechnical conditions 

3.1. Subsoil stratigraphic profile 

Based on the knowledge of the area and four geotechnical borings carried to a maximum 

depth of 30 m. The established stratigraphic model is comprised of six main layers; their 

characteristics are described in Table 1. 

 

Table 1. Subsoil stratigraphic profile. 

Layer Depth (m) Description 

Fill (RLL) 0.0 – 2.7 Gravel in clay or sand; High-plasticity clay 
Superficial layer (CS) 2.7 – 5.8 Interspersed low plasticity clay and sandy silts of 

medium to rigid consistency
Upper Clay Formation (SAS) 5.8 – 21.0 High- plasticity silts and clays, whose consistency 

varies from soft to rigid.
Hard Layer (CD) 21.0 – 22.0 Deposit formed by interspersed sandy silt and silty sand, 

with volcanic ash 
Lower Clay Formation (SAI)  22.0 – 24.0 High-plasticity clay of rigid consistency with small 

layers of fine sand.
Deep Deposits (DP) 24.0 – 35.0 Sandy silt of hard consistency and very compact silty 

sand with gravel.

3.2. Water conditions 

The groundwater level is 2.7 m deep. From this level, the pressure remains hydrostatic 

at a depth of 5.8 m; underneath pressure decreased to 22 kPa at a depth of 11.2 m, and 

reaches 37 kPa at 17.3 m; from this level pressure is hydrostatically recovered. 

4. Underpinning 2017 

4.1. Loads 

Figure 1 shows floors of the two edifices, including the design loads for each support. It 

is observed that compression loads vary from 260 kN to 11589 kN, tension load range 

from 170 kN to 6490 kN. On the other hand, the structural project considers linking both 

buildings. The figure also shows the underpinning piles installed since 2003. 

 

A. Cuevas et al. / Underpinning Building in Deposits of Lacustrine Origin 1253



 

Figure 1. Acting forces and piles location (underpinning 2003). 

4.2. Geomechanical design model 

Table 2 presents the geotechnical design parameters that were used. 

 

Table 2. Geomechanic design model. 

Layer Depth (m) γ (kN/m3) c (kPa) φ (°) E (MPa) 

RLL 0.0 – 2.7 16.0.  37.5  0 17.9 
CS 2.7 – 5.8 15.7  37.5  0 17.9 
SAS 5.8 – 21.0 13.0  37.5  0 10.4 
CD 21.0 – 22.0 16.0 110.0  0 35.0 
SAI 22.0 – 24.0 15.0 120.0  0 22.9 
DP 24.0 – 35.0 18.0  37.5 38 60.0 

NOTES: γ, volumetric weight; c, cohesion, φ, internal friction angle; E, Young´s modulus 

4.3. Underpinning solution 

Initially, it was possible to underpin the building with 40x40 cm square section piles, 

laid at a depth of 18 m, whose reduced bearing capacity is 433 kN; However, by 

restructuring Group A building and increasing the load factors, it was not feasible to 

build the required number of piles in the available workspace. It was decided to underpin 

with 32 belled piles, which were 1.4 m in diameter and bells that were 2.0, 2.4 and 2.6 

m in diameter. They were laid in the deep deposits composed of very compact silty sand, 

with gravel, at 24.5 m depth; except for the piles that support the maximum tensions, 

these elements were deepened to 30.5 m (Figures 2 and 3). 

It should be noted that for the design of these piles the presence of the friction piles 

was ignored. Additionally, their bearing capacity was determined in accordance with the 

Complementary Technical Standards for the Design and Construction of Foundations 
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2017 (NTC.2017) [3] updated after the Puebla earthquake of September 19, 2017; 

Table 3 presents the design values. For preliminary calculations, the Complementary 

Technical Standards for the Design and Construction of Foundations of 2004 were 

applied (NTC-2004) [4], so the comparison of results with both regulations is presented. 

 

Figure 2. Subsoil stratigraphic profile and foundation solution. 

 

Figure 3. Characteristics of pile foundation. 

 

Table 3. Bearing capacity for piles of 1.4 m diameter. 

