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Preface 

Since the establishment of the essential foundations of the mechanics of solid mate-
rials during the nineteenth century, significant progress has been achieved in order to 
describe successfully the complex mechanical response of materials. These remark-
able advances have been possible thanks to the efforts coming not only from theoret-
ical research studies but also from extensive experimental campaigns. Furthermore, 
with the advent of modern computational technologies over the last few decades, 
the subject of mechanics of materials has become a mature field of investigation, 
bringing continuous progress and socio-economic development to our societies. 

In view of the increasing interest in mechanics of materials, several conferences 
and symposia have been organised in the past. One of the most renowned scien-
tific gatherings about this subject is the International Conference on the Mechan-
ical Behaviour of Materials (ICM), an international scientific event held every four 
years to bring together talented researchers from different fields of engineering, 
science and industry. The objectives of the ICM conferences are to foster research on 
the mechanical behaviour of materials, to promote related international cooperation 
among scientists and engineers and to provide means for the public dissemination of 
the results from these efforts. The ICM conferences are intended to cover progress 
on all aspects of the mechanical behaviour of materials from both the macroscopic 
and microscopic viewpoints. 

Following a long standing tradition since August 1971, when the 1st ICM confer-
ence was held in Kyoto, Japan, the 14th version of ICM (ICM-14) took place for the 
first time in Latin America, in the city of Santiago, capital of Chile, on 12–14 July 
2023. In this opportunity, the ICM-14 conference was organised by the Department 
of Civil Engineering from the University of Santiago, Chile. 

Previous to the conference, potential authors were invited to submit their full 
length papers for possible publication in the book of the ICM-14 conference proceed-
ings titled Recent Advances on the Mechanical Behaviour of Materials—Computa-
tional Modelling, Theory, and Experiments. After a critical appraisal and careful 
selection of articles, the book was completed, representing in many regards the 
current state of the art on mechanics of materials. The present book is divided into 
two parts as follows.

v
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– Computational Modelling and Theoretical Aspects. 

In the first part of the book, research papers dealing with numerical simulations and 
mathematical modelling are presented. Particular emphasis is given to the description 
of real-world engineering problems that consider the investigation of complex mate-
rials and structures. This collection presents recent findings with the aid of a wide 
range of analytical and numerical methods, from advanced mathematical procedures 
to modern computational prediction techniques. 

– Experimental Testing Procedures. 

The second part of the book is focused on contributions that investigate classical and 
modern materials by means of advanced experimental mechanics and novel structural 
testing procedures. Special attention is devoted to experimental studies that report 
data coming from macroscopic and microscopic length scales. 

This book is intended to meet the needs of a diverse range of researchers and 
postgraduate students interested in particular problems related to the mechanical 
behaviour of materials. Engineers, applied mathematicians and physicists, among 
others, will find in this collection of papers practical guidelines for performing 
computational simulations and a valuable source of experimental data. 

I would like to express my gratitude to the Civil Engineering Department and the 
Faculty of Engineering from the University of Santiago, Chile, to all my colleagues, 
staff members and students, who participated in the organisation of this event, and 
to Prof. Raj Das from RMIT University, Australia, president of ICM-14, for his 
continuous advice and support. All of them helped to make this conference successful. 
Without this support, this scientific gathering would not have been possible. Finally, 
I would like to give thanks for the efforts made by all of the researchers and scholars 
who attended and presented at the ICM-14 conference, and particularly those authors 
who submitted their full length papers for possible publication in this book. 

