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Abstract

Seismic responses of utility tunnel-soil system were studied via shaking table model tests with considerations of two kinds of double
box utility tunnels: with and without joint connections. These two testing utility tunnel models were made of galvanized iron wire and
micro-concrete, and the ground was simulated by the dry standard sand through layered tamping treatment. The utility tunnel-soil sys-
tem was subjected to horizontal vibration in uniaxial direction perpendicular to the longitudinal direction of tunnel model. Via instru-
mentations of earth pressure gauges, accelerometers and strain gauges, the earth pressure response, acceleration response and bending
moment response were measured. The testing results show that the joint connections in the utility tunnel along the longitudinal direction
play an important role in determining the characteristic of earth pressure response and bending moment response, whereas the effect of
joint connections on acceleration response is less significant. In addition, the partition wall exhibits the consistent acceleration response
with the side-wall of double box utility tunnel model under seismic condition. Based on the testing results, it is suggested that the joint
connection should be taken reasonably into consideration during design and construction for engineering practice.
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1 Introduction

With development of city infrastructure system, land
resources are becoming increasingly scarce (Von der
Tann et al., 2020; Zhu et al., 2016). Therefore, the utility
tunnel is gradually adopted during urbanization to fully
utilize the underground space (Wang et al., 2018b; Yang
et al., 2019a; Chen et al., 2021) and protect the historic cen-
ters (Valdenebro & Gimena 2018), as it provides a practical
solution to the complex layout of underground pipelines.
On the one hand, many underground pipelines (like high-
https://doi.org/10.1016/j.undsp.2021.08.001

2467-9674/� 2021 Tongji University. Publishing Services by Elsevier B.V. on

This is an open access article under the CC BY license (http://creativecommons.

⇑ Corresponding author at: School of Civil Engineering, Chongqing
University, Chongqing 400044, China.

E-mail address: zhangwg@cqu.edu.cn (W. Zhang).

Please cite this article as: L. Han, H. Liu, W. Zhang et al., Seismic behaviors
ground Space, https://doi.org/10.1016/j.undsp.2021.08.001
voltage cables, water supply pipe, heat pipe, telecommuni-
cations cable, and gas pipeline) can be installed in it
directly so that workers can maintain these important
pipelines conveniently. On the other hand, once the utility
tunnel invariably suffers severe damage during natural haz-
ards or other emergencies, the failure of these underground
pipelines will further distress the earthquake victims (Sakai
et al., 2017). Recently, various studies related to under-
ground utility tunnel have been conducted from the per-
spective of construction technology (Valdenebro et al.,
2019), effect of buried depth (Xu et al., 2018), influence
of utility tunnel on adjacent buildings (Tan et al., 2019),
settlement control and monitoring (Huang et al., 2018)
and economic design (Li et al., 2019), most of which were
under the static condition. However, as earthquake is one
behalf of KeAi Communications Co. Ltd.

org/licenses/by/4.0/).
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of the most serious natural hazards, the seismic perfor-
mance should not be ignored (Chen et al., 2019b).

In 1995, Kobe earthquake caused a serious damage to a
subway station, namely Dakai subway station (Iida et al.,
1996). Since then, the seismic performance of underground
structure has widely attracted growing attention and lots of
relevant researches have been carried out, including field
investigation (Iida et al., 1996), seismic response indices
(e.g., peak ground acceleration, velocity, and displacement)
(Paolucci & Smerzini, 2018), testing method and equipment
(Iwatate et al., 2000; Chen et al., 2010; Chen et al., 2013;
Wang et al., 2018a; Yan et al., 2018; Yang et al., 2019b;
Zhang et al., 2020), the numerical simulations (Chen
et al., 2012; Jiang et al., 2010; Chen et al., 2015) and ana-
lytical solutions (Davis et al., 2001; Yu et al., 2018) as com-
piled in Table 1.

