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Abstract. The object of the study is a timber building of frame type, consisting of timber vertical posts, lower and
upper binding, a system of connections (horizontal and vertical), elements of overlap and coating (roof). The
impact of an earthquake of different intensity and frequency on the seismic resistance of a timber building is
considered. Seismic stability was assessed on the basis of experimental and theoretical studies. Experimental
methods were performed on laboratory facilities and large-scale models. Taking into account the experimental
data obtained, the calculation and theoretical evaluation of the frame building on simple and complex models
under the influence of different intensity and frequency composition was performed. It is established that the
frequency composition of seismic impact significantly affects the seismic resistance of frame buildings. It is
recommended when designing these buildings to assign their dynamic parameters (period of natural oscillations)
depending on the forecast of the prevailing period of seismic oscillations of the construction area, which will more
effectively solve the layout of the nodal joints of the frame. It is recommended to introduce additional materials
and devices having pliability and high dissipative properties into nodal connections.

1. Introduction

Currently, the use of timber structures in earthquake-resistant buildings is getting more widespread in
buildings for various purposes. This is primarily due to the specific properties of the material from which the
building structures are made. As is known, the benefits of wood structures include: low weight, low coefficient
of thermal expansion, resistance to chemical media, good transportability, cheaper than steel and reinforced
concrete, and less labor-consuming than steel and reinforced concrete. However, their disadvantages include
flammability, deformability and decay. These properties are usually taken into account in for the design and
construction of timber buildings.

Today the range of timber building materials contains dozens of items. The most popular among them
are frame products, which are embodied in various civil building designs. Popularity of this type of timber
structures is mainly associated with more rational consumption of timber and ability to ensure high energy
performance during building operation. In addition, no hoisting machinery is required for construction of such
buildings. This is the reason why timber frame buildings have become widely spread in various climatic
regions, including those with complicated geological and seismic conditions both in Russia and abroad. The
fundamental constructive solution of this building is shown in Figure 1.

The short-term development program adopted in Russia is intended to increase the construction of
lightweight frame structures by a factor of 4 times or more. In the USA, more than 80 % of newly built timber
houses are of frame type. This type of timber buildings is widely accepted in such seismically active countries
as China and Japan. Publications of many Russian and foreign professionals [1-4] describe the main reasons
why these buildings are so popular in seismic areas. First of all, they include the following: potential
development of plastic deformations in the considered structural solutions; significant yielding that allows to
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accommodate earthquake loads; structures of this type also have a good capability to damp arising vibrations,
etc. Seismic resistant behavior of these buildings during earthquakes is confirmed by the survey of timber
frame buildings after Kemino-Chui earthquake in 1938 [5], Fukuisk earthquake in 1948 [6], the Chkhaltinsky
earthquake in 1963 [5] and others. It should be noted that the buildings examined after Chkhalta earthquake
were erected on flexible posts from 1.5 m to 1.8 m high [5].
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Figure 1. Timber framework arrangement.

In current earthquake-resistant timber frame construction industry, certain design approaches for these
buildings are in place, including the following measures. The main frame studs and braces shall be secured
to the ground beam using anchor bolts and metal plates (clamps) made of strip steel securely embedded in
the foundation (Figure 2, a-c). Fastening to interfloor plates is made using drift bolts similar to fastening of
interfloor beams to intermediate posts (Figure 2, d). Building stiffness is achieved using oblique siding of the
frame wall structure. Nails, clamps and pads [3] shall be used to joint frame components in the nodes.

However, despite the set of the above listed structural measures, timber frame buildings can be severely
damaged during earthquakes. This is primarily due to the fact that the seismic impact spectrum contains
different frequency components, which, on the one hand, are not dangerous for this type of buildings that was
confirmed by the investigation of strong earthquakes (examples of which are listed above), and on the other
hand, seismic impacts may contain low-frequency components which cause serious oscillation buildup in the
frame building.

Figure 3 shows examples of such destructive impacts caused mainly by the failure of frame nodes as
result of large displacements of the foundation. As described in [7—10], in two-storey buildings, the weakened
ground floors were damaged or completely destroyed, while the upper floors remained undamaged. A frequent
type of damage in these buildings is the lack of a strong bracing between the timber portion and foundation.
Significant damage and failure occur in stub-in and mortise joints.

