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ABSTRACT 
Increase in cyclic strength due to aging of sands is reflected in the higher number of cycles necessary to reach liquefaction. Results are
reported from cyclic triaxial tests on reconstituted and undisturbed block samples from the Ovejeria tailing dam. Observations on the
change on the cyclic stress ratio caused by aging effects during a period of time between 0 to 5 months enable the characterization and
comparison on the cyclic behavior on remolded specimens and in situ samples. The new laboratory data is compared with selected
data reported in the literature confirming the relevance of aging effect and a qualitative difference between reconstituted and
undisturbed samples. Preliminary observations indicate that cyclic strength of undisturbed samples obtained directly from the tailing
dam cannot be compare directly with the strength of reconstituted specimens by moist tamping with the same age. 

RÉSUMÉ
L’accroissement de la resistente cyclique du au vieillisement dans des arènes se reflète dans une quantité majeur des cycles necessaire
pour atteindre liqu´efaction. On montre des resultats des essayés triaxales dans des éprouvettes reconstitués et faire preuve des
bloques desalteres du relave Ovejeria. Des observations dans le changement en raso ndu effort cyclique a cause du vieillessement
dans un période de 0 à 5 mois permet la les renseignement techniqueet la comparación du comportement cyclique dans des
éprouvettes remoulagées et de echantillons obtenles en situ. Les nouveaux donnés exparimentaux sont comparés avec des donnés
obtenus de la litterature qui confirment  le remarcable effet  du vieillessement et la difference qualitative entre les echantillons
reconstitués et désalterés . Des observations preliminaires indiquent que la resistence des echantillons desalterés obtenues de la
resistente des éprouvettes ne peut pas être comparée directement avec la resistente des eprouvettes  reconstituyes par le pissonement
avec la même période de vieillessement. 
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1 INTRODUCTION 

The term “aging” has been used in soil mechanics to describe the 
change on properties of soils due exclusively to time and 
generally caused by chemical or mechanical mechanisms. Aging 
has become evident based in measurement of change of stiffness, 
liquefaction resistance, shear strength, and penetration resistance 
of sands. Even though the cause of aging has not been completely 
proved there is a considerably body of experience that exists an 
increase of resistance of sands due to aging on undisturbed 
samples. Skempton (1986) mentioned work from different 
authors where the stress ratio to cause a double amplitude strain 
of 5% at ten cycles is found to be up to 60% greater in 
undisturbed samples compared to a freshly reconstituted 
specimen at the same density. Similarly, Seed (1979) reported 
25% increase in resistance to the development of initial 
liquefaction in reconstituted specimens tested after 100 days. 
However the measured increase of strength are associated to 
different sand, density and sampling techniques, so is not clear 
whether the aging effect is more important in undisturbed samples 
or laboratory reconstituted specimens. If there is a difference on 
the rate of aging on reconstituted specimens compared to field 
samples, this difference would have to be considered in case of 
accounting soil aging when assessing liquefaction potential. In 
Figure 1 Seed (1979) showed a  strength gain factor for laboratory 
test data from laboratory specimens for periods ranging from 0.1 
day to 100 days prior to testing and much older samples taken 
from the field. This figure exhibits a smooth transition between 
reconstituted specimens and undisturbed samples from the field; 
hence it could be assumed that the rate of aging development is 
similar in both types of samples. 

Additionally there are many examples in the literature of the 
effect of aging on the strength of undisturbed sands by means of 
in situ tests such as SPT and CPT. Mitchell (1986) shows these 
in situ tests may show a decrease in strength immediately after 
soil improvement or remolding on the field as it is shown in 
Figure 2 for a CPT test after vibration through blasting. Water 
level measurement imply that this phenomenon cannot by 
explained by an excess of pore water pressure as these pressure 
were fully dissipated after a few hours so the lost of aging effect 
is the most accepted theory that explains this effect. 

Figure 1. Strength gain due to aging (after Seed, 1979) 

Aging effects on undisturbed samples on silty sands have been 
published in different papers. For example, Troncoso et al. 
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(1998) showed for tailing sand with 25% of fines that there is an 
increase up to 350% of cyclic stress ratio to cause 5% double 
amplitude strain in samples with 30 years of age (see Figure 3). 

