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ABS TRAC T  

This study presents a comparative evaluation of the seismic performance of tradi-

tional timber-framed structural systems developed in different geographical regions, 

including Hımış, Dhajji Dewari, Pombalino, Fachwerk, Casa Baraccata, and Chuandou. 

A literature-based assessment was conducted focusing on energy dissipation mech-

anisms, ductility characteristics, and damage development processes. The findings 

indicate that, despite regional and structural differences, these systems exhibit com-

parable behavioral tendencies under seismic loading. The observed behavior may be 

interpreted through a multi-stage response mechanism in which seismic demands 

are progressively distributed through infill materials, connection details, and second-

ary structural components. In this process, energy dissipation is achieved through 

the interaction of these elements rather than through the action of a single structural 

component. Based on the behavioral trends reported in the literature, this study pro-

poses the concept of a “first seismic defense line” as a conceptual framework for in-

terpreting the contribution of secondary components during the early stages of seis-

mic response. Comparative observations suggest that infill elements play a signifi-

cant role in the energy dissipation process of Hımış and Dhajji Dewari systems, 

whereas frictional behavior at connection interfaces is more prominent in Chuandou 

structures. The Pombalino system demonstrates a balanced interaction between 

stiffness and ductility, while the behavior of Fachwerk and Casa Baraccata systems is 

governed by frame–infill interaction and the integrated action of timber and masonry 

components. Overall, these traditional systems exhibit performance-oriented char-

acteristics that are consistent with fundamental principles of modern earthquake en-

gineering and provide valuable insights for contemporary seismic design. 
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1. Introduction 

Timber has gained increasing importance in sustain-
able construction due to its renewable nature, low em-
bodied carbon, and carbon storage capacity. Compared 
with conventional construction materials such as con-
crete and steel, timber-based structural systems offer 
lower life-cycle carbon emissions and contribute to the 

reduction of greenhouse gas emissions, leading to grow-
ing interest in their application in contemporary build-
ing design (Gün and Anıktar 2020; Flanagan 2017). Pre-
vious studies have also indicated that the ecological foot-
print of locally sourced timber materials is generally 
lower than that of modern industrial construction alter-
natives (Ozdemir 2025; Yılmaz Karaman and Tanaç 
Zeren 2015; Dikmen 2010). 
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The seismic performance of timber-framed structures 
depends not only on the characteristics of the primary 
structural system but also on connection details, the be-
havior of infill materials, roof loads, soil conditions, and 
the physical changes experienced by timber over time. In 
particular, connection discontinuities, geometric irregu-
larities, heavy superstructure elements, and material 
degradation caused by biological or environmental ef-
fects have been identified as key factors influencing seis-
mic response (Dışkaya 2004). Earthquake-related dam-
age is not limited to the direct effects of ground motion, 
as secondary hazards such as fire, flooding, and geotech-
nical failures may also threaten structural safety (Aksoy 
2003). Consequently, reducing seismic risk requires not 
only the design of new structures but also the assess-
ment of existing and historic buildings and the planning 
of appropriate conservation and rehabilitation interven-
tions (Arslan 2006). 

Although traditional timber-framed construction sys-
tems evolved in different geographical regions and his-
torical periods, they are generally based on similar struc-
tural principles. The combined use of timber members 
and masonry infill dates back to ancient civilizations and 
has led to the development of various timber-framed 
construction traditions across Europe, Anatolia, and 
Asia. Over time, distinct systems such as Pombalino in 
Portugal, Casa Baraccata in Italy, Fachwerk in Germany, 
Hımış in Türkiye, and Dhajji Dewari in South Asia 
emerged. Despite differences in structural detailing, 
these systems share a common characteristic in which 
the timber frame plays an active role in resisting lateral 
loads while interacting with infill elements to enhance 
overall structural stability (Vasconcelos et al. 2013). 

From a structural engineering perspective, timber-
framed systems provide a ductile load-resisting mecha-
nism capable of accommodating lateral forces and defor-
mations induced by earthquakes. Infill components con-
tribute to the mass and stiffness of the structure; how-
ever, when adequate interaction with the timber frame 
is not achieved, they may become vulnerable to brittle 
damage. Observational studies conducted after major 
seismic events have demonstrated that properly de-
tailed and well-constructed timber-framed buildings 
generally exhibit superior seismic performance com-
pared with unreinforced masonry structures. This ten-
dency has been confirmed through post-earthquake 
damage assessments and field observations following 
the 1999 İzmit Earthquake, the 2005 Kashmir Earth-
quake, the 2015 Gorkha Earthquake, and the 2023 
Kahramanmaraş Earthquakes (Vieux-Champagne et al. 
2014; Qu et al. 2020; Tan et al. 2024). Similarly, Korkmaz 
(2007) reported that seismic performance varies signif-
icantly depending on the structural system and that tim-
ber-framed structures generally perform better than 
conventional masonry buildings. Historical records fol-
lowing the 1509 Great İstanbul Earthquake also indicate 
that Hımış structures exhibited better seismic perfor-
mance and resulted in fewer casualties than masonry 
buildings (Aktaş 2011). These observations highlight the 
importance of examining the behavioral characteristics 
of traditional structural systems and conducting com-
parative evaluations among different timber-framed 
construction traditions. 

