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The liquid limit (LL) is a soil property index in the Unified
Soil Classification System, originally devised by Swedish scientist
Albert Atterberg in 1911 and later refined by Casagrande’s percus-
sion cup test. The LLmarks water content at certain strength of a soil
and can be related to undrained shear strength of∼1.7 kPa in the fall-
cone test (Hansbo 1957; Claveau-Mallet et al. 2012). Because the
conventional test for determining the LL involves manual operation,
repeated trials, and visual judgment, it suffers from poor repeatabil-
ity, and it is labor intensive.

Effective stress σ 0 is the stress acting on soil’s skeleton due to
the total stress, pore water pressure (Terzaghi 1943), and interpar-
ticle suction stress (Lu and Likos 2006). The unified effective stress
equation for soil under both saturated and unsaturated conditions is
(Lu and Likos 2006)

σ 0 ¼ σ − σsðwÞ ð1Þ
where σsðwÞ ¼ a soil’s suction stress characteristic curve (SSCC)
being a function of water content w.

Under the unified effective stress Eq. (1), the LL is the undrained
shear strength equal to the prevailing suction stress of−1.7 kPawhen
a soil is fully saturated. Herein, the effective stress reaches its critical
state (i.e., zero) or the total stress equals to the prevailing suction
stress. Thus, a soil’s SSCC can be directly linked to the liquid limit.

Soil shrinkage curve test [Fig. 1(a), Dong and Lu 2017] is used
to measure a soil’s SSCC from its slurry state. From the measured
SSCC, water content at the suction stresses corresponding to
−1.7 kPa (LL) can be uniquely quantified [Fig. 1(b)].

Result

Various fine-grained soils with a wide range of liquid limit up to
500% are tested. The excellent correlation indexes (R2 ¼ 0.9985,
MAPE ¼ 5.06%, and NRMSE ¼ 4.86%) between the LL from the
ASTM D4318-17e1 (ASTM 2017) tests and suction stress tests,
shown in Fig. 1(c), experimentally validate that suction stress is the
mechanics origin responsible for LL and converges uniquely to
−1.7 kPa for LL of soil.

Significance

Identifying the mechanics origin of liquid limit (i.e., suction stress)
confirms the validity of the unified effective stress principle:

undrained failure occurs at liquid limit when effective stress reaches
zero (i.e., external total stress equals to suction stress). It is shown that
computer-automated suction stress measurement can accurately
quantify liquid limit of soil, which opens a new window for modern-
izing soil classification beyond the traditional Atterberg limits tests.
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Fig. 1. (a) Measurement of suction stress by a computer-automated soil
shrinkage test setup in which soil specimen is undergoing drying from
slurry state to air dry state; (b) measured soil water content versus suction
stress for four soils; and (c) comparison between LL by ASTM D4318-
17e1 and by suction stress measurements for a variety of fine-grained
soils. R2 = coefficient of determination; MAPE = mean absolute percen-
tage error; and NRMSE = normalized root mean square error.
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