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Abstract. With the continuous expansion of urban construction land and the development and utilization of underground space,
the conflict between ground fissures, which are widely developed in urban areas, and urban construction has become
increasingly prominent. It has become a particularly prominent geological problem in urban construction, seriously affecting the
planned construction of urban buildings and the safe service of the entire life cycle of existing infrastructure. Based on the
principle of limit equilibrium, the calculation formulas of soil pressure, internal force and lateral displacement of the isolation
wall are derived, and the variation laws of soil pressure and lateral displacement of the isolation wall under different wall
parameters and soil parameters are analyzed, and the applicability of the theoretical formula was verified through numerical
simulation. On this basis, taking the ground fissures site of Beijing Capital International Airport as an example, and a disaster
mitigation method for Beijing Capital International Airport ground fissure settlement deformation based on rigid isolation walls
was proposed. Research shows that the soil pressure of the isolation wall above the intersection point of the ground fissure and
the isolation wall is distributed in a triangular pattern, and below the intersection point, it is distributed in a trapezoidal pattern,
the analytical solution and the numerical solution have the same changing trend, the soil pressure at any depth obtained by the
analytical solution is always greater than that of the numerical solution, which is approximately 1.11 times. With the increase of
the thickness of isolation wall, the soil pressure of isolation wall gradually increases and the lateral displacement gradually
decreases. When the wall thickness increases from 0.5m to 1.5m, the maximum soil pressure value increases by 5.62% and the
lateral displacement at the top decreases by 8.62%, at the bottom increases by 22.7%. When the wall thickness increased from
1.5 m to 2.5 m, the maximum soil pressure decreased by 1.16%, the lateral displacement at the top increased by 4.3%, and the
lateral displacement at the bottom decreased by 15%. The soil pressure and lateral displacement of the isolation wall gradually
decrease with the increase of the elastic modulus and Poisson's ratio of the soil, when the elastic modulus of the soil increases by
1.2 times, the soil pressure exerted on the retaining wall decreases by 42.02%, when the Poisson's ratio of the soil increases 0.05,
the soil pressure exerted on the retaining wall decreases by 29.3%. The soil pressure and lateral displacement of the isolation
wall are minimally affected by the elastic modulus of the wall, only about 1%. The disaster mitigation method based on the
uneven settlement deformation of ground fissures caused by isolation wall can alleviate the ground fissures disaster at Beijing
International Airport, with the increase in the active dislocation amount of ground fissures, the soil pressure, lateral displacement
and bending moment of the isolation wall increase. The research results will deepen the understanding of the disaster reduction
mechanism of ground fissures and provide theoretical support for the design of ground fissures disaster reduction and
prevention.

Keywords: Beijing capital international airport ground fissures; disaster mitigation design method; isolation wall; limit
equilibrium principle; mechanical mechanism

1. Introduction The ground fissure is a geological phenomenon where
the rock and soil mass undergoes rupture due to internal and
external dynamic forces, extending to the surface to form
certain fissures. It is characterized by a large number,
significant scale, heavy disasters, slow onset, and sustained
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Fig. 1 Field investigation and geological prototype map of ground fissure disaster of a company

Williams et al. 2004, Ayalew et al. 2004, Pacheco et al.
2006, Howard and Zhou 2019). In our country, ground
fissures are mainly distributed in the North China Plain,
Fen-Wei Basin, and Yangtze River Delta Plain (Peng et al.
2018, Zhang et al. 2016). Among them, there are over 3,110
ground fissures developed in the North China Plain (Budhu
and Muniram 2011, He ef al. 2017, Long et al. 2020, Xu et
al. 2018); over 524 ground fissures in the Fen-Wei Basin
(Liu et al. 2018, Peng et al. 2020, Wang et al. 2018); and a
staggering 25 ground fissures in the Yangtze River Delta
Plain (Gong et al. 2020, Ye et al. 2018, Yun et al. 2008).
The dense development of ground fissures has caused
deformation and damage to roads and surface buildings near
them (Fig. 1), posing a serious threat to the safe service life
of urban infrastructure and causing huge economic losses to
urban engineering construction. According to statistics,
between 1950 and 2015, economic losses caused by ground
fissure disasters in our country alone reached 2.4 billion
yuan (Wang et al. 2016, Zhao et al. 2013). In recent years,
multiple ground fissures have appeared at Beijing Capital
International Airport and its surrounding areas, posing a
serious threat to aviation safety (Wan et al 2020).
Therefore, conducting disaster reduction research on ground
fissure hazards at Beijing Capital International Airport is of
great theoretical significance and practical engineering
application value.

