Proceedings of the XVIII| ECSMGE 2024
GEOTECHNICAL ENGINEERING CHALLENGES

TO MEET CURRENT AND EMERGING NEEDS OF SOCIETY
© 2024 the Authors

ISBN 978-1-032-54816-6

ECSMGE 24

/ XVIII EUROPEAN CONFERENCE
ON SOIL MECHANICS AND
GEOTECHNICAL ENGINEERING

——
DOI 10.1201/9781003431749-128
Open Access: www.taylorfrancis.com, CC BY-NC-ND 4.0 license

A novel undrained saturation method for triaxial testing of
cohesive specimens

Une nouvelle méthode de saturation non drainée pour les essais triaxiaux
d'échantillons cohésifs

A. Rismanchian®, A. Tavallali
Geotechnologies Intelligence (Geolntel)

“aris@geointel.eu

ABSTRACT: In triaxial testing, achieving saturation of cohesive specimens obtained below the water table is paramount.
ISO and ASTM standards advocate back pressure methods, yet these pose risks of sample damage and extended saturation
periods, leading to reduced effective stresses and prolonged consolidations. To counter these drawbacks, an undrained
saturation technique is proposed that aims to preserve specimen integrity and expedite saturation and consolidation times.
Initial trials on over 90 overconsolidated triaxial specimens confirmed an average time reduction of 7 days for saturation
compared to traditional methods. Reduced consolidation times, maintaining in situ stresses, further amplified time savings.
Several labs, upon receiving instructions, consistently reproduced the method, reducing saturation times significantly.

RESUME: Dans les tests triaxiaux, saturer les échantillons cohésifs sous la nappe phréatique est essentiel. Les normes ISO
et ASTM préconisent la pression arriére, risquant dommages et saturation longue. Nous proposons une technique non drainée
préservant l'intégrité des échantillons, accélérant la saturation et la consolidation. Essais sur 90 spécimens montrent une
réduction moyenne de 7 jours pour la saturation. Plusieurs laboratoires, aprés avoir recu des instructions, ont reproduit la
méthode, réduisant significativement les temps de saturation et évitant les dommages aux échantillons.
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1  INTRODUCTION

Triaxial testing demands specimens to be adequately
saturated, enabling the application of "saturated soil
mechanics" equations for accurate analysis of soil
behaviour. Therefore, a saturation phase is introduced
to eliminate air from the void spaces, allowing
subsequent testing stages to provide reliable data on
pore water pressure (PWP) variations, essential for
effective stress determination (Head, 1980). Standards
such as ASTM D4767 and ISO 17892-9 emphasize the
prevention of undesirable prestressing or swelling of
specimens during this saturation stage.

Traditionally, saturation is achieved through back
pressure, involving the addition of water to the
specimen. ASTM guidelines specify a limit for the
differential pressure (cell pressure minus back
pressure) not exceeding 35 kPa or the specimen
swelling pressure, while ISO standards lack a specific
value for back pressure and mandate that effective
stresses on the specimen should not surpass specified
consolidation stresses. To mitigate risks, many UK
laboratories adhere to the recommended 20 kPa back
pressure limit outlined in BS 1377-8:1990.

However, applying back pressure to specimens
with intricate structures, fissures, interbedding, or low
plasticity can adversely impact soil shear strength
properties. In cases where swelling could significantly
influence sample behaviour or when re-imposing in-
situ stress conditions, saturating specimens at a
constant water content becomes imperative (Head,
1980). ISO 17892-9 clause 6.3.2.3 suggests saturating
specimens incrementally with closed drainage,
stipulating that observed increases in PWP during cell
pressure increments should correspond to at least 90%
of the cell pressure increase, which is not a realistic
condition for highly OC clays based on our experience
on numerous samples from different sites.