The review of theoretical and experimental studies of timber frame buildings conducted in the recent
years by many authors, including the authors of this publication, in Russia and abroad [11-64] shows their
significance and scale. Meanwhile, to assess the real picture of the stress-strain condition of timber frame
buildings based on the elastic and dissipative properties of nodes, as well as on the accumulated experience
of behavior of these buildings during various types of earthquakes, additional studies and updates are required
using new software packages and advanced experimental facilities.

On the basis of the above, the object of the study is a timber framework building of civil purpose, in
which the main attention is paid to the structural work of node joints under seismic impacts taking into account
the peculiarities of their manifestation, namely various effects of frequency character and its intensity. Various
rigid and dissipative parameters of the timber frame are considered, taking into account which the complete
assessment of seismic resistance of the building as a whole was carried out.
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Figure 2. Connection options: between frame building studs and ground beam
at the intersections of walls (a, b) and in intervals (c); floor beam-to-post joint (d).

piece

It should be noted that earlier studies in Russia and abroad did not fully take into account the above-
mentioned factors, both at seismic impacts and at various design solutions of timber frame buildings. In the
normative practice, there are practically no recommendations on the design of timber frame buildings.

In this connection, the results of the studies presented in this article make it possible to estimate more
objectively the seismic resistance of such buildings in seismic areas and thus to expand the possibility of their
use.

2. Method

For real assessment of stress-strain condition of timber frame buildings, a set of experimental studies
was carried out, which included two test stages.

At the first stage, mechanical and dissipative properties of the main members and nodes of a timber
frame building were assessed. The test was carried out on various versions of frame post-to-beam nodes and
on wall segments. The studies were carried out using dedicated laboratory facilities and included static and
dynamic loading stages. Dynamic loading was applied using short-term and long-term cyclic load at forced
oscillations with a frequency of 3Hz, 5Hz and 8Hz. Examples of the design versions of the "post — beam" test
nodes with various dowel connection options are shown in Figure 4. A general view of the test facilities is
shown in Figure 5. The wall was assumed with a post-to-post width of 1.2 m and a height of 3 m per floor
(Figure 6). The wall test included the assessment of damping properties of the structure by logarithmic
decrement and natural vibration frequency, and quasistatic bend test of the wall also performed. Bearing
capacity of the structure was evaluated based on the test results.
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Figure 3. Examples of timber frame building failures: a— March 1970 Geiz (Turkey) [8-9];
b — earthquake in San Francisco (USA) in 1989; ¢ — earthquake in Norwich, California (USA),
in 1994 [10]; d — earthquake in Kumamoto (Japan) in April, 2016 [7].
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Figure 4. Versions of the test models of "post — beam" nodes: a — dowel connection version;
b — gasket made various materials (steel, rubber) is installed between the post and a beam;
c —using arubber sleeve with a length equal to 1/3 length of the node components; d — using
arubber sleeve with a length equal to the entire length of the node components.

At the second stage, the obtained characteristics and parameters were checked, updated and used to develop
final recommendations for evaluation of timber frame building performance. The study was carried out on a large-
scale model of a frame building, a general view of which is shown in Figure 7. The tests were carried out on a
specially designed bench capable of accommodating items with horizontal dimensions of 7.0 m x 2.5 m and a height
up to 6.0 m. Cable sensors were used to record the movements of the model. Data collection, recording and control
were carried out using a dedicated system with a capacity of 64 channels installed at the test bench.
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Figure 5. General view of the installations: a — TsDM-30 general-purpose machine (Germany);
b — HB-250 testing machine (pulsator) (Germany); ¢ — general-purpose static test machine with
SATEC 1200KN-J3D hydraulic drive (USA); d — PPM-250 universal press (Russia).
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Figure 6. General view of the wall and test segment.
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Figure 7. General view of the model mounted on the test bench.

The experimental studies were used to conduct a theoretical analysis of the behavior of this type of
timber buildings. The studies were carried out according to the specified method using the spectral calculation
and dynamic methods for actual earthquake accelerograms. Examples of calculation models used for the
analysis are shown in Figure 8.
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Figure 8. Design models of the building: a — single-mass nonlinear oscillator; b — basic linear model;
¢ — building model with yielding bracing; d — three-dimensional finite element model.
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As the initial object, a two-storey frame building was adopted with natural period of oscillations within
0.1 sec. During the study, the stiffness parameters of the building were varied. To consider foundation yielding,
spring elements were included in the calculation model, stiffness factors of which corresponded to various soil
conditions. In previous studies, the authors showed the need for yielding in frame nodes [4, 58, 60]. In this
regard, when performing further studies, additional yielding parameters and damping factors were included in
the elastic restraints between the floors and frame. To perform dynamic calculations, accelerograms of strong
earthquakes with a fairly wide frequency range were selected. Dynamic calculations were performed by
numerical integration according to the 4th order Runge-Kutta method. Three-dimensional performance test of
the building was carried out by the finite element method using COSMOS V.2.9 software package.