Dc (m) Df (m) Nq Qpr (kN) Qfr (kN) FN (kN) Qtr (kN) Qtensión (kN) 

2.0 24.5 177 17,770   740 1,270 15,953 4,099 
2.4 24.5 158 21,550   890 1,530 19,211 5,078 
2.6 30.5 150 21,550 1,840 1,650 19,170 7,100 

NOTES: Dc, bell diameter; Df, depth of foundation; Nq, bearing capacity factor; Qpr, reduced end capacity; Qfr, reduced 

skin resistance; FN, negative skin friction; Qtr, reduced compression bearing capacity; Qtension, reduced tension capacity. 
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4.4. Comparison between 2004 and 2017 regulations 

Figure 4 shows the reduced skin resistance for friction piles laid at 18 m of depth. It is 

observed that revision of NTC-2017 is 33% lower than the revision of NTC-2004; which 

is associated with the incorporation of alpha factor that reduces lateral friction in 

cohesive soils. Thus, the number of additional underpin piles increased from 100 to 200, 

40 cm pile side, given that building had 94 friction piles; this number disregards the 

compensation as required by current regulations. 

Figure 5 shows reduced compression bearing capacity for piles laid at 24.5 m; in 

this case, revision of NTC-2017 turns out to be, on average, 290% higher than the 

revision of NTC-2004. This variation can be explained by the effects of scale factor being 

eliminated in the current regulations. It should be noted that for a bell that is 2.6 m in 

diameter, the structural resistance depends on a 1.4 m-diameter pile section. However, 

in this case, weight of the pile is increased by the bell section. Likewise, the objective of 

building belled piles is to increase skin resistance. 

 

Figure 4 Comparative skin resistance according to NTC 2004 and NTC 2017. 

 

Figure 5 Comparative compression bearing capacity according to NTC 2004 y 2017. 
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5. Construction challenges 

5.1. Water pressure control 

To protect the excavation from flooding, a water well at 30 m of depth was drilled at the 

side of each shaft, using a drill bit that was 30 cm in diameter. An ejector pumping system 

was installed, which operated 24 hours a day. 

5.2. Stabilization of the shafts 

The shaft was manually excavated with a diameter of 1.6 m. Initially, excavation was 

stabilized with number 4 rods and with mortar and sand; however, due to saturation of 

the material in the walls, the soil-coating adhesion was scarce, causing landslides. 

Because of this, a circular wooden formwork was fitted to cast 10 cm, thick cement and 

-based coating, and reinforced with electro welded wire mesh held to the ground. Later, 

a metal formwork was made in order to extend its duration 

A day after casting, the excavation continued. This procedure was a bit slower, but 

the stability of the excavation was assured. 

5.3. Extraction of founded piles during excavation 

During excavation process, in some shafts piles from 2003 underpinning were founded, 

which were an impediment to the maneuvers. Depending on the position of these 

elements, it was decided to extract or hold them to prevent any section from falling inside 

of the excavation. Removal of piles was done by pulley system hanging from the 

mezzanine and hooked onto the piles to be extracted. Sections that could not be extracted 

were demolished and transverse holes were drilled to hold them to the ground with steel 

rods. 

    

Figure 6 Installation of ejector pumps in water wells. 
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Figure 7. Demolition and extraction of piles. 

   

Figure 8. Maneuvers of steel reinforcing for shafts and site cast concrete. 

5.4. Installing reinforcement steel bars for piles and site cast concrete 

The installation of reinforcement steel bars for piles was fabricated inside the shafts due 

to the little space available to do the lifting maneuvers. 

To site cast concrete for piles, similar Tremie pipe was fabricated, 8” of diameter 

and sections 1.5 m and 2.0 m of length, to be able to raise it and “cut it” out of the shaft. 

A section of pipping 1 m of length was guaranteed to remain embedded in the concrete. 

6. Conclusions 

The September 19, 2017 earthquake in Mexico City affected many buildings, which were 

laid from soft lacustrine deposits, including the structures from Group A. 

In the case of drilled shafts, the current standards (NTC-2017) allow higher load-

bearing capacities when compared with NTC-2004, because the scale effect was 
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eliminated for end bearing capacity calculations. Nevertheless, the load-bearing factors 

increased for structural design. 

Regarding the NTC 2017, it is worth noting the inclusion of alpha factor to calculate 

skin friction for cohesive soils, since the adhesion and undrained resistance are not 

necessarily proportional to one another.  

Manual construction of piles for underpinning is an alternative that requires adapting 

ordinary techniques since workspace is insufficient for this type of job. 
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