Apparently, many countries including China, Japan,
Greece, Spain, United States, UK, Korea and so on have
conducted relevant researches on seismic performance of
underground structures. In terms of the structure type,
extensive efforts have been devoted to the seismic behaviors
of subway station, tunnel, subway structure, underground
pipeline and utility tunnel since 1995, whereas the utility
tunnel could not be paid attention before 2010. In terms
of research method, shaking table model test and numeri-
cal simulation are mostly applied to the study of seismic
behaviors of underground structure-soil system in the
recent years because of the great advance of testing equip-
ment and computational capacity.
Table 1
Summary of studies on seismic behaviors of under underground structures sin

Structure type Characteristics of structure Research method

Subway station — Field investigation
Tunnels Long lined Analytical method
Subway structure Dakai subway station model Shaking table model te
Buried structure Rectangular, without joint

connection
Developing based on th
method

Tunnel Circular Analytical method, num
simulation

Duct Two-box, without joint
connection

Analytical method, num
simulation

Utility tunnel Single-box, without joint
connection

shaking table model tes
simulation

Subway station Rectangular and Multistory shaking table model tes
simulation

Tunnel Rectangular centrifuge tests, numeri
simulation

Tunnel Long Shaking table model te
Utility tunnel Without joint connection Shaking table model te
Subway station Rectangular Numerical simulation
Tunnel Shallow buried Numerical simulation

Tunnel Circular Shaking table model te
Shield tunnel Circular Analytical solutions
Pipeline Deep buried Shaking table model te
Utility tunnel Without joint connection pseudo-static test
Subway station Rectangular and Multistory Shaking table model te

simulation
Atriumsubway

station
Two-story and zero buried
depth

Shaking table model te
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Generally speaking, differing from those of other under-
ground structures, like tunnel, subway station, and base-
ment, the cross section of utility tunnel is relatively
smaller and the tunnel is buried shallowly. In addition,
with the development of prefabricated construction tech-
niques, many of utility tunnels are installed section by sec-
tion, in which case the joint connection is inevitable.
Comparing with the utility tunnel without joint connec-
tion, it may have some special mechanical and deformation
characteristics especially under seismic condition. How-
ever, the joint connection was less considered along the
longitudinal direction of utility tunnel in current studies,
based on Table 1.

With the help of shaking table testing system, the cur-
rent research studied the seismic behaviors of double-box
utility tunnel, especially for seismic performance of the
joint connection along the longitudinal direction of utility
tunnel by considering two kind of utility tunnel models—
with and without joint connection. For simplification, the
model without joint connections is named as model I, while
the other model with joint connections is model II. To mit-
igate the boundary effect of soil container during shaking
process, a laminar steel soil container was used. The input
shaking wave is the seismic spectrum of 1940 El Centro
earthquake, which was adjusted to have the peak ground
acceleration (PGA) of 0.2g, 0.4g, 0.8g, and 1.2g to examine
the effect of PGA on seismic behaviors. Through a series of
sensors pre-arranged on the structure and in the soil, such
as accelerometers, earth pressure gauges and strain gauges,
ce 1995.

Country Reference(s)

Japan Iida et al., 1996
Greece Stamos and Beskos, 1996

st Japan Iwatate et al., 2000
e exiting Spain Gil et al., 2001

erical USA, Korea Hashash et al., 2005

erical Japan Tateishi, 2005

t, numerical China Chen et al., 2010; Chen et al., 2012; Jiang
et al., 2010

t, numerical China Chen et al., 2013; Chen et al., 2015

cal Greece and
UK

Tsinidis et al., 2015

st China Yu et al., 2017
st China Chen et al., 2020; Ding et al., 2021

China Ma et al., 2018
India,
Australia

Patil et al., 2018

st China Wang et al., 2018a
China Yu et al., 2018

st China Yan et al., 2018
China Yang et al., 2019b

st, numerical China Zhuang et al., 2019a, 2019b; Chen et al.,
2019a

st China Zhao et al., 2019
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three kinds of seismic responses were measured during the
shaking process including the acceleration response, the
dynamic earth pressure response and the bending moment
response. From different perspectives, several practical
conclusions on the seismic behaviors of double-box utility
tunnel and its joint connection were obtained.
2 Model testing design and instrumentations