October 2023 Prof. Erick I. Saavedra Flores 
Departamento de Ingeniería en Obras Civiles 

Universidad de Santiago de Chile 
Santiago, Chile
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Seismic Structure-Soil-Structure 
Interaction Between a Pair 
of Cross-Laminated Timber Buildings 
Under Seismic Loads 

Felipe Vicencio, Sebastián Torres-Olivares, and Erick I. Saavedra Flores 

Abstract Frequently, buildings in urban areas are designed by considering the 
response of structures as stand-alone i.e., a single structure, with no neighbouring 
structures. Nevertheless, the existence of a high density of buildings in large 
metropolitan areas inevitably results in the likelihood of seismic interaction of adja-
cent buildings through the underlying soil. This problem is better known as Structure-
Soil-Structure Interaction (SSSI), and this interaction can either increase or decrease 
the seismic response of a structure, and its relevance was highlighted in early studies 
(Lee and Wesley in Nucl Eng Des 24:374–387, [1]; Kobori et al. Dynamical cross-
interaction between two foundation, [2]; Wong and Luco in Soil Dyn Earthq Eng 
5:149–158, [3]; Triantafyllidis and Prange in Soil Dyn Earthq Eng 7:40–52, [4]). In 
this research, we explore the influence of Structure-Soil-Structure Interaction (SSSI) 
between a pair of cross-laminated timber (CLT) buildings under seismic excitation. 
A complete 3-dimensional high-order model of the soil and buildings is performed. 
The finite element method is used for the numerical simulations in ANSYS. The 
interaction effects are investigated for different heights of the buildings and soil 
properties. Results suggest that the SSSI can affect displacement, inter-story drift 
and accelerations. The impact of the SSSI effects is more relevant for loose soil. 

Keywords Structure-soil-structure interaction · Cross-laminated timber 
buildings · Time history seismic analysis
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1 Introduction 

The importance of including the adverse structural effects of the structure-soil-
structure interaction has received attention in the last decades. Due to the complexity 
of the multi-structural interaction problem, one of the most used methods are (i) 
the Boundary Element Method (BEM) [5, 6], (ii) two or three-dimensional Finite 
Element Modelling (FEM) [7–9], and (iii) a combination of these two FEM/BEM 
techniques [10–12]. These studies have characterized the important factors that may 
control the intensity of coupled effects between buildings, such as (i) the separa-
tion of building distance, (ii) the relative height and dynamic characteristics of the 
adjacent buildings, and (iii) the soil class. These approaches, which use commer-
cial design software, allow for the possibility of modelling both complex geome-
tries and, in some cases, nonlinearities for specific structural forms. However, these 
results almost inevitably end in a very large number of degrees of freedom, producing 
computationally costly and time-consuming analyses. 

Discrete soil/foundation-spring models have been successfully applied in the eval-
uation of SSSI problems [13–17]. In these mechanical models, a small number of 
lumped masses, dashpots, and springs are employed. The coupled effects between 
buildings through the soil were incorporated into the solution using different springs 
[18–20]. All these previous studies give a theoretical framework for the analysis of 
SSSI with an efficient and straightforward mathematical formulation. However, a 
significant gap remains in state-of-the-art knowledge of SSSI when multiple inter-
actions between buildings in a 3D arrangement (allowing different footprints for the 
building’s base), linear or nonlinear behaviour (both in the soil and structures), and 
multi-directional ground motions are considered. 

A different approach is physical experimental modelling, which has been imple-
mented in the last decades for the SSSI phenomenon. These studies represent a signif-
icant frame of reference for numerical models and provide preliminary estimates of 
the effects of complex interaction problems. Kitada et al. [21] and Yano et al. [22] 
studied the SSSI problem for nuclear power plants in field tests and laboratory tests 
(forced vibration and shaking table tests). Centrifuge tests have been used to evaluate 
nonlinear behaviour in the materials [23–26]. The results showed that SSSI could 
be beneficial (reducing the seismic response) or detrimental (increasing the seismic 
response), depending on the seismic excitation and the dynamic structural parame-
ters. Shaking table tests have also been used to evaluate the SSSI, providing valuable 
insight into understanding the dynamic behaviour of multiple adjacent structures 
[27, 28]. The disadvantages of the experimental methods are that they are techni-
cally challenging to undertake and produce several difficulties in achieving appro-
priate scaling of the soil strains and inertial forces. Nevertheless, experimental tests 
(including shake table and centrifuge tests) still represent a critical dataset of results 
to benchmark various computational and theoretical models. 

