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Abstract

To improve accuracy results of numerical analysis, the finite element method software needs to use appropriately with
considering accurate input data. Among several factors in realistic and economical seismic structural design, the damping
ratio needs to be investigated as a calculated and input data in numerical analysis. In the present study, the effect of accurate
damping ratio on timber floor seismic design has numerically been examined. The 6 first modes from a series of
eigenvalues were selected to calculate natural frequency and damping ratio. The seismic results with and without applied
calculated damping ratio were compared. The strain, displacement, and seismic load response are interpreted. The
numerical analysis results were showed that the higher nonlinear displacement occurs in timber floor when the damping
ratio was modified in numerical modeling. It was found that the floor seismic design is more critical compared to a column
in select accurate damping ratio. The damping ratio has highly effect on timber floor seismic design.
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1. Introduction

The floor of a structure is the critical part in seismic design. The floor plays an important role in load transferring
and controlling seismic strain energy during developing displacement and nonlinear deformation. The several
structural collapse start from the floor and collapse extended with unbalancing transferring load mechanism in
structure through development strong inertial interaction and accelerates increasing structural elements eccentricity,
finally results in fast structural collapse. The floor reacts with deformation and displacement when it is under loads,
and unallowable displacement and deformation depend on floor geometry, mechanical properties of materials and
nature of applied. However, the select accurate or near accurate damping ratio is very essential in a timber seismic
design with simulate strain energy interaction mechanism. The floor of timber building have been investigated and
the enhancement of seismic resistance of timber structure was studied [1-3]. There is a report on the improvement of
the seismic resistance of historical industrial timber buildings [4]. Several research were reported on timber beam and
column to study displacement, strain energy and seismic load sharing [5-7].

In the present study, based on elasticity method is applied in numerical analysis, it aims to enhance the timber
structure seismic design with realize strain energy concept. However, in the literature, the effects of seismic loading
on timber frame has been reported, and the timber seismic response is analyzed [8], and on the other hand to minimize
error in solving elasticity problem several investigations were described [9-10], and it has been observed that the
concept of strain energy and damage under different strain rate have been reported in the literature [11-14].

The tall mass-timber buildings subjected to wind loads [15], the post-tensioned rocking timber wall systems [16],
the timber-framed house subjected to the wind loading [17], seismic resisting of timber structures [18] have been

* Corresponding author: ab_namdar@yahoo.com

d http://dx.doi.org/10.28991/cej-2019-03091352

© 2019 by the authors. Licensee C.E.J, Tehran, Iran. This article is an open access article distributed under the terms
T, and conditions of the Creative Commons Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

1557


http://www.civilejournal.org/
http://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/

Civil Engineering Journal Vol. 5, No. 7, July, 2019

investigated and on the other hand the residual stress redistribution has numerically been reported [19]. In respect to
available literature report it is essential to apply the concept of strain energy in timber floor seismic design with
attention to seismic response of timber frame in apply elasticity concept in numerical simulation, this process requires
to perform with consider model geometry and the mechanical properties of materials. According to small
displacement theory, the strain and displacement a timber floor are need to analyze. The collaboration between
damping ratio and strain energy at the floor of timber structure has not been reported in the literature by means finite
element software ABAQUS, and significant research works related to timber beam are required more research extension.
Due to strain energy function in structural collapse occurrence, the investigation on stain energy with variable damping
ratio is a technique for enhancing timber beam seismic resistance. In the present study, the ABAQUS used to depict strain
energy exhibit in the model. In the present study, near-fault ground motions are applied to the model. The suitable number
of eigenvalues for calculate natural frequency and damping ratio when the model is subjected to forcing frequency
examined. The realistic strain, displacement and seismic load response of the timber floor were obtained, and the column
strain, column lateral displacement, and timber frame acceleration load response have numerically been analyzed.
The seismic response of timber floor with timber column have been compared for withdrawing a conclusion in view
of seismic design. The results of numerical analysis have been compared with the literature report.