2.1 Shaking table facility

This study was performed via a shaking table testing
system developed by ANCO company in the United States.
For shaking table tests, it is important to mitigate the
boundary effect, in which case two types of soil containers
are generally employed, i.e., laminar soil container (Chen
et al., 2015) and rigid soil container with soft material at
the inner side of the boundary (Wang et al., 2018a;
Tateishi, 2005). In this test, a laminar steel soil container
with the dimension of 0.95 m � 0.85 m � 0.65 m
(length � width � height) was applied as shown in Fig. 1.
A prototype model whose dimension of cross section is
6.7 m � 4.5 m was assumed.
2.2 Model preparation

This study employed the scaling laws recommended by
Iai (1989) to deduce the similarity relationship among the
physical quantities using Buckingham p theorem. The max-
imum vibration acceleration of this testing equipment is
1.2g, and the environment acceleration of this prototype
model is 0.25g. Therefore, when the acceleration similitude
ratio is 5, the performance of shaking table can be fully uti-
lized. Given the sizes of the rectangular laminar container
and according to the similitude law, this study adopted a
geometry similitude ratio of 15. The simulation law and
similarity ratios about the physical model for the 1-g con-
ditions suggested by Iai (1989) are listed in Table 2.

Figure 2 shows the model making process. It can be seen
that the test utility models were made of galvanized iron
Fig. 1. Shaking table system.
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wire with the diameter of 2.2 mm (see Figs. 2 (a)) and
micro-concrete with measured modulus of 6062 MPa, and
the dimension is 44.67 cm � 30 cm � 80 cm
(width � height � total length) (see Fig. 2 (d) and (e)).
Based on Lee et al. (2012), the distance between the side-
wall of model and boundary of soil container is more than
1/20 of model width, and hence, the boundary effect can be
effectively mitigated. To ensure the formwork (see Fig. 2
(b)) was fully filled with micro-concrete, the formwork
was firstly placed upright so that the micro-concrete can
be poured into from the end part of the formwork (see
Fig. 2 (c)). Simultaneously, the iron bar was used to vibrate
the micro-concrete and the hammer was applied to hit the
formwork, which further ensure that considerable voids
will not exist in the utility tunnel model.

Figure 3 shows the installation of testing system in this
test. Firstly, the utility tunnel models need to be prepared
well such as the arrangement of strain gauges. Especially
for model II, the joint connection should be cautiously
treated. The Model II consists of two sections which con-
tact each other directly, and the joint is covered by HDPE
black geomembrane with thickness of 0.2 mm (see Fig. 3
(b)), whose detailed diagram is shown in Fig. 3(c). There-
fore, this joint connection can be regarded as a kind of
highly flexible connection. Actually, there is a variety of
joint types with the flexibility ranging from very low to very
high. When the flexibility of joints becomes low, the behav-
ior of the utility tunnel becomes the one without joints.
Thus, the test of the utility tunnel with high flexibility
was conducted, to better compare its seismic behavior with
the one without joints and clearly demonstrate the effect of
the joints. The influence of the other types of joints should
be between these two bounds.

The test ground was simulated by dry standard sand
from Xiamen, China with the layered tamping treatment.
And the particle size distribution is shown in Fig. 4, and
the cohesion stress c and fiction angle u is 0 and 40�,
respectively. During filling process of the standard sand,
the utility tunnel model and some sensors (like earth pres-
sure gauges and accelerometers) were installed at the pre-
determined location of the soil container. Lastly, installa-
tion of testing system was finished, and the simulated sand
field density approximately equals to 1740 kg/m3.

