
www.jzus.zju.edu.cn; www.springer.com/journal/11582
E-mail: jzus_a@zju.edu.cn

Journal of Zhejiang University-SCIENCE A (Applied Physics & Engineering) 2022 23(11):845-849

Physical model testing in geotechnical engineering

Zhen-yu YIN1*, Han-lin WANG2,3,4*, Xue-yu GENG5*

1Department of Civil and Environmental Engineering, The Hong Kong Polytechnic University, Kowloon, Hong Kong, China
2Research Center for Advanced Underground Space Technologies, Hunan University, Changsha 410082, China
3Key Laboratory of Building Safety and Energy Efficiency of the Ministry of Education, Hunan University, Changsha 410082, China
4College of Civil Engineering, Hunan University, Changsha 410082, China
5School of Engineering, University of Warwick, Coventry CV4 7AL, UK

1 Introduction

Several characteristics of natural soils complicate

the relationship between their mechanical behaviour

and geotechnical construction and maintenance in the

field. These characteristics include the presence of

three phases (solid particle, water, and air), particle

constitutions of various minerals (such as quartz, ka‐

olinite, and montmorillonite), and an exceptionally

wide range of particle size from μm-scale (clay parti‐

cles smaller than 2 μm) to 100-mm scale (such as

some gravels and pebbles), with complicated inter-

particle contact distributions. Field or in-situ testing is

the most reliable way to reveal the real conditions for

geotechnical engineering (Chen et al., 2021; Xue et al.,

2021). However, field testing is sometimes not easy

or even not realistic to perform because of resource

shortages, time limitations, and difficult operability. To

overcome these issues and to reproduce the mechani‐

cal or thermo-hydro-mechanical-chemical (THMC)

coupled behaviours of geotechnical structures, physical

model testing is an efficient and reasonable approach,

widely used by academics and engineers around the

world (Wang et al., 2018; Guo and He, 2020; Bian

et al., 2021; Lei et al., 2021; Tang et al., 2022).

Physical model tests can be categorized into
small-scale, large-scale, and full-scale cases. Compared
to field testing, physical model testing has advantages
of high reproduction of the in-situ condition, a much
lower cost, and noticeably higher operability. Physical
model testing can help identify the effects of various
controllable influencing factors on the performance of
engineering cases, thereby providing a connection be‐
tween the investigation of basic soil behaviour in the
laboratory and practical geotechnical engineering ap‐
plications in the field (Wang et al., 2019; Peng et al.,
2022). Following further data processing and analy‐
sis, theoretical models and basic designs can be pro‐
vided for engineering practice (van Eekelen et al.,
2013; Wang and Chen, 2019; Tu et al., 2020). Hence,
physical model testing serves as an enduring and pop‐
ular method for academics and engineers to solve
complicated geotechnical problems by improving the
understanding of such problems.

This special issue contains original research arti‐
cles in the area of small-scale, large-scale, and full-
scale physical model testing for geotechnical engineer‐
ing, with a focus on the following aspects: (1) physical
model development for critical engineering problems,
using innovative testing methods (including innovative
sensors); (2) clarification of multi-physics behaviour
of geotechnical cases using physical model tests;
(3) development of theoretical models and basic de‐
signs for practical applications in geotechnical engi‐
neering through physical model testing.

Several experts in this field were invited to share
their up-to-date investigations. The collected articles
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cover various topics as previously listed. Herein, we
briefly introduce the articles as follows:

Zheng et al. (2022) present a series of physical
model tests to visualize the dynamic progression of
backward erosion piping by a Hele-Shaw cell. Vari‐
ous gaps between the upper and lower plates of the
cell, and ratios of the flux of water to the gap were
controlled. The results indicate that the erosion pro‐
cess can be divided into a piping progression phase
and a piping stabilization phase. A higher flux of
water induces more branched patterns for the mor‐
phologies of erosion, when the gap is not too wide
(within 5 mm). Interestingly, as the thickness of the
sample increases, the sand grains are easier to dislodge,
due to more degrees of freedom. A critical thickness
of the sample, above which the erosion geometry may
not be affected, still needs to be confirmed.

Chang et al. (2022) investigated the behaviour of
a frozen sand–concrete interface under constant normal
load and constant normal height boundary conditions
using a series of large-scale interface shear tests. Dif‐
ferent normal stresses and temperatures were applied.
The testing results show that strain softening behav‐
iour is exhibited under negative temperatures. Under
a lower temperature or a higher normal stress for both
constant normal load and constant normal height
boundary conditions, the degree of strain softening be‐
haviour, the elastic shear modulus, the peak and the
critical interface shear stress, and the value of the peak
ice-cementation are higher. However, the percentage
of peak ice-cementation in the peak interface shear
stress increases with decreasing temperature or de‐
creasing normal stress.

Based on the geological conditions and disaster
cases of the Xinping Tunnel in the China–Laos rail‐
way line, Xu et al. (2022) performed a large-scale
physical model test to simulate tunnel excavation in
sandstone and slate interbedded strata, and to repro‐
duce the water-and-mud disasters. From the testing re‐
sults, water-and-mud inrush was shown to progress in
three stages: seepage stage, high-leakage flow stage,
and attenuation stage. When a water-resistant stratum
is reduced to a critical safety thickness (corresponding
to a pivotal point at which the seepage pressure
changes from high to low, and the flow varies from

low to high), a water-inrush channel develops. Under
the unloading effect due to the excavation and the
coupling effect of in-situ stress-seepage, the water-
resistant stratum gradually fails. In addition, the varia‐
tions of the stress and strain, and the seepage pressure
and flow of surrounding rock reveal the process of
formation and evolution of the disaster, according to
the stage-related characteristics of the water-and-mud
inrush process.