Regarding ground fissure disasters, scholars have
proposed a qualitative disaster reduction method to control

the triggering factors of ground fissure activity, in order to
prevent damage to buildings caused by ground fissures
(Holzer and Pampeyan 1981).

With the deepening understanding of ground fissure
hazards, the disaster reduction of ground fissures has
gradually shifted from qualitative to quantitative methods.
Scholars have proposed spatial avoidance as a disaster
reduction method, with avoidance distances ranging from 0
to 24 meters above the ground fissure and 0 to 16 meters
below it. The minimum avoidance distance needs to be
determined based on the structural category and importance
category of the building. This has led to the formulation of
the local standard "Site Investigation and Engineering
Design Code for Ground Fissures in Xi'an" (DBJ 61/T 182-
2021), which is widely used in disaster reduction of ground
fissures in various regions. In addition, for practical
engineering purposes, some special disaster reduction
methods have been applied to mitigate the hazards of
ground fissure disasters, such as local dismantling,
isolation, partial inundation, foundation grouting and
reinforcement, and strengthening of foundation and
structural strength. These disaster reduction methods to
some extent can alleviate the building damage caused by
the activity of ground fissures. However, it is worth noting
that structural ground fissures are exposed manifestations of
active faults on the Earth's surface, and their deformation is
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clearly controlled by active faults. Therefore, disaster
reduction can be achieved by changing the propagation path
of active faults, drawing lessons from active faults.

The isolation wall is a protective structure for active
faults, characterized by overcoming large deformations
(Shahidi et al. 2005, Fadaee et al. 2013, Gazetas et al. 2008,
Lin et al. 2007, Pour and Fadaee 2017). The basic principle
is to use flexible isolation walls to block the rupture
direction of active faults in the case of reverse faults,
allowing them to extend along the wall-soil interface. The
flexible isolation wall blocks the reverse thrust of the fault,
protecting buildings from the propagation of ruptures
caused by active faults (Figs. 2(a) and 2(b)); in the case of
normal faults, rigid isolation walls are used as retaining
structures to prevent buildings from being damaged by fault
movements (Figs. 2(c) and 2(d)). Constructive fissures on
the surface are the exposed head of normal faults,
characterized by growth faulting. Therefore, disaster
reduction methods based on rigid isolation walls for active
faults can be applied to mitigate crack-related disasters.
However, disaster reduction methods based on isolation
walls for cracks are still limited to conceptual proposals and
effectiveness verification. The design methods for isolation
walls under the influence of cracks are not clear, greatly
hindering the application of isolation walls in crack
mitigation.

The ground fissure site of Beijing Capital International
Airport is taken as the research object to clarify the basic
characteristics of ground fissures through field
investigation. A geomechanics model of the interaction
between a rigid wall and the ground fissure is established
using the ground fissure at Beijing Capital International
Airport as a geological prototype, and calculation formulas
for soil pressure, internal force, and wall deformation are
derived based on the principle of limit equilibrium. The
changes in soil pressure and lateral displacement of the wall

with different wall and soil parameters are analyzed, and the
rationality of the theoretical formula is verified by
numerical simulation. Based on this, taking the ground
fissures at Beijing Capital International Airport as an
example, a seismic mitigation design method based on
isolation walls is proposed. These research results deepen
understanding of disaster reduction mechanisms related to
ground fissures while providing theoretical support for
disaster reduction efforts.

