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ABSTRACT The objective of this paper is to present the results of a series of one-dimensional consolidation tests using controlled-
strain loading (CRS Tests), carried out on samples of Mexico City soil with the strain rate varying from test to test from 3.5 x 10-7 s-1 
to 1.4 x 10-4 s-1 . In CRS tests the compressibility and the apparent yield stress,  (preconsolidation pressure) decrease with the 
progressive decrease in rate of strain. Therefore, a reduction in the rate of loading or an increase in the duration of load application 
should result in a reduction, not only of , but the entire yield locus. To verify the influence of the strain rate on Mexico City soils, a 
series of six CRS tests was carried out on samples obtained from the Ramón López Velarde Park (19.41ºN, 99.15ºW) of Mexico City. 
Experimental studies show that the behavior of Mexico City soils during one-dimensional compression is strongly influenced by 
strain rate. 

RÉSUMÉ L'objectif de cet article est de montrer les résultats d'une ensemble d’essais œdométriques CRS de spécimens de la Ville de 
Mexique avec une vitesse de chargement qui se trouve entre 3.5 x 10-7 s-1 et 1.4 x 10-4 s-1. Les résultats de essais CRS exposent que la 
compressibilité et la contrainte de préconsolidation apparent, σ’Y se réduisent avec la décroissance de la vitesse de chargement. Par 
conséquent, une diminution de la vitesse de chargement ou une augmentation de la durée de l'application de la charge, on devrait 
réduire σ’Y, autant que la courbe de l’état limité. Afin de vérifier l'influence de la vitesse de chargement sur le comportement du sol de 
Mexico, on a fait six essais CRS. Les échantillons ont été extraits du parc Ramón López Velarde (19,41ºN, 99,15ºW) de la Ville de 
Mexique. Des études expérimentales montrent que le comportement des sols de Mexico pendant la compression unidimensionnelle 
est fortement influencé par le taux de déformation. 
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1  INTRODUCTION.  

Mexico City is one of the oldest metropolises in the Western 
Hemisphere, occupying an ancient plain (once a lake) 
surrounded by mountains and inhabited by at least 16 million 
people spread over 1500 sq. km. The region has high seismicity. 
The unique mechanical properties of Mexico City soils plot as 
extreme values on most geotechnical engineering charts. The 
uniqueness of the soils in Mexico City give rise to intricate 
foundation problems when tall and heavy buildings have to be 
erected and great care has been taken by engineers to limit the 
net load acting on the compressible subsoil strata below the 
range of the yielding stress so as to avoid catastrophic 
settlements. To cope with the requirements of practical 
problems, the consolidation characteristics of the lacustrine 
sediments have therefore been quite extensively investigated 
(Zeevaert 1972; Marsal and Mazari 1959). 

Mexico City soils are unique in the context of most other 
natural soils (Diaz-Rodríguez et al. 1992). They have very high 
specific surface (Ss = 40-350 m2/g), void ratio (e = 3-11), 
plasticity (wL = 140-380, wP = 55-112), and friction angle (φ = 
43-47°). The shear wave velocity is relatively constant with 
depth in the upper 40 m (Vs = 70-90 m/s) and the yield pressure 
σ'y is higher than the in situ effective stress σ'0, in agreement 
with the stress-independent formation process described 
elsewhere (Díaz-Rodríguez 2003). 

 
2.  THE CONSTANT RATE OF STRAIN CONSOLIDATION 
TEST 

The CRS test is a standard test for natural soils (ASTM D 4186-
97). Hamilton and Crawford (1959) were one of the first to 
mention a constant rate of strain consolidation tests as a means 
of rapidly determining both the preconsolidation stress, , and 

the void ratio, e, versus effective vertical stress, , relationship. 
But, it was Smith and Wahls (1969) who published an 
approximate solution for the CRS consolidation test method, 
assuming small strains, linear soil compressibility, and steady 
state conditions. The CRS test is a displacement-controlled one-
dimensional compression test in which the soil specimen is 
subjected to a constant rate of vertical deformation with single 
drainage at the top boundary. Wissa et al. (1971) developed a 
rigorous solution for linear and nonlinear soil compressibility 
that included both transient and steady state responses. The 
three main measurements are total applied stress at the top 
boundary, pore pressure at the base of the specimen, and 
deformation. A back pressure system can be connected to the 
drained face to ensure full saturation. The CRS test was 
originally developed to determine the compression 
characteristics but not time-dependent characteristics of a soil, 
thus a clear disadvantage is the inability to measure secondary 
compression. Another problem is that the generated pore-water 
pressures are strain-dependent. 

The CRS test has some clear advantages, as compared to 
the standard incremental loading (IL) consolidation test, these 
are: specimens can be saturated at constant volume under a 
back pressure, generation of continuous data, better suitability 
for automated data acquisition, and shorter total test duration. 

The consolidation properties of clayey soil obtained by CRS 
test are known to be related to the viscous properties of soil 
skeleton dependent upon the magnitude of strain rate used 
(Olson 1986) 
 
 
 
 
3.  LABORATORY TESTS PROGRAM 
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 3.1 Soil investigated 

Samples used in this study were sampled with a Shelby tube 
(OD = 128 mm, ID = 125 mm, area ratio 4.9%), from the 
Ramón López Velarde Park of Mexico City. Each tube was X-
rayed, and no evidence of cracks or edge effects was found. 
Main fundamental properties of this soil are given in Table 1. 
 