Another engineering issue related to tunnelling
was investigated by Zhang et al. (2022). Several large-
scale physical model tests were conducted to unravel
the effect of soil on the bearing capacity of a double-
lining tunnel structure under internal water pressure in
sandy soil and highly weathered rock conditions. The
testing results indicate that the contribution of soil to
the bearing capacity increases with the increase of the
soil elastic modulus. After crack development on the
double-lining, the soil contributes more to bearing the
internal water pressure, compared to a scenario with
no crack on the double-lining. In addition, this re‐
sponse increased for highly weathered rocks. Follow‐
ing the analysis of the physical model testing results,
an analytical solution was proposed to further evalu‐
ate the contribution of soil to the bearing capacity,
considering the soil–double-lining interactions. From
comparisons, the analytical solution could be verified
by the physical model testing results, with an average
error of about 7.9%.

Ren et al. (2022) developed a dynamic numerical
model to investigate the effect of a change in ground‐
water level on the seismic response of geosynthetic-
reinforced soil retaining walls (GSRWs). This model
was validated by centrifugal shaking-table physical
model tests. The results show that when the ground‐
water level drops, the seismic stability of the GSRW
is worse, because the drag forces caused by water
flowing from the inside to the outside of the GSRW
damage the wall structure, leading to a larger outward
deformation. In contrast, the GSRW has the highest
seismic stability as the groundwater table rises, pre‐
venting the retaining wall from deforming outwards
caused by the rising groundwater level. Compared to
the low-groundwater level case, the seismic stability
of the GSRW is worse for the high-groundwater level
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case, due to the generation of excess pore water pres‐
sure during an earthquake. According to the investiga‐
tions, coarse-grained soils with good drainage proper‐
ties are recommended as backfill for GSRWs.

Another study dealing with the seismic response
of geotechnical structures under earthquakes is pro‐
vided by Wei et al. (2022). In this study, a series of
1/4-scale physical model tests were performed to
evaluate the seismic responses of a cantilever retain‐
ing wall with reinforced and unreinforced backfill,
under minor, moderate, and major earthquake load‐
ings. The results indicate that the inclusion of rein‐
forcement improves the integrity of the soil-wall sys‐
tem, mitigates vibration-related damage, and reduces
the fundamental frequency of the system and the am‐
plification effect of the input motion. Under both
minor and moderate earthquake loadings, the inclu‐
sion of reinforcement decreases the seismic earth pres‐
sure compared to the unreinforced case. Under major
earthquake loading, backfill reinforcement is not fully
effective. In such case, the horizontal displacement of
the wall is smaller than that of the backfill, with the
backfill deforming the wall significantly.

In consideration of the need to reduce cost, miti‐
gate environmental impacts, and improve efficiency
during the construction of highway subgrade, Wang
et al. (2022) performed a series of full-scale model
tests to examine the compaction quality of a gravel
subgrade with large-thickness layers (65 and 80 cm)
by heavy roller compaction. The results indicate that
the dynamic soil stress induced by heavy vibratory roll‐
ers was much higher than that from conventional roll‐
ers, particularly at deeper depths. Within 6 to 7 passes
of the heavy vibratory rollers, the subgrade could be
compacted in a uniform manner, with the degree of
compaction ranging from 96.0% to 97.2% for the
65-cm layers, and from 94.1% to 95.4% for the 80-cm
layers, exceeding the design value of 93%. Compared
to conventional compaction thickness, compaction with
thicker layers leads to a better bearing capacity. In sum‐
mary, increasing the thickness of the compaction lay‐
er by heavy rollers significantly reduces cost and time
burdens, while ensuring a high quality of compaction.

Another study was related to the transportation
subgrade. Su et al. (2022) performed a series of

multi-stage cyclic triaxial tests and mercury intrusion

porosity tests on fine–coarse soil mixtures to model

the track-bed materials in French railways at various

water contents of fines, coarse grain contents, and de‐

viator stress amplitudes. Regarding the fine matrix

fabric when the water content for fines is higher than

its plastic limit, the rebounding effect on the resilient

modulus is more significant than the hardening ef‐

fect. This leads to a decrease of the resilient modu‐

lus with increasing deviator stress amplitude. In con‐

trast, in terms of the fine aggregate fabric with the

water content for fines lower than its plastic limit, the

rebounding effect on the resilient modulus is not as

great as the hardening effect, resulting in an increase

of the resilient modulus with increasing deviator stress

amplitude. As the coarse grain content increases, the

resilient modulus increases under both saturated and

unsaturated conditions, attributed to the reinforcement

effect of coarse grains.

With these articles, we believe this special issue

provides a fundamental basis for academics and engi‐

neers to present and discuss up-to-date progress in the

field of physical model testing in geotechnical engi‐

neering. By covering several topics and backgrounds

such as transportation subgrade, tunnelling, erosion,

frozen soil, and seismic analysis in relation to geotech‐

nical structures, we hope this special issue will en‐

hance the understanding of each topic and promote

the application of the physical model testing approach

to more areas of geotechnical engineering. We also

expect the selected articles will bring new ideas to ac‐

ademics and engineers in the relevant areas, and in‐

spire the readers of this journal.
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