Traditional timber-framed systems represent im-
portant examples of indigenous seismic knowledge de-
veloped by communities living in earthquake-prone re-
gions. Although known by different names across vari-
ous geographical contexts, these systems are generally 
characterized by similar structural principles and by the 
interaction between a flexible timber frame and infill 
components (Gani et al. 2021; Vasconcelos et al. 2015; 
Langenbach 2007) (Fig. 1).  

Known as Fachwerk and Pombalino in Europe, Dhajji 
Dewari in South Asia, Chuandou in China, and Casa 
Baraccata in the Mediterranean region, these systems 
have attracted considerable attention due to their adapt-
able and resilient behavior under seismic loading. 

Field observations and experimental studies have 
shown that these structures may exhibit more controlled 
damage patterns during major earthquakes compared 
with modern reinforced concrete systems (Doğangün et 
al. 2006; Gülhan and Özyörük Güney 2000). These obser-
vations suggest that such systems may provide en-
hanced energy dissipation capacity and improved duc-
tile response. 

The seismic performance of these systems has been 
investigated from various perspectives in the literature. 
In Pombalino structures, the contribution of bracing 
members to energy dissipation and their relatively high 
ductility capacity have been extensively documented 
(Poletti and Vasconcelos 2015). For Hımış systems, 
frame–infill interaction has been identified as a key 
mechanism governing energy dissipation behavior (Gani 
et al. 2021; Ozdemir 2025). In Chuandou structures, fric-
tion-based mechanisms developing at connection inter-
faces have been shown to provide considerable energy 
dissipation capacity (Li et al. 2025; Yang et al. 2021). 
Similarly, the cellular wall configuration of Dhajji Dewari 
systems has been reported to enhance structural stabil-
ity by distributing damage across multiple small panels 
(Ali et al. 2012). 

In addition to these structural characteristics, factors 
such as topographic conditions and material properties 
also play an important role in structural response. Geo-
metric irregularities associated with sloping terrain may 
adversely affect seismic performance (Pan et al. 2023). 
Furthermore, the type of infill material directly influ-
ences both energy dissipation capacity and dominant 
damage mechanisms (Ozdemir 2025). 

Existing research indicates that the successful seismic 
performance of traditional timber-framed systems is 
rooted in a set of common structural principles. Never-
theless, the reported behavioral characteristics reveal 
notable differences among systems in terms of load-
transfer mechanisms, deformation capacity, and damage 
distribution patterns. While bracing elements play a 
dominant role in maintaining structural stability in some 
systems, in others the interaction between infill compo-
nents and the timber frame, or localized mechanisms de-
veloping at connection regions, exerts a greater influ-
ence on structural behavior. These observations suggest 
that, despite sharing similar structural principles, the 
seismic performance of traditional timber-framed sys-
tems may vary according to material characteristics, 
construction techniques, and regional building tradi-
tions.  
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Fig. 1. Examples of timber-framed structures worldwide (adapted from Vieux-Champagne et al. (2014)).

However, most existing studies focus on specific re-
gional construction traditions or individual structural 
systems, whereas comparative investigations evaluating 
different timber-framed systems within a common per-
formance framework remain limited. This highlights the 
need for a comprehensive framework capable of identi-
fying both shared and distinct behavioral mechanisms 
among traditional timber-framed systems. 

Within this context, the present study provides a com-
parative assessment of Hımış, Dhajji Dewari, Pombalino, 
Fachwerk, Casa Baraccata, and Chuandou systems devel-
oped in different geographical regions. The primary ob-
jective is to examine their seismic behavior within a 
common analytical framework and to identify their sim-
ilarities and differences. Accordingly, a conceptual 
framework referred to as the “first seismic defense line” 
is proposed to interpret the interaction between infill el-
ements, connection regions, and secondary structural 
components during the energy dissipation process un-
der seismic loading. This approach offers a conceptual 
and analytical perspective for understanding the inter-
active behavior between the primary structural system 
and secondary components. 

2. Investigated Systems and Methodology 

2.1.  Traditional timber-framed systems 

This study evaluates traditional timber-framed struc-
tural systems developed in different geographical re-
gions and widely investigated in literature with respect 
to their seismic behavior. The selected systems exhibit 
distinct characteristics in terms of structural configura-
tion, infill arrangements, connection details, and energy 
dissipation mechanisms. Accordingly, Hımış (Türkiye), 
Dhajji Dewari (Himalayan region), Pombalino (Portugal), 
Fachwerk (Germany), Casa Baraccata (Italy), and 
Chuandou (China) were included in the comparative as-
sessment. 

