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Monitoring and Analysis of Bridge Crossing Ground
Fissures
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Abstract—Ground fissures can be seen in some cities all over the
world. As a special urban geological disaster, ground fissures in Xi'an
have caused great harm to infrastructure. Chang'an Road Interchange
in Xi'an City is a bridge across ground fissures. The damage to
Chang'an Road interchange is the most serious and typical. To study
the influence of ground fissures on the bridge, we established a bridge
monitoring system. The main monitoring items include elevation
monitoring, structural displacement monitoring, etc. The monitoring
results show that the typical failure is mainly reflected in the bridge
deck damage caused by horizontal tension and vertical dislocation. For
the construction of urban interchange spanning ground fissures, the
interchange should be divided reasonably, a simple support structure
with less restriction should be adopted, and the monitoring of supports
should be strengthened to prevent the occurrence of beam falling.

Keywords—Bridge monitoring, ground fissures, typical disease,
structural displacement.

1. INTRODUCTION

S a kind of geological disaster phenomenon, the ground

fissure has attracted the attention of bridge academic
circles. Some scholars have wused existing monitoring
technologies to observe and monitor this geo-hazard [1], [2].

Xi'an is one of the cities suffering from serious ground
fissure disasters in China. Since the 1950s, more than 10
ground fissures have been found in Xi'an. Experts generally
believe that the ground fissures in Xi'an city belong to the
typical multiple cause superimposed ground fissures, which
have the basic characteristics of structural ground fissures as
well as the displacement superimposition of ground subsidence
[3]-[6].

Peng et al. studied the ground fissures in Xi’an for years and
regarded them as the most typical ground fractures in China [7].
14 fissures have divided the city into several distinct parts. The
fissures were generated under the coupling action of multiple
factors [8]. Research shows that the ground fissures in Xi'an
produce three-dimensional motion, among which the vertical
displacement has the strongest effects on metro engineering [9].
The mechanism that failures of metro tunnels pass obliquely
through ground fissures at low angles are also explored [10].

Zhang et al. assessed the effective stress in the design of
underground engineering structures across a ground fissure
zone, and a method to calculate the overlying load on the utility
tunnel caused by ground fissure activity was proposed [11].
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They discussed the deformation mechanism of a utility tunnel
crossing active ground fissures in Xi'an as observed in a
physical model test, and found that observations mark a notable
departure from the previously published failure mode of metro
tunnels under active ground fissures [12].

Li et al. studied the effect of intersection angle for utility
tunnel when crossing ground fissures, and compared outcomes
when the utility tunnel crosses ground fissures with different
intersection angles through a numerical simulation method
[13]. Fan et al. summarized the formation of ground fissures
and found that variations in the dip angles and cross angles
influence road deformation and cracking. Based on survey data,
a numerical simulation method was conducted to analyze the
impact of ground fissures on roads [14].

Xiong et al. investigated the distributing disciplinarian of
ground motion parameters on the earth fissure site during
strong earthquakes, a series of shaking table tests was designed
and conducted based on 1:15 scaled models [15], [16]. The 3D
finite element models containing the surface structure,
underground station, and ground soil with earth fissure were
built. Seismic behaviors of earth fissure ground were compared
with the test result. The results indicate that the existence of
earth fissures and surface structure amplifies the seismic
responses of the underground station [17], [18].

Liu et al. conducted a shaking table model test and numerical
simulation model on a scaled tunnel model to investigate the
mechanism and effect of seismic loadings on the metro tunnel
which is closely parallel to an active ground fissure [19], [20].
Results discovered the relationship between subsidence,
widening of fissures, and the earthquake.

Zhang et al. [21] studied the influence of active ground
fissures on the high-speed railway which has a small angle
intersection with ground fissures. Pang et al. [22] discussed the
bridge disaster mechanism under the influence of ground
fissure activity simulated by a settlement platform. The results
were compared with the ANSYS finite element.

