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*e earthquake-induced permanent displacement is an important index of the potential damage to a slope during an earthquake.
*e Newmark method assumes that a slope is a rigid-plastic body, and the seismic responses of sliding masses or seismic forces
along the slide plane are ignored. *e decoupled method considers no relative displacement across the sliding plane, so it
overpredicts the seismic response of the sliding mass. Both dynamic and sliding analyses are performed in the coupled method,
but when Ts/Tm is large, the results are unconservative. In this paper, a method is proposed to predict the earthquake-triggered
sliding displacement of slopes. *e proposed method is based on the Newmark rigid method, coupled method, and decoupled
method considering both the forces at the sliding interface and the system dynamics under critical conditions. For the flexible
system, the displacements are calculated with different stiffness values, and the results show that as the stiffness increases and tends
to infinity, the critical acceleration and displacements of the proposed method are close to those of the Newmark method. *e
proposed method is also compared with the Newmark method with the period ratio Ts/Tm. At small values of Ts/Tm, the flexible
system analysis results of the displacement are more conservative than those of the rigid block model; at larger values of Ts/Tm, the
rigid block model is more conservative than the flexible system.

1. Introduction

An earthquake can trigger a number of geotechnical failures,
including liquefaction, the collapse of loose deposits,
landslides, rock falls, rock avalanches, and landslide dams.
Among these events, landslides are highly damaging [1].
Earthquakes with magnitudes greater than 4.0 can trigger
landslides on very susceptible slopes, and earthquakes with
magnitudes greater than 6.0 can generate widespread
landslides [2]. Permanent sliding displacement represents a
common damage parameter used to evaluate the seismic
stability of slopes. *is displacement represents the cumu-
lative downslope movement of a sliding mass due to
earthquake shaking. *e magnitude of sliding displacement
has been correlated with the seismic performance of slopes
[3]. *us, the earthquake-induced sliding displacement of a

system must be assessed in evaluations of earthquake-in-
duced landslides [4].

*e stability of slopes subjected to earthquakes can be
evaluated in several ways. *e simplest approach is the
pseudostatic analysis method proposed by Terzaghi [5]. *is
strategy consists of generalizing the classical limit equilib-
rium method to the dynamic case; the equilibrium of the
most important soil volume is assessed by assuming that
seismic acceleration is represented by a static force. In
pseudostatic analysis, the soil is assumed to be rigid; as a
result, this formulation tends to yield conservative results
[6, 7]. In fact, many slopes have experienced earthquake
accelerations well above the yield thresholds but suffered
little or no permanent displacement [8]. Conversely, because
pseudostatic analysis is very inaccurate, slopes can be un-
stable at safety factors greater than 1 [5, 9, 10]. Another
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limitation of the pseudostatic approach is the lack of in-
formation regarding permanent displacement. Given the
above considerations, the Newmark method [11] was pro-
posed as a simplified and reliable method of assessing
seismic slope stability and calculating permanent displace-
ment. *e Newmark method analyses the dynamics of a
rigid block sliding on a flat rough surface under earthquake
shaking motion. *e Newmark method uses two parameters
associated with the yield acceleration and acceleration time
history of the rigid foundation. *e critical acceleration is
defined as that acceleration at which the ground motion
creates a destabilizing force sufficient to temporarily reduce
the safety factor of the slope to less than 1, and sliding begins
when the shear force at the contact surface exceeds the shear
strength. *en, the relative velocity between the rigid block
and foundation is integrated to calculate the relative sliding
displacement.

Given its simplicity and reliability, the Newmark
method has been widely used; however, the major limi-
tation of this method is that the sliding mass is considered a
rigid block. Makdisi and Seed [12] modified the Newmark
procedure and performed a dynamic analysis of a rigid
block. However, the modified Newmark procedure does
not accurately model the force at the sliding interface
because the sliding motion of the sliding mass is ignored.
*e decoupled method is generally overconservative or
slightly unconservative. *e nonlinear coupled stick-slip
deformable sliding model was proposed by Rathje and Bray
[13] for horizontal directional sliding. Compared to the
rigid sliding block model, the nonlinear coupled stick-slip
deformable sliding block model offers a more realistic
representation of the dynamic response of an earth/waste
structure by accounting for the deformability of the sliding
mass and considering the simultaneous occurrence of a
nonlinear dynamic response and periodic sliding episodes.
Many researchers have also proposed displacement pre-
diction methods. For example, Ambrasey and Menu [14]
used 50 strong ground motion records from 11 worldwide
earthquakes and proposed a sliding displacement predic-
tive model based on Newmark rigid block analysis and
found that the ky/PGA ratio has a large influence on the
sliding displacement of earthquake-triggered landslides. Qi
[15] proposed an algorithm for the seismic permanent
displacement of a rock slope considering the degradation
law of the structural plane undulant angle. Zafarani and
Soghrat [16] proposed an empirical prediction equation
based on the peak ground acceleration (PGA) obtained in
different parts of Iran. Jafarian et al. [17] proposed and
developed an empirical model based on regression ana-
lyses. Dong et al. [18] proposed the calculation method of
landslide displacement considering the deterioration effect
of structural plane.