2.1.1. Hımış system 

The Hımış system is a traditional timber-framed con-
struction technique widely used in Anatolia and neigh-
boring regions. Following the 1509 Great İstanbul Earth-
quake (Kıyamet-i Suğra), the Ottoman administration re-
stricted the construction of masonry buildings and en-
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couraged the use of timber-framed Hımış structures. The 
system consists of a load-bearing timber frame com-
posed of vertical and horizontal members, with infill ma-
terials placed within the frame bays. Adobe, stone, brick, 
and other locally available materials are commonly used 
as infill. While the timber frame constitutes the primary 
load-resisting system, the infill elements act as second-
ary components that contribute to overall structural be-
havior. Hımış buildings are typically constructed using 
local materials and are predominantly employed in low-
rise residential buildings. Their structural response is 
governed by a hybrid mechanism defined by the interac-
tion between the timber frame and infill elements (Aktaş 
et al. 2014; Aktaş 2011). 

2.1.2. Dhajji Dewari system 

Dhajji Dewari is a traditional timber-framed construc-
tion system developed in the Himalayan region. It is 
characterized by a cellular arrangement consisting of 
small timber-framed panels typically filled with stone or 
brick fragments. The primary structural system is 
formed by the timber frame, while the infill elements are 
divided into smaller compartments. This cellular config-
uration facilitates load redistribution throughout the 
structure and limits the concentration of damage in lo-
calized regions. Seismic construction traditions in the 
Himalayan region are not limited to Dhajji Dewari and 
also include timber-laced masonry systems and light-
weight infill structures such as Ikra, which employ simi-
lar strategies based on material flexibility and defor-
mation capacity (Gani et al. 2021; Ali et al. 2012). 

2.1.3. Pombalino system 

The Pombalino system is a traditional timber-framed 
structural system developed in Portugal following the 
1755 Lisbon Earthquake to improve seismic resistance. 
Its principal component is the gaiola pombalina, a timber 
framework reinforced with X-shaped bracing members. 
This timber frame is integrated within masonry walls to 
form a composite structural system. The Pombalino sys-
tem relies on the combined action of a braced modular 
timber frame and masonry walls. The interaction be-
tween the internal timber structure and the external ma-
sonry components defines its hybrid structural charac-
ter. Within this arrangement, masonry walls provide 
protection against environmental effects and fire, while 
the timber frame contributes to seismic resistance (Ak-
taş 2011). The interaction between timber and masonry 
components enables the system to exhibit both stiffness 
and ductility characteristics (Parrotta 2017; Poletti and 
Vasconcelos 2015). 

2.1.4. Fachwerk system 

Fachwerk is a traditional timber-framed construction 
system widely used in Germany. The system consists of 
a structural skeleton composed of timber posts, horizon-
tal members, and diagonal braces, with infill panels 
placed within the frame. Brick and adobe are commonly 
used as infill materials. The timber frame serves as the 
primary load-resisting system, whereas the infill ele-

ments function as secondary components. The construc-
tion technique is characterized by an exposed structural 
frame visible on the exterior façade, creating a distinc-
tive modular architectural appearance (Parlak Biçer and 
Şahin 2020). 

2.1.5. Casa Baraccata system 

Casa Baraccata is a traditional timber–masonry hy-
brid structural system developed in the Calabria region 
of Italy following the series of destructive earthquakes 
that occurred in 1783. The system is based on a struc-
tural configuration in which timber framing and ma-
sonry elements are used together, with timber bracing 
members positioned on the wall surface rather than em-
bedded within the wall section (Aktaş 2011). The struc-
tural arrangement consists of a grid-like timber frame-
work combined with infill components. The interaction 
between timber and masonry elements constitutes the 
primary mechanism governing structural behavior. Casa 
Baraccata therefore represents a hybrid structural or-
ganization in which timber and masonry components act 
together to resist seismic actions (Gani et al. 2021; Par-
rotta 2017). 

2.1.6. Chuandou system 

The Chuandou system is a traditional timber struc-
tural system widely used in China. It is based on a frame 
composed of columns and beams connected through 
mortise-and-tenon joints. The primary load-resisting 
system consists entirely of the timber frame, while infill 
components may contribute to structural response 
without constituting the principal load-transfer mecha-
nism. Traditional construction relies on carpentry tech-
niques without the use of nails. The system is character-
ized by a modular framing arrangement in which the be-
havior of connection interfaces plays a critical role in 
overall structural performance (Li et al. 2025; Yang et al. 
2021). 

Representative examples of the traditional timber-
framed systems investigated in this study are presented 
in Fig. 2. The selected examples were chosen to illustrate 
the characteristic architectural appearance and con-
struction features of each structural typology. 

