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Abstract. This article discusses the seismic resistance of the two-story structure constructed from 
wooden SIP panels, which are commonly used in low-rise structures. In the research process, the 
behavior of the building under seismic influences was comprehensively analyzed based on 
theoretical calculations and digital modeling performed using the ETABS software package. In 
particular, the values of horizontal displacements along the floors of the building were determined, 
and the results of theoretical calculations were compared with the results obtained in the ETABS 
program. In addition, the stress–strain state of the building structures was determined, and 
deformations arising under seismic loads, internal forces, and the laws of their distribution were 
assessed. The obtained results show that wooden buildings with SIP panels are sufficiently 
deformable and energy-absorbing in relation to seismic impacts. The convergence of the results 
of theoretical and numerical calculations confirms the reliability of the chosen computational 
models and accepted assumptions.  
Keywords: earthquake, modeling, wooden construction, SIP panel, seismic effects, oscillation 
periods, oscillation form, calculation scheme, potential energy, kinetic energy. 

1. Introduction 

Over the recent years, the construction sector has been fast changing in the wake of two key 
problems in the world, namely, the sustainable development requirement and the necessity to 
provide structural integrity under severe loading conditions, particularly the occurrence of 
earthquakes [1]. These issues are especially applicable in low-rise buildings, which comprise a 
large part of residential and public buildings in a number of nations [2]. The low-rise buildings 
are very popular because they are economical, fast to construct, flexible in their architecture, and 
even adapted to single-family dwellings [3]. Nevertheless, within the seismic areas, the design of 
such buildings should be approved in terms of strength, stability, ductility, and reliability. The 
issue of earthquake-resistant design does not merely lie in the choice of strong materials but also 
in rational structuring systems and adequate calculations that are conducted with the help of 
seismic load models [4]. The precise identification of the seismic forces, their distribution along 
the length of the structure's height, and the assessment of the structure's behavior during dynamic 
forces are the major factors in the consideration of safety. In this regard, lightweight structural 
materials come in as a great benefit [5]. Lightweight structures tend to have fewer inertial forces 
during seismic events, and this has the potential of minimizing damages and enhancing 
performance [6]. Thus, the increasing popularity of other structural materials such as wood is a 
rational reaction to the contemporary demands of engineering. 

Wooden structures have taken a new interest in contemporary civil engineering because of 
their environmental benefits and good mechanical characteristics [7]. Simultaneously, the analysis 
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of wooden constructions in the condition of seismic activity is still a complicated engineering task 
due to the anisotropy of wood, the properties of strength and rigidity being directional, and the 
moisture content, as well as the quality of connections. In low-rise wooden buildings, the 
performance of joints, bracing systems, shear walls, and diaphragms is active in the seismic 
resistance [8]. Therefore, to allow safe expansion of wooden structures in earthquake-prone areas, 
there is a need to develop and implement proper calculation techniques for such structures. 

Processing wood into the building structure materials and their elimination results in 
insignificant environmental impact, i.e., the wood structures possess their distinctive 
characteristics that meet the requirements of the so-called green construction [9]. The current 
interest presently is the building of earthquake-resistant buildings and environmentally friendly 
buildings [10]. Wood is one of the materials that are eco-friendly. Wood is regarded as one of the 
initial construction materials mankind took on on the way to civilizational progress [11]. The 
construction industry is one of the industries that consume a lot of wood because it is easy to 
process, durable, and user-friendly [12]. The use of wood as a building material makes it 
lightweight, and its usage results in the expedited and gained efficiency of the construction 
production that is the most crucial direction of construction. Synthetic adhesives that are 
waterproof are dependable in gluing wood. Through this, glued wooden structures of large 
cross-sections, large lengths, bending in different forms, and other forms are produced [13]. 

The article is dedicated to the calculation of seismic forces on the wooden structures of low 
rises. The central consideration is put on finding seismic loads, calculation models, and the 
structural reaction of the wooden systems to the effects of an earthquake. 

2. Method 

The studies on assessing the strength and seismic resistance of low-rise timber-frame buildings 
were conducted based on SIP panels, which are considered a modern construction technology. 
Two-story residential buildings consisting of exterior walls, inter-floor slabs, and floor elements 
were adopted as the research object. To determine the stress-strain state under seismic action, 
theoretical calculation methods, regulatory requirements, and numerical modeling approaches 
were applied, and the calculations were performed in accordance with the requirements of QMQ 
2.01.03-19. The RST Uz 836-97 scale was adopted as the methodological basis for evaluating 
seismic intensity, and the results made it possible to comprehensively assess the seismic 
performance of low-rise timber buildings made of SIP panels. 