2.3 Testing program

The seismic spectrum of 1940 El Centro earthquake is
widely used in the earthquake engineering research. In this
test, it was also considered as the input, as shown in Fig. 5.
Specially, it was adjusted to have PGA of 0.2g, 0.4g, 0.8g,
and 1.2g respectively to exam the effect of PGA, and the
time was compressed based on the similarity ratios. There-
fore, based on the given acceleration similarity ratio of 5:1,
the input PGA will be less than 0.4g for the actual project.
The vibration was exerted at the base of shaking table sys-
tem in the uniaxial direction perpendicular to the longitudi-
nal direction of utility tunnel model as shown in Fig. 3.
of utility tunnel-soil system: With and without joint connections, Under-
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Table 2
Similarity ratios for some parameters.

Parameter Determination Similarity ratio

Geometry Sl Selected 1:15
Strain Se Selected 1:1
Stress Sr Selected 1:3
Elastic modulus SE SE = Sr/Se 1:3
Acceleration Sa Selected 5:1
Density Sq Sq = SE /(Sl�Sa) 1:1
Time St St=(Sl/Sa)

1/2 1:8.67
Reinforcement Keep the reinforcement ratio consistent with the actual project

Fig. 2. Model making process.
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2.4 Instrumentation scheme

In this test, there are mainly three responses which are of
concern, including the earth pressure response of testing
ground, acceleration response of structure and the sur-
rounding soil and strain responses of structure, which can
be monitored by earth pressure gauges (denoted by ‘‘P”),
accelerometers (denoted by ‘‘A”) and strain gauges (de-
noted by ‘‘S”) as shown in Figs. 6 and 7. Figure 6 shows
the vertical view of sensor layout and Fig. 7 plots the sec-
tional view of sensor layout for model I and II.

For model I, the earth pressure gauges, accelerometers
and strain gauges were set at the middle cross section of
the model. For model II, these sensors were set at the cross
section of joint connection to investigate the effect of joint
connections by comparing the testing results obtained from
model I. After setting the sensors above, the testing data
4
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was obtained by the data collecting instrument-DH5921
developed by Donghua company. To eliminate the influ-
ence of different initial value of every sensor, the measuring
value was reset before conducting a new test. Hence, the
testing data obtained from every test was the incremental
data. For earth pressure and strain response, if the value
is positive, it suggests that this physical magnitude
increases. Apparently, the resetting procedure had no influ-
ence on the work of accelerometer.

3 Testing result analysis and discussion

3.1 Dynamic earth pressure response

Figure 8 shows the maximum earth pressure distribution
along depth, extracted from the measuring points—P1, P2,
P3, P4, P5, P6 and P7. Apparently, the dynamic earth
of utility tunnel-soil system: With and without joint connections, Under-
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Fig. 3. Installation of testing model.

Fig. 4. Particle size distribution of standard sand in Xiamen.

Fig. 5. (a) Acceleration time history, and (b) Fourier spectrum of El
Centro earthquake.
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pressure responds more dramatic in the depth range of util-
ity tunnel model than those in other depth ranges. Based
on the works of Tsinidis (2017), Tsinidis et al. (2016a)
and Tsinidis et al. (2016b), the phenomenon above can
be attributed to the soil-structure relative stiffness. Particu-
larly, the maximum dynamic earth pressure has an approx-
imate distribution of inverted ‘‘W” for both two models,
and this kind of distribution characteristic of dynamic
earth pressure was also reported by Chen et al. (2013),
which can be explained by the rocking-racking responses.
Under the horizontal seismic excitation, the rocking-
racking responses may exist for rectangular tunnel-like
structure (Tsinidis 2017; Tsinidis et al., 2016a). More
specifically, the rectangular tunnel-like structure tends to
rotate around the geometrical centroid of the section, and
even if the center of rotation does not coincide with the
centroid, these two points are very close to each other
(Tsinidis 2017). Therefore, the displacement in the mid-
point of the side-wall is smaller compared with those at
the top and bottom of the side-wall, and as a result, the
5
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interacting force between wall and soil (the earth pressure)
in the midpoint is also smaller. Accordingly, the distribu-
tion characteristic of inverted ‘‘W” occurs due to the mech-
anism above.