In this paper, a method is proposed to predict the
earthquake-triggered sliding displacement of slopes. *e
proposed method for determining the earthquake-triggered
sliding displacement of a slope is based on the coupled and
Newmark methods. *e procedures and dynamics of the
stick and slip phases are studied to estimate the earthquake-
triggered sliding displacement of landslides. *e slope

sliding mass is considered a lumped mass system, and the
ground motion is considered horizontal. Dynamic analyses
are performed based on the mechanical equilibrium equa-
tion under critical conditions to define the slope from stick
to slip. *e proposed method is compared with the New-
mark rigid block method.

2. Previous Work

2.1. Newmark Method. To consider seismic conditions in
slope stability analyses, Newmark [11] proposed the New-
mark sliding rigid block method.*e Newmark method [11]
is a simplified formulation for seismic soil slope stability
analysis that considers rigid block sliding on an inclined flat
frictional surface.

2.1.1. Assumptions of the Newmark Method. *e common
assumptions and limitations of Newmark’s method are as
follows [11, 19]:

(1) *e landslide is a rigid plastic body, and the mass
does not deform internally, does not experience
permanent displacement at accelerations below the
critical (yield) level, and deforms plastically along a
discrete basal shear surface when the critical accel-
eration is exceeded

(2) *e static and dynamic shearing resistance of the soil
are equal and constant

(3) No pore water pressure variations are considered
(4) *e critical acceleration is not strain dependent and

thus remains constant throughout the analysis
(5) *e upslope resistance to sliding is assumed to be

infinitely large, such that upslope displacement is
prohibited

2.1.2. Critical Acceleration. *is rigid block is subjected to
the same seismic accelerations that occur during actual
slope instability events. *erefore, when the static and
dynamic forces exceed the shear strength of the sliding
surface, Fs is reduced to 1.0, and the block is displaced. *e
critical acceleration can be defined as the minimum seismic
acceleration required to overcome the shear resistance and
initiate the displacement of the rigid block. *us, critical
acceleration is the most significant parameter and must be
estimated first. In the Newmark method, the critical ac-
celeration is exceeded when the inertial force acts in the
downslope direction; therefore, resolving forces perpen-
dicular to the inclined plane gives

FSd �
available resisting force

pseudostatic driving force
�

cos β − ky sin β tan∅
sin β + ky cos β

.

(1)

*e yield acceleration is the minimum pseudostatic
acceleration required to produce block instability.
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ky � tan(∅ − β),

ac � kyg,
(2)

where ac is the critical acceleration, ky is the yield coefficient,
g is the acceleration due to gravity, Φ is the friction angle
between the block and the plane, β is the slope angle, and Fs
is the safety factor.

2.1.3. Newmark Displacement. *e Newmark displacement
is the permanent sliding displacement experienced by the
block when shaking with an acceleration that exceeds the
critical value given by the above equation. Such a dis-
placement can be obtained by the double time integration of
the intervals of the excitation accelerogram which are above
ac (Figure 1). Notably, the segments that are below the
bound (i.e., ac) do not generate any displacement, given that
they correspond to uphill acceleration.

2.2. Decoupled Method. Rathje and Bray [21] proposed a
decoupled method that was modified from a generalized
SDOF system with the mass and stiffness distributed along
the height of the system. *e mode shape in the decoupled
method was introduced by considering the boundary con-
dition for a horizontal deposit with a constant shear-wave
velocity profile [9].*e governing equation of motion for the
SDOF system is

M €Y1 + 2λw1
_Y1 + w

2
1Y1 � −

L1
M1

· €ug (t), (3)

where Y1 is the modal coordinate, ug (t) is the input ground
motion, λ is the viscous material damping ratio, M1 is the
generalized mass distributed along the height of the system,
L1 is a mode shape term defining ground acceleration in the
direction of the height of the system, and w1 is a natural
circular frequency associated with the fundamental period of
the system.

