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Abstract. This document describes several approaches and procedures that were 
considered in the conceptualization and design of pavements, specifically, the 
runways and taxiways of the Mexico City Airport that was partially constructed in 
the region of the former Texcoco lake. The results of laboratory tests conducted to 
determine the influence of soil improvement on the loading capacity of the soil, as 
well as the results of numerical modeling carried out to determine how the thickness 
of the pavement layers varies as a function of the final condition of the improved 
soil, are presented. 
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1. Introduction 

The soil improvement process carried out during the construction of runways 2 and 3 

and the taxiways that connect the runways to the platform area of the New Mexico City 

Airport (NAIM) started in mid-2016 and suspended at the end of 2018. In general, this 

process involved placing prefabricated vertical drains (PVDs) in a staggered arrangement 

with a spacing of 1.5 m and a variable depth close to the hard layer, followed by a two-

meter-thick tezontle layer that is to be a part of the permanent structure of the pavement; 

the final component involved a surcharge layer of basaltic or andesitic rock (see Figures 

1 and 3) with a thickness initially conceived to be two meters. This final thickness was 

modified in some areas of the runways until it reached the values of 3 m and 4 m to fine-

tune the soil improvement process in these specific places. At the date of the preparation 

of this document, the improvement work on runway 6 had just begun; however, this 

improvement work is intended to be carried out under the same improvement concept 

applied for runways 2 and 3. 

The soil improvement process carried out during the construction of the runways 

and taxiways of the NAIM has two purposes: The first is to minimize settlements by 

long-term consolidation of the runways, whereby this minimization leads to changes in 

the grade levels in the medium-and long-term; the second is to ensure that the shallow 

thickness (up to approximately 5 m) of the natural ground exhibits the load capacity 
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represented by the subgrade resilient modulus considered in the design and sizing of the 

pavement. 

 

Figure 1. Soil improvement process using the preloading technique and vertical drains. 

 

Figure 2. Overload removal and pavement construction. 

 

Figure 3. Construction process of runways of the NAIM. 
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Once the target settlement defined by the designer has been reached for the 

differently loaded areas, the basalt/andesite surcharging is removed, the tezontle layer is 

releveled, and the other layers of the pavement are constructed (hydraulic subbase, 

cemented base, base and asphalt layer), as illustrated in Figure 2. To satisfy the two 

improvement objectives, the soil must reach a preconsolidation stage so that the effective 

stresses induced by the pavement structure ∆σp do not exceed those initially transmitted 

by the basalt/andesite overload ∆σs, thereby maintaining the relation ∆σs >>∆σp. 

Figure 4 shows a diagram for the volumetric change in soil during and after the 

preloading process (construction of the pavement); it is indicated that once the soil is in 

the preconsolidation stage, the settlements (volumetric changes) occur at lower ratios 

(unloading or recompression range) than when the soil is normally consolidated (virgin 

range of the soil). 

 

Figure 4. Diagram of volumetric change in soil (settlement) during the preloading and construction of 

pavement. 

For the soil to be improved via the preloading effect, the excessive pore pressure 

generated by the placement of tezontle layers and basalt/andesite sediment should be 

dissipated almost entirely, as illustrated in Figure 5. 

 

Figure 5. Evolution of pore pressure during and after preloading. 
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2. Design Considerations for Pavements of the NAIM 

The original design of the pavements for the runways of the NAIM involved a structure 

such as that illustrated in Figure 6. The thickness of the pavement layers was defined by 

the Master Civil Engineer (ICM, in Spanish) under the recommendations of the AC-

150/5320-6E document of the Federal Aviation Administration (FAA). Moreover, the 

design considered the results of cross-hole tests conducted on tezontle trial embankments 

and results of tests for the subgrade resilient modulus carried out on soil samples taken 

along the NAIM runways axle at shallow depths (approximately 2 m). At the date of 

formulation of this document, it was known that the sequence and type of layers of these 

pavements could vary in certain locations. 

 

Figure 6. Conventional pavement structure in runway and taxiway areas. 

2.1. Estimation of resilient modulus 

To estimate the resilient modulus of the improved soil, consolidated undrained cyclic 

triaxial tests at different effective stress levels and under a similar protocol to that 

described in AASHTO T-307 (Lerma, 2017) were carried out in such a way that the low 

levels of shear stress of the studied soil were considered without causing failure of the 

specimens during the application of the cyclic loads. During the measurement of the 

resilient modulus, different deviator stress conditions, which were representative of the 

load transmitted to the natural soil (subgrade) as a result of aircraft traffic, were evaluated. 

The effective stress levels were varied to represent the different preloading conditions 

and to determine how this variation may influence the soil stiffness and thereby the 

resilient modulus. 

The results of tests performed to determine the resilient modulus MR indicated that 

the soil of were NAIM was constructed presented MR values of 2 to 3 MPa under natural 

conditions; further, after consolidation to an average effective stress of 40 kPa by the 

construction of a two-meter tezontle layer and a two-meter basalt or andesite layer, the 

MR values reached between 6 to 10 MPa. Figure 7 shows the results of a resilient modulus 

test performed on a sample obtained along runway 2. 
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Figure 7. Test results for resilient modulus of a soil sample obtained along runway 2 [2, 3]. 