Challenges arise particularly with  highly
overconsolidated stiff clays retrieved from below the
water table. ASTM D4767 acknowledges the
dependency of the PWP parameter 'B' on soil stiffness.
Consequently, higher mean effective stress values than
routinely adopted in laboratories are often required,
especially for stiff clays, to achieve the 90% B-value
suggested by ISO 17892-9. Furthermore, achieving a
PWP of at least 300 kPa, as specified by ISO for
reliable saturation, proves challenging in meeting the
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prescribed B-value requirement, necessitating the
utilization of back pressure.

Thus, these clays are typically saturated using back
pressure despite its detrimental impact on shear
strength properties. For instance, in a site located in the
North Sea, various tests, including Cone Penetration
Test (CPT), Direct Simple Shear (DSS), Undrained
Unconsolidated (UU), and Consolidated Undrained
(CU) triaxial tests, were conducted on intact very high
strength overconsolidated CLAY with pockets of silt,
with a liquid limit of 75% and a Plasticity Index of
46%.

During the saturation stage of the CU triaxial test,
back pressure with a differential pressure of 5 kPa was
applied. Although the undrained shear strength (s.)
values obtained from UU and CPT tests demonstrated
a close match, it was approximately 40% lower for CU
test. Remarkably, the s, of CU even fell below that of
the DSS test.

This disparity between the undrained shear
strengths obtained from different testing methods
strongly suggests that back pressuring the CU
specimen had a detrimental effect on its s,.

Moreover, back pressuring proves time-
consuming, resulting in specimens with low effective
stress, requiring extended consolidation times to
match in-situ conditions. These additional durations
significantly impact project timelines and outcomes.

The limitations of the existing back pressure
saturation method underscore the need for alternative
techniques that preserve sample integrity, minimize
damage, and reduce both saturation and consolidation
durations for cohesive soil specimen.

2 SUGGESTED METHOD

This method is suitable for high-quality intact samples
obtained below the water table, especially in offshore
environments, where in-situ saturation has occurred. It
is applicable when aiming for effective stress values
equivalent to or higher than in situ conditions during
consolidation.

1. Initial Pressure Increase: Increase cell pressure
to 600 kPa in an undrained condition within 3 hours.

2. Stepwise Pressure Increase: If PWP < 300 kPa,
incrementally raise cell pressure in undrained
condition, checking the B-value at each step.

e Note 1: Perform B-value checks within one hour

for stages where PWP remains < 300 kPa.

e Note 2: Measured B-values are nominal.

e Note 3: Limit this stage to a maximum of 2 days.

3. B-value Check: Once PWP > 300 kPa, continue
raising cell pressure in undrained condition until target
B-value is achieved. Perform longer-duration B-value
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checks to allow PWP stabilisation within the specimen
(maximum 4 hours).

If B-value < 0.95 or mean effective stress reaches
80% of the target consolidation pressure, proceed to
the next step.

e Note 4: Consideration of 80% consolidation
pressure prevents excessive effective stress if
back pressure becomes necessary.

4. Reporting to the Engineer: Communicate PWP,
B-value, and mean effective stress related to recent cell
pressure steps to the engineer ordering the tests.

5. Engineer Assessment. Evaluate likelihood of
exceeding the target effective stress if undrained
saturation continues. B-value exceeding 70% often
indicates specimen can achieve saturation before
reaching the target consolidation pressure.

6. Continued Saturation: Carry on with Engineer’s
instructions until the specimen is saturated. Consider
going back to item 4 when B-value is less than 85%.

e Note 5: Maintain consistent waiting periods for
B-value determination across different cell
pressure steps.

7. Completion Criteria: Saturation is deemed

complete when the final B-value is > 0.95 and
recorded PWP is > 300 kPa.

3 METHOD VALIDATION

When intact soil samples are extracted from the
ground, they tend to expand due to the removal of in
situ stresses. This phenomenon generates negative
PWP or suction equivalent to the in situ mean effective
stress, particularly when the air entry of the soil matrix
surpasses the in situ mean effective stress, and there's
no dissolved gas in the pore water to be released after
sampling.