Chopra and Zhang proposed the yield-equivalent base
acceleration considering the acceleration profile of the
system:

HEA(t) �
L1
M

€Y1 + €ug (t), (4)

where M is the total mass of the soil deposit layer.
*e equivalent acceleration time history is used as input

acceleration in Newmark rigid block analysis to obtain the
permanent displacement as follows:

€s � −kyg − HEA(t) � −kyg −
L1
M

€Y1 − €ug(t). (5)

2.3. Coupled Analysis

2.3.1. Stick Phase. In coupled analysis [13], the dynamic
response of the sliding mass and the permanent dis-
placement are modelled together so that the effect of the
plastic sliding displacement on ground motion is

considered. *e governing equation of the dynamic
equilibrium of a multiple degree-of-freedom (MDOF)
lumped mass system is given by

M€u + C _u + Ku � −M · 1 · €u g, (6)

whereM, C, K, €u, _u, u, and €ug are the mass matrix, damping
matrix, stiffness matrix, vector of the nodal relative accel-
erations, vector of the nodal relative velocities, vector of the
nodal relative displacements, and the acceleration time
history, respectively.

2.3.2. Slip Phase. When the force at the base of the sliding
mass exceeds the frictional strength at the sliding mass/
foundation interface for sliding in the positive direction, the
following scalar equation can be obtained:
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Figure 1: *e Newmark integration algorithm (adapted from
Kramer [20]).*e strong-motion record having a hypothetical ac of
0.2 g is superimposed. To the left of point X accelerations are less
than ac, and there is no displacement. To the right of point X those
parts of the strong-motion record lying above ac are integrated over
time to derive a velocity profile of the block. Integration begins at
point X and the velocity increases to point Y, the maximum velocity
for this pulse. Past point Y the ground acceleration drops below ac,
but the block continues to move because of its inertia. Friction and
ground motion in the opposite direction cause the block to de-
celerate until it stops at point Z. All pulses of the ground motion
exceeding ac are integrated to yield a cumulative displacement
profile of the landslide block.
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−MT €ug − 1TM · €u � uMTg, (7)

where MT €ug is the force due to the ground acceleration,
1TM · €u is the force at the sliding interface from the non-
uniform acceleration profile within the sliding mass, and
uMTg is the frictional resistance at the sliding interface.

After sliding is initiated, the excitation at the base is the
acceleration of the ground and the acceleration associated
with the sliding displacement. *e governing equation is

M€u + C _u + Ku � −M · 1 · €s + €ug , (8)

where €s is the sliding acceleration at the base of the sliding
mass. During sliding, the equilibrium at the shear interface is
represented as follows:

−MT €s + €ug  − 1T
M · €u � uMTg. (9)

Combined with the above equation, the vector of the
nodal acceleration during sliding is used to calculate the
sliding acceleration at the base of the sliding mass with

€s � −ug −
1

MT

1T
M · €u − €ug. (10)

3. The Proposed Method

In the proposed method, the direction of the ground motion
is assumed to be contrary to the sliding direction. Because
sliding in the uphill direction occurs only when the slope
angle and friction angle are small (approaching level), this
paper mainly considers sliding in the downslope direction.

3.1. Stick Condition. In this paper, a lumped mass system is
considered, and the acceleration is considered horizontal
(Figures 2 and 3). In the improved method, the processes
consist of two phases, namely, stick and slip phases. Under
stick conditions, the motion of each lumped mass in the
parallel direction is described by the following ordinary
differential equations:

m1€u1 − _u2–u1( c2 + _u1c1 − u2–u1( k2 + u1k1 − m1g sin θ � m1€ug cos θ

. . .

mn−1€un−1 − _un–un−1(  cn + _un−1–un−2( cn−1 − un–un−1( kn + un−1–un−2( kn−1 − mn−1g sin θ � mn−1€ug cos θ

mn€un + _un–un−1( cn + un–un−1( kn − mng sin θ � mn€ug cos θ.