2. Modeling and Floor Seismic Response

After applied forcing frequency on the timber structure model, the 6 first modes from a series of eigenvalues were
selected to calculate natural frequency and damping ratio. The number of eigenvalues to calculate natural frequency when
forcing frequency is applied to the model is a critical part of the seismic design to obtain a suitable damping ratio and
applied to the model in numerical simulation. The seismic results with and without applied calculated damping ratio have
been compared. The damping ratio was calculated by means complex frequency method, it is output from state-space
models and finite element method models. In the second steps, the near-fault ground motions extracted from the literature
and forcing frequency were applied to the model simultaneously. The seismic response of timber floor with timber column
have been compared for withdrawing a conclusion in view of timber structure seismic design. The boundary condition
with the fixed rigid base of the timber structure model for analysis timber structure seismic response has been modelled
by means ABAQUS. The suitable damping ratio significantly effects in numerical results accuracy. The mechanical
properties are used in the numerical analysis shown in table 1. Figure 1 (a) shows, the accelerated times histories, and
Figure 1 (b) describes the zoomed critical part of acceleration time history which is applied in the numerical analysis. The
simple one span timber frame has been selected in the numerical analysis. Figure 2 shows the timber frame is subjected
to seismic loading in the numerical analysis. Figure 2 shows the research methodology applied in the present study. In the
first step the geometry of the timber frame was designed, with suitable selection mechanical properties for timber material,
second steps is performed with apply forcing frequency for calculate damping ratio of the timber frame model, third steps
is executed with apply seismic load on the model. The steps forth is been done to extract numerical results, steps fifth is
performed to draw graphs for interpretation of the numerical analysis results, and sixth steps which is final steps made to
withdraw conclusion.

Table 1. Timber mechanical properties

Materials Modulus elasticity, E (MPa) Poi ssonds Unit weight,

Timber 6500 0.3 580
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Figure 1. Acceleration time history
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Figure 2. Timber frame model
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Figure 2. The research methodolgy

3. Discussion forExplaining Numerical Analysis Results

The damping ratio function as a data input in finite element software in modification strain, vertical displacement and
seismic response of the timber structure floor and column were studied and results show in Figures 4 to 13. In order to
compare the efficiency of the numerical analysis in all models, the seismic response, strain and displacement are
considered with respect to the applied damping ratio. The damping ratio has been calculated based on forcing frequency
and geometry of the timber frame. Fundamental frequency period for the timber frame is obtained as six first modes of
frequency period corresponding to the timber frame vibration at six important directions. The average curve with all six
modes frequency of simulated seismic excitation used to calculate damping ratio. The numerical analysis results show
that the strain energy paths changes with alter damping ratio and lead to modify the inertial interaction and strain energy
dissipation, consequently release strain energy governs the nonlinear deformation of timber floor response and it results
in develops vertical displacements. The floor and column have two different seismic response. The internal inertia forces
interaction more has been effective in the seismic response, strain and displacement analysis. The timber frame failure
pattern is changes with respect to the internal inertia forces interaction, and it causes modification lateral displacements
mechanism. The seismic excitation mechanism directly influence on the structural elements damage intensity. However,
the accurate calculation damping ratio significantly effects on enhance seismic structural design quality. In the present
study, according to the Figures 4 to 7 have been revealed that when the damping ratio was calculated by means complex
frequency method, and it applied in finite element method analysis, the floor of timber structure has more vertical
displacement, but the nonlinear deformation of the floor has been reduced with moderation seismic load response.