Representative schematic drawings of the investi-
gated timber-framed systems were developed within the 
scope of this study and are presented in Figure 3. These 
drawings were prepared based on photographs, survey 
drawings, and structural representations reported in the 
literature and were redrawn using a standardized 
graphical format to ensure consistency in the visual 
presentation of the different structural typologies. Based 
on the structural characteristics illustrated in Fig. 3, the 
main descriptive features of traditional timber-framed 
systems are comparatively summarized in Table 1. 

2.2. Methodology 

This study adopts a literature-based comparative 
analysis approach. The primary objective is to evaluate 
the seismic behavior of traditional timber-framed struc-
tural systems developed in different geographical re-
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gions within a common analytical framework and to 
comparatively interpret the behavioral tendencies re-
ported in the literature. The investigated systems were 
assessed based on criteria including first seismic defense 
line behavior, damage hierarchy, energy dissipation 

mechanisms, connection behavior, preservation of the 
primary load-resisting system, and ductile deformation 
capacity. These criteria enable the evaluation of struc-
tural response at both the macro scale (system level) and 
the micro scale (component level).

 

   

(a) (b) (c) 

   

(d) (e) (f) 

Fig. 2. Exterior views and characteristic structural details of traditional timber-framed systems: (a) Hımış (author's 
archive), (b) Dhajji Dewari (Gani et al. 2024), (c) Pombalino (Cardoso et al. 2004), (d) Fachwerk (author's archive), 
(e) Casa Baraccata (Ruggieri and Zinno 2014), (f) Chuandou (Ren et al. 2018). 

   

(a) (b) (c) 

   

(d) (e) (f) 

Fig. 3. Representative schematic drawings of traditional timber-framed systems developed based on the struc-
tural layouts reported in the literature: (a) Hımış (Aktaş 2011); (b) Dhajji Dewari (Hicyilmaz et al. 2011); (c) Pom-
balino (Aktaş 2011); (d) Fachwerk (Perrin 1960); (e) Casa Baraccata (Niglio 2011); (f) Chuandou (Qu et al. 2020). 
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Table 1. Descriptive characteristics of the investigated traditional timber-framed systems. 

System Region 
Primary Structural  

Feature 
Load-Bearing  

System 
Infill  
Type 

Connection  
Type 

Structural  
Organization 

References 

Hımış Türkiye 
Timber frame with 

infill 
Timber frame 

Adobe, stone, or 
brick infill 

Nailed timber joints 
and traditional car-

pentry details 

Infill–frame interac-
tion 

Aktaş (2011),  
Ozdemir (2025) 

Dhajji  
Dewari 

Himalaya 
Cellular timber 
frame system 

Timber frame 
Stone or brick infill 
with mud mortar 

Traditional carpentry 
joints and nailed con-

nections 

Cellular timber 
frame with distrib-

uted infill panels 

Hicyilmaz et al. 
(2011),  

Gani et al. (2024) 

Pombalino Portugal 
Three-dimensional 
Gaiola Pombalina 

timber frame system 

Hybrid (timber 
frame + ma-

sonry) 
Masonry infill 

Timber joints with di-
agonal bracing mem-

bers 

Three-dimensional 
timber frame embed-
ded within masonry 

walls 

Lopes et al. (2013), 
Meireles et al. 

(2012) 

Fachwerk Germany 
Timber frame with 
posts, beams, and 

braces 
Timber frame 

Brick, adobe, or wat-
tle-and-daub infill 

Mortise-and-tenon and 
traditional timber 

joints 

Timber frame with 
independent infill 

panels 

Liu (2022),  
Gani et al. (2024) 

Casa  
Baraccata 

Italy 
Timber-reinforced 

masonry system 

Dual system 
(timber frame + 

masonry) 
Stone or brick infill 

Traditional carpentry 
joints and iron con-

nectors 

Integrated timber–
masonry structural 

system 

Ruggieri and Zinno 
(2014),  

Parrotta (2017) 

Chuandou China 
Post-and-beam tim-
ber framing system 

Timber frame 
Timber panels, wat-
tle-and-daub, or ma-

sonry infill 

Penetrating mortise-
and-tenon joints 

Post-and-beam 
frame with infill pan-

els 

Qu et al. (2020),  
Li et al. (2025),  
Guo et al. 2021) 

The literature review included peer-reviewed journal 
articles, experimental investigations, numerical studies, 
and other relevant academic publications addressing the 
seismic behavior of Hımış, Dhajji Dewari, Pombalino, 
Fachwerk, Casa Baraccata, and Chuandou systems. The 
review process was conducted through searches per-
formed in the Scopus, Web of Science, and Google 
Scholar databases. Searches were carried out using com-
binations of keywords including “timber-framed struc-
tures”, “seismic behavior”, “Hımış”, “Dhajji Dewari”, 
“Pombalino”, “Fachwerk”, “Casa Baraccata”, and 
“Chuandou”. Studies providing technical data or obser-
vations related to energy dissipation mechanisms, con-
nection behavior, damage development, ductility charac-
teristics, and overall seismic performance were consid-
ered for inclusion. The information used in the compar-
ative assessment was derived from experimental find-
ings, numerical simulation results, and field observa-
tions reported in the selected studies. 