Recordings from instrumented buildings constitute an important dataset for bench-
marking various numerical models of seismically excited buildings. For example,
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Celebi [29, 30] studied the seismic response of two adjacent seven-storey build-
ings in Norwak, California. The results showed that building 1 increases its seismic 
response by receiving the seismic energy of building 2, highlighting the SSSI effects. 
The works of Hans et al. [31], Laurenzano et al. [32], and Gueguen and Colombi [33] 
presented results that showed clear evidence of SSSI between adjacent buildings. 

Cross-laminated timber (CLT) has been gaining popularity in residential appli-
cations, especially in Europe and North America, due to (i) its good seismic perfor-
mance, (ii) its ability to self-protect against fire, (iii) its lessened environmental 
impact, and (iv) its renewable material source [34]. The CLT is a building system 
based on structural panels made of several layers of boards stacked crosswise and 
glued together on their faces. These panels are lightweight structural elements with 
high stiffness and strength for bending, compression, and shear. Therefore, they are 
an economically competitive building system, and are a suitable candidate compared 
to traditional options [35]. 

This study evaluated the SSSI between two cross-laminated timber (CLT) build-
ings under seismic excitation. The objectives of this research are to answer the 
following questions: 

• Is there evidence that the Structure-Soil-Structure Interaction can significantly 
increase the seismic response of cross-laminated timber buildings? 

• What are the most important parameters that govern this complex problem? 

2 Computational Finite Element Model of SSSI for CLT 
Buildings 

Past studies have shown that finite element analyses, in special the commercial finite 
element software ANSYS [36], can be applied successfully to the problem of SSSI 
[7–9, 37–39]. Therefore, in this research, a series of full 3D time-history seismic 
analyses are performed in ANSYS. It is considered the direct approach (i.e., the 
soil and structure are included within the same finite-element model as a complete 
system), which enables the solving of the systems into a single step, in contrast with 
the substructure approach, which is a multiple-step configuration. 

2.1 Building Model and Properties 

Four different CLT buildings are considered for the purpose of this study. The struc-
ture has a square footprint (7 m wide) with an interior wall. The walls and roof are CLT 
panels (85- and 150-mm thickness for the walls and roof, respectively), modelled 
with a four-node and six degrees of freedom at each node SHELL181 element. The 
selection of a maximum mesh size of 150 mm is based on the spacing between panel 
screws. This size has been observed to correspond to the screw spacing, and it has
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been demonstrated that the structural elements behave correctly at this mesh size. 
The panels are connected by screws. The walls are attached to the foundations using 
angle brackets and hold-down metallic connectors (refer to Fig. 1). These connec-
tors are modelled as COMBIN40 linear springs, with stiffness values obtained from 
experimental. The shear, axial, and out-of-plane responses are represented using 
three spring elements connecting 2 coincident nodes. 

The reinforced concrete (RC) foundations are modelled using BEAM188, which 
is a two-node element with six degrees of freedom per node. The transverse section 
of the foundation measures 45 cm in height and 30 cm in width (refer to Fig. 2). 
The foundation is connected to the soil by ensuring equal degrees of freedom condi-
tions between neighbouring nodes. It is assumed that the foundation remains stable 
without lifting under dynamic loads, a hypothesis supported by the absence of vertical 
reactions during analysis. The foundation mesh aligns with the CLT panels’ mesh 
(150 mm elements) to ensure coincident nodes between both elements. 

Fig. 1 a Cross-laminated timber section, b Hold-down connector used in CLT elements 

Fig. 2 a Structural model of a one-story cross-laminated timber building, b Structure-Soil-Structure 
interaction (SSSI) model
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Table 1 Structure material 
properties Property Units Value 

CLT Young modulus MPa 11,000 

CLT Poisson ratio – 0.35 

CLT density kg/m3 500 

RC Young modulus MPa 25,650 

RC Poisson ratio – 0.2 

RC density kg/m3 2500 

The structural elements are idealized as linear elastic isotropic materials, and 
their properties are summarized in Table 1. To incorporate the capacity of energy 
dissipation into de modelling, the Rayleigh damping is employed with a damping 
ratio of ξ = 0.02. Consequently, the damping matrix C can be calculated as follows, 

C = αM + βK (1) 

where M is the mass matrix and K is the stiffness matrix of the system. The α and 
β parameters can be calculated by using the first two natural frequencies (ω) of the  
system. 