2. Mechanical mechanism of rigid isolation wall
based on limit equilibrium principle

2.1 Numerical simulation procedure

As shown in Fig. 3, assuming mn is the ground fissure,
ab is the isolation wall, point O is the intersection of the
ground fissure and the isolation wall, and a is the
inclination angle of the ground fissure. The soil around the
isolation wall reaches the limit equilibrium state along the
ground fissure. The isolation wall is divided into upper and
lower parts at point 0; the heights of the isolation walls in
the upper and lower parts of the intersection of the ground
fissure and the isolation wall are assumed to be z; and z,,
respectively. It is assumed that the soil in front of the
isolation wall above the point of intersection with the
ground fissure detaches from the wall under the action of
the ground fissure, without being subjected to lateral soil
pressure, while the soil at point aom behind the isolation
wall is in a limit equilibrium state. The soil in front of the
isolation wall below the point of intersection with the
ground fissure at point boc is in a limit equilibrium state.
Taking the top of the isolation wall as the origin of the
coordinates, with the z -direction pointing vertically
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Fig. 3 Mechanical model of isolation wall

downward along the depth of the isolation wall, and the y -

direction horizontally to the left representing the width of
the soil in front of the isolation wall.

2.2 Analysis of soil pressure and internal forces of
isolation walls

(1) Soil pressure behind isolation wall above the
intersection of ground fissure and isolation wall

Within the range of the aom model behind the isolation
wall, at a certain depth z, a thin layer element dz is
arbitrarily selected as shown in Fig. 4(a), and the force
analysis of the thin layer element is conducted as illustrated
in Fig. 4(b). Here, dw represents the unit weight, o, + do,
and o, are the average vertical soil pressures, y is the
gravity-weighted average value of the soil, y,. is the length
of the lower boundary of the differential unit, y, +dzcotar

is the length of the upper boundary of the differential unit, o
and 7, are the normal and shear stresses acting on the
fracture surface of the upper differential unit, and p; and
Tp1 represent the soil pressure and shear stress acting on the
isolation wall.

When the soil behind the isolation wall is in a state of
limit equilibrium, the internal friction angle of the soil is ¢,
the cohesion is c. The external friction angle at the wall-soil
interface is ¢4, and the external cohesion is ¢;. Therefore,
the shear stress on the two contact surfaces is

7, =¢ t+ptang,

(1

T,=ctotang@

According to the force analysis of the differential
element in Fig. 4(b), the equations for static equilibrium in
the horizontal and vertical directions can be respectively
obtained as Eq. (2)

dz . dz
pdz+7, cos0———osina——=0 2)
sin sin

7, dz+(0.+do.)y, +p =dw+o,0 (3)

simo

o=y, +dzcotor)

p=(7,sina+ocosa)
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a
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Fig. 4 Stress analysis of the soil and thin layer elements
of the isolation wall above the intersection of the ground
fissure and the isolation wall

p =ko. =kyz “)

The simplified expression for the lateral soil pressure p,
acting behind the isolation wall at the intersection point
with the ground fissure is

= 2yzcote +n 0<z<h 5
P cota +tan @ —tan @, )

(¢, —c)xA+ccotor(cotar+tan @)

Ax(tang, —tan @ —cota)
A=1-cotatang

(2) Soil pressure on isolation wall under the intersection
of ground fissure and isolation wall

In the boc range of the soil mass in front of the
isolation wall, take a thin layer element dz at a certain
depth Z, and analyze the forces acting on the thin layer
element, as shown in Fig. 5(b). 0 = yzcos« is the normal

stress perpendicular to the ground fissure, f = yzsin¢ is
the frictional force along the ground fissure, yz, y(z + dz)
arc the average vertical soil pressures, y —dzcoter is the

boundary length of the differential element, o, f — 1,
represent the normal and shear stresses acting on the failure
plane on the differential element, p,, T, represent the soil
pressure and shear stress at the interface between the
isolation wall and the soil mass.

Let the internal friction angle of the soil be ¢ , the cohesion

force be c, the external friction angle of the wall-soil
interface be ¢;, and the external cohesion force be c; .
When the soil in front of the isolation wall is in a state of
limit equilibrium, the shear stresses 7, and 7,, on the two
contact surfaces can be expressed as

Tpl =c¢, + p tan g,

(6)

T,=c+otang

According to the stress situation of the soil mass in Fig.
5(b), the analysis of static equilibrium in the vertical
direction yields

dz

L +dw+N,yz=7, dz+y(z+dz)yy, (7)

sSinx
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L=(f-7,)sina+ocosa
N, =y —dzxcota

The lateral soil pressure p, in front of the intersection
point between the ground fissure and the isolation wall is

1
tan @,

2 [Nyyz—¢ —c] ®)

N, =(cosacoteor+sina — cos o tan p — cot )

The isolation wall behind the intersection point O of the
ground fissures and isolation wall is subjected to soil
pressure of p; and the vertical self-weight stress at a depth
z in the soil behind the isolation wall is g, = yz. Then the
horizontal self-weight stress in the foundation soil is

O-x = kO Gz (9)

In the formula: K, coefficient of static soil pressure,
the ratio of horizontal stress to vertical stress in a soil mass
at the state of lateral confinement stress is equal to the
numerical value. The value of K, can be determined
through experimentation or calculated using empirical
formulas. The following empirical formulas can be used to
estimate the value of K.