The data evaluated in this study were obtained from 
investigations conducted at different scales, under dif-
ferent boundary conditions, and using different experi-
mental methodologies. The reviewed studies included 
quasi-static tests, shaking-table experiments, numerical 
analyses, and post-earthquake field observations. There-
fore, the comparisons were not intended to provide di-
rect quantitative performance evaluations but rather to 
support a conceptual interpretation of behavioral 
tendencies and common structural mechanisms. Conse-
quently, the findings should not be interpreted as nor-
malized performance values obtained under standard-
ized experimental conditions. 

Particular emphasis was placed on the behavioral 
contribution of infill elements, connection regions, and 
secondary structural components during the early 
stages of energy dissipation under seismic loading. 
Within this context, the concept of the “first seismic de-

fense line” is considered a conceptual assessment frame-
work describing the critical stage at which energy dissi-
pation initiates and damage begins to develop in a con-
trolled manner. Comparative analyses were performed 
through the integrated evaluation of evidence obtained 
from experimental studies (Poletti and Vasconcelos 
2015; Li et al. 2025), numerical investigations (Ozdemir 
2025), and field observations reported in the literature. 
This approach enables a conceptual assessment of the 
behavioral tendencies and underlying structural princi-
ples reported for the investigated systems. The findings 
contribute to the identification of common behavioral 
trends and a better understanding of the mechanisms 
governing structural response. The study presents a 
conceptual and literature-based framework, while ex-
perimental validation is recommended for future re-
search. 

 

3. Findings 

3.1. First seismic defense line behavior 

In the investigated systems, seismic demands are ac-
commodated through the interaction between the tim-
ber structural frame, infill components, and connection 
regions. However, secondary components appear to play 
a more prominent role during the early stages of the en-
ergy dissipation process. These components, including 
infill materials, connection details, and auxiliary struc-
tural elements, collectively form a behavioral interaction 
level that may be interpreted as the “first seismic de-
fense line”. This concept is considered a multi-stage be-
havioral model in which energy dissipation develops 
progressively through the interaction between infill 
components, connection regions, and the primary struc-
tural frame. 
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A comparative assessment of this behavior across the 
investigated systems is presented in Table 2. The table 
highlights commonalities and differences among tradi-
tional timber-framed systems developed in different re-
gions with respect to energy dissipation mechanisms, 
damage development processes, and in-plane (IP) and 
out-of-plane (OOP) behavior. The information presented 

is compiled from studies employing different experi-
mental methodologies, scales, boundary conditions, and 
analytical approaches. Therefore, the reported values 
are not intended to represent standardized performance 
comparisons but are provided as a conceptual interpre-
tation of the relative behavioral tendencies reported in 
the literature.

Table 2. Comparative seismic behavior characteristics of traditional timber-framed structural systems. 

System 
Early-Stage Interac-

tion Component 
Predominant Early-Stage 
Dissipation Component 

Energy Dissipation 
Mechanism 

Damage Mechanism IP–OOP Behavior References 

Hımış 
Infill–frame interac-

tion 
Infill wall 

Infill cracking, fric-
tion, and connection 

deformation 

Infill damage and local 
connection defor-

mation 

Timber frame-sup-
ported wall behavior 

Aktaş (2011),  
Ozdemir (2025) 

Dhajji 
Dewari 

Cellular timber frame 
and infill panels 

Infill panels and bracing 
members 

Panel–frame interac-
tion and connection 

deformation 

Distributed infill dam-
age 

Enhanced in-plane 
and out-of-plane sta-
bility through cellu-

lar configuration 

Hicyilmaz et al. 
(2011),  

Gani et al. (2024) 

Pombalino 
Timber frame–ma-
sonry interaction 

Timber frame and bracing 
members 

Timber frame defor-
mation and connec-

tion behavior 

Progressive infill and 
connection damage 

Lateral stability pro-
vided by the three-
dimensional gaiola 

system 

Lopes et al. (2013), 
Meireles et al. 