3. Results and Discussions

The results of the studies are partially reflected in the publications by the authors [57-60]. It should
be noted that the actual behavior of a timber frame building during earthquakes essentially depends on the
design of all nodes which, on the one hand, must have a certain yielding and stiffness and, on the other
hand, have sufficiently high potential dissipative properties that limit dangerous displacements during low-
frequency impacts. Some results of experimental studies are shown in the form of diagrams in Figure 9.
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Figure 9. The results of experimental studies: a — «post — beam» node strain diagram;
b —wall bending strain diagram; ¢ — «post — beam» node strain diagram with a sleeve length equal
to the entire length of the element; d — vibration mode (at the framing beam level) of the timber
frame building foundation when exposed to magnitude 8; e — vibration mode of the upper part

of the building when exposed to magnitude 8; f — vibration mode of the upper part of the building
when exposed to magnitude 9.

During the experimental study, various designs of the main nodes such as «post — beam» nodes were
used. The experimental studies have shown that rubber sleeves of various lengths inserted in the nodes
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changed the stress-strain condition of the node as compared to a traditional dowel joint. So, compression of
timber in the initial hole without a rubber sleeve ranged from 2 mm to 3 mm, while no compression occurred
when a rubber sleeve was inserted.

The results of the theoretical analysis of the seismic resistance of timber frame buildings confirm the
results of the previous studies of the impact of yielding and dissipative properties of components materials on
the stress-strain condition of timber structures under earthquake loads with various frequency content. For
this, it is necessary to ensure a reasonable relationship between the period of natural vibration of the building
and the prevailing period of earthquake when assigning certain parameters of vibration damping to the building
structures. So, to reduce the earthquake load by a factor of 2 or more, it is necessary to ensure a natural
vibration period of the building in the range from 0.8 s to 1 s, which is achieved by certain yielding of the
attachment nodes of floors and frame posts. The introduction of additional elements, for example, the use of
rubber sleeves, etc., allows you to achieve the desired result. At the same time, the deformability of the nodes
shall be at least 6 cm to 10 cm.

The results obtained allow us to conclude that the proposed structural solutions of nodal connections
are highly efficient compared with existing proposals presented in [62—64].

4. Conclusion

1. The stress-strain condition of timber frame buildings during earthquakes significantly depends on
the nature of the seismic impact and its frequency content which has a significant influence on its seismic
resistance.

2. For design of timber frame buildings in areas of seismic activity, it is recommended to assign the
fundamental period the building depending on the predicted prevailing period of seismic vibrations in the
construction area.

3. Inthe case of strongly pronounced high-frequency vibrations, the frame nodes shall include yielding
components such as rubber gaskets. For low-frequency impacts, dangerous movements arising from these
vibrations shall be preferably limited by the insertion of additional components with enhanced dissipative
properties. For this special materials or damping devices may be used.

4. When data on the frequency content of seismic impacts to reduce seismic loads by a factor of 2 or
more are not available, the yielding parameters of support anchors shall be assigned based on the natural
vibration period of the building, which shall be in range from 0.5 s to 0.8 s, while the deformability of the nodes
shall be at least 6 cm.

5. The performed studies confirmed the results previously obtained by the authors regarding the
influence of design of timber frame building nodes and dissipative properties of building materials on the
stress-strain condition of timber structures under seismic loads. In this regard, it is recommended that the most
careful approach be used when designing frame nodes and selecting the best materials and products for them.

References

1. Kirkham, W.J., Gupta, R., Miller, T.H. State of the art: Seismic behavior of wood-frame residential structures. Journal of Structural
Engineering (United States). 2014. 4(140). Pp. 1-19. DOI: 10.1061/(ASCE)ST.1943-541X.0000861.

2. Falk, R.H., Soltis, L.A. Seismic behavior of low-rise wood-framed buildings. [Online]. URL: https://www.fpl.fs.fed.us/documnts/pdf
1988/falk88b.pdf (date of application: 02.09.2019).