The nonlinear deformation of the structure is mode based on changing nature of applied seismic loading. The degree
of plastic deformation significantly varied in associate to the nature of applied seismic loading for each numerical
simulation. The degree of plastic deformation, strain energy and flexibility of the timber frame more realistically have
been obtained with apply damping ratio in the numerical analysis. The concentration strain energy density is modified
and displacements of the floor are changed while the seismic response is representative of the frame vibration and damage
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expectation also altered. The nonlinear deformation of timber floor response has a direct relationship with the damping
ratio calculation accuracy and apply proper theoretical concept. The allowable displacement and deformation of timber
floor are higher than concrete and it needs to consider in seismic design, in order to have a floor with a higher level of
flexibility. The flexibility of a floor causes in delay floor collapse even with apply high level of near-fault ground motions
applied on the structure due to occurrence a strong earthquake, or even an earthquake with a moderate magnitude but a
high level of tolerance. The high level of tolerance an earthquake made fast fatigue in a structural element especially in
the floor. The nature of an earthquake governs nonlinear displacement and deformation of the structural element, and due
to excess inertial interaction and increasing fast releasing strain energy floor displacement appeared in different shapes.
Figures 6 and 7 show moderation seismic acceleration load response with higher vertical displacement, it means the
vibration has been significantly reduced. The fast fatigue and hysteretic damping accelerates the internal and external
timber frame deformations. The plastic deformation and damage are predictable with realize high quality of frame seismic
response, with is depicted in the Figures 6 and 7. According to those are reported in the literation the shape of a structural
element significantly influences to load seismic response [20, 21]. The accurate select damping ratio changes strain energy
paths. The realistic strain, displacement, and seismic load response have been moderated and leads to design safe and
economical timber design. The complex frequency method gives economical results in using finite element method for
timber floor design. The damping ratio governs the floor displacement while has no significant effect on column lateral
displacement.
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Figure 4. Strain-displacement of the floor without applied damping ratio
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Figure 5. Strain-displacement of the floor with applied calculated damping ratio
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Figure 6. Seismic responseisplacement of the floor without applied damping ratio
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Figure 7. Seismic responsdisplacement of floor with gplied calculated damping ratio

Figures 8 to 13 show column strain, column lateral displacement, and timber frame acceleration load response. In the
comparison the seismic response of timber floor with timber column in view of seismic design, it has been found that the
with realistic apply damping ratio in the numerical modeling the strain energy in the column has been reduced with
appropriately distribution seismic load on the timber structure. The nonlinear strain energy exceeding seismic load input
waves. While the elastic deformation in the column is very small compared to the floor. However, timber floor has large
nonlinear elastic behavior with not considering the damping ratio, this nonlinear elastic timber behavior is a key point in
timber structure seismic design. The major mode of plastic deformation in the numerical analysis shows the seismic

stability of the timber frame, it is in the first mode, however the only six modes have been applied in calculation damping
ratio.
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Figure 8. Column strain not applied damping ratio
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Figure 9. Column strain applied damping ratio

The energy transfer from the applied forcing frequency in respect to damping ratio was found to be highly desirable
in simulate seismic loading. To enhance earthquake resistant a timber structure, realizing scattering and reflecting strain
energy in associate to damping will technically and economically are required. The finite strain plasticity shows that the
damping ratio reformed the strain energy dissipation mechanism through the timber structure, this phenomenon shows in
Figures 4 to 13. The transferring seismic load arising during the damping ratio has not been calculated in an earthquake.
The resist transfer forces has been illustrated in the timber frame seismic load response.
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Figure 10. Column lateral displacement not applied damping ratio
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Figure 11. Column lateral displacement applied damping ratio

The damping ratio playing the significant role to estimate the strength of timber structural elements. The ground
motions with strong acceleration time histories associated to displacement and damage of structural elements. On the other
hand, the variation of structural elements deformation is accelerated damage due to converting elastic deformation to
nonlinear plastic deformation. Figures 12 and 13, show two different seismic transfer loading in the column for the
numerical analysis related to apply damping ratio in the model.
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Figure 12. Timber frame acceleration load response not applied damping ratio
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Figure 13. Timber frame acceleration load response applied damping ratio

Floor seismic load response was lower, and minimize the risk of damage observed in the floor and the cost-effective
design policy for timber buildings are required for timber seismic design. The monitoring vibration by means finite
element modeling of timber single structure shows that the potential damage and elastic deformation at floor and column
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is not the same. The larger displacement and damage to non-structural element is clearer with accurate numerical
simulation.