K,=1-sing (10)

In the formula: ¢ the internal friction angle of soil.

The soil pressure p; acting behind the isolation wall
beneath the intersection point o of ground fissures and the
isolation wall is denoted is

py=(1-sing)yz (11)

The soil pressure p, acting on the isolation wall beneath
the intersection of the ground fissure and the isolation wall
is

P, = [Nyyz—c —c] z>h
tan @,

(12)

cosacota +sina —cosatan @
P | ~cota—(1-sing)*tang,

(3) Internal force calculation of the isolation wall

Assuming the isolation barrier is experiencing plane
strain, and the angle of inclination of the ground fissure is
denoted as a , the deformation differential equation
representing the coordinated deformation between the
isolation barrier and the soil mass is as follows

d*x

EIF—pl(Z)=0 0<z<h (13)
A
d*x
E]F_pA‘(Z)ZO z>h (14)
dx
= (15)

0
X vz
o sz
dz Z, dw «—
f -7, pz
014
a 'y (z + dz)
C b
(a) (b)

Fig. 5 Stress analysis of the soil and thin layer elements
of the isolation wall under the intersection of the ground
fissure and the isolation wall

d*x

M =El—- 16
dz* (16)
0= F (17)
S
In the formula: x the lateral horizontal
displacement of the isolation wall (m); EI the flexural
stiffness of the isolation wall (kN m?); z depth (m);

h the intersection height of ground fissures and
isolation walls (m); p;(2) the soil pressure at a depth
z above the intersection of a ground fissure and a isolation
wall (kPa ); ps(2) the soil pressure at a depth of z
below the intersection of ground fissures and isolating walls
(kPa); ¢ deflection of isolation wall; M bending

moment of isolation wall (kN m); @
isolation wall (kN).
When 0<z<h, let

shear force of

2ycotx

b cotaxr +tan@—tan @,

(¢, —¢)x(1—cotartan @)+ ccot(cot o + tan @)

' (1-cotartan ) x (tan g, —tan 9 — cot )

From formula (5)
p(z)=az+bh (18)

Substituting Eq. (18) into Egs. (14)-(16) and (17), we
can obtain the internal force (), in the isolation wall

0, =%zz+blz+cl (19)

When z >k, let

Y
a, = U-1
2 tan(pl( )
U =(cosa(cot o —tan @) +sinex — cot @)
I=(sinp—1)tang,
_atce

b, =
> tang,
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Fig. 6 Variation of soil pressure and lateral displacement of the isolation wall obtained by numerical and analytical solutions

From formula (12)
pi(2)=az+b, (20)

Substituting Eq. (20) into Egs. (14)-(16) and (17), we
can obtain the internal force Q, in the isolation wall

Qz=“—22zz+bzz+cl Q1)

2.3 The theory extends to verification and parameter
sensitivity analysis

2.3.1 Verification of theoretical derivation

Using the example of the ground fissures at Beijing
Capital International Airport, the applicability of the
calculation formulas for the soil pressure and lateral
displacement of the isolation wall is validated. Through
alculation, the variation patterns of the soil pressure and
lateral displacement of the isolation wall can be obtained as
shown in Fig. 6.

The analysis of Fig. 6 shows that the trend of the change
in soil pressure on the isolation wall obtained from
theoretical calculations is generally similar to that obtained
from numerical solutions, with the analytical solution
always yielding higher soil pressure values at any depth
compared to the numerical solution. The soil pressure on
the isolation wall derived from the numerical solution
exhibits a nonlinear distribution, with the maximum soil
pressure value being 437.14 kPa. Conversely, the analytical
solution shows a linear distribution of soil pressure on the
isolation wall under the same conditions, with the
maximum soil pressure reaching 487.28 kPa, approximately
1.11 times that of the numerical solution. It is evident that
the numerical solution reasonably captures the deformation
properties of the actual soil to some extent, demonstrating
the continuity of soil pressure changes.