3. Martemyanov, A.l. Proektirovanie i stroitel'stvo zdanij i sooruzhenij v sejsmicheskih rajonah [Design and construction of buildings and
structures in seismic areas]. M.: Stroyizdat, 1985. 255 p. (rus)

4. Belash, T.A., lvanova, ZH.V. Issledovanie sejsmostojkosti derevyannyh zdanij [Study of earthquake resistance of timber buildings].
Sejsmostojkoe stroitel'stvo. Bezopasnost' sooruzhenij. 2003. No. 2. Pp. 28-31. (rus)

5. Polyakov, S.V. Posledstviya sil'nyh zemletryasenij [Consequences of strong earthquakes]. M.: Stroyizdat, 1978. 311 p. (rus)

6. Byhovskij, V.A. Inzhenernoj analiz posledstvij zemletryasenij v Yfponii i SSHA [Engineering analysis of earthquake consequences in
Japan and the USA]. M. Gosstroyizdat , 1961. 194 p. (rus)

7. Consider earthquake resistance when buying real estate in Japan [Online]. URL: https://japanpropertycentral.com/2016/05/ consider-
earthquake-resistance-when-buying-real-estate-in-japan/ EN (reference date: 02.09.2019).

8. Sahin Gilichan, N. Observations on earthquake resistance of traditional timber-framed houses in Turkey. Building and Environment.
2007. 2(42). Pp. 840-851. DOI: 10.1016/j.buildenv.2005.09.027.

9. AHSAP YAPILARIN DEPREM DAYANIKLILIGI [EARTHQUAKE RESISTANCE OF WOODEN STRUCTURES] [Online]. URL:
https://www.researchgate.net/publication/328478181_AHSAP_YAPILARIN_DEPREM_DAYANIKLILIGI TR (reference date:
02.09.2019). (tur)

10. Seismic Upgrades for Old Houses [Online]. URL: https://www.oldhouseonline.com/repairs-and-how-to/seismic-upgrades-for-old-
houses (reference date: 02.09.2019).

11. Goda, K., Yoshikawa, H. Incremental dynamic analysis of wood-frame houses in Canada: Effects of dominant earthquake scenarios
on seismic fragility. Soil Dynamics and Earthquake Engineering. 2013. No. 48. Pp. 1-14.

12. Han, Y., Davidson, R.A., Black, G., Pei, S. A regional perspective on defining seismic performance objectives for woodframe buildings.
Structural Safety. 2013. No. 43. Pp. 50-59. DOI: 10.1016/j.strusafe.2013.03.002.

Belash, T.A., lvanova, Zh.V.
90



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

WmxeHepHo-cTpouTenbHbIN xypHai, Ne 8(92), 2019

Goda, K., Atkinson, G.M., Hong, H.P. Seismic loss estimation of wood-frame houses in south-western British Columbia. Structural
Safety. 2011. 2(33). Pp. 123-135. DOI: 10.1016/j.strusafe.2010.11.001.

Ahn, K.J., Baek, C. Local characteristics of light-framed wood buildings in preparation for wind load. Applied Mechanics and Materials.
2013. No. 284-287. Pp. 1264-1268. DOI: 10.4028/www.scientific.net/ AMM.284-287.1264.

Hong, S.G., Hong, N.K., Lee, S.Y. Hysteretic behavior of Korean traditional wooden frames. Advanced Materials Research. 2010.
No. 133-134. Pp. 703-708. DOI: 10.4028/www.scientific.net/AMR.133-134.703.

Black, G., Davidson, R.A., Pei, S., Lindt, J. van de. Empirical loss analysis to support definition of seismic performance objectives for
woodframe buildings. Structural Safety. 2010. 3(32). Pp. 209-219. DOI: 10.1016/j.strusafe.2010.02.003.

Yin, Y.J., Li, Y. Seismic collapse risk of light-frame wood construction considering aleatoric and epistemic uncertainties. Structural
Safety. 2010. 32(4). Pp. 250-261. DOI: 10.1016/j.strusafe.2010.03.012

Porcu, M.C., Bosu, C., Gavri¢, |. Non-linear dynamic analysis to assess the seismic performance of cross-laminated timber structures.
Journal of Building Engineering. 2018. No. 19. Pp. 480-493. DOI: 10.1016/j.jobe.2018.06.008.

Kaliyanda, A.R., Rammer, D.R., Rowlands, R.E. Three-Dimensional Nonlinear Finite-Element Analysis of Wood—Steel Bolted Joints
Subjected to Large Deformations. Journal of Structural Engineering. 2019. 145(10). 04019108.