4. Conclusion

The strain density, displacement and seismic load response of the timber floor and column were described. The suitable
number of eigenvalues for calculate natural frequency and damping ratio when the model is subjected to forcing frequency
examined. The damping ratio was calculated by means complex frequency method, and it applied in finite element
method. The variation of damping ratio is the main concern in this study to analysis strain, displacement and load seismic
response of the timber structure floor. It has been found that the floor of timber structure has more vertical displacement
compared to column, but the nonlinear deformation of the floor has been reduced with moderation seismic load response.
The nonlinear deformation of timber floor response has a direct relationship with the level of damping ratio. The numerical
analysis results show that the inertial interaction and strain energy dissipation related to strain energy density and it vary
in respect to damping ratio. In calculating the damping ratio, the complex frequency method gives suitable results. In the
comparison the seismic response of timber floor with timber column in view of seismic design, it has been found that the
with realistic apply damping ratio in the numerical modeling the strain energy and in the column have been reduced with
appropriately distribution seismic load in the timber structure.

5. Conflicts of Interest

The authors declare no conflict of interest.

6. References

[1] Abdel-Aty, Yaser Yehya Amin. “Proposals for Seismic Retrofitting of Timber Roofs to Enhance Their in-Plane Stiffness and
Diaphragm Action at Historical Masonry Buildings in Cairo.” Journal of Cultural Heritage 32 (July 2018): 73-83.
d0i:10.1016/j.culher.2018.02.005.

[2] Ceccotti, Ario. “New Technologies for Construction of Medium-Rise Buildings in Seismic Regions: The XLAM Case.” Structural
Engineering International 18, no. 2 (May 2008): 156—165. doi:10.2749/101686608784218680.

[3] Scotta, Roberto, Davide Trutalli, Luca Marchi, and Luca Pozza. “On the Anchoring of Timber Walls to Foundations: Available
Strategies to Prevent Wood Deterioration and on-Site Installation Problems.” Procedia Structural Integrity 11 (2018): 282-289.
d0i:10.1016/j.prostr.2018.11.037.

[4] Gattesco, Natalino, and Ingrid Boem. “Numerical Study on the Reduction of the Seismic Vulnerability of Historical Industrial
Buildings with Wide Timber Roofs.” Procedia Structural Integrity 11 (2018): 298-305. doi:10.1016/j.prostr.2018.11.039.

[5] Namdar, Abdoullah, Yun Dong, and Yuyi Liu. “The Effect of Nonlinearity of Acceleration Histories to Timber Beam Seismic
Response.” Material Design & Processing Communications 1, no. 2 (March 14, 2019): e53. doi:10.1002/mdp2.53.

[6] Namdar, Abdoullah, Yun Dong, and Yuyi Liu. “Timber Beam Seismic Design — A Numerical Simulation.” Frattura Ed Integrita
Strutturale 13, no. 47 (December 15, 2018): 451-458. doi:10.3221/igf-esis.47.35.

[7] Darvishi, Ershad, Abdoullah Namdar, Xiong Feng, and Qi Ge. “Seismic Resistance of Timber Structure - a State of the Art
Design.” Procedia Structural Integrity 2 (2016): 2750-2756. doi:10.1016/j.prostr.2016.06.343.

[8] “Kompozitni Sustavi Drvo - Nosivo Staklo u Potresnom Okruzenju.” Journal of the Croatian Association of Civil Engineers 68,
no. 03 (April 2016): 211-219. doi:10.14256/jce.1505.2015.

[9] Hannukainen, A., Korotov, S. and R uter, M. “A posteriori error estimates for some problems in linear elasticity.” Helsinki
University of Technology, Institute of Mathematics; Research Reports A522 (2007): 1-14. Available online:
https://math.aalto.fi/reports/a522.ps (Accessed on May 2019).

[10] Grétsch, Thomas, and Klaus-Jiirgen Bathe. “A Posteriori Error Estimation Techniques in Practical Finite Element Analysis.”
Computers & Structures 83, no. 4-5 (January 2005): 235-265. doi:10.1016/j.compstruc.2004.08.011.