In addition, there are two responses different between
models I and II. Firstly, the magnitude of dynamic earth
pressure of model I is generally greater than that of model
II; secondly, the difference of the maximum dynamic earth
pressure at the top, middle and bottom part of the side-wall
is rather significant for model I, while the difference of
model II becomes less evident. These two points above
can be explained by the reduction of structure integrity
or the reduction of soil-structure relative stiffness along
the longitudinal direction. Apparently, the reduction of
stiffness means the increase in the structure flexibility,
and hence, model II is more likely to follow the kinematical
mechanism of ground under shaking than model I, so that
the dynamic earth pressure correspondingly becomes more
uniform at the top, middle and bottom parts of model.

Since the dynamic earth pressure responses at measuring
points P3, P4 and P5 are relatively more significant, the
earth pressure time histories at these measuring points
are plotted in Figs. 9 and 10 for model I and II, respec-
tively. For brevity, the earth pressure time histories of the
remaining measuring points are shown in Figs. A1 and
A2 in the appendix. From Fig. 9, the dynamic earth pres-
sure at the measuring point-P4 is generally less than the
values at P3 and P5 during the shaking process, which fur-
ther demonstrates the distribution characteristic of inverted
‘‘W” of dynamic earth pressure. At the end of earthquake,
the earth pressure does not restore to the static state and is
even less than 0, indicating that the soil adjacent to the
side-wall may become looser after an earthquake. Accord-
ing to Fig. 10, when the earthquake occurs, the dynamic
earth pressure at the measuring point P4 generally is not
smaller than those at P3 and P5. The phenomenon above
reflects that at the beginning of shaking process, model II
tends to follow the motion of ground due to the existence
of utility tunnel-soil system: With and without joint connections, Under-
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Fig. 6. Vertical view of sensor layout for model I and II.

Fig. 7. Sectional view of sensor layout for model I and II.

Fig. 8. Maximum earth pressur

6 L. Han et al. /Underground Space 6 (2021) 1–14

6
Please cite this article as: L. Han, H. Liu, W. Zhang et al., Seismic behaviors
ground Space, https://doi.org/10.1016/j.undsp.2021.08.001
of joint connections, especially under the relatively lower
input PGA. Nevertheless, the dynamic earth pressure at
the measuring point P4 is still less than those at the P3
and P5 in the sequent shaking process, indicating that the
existing of the joint connections mainly make the magni-
tude of dynamic earth pressure decrease, but has less con-
siderable effects on the distribution characteristic of
dynamic earth pressure along the depth. Similarly, the
earth pressure field may not restore to static state, espe-
cially at the middle part of the side-wall, and this result is
consistent with that by Tsinidis et al. (2015), but more evi-
dent than that of model I.
3.2 Acceleration response

Figure 11 shows the distribution of maximum accelera-
tion response and the amplification factor along depth in
the soil near by the side-wall for both models, in which
the distribution of model II is given in dash line, and the
distribution of model I is depicted as solid line. These
two model systems have the similar distribution pattern:
decreasing with depth on the whole and the similar magni-
tude of response. From this aspect, if the underground
structure was constructed at a shallower buried depth,
the structure will be more vulnerable. This conclusion is
basically in agreement with previous researches
e distribution along depth.

of utility tunnel-soil system: With and without joint connections, Under-
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Fig. 9. Earth pressure time history of the surrounding soil neighboring the side-wall of model I.

Fig. 10. Earth pressure time history of the surrounding soil neighboring the side-wall of model II.
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(Chen et al., 2013; Tsinidis et al., 2015; Zhao et al., 2019).
However, they did not consider the effect of input PGA
on the acceleration response. When the input PGA is
relatively small, like 0.2g in this test, the difference is less
significant (see Fig. 11 (a)). When the input PGA is 0.4g
and 0.8g, the response of model II is generally less than that
of model I, while it is opposite under input PGA of 1.2g
7
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(see Fig. 11 (a)). These two distributions both show that
the effect of soil-structure interaction gets more remarkable
as input PGA increases, causing the maximum acceleration
to decrease to a minimum value and then continue to
increase after a reversal point along depth (see Fig. 11 (b)).