Foliente, G.C. Hysteresis Modeling of Wood Joints and Structural Systems // Journal of Structural Engineering. 1995. 121(6).
Pp. 1013-1022. DOI: 10.1061/(asce)0733-9445(1995)121:6(1013).

Casagrande, D., Grossi, P., Tomasi, R. Shake table tests on a full-scale timber-frame building with gypsum fibre boards. European
Journal of Wood and Wood Products. 2016. 3(74). Pp. 425-442. DOI: 10.1007/s00107-016-1013-6.

Pu, W., Liu, C., Zhang, H., Kasai, K. Seismic control design for slip hysteretic timber structures based on tuning the equivalent
stiffness. Engineering Structures. 2016. No. 128. Pp. 199-214. DOI: 10.1016/j.engstruct.2016.09.041.

Pu, W., Wu, M. Ductility demands and residual displacements of pinching hysteretic timber structures subjected to seismic sequences.
Soil Dynamics and Earthquake Engineering. 2018. No. 114. Pp. 392-403. DOI: 10.1016/j.soildyn.2018.07.037.

Rinaldin, G., Fragiacomo, M. Non-linear simulation of shaking-table tests on 3- and 7-storey X-Lam timber buildings. Engineering
Structures. 2016. No. 113. Pp. 133-148. DOI: 10.1016/j.engstruct.2016.01.055.

Shen, Y.L., Schneider, J., Tesfamariam, S., Stiemer, S.F., Mu, Z.G. Hysteresis behavior of bracket connection in cross-laminated-
timber shear walls. Construction and Building Materials. 2013. No. 48. Pp. 980-991. DOI: 10.1016/j.conbuildmat.2013.07.050.

Casagrande, D., Rossi, S., Sartori, T., Tomasi, R. Proposal of an analytical procedure and a simplified numerical model for elastic
response of single-storey timber shear-walls. Construction and Building Materials. 2016. No. 102. Pp. 1101-1112. DOI:
10.1016/j.conbuildmat.2014.12.114.

Dackermann, U., Elsener, R., Li, J., Crews, K. A comparative study of using static and ultrasonic material testing methods to determine
the anisotropic material properties of wood. Construction and Building Materials. 2016. No. 102. Pp. 963-976. DOI:
10.1016/j.conbuildmat.2015.07.195.

Ugalde, D., Almazéan, J.L., Santa Maria, H., Guindos, P. Seismic protection technologies for timber structures: a review. European
Journal of Wood and Wood Products. 2019. 2(77). Pp. 173-194. DOI: 10.1007/s00107-019-01389-9.

Bahmani, P., Van De Lindt, J.W., Gershfeld, M., Mochizuki, G.L., Pryor, S.E., Rammer, D. Experimental Seismic Behavior of a Full-
Scale Four-Story Soft-Story Wood-Frame Building with Retrofits. I: Building Design, Retrofit Methodology, and Numerical Validation.
Journal of Structural Engineering (United States). 2016. 4(142). Pp. 1-14. DOI: 10.1061/(ASCE)ST.1943-541X.0001207.

Poletti, E., Vasconcelos, G. Seismic behaviour and retrofitting of timber frame walls // Advanced Materials Research. 2013. No. 778.
Pp. 706—713. DOI: 10.4028/www.scientific.net/AMR.778.706.

Grazide, C., Cointe, A., Coureau, J.L., Morel, S., Dumail, J.F. Wood heterogeneities and failure load of timber structural elements: a
statistical approach. Wood Science and Technology. 2015. 2(49). Pp. 421-440. DOI: 10.1007/s00226-015-0706-z.

Aktas, Y.D., Akyuz, U., Tarer, A., Erdil, B., Glghan, N.S. Seismic resistance evaluation of traditional ottoman TimberFrame Himis
houses: Frame loadings and material tests. Earthquake Spectra. 2014. 4(30). Pp. 1711-1732. DOI: 10.1193/011412EQSO011M.
Brignola, A., Pampanin, S., Podesta, S. Experimental Evaluation of the In-Plane Stiffness of Timber Diaphragms // Earthquake
Spectra. 2012. 4(28). Pp. 1687-1709. DOI: 10.1193/1.4000088.

Kharrazi, M.H.K., Ventura, C.E. Vibration frequencies of woodframe residential construction. Earthquake Spectra. 2006. 4(22).
Pp. 1015-1034. DOI: 10.1193/1.2360699.