3. Results and discussion 

The research object was a two-story wooden structural SIP-panel building constructed at a 
scale of 1:2, with plan dimensions of 1500×2000 mm. The story heights were 1500 mm and 1350 
mm, respectively, and the walls were made of SIP panels; the loads were 𝑄ଵ = 1.72 kN and  𝑄ଶ = 0.736 kN, the modulus of elasticity was 𝐸 = 105 MPa, and the design compressive resistance 
was 𝑅 = 13 MPa. On the façade of the first floor, there are two windows measuring 750×750 mm, 
one window measuring 600×750 mm, and a door measuring 450×1050 mm; on the second floor, 
there are two windows measuring 400×750 mm and two windows measuring 450×500 mm 
(Fig. 1). 

Based on QMQ 2.01.03-19, the seismic resistance of low-rise SIP panel buildings was carried 
out in the following sequence [13]: 

1) Determination of the seismic calculation scheme. 
2) Collection of permanent and temporary loads, the values of which are multiplied by the 

combination coefficient (0.9 – for permanent loads, 0.5 – for short-term and 0.8 – for long-term 
temporary loads). 

3) Determining the stiffness of structural elements in the longitudinal and transverse directions 
of the building. 
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4) Determination of potential and kinetic energies by the formula: 

𝐸௣ = 0.5෍𝑄௜𝑋௜௡
௜ୀଵ ,    𝐸௞ = 0.5𝑔 ෍𝑄௜𝑋௜ଶ௡

௜ୀଵ , (1)

where is 𝐸௣ – potential energy; 𝐸௞ – kinetic energy; 𝑋௜ – amplitude of mass displacement; 𝑄௜ – 
mass at the same 𝑖-th point. 

  

Fig. 1. Wall plan and section of a two-story SIP panel building 

Determination of the period of natural oscillations-T according to the following formula: 

𝑇 = 2𝜋ඨ𝐸௞𝐸௣ = 6.28ඨ𝐸௞𝐸௣. (2)

Calculation of the calculated seismic load according to clause 2.13 of QMQ 2.01.03-19 [13, p. 
19] in the selected direction at point “𝑘” and corresponding to the 𝑖-th form of the building’s 
natural oscillations according to the formula: 𝑆௜௞ = 𝐾௢𝐾௡𝐾௘௧𝐾௥𝛼𝑄௞𝑊௜𝐾ఋ𝜂௜௞, (3)

where 𝐾₀ – responsibility coefficient (1); 𝐾௡ – earthquake frequency coefficient (7-8 points: 1.2; 
9 points: 1.25); 𝐾௘௧ – floor number coefficient (1); 𝐾௥ – regularity coefficient (per item 2.25); 𝛼 – 
seismicity coefficient (Table 2.7); 𝑄 – building weight at point 𝑘 (per clause 2.1, design loads); 𝑊௜ – spectral coefficient (item 2.14); 𝐾ఋ – dissipation coefficient (item 2.16); 𝜂௜௞ – coefficient 
depending on 𝑖-th natural mode and load location (items 2.18-2.19). 

The dissipation coefficient – 𝐾ఋ should be determined by the formula: 

𝐾ఋ = 𝑒൫଴,ହସ଼ି√ఋ൯ ∙ (଴,ଵା଴,଻ඥ்೔) = 2,72൫଴,ହସ଼ି√଴,ଷ൯ ∙ ൬଴,ଵା ଴,଻√଴,଴଴ହ଻൰ = 2,72଴,଴଴଴ଶ଼ ∙ ଵ଴ = 2,72଴,଴଴ଶ଼= 1,0028, (4)

where 𝛿 = 0.3 is the oscillation decrement, determined by natural tests at the elastic stage of 
buildings similar to those being designed, and if experimental determination is not possible, it is 
taken according to Table 2.9 [13; p. 22]; 𝑇௜ – period of natural vibrations according to the 
fundamental tone of building vibrations. 

For buildings with a number of floors up to 5, including for the masses and rigidity of floors 
with minimal height variation, at 𝑇 < 0.4 sec, it is allowed to determine the 𝜂௞ coefficient 
according to the following simplified formula [13, p. 21]: 

𝜂௞ = 𝑋௞ ∑ 𝑄௝𝑋௝௡௝ୀଵ∑ 𝑄௝𝑋௝ଶ௡௝ୀଵ , (5)
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where 𝑋௞ and 𝑋௝ are the displacement of the building or structure at the point 𝑘 under consideration 
and the locations of the accumulation of the mass of the natural oscillation in the points 𝑗, which 
is calculated in accordance with the requirements of clause 2.1. 

