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Figure 38: The Akasaka district, one of Tokyo's residential areas, lies in ruins after the 7.9 magnitude 
earthquake on Sept. 1, 1923. (AP Photo)  
(taken from http://www.theatlantic.com/infocus/2011/03/1923-kanto-earthquake-echoes-from-
japans-past/100025/) 
 

 
 
Figure 39: Many People sit on street car railway in front of their crushed houses in Japan 1923 after 
an earthquake. Fortunately, this area did not suffer from fire. (AP Photo)  
(taken from http://www.theatlantic.com/infocus/2011/03/1923-kanto-earthquake-echoes-from-
japans-past/100025/) 
 

http://www.theatlantic.com/infocus/2011/03/1923-kanto-earthquake-echoes-from-japans-past/100025/
http://www.theatlantic.com/infocus/2011/03/1923-kanto-earthquake-echoes-from-japans-past/100025/
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software. For this reason, two computer programs for the reproduction of seismic behavior of 

timber structures were developed by the research project, called CASHEW and SAWS, the latter 

being a more simplified version (Lam et al., 2002: 81).  

Ayoub (2007) proposed a single degree of freedom system with degrading pinched hysteretic 

behavior for the modeling of timber shear panels (Ayoub, 2007: 215). Choi, et al. (2007) developed 

two algorithms to assess and locate damage in timber structures (Choi, et al., 2007: 1128). The study 

of Vintzileou et al. (2005), on the other hand, aimed assessing the structural characteristics of the 

historical construction system of the island of Lefkada. For this reason, an analytical model of a 

typical structure of the island was constructed where mainly shell and frame elements were used, to 

then verify it with the results of previous analytical works and site survey (Vintzileou et al., 2005: 

231). 

As a continuation of the experimental work, mentioned above, Yasumura et al. (2006: 74) 

reproduced the results obtained from the pseudodynamic tests, carried out with two story frames, 

and concluded that, based on the results of pseudodynamic tests, the simulation work gives the 

response of the first story very well, while underestimates that of the second story.  

In the relevant literature, the most frequently used computer software for the modeling of timber 

structures are the package programs like ANSYS (e.g. Chen et al., 2003), Abaqus (e.g. Cointe et al., 

2007), Diana (e.g. Feio, 2005; Ayoub, 2007), SAP 2000 (Vintzileou et al., 2005) etc. and other 

software developed specially for modeling of timber structures like Drain 3D, RUAUMOKO, CANNY-E, 

ISTAR-WD 46 (Ayoub, 2007).  

The difference between the results of analytical modeling and experimental studies can be 

attributed to material degradation that cannot be fully reflected at the analytical model, as well as 

the weight of loading equipment in case the structure was experimented in-situ (Fujita et al., 2004: 

46).  

According to the sensitivity analysis carried out by Cointe et al. (2007), the most influential variable 

with respect to a given critical response is the stiffness of connection. Joint clearance is another 

important factor that determines the overall structural response (Cointe et al., 2007: 340-341).   

Again for modeling studies, it may be concluded that little attention was paid to traditional/heritage 

structures in timber.  
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a curve could be fit to the whole data. The empirical formulas obtained in such a way can be seen in 

Chapter 5. 

In Chapter 6, the obtained results were discussed in terms of the changes in load bearing capacity, 

weight, stiffness and drift ratio when the frames were infilled / covered. Moreover, the period values 

obtained by means of capacity calculations were used to calculate demand values in the linear and 

non-linear ranges and compared them against the experimentally obtained linear and non-linear 

capacity values for each frame without and with infill/covering. For this aim, the Turkish code was 

used, and it was decided if the frames could bear the seismic demand in linear or non-linear range. 

In this study, a number of macro and micro modelling was also carried out, while most of those were 

inconclusive. Therefore, the limitations of the commercially available software for modelling timber 

frame structures with nailed connections were clearly seen. The limitations regarding the modelling 

of timber frames were also briefly discussed in this chapter.  

In Chapter 7, the conclusions drawn at the end of this study are presented. 
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Figure 51: An overall view of the test set-up 
 

The frame to be tested was placed in and secured to a U profile by means of plates, placed on each 

side of the frame, and bolted to the frame. For small frames, three of these plates were used on 

each side, while for big frames the number of the plates used on each side is five (Figure 52). In 

addition, an eventual lateral slippage of frames was prevented by plates bolted to foundation at two 

ends of the frame (Figure 53). 

 

 
 
Figure 52: Plates securing the frame inside the profile 
 





60 
 
 

 

 
 
Figure 54: Top portion of the test set-up  
 

 

At top of the frame, another inverted U profile is placed. Angle brackets were welded at intervals to 

the profile for a better load transfer. Furthermore, a cylinder pipe was also welded on top of the 

profile to further increase the stability of one load prism by placing the cylinder through one of the 

two holes the prism held (Figure 55).  

 

Cylindrical pipe welded for the 
aim of increasing the stability of 
load prism on top of the frame, 
by getting through the hole in it 

U profile placed for load applies 
on the frame in a homogeneously 
distributed manner 

Horizontal masts 
fixing vertical ones 
located in front of 
and behind the 
frame to the wall 

Rollers 

Angle brackets welded for a 
better load transfer  

Masts located in front of and behind the 
frame and connected to the foundation 
and holding the frame by means of rollers 

Horizontal masts connected 
to the masts located in front 
of and behind the frame and 
to which rollers are fixed  

Sleeve 
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Figure 55: Top portion of the test set-up 
 

 

 
 
Figure 56: Top portion of the test set-up 
 

At both top corners of the frame, angle elements were placed through which the sleeves pass. The 

angle element at the side of the hydraulic piston is fixed to it by means of a connector (Figure 57-

Figure 58). CAD drawings of the test set-up can be seen in Figure 59. 
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the frame by means of rollers 

 

Horizontal masts fixing vertical 
ones located in front of and 
behind the frame to the wall 
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Figure 57: Angle elements to which sleeves are connected 
 

 

 
 
Figure 58: Piston connected to strong wall and load cell, used in the experiments 
 

 
 
Figure 59: CAD drawing of the test set-up 
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The loading was carried out by using a load cell, whose capacity is 500 kN in compression and 250 kN 

in tension, and a piston with 50 cm stroke length. Half of the stroke length was used to push and the 

other half to pull the frame. 

For the first five experiments (frames#1-5 without infill/covering), four Linear Variable Differential 

Transformers (LVDT) were used. For their locations, see Figure 60-Figure 62. 

 

 
 
Figure 60: LVDTs of 200 mm placed at both sides of the frame to measure diagonal displacement 
 

 
 
Figure 61: LVDT of 200 mm to measure diagonal displacement and that of 50 mm to check bottom 
lateral displacement 
 


















































































































































































































































































































































































































































































































































































