Table 1 Physical properties of Mexico City soil samples (Depth 
7.6 to 8.2 m) 

Test Strain rate Water content Void ratio 
T  w e 

No. %/h % - 
T 01 0.5 411 10.9 
T 02 5 407 9.83 
T 03 50 314.4 10 
T 04 0.125 415 9 
T 05 0.125 396.6 9.9 
T 06 3 429.4 10.9 

 
3.2 Testing procedure 

The study was conducted on specimens with a diameter of 63 
mm and a height of 25.4 mm. During loading, the drainage was 
permitted from the top of the sample, and excess pore pressure 
was measured at the bottom. A vertical effective stress of 4 kPa 
was applied to insure a good control of the vertical strain during 
the CRS tests. All consolidation tests were run under a back 
pressure of approximately 240 kPa to ensure full saturation of 
the soil specimens. Filter paper and a porous stone were placed 
on both ends of the specimen contained within a stainless steel 
ring. Once saturation was completed, the consolidation test was 
started. During the consolidation stage, the pore pressure, back 
pressure, load, and displacement were automatically recorded. 

In addition, a standard incremental loading (IL) 
consolidation test was performed (LIR = 1 and LID = 24 h) 
using a 63-mm diameter polished stainless steel consolidation 
ring and a 25.4 mm high sample. 
 
4.  TEST RESULTS AND DISCUSSION 

Figure 1 shows the results of CRS tests as vertical strains, v, 
(rather than the void ratio) plotted against log-vertical effective 
stress, . The strain rates used in the experiments were 0.125, 
0.5, 3, 5, 10 and 50%/h. The compressibility of the MC soil is 
very small at stresses below the apparent yield stress, , (in 
the OC range) increases considerably when stressed in the NC 
range. The maximum excess pore pressure did not occur in the 
fastest test, but in the test with an = 0.5%/h and was 2.33% 
of the applied stress for stresses in excess of 240 kPa. In the two 
slow tests, very small excess pore water pressures were 
generated. The intersection of some curves was probably due to 
the unavoidable natural variability of the samples. It was 
possible to detect a strain rate effect on the compressibility of 
MC soil in the overconsolidated range. The strain rate effect 
was more evident in the NC range. From the set of curves 
presented in Figure 1, it is evident that the strain rate is a critical 
factor influencing the rheological behavior of Mexico City soil. 

According to Leroueil et al. (1985) any effect of  should 
be clearly identified from the test results. Figure 2 shows that 
there is a unique − −  relationship for Mexico City soil, 
even for strains as large as 15%. Leroueil et al. (1985) also 
showed that this model can be described by two curves, one 
giving the variation of the yield stress,  (preconsolidation 
pressure) with strain rate and another presenting the vertical 
effective stress, normalized with respect to the yield stress, , 
at the current strain rate, as a function of the vertical strain. 

 
Table 2. Results of CRS tests on Mexico City soil 

Test Strain
rate 

Yield 
stress

Compression 
index 

Unloading 
index 

Pore 
pressure

No.   
 %/h kPa   % 

T 01 0.5 110 8.99 0.73 2.33 
T 02 5 124 8.79 0.75 1.09 
T 03 50 136 8.05 0.84 0.91 
T 04 0.125 103 12.48 0.72 1.33 
T 05 0.125 103 12.86 0.77 1.28 
T 06 3 119 10.99 1.24 1.03 

 

 
 

 
Figure 1. Typical CRS oedometer tests on Mexico City soils 
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Figure 2. Effective stress-strain rate variations at various strains 
for Mexico City soils. 

 
The apparent yield stress, , was found to be a function of 

the rate of strain (Figure 3), varying between a high of 136 kPa 
for fastest ( = 50%/ℎ) to a low 103 kPa for the slowest strain 
rate ( = 0.125%/ℎ)  used. 

It is known that the  value linearly decreases with 
decreasing strain rate at a logarithmic scale: that is, the −log  relation is shifted to the left side by the decrease in 
strain rate. Thus, it may be inferred that strain rate dependency 
gets eliminated at a strain below a certain small value. Tanaka et 
al. (2006) found that when the strain rate is smaller than 10-9s-1 
(3.6 × 10-4%/h) the strain rate dependency disappears. In the 
case of Mexico City soil it is necessary to obtain the value of 

 for which the strain dependency disappears. Díaz-Rodríguez 
et al. (2009) found that MC soil may reach a constant strength 
at a very low strain rate ( < 10 %/h). 

 

 
Figure 3. Variation in yield stress with strain rate for Mexico 
City soils 

 

Figure 4 shows that, when the vertical effective stress is 
normalized with respect to the vertical yield stress, , all the 
compression curves fall in a very narrow strip. Figure 5 shows 
that results of an IL test fall essentially within the range of 
results obtained from CRS tests, as mentioned by Leroueil et al. 
(1985). 

 

 
Figure 4. Normalized effective stress-strain relationship for 
Mexico City soils. 

 

 
Figure 5. Normalized effective stress-strain relationship and IL 
test for Mexico City soils 

 
5. CONCLUSIONS 

The strain rate dependency for Mexico City soils was studied 
by CRS tests. The following interesting points were found. 
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 1. Experimental results show that the behavior of Mexico 
City soil during one-dimensional compression is strongly 
influenced by strain rate. 

2. The vertical yield stress defined in one-dimensional CRS 
tests increases with an increase in strain rate. 

3. This behavior can be described by two functions, as 
previously suggested by Leroueil et al. (1985). 
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