The researches mainly focus on the impact of ground fissures
on the utility tunnel, underground metro, and highway, with
few studies on bridges. The working conditions and structural
changes of these bridges are not clear for a long time. In order
to study the influence of the ground fissure on the bridge
structure, clarify the typical disease of this kind of bridge and
its causes, and provide a reference for the construction and
maintenance of bridges in other fissure active areas, our
research group carried out a detailed investigation and
monitoring on the Chang'an Road interchange and obtained
some relevant results and conclusions.
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II. ENGINEERING BACKGROUND

A. Distributions of Ground Fissure in Xi’an

The distribution range of ground fissures in Xi'an is from
Zaohe in the west to Fangzhicheng in the East, from Sanyao
village in the south to Jingshang village in the north, covering
an area of about 150 km?. They are banded, quasi-parallel, and
equidistant. The main ground fissures show the characteristic of
a southward dip.

B. The Overview of Chang'an Road Interchange

Chang'an Road Interchange is located at the intersection of
South 2" Ring Road and Chang'an Road, which is a two-layer
cloverleaf interchange. The upper structure of the north-south
interchange bridge is simply supported prestressed hollow slab
with a span of 10.2 m + 13.5 m + 13.5 m + 10.2 m. The total
width of the bridge deck is 51.5 m (including railings). The
upper layer of bridge deck pavement is 6 cm asphalt concrete,
and the lower layer is 10 cm thick cast-in-place concrete. It was
completed and opened to traffic in November 1994, see Figs. 1
and 2 for the appearance of Chang'an Road interchange.

Fig. 1 Outside view of Chang'an Road Interchange
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(b) Cross section of Chang'an Road Interchange

Fig. 2 Chang'an Road interchange schematic diagram

There is an F6 ground fissure under Chang'an Road
Interchange; see Fig. 3 for the distribution of ground fissures
around the bridge. The fissure has a long extension distance and
a curved plane distribution. After crossing the interchange in
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the east, it extends along the direction of NE 55 ~ 65° and enters
the Caochangpo village. There are obvious staggered
deformations on the kerb near the interchange and the pier
column under the bridge. From 1990 to 1999, the average
activity rate of F6 ground fracture is 41 mm/a, and the
maximum is 49.42 mm/a. The average activity rate from 2002
to 2005 is 3.1 mm/a. From the geological exploration results,
there are obvious differences in the physical and mechanical
properties of the rock and soil on both sides of the ground
fracture: the water content on the north side of the ground
fracture is 19.2%, and that in the south side is 26.1%. The
compression coefficient of the north plate is 0.22 MPa’!, that of
the south plate is 0.35 MPa!, and the dry density is 14.9 kN/m?>.
The shear strength C value has little difference, and the ¢ value
is increased by about 10°.
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Fig. 3 Distribution of ground fissures around the bridge

III.

A. Deck Elevation

The permanent observation points in the northeast of the
bridge, and the relative elevation is +0.000 m. Elevation
measuring points are arranged on the bridge deck, at the
position about 50 cm away from the expansion joint at the edge
of each traffic lane. The arrangement and number of the
elevation survey points of the two bridges in the west are
symmetrical with the two bridges in the east, see Fig. 4 for the
layout of bridge deck elevation survey points.

MONITORING AND RESULTS
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Fig. 4 Map of bridge deck elevation measuring point
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Through the elevation measurement of these measuring
points, we can observe the dislocation of the bridge deck and
the common settlement accompanying the foundation. The
measured results (from December 2020 to November 2021) are
shown in Table I.

TABLEI
CUMULATIVE CHANGE VALUE OF BRIDGE DECK ELEVATION MEASURING
POINT (UNIT: CM)

8 7 6 5 4 3 2 1

1 0.3 0.6 0.6 0.5 0.4 0.3 0.3 0.3
2 0.4 0.4 0.6 0.5 0.4 0.3 0.3 0.3
3 0.1 0.1 0.6 0.5 0.3 0.3 0.4 0.0
4 -0.1 0.1 0.5 0.5 0.4 0.4 0.4 0.0
5 -0.1 0.0 0.3 0.3 0.3 0.3 0.0 0.2
6 -0.1  -0.1 0.2 0.3 0.2 0.3 0.1 0.2
7 -03 -01 -04 -02 00 0.2 0.2 0.3
8 -03 -03 -04 -02 -0.1 0.2 0.1 0.3
9 -0.3 0.1 -02 -01 -02 03 0.3 0.5
10 -02 02 -03 -02 -02 0.4 0.2 0.4

According to Table I, during the monitoring period, the
elevation of the bridge deck at the northwest side has an overall
upward trend, with an upward range of 1-6 mm. The elevation
of the bridge deck at the southeast side of the ground fissure
also has a rising trend, with a rise of 1-5 mm. In the ground
fissure area, the southwest corner of the bridge deck is in a state
of decline, with a maximum decline of 4 mm. The deck in the
northeast corner rises a little.