[11] Asprone, Domenico, Raffaele Frascadore, Marco Di Ludovico, Andrea Prota, and Gaetano Manfredi. “Influence of Strain Rate
on the Seismic Response of RC Structures.” Engineering Structures 35 (February 2012): 29-36.
doi:10.1016/j.engstruct.2011.10.025.

[12] Susmel, Luca, Filippo Berto, and Zheng Hu. “The Strain Energy Density to Estimate Lifetime of Notched Components Subjected
to Variable Amplitude Fatigue Loading.” Frattura Ed Integritd Strutturale 13, no. 47 (December 5, 2018): 383-393.
doi:10.3221/igf-esis.47.28.

[13] Ayatollahi, M.R., M. Rashidi Moghaddam, and F. Berto. “A Generalized Strain Energy Density Criterion for Mixed Mode
Fracture Analysis in Brittle and Quasi-Brittle Materials.” Theoretical and Applied Fracture Mechanics 79 (October 2015): 70—
76. doi:10.1016/j.tafmec.2015.09.004.

1564


https://math.aalto.fi/reports/a522.ps

Civil Engineering Journal Vol. 5, No. 7, July, 2019

[14] Bonora, Nicola, Domenico Gentile, Pietro Paolo Milella, Golam Newaz, and Francesco lacoviello. "Ductile damage evolution
under different strain rate conditions.” Asme Applied Mechanics Division-Publications-Amd 246 (2000): 145-154.

[15] Bezabeh, M.A., G.T. Bitsuamlak, M. Popovski, and S. Tesfamariam. “Probabilistic Serviceability-Performance Assessment of
Tall Mass-Timber Buildings Subjected to Stochastic Wind Loads: Part Il - Structural Reliability Analysis.” Journal of Wind
Engineering and Industrial Aerodynamics 181 (October 2018): 112-125. doi:10.1016/j.jweia.2018.08.013.

[16] Sarti, Francesco, Alessandro Palermo, Stefano Pampanin, and Jeffrey Berman. “Determination of the Seismic Performance
Factors for Post-Tensioned Rocking Timber Wall Systems.” Earthquake Engineering & Structural Dynamics 46, no. 2 (July 13,
2016): 181-200. doi:10.1002/eqe.2784.

[17] Satheeskumar, Navaratnam, David James Henderson, John David Ginger, and Chi-Hsiang Wang. “Three-Dimensional Finite-
Element Modeling and Validation of a Timber-Framed House to Wind Loading.” Journal of Structural Engineering 143, no. 9
(September 2017): 04017112. doi:10.1061/(asce)st.1943-541x.0001850.

[18] Hashemi, Ashkan, Pouyan Zarnani, Reza Masoudnia, and Pierre Quenneville. “Seismic Resilient Lateral Load Resisting System
for  Timber  Structures.”  Construction and Building Materials 149  (September  2017):  432-443.
doi:10.1016/j.conbuildmat.2017.05.112.

[19] Ferro, Paolo, Filippo Berto, Franco Bonollo, and Roberto Montanari. “Numerical Modelling of Residual Stress Redistribution
Induced by TIG-Dressing.” Frattura Ed Integrita Strutturale 13, no. 47 (December 3, 2018): 221-230. d0i:10.3221/igf-esis.47.17.

[20] Namdar, Abdoullah, Yun Dong, and Yin Deyu. “The Effect of Concrete Footing Shape in Differential Settlement: A Seismic
Design.” Advances in Civil Engineering 2019 (April 10, 2019): 1-8. doi:10.1155/2019/9747896.

[21] De Santis, A., O. Di Bartolomeo, D. Iacoviello, and F. Iacoviello. “Quantitative Shape Evaluation of Graphite Particles in Ductile
Iron.”  Journal of Materials Processing  Technology 196, mno. 1-3  (January  2008):  292-302.
doi:10.1016/j.jmatprotec.2007.05.056.

1565