Figure 2. . Results of CPT tests before and after soil improvement using 
blasting (after Mitchell, 1986) 

Figure 3. Test results on El Cobre tailings dams (Troncoso et al. 1988) 

Consequently in some projects it could be necessary to wait 
months after soil improvement before an actual increase in 
strength is noticed. Additionally, in some cases it is not possible 
to run in situ tests or tests on undisturbed samples as the 
foundation soil is cover completely by the structure or the cost 
of taking undisturbed samples are too high. In such cases 
laboratory tests on reconstituted sand specimens can be done to 
assess the effectiveness of the aging process on the gain on 
strength. In this paper we compare results from laboratory 
cyclic triaxial tests on undisturbed samples and reconstituted 
specimens from tailing silty sands obtained from the Ovejeria 
dam located on the center zone of Chile. The results from 
undisturbed and reconstituted samples are compared in order to 
establish if the rate of improvement of properties is similar in 
both cases to allow a direct of reconstituted specimens. 

2 SOIL SAMPLING AND SPECIMEN RECONSTITUTION 

Two kinds of samples are tested in this work; undisturbed 
samples and reconstituted specimens of silty sands. Undisturbed 
samples are obtained directly from the Ovejería tailing dam by 
the confection of a open pit (see Figure 4.a) where blocks of 
silty sand with moderate cementation are carefully recovered 
(see Figure 4.b). From construction records of the dam it is 
inferred a relationship between deposition age and the depth 
where the sample is obtained. 

Figure 4. a) Open pit for sampling; b) Undisturbed block samples. 

Reconstituted specimens are prepared using soil extracted from the 
same depth on the pit as undisturbed samples, maintaining the fine 
content. Figure 5 shows an acrylic box and tools used to fabric soil 
specimens by moist tamping and aged to reach up to 6 months in a wet 
chamber under approximately 20 degrees Celsius. Compaction energy 
is controlled to reach the desired relative density and uniformity along 
the length on the specimen. After the target deposition age is reached 
the specimen is cut in a cylindrical shape with 5 cm diameter and 10 
cm height and tested on the cyclic triaxial test. 

Figure 5. Specimen reconstitution. 

3 TEST PROCEDURE, SOIL SAMPLING AND SPECIMEN 
RECONSTITUTION 

A scheme of the cyclic triaxial apparatus used is shown in 
Figure 6. This apparatus consists in a loading frame where an 
acrylic chamber is located inside so vertical load can be applied 
as required. Water under pressure is used to apply radial 
confining pressure to the sample. Soil samples were 
consolidated under confining pressure of 100 and 200 kN/m2, 
only tests consolidated at 100 kN/m2 are reported in this paper. 

Figure 6. Cyclic triaxial scheme 
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The silty sand obtained from the undisturbed and reconstituted 
specimens are slightly different depending on the depth where 
the samples were obtained from the pit. Content of fines (< 75 
µm) are in a narrow range from 15 to 18% and maximum 
particle size observed was 1 mm as it is shown on Figure 7. 
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Figure  7. Grain size distribution of silty sands of different deposition 
age 

4 TEST RESULTS AND DISCUSSION 

A summary of cyclic triaxial tests on reconstituted silty sands 
specimen is shown on Figure 8. A total of 15 tests on 
reconstituted specimens with a fine content of 15% generate 3 
curves shown in this figure. Relative density obtained in these 
reconstituted series of specimens were in a close range between 
RD = 67.8 to 69% in average. Similarly, Figure 9 shows 10 tests 
on reconstituted specimens with fine content of 18% and 
average relative density of 68.5% for freshly reconstituted 
specimens and 67.4% for 5 months old reconstituted specimens. 

Aging effect is clear on the increase of cyclic strength of these 
reconstituted soil specimens. Either with reconstituted specimen 
with 15% and 18% of fines, an increase in the cyclic stress ratio 
to cause liquefaction is observed. Cyclic triaxial tests on 
specimens with 15% of fines an increase of approximately 10% 
is observed after 1 month and 20% after 5 months (see Figure 
8). On the other hand, an increase in strength of approximately 
12% was observed in remolded specimens 5 moths old with 18 
% of fines as is shown in Figure 9. 
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Figure 8; Cyclic stress ratio versus number of cycles for reconstituted 
specimens on the Lab.;  Samples with 15% fine content  
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Figure 9; Cyclic stress ratio versus number of cycles for reconstituted 
specimens on the Lab.; Samples with 18% fine content 