2.3.2 Sensitivity analysis of soil pressure and lateral
displacement parameters of isolation walls
(1) The thickness of the isolation wall

Draw the curve of the change law of soil pressure and
lateral displacement of isolation wall under different wall
thicknesses as shown in Fig. 7.

From Fig. 7, it can be observed that when the wall
thickness of the isolation wall increases from 0.5 m to 2.5
m, the soil pressure on the wall shows a pattern of initially
increasing and then decreasing. The lateral displacement of
the top of the isolation wall decreases initially and then
increases with the increase in wall thickness, while the
lateral displacement of the bottom increases initially and
then decreases with the increase in wall thickness. When the
wall thickness increased from 0.5 m to 1.5 m, the maximum
soil pressure value increased by 5.62%, the lateral
displacement at the top decreased by 8.62%, and the lateral
displacement at the bottom increased by 22.7%; When the
wall thickness increased from 1.5 m to 2.5 m, the maximum
soil pressure decreased by 1.16%, the lateral displacement
at the top increased by 4.3%, and the lateral displacement at
the bottom decreased by 15%. It can be seen that the
thickness of the isolation wall has a relatively small impact
on the soil pressure and lateral displacement of the wall
body.

(2) Elastic modulus of the isolation wall

The elastic modulus of the isolation wall was taken as
0.8 times, 0.9 times, 1.0 times, 1.1 times, and 1.2 times of
the prototype, and the variation curves of the soil pressure
and lateral displacement of the isolation wall under different
wall elastic moduli are shown in Fig. 8.

According to Fig. 8, as the wall elastic modulus of the
isolation wall gradually increases, the soil pressure of the
wall first increases and then basically remains unchanged.
The lateral displacements at the top and bottom of the wall
both slowly decrease and the reduction is minimal. It can be
seen that the thickness of the isolation wall has a minimal
overall impact on the effectiveness of the isolation wall.

(3) The elastic modulus of the soil on both sides of the
isolation wall

The elastic modulus of the soil was simulated at 0.8
times, 0.9 times, 1.0 times, 1.1 times, and 1.2 times of the
original model, obtaining the variation curves of the soil
pressure and lateral displacement of the isolation wall at
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different elastic moduli of the soil, as shown in Fig. 9. It can
be observed from Fig. 9 that as the elastic modulus of the
soil gradually decreases from 1.0 times of the original
model, the maximum soil pressure acting on the isolation
wall increases, the lateral displacement at the bottom of the
isolation wall increases, and the lateral displacement at the
top decreases. As the elastic modulus of the soil gradually
increases from 1.0 times the original model, the maximum
soil pressure on the isolation wall decreases, the lateral
displacement at the bottom decreases, and the lateral
displacement at the top increases. It can be seen that the
elastic modulus of the soil has a significant impact on the
soil pressure and lateral displacement of isolation wall.

(4) Poisson's ratio of the soil on both sides of the
isolation wall

The Poisson's ratios of the soil were 0.1, 0.2, 0.3, 0.4,
and the original Poisson's ratio of the soil was 0.35. The
variation curves of the soil pressure and lateral
displacement of the isolation wall with different soil elastic
moduli are shown in Fig. 10.

From Fig. 10, it can be seen that as the Poisson's ratio of
the original model soil gradually decreases, the maximum
soil pressure on the isolation wall gradually increases, the
lateral displacement at the top decreases, and the lateral
displacement at the bottom increases. When the initial
model's soil Poisson's ratio gradually increases, the
maximum soil pressure acting on the retaining wall
decreases gradually, the lateral displacement at the top
increases, and the lateral displacement at the bottom
decreases. It can be seen that the Poisson's ratio of the soil
has a significant impact on the soil pressure and lateral
displacement of the isolation wall.