Rismanchian et al. (2020) conducted a
comprehensive study using Kaolin clay triaxial sample
to validate the suggested saturation method. They
created a cylindrical triaxial specimen from Kaolin
clay consolidated to 200 kPa in a press, with
dimensions of 70 mm in diameter and height. The
specimen was placed on a saturated porous stone on a
triaxial bottom platen, sealed in a membrane, and a top
cap housing a tensiometer was positioned atop the
specimen without employing top drainage.

Their study involved several steps:

o Initially achieving a B-value higher than 0.95.

e [sotropically consolidating to around 500 kPa.

e Incrementally consolidating to 1000 kPa

followed by swelling steps to 250 kPa to analyse
overconsolidated specimen behaviour.
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e Further consolidation steps until reaching a
maximum mean effective stress of around
1120 kPa.

Between each consolidation or swelling step, they
reduced the cell pressure to zero while maintaining
undrained conditions to simulate the stress loss
experienced during sampling. Subsequently, they
increased the cell pressure in undrained conditions to
its previous value and measured the B-value.

When conducting the above tests, it was observed
that while increasing the cell pressure in undrained
conditions, satisfactory B-values were consistently
achieved when measuring PWP using the tensiometer.
However, in most cases, PWP measurements from the
base filter stone were unresponsive until reaching
nearly 300 kPa. This discrepancy led to contrasting
mean effective stress calculations between the
tensiometer and base measurements. Consequently, it
was evident that base PWP readings were unreliable at
lower pressure values.

This disparity between readings underscores the
unreliable nature of base pore water pressure
measurements at lower values. In situations where ISO
17892-9 recommendations are followed, back
pressuring should have commenced when the B-value
calculated from base pore pressure readings fell below
90%. Meanwhile, the tensiometer readings indicated
acceptable B-values already. This observation justifies
the significant increase in cell pressure in the initial
step of the suggested procedures.

4 PRACTICAL IMPLEMENTATION OF
THE INTRODUCED METHOD

In a comprehensive geotechnical investigation
conducted in an offshore North Sea site, notably thick,
highly overconsolidated clay deposits were
encountered. The observed overconsolidated clay
exhibited significant depth, measuring over 70 meters
based on various boreholes surveyed in the area.
Results from both CPT and laboratory
consolidation  tests revealed an  apparent
overconsolidation ratio exceeding 7 at the upper
section of the clay layer, gradually declining to 2 at a
depth of 50 m. Considering the expanse and condition
of the site, over 90 CU triaxial tests were assigned.
Initially, the back pressure method was utilized for
the saturation of samples in four CU triaxial tests.
However, this method proved time-consuming, taking
approximately 8 to 12 days on average to achieve the
targeted B-value of 0.95. Moreover, the mean effective
stress of the triaxial specimens at the end of the
saturation stage was significantly lower than the target
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consolidation pressure, further
lengthened consolidation periods.

Table 1 provides insight into selected stages from
the saturation phase of one of the abovementioned
triaxial specimens, where cell pressure increments
were restricted to 50 kPa to limit the increase in back
pressure. Simultaneously, maintaining a high
differential pressure was prioritized to prevent
specimen swelling. Despite these concerted efforts, the
saturation of this specimen took over 12 days to
achieve the desired saturation level.

contributing to

Table 1. Selected back pressure (BP)saturation stages.

Stage Time Cell BP. B-Value
(hr) (kPa) (kPa)

1 0.1 50 14 0.31
2 0.1 100 22 0.23
12 8.2 500 125 -
13 9.6 550 150 0.49
18 24.2 600 250 -
19 11.5 650 288 0.75
21 18.1 650 325 -
22 6.5 700 368 0.88
27 16.4 900 559 0.99
28 0.6 950 607 0.98

To expedite the saturation phase, the novel
undrained saturation method, as detailed in Section 2,
was applied to three samples. Remarkably, using this
method significantly reduced the required saturation
time, bringing it down to an average of merely 2 days
to achieve the B-value target. Moreover, the mean
effective stress at the end of the saturation stage was
close to the in situ mean effective stress, resulting in
lower consolidation time.