(11)

Rearranging the equations yields the following relational
expression:

m1€u1 + c1 + c2(  _u1 − c2 _u2 + k1 + k2( u1 − k2u2 � m1€ug cos θ + m1g sin θ

. . .

mN−1€un−1 − cn−1 _un−2 + cn−1 + cn(  _un−1 − cn _un − kn−1un−2 + kn−1 + kn( un−1 − knun � mn−1€ug cos θ + mn−1g sin θ

mn€un − cn _un−1 + cn _un − knun − knun−1 � mn€ug cos θ + mng sin θ.

(12)

*ese scalar equations can be combined to form a single
N×N matrix equation:

M€u + C _u + Ku � M · 1 €ug · cos θ + g sin θ , (13)

whereM, C, andK are the mass matrix, dampingmatrix, and
stiffness matrix, respectively. *e damping matrix C is
generated by a Rayleigh model as C � αM + βK. Addi-
tionally, €ug is the acceleration time history at the slope base;
θ is the slope angle; €u is the vector of nodal relative

accelerations; _u is the vector of nodal relative velocities; and
u is the vector of nodal relative displacements.

3.2. Critical Condition. *e critical condition is considered
when the available resisting force is equal to the driving
force. When the inertial force acts in the downslope di-
rection, the resolving forces perpendicular to the inclined
plane can be formulated as follows:

Fs �
available resisting force

driving force
�

N · tan∅
1T · M · €u + 1T · M · 1 · €ug cos θ + 1T · M · 1 · g sin θ

. (14)
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Distribution of forces perpendicular to the slope is

1T · M · 1 · €ug sin θ � g · 1T · M · 1 · cos θ − N. (15)

*e critical acceleration can be obtained when Fs equals
1.0:

ac � g tan(∅ − θ) −
1T

· M · €u

1T · M · 1 · cos θ · (1 + tan∅ · tan θ)
,

(16)

where c is the cohesive force,N is the supporting force below
the sliding surface,∅ is the friction angle, and €u is the vector
of nodal relative accelerations in the stick phase.

3.3. Slip Condition. When the slope is excited by seismic
forces, the mass begins to slide; this is the second (slip)
phase. In this phase, the acceleration of the ground motion
and the acceleration associated with the sliding displacement
are considered. *e matrix equation is as follows:

M€u + C _u + Ku � M · 1 · €ug · cos θ − €s + g sin θ , (17)

where €s is the sliding acceleration at the base of the sliding
mass (€s should be larger than €u).

During sliding, the equilibrium at the shear interface is

−1T · M · 1 · €ug cos θ + 1T · M · 1 · €s + 1T · M · €u

� − 1T
· M · 1 · g cos θ − 1T · M · 1 · €ug sin θ  · tan∅

+ 1T · M · 1 · g sin θ.

(18)

*e formulations in (17) and (18) can be combined to
obtain the following formula:

M∗ €u + C _u + Ku � M · 1 · g cos θ − €ug sin θ  · tan∅ .

(19)

In this equation, M∗ is defined as follows:

M∗ � M −
1

1TM1
· M11TM. (20)

€s is defined as follows:

€s � − g cos θ − €ug sin θ tan∅ −
1

1 · M · 1T
· 1T

· M · €u + €ug cos θ + g sin θ. (21)

n
n-1

3
2

1

Mg

üg

N

T

Figure 2: Schematic diagram of the system.*e figure displays a block on an inclined plane with a slope characterized by an angle θ. TandN
are the parallel (shear) and orthogonal (normal) reaction forces, respectively.
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Figure 3: Mechanical analysis of the sliding mass during the sliding phase.
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Under slip conditions, M∗, as defined in (20), is only
used in the case with 1 or 2 DOFs. When the system has

more than 2 DOFs, a new approach must be considered.
*ese N + 1 equations can be arranged as follows:

−μN + mb + 1TM1 g sin θ � − mb + 1TM1  €ug · cos θ − €s  + 1TM€u,

M€d + C _d + K d � M1 €ug · cos θ − €s + g sin θ .
(22)

Some previous researchers have circumvented this
problem by assigning a mass directly to the sliding surface
[22, 23]. In the computer code (MATLAB) developed for
this analysis, only half of the mass of the base element is
assigned to the lumped mass for that element, and the other
half is assigned to the sliding interface.*is approach assures
that 1T · M · 1 is not equal to the sum of the lumped mass,
and therefore,M∗ cannot be singular.