3. Case analysis of disaster reduction for uneven
settlement deformation of ground fissures based on
isolation walls

3.1 Background of ground fissure geological
environment at Beijing International Airport

Beijing is located in the northern part of the North China
Plain (Fig. 11(a)), where the geological structure is
complex, with the development of the NE-trending
Huangzhuang-Gaoliying fault, Shunyi-Liangxiang-
Qianmen fault, Nanyuan-Tongxian fault, and Xiadian fault,
as well as the NW-trending Yongding River fault and
Nankou-Sunhe fault (Fig. 11(b)). Due to the influence of
active faults, the region is characterized by widespread
development of ground fissures, particularly concentrated in
the areas of Beixiaoying, Shunyi urban area, and
Huangzhuang-Gaoliying (Wan et al. 2020). Among these
faults, the Shunyi-Liangxiang-Qianmen fault zone crosses
the Beijing Capital International Airport, trending NE at 25°
to 35°, dipping northwest with an inclination angle of
approximately 60° to 80°, classified as a positive oblique
slip fault (Gao et al. 2019a, Wan et al. 2020, Zhou et al.
2022).

In recent years, ground fissures have developed widely
in the areas around Beijing Capital International Airport,
and the most obvious ones are near SF Express (Beijing
Headquarters) in the north of the airport and Wuyuan
Logistics in the southwest of the airport (Fig. 11(c)). The
development of these ground fissures is controlled by the
Shunyi-Liangxiang-Qianmen fault and is a typical structural
ground fissure. In addition to being influenced by the
activity of the fault zone itself, the extraction of
groundwater in the area exacerbates the activity of the
ground fissures. Since 2011, internal cracks have appeared
at Beijing Capital International Airport, particularly
noticeable in the damage to infrastructure such as Terminals
2 and 3, taxiways, runways, and adjacent areas due to
varying degrees of cracking (Table 1).

According to on-site investigations, the cracks at Beijing
International ~ Airport generally develop along the
NE30°~55° direction with a width of approximately 3.0~4.0
meters and a length of up to 600 meters. The cracks have
resulted in different levels of damage, including the
taxiways and covers on the south side of Terminal 2, the
sewers and manhole covers on the southeast side,
underground passages beneath runways on the east side,
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Table 1 Investigation of ground fissure disaster at Beijing Capital International Airport

Taxiway on the

The sewer and The underground

Taxiway and covers hol h The flowerbed on the northwest side of
Location on the south side of "LaITOIC COVEIS O passage on the cast southwest side of Terminal Terminal 3 and the
. the southeast side side of the T2 terminal .
Terminal 2 of Terminal 2 runway 2 surrounding grassy
area
Length extension /m 430 — 38 200 —
Width /cm 1~10 2~5 1~3 — —
Bandwidth impact /m 100 50 — 20 —
Towards /° NE55° NE53° NE58° NE56° NE60°
Tendency /° Southeast Southeast Southeast Southeast Southeast
Dip angle /° Subvertical 60°~70° — 50° 70°~75°
Vertical displacement /cm 12~30 11 — 30 20
The characteristics of There is u_nderground
Undulate, spread Echelon water seeping along the Shear fracture Shear fracture

ground fissures.

fissures.

and flower beds on the southwest side. In Terminal 3, there
are evident steep slopes appearing in the turf area on the
northwest side of the taxiing zone, with cracking on the
taxiway severely affecting normal aircraft takeoff
operations.

3.2 Establishment of numerical model

Taking the ground fissure site of Beijing Capital
International Airport as a geological prototype, a two-
dimensional plane strain model is established based on
MIDAS GTS NX numerical software. The geometric size
of the model is 220 m (length) X60 m (height). The isolation
wall is located on the upper side of the ground fissure, with
a distance of 6.8 m from the top of the ground fissure, a
height of 30 m, a width of 1.5 m, and a dip angle of 70°. At
the boundary of the model, a grid unit is set every 4 m,
while for the ground fissure and isolation wall positions, a

}‘ 220m 1

[ IIIIVIIIHHHIHIHHM ’

Fig. 12 Numerical simulation model of ground fissure
mitigation design based on the isolation wall
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grid unit is set every 1m. The numerical calculation model
with grid division using a linear gradient is shown in Fig.
12.