Mahdi, H., Hadi, H., Olounabadi, S.A.A., Ahmad, H. Earthquake Risks and Effects of Earthquake Load on Behavior of Wood Frame
Structure by Using International Residential Code (IRC). International Journal of Engineering and Advanced Technology. 2015. 4(5).
Pp. 8-23.

Naeim, F. The Seismic Design Handbook. Kluwer Academic Publishers. New York, 2001. 816 p.

Snow, M., Asiz, A., Chen, Z., Chui, Y.H. North American practices for connections in wood construction. Progress in Structural
Engineering and Materials. 2006. 2(8). Pp. 39-48. DOI: 10.1002/pse.212.

McLain, T. E., Thangjitham, S. Bolted Wood Joint Yield Model. Journal of Structural Engineering. 1983. 109(8). Pp. 1820-1835. DOI:
10.1061/(asce)0733-9445(1983)109:8(1820).

Mergos, P., Beyer, K. Displacement-based seismic design of symmetric single-storey wood-frame buildings with the aid of N2 method.
Frontiers in Built Environment. 2015. No. 1. Pp. 1-10. DOI: 10.3389/fbuil.2015.00010.

Filiatrault, A., Isoda, H., Folz, B. Hysteretic damping of wood framed buildings. Engineering Structures. 2003. 4(25). Pp. 461-471.
DOI: 10.1016/S0141-0296(02)00187-6.

Pintari¢, K., Premrov, M. Mathematical modelling of timber-framed walls using fictive diagonal elements. Applied Mathematical
Modelling. 2013. 16-17(37). Pp. 8051-8059. DOI: 10.1016/j.apm.2013.02.050.

Vogrinec, K., Premrov, M., Kozem Silih, E. Simplified modelling of timber-framed walls under lateral loads. Engineering Structures.
2016. No. 111. Pp. 275-284. DOI: 10.1016/j.engstruct.2015.12.029.

Rossi, S., Casagrande, D., Tomasi, R., Piazza, M. Seismic elastic analysis of light timber-frame multi-storey buildings: Proposal of an
iterative approach. Construction and Building Materials. 2016. No. 102. Pp. 1154-1167. DOI: 10.1016/j.conbuildmat.2015.09.037.

Folz, B., Filiatrault, A. Cyclic Analysis of Wood Shear Walls. Journal of Structural Engineering. 2001. 127(4). Pp. 433-441. DOI:
10.1061/(ASCE)0733-9445(2001)127:4(433)

Pang, W., Rosowsky, D.V. Direct displacement procedure for performance-based seismic design of mid-rise wood-framed structures.
Earthquake Spectra. 2009. 3(25). Pp. 583-605. DOI: 10.1193/1.3158932.

benam T.A., BanoBa XK.B.

91



46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Magazine of Civil Engineering, 92(8), 2019

Kallsner, B., Girhammar, U.A. Horizontal Stabilisation of Sheathed Timber Frame Structures Using Plastic Design Methods -
Introducing a Handbook Part 4: Design in Ultimate Limit State. Procedia Engineering. 2016. No. 161. Pp. 645-654. DOI:
10.1016/j.proeng.2016.08.722.

Dhonju, R., D’Amico, B., Kermani, A., Porteous, J., Zhang, B. Parametric Evaluation of Racking Performance of Platform Timber
Framed Walls. Structures. 2017. No. 12. Pp. 75-87. DOI: 10.1016/j.istruc.2017.08.003.

Alaee, S.A.M., Sullivan, T., Rogers, C.A., Nascimbene, R. Semi-empirical method to predict the displacement capacity and resistance
of cold-formed steel frame wood-panel shear walls. World Conference on Timber Engineering (WCTE). Auckland, 2012. No. 5. Pp.
450-455.

Girhammar, U.A., Kéllsner, B. Tests and Analyses of Slotted-In Steel-Plate Connections in Composite Timber Shear Wall Panels.
Advances in Civil Engineering. 2017. No. 2017. Pp. 1-20. DOI: 10.1155/2017/7259014.

Vessby, J., Kéllsner, B., Olsson, A., Girhammar, U.A. Evaluation of softening behaviour of timber light-frame walls subjected to in-
plane forces using simple FE models. Engineering Structures. 2014. No. 81. Pp. 464-479. DOI: 10.1016/j.engstruct.2014.09.032.