B. Piers and Abutments Elevation

Through the comparison and analysis of the data obtained
from the regular elevation survey of piers and abutments, the
change of elevation can be judged. The measurement frequency
is once every two months. The layout plan of abutment and pier
measuring points is shown in Fig. 5.
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Fig. 5 Abutment and pier elevation monitoring

The data of the using state of the bridge substructure are
obtained. The accumulated change value (from December 2020
to November 2021) of pier (abutment) measuring points is
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given in Table II. According to Table II, during the monitoring
period, the change rule of the pier's elevation is that the pier
(abutment) in the southwest corner is in a descending state. The
maximum decline range is 4.5 mm (the maximum change value
is at No. 6 measuring point of 1# pier). The pier in the northeast
corner rises a little. Outside the ground fissure area, the pier
(abutment) is in the rising state, and the maximum rising range
is up to 7.5 mm.

TABLEII

ACCUMULATED CHANGE VALUE OF PIER (ABUTMENT) MEASURING POINT
(UNIT: CM)

\k)i% Point Point Point Point Point Point Point Point

Piers 8 7 6 5 4 3 2 1

4# 055 075 065 065 055 040 035 035

3# 020 0.65 070 065 045 040 040 0.05

2# -0.05 020 020 035 025 035 010 025

1# -040 -030 -045 -0.15 -005 020 020 030

0# -035 -030 -030 -0.15 -0.25 040 025 0.0

C.Bridge Deck Expansion Joint Width

Due to the influence of ground fissures and uneven
settlement, the pier and abutment settlement of Chang'an Road
Interchange is staggered. This causes the bearing void,
displacement, and inclination of the beam structure. These
typical diseases reflect in the vertical dislocation, the horizontal
tension, and extrusion of the expansion joint. Part of the
expansion joint is squeezed, which loses the deformation
function of the expansion joint and affects the working state of
the bridge. To further understand the deformation trend of the
expansion joint, we measure and analyzed the expansion joint
width once a month. We use the measurement of the distance of
the cross screw on both sides of the expansion joint to monitor
the width change of the expansion joint (Fig. 6).

Fig. 6 Measuring point of expansion joint width

There are five expansion joints in the whole bridge, eight
distances are measured for each expansion joint. To make the
measurement results accurate and comparable, the width
measurement is carried out regularly with fixed measurement
points, fixed measurement personnel, and fixed measurement
tools. Expansion joints are numbered in sequence from south to
north, each expansion joint is measured eight intervals from
east to west. The accumulated change value (from December
2020 to November 2021) of measuring points is given in Table
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TABLE III
THE ACCUMULATED CHANGE VALUE OF MEASURING POINT (UNIT: CM)

Expansion joint 1 2 3 4 5 6 7 8

First 04 02 01 02 -02 03 02 04
Second 0.1 02 02 01 03 04 01 02
Third -02 -04 0 -02 -03 -01 0 0.1
Fourth -03 -02 -04 -03 0 01 -02 -04
Fifth -0.5 -04 -04 -04 -03 -0.1 -03 -04

According to Table III, the width of the first and second
expansion joints from south to north tends to increase, with a
maximum cumulative increase of 4 mm. The width of the third,
the fourth, and the fifth expansion joints tends to decrease, with
a maximum cumulative decrease of 5 mm.

D.Height Difference Monitoring of Capping Beam

The second and third bridges built on 1# pier from the east
are located in the ground fissures, and the height difference is
greatly affected by the ground fissures as shown in Fig. 7. The
observation point is the end of the cap beam on No. 7 and No. 8
columns of 1# pier. As a key monitoring object, the height
difference of the capping beam is measured once a month. The
layout plan of abutment and pier measuring points is shown in
Fig. 5.