Another interesting finding is that the amplification fac-
tor of acceleration will decrease with the increase of input
of utility tunnel-soil system: With and without joint connections, Under-
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Fig. 11. Distribution of maximum acceleration and amplification factor along depth.

Fig. 12. Bending moment response.
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PGA, which may be due to the effect of dynamic property
of soil (see Fig. 11 (b)). For example, the greater input
PGA will cause greater dynamic shearing strain c, and c
may lead to the greater damping ratio, which may absorb
more energy during the shaking process so that the acceler-
ation response will be mitigated.

In actual project, the utility tunnel will be divided into
several cabins based on their function (Yang et al.,
2019a). In this test, the two-box utility tunnel model was
considered. According the failure modes of Dakai subway
station in 1995 (Iida et al., 1996) and the test results of
8
Please cite this article as: L. Han, H. Liu, W. Zhang et al., Seismic behaviors
ground Space, https://doi.org/10.1016/j.undsp.2021.08.001
Chen et al. (2019a), the partition wall may be the vulnera-
ble part under seismic condition. Therefore, three
accelerometers (A8, A10, and A12) were arranged at the
partition wall corresponding to the three ones (A7, A9,
and A11) on the side-wall of model I.

The acceleration time history and Fourier spectrum of
side-wall and partition wall for models I and II under dif-
ferent input PGAs are shown in Figs. A3 and A4 in the
appendix. From Fig. A3, it can be seen that there is little
difference in the acceleration response between the side-
wall and the partition wall at the same depth, and these
of utility tunnel-soil system: With and without joint connections, Under-
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Fig. A1. Earth pressure time history of the surrounding soil neighboring the side-wall of model I.

Fig. A2. Earth pressure time history of the surrounding soil neighboring the side-wall of model II.
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two parts all show that the acceleration response will
increase with input PGA and decrease with depth. Thus,
it can be inferred that the damage of partition wall may
result from the difference of kinetic response along depth,
especially at the top and bottom node of the partition
9
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wall. In addition, the partition wall is a continuous struc-
ture so that it has greater stiffness and integrity than the
central pillar of Dakai subway station (Iida et al.,
1996). Therefore, comparing with those subway stations,
the effect of seismic excitation on partition wall is less
of utility tunnel-soil system: With and without joint connections, Under-
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Fig. A3. Acceleration time history and Fourier spectrum of side-wall and partition wall for model I for (a)–(b) 0.2g, (c)–(d) 0.4g, (e)–(f) 0.8g, and
(g)–(h) 1.2g.
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significant. In Fig. A4, the accelerometer A7 was broken
after the test under the input PGA of 0.4g during the test-
ing process. Apparently, the changing pattern and the
response magnitude of acceleration time history and
10
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Fourier spectrum are similar with those of model I, indi-
cating that the effect of the flexible joint connection on
acceleration response of underground structure is not
evident.
of utility tunnel-soil system: With and without joint connections, Under-
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Fig. A4. Acceleration time history and Fourier spectrum of side-wall and partition wall for model II for (a)–(b) 0.2 g, (c)–(d) 0.4g, (e)–(f) 0.8g, and
(g)–(h) 1.2g.
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3.3 Bending moment response

Based on the strain gauges, the strain response can be
obtained and used to calculate the bending moment
response of structure. Firstly, the time of largest strain
11
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response would be determined, and then the strain
responses of all measuring points at that time were
extracted to calculate the bending moment using the Eq. (1):

M ¼ e � W � E � 10�9 ð1Þ
of utility tunnel-soil system: With and without joint connections, Under-
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Table 3
Corresponding relationship for the measuring points between models I and II.

New name Model I Model II New name Model I Model II

M1 S15 S1 M5 S21 S7
M2 S13 S3 M6 S19 S9
M3 S24 S4 M7 S18 S10
M4 S22 S6 M8 S16 S12

Table 4
Bending moment value of structure corners for models I and II.