Ni, C., Kim, S.-Y., Chen, H., Lu, X. An Assessment Study of Seismic Resistance of Two-story Wood-frame Housing by Shaking Table
Tests. LHI Journal of Land, Housing, and Urban Affairs. 2012. 1(3). Pp. 79-82. DOI: 10.5804/1hij.2012.3.1.79.

Dinehart, D.W., Shenton, H.W., Elliot, T.E. The dynamic response of wood frame shear walls with viscoelastic dampers. Earthquake
Spectra. 1999. 15(1). Pp. 67-86.

Symans, M.D., Cofer, W.F., Du, Y., Fridley, K.J. Seismic Behavior of Wood-framed Structures with Viscous Fluid Dampers.
Earthquake Spectra. 2004. 20(2). Pp. 451-482.

Dinehart, D.W., Hoffman, R.M., Sekin, A.A. Viscoelastic Polymer Hold Down Device for Wood Shear Walls. Proceedings of the 8th
World Conference on Timber Engineering. Lahti, Finland, 2004. Pp. 247-251.

Dinehart, D.W., Blasetti, A.S. Comparison of Energy Dissipation, Stiffness, and Damage of Structural Oriented Strand Board (OSB),
Conventional Gypsum, and Viscoelastic Gypsum Shearwalls Subjected to Cyclic Loads. Buildings. 2012. 3(2). Pp. 173-202. DOI:
10.3390/buildings2030173.

Uehan, F., Nakamura, Y. Ground motion characteristics around Kobe city detected by micro tremor measurement — The great hanshin
earthquake disaster. Eleventh World Conference on Earthquake Engineering. Acapulco, Mexico, 1996. P. 714.

Belash, T.A., lvanova, Zh.V., Demishin, S.V. Eksperimental'’nye issledovaniya sejsmostojkosti derevyannyh zdanij [Experimental
studies of earthquake resistance of timber buildings]. Sejsmostojkoe stroitel'stvo. Bezopasnost' sooruzhenij. 2010. No. 6. Pp. 29-31.
(rus)

Benin, A.V., lvanova, Zh.V. Eksperimental'nye issledovaniya mekhanicheskih svojstv uzlov derevyannogo zdaniya pri sejsmicheskih
vozdejstviyah [Experimental studies of the mechanical properties of nodes of timber building under seismic impacts]. Sejsmostojkoe
stroitel'stvo. Bezopasnost' sooruzhenij. 2000. No. 2. Pp. 19-21. (rus)

Ivanova, Zh.V. Nelinejnyj dinamicheskij analiz sejsmostojkosti derevyannyh konstrukcij [Nonlinear dynamic analysis of earthquake
resistance of timber structures]. Sejsmostojkoe stroitel'stvo. Bezopasnost' sooruzhenij. 2005. No. 1. Pp. 7-8. (rus)

Belash, T.A., lvanova, Zh.V. Obzor teoreticheskih i eksperimental'nyh issledovanij sejsmostojkosti derevyannyh konstrukcij [Review
of theoretical and experimental studies of earthquake resistance of timber structures]. Sejsmostojkoe stroitel'stvo. Bezopasnost'
sooruzhenij. 2006. No. 4. Pp. 50-54. (rus)

Mostafaei, H., Al-Chatti, Q., Popovski, M., Tesfamariam, S., Bénichou, N. Seismic performance of wood mid-rise structures. NRC
Publications Archive. Canada, 2013. 42 p.

Poletti, E., Vasconcelos, G., Branco, J.M., Koukouviki, A.M. Performance evaluation of traditional timber joints under cyclic loading
and their influence on the seismic response of timber frame structures. Construction and Building Materials. 2016. No. 127. Pp. 321—
334. DOI: 10.1016/j.conbuildmat.2016.09.122.

Leimke, J., Kasal, B., Polocoser, T., Guindos, P. Improved Moment-Resisting Timber Frames For Earthquake-Prone Areas Part |:
Structural Connections. CLEM + CIMAD 2017: Il Latin American Congress on Timber Structures; Il Ibero-American Congress on
Construction Timber. Junin, Buenos Aires, Argentina. 2017. No. 1. Pp. 1-11.

Leimke, J., Kasal, B., Polocoser, T., Guindos, P. Improved Moment-Resisting Timber Frames For Earthquake-Prone Areas Part li:
Shaking Table Tests. CLEM + CIMAD 2017: Il Latin American Congress on Timber Structures; Il Ibero-American Congress on
Construction Timber. Junin, Buenos Aires, Argentina. 2017. No. 1. Pp. 1-10.