(2012) 

Fachwerk 
Timber frame–infill 

interaction 
Infill panels 

Timber joint defor-
mation and infill sep-

aration 

Infill cracking and local 
frame deformation 

Frame–infill interac-
tion-controlled be-

havior 

Liu (2022),  
Gani et al. (2024) 

Casa Barac-
cata 

Timber frame–ma-
sonry interaction 

Timber frame and ma-
sonry infill 

Interaction between 
timber and masonry 

components 

Progressive infill dam-
age and local connec-

tion deformation 

Box-type behavior 
resulting from tim-
ber–masonry inte-

gration 

Ruggieri and Zinno 
(2014),  

Parrotta (2017) 

Chuandou 
Mortise-and-tenon 

joint interaction 
Mortise-and-tenon joints 

Rotation and friction 
at timber joints 

Joint loosening, local 
deformation, and infill 

damage 

High deformation ca-
pacity governed by 

joint behavior 

Qu et al. (2020),  
Li et al. (2025),  
Guo et al. 2021) 

The findings indicate that the energy dissipation pro-
cess is initiated through localized deformations and 
damage mechanisms developing within different struc-
tural components of the investigated systems. Cracking, 
frictional effects, and connection deformations dissipate 
a significant portion of the seismic energy, resulting in a 
gradual and controlled reduction in structural stiffness. 
However, the dominant components contributing to en-
ergy dissipation vary among the investigated systems. 
In Hımış and Dhajji Dewari structures, energy dissipa-
tion is largely associated with the behavior of infill ele-
ments. In Pombalino and Casa Baraccata systems, the in-
teraction between timber and masonry components 
plays a significant role, whereas in Chuandou structures 
a considerable portion of the energy dissipation process 
is associated with rotational and friction-based mecha-
nisms developing within mortise-and-tenon joints. 
These differences suggest that, despite variations in con-
struction techniques, the investigated systems may ex-
hibit comparable behavioral tendencies under seismic 
loading. 

3.2. Damage hierarchy 

The comparative assessment indicates that damage 
development follows a generally consistent sequence 
across the investigated systems. Damage is commonly 
initiated within infill elements or connection regions 
during the early stages of seismic response. The subse-
quent distribution of damage varies according to system 
characteristics, extending into the primary structural 

system in some cases while remaining concentrated 
within connection regions in others. 

This progression enables the controlled dissipation of 
seismic energy throughout the structure. The tendency 
of infill components to act as the first damaged elements 
contributes to overall energy dissipation capacity while 
also assisting in the preservation of the primary load-re-
sisting system. This mechanism appears to be particu-
larly evident in Hımış and Dhajji Dewari structures. 

Nevertheless, the spatial distribution of damage dif-
fers among the systems. In Dhajji Dewari structures, 
damage tends to be distributed throughout the cellular 
wall configuration, whereas in Pombalino systems it is 
more likely to concentrate within specific regions. In 
Chuandou structures, damage is predominantly local-
ized at connection interfaces. 

One of the critical stages within the damage hierarchy 
is the influence of in-plane (IP) damage on out-of-plane 
(OOP) stability. Damage occurring within infill compo-
nents may weaken wall integrity and increase the sus-
ceptibility to out-of-plane failure. This observation high-
lights the importance of maintaining connection conti-
nuity for preserving overall structural stability. 

3.3.  System-based behavioral summary 

Although the investigated systems were developed in 
different geographical contexts, they exhibit several 
common behavioral principles under seismic loading. 
Nevertheless, the mechanisms through which these re-
sponses develop vary among the systems. 
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In Hımış structures, cracking within infill components 
constitutes a primary energy dissipation mechanism, 
whereas the cellular configuration of Dhajji Dewari sys-
tems promotes a more uniform distribution of seismic 
demands. The Pombalino system exhibits a balanced 
structural response through the combined contribution 
of stiffness and ductility. In Fachwerk structures, struc-
tural behavior is largely governed by the interaction be-
tween the timber frame and infill panels, whereas fric-
tion-induced movements at connection interfaces play a 
dominant role in Chuandou systems. In Casa Baraccata 
structures, the interaction between timber framing and 
masonry components is the principal mechanism influ-
encing structural response. 

From a comparative perspective, the contribution of 
infill components to the energy dissipation process ap-
pears to be more pronounced in Hımış and Dhajji Dewari 
systems, while frictional behavior within connection re-
gions plays a more dominant role in Chuandou struc-
tures. The Pombalino system, by contrast, represents a 
relatively balanced interaction between stiffness and 
ductility. 

3.4. IP–OOP behavior and stability 

Among the investigated systems, in-plane (IP) and 
out-of-plane (OOP) responses constitute key parameters 
governing structural stability. While in-plane defor-
mations reflect the energy dissipation capacity of the 
system, out-of-plane behavior plays a critical role in 
maintaining overall stability.  

Damage occurring within infill components reduces 
structural stiffness and may consequently weaken out-
of-plane stability. In particular, the loss of infill integrity 
represents a significant factor that may increase the risk 
of wall overturning and out-of-plane collapse. This effect 
appears to be more pronounced in systems where the 
behavioral contribution of infill components is greater, 
whereas it remains relatively limited in systems where 
connection behavior constitutes the dominant response 
mechanism. This observation suggests that the mecha-
nisms governing structural stability vary according to 
the structural configuration of the system. 