4. Seismic force is distributed along the axes (longitudinal and transverse). 

Calculations were also performed based on the ETABS software package, which is one of the 
most important characteristics of the dynamic state of buildings, to determine the theoretical forms 
of oscillations. They are used to calculate the response to seismic impacts using linear 
approximation. The physical properties of the structural materials used in the construction of the 
building model are as follows: The OSB boards were simulated as orthotropic material that had 
the following parameters: 𝐸ଵ = 3500 MPa, 𝐸ଶ = 1500 MPa, 𝐺ଵଶ = 690 MPa, 𝜈 = 0.3. 
Polystyrene foam: density-25 kg/m3; modulus of elasticity-200 MPa; Poisson’s ratio-0.2; Wooden 
base: density-600 kg/m3; modulus of elasticity-10000 MPa; Poisson’s ratio-0.5. The model 
adopted a Cartesian coordinate system that facilitated the description and simplification of the 
computation process, and 𝑍-axis is used to represent the vertical direction and 𝑋 and 𝑌-axes to 
represent the longitudinal and transversal direction of the building plan respectively. A 
three-dimensional coordinate grid was used to form the structural model and the horizontal 
spacings were 2 m (𝑋-axis) and 1.5 m (𝑌-axis). The vertical levels were –1.1 m and –0.5 m at the 
foundation, 0-1.5 m at the first floor, and 1.587-2.937 m at the second floor. The structure of the 
building provides SIP panel walls comprising of a total thickness of 87 mm, which is reinforced 
by timber studs (30×75 mm). In the finite model element, the studs and the panel sheathing were 
classified as an integrated ribbed structural system. In the study, calculations were performed for 
4 forms of building vibrations due to the use of building models. Deformations in buildings 
corresponding to the vibrations of these shapes are shown in Fig. 2. 

 
a) View of the first shape, 

period of oscillation  𝑇 = 0.088 sec 

 
b) View of the second 

shape, period of 
oscillation 𝑇 = 0.07 sec 

 
c) View of the third shape, 

period of oscillation  𝑇 = 0.04 sec 

 
d) View of the fourth 

shape, period of  
oscillation 𝑇 = 0.017 sec 

Fig. 2. Shapes of vibrations of the building model under the influence of seismic force 

All vibration periods have absolute values less than 0.1 seconds, which indicates the high 
stiffness of the structure. In experimental studies, it is usually possible to determine only the first 
mode shape, and even this is recorded using specialized seismic measurement instruments, 
whereas identifying the 2nd-4th modes in low-rise buildings is considerably more difficult. In 
multi-story buildings, however, higher modes can be recorded relatively easily using specialized 
equipment. In theoretical analyses, vibration mode shapes can be determined for all cases, which 
computational software performs efficiently.  

Displacement results under seismic loading for the timber-structured SIP-panel building 
modeled in ETABS were obtained, and their graphs are presented in Fig. 3. 

The values of the greatest displacements in a building with SIP panels under the influence of 
seismic forces are given in Table 1. 
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a) Along the 𝑋 axis 

 
b) Along the 𝑌 axis 

Fig. 3. Graphs of displacements on the first floor of a SIP panel building  
under the influence of an earthquake accelerogram 

Table 1. Results of building displacements obtained using the ETABS program 

Along the building axes Effects of earthquake  
on first floor of building 

Effects of earthquake  
on second floor of building 

Along the 𝑋-axis 2.69 3.08 
Along the 𝑌-axis 4.41 5.03 

In the program, various seismic impacts were applied at the same time interval (i.e., 35 sec), 
and based on the obtained results, the values of displacements of a wooden SIP panel building 
were analyzed. 

Using the complex calculation and design program ETABS, the stresses and strains arising in 
the structures of a low-rise wooden building were calculated. Fig. 4 shows the stresses and strains 
arising in the elements of wooden buildings with SIP panels under the action of seismic forces 
along the 𝑋 and 𝑌 axes. 

 
a) Stress along the 𝑋 axis (28 MPa); 

 
b) Stress along the 𝑌 axis (42 MPa) 

Fig. 4. Normal stresses arising from seismic forces 

The values of relative displacements between floors, determined using the theoretical 
calculations and the complex calculation and design program ETABS, were compared. The 
comparison results are presented graphically and are shown in Fig. 5. 

 
a) First floor 

 
b) Second floor 

Fig. 5. Results of theoretical calculations and relative displacements  
of the building floors obtained in the ETABS program 
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Table 2. Stress-strain state of building structures under the influence  
of seismic forces based on the finite element method 

Building characteristics 
Normal stresses, MPa Tangential 

stress 𝜏௫௬ 

Stresses in building structures 
Along the 𝑋-axis 

Along the 𝑌-axis 
Cutting force, 𝑄 (kN) 

Bending moment, 𝑀 (kN∙m) 
Low-rise wooden building 

with SIP panels 28 42 3.6 45 14 

5. Conclusions 

Based on experimental investigations, theoretical calculations, and numerical simulations, it 
can be concluded that low-rise timber buildings using SIP panels exhibit sufficient strength, 
stiffness, and seismic resilience. Maximum horizontal displacements ranged between  
4.71-5.73 mm, while interstory drift ratios were within 1/420-1/460 of the story height, which is 
below the permissible limit of 1.0 % h according to Eurocode 8 (EN 1998-1, Section 4.2.3). The 
comparison between experimental and numerical results revealed a high degree of correlation, 
with differences not exceeding 10-15 %, confirming the adequacy of the adopted calculation 
approach [14]. These findings demonstrate that SIP panel-based structural systems effectively 
control horizontal displacements and interstory drifts, ensuring structural stability and seismic 
performance for low-rise timber buildings in seismic regions. 
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