Contacts:

Tatiana Belash, +7(921)9910115; belashta@mail.ru
Zhanna lvanova, +7(921)9818419; syrmava@mail.ru

© Belash, T.A,, lvanova, Zh.V., 2019

Belash, T.A., lvanova, Zh.V.

92



WmxeHepHo-cTpouTenbHbIN xypHai, Ne 8(92), 2019

NH)XeHEepHO-CTPOUTENbHbIV XXypHan _ ISSN
2071-0305

cauT XypHana: http://engstroy.spbstu.ru/

DOI: 10.18720/MCE.92.7

[lepeBsiHHbIE 30aHUS KapKacHOro Tmna
C 9P EKTUBHBIMU KOHCTPYKLUMNAMU Y3NOBbIX COeANHEHUN
AnNsi CENCMUYECKN aKTUBHbBIX PanOHOB

T.A. benaw*, X.B. MeaHoea

lMemepbypackuli 2ocydapcmeeHHbIl  yHUsepcumem rymel coobujeHuss Wmnepamopa AnekcaHdpa |,
CaHkm-llemepbype, Poccusi

* E—mail: belashta@mail.ru

KnioueBble cnoBa: ManoataxHoe CTPpOUTENDBCTBO, [AepeBAHHble KOHCTPYKUUW, CENCMOCTOMKOCTb,
nepeBdaHHbIe 30aHNA KapKacHOro Tuna, pac4eTHoO-aKCcnepmMeHTarbHbli€ NccrnegoBaHuA

AHHoTaumsa. OGbLEKTOM UCCrefoBaHUSA SIBNSAETCS OEPEBSHHOE 30aHWe KapKacHOro Tuna, cocTosiuee u3
OEepeBSIHHbIX BepTUKamnbHbIX CTOEK, HWKHEW U BepxHen OOBA3KM, CUCTEMbl CBHA3EW (FOPU3OHTamNbHbIX U
BepTMKanbHbIX), 9MNEeMEHTOB MepekpbiTUS U MNOoKpbITUS  (Kpbiwa). PaccmatpuBaeTcsa Bosgencrtsue
3eMIneTpACEeHNss PasfMYHON MHTEHCUBHOCTU M YACTOTHOrO XapakTepa Ha CEMCMOCTOMKOCTb OEpPEeBSHHOro
3gaHms. OueHka CEMCMOCTOMKOCTM Mpou3BedeHa Ha OCHOBaHWWM 3SKCMEPUMMEHTarbHbIX W pacyeTHo-
TEOPETUYECKUX UCCNEeQOBaHUN. DKCNepMMEeHTanbHble METOAb! BbINOMHANUCH Ha NabopaTopHbIX yCTaHOBKaX
1 KpynHomacwTabHbeix mogensix. C y4eTom nony4yeHHbIX 9KCNepUMEHTanbHbIX AaHHbIX BbINOSIHEHA pacyeTHO-
TeopeTuyeckasi OLleHKa KapkaCcHOro 30aHnsi Ha MPOCThIX U CIIOXHbIX MOAENAX MNpU BO3AENCTBUN pasfMyHON
WHTEHCUBHOCTW M YaCTOTHOIO COCTaBa. YCTaHOBIIEHO, YTO YAaCTOTHbIV COCTaB CENCMUYECKOTO BO3OEeNCTBMIS
CyLleCTBEHHbIM 00pa3oM BMMSET Ha CENCMOCTOMKOCTb KapKacHbIX 34aHui. PekomeHgyeTcs npu
NPOEKTUPOBAHUUN 3TUX 30AHUA HA3HaYaTb UX OMHAMUYECKME NapaMeTpbl (Mepuon cob6CTBEHHbIX konebaHuin)
B 3aBMCKMMOCTM OT NpPOrHo3a npeobnagaroLero nepmoga cencMmn4ecknx konedaHun pamoHa CTponTenbCTBa,
4yTO no3sonuT 6onee apheEKTUBHO pellaTb KOMMNOHOBKY Y3MNOBbIX COeANHEHUI kapkaca. PekomeHgyeTcs B
y3roBble COeAMHEHNS BBOAUTb AOMNOMHUTENbHbLIE MaTepuansl 1 YCTPOWCTBa, obnagatowme nogaTnnBoCTbO
N BbICOKUMM OMCCUNATMBHBIMU CBOMCTBAMM.
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