Measuring point El Centro 0.2g El Centro 0.4g El Centro 0.8g El Centro 1.2 g

model I model II model I model II model I model II model I model II

M1 7.08 5.41 12.39 11.21 17.02 20.26 21.21 23.93
M2 �7.59 �3.90 �14.76 �9.92 �22.11 �20.34 �27.88 �22.69
M3 �13.17 �5.12 �22.26 �9.78 �30.32 �18.85 �36.33 �21.91
M4 11.71 7.53 20.56 13.81 28.25 23.63 33.85 27.75
M5 9.00 4.35 16.80 8.28 23.70 16.04 29.03 18.66
M6 �9.39 �6.58 �16.84 �12.12 �23.08 �23.95 �27.53 �28.96
M7 �8.78 �4.91 �16.29 �9.23 �22.74 �17.08 �27.84 �20.05
M8 8.22 5.21 15.57 10.37 22.38 19.18 27.66 22.67
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Where, M is the bending moment of structure per unit
length, N∙m/m; e is the strain response, 10�6; W is the sec-
tion modulus in bending, mm3; and E is the elastic modulus
of the micro-concrete, MPa.

Figure 12 shows the distribution of additional bending
moment response, where the bending moment causing ten-
sile stress on the outside of sidewall is positive, and vice
versa. Based on Fig. 12, the greater additional bending
moment response will develop at the structure corners for
both models I and II. Hence, the safety of structure at
the corners should be paid more attention, which is consis-
tent with the results of Chen et al. (2019a) when the ground
surface is level. Since seismic loading is kind of reciprocat-
ing loading, the bending moment response for models I and
II can be compared by the means of Table 3 and the mea-
suring points were renamed as Mi (i is the number of struc-
ture corners).

Table 4 shows the specific value of additional bending
moment at the structure corners. It can be seen that the
bending moment response of model I is generally greater
than that of model II at the same measuring point under
the same input PGA except for the highlighted value. It
means that the structural integrity decreases due to the
existence of joint connections, which leads to the rela-
tively slight response to the structure. Other seismic
responses, such as earth pressure response also confirm
this finding. Because of this, applying the joint connec-
tions appropriately into the construction of utility tunnel
could mitigate the seismic damage to the underground
structure under earthquake. Last but not the least, as
pre-mentioned, it is the additional bending moment
response rather than the absolute bending moment
response that was taken into consideration, which means
that the location where the additional bending moment is
12
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larger may be not more vulnerable, which depends on the
initial bending moment in the structure subjected to the
initial stress field and the structure design (e.g., Tsinidis
et al., 2015).

4 Conclusions

Based on the shaking table tests, this paper studied the
seismic behaviors of double box utility tunnel without or
with joint connections. Through analyzing the earth pres-
sure response, acceleration response, and bending moment
response under seismic condition, several conclusions are
obtained as follows:

(1) The maximum earth pressure has a distribution of
inverted ‘‘W” for utility tunnels without or with joint con-
nections. The existing of the joint connections mainly
affects the magnitude of dynamic earth pressure and has
relatively less impacts on the distribution of dynamic earth
pressure along the depth.

(2) When the input PGA is relatively small such as 0.2g,
the difference of maximum acceleration distribution is not
remarkable.

(3) Side-wall and partition wall have the consistent
acceleration time history and Fourier spectrum for both
utility tunnels without and with joint connections. Effect
of joint connections on acceleration is not evident.

(4) Greater additional bending moment develops at the
structure corners for both two kinds of models, and the
existence of joint connections will mitigate the additional
bending moment response on the structures under seismic
condition.

(5) In actual project, the joint connections should be
appropriately considered to mitigate the seismic damage
to utility tunnels.
of utility tunnel-soil system: With and without joint connections, Under-
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Although the conclusions obtained in this study are
based on a double-box utility tunnel, it can still be general-
ized to the utility tunnels with other cross-sections such as
the single-box utility tunnel (Ding et al., (2020)). In addi-
tion, the test of the utility tunnel with high flexibility was
conducted to better compare its seismic behavior with the
one without joints and clearly demonstrate the effect of
the joints. The influence of the other types of joints should
be between these two bounds.
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