Data published by Seed (1979) (see Figure 1) showed that the 
increase in the stress ratio on samples with 1 month of age was 
close to 15% and ranged from 25 to 32% after 5 months of 
aging (dashed zone on curve). The new test data presented in 
this paper show an increase of stress ratio lower than the one 
observed in Figure 1 and also depending on the fine content of 
the soil tested. It is known that specimen reconstitution is an 
important factor to consider as it could be the reason on these 
lower values of increase in cyclic stress ratio to liquefaction. 
Therefore for design it is important to consider that the rate of 
increase in cyclic strength could be different even for a small 
change in fine content as it could happen in construction of a 
tailing dam. Even though soil specimens with 18% of fines 
showed higher strength up to 5 months of age, the rate of 
increasing strength is higher for the same kind of soil with 15% 
of fines under the same sample reconstitution technique and 
environment where they were aged. 

4.1 Comparison between cyclic strength of reconstituted 

specimens and undisturbed samples 

On the other hand a decrease in cyclic strength is observed in 
older undisturbed samples (see Figure10). However, to compare 
directly it is necessary to correct for fine content and for relative 
density.  The 5 months old sample has 18% fines instead of 
15% of the one month old sample. However, relative density is 
the main difference between these two samples as the 1 month 
old samples have and average relative density  83.5% that is 
higher than the average 69% of the 5 months old sample. 
Additional samples are required form the field to find out the 
rate of increasing cyclic strength on the field for samples with 
the same fine content. 
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Figure 10. Cyclic stress ratio to cause 5% axial strain 
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However with the tests results obtained is possible to realize 
that the cyclic strength of reconstituted specimen is much higher 
than the cyclic strength of undisturbed samples of the same soil. 
In Figure 11 is shown the tests results of reconstituted 
specimens and undisturbed samples with the same soil with a 
fine content of 18% and small range of average relative density 
that varies from 67.4% to 69%. Undisturbed samples with 5 
month have a smaller cyclic strength than fresh reconstituted 
specimens and approximately 20% less cyclic strength than 
reconstituted specimens on the laboratory. This information is 
important as in many cases obtaining undisturbed samples is 
difficult and expensive and therefore reconstituted specimens 
are used to acquire the properties of the soil and its changes 
with time. The difference in fabric between undisturbed samples 
and the same soil reconstituted by moist tamping are believed 
the main cause in this difference in cyclic strength. 

Similarly in Figure 12 it is shown the difference in cyclic 
stress ratio between undisturbed and reconstituted samples. 
Reconstituted specimens have all a fine content of 15%, 
however as the undisturbed samples with 15% of fines had 
higher relative density (see Fig. 11), therefore in Figure 12 
undisturbed samples shown have 18% of fines (open triangles). 
The open circles are the same data but corrected using the data 
from Fig. 10 correcting the cyclic strength of the soil to 
represent a soil with 15% of fines instead of 18%.  Both the 
original and the corrected data for the undisturbed samples 
(open symbols) are always below the data from the 
reconstituted specimens with 15% of fines. Corrected data for 5 
months old undisturbed samples lie always below even the fresh 
reconstituted specimens, indicating again that the undisturbed 
samples show a lower cyclic stress ratio than the moist tamped 
reconstituted specimens. 

5 SUMMARY REMARKS 

(1) Tests on reconstituted specimens on soils specimens with 15 
and 18% of fines show an aging effect that increases the cyclic 
stress ratio to cause liquefaction. 
(2) Cyclic strength on reconstituted specimens is higher on soils 
with 18% of fines in comparison with soils with 15% of fines. 
(3) The rate of increase in cyclic strength is different between 
soil specimens with 18% and 15% of fines. The rate of increase 
measured in laboratory tests show a higher rate of increase in 
the 15% fine content soils. 
(4) Cyclic strength is higher in reconstituted specimens by moist 
tamping than undisturbed samples taken from the compacted 
tailing dam.  
(5) Additional work is necessary to obtain the rate of increasing 
in strength on undisturbed samples and compare it with the 
reconstituted specimens in the laboratory. This information 
would be very useful in cases where is not possible to obtain 
undisturbed samples and it is desired to estimate the cyclic 
strength of the soil in the field. 
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Figure 11: Comparison of cyclic stress ratio between undisturbed and 
reconstituted samples (F.C = 18%) 
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