α = 2ξ 
ω1ω2 

ω1 + ω2 
, β  = 2ξ 

ω1 + ω2 
(2) 

2.2 Soil Model and Properties 

The soil was modelled using a symmetric hexahedral mesh in all its dimensions 
by using the SOLID185 element (an eight-node 3-dimensional element with three 
degrees of freedom per node). It has been recommended that Finite Element mesh 
for shallow foundations of width B on isotropic homogeneous soil usually includes 
an area extending from about 5B laterally and 8B vertically. The purpose of this is 
to have all the soil volume where most of the stress variations are expected to occur. 
To reduce the computational cost of the modelling, a refined mesh of 1-m elements 
is employed in the soil volume near the influence zone of the foundation of the 
structures (see Fig. 3), so a mesh with finite elements of different sizes is considered.

Fixed constraints are applied at the bottom of the soil to simulate the rigid bedrock 
where the seismic excitation is applied into the ANSYS model. Additionally, in order 
to simulate an infinite boundary and prevent the reflection of seismic waves, both 
horizontal and vertical spring-dashpots arrays are utilized [40], as shown in Fig. 4 
and obtained by the following equations,
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Fig. 3 Lateral view of the 3D FE model of soil and structural model of a one-story cross-laminated 
timber building

Fig. 4 Boundary conditions of the soil block model 

KH = 
GA  

B 
, CH = ρVs A (3) 

KV = 
GA  

H 
, CV = ρVp A (4) 

Here, G represents the shear modulus of the soil and ρ denotes the soil density. A 
refers to the element area, H represents the height of the soil block, B represents the
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Table 2 Soil shear wave velocities studied 

Soil class Shear wave velocity m/s2 Shear modulus MPa Poisson ratio 

Soil 1 150 33.75 0.3 

Soil 2 200 60.0 0.3 

Soil 3 325 158.4 0.35 

Table 3 Finite element 
resume Finite element Name Count 

4-node shell SHELL81 5764 

2-node beam BEAM188 230 

8-node solid SOLID185 10,640 

Spring COMBIN40 2844 

Spring/dashpot COMBIN40 1512 

width of the soil, and Vp and Vs denote the compression and shear wave propagation 
velocities, respectively. 

Additionally, to prevent unrealistic soil settlements due to its self-weight, it is 
necessary to establish initial stresses in the soil before applying the seismic load. 
This is achieved by performing a static analysis, from which the stresses generated 
in the soil by its self-weight are extracted. These stresses are then applied in the initial 
step of the transient analysis, prior to applying the accelerations at the soil base. 

In this analysis, we consider three different soil classes, resumed in Table 2. 
The base SSI model (Structure and soil) is composed of 20,990 elements and 

19,204 nodes, and the finite elements used are resumed in the following Table 3. 

2.3 Structure-Soil-Structure Model and Its Properties 

It is well known that the proximity of two structures can largely influence the seismic 
response of the smaller structure. In general, two buildings at a distance shorter than 
2.5 times the width of foundations will interact each other and the SSSI effect is 
relevant. In this work, we have conducted a comprehensive study on the seismic 
response of adjacent structures, considering four height ratios ε = h2/h1 of the 
adjacent structures. These height ratios are summarized in Table 4. 

Table 4 Height ratios cases studied 

Parameter Case 1 Case 2 Case 3 Case 4 

Main structure height h1 [m] 3.0 3.0 3.0 3.0 

Adjacent structure height h2 [m] 2.4 3.0 3.6 4.5 

Height ratio ε 0.8 1.0 1.2 1.5
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2.4 Reduced-Order Model for Structure-Soil-Structure 
Interaction 

