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1. Introduction

The investigation of soil stress—strain behavior plays a fundamental role in the stability analysis and
settlement prediction of geotechnical structures. Among the influencing factors, drainage conditions are of
particular importance; previous studies indicate that soil mechanical behavior following an earthquake cannot
be fully represented by the two limiting cases of fully drained or undrained conditions. Instead, it
predominantly occurs under partially drained conditions, resulting from the simultaneous changes in pore
water pressure and soil volume. The present study was designed to investigate the effect of partial drainage on
the monotonic behavior of Firoozkuh No. 161 sand through a series of triaxial compression and extension tests.
For analysis, effective stress paths, stress—strain curves, and excess pore water pressure responses obtained
under partially drained conditions were compared with those from fully drained and undrained cases. The
findings indicate that partial drainage has a significant influence on the shear behavior of sand.

2. Methodology
2.1. Sample preparation method and test procedures

Cylindrical sand specimens with a diameter of 50mm and a height of 200mm were prepared using the dry
pluviation method. Following the installation of the triaxial cell, specimen saturation was achieved by
sequentially flushing CO, and de-aired distilled water through the specimens, followed by the application of
the back-pressure technique. The specimens were then isotropically consolidated under a confining pressure
of 200kPa. For the subsequent compression and extension shear stages, four drainage conditions were
considered: undrained, fully drained, and two bilinear volumetric—shear strain paths representing partially
drained conditions with contractive (§ = +0.125) and expansive (£ =-0.250) volumetric rates. The overall
performance of the electro-mechanical triaxial system is illustrated in Fig. 1.

. o _ @ OO
Publisher: Vice Chancellery for Research & Technology, University of Tabriz
https://doi.org/10.22034/CEEJ.2025.69554.2458 Online ISSN: 2717-4077

* Orcid Cod Corresponding Author: 0000-0003-2865-2492
E-mail addresses: vahidabazaril9@gmail.com (Vahid Abazari Oskouei), hajialilue@tabrizu.ac.ir (Masoud Hajialilue-Bonab).


https://doi.org/10.22034/CEEJ.2025.69554.2458
mailto:vahidabazari19@gmail.com
mailto:hajialilue@tabrizu.ac.ir

Vahid Abazari Oskouei and Masoud Hajialilue-Bonab / J. Civ. Env. Eng. 55 (2026)

displacement
transducer
data logger

load cell

loading ram

pressure transducer O-ring
control system
_ cell pressure valve
N soil specimen

membrane

porous stone

back pressure valve

volume pressure controller

Fig. 1. Schematic illustration of the performance of the electro-mechanical triaxial system

2.2. Shear-volumetric strain paths

To implement the partially drained condition in the triaxial tests, after completion of consolidation and
initiation of axial loading, the drainage valve was kept open. Simultaneously, the electromechanical pressure—
volume controller connected to the back-pressure line was used to inject or withdraw water at a constant
volumetric strain rate € until the axial strain reached &; = +15%. At this point, the drainage valve was closed,
and the test continued under undrained conditions until the termination of shearing, ensuring constant
specimen volume thereafter, as illustrated in Fig. 2.
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Fig. 2. Bilinear volumetric—shear strain paths applied to specimens in triaxial compression and extension tests

3. Results and discussion

The results of compressive and extension stress paths revealed that all specimens ultimately converged
toward a unique Critical State Line (CSL). Nevertheless, pore water pressure response and shear strength were
strongly affected by the drainage conditions. Under the contractive relative drainage condition (¢ = +0.125), a
substantial reduction in pore water pressure (30% and 54% decrease under compression and extension
loading, respectively, compared with undrained tests) and enhanced dilatancy led to an earlier attainment of
the peak shear strength, corresponding to an approximate 38% increase in strength relative to the undrained
condition (Fig. 3). Conversely, the expansive partial drainage path (£ = —0.250), associated with increased
porosity and the buildup of excess pore pressure, resulted in a pronounced reduction in stiffness and strength.
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This effect was particularly evident under extension loading, where shear strength dropped by nearly 63%
compared with the undrained case, causing the specimen to exhibit fully contractive behavior approaching
liquefaction.

Post-test observations further demonstrated that the failure mode was directly influenced by the drainage
condition. Contractive relative drainage in both loading modes induced a distinct shear-type failure. In contrast,
under dilative drainage, the specimen subjected to compression exhibited a barrel-shaped failure, whereas the
extension-loaded specimen showed no well-defined failure pattern due to instability.
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Fig. 3. Comparison of peak shear strength in triaxial compression and extension tests of sand specimens under different
drainage conditions

4. Conclusions

The results of triaxial compression and extension tests under a constant confining pressure of 200kPa
indicated that volumetric—shear strain paths had only a negligible effect on the critical state friction angle of
sand. However, the strength behavior of the soil was significantly altered. The application of contractive partial
drainage (water withdrawal at a rate of { =+0.125) effectively controlled excess pore water pressure
generation, leading to enhanced strain-hardening compared with both undrained and fully drained conditions,
and resulted in the highest shear strength. In contrast, under expansive partial drainage conditions (water
injection at a rate of £ =-0.250), the buildup of pore water pressure promoted contractive behavior. This effect
was particularly evident under extension loading, where the continuous reduction in mean effective stress
triggered strain-softening at relatively small strains, thereby increasing the potential for liquefaction.
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