Fig. 7 Height difference of capping beam

23 1

22 4

21 4

20 4

Hight Difference(cm)

Fig. 8 Change of relative height difference of capping beam over years
(cm)
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The changing trend of the relative height difference between
the West 2 and the West 3 capping beams of 1# pier over the
years (from 2005 to 2021) is shown in Fig. 8. According to Fig.
8, the relative height difference of the capping beam tends to be
smaller after 2016. At the end of the monitoring period
(November 2021), the height difference reached 21.3 cm,
which was increased compared with 20.8 cm at the beginning
of the monitoring period (December 2020). During the 2020-
2021 monitoring period, the relative height difference of the
capping beam has a growth trend of 5 mm, and it is stable at
21.3 cm in the last three months. In addition, according to the
monitoring data of 2# pier, the distance between the East 1 and
the East 2 capping beams is stable at 19.3 cm during the
monitoring period. It shows that the ground fissures increase
but have little effect on the displacement of the piers in this
observation period.

E. Bridge Bearing Condition

The upper structure of the Chang'an Road interchange is
simply supported hollow slab. Because of the influence of
ground fissure, the position with a larger expansion joint width
may have the risk of beam falling. For the inspection of the
bearing condition, it is necessary to combine the monitoring
results of the expansion joint width in previous years to detect
the relative overlapping position of the bearing and the hollow
slab at the position with a large expansion joint. The
measurement diagram is shown in Fig. 9.

1.2 &

. Bearing

Fig. 9 Schematic diagram of bearing deflection measurement

From the measurement data (from December 2020 to
November 2021), it can be concluded that most L1-L2 > 5 c¢m,
only six bearings L1-L2 <5 cm, and the smallest is 1.0 cm. This
is because the bearing is placed too close to the middle of the
capping beam. Therefore, it can be seen that the cantilever
length of the hollow slab on the upper part of the support is
greater than 0, which has a certain amount of safety margin, and
there is no risk of falling the beam under normal conditions. In
addition, it is found that some bearings have obvious shear
deformation in the process of monitoring.

F. Structural Dynamic Performance

The natural frequency of the bridge structure is related to the
rigidity of the bridge structure, and the development of the
crack at the bottom of the beam will cause a change in the
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calculated. The dynamic performance parameters of the
structure are obtained and the parameters are compared with the
theoretical values. The results are shown in Table IV,
According to the table, the measured fundamental frequency is
greater than the theoretical value, and the bridge is in good
working condition. This is because bridge deck pavement,
guardrail, and other components will increase the stiffness of
the structure, and the stiffness contribution of these components
is not considered in the calculation.
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flexural rigidity of the reinforced concrete bridge. The
monitoring of the bridges working state can be realized by
detecting the dynamic performance of the bridge structure. The
bridge span number is shown in Fig. 10. Using the dynamic
signal and analysis system to monitor the free vibration
frequency of the structure. The real-time speed signal and
fundamental frequency were obtained.

slow fast fast slow
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4# expansion joint .
P ] Third span

3 4 12 11 Fast —

=—West
3# expansion joint
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7 8 16 15

1# expansion joint
Fig. 10 Bridge span numbering

first-order natural frequency was analyzed and

TABLE IV
MEASURED FUNDAMENTAL FREQUENCY OF EACH BRIDGE SPAN

First mode shape

nﬁgﬁir Frequency measured Frequency calculated

(Hz) (Hz)
1 14.84 9.50
2 14.45 9.50
3 8.40 5.20
4 8.40 5.20
5 8.79 5.20
6 8.79 5.20
7 14.84 9.50
8 12.50 9.50

IV. CONCLUSIONS

The movement of ground fissures will lead to the relative
displacement or corner of each span beam. These
geometric deformations are digested by the bridge
separation zone on the bridge deck and do not cause large
stress damage to the structure.

For the construction of the bridge across ground fissures, it
is necessary to adopt simple support structure with less
constraint and divide the interchange into reasonable
blocks to reduce the harm of ground fissures to urban
interchange. Generally, the main measure is to strengthen

International Scholarly and Scientific Research & Innovation 17(3) 2023

the monitoring to prevent the serious consequences of
beam falling.

Through reasonable monitoring, the actual working
condition of the bridge can be obtained, and provide a
strong basis for the bridge management and maintenance
work.
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