 

4. Discussion 

The “first seismic defense line” concept proposed in 
this study should not be interpreted as a structural iso-
lation mechanism. Under seismic loading, the timber 
structural frame, infill components, and connection re-
gions act together in accordance with the principle of 
displacement compatibility. Within this context, the con-
cept is considered a conceptual interpretative frame-
work describing the dominant contribution of secondary 
components during the early stages of the energy dissi-
pation process. 

The findings indicate that traditional timber-framed 
systems developed in different geographical regions ex-
hibit similar fundamental behavioral principles under 
seismic loading. In these systems, energy dissipation oc-
curs through the interactive deformation behavior be-
tween the primary structural frame and the infill and 

connection components. This observation suggests that 
the concept of the “first seismic defense line” may assist 
in explaining the comparable behavioral tendencies ob-
served across different structural systems. Experimental 
and numerical studies reported in the literature also 
support this conceptual interpretation. In Chuandou 
structures, a significant portion of energy dissipation has 
been attributed to friction and micro-deformations oc-
curring at connection interfaces (Li et al. 2025). It is well 
established that neglecting frictional effects in analytical 
models may lead to substantial inaccuracies (Follesa et 
al. 2011). Similarly, the damping capacity observed in 
Hımış systems highlights the critical role of frame–infill 
interaction (Gani et al. 2021). Collectively, these findings 
indicate that energy dissipation is strongly associated 
with multi-component interaction mechanisms. 

All investigated systems exhibit hybrid structural be-
havior, in which the interaction among infill elements, 
connection regions, and the structural frame constitutes 
one of the principal factors governing system perfor-
mance. Consequently, the systems were evaluated ac-
cording to the dominant behavioral tendencies reported 
in the literature rather than through rigid structural clas-
sifications. From the perspective of ductility, notable dif-
ferences can be observed among the systems investi-
gated. Pombalino structures exhibit a balanced struc-
tural response characterized by controlled deformation 
capacity (Poletti and Vasconcelos 2015), indicating that 
ductile behavior is substantially influenced by connec-
tion details. In this study, infill elements are considered 
not only as potential sources of structural weakness but 
also as active contributors to the energy dissipation pro-
cess. In particular, the cellular configuration observed in 
Dhajji Dewari systems and the frame–infill interaction 
characteristic of Hımış structures contribute to a more 
controlled distribution of damage throughout the sys-
tem (Ozdemir 2025).  

The interaction between in-plane (IP) and out-of-
plane (OOP) behavior represents one of the key factors 
influencing the structural response of traditional timber-
framed systems. Damage and loss of integrity within in-
fill components may reduce wall stability and adversely 
affect out-of-plane behavior (Li et al 2025). In this con-
text, in-plane damage may be interpreted not only as a 
deterioration process but also as one of the early stages 
of the energy dissipation mechanism. Nevertheless, the 
available literature does not provide the same level of 
detail and coverage regarding out-of-plane behavior for 
all investigated systems. Therefore, the interpretations 
presented herein are based on a comparative assess-
ment of behavioral tendencies reported in the literature 
rather than on standardized performance comparisons. 

Topographical conditions also play an important role 
in structural response. Variations in column heights on 
sloping terrain may induce torsional effects and promote 
the concentration of damage in specific regions (Pan et 
al. 2023). Such conditions may disrupt the uniform dis-
tribution of seismic demands and increase the sensitivity 
of connection regions. 

Material selection constitutes another important fac-
tor influencing energy dissipation behavior. While adobe 
infill may provide greater energy dissipation capacity, 
stone infill generally exhibits a stiffer but more brittle re-
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sponse (Ozdemir 2025). This finding emphasizes the im-
portance of considering infill materials as integral com-
ponents of controlled damage mechanisms. 

The integration of traditional systems into modern 
engineering practice demonstrates that these principles 
are compatible with contemporary design approaches 
(Qi et al. 2023). In this regard, the findings suggest that 
the interaction-based energy dissipation mechanisms 
observed between secondary components and the pri-
mary structural frame are broadly consistent with the 
capacity design philosophy defined in Eurocode 8. These 
mechanisms are also compatible with the principles of 
performance-based seismic design adopted in modern 
earthquake engineering practice (Eurocode 8 2004). 
Furthermore, experimental studies have shown that tra-
ditional timber structures may exhibit higher damping 
capacity than modern rigid systems due to frictional and 
embedment effects developing between structural com-
ponents (Xie et al. 2019). 

From a comparative perspective, the contribution of 
infill elements to the energy dissipation process appears 
to be more pronounced in Hımış and Dhajji Dewari sys-
tems, whereas frictional and micro-slip mechanisms at 
connection regions play a more dominant role in 
Chuandou structures. The Pombalino system represents 
a balanced interaction between stiffness and ductility, 
while the behavior of Fachwerk structures is governed 
primarily by frame–infill interaction and the response of 
Casa Baraccata systems is shaped by the integrated ac-
tion of timber and masonry components. 