Table 2 provides detailed insights into the stages of
the undrained saturation phase of one of these triaxial
specimens, showcasing the tangible benefits of
adopting this method. Notably, saturation was
successfully attained within a mere 19 hours, a
substantial reduction compared to traditional methods.
Additionally, the table highlights observations
regarding ‘apparent’ mean effective stress levels
during early saturation stages. For instance, the
apparent mean effective stress measured 465 kPa at the
end of the first stage, decreasing to 412 kPa by the
conclusion of the saturation phase. These findings
reinforce the assertions made in Section 3 regarding
the unreliability of pore pressure readings below 300
kPa and indicate anomalous B-value results at certain
stages (e.g. stage 2 in Table 2). Furthermore, the table
elucidates a significant improvement in B-value as the
PWP approaches the 300 kPa threshold, providing
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empirical evidence supporting the effectiveness of this
method in achieving the desired B-value targets.

Table 2. Undrained saturation stages.

Stage Time Cell PWP B-Value
(hr) (kPa) (kPa)
1 3.2 600 135 0.23
2 4.0 650 248 1.34
3 4.0 700 294 0.93
4 4.0 750 340 0.92
5 3.9 800 388 0.97

Upon witnessing the promising and satisfactory
outcomes of the newly proposed method, we decided
to implement it across multiple laboratories spanning
four different countries to saturate a collective total of
more than 90 triaxial specimens. The method's
reproducibility among these diverse laboratories was
notable, resulting in a commendable reduction in
saturation time. Across most samples, the saturation
phase duration ranged from 2 to 5 days, with an
average of around 3 days. This consistent performance
and effectiveness across various laboratory settings
underscored the method's reliability and contributed to
the notable reduction in saturation duration.

This transition from the back pressure method,
which averaged around 10 days, to the undrained
saturation method, averaging approximately 3 days,
effectively saved an average of 7 days for the
saturation phase of the highly overconsolidated clay
samples. Consequently, this transition resulted in a
remarkable saving of more than 630 days solely on the
saturation process. The overall time saved was
considerably higher when factoring in the reduced
consolidation duration, given that the mean effective
stress at the end of saturation closely approached the
in-situ value. Beyond the benefits derived from
reduced project time, another crucial aspect was the
prevention of specimen damage incurred by back
pressuring.

It's noteworthy that in a few isolated instances,
undrained saturation was halted to prevent excessive
stress on specimens. In such cases, backpressure was
judiciously applied to facilitate specimen saturation
while trying to maintain their integrity and reliability.

5 CONCLUSION AND
RECOMMENDATIONS

The study underscores the limitations of the traditional
back pressure saturation method in triaxial testing,
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particularly in dealing with highly overconsolidated
clay specimens. The proposed undrained saturation
method not only addresses these limitations but also
significantly reduces saturation and consolidation
durations. This novel technique, validated across
various laboratory settings, consistently achieved
target B-values and effectively preserved specimen
integrity, substantially reducing saturation times from
an average of 10 days to approximately 3 days. The
reduced duration and preservation of sample integrity
signify substantial advantages over conventional back
pressure methods. We recommend adopting this
undrained  saturation  method  for  similar
overconsolidated soil types, to expedite testing
processes and prevent sample damage. Additionally,
further studies on different soil types and conditions
can enhance the method's applicability and efficacy.

Furthermore, it's imperative to note that ASTM
currently doesn't allow undrained saturation. With
upcoming large offshore windfarm constructions on
sites with overconsolidated clays, updating ASTM
standards becomes crucial to prevent sample damage
during saturation stages.
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