4. Discussion

4.1. Rigid Bock. Using the classical Newmark method
considered under slip conditions, block sliding is obtained
by integrating the part of the input acceleration that exceeds
the critical level (€ug − g tan(ϕ − θ)). Actually, the situation
involves a relevant simplifying condition that is different
from the proposed method in this paper. When the model is
considered a rigid block, the details of the proposed method
are as follows.

4.1.1. Stick Condition. *e equation of motion of the block
in parallel to the slope is

Mg · sin θ − tan∅ · N � −M · €ug · cos θ. (23)

*e equation of motion of the block in the orthogonal
directions is as follows:

Mg · cos θ − N � M · €ug · sin θ. (24)

4.1.2. Critical Condition. For the rigid block model, the
critical acceleration is the same as the Newmarkmethod.*e
yield acceleration is the minimum pseudostatic acceleration
required to produce instability of the block. *e critical
acceleration is as follows:

ky � tan(∅ − θ),

ac � kyg.
(25)

4.1.3. Slip Condition. *e equation of motion of the block in
parallel to the slope is

Mg · sin θ − tan∅ · N � −M · €ug · cos θ − €s . (26)

*e equation of motion of the block in the orthogonal
directions is as follows:

Mg · cos θ − N � M · €ug · sin θ. (27)

€s should be

€s � g · sin θ − tan∅ · g · cos θ + tan∅ · €ug · sin θ + €ug

· cos θ.

(28)

4.2. Sliding in the Uphill Direction. *e sliding in the uphill
direction occurs only when the slope angle and friction angle
are small (approaching level). *e equations are as follows.

4.2.1. Stick Condition. When in the stick condition, the
scalar equations can be combined in a single N×N matrix
equation as

M€d + C _d + K d � −M1 €ug cos θ − g sin θ . (29)

4.2.2. Critical Condition. When the inertial force acts in the
uphill direction, the resolving forces perpendicular to the
inclined plane are given as follows:

Fs �
available resisting force

driving force
�

N · tan∅
1T

· M · €u + 1T
· M · 1 · €ug cos θ + 1T

· M · 1 · g sin θ
. (30)
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Distribution of forces perpendicular to the slope is

−1T
· M · 1 · €ug sin θ � g · 1T

· M · 1 · cos θ − N. (31)

*e critical acceleration was obtained when Fs is equal to
1.0.

ac � −g tan(∅ − θ) +
1T

· M · €u

1T
· M · 1 · cos θ · (1 + tan∅ · tan θ)

.

(32)

4.2.3. Slip Condition. *e matrix equation is as follows:

M€u + C _u + Ku � −M · 1 · €ug · cos θ + €s − g sin θ ,

(33)

where €s is the sliding acceleration at the base of the sliding
mass (€s should be larger than €u).

During sliding, the equilibrium at the shear interface is

1T · M · 1 · €ug cos θ + 1T · M · 1 · €s + 1T · M · €u

� − 1T · M · 1 · g cos θ + 1T · M · 1 · €ug sin θ  · tan∅
+ 1T · M · 1 · g sin θ.

(34)

Combining with the formulations of (33) and (34),

M∗ €u + C _u + Ku � M · 1 · g cos θ + €ug sin θ  · tan∅ ,

(35)

where M∗ is defined as follows:

M∗ � M −
1

1TM1
· M11TM. (36)

€s is defined as

€s � − g cos θ + €ug sin θ tan∅ −
1

1 · M · 1T
· 1T · M · €u − €ug cos θ + g sin θ. (37)

5. Example and Comparison

5.1. Example. To verify the validity and feasibility of this
method, a simple case is chosen with an approximate sliding
mass thickness of 8m. When the slope in the stick phase is
considered, it has 16 degrees of freedom. *e parameters
include a slope angle of 15°, a friction angle of 25°, and a unit
weight of 20 kN/m3. *e Cholame-Shandon Array #5 record
from the 1966 Parkfield earthquake (Mw � 6.69) was used in
this simple case. In this example, the rigid block is calculated
by the proposed method and the Newmark method. Fig-
ures 4 and 5 show that the sliding displacement of the
proposed method is larger than that of the classical New-
mark method. *e Newmark displacement is 0.016m, while
the rigid block model in the proposed model is 0.177m.