This model represents a pair of CLT buildings coupled by a rotational ground spring 
κθ 12, shown in Fig. 5. The buildings are spaced at some arbitrary distance from each 
other, ζ b, where ζ is the non-dimensional interbuilding distance and b is the width of 
the buildings. Both foundations have a similar square plan area and raft foundation 
of b2, the soil/foundation masses are ms , and the soil/foundation masses radius of 
gyration are r = 0.33b. The system considered here corresponds to the case of two 
buildings placed very close to each other, i.e., at a spacing distance of 0.1b (ζ = 0.1). 
This interbuilding spacing is large enough to avoid pounding but close enough to 
maximize the SSSI effects. The effect of the vertical ground motion and P-Delta 
effects in the structures’ response is neglected in this formulation, i.e., small lateral 
displacements are considered. For more information about this low-order model, 
please refer to [41, 42]. This model was calibrated and validated using finite element 
analysis [43], physical experimental test using the University of Bristol’s shaking 
table [44], and University of Dundee’s centrifuge [45]. 

The Euler–Lagrange equations of motion describing the dynamics of the 
discretized system can be derived in the standard way by variational calculus and are 
formulated in the matrix equations of motion (5). 

M
∧

ẍ + C
∧

ẋ + K
∧

x = p ẍg (5)

Fig. 5 Structural model of a two-buildings system subjected to horizontal ground motion 
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where system matrices are defined as follows, 

M
∧

= 

⎡ 

⎢ 
⎢ 
⎣ 

mb1 −mb1h1 0 0  
−mb1h1 mb1h2 1 + msr2 0 0  

0 0 mb2 −mb2h2 
0 0 −mb2h2 mb2h2 2 + msr2 

⎤ 

⎥ 
⎥ 
⎦ (6) 

K
∧

= 

⎡ 

⎢ 
⎢ 
⎣ 

kb1 0 0 0  
0 ksθ + κθ 12 0 −κθ12 

0 0 kb2 0 
0 −κθ 12 0 ksθ + κθ 12 

⎤ 

⎥ 
⎥ 
⎦ (7) 

p = 

⎡ 

⎢ 
⎢ 
⎣ 

−mb1 

mb1h1 
−mb2 

mb2h2 

⎤ 

⎥ 
⎥ 
⎦, x = 

⎡ 

⎢ 
⎢ 
⎣ 

x1 
θ1 

x2 
θ2 

⎤ 

⎥ 
⎥ 
⎦ (8) 

The system’s linear viscous damping matrix C defined in Eq. (5) assumes that  
each natural mode n ∈ [1, 4] is damped at ξn = 0.05 of critical damping, φn is the 
modal eigenvector of the mode n, ωn are the natural frequencies of the systems. These 
ωn were calculated considering the completely elastic system. Thus, the Caughey 
orthogonal damping matrix C can be calculated as [38] by equation. 

C = M

(
4∑

n=1 

2ξnωn 

φT 
n Mφn 

φnφ
T 
n

)

M (9) 

2.5 Seismic Input 

The seismic loading chosen in this study correspond to the event recorded in Kobe, 
Japan, in 1995 (solid ground near the JMA Kobe station) with a magnitude of Mw = 
6.9 and a peak ground acceleration (PGA) equal to ag = 0.83g. . This ground 
motion was obtained from the Pacific Earthquake Engineering Research (PEER) 
Centre Database [46], supposed as recorded on weak soil with a shear wave velocity 
of Vs = 200m/s. 

Considering the seismic record accelerations as free field surface motion, the 
bedrock accelerations are estimated by applying a transfer function ’F2’ to the 
frequency domain data to filter the main frequencies amplificated by the soil, as 
illustrated in Fig. 6. The transfer function proposed by Kramer [47] for low-damping 
soils is utilized,
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Fig. 6 Original acceleration record and bedrock estimation 

F2(ω) = 1 

cos(ωH/Vs(1 + i ξ))  
(10) 

3 Numerical Results and Analysis 

The influence of the SSSI on the dynamic response of two cross-laminated timber 
(CLT) buildings under seismic excitation is addressed in this section. As a measure of 
change in the response between SSSI and SSI, we will use the maximum displacement 
Xb1 and accelerations Ẍb1 for the buildings 1. The percentage difference in the 
response total power χ̈bj  (for building j), when using the response SSSI (Structure-
Soil-Structure Interaction) rather than SSI (Soil-Structure Interaction) is defined in 
Eq. (11). 