This study extends the existing literature, which has 
largely focused on individual structural systems, by 
providing an integrated comparative framework encom-
passing multiple traditional systems from different re-
gions. Whereas previous studies have generally exam-
ined specific structural typologies, the present research 
evaluates similarities and differences across systems 
simultaneously and suggests that energy dissipation and 
damage development mechanisms may be interpreted 
within a common behavioral framework. In this respect, 
the study contributes to the integration of fragmented 
knowledge into a comprehensive analytical perspective. 

Overall, although the investigated systems differ in 
terms of structural configuration, they share a common 
performance-oriented approach characterized by con-
trolled energy dissipation and ductile response. Inter-
preting this behavior through the concept of the “first 
seismic defense line” provides a new perspective for un-
derstanding traditional structural systems within the 
context of earthquake engineering. 

 

5. Conclusions 

This study presented a comparative analysis of tradi-
tional timber-framed structural systems developed in 
different regions with respect to their seismic behavior. 
The findings indicate that, despite differences in con-
struction traditions, these systems exhibit comparable 
energy dissipation processes and damage distribution 
mechanisms under seismic loading. 

The analyses suggest that energy dissipation is 
achieved through multi-component interaction involve-

ing infill elements, connection details, and the primary 
structural frame. The controlled concentration of dam-
age within specific components enables these systems to 
develop ductile behavior rather than experiencing brit-
tle failure. Seismic performance indicators and behav-
ioral observations reported in the literature support the 
comparative interpretation of behavioral tendencies ob-
served across different studies. 

The present study further suggests that this common 
behavioral pattern may be interpreted through the con-
cept of the “first seismic defense line”. This concept is 
proposed as a conceptual framework for understanding 
the behavioral contribution of secondary components 
during the energy dissipation process under seismic 
loading. The observation of similar behavioral tenden-
cies in systems developed across different geographical 
regions suggests that traditional construction practices 
may share common underlying behavioral principles. 

At the same time, notable differences were identified 
among the investigated systems. While infill components 
appear to play a more pronounced role in the energy dis-
sipation process of Hımış and Dhajji Dewari structures, 
frictional and micro-slip mechanisms at connection re-
gions are more influential in Chuandou systems. The 
Pombalino system represents a balanced interaction be-
tween stiffness and ductility, whereas the behavior of 
Fachwerk structures is governed primarily by frame–in-
fill interaction and that of Casa Baraccata systems by the 
integrated action of timber and masonry components. 
These observations suggest that different structural 
strategies may lead to similar behavioral tendencies and 
energy dissipation mechanisms. The findings also high-
light the critical role of connection details in the seismic 
response of traditional timber-framed systems. In par-
ticular, the stiffness, frictional characteristics, and defor-
mation capacity of connection regions directly influence 
both energy dissipation processes and damage distribu-
tion patterns. Consequently, connections should be re-
garded not only as joining elements but also as active 
components governing overall structural performance. 

The presence of similar behavioral principles in sys-
tems developed under different geographical conditions 
suggests that fundamental earthquake-resistant solu-
tions emerged through empirical knowledge and accu-
mulated construction experience. In this respect, tradi-
tional structural systems should be considered not only 
as elements of cultural heritage but also as valuable 
sources of engineering knowledge for performance-ori-
ented design. 

Overall, traditional timber-framed systems offer sig-
nificant seismic advantages due to their low mass, high 
deformation capacity, and effective energy dissipation 
characteristics. These attributes provide valuable princi-
ples that may inform contemporary structural design. 
Integrating the behavioral principles observed in tradi-
tional systems with modern engineering approaches 
may contribute to the development of safer and more 
performance-oriented structures. Nevertheless, because 
the studies reviewed in this research differ in terms of 
experimental methodologies, scales, boundary condi-
tions, and analytical approaches, the findings should not 
be interpreted as standardized quantitative perfor-
mance comparisons. Rather, they should be regarded as 



 Arslan / Challenge Journal of Structural Mechanics (2026) 12(3) 194–204 203 

 

a conceptual interpretation of behavioral tendencies and 
common structural mechanisms reported in the litera-
ture. 

An additional advantage of traditional timber-framed 
systems is that damage is often concentrated within spe-
cific components that can be repaired or replaced. How-
ever, the long-term performance of timber structures de-
pends on addressing durability-related issues such as bi-
ological deterioration, moisture exposure, and environ-
mental weathering. Therefore, maintenance, durability, 
and repair strategies should be considered alongside 
seismic performance when evaluating the long-term sus-
tainability of these systems. 

Future research should focus on examining the pro-
posed “first seismic defense line” concept through exper-
imental validation and advanced numerical modeling. 
Furthermore, investigating the integration of traditional 
structural principles with modern materials and hybrid 
structural systems may provide new directions for 
earthquake-resistant design. 
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