2.2. Definition of damage coefficients considering methodology described in the AC- 

150/5320-6(E, F) Document of the Federal Aviation Administration (FAA) 

According to the estimates of the aircraft composition and air traffic that the NAIM 

would expected to experience in the next 20 years, as presented in Table 1, as well as the 

geometry and characteristics of pavement indicated in Figure 6, the cumulative damage 

factors were evaluated using the FAARFIELD program version 1.305. The fatigue 

damage factor is associated with the tensile strain  εh at the interface of the asphalt layer 

and the cemented base layer. Similarly, the deformation damage factor in the subgrade 

(natural terrain) is associated with the vertical strain εv at the interface of the tezontle 

layer and the natural soil. 

Table 1. Aircraft composition and aircraft traffic estimated for The NAIM. 

Code Aircraft 2020–2040 

C A320-200 NEO 1,781,000 

C B737 MAX 9 1,781,000 

C EMBRAER 196 1,781,000 

D/E A350-900 132,000 

D/E B777-300ER 132,000 

D/E B787-9 132,000 

F A380 28,000 

Total   5,767,000 

The results of the configuration of the pavement layers indicated that the fatigue 

damage coefficients were minimal for the 20-year period. Further, the cumulative 

damage factor (CDF) presented the distribution shown in Figure 8, from which it could 

be observed that 99% of the total damage in the pavement is induced by the Airbus A380 

aircraft.  

2.3. Evaluation of useful life of pavement according to the variation of the loading 

capacity of the soil 

To verify the influence of the effective stress changes in the soil due to the improvement 

process, which depends not only on the magnitude of the applied loads ∆σT and ∆σs but 

also on the different degrees of soil consolidation, the sizing of the different pavement 

layers of the runways and taxiways of the NAIM included a parametric analysis that was 
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carried out using numerical modeling via PLAXIS 3D. In this analysis, the stress-strain 

stage induced by the Airbus A380 was simulated considering a case in which each of the 

20 wheels transmitted a stress of approximately 1,330 kPa to the pavement structure (see 

Figures 9 and 10). The analyses were carried out under the conditions presented in Table 

2. Approximately 60 scenarios were evaluated. 

 

Figure 8. Distribution of cumulative damage factor (CDF) for a 20-year period. 

Table 2. Evaluation conditions in the numerical modeling of the stress-deformation behavior of pavements. 

Layer Thickness (m) Mr (MPa) 

Asphalt layer 0.2 4000 
Cemented base  0.65–1.15 4800 

Granular subbase  0.15 200 
Tezontle 1.50, 1.85 40 

Clay – 7–10 

According to the results of these simulations, the number of permissible coverages 

was determined considering two approaches: first, with the recommendations of the AC- 

150/5320-6E document and, second, with the recommendations of the more recent AC- 

150/5320-6F document. The first is more conservative since it considers, for the 

calculation of the coverages or permissible departures, Eq. (1), the simultaneous action 

of the 20 wheels in the aircraft landing gear (see Figures 9 and 10); in contrast, the second 

approach involves calculating these coverages using Eq. (2), taking into account the 

action of the tridem (6 wheels) or tandem (4 wheels) axles separately. 
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where C=coverages (departures) of admissible aircrafts, εv=vertical deformation at the 

interface of the tezontle and the natural terrain. 

Figures 11 and 12 show the results for the parametric analysis of the coverages based 

on the soil stiffness (resilient modulus, MR) and the thickness of the cemented treated 

base layer, considering the thicknesses of the asphaltic layer and granular subbase as 

constant. The departures (take-offs) or admissible coverages before pavement failure 
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occurs are presented; the continuous and dotted lines correspond to the modeling carried 

out according to the recommendations of the AC-150/5320-6E and AC-150/5320-6F 

documents, respectively. 

 

Figure 9. Landing gear configuration of the Airbus A380 aircraft. 

 

Figure 10. Numerical model of the loads transmitted by the Airbus A380 to the pavement. 

The figures indicate that with decrease in the stiffness of the improved soil and the 

tezontle thickness, a greater thickness of the cemented base is required to satisfy the 

demand of the 28,000 departures estimated to be handled by the NAIM in the next 20 

years.  

In addition, these figures indicate that the sizing approach under the 

recommendations of the AC-150/5320-6F document, which has been recently updated 

and is in force to date, leads to less conservative thicknesses than those pertaining to the 

previous approach. 

3. Conclusions 

This document describes some approaches and procedures that were considered in the 

conceptualization and design of the pavements, specifically, the runways and taxiways 

of the Mexico City International Airport partially built in the region of the former 

Texcoco lake. The document presents the results of laboratory tests conducted to 

determine the influence of soil improvement on the loading capacity of the soil, as well 

as the results of numerical modeling carried out to determine how the thickness of the 

pavement layers varies as a function of the final condition of the improved soil. 
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The analyzes results indicate that if the subgrade stiffness conditions are not 

adequately considered in the design of the pavements or if the surcharge had been 

removed before the soil reached the projected improvement, the number of eligible 

runway operations could be drastically reduced, which would lead to a reduction in the 

pavement life. 

 

Figure 11. Parametric analysis for tezontle thickness of 1.50 m. 

 

Figure 12. Parametric analysis for tezontle thickness of 1.85 m. 
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