Xbj  = 100

{[
Es

(
Xbj

)]
SSSI[

Es
(
Xbj

)]
SSS  

− 1

}

, χ̈bj  = 100

{[
Es

(
Ẍbj

)]
SSSI[

Es
(
Ẍbj

)]
SSI  

− 1

}

(11) 

where Es( Ẍbj  ) are the total power spectral density (which is based on all data points 
of response time series Ẍbj  ) for the acceleration (referring to building j). The power 
spectral density (PSD) is defined using Parseval’s theorem according to Eq. (12).
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Es
(
Ẍbj

) = 
∞∫

−∞

∣
∣Ẍbj  (t)

∣
∣2 dt  = 

1 

2π 

∞∫

−∞

∣
∣Ẍbj  (ω)

∣
∣2 dω (12) 

where Ẍbj  (ω) is the continuous Fourier transform of Übj  (t). Using total power as a 
comparative metric delivers a statistical estimate of magnitude that is more robust 
than employing a single peak of the function. 

The system analysed in this research corresponds to the case when the two build-
ings are placed in very close proximity to each other, at a spacing distance equal to 
0.1b. Due to the complexity of the problem, the results for the nonlinear building 1 
are divided into the next sections, 

• Section 3.1 explores the differences between the SSI and SSSI seismic responses 
for a set of parameters. 

• Section 3.2 explores the influence of different soil classes, on SSSI responses. 
• Section 3.3 explores the influence of height ratio ε, on SSSI responses. 
• Section 3.4 evaluate the differences between the high-order and reduced-order 

model. 

3.1 Initial Analysis of SSSI for Different Parameter Set 

In this section, initial results are presented for SSSI and SSI responses in cross-
laminated timber buildings. The rigid base period of building 1 is Tx = 0.1 seconds. 
Figure 7a, b shows the uncoupled SSI (blue line) and coupled SSSI (red line) response 
for the top of building 1 (relative displacement of the roof level Ub1 for Fig. 7a and 
the acceleration of the roof level Ab1 for Fig. 7b), when it is adjoined by 50% taller 
building, the building 1 has height to width ratio equal to s = h1/b = 0.43, and 
soil class 1. Figure 7c shows the corresponding power spectral density (PSD) for the 
displacement and Fig. 7d shows the PSD for the total acceleration for the building 1 
considering the coupled (SSSI) and uncoupled (SSI) case. Comparing the uncoupled 
and coupled responses, building 1’s response appears to be significantly affected 
by the presence of the taller building in all the time-history. The change in power, 
defined in Eq. (11), is equal to χb1 = 23% for the displacement and χ̈b1 = −14% 
for the acceleration. The peak in the PSD of Fig. 7c, d represents approximately the 
fundamental frequency of the system, where the frequency does not change very 
much between the SSI and SSSI systems (small shift of the PSD peaks).

Figure 8a, b shows the uncoupled and coupled responses for the top of building 1, 
that is displacement and acceleration. Comparing the SSI and SSSI responses, there 
is a transfer of earthquake energy between building 2 to building 1. Nevertheless, the 
amplification is more limited compared with the previous graph, suggesting that the 
worst seismic interaction conditions occur on loose soil class 1.
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Fig. 7 a Displacement and b total acceleration responses, c Power spectral density of displacement 
and d total acceleration—Seismic response for the parameter set (Soil class 1, shear wave velocity 
Vs = 150m/s, height ratio ε = h2/h1 = 1.5)

Fig. 8 a Displacement and b total acceleration responses, c Power spectral density of displacement 
and d total acceleration—Seismic response for the parameter set (Soil class 2, shear wave velocity 
Vs = 200m/s, height ratio ε = h2/h1 = 1.5)
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3.2 Time History Analysis and Change in Power Due 
to the Variation in Soil Properties 

In this section, we delve into the analysis of the response of the previously defined 
three classes of soil, examining both the time history response and power spectral 
density (PSD) of the structures. To investigate the soil-structure interaction (SSI), 
we specifically focus on the height ratio of ε = h2

/
h1 = 1.0. 