The material of the site soil is assumed to be an isotropic
ideal elastoplastic material that satisfies the Mohr-Coulomb
strength criterion. The isolation wall is made of reinforced
concrete as a rigid material, assumed to be the material
parameters of an elastic beam element in the numerical
simulation as shown in Table 2.
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Table 2 Material parameters of the numerical model

Soil Elasticity Poisson’ Internal
Structural ot asucity YOISSONS ¢ hosion  friction
arameter compaction modulus  ratio c/pa angle
p Y/(kN/ms)  E/Mpa L o)
Soil layer 17.5 8.5 0.35 40 20
Isolation 5 ¢ 30000 0.2 600 35
wall
Ground o _ k' _ 675 x 10*kPa ¢ = 10kPa ¢ = 12°
fissure
oo [purface —— = S ————
E === ;:(I)llb:\[‘lf)ns\‘:tlu site
5
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100 50 0 50 100
hanging wall

Fig. 13 The vertical displacement curve of the site
surface with or without the isolation wall

The ground fissure's mode of activity involves the fixed
footwall and the sliding of the hanging wall along the
inclined fracture surface of the ground fissure. During
loading, a forced displacement load is applied to the bottom
of the hanging wall, while the footwall is subject to fixed
constraints and boundary conditions. For numerical
calculations, node boundary conditions are used to constrain
the calculation model, ensuring convergence of the model
boundaries through the imposition of static fixed
constraints. Firstly, by constraining the displacement in the
X-direction of the model, the semi-infinite space nature of
the soil in actual conditions is simulated. Secondly, by
constraining the displacement at the bottom in the Y-
direction of the model, the relative stability of deep soil
layers in actual conditions is simulated. Finally, static load
is applied to the model to simulate the deformation of soil
layers in the fissure site under the influence of self-weight
stress. In numerical calculations, considering that the
maximum vertical displacement of ground fissures in the
next 100 years is 50 cm, five different scenarios with
displacements set at 0.1 m, 0.2 m, 0.3 m, 0.4 m, and 0.5 m
are analyzed.

3.3 Results and discussion

3.3.1 Comparative analysis of soil settlement
deformation in ground fissure sites under the action of
isolation walls

By calculating the vertical displacement of the soil mass
in the absence of isolated wall ground fissure and with
isolated wall ground fissures at different levels of active
dislocation in various ground fissures and plotting the
variation curve of the vertical displacement of the soil mass
as shown in Fig. 13.
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Fig. 14 Variation curve of the soil pressure on isolation
wall with different ground fissure dislocations

As shown in Fig. 13, it can be seen that the vertical
displacement of the surface soil layer near the front edge of
the isolation wall in the area without an isolation wall is
relatively large, whereas in the area with the isolation wall
the vertical displacement of the ground surface is greatly
reduced due to the isolating effect of the wall. The wedge-
shaped soil between the isolation wall and ground fissures
in the isolation wall site, as part of the upper strata,
experiences minimal vertical displacement on the surface,
which is greatly reduced by the action of the isolation wall.
The lower strata near the ground fissures in the no isolation
wall site exhibit certain vertical displacements on the
surface. However, the isolation wall redirects the ground
fissure activity, maintaining stability in the lower strata and
preventing settlement deformation.

3.3.2 Soil pressure of the isolation wall under the
action of ground fissure activities

The variation curve of the soil pressure on the isolation
wall under different amounts of displacement along ground
fissures is shown in Fig. 14. It can be observed from the
graph that the maximum soil pressure on the isolation wall
increases with the total displacement of ground fissures,
with the maximum soil pressure located at the intersection
of the isolation wall and the ground fissures.

Above the juncture of the isolation wall and the ground
fissures, the soil pressure increases with depth. Below the
juncture of the isolation wall and the ground fissures, the
soil pressure on the isolation wall initially increases before
decreasing, due to the vertical constraint applied at the
bottom of the isolation wall, which reduces the soil pressure
on the wall.

3.3.3 Lateral displacement of the isolation wall under
the action of ground fissure activities

The variation of lateral displacement of isolation walls
under different levels of activity dislocation of various
ground fissures is shown in Fig. 15.
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Fig. 16 Variation of the moment on isolation wall with
different ground fissure dislocations

As observed from the graph, the lateral displacements at
the top and bottom of the isolation wall increase with the
increase in the level of activity dislocation of ground
fissures, both moving away from the direction of the
isolation wall. At the top of the isolation wall, the lateral
displacement is caused by the lack of horizontal support
from the overlying soil mass above the intersection of the
isolation wall and ground fissure due to the wedge-shaped
soil mass acting from the ground fissure, along with the
influence of the self-weight stress of the soil mass and the
lateral soil pressure from the underlying soil layer. The
bottom lateral displacement of the isolation wall is due to
the compression of the underlying soil mass below the
intersection of the isolation wall and ground fissure caused
by the impact of the ground fissure.