In addition, the flexible model is also calculated by
computer code (MATLAB). In the flexible model, the critical
acceleration obtained from the proposed method is not
constant because the dynamics under critical conditions are
considered. *is approach should be more accurate than
using the yield acceleration of the Newmark method. *e
procedure and the results of the proposed flexible method
are shown in Figure 6. *e displacements of the method
proposed in this paper are 0.025m, and the results are larger
than the rigid block model.

5.2. Comparison

5.2.1. Comparison of the Proposed Flexible System Analysis
with the Newmark Method. *e coupled and decoupled
methods are mainly aimed at the horizontal earth structure.
*e critical acceleration is the same as the Newmark critical
acceleration. In this paper, the proposed method is com-
pared with the Newmark method. *e Newmark method

assumes that the slope is a rigid-plastic body. Furthermore,
the mass does not deform internally, does not experience a
permanent displacement at accelerations below the critical
or yield level, and deforms plastically along a discrete basal
shear surface when the critical acceleration is exceeded. *e
results of the proposed method are calculated with different
stiffness values, and the results of the proposed method are
compared with the Newmark method; the results are shown
in Figures 7 and 8.

In Figure 7, the critical accelerations are compared; in
the Newmark rigid block method, the value of the critical
acceleration is constant. Because the stiffness increases, the
fluctuations in the vector of nodal relative accelerations
decrease. As the stiffness increases, the critical acceleration
obtained from the proposed method is close to the Newmark
critical acceleration.

Figure 8 shows the displacement results. For small
stiffness values, the displacements obtained with the pro-
posed method and Newmark method display a large dif-
ference. As the stiffness increases, this difference in
displacements decreases, and, at very large stiffnesses, the
displacement values obtained with the proposed method are
very close to those of the Newmark method.

5.3. Comparison of the Results with Different Period Ratios.
*e frequency content of these records was characterized by
the mean period (Tm), defined as

Tm �
iC

2
i i/fi( 

iC
2
i

, (38)

where Ci represents the Fourier amplitudes of the entire
accelerogram and fi represents the discrete Fourier trans-
form frequencies between 0.25 and 20Hz [24]. *e

Mathematical Problems in Engineering 7
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Figure 4: *e results of the rigid block calculated by proposed method. (a) *e ground motion; (b) the velocity of the sliding body; (c) the
cumulative displacement.
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Figure 5: *e results of the rigid block calculated by Newmark method. (a) *e ground motion; (b) the velocity of the sliding body; (c) the
cumulative displacement.
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fundamental period of the earth system is estimated as
Ts � 4H/Vs. *e period ratios of Ts/Tm will be used to
present the results in this paper. *e recorded ground
motion of the Pacoima Dam Downstream record from the
1994 Northridge earthquake is used as the input motion
(Figure 9), which is used in the Newmark rigid block
method, the proposed rigid block model, and the flexible
model. Tm of the record is equal to 0.47 s, and Ts is varied by
changing the height of the systems. *e shear-wave velocity
of the soil is 2016m/s, and the damping is considered as 15%.
*e parameters include a unit weight of 20 kN/m3, a slope
angle of 15°, and a friction angle of 17.4°.

Figure 10 presents the variation in the proposed and
Newmark displacement with period ratio, Ts/Tm. *e
results show that, for the rigid block, the proposed method
has a slightly larger one than the Newmark method
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Figure 6: *e results of the proposed method. (a) *e ground motion; (b) the velocity of the sliding body; (c) the cumulative displacement.
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because the proposed method considered the relative
displacement. At small values of Ts/Tm, the flexible system
analysis results of the displacement are larger than the
results of the rigid block model. At larger values of Ts/Tm,
the rigid block model is more conservative than the
flexible system. In addition, the flexible system analysis
never allows the full response to develop because as the
response increases, sliding is initiated and is somewhat
isolated from the base of the system.

6. Conclusion

*e proposed method of the rigid block model has the same
critical acceleration as the Newmark method. However,
because the proposed method considers the relative dis-
placement in the rigid block model, the proposed method is
more conservative than the Newmark method. For the
flexible system, the stiffness is increased in the proposed
analysis, and when the stiffness tends to infinity, the results
of the proposed method are close to those of the Newmark
method. *e proposed method is also compared with the
Newmark method with the period ratio Ts/Tm. At small
values of Ts/Tm, the flexible system analysis results of the
displacement are larger than those of the rigid block model.
At larger values of Ts/Tm, the rigid block model is more
conservative than the flexible system.
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