Figure 9 provides a comprehensive visualization of the relative roof displacements 
and their corresponding PSD for structure 1 across the three different soils studied. By 
comparing the curves for both the SSSI and SSI cases, we can discern the disparities 
in terms of magnitude and distribution of signal frequency components. This enables 
us to observe and analyse the variations in the structural response due to the presence 
of an equally dimensioned adjacent CLT structure. 

Similarly, Fig. 10 showcases the total acceleration obtained at the roof level and its 
PSD for structure 1 within the three distinct soils studied. By contrasting the curves 
for the SSSI and SSI cases, we can gain insights into the differences in amplitude 
and spectral characteristics of the acceleration response. This aids in understanding 
how the structure-soil-structure interaction affects the overall dynamic behaviour of 
the structure.

Fig. 9 a Relative roof displacement and PSD for soil class 1 b Relative roof displacement and PSD 
for soil class 2, c Relative roof displacement and PSD for soil class 3—Seismic response for the 
height ratio ε = h2/h1 = 1.0 
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Fig. 10 a Roof acceleration and PSD for soil class 1 b Roof acceleration and PSD for soil class 2, 
c Roof acceleration and PSD for soil class 3—Seismic response for the height ratio ε = h2/h1 = 1.0 

3.3 Change in Power Due to the Variation in Height Ratios 
ε = h2/h1 

In this section, results are presented (χb1 and χ̈b1) for buildings with height ratios of 
ε = h2/ h1 = 0.8, 1.0, 1.2 and 1.5 at every soil class. 

Figure 11 presents the changes in the response of structure 1 when varying the 
height of the adjacent structure. It showcases the changes in power and variations 
of peak values, providing two approaches for evaluating the response modifications. 
These values are obtained for total roof acceleration and relative displacement in 
each studied soil class.

It can be observed that the changes are nearly consistent across all the height ratio 
cases, regardless of whether there is a significant variation from the SSI case or not. 
This suggests that, for the studied height ratios, there are no substantial differences, 
even in soils where SSSI is observed. 

3.4 Comparison of the Dynamic Response Between 
the High-Order and Reduced-Order Models 

In order to evaluate the formulation presented here, a qualitative comparison has been 
carried out between the high order model develop here and an analogue reduced-
order model. The validation/comparison is carried out for different parameter set. 
Nevertheless, in this paper, as an example of the good match, we present presented 
in Fig. 12, the results for a selected combination of parameters (shear wave velocity
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Fig. 11 Change in displacement and acceleration for a Soil class 1, b Soil class 2 and c Soil class 
3 d from PSD and peak values

Vs = 150m/s, height ratio ε = h2/h1 = 1.2). Figure 12 shows the reduced-order 
model (red line) and the high-order Finite Element Model (blue line) response for 
the roof acceleration of building 1. Comparing the responses, we can observe that 
the response agree well for all time-history and the low-order model provides a good 
match in terms of peaks estimates, despite the simplicity of the reduced-order model. 

Fig. 12 a Total acceleration responses and b Power spectral density of total acceleration— 
Reduced-order and high-order models comparison for the parameter set (Soil class 2, shear wave 
velocity Vs = 150m/s, height ratio ε = h2/h1 = 1.2)
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4 Conclusion 

In this paper, we present a high-order 3-dimensional formulation for Structure-Soil-
Structure Interaction between two cross-laminated timber (CLT) buildings under 
seismic excitation. The finite element method is used for the numerical simulations 
in the software ANSYS. The interaction effects are investigated for different heights 
of the buildings and soil properties. This research has led to the following principal 
conclusions: 

• Comparing the uncoupled and coupled responses, building 1’s response appears 
to be significantly affected by the presence of the adjacent building in all the 
time-history. 

• The worst seismic interaction conditions occur on loose soil class 1, suggesting 
that both adverse and beneficial effects diminish the soil stiffness increases. 

• It can be observed that the change in power is not affected by the height ratio, 
regardless of whether there is a significant variation from the SSI case or not. 
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