3.3.4 The bending moment of the isolation wall under
the action of ground fissure activities

The variation curve of bending moments of isolation
walls under different levels of tectonic displacement in
various ground fissures is shown in Fig. 16.
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Fig. 17 A thought diagram of a disaster mitigation
method for uneven ground fissure settlement deformation
based on rigid isolation walls

It can be observed from the graph that the bending
moment of the isolation wall increases with the increase of
tectonic displacement in the ground fissures. The change
pattern is basically consistent with the variation pattern of
the soil pressure acting on the isolation wall. The maximum
bending moment occurs at the intersection of the isolation
wall and the ground fissure, amounting to 2049.4 kN -m .

4. Disaster reduction method for uneven settlement
deformation of ground fissures based on isolation
walls

In order to deepen the understanding of the disaster
reduction mechanism of ground fissures and provide
theoretical support for the design of ground fissures disaster
reduction and prevention, this paper mainly takes the
ground fissures at Beijing Capital International Airport as
the research object. The core content is to provide the
design basis of the main parameters of the isolation wall in
the "Disaster reduction method of uneven settlement
Deformation of ground fissures based on Isolation Wall".
And provide the design ideas of the isolation wall that can
be referred to for actual construction projects (as shown in
Fig. 17).

Firstly, conduct on-site investigations of ground fissures
and settlement areas through geological surveys to obtain
data such as geological environment characteristics and
spatial distribution, and construct a model of ground
fissures site settlement areas. Secondly, based on this
geological model and in combination with the actual
disaster reduction needs, the applicability of the isolation
wall technology is evaluated. If the assessment determines
that it is not applicable, then turn to alternative disaster
reduction plans; If applicable, it enters the design stage.
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Then, based on the mechanical characteristics of soil
settlement in the ground fissure site, determine the
structural type of the isolation wall (such as rigid/flexible),
and at the same time carry out the design of the key
parameters of the isolation wall, mainly including: the depth
at which the isolation wall is embedded in the soil, the
horizontal distance between the isolation wall and the
exposed ground fissure, and the material properties of the
isolation wall, etc. Subsequently, through the dual
verification of physical model tests and numerical
calculations, it is determined whether the strength
parameters of the isolation wall meet the requirements for
resisting deformation. If the standard is not met, it will
return to the parameter optimization stage; if it is met, it
will enter the final evaluation.

Finally, on the basis of the compliance plan, the disaster
reduction effectiveness is comprehensively evaluated from
the two dimensions of deformation control and mechanical
response. If the assessment is feasible, put it into practice; If
there are any defects, it will be returned to the design stage
for iterative optimization to form a closed-loop decision-
making process, thereby ensuring the realization of the " A
disaster mitigation method for uneven ground fissure
settlement deformation based on rigid isolation walls".

5. Conclusions

e The calculation formulas for soil pressure and lateral
displacement of the isolation wall, based on the limit
equilibrium principle, are established through theoretical
derivation. The soil pressure distribution above the
intersection point between the ground fissure and the
isolation wall is triangular, while below it is trapezoidal.
The direction of the soil pressure at the intersection point
changes.

* As the thickness of the isolation wall increases, the soil
pressure gradually rises while the lateral displacement
decreases. When the wall thickness reaches 1.5m, the
changes in soil pressure and lateral displacement stabilize.
The soil pressure and lateral displacement of the isolation
wall decrease as the elastic modulus of the soil and
Poisson's ratio increase, with little influence from the elastic
modulus of the wall. Both analytical and numerical
solutions exhibit similar trends and closely aligned values.
The installation of an isolation wall can significantly reduce
settlement deformation in the soil layer at the bottom of
ground fissures, while soil pressure, lateral displacement,
and bending moment of the isolation wall increase with an
increase in active dislocation within ground fissures.

e The numerical simulation results indicate that vertical
displacement, soil pressure, lateral displacement, and
bending moment of the soil surface at Beijing International
Airport increase with an increase in active ground fissure
dislocation.
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