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Abstract

Historical buildings are part of urban identity and cultural heritage. Ttirkiye has a rich stock
of timber buildings, many of which were constructed using hybrid systems combining tim-
ber framing and masonry. In Tiirkiye, preserving timber buildings with heritage value for
future generations requires enhancing their seismic resilience. This study investigates the
structural condition and seismic performance of two traditional timber-framed residential
buildings in Tekirdag and evaluates an intervention approach for improving their global
seismic response while preserving their architectural characteristics. Field investigations
documented existing structural systems and damages. The selected buildings, representing
different physical conditions, were modelled and analysed in accordance with the Turkish
Building Earthquake Code (TBEC-2018). The seismic response of the structures was evalu-
ated primarily through their natural vibration periods and maximum roof displacements.
Based on the identified deficiencies, steel diagonal bracing was proposed at each floor level
to enhance lateral stiffness and in-plane floor action. The proposed retrofitting approach re-
duced the natural vibration periods and roof displacements by an average of 20% and 36%,
respectively, indicating a significant improvement in seismic performance. The findings
demonstrate that this approach can provide an effective retrofitting strategy for traditional
timber buildings while maintaining their architectural functions and heritage values.

Keywords: traditional timber buildings; heritage structures; seismic assessment; seismic
retrofitting; steel bracing; timber-masonry hybrid structures; Tekirdag

1. Introduction

Tekirdag was among the early Ottoman settlements in Rumelia. Its proximity to
Istanbul and access to maritime routes contributed to its historical military and commercial
importance [1,2]. The city retains a rich architectural and cultural heritage.

Timber has been widely used in Anatolia for centuries because it is readily available
and easy to work with [3,4]. Its renewable and recyclable properties also make it relevant
to sustainable construction. Examples of timber-framed residential buildings in Ttirkiye
date back to the 17th century, and this construction technique remained widespread until
the early 20th century [5,6].
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Traditional residential buildings in Tiirkiye reflect the architectural, social, and con-
struction practices of their periods. Their materials and construction techniques vary with
regional climatic conditions [7]. Timber structural systems also differ according to local
building traditions and carpentry practices [8].

Many traditional buildings in Tekirdag combine timber framing with masonry con-
struction. Late Ottoman timber-framed houses are an important part of the region’s
residential architectural heritage [9]. Their scale, proportions, and architectural features
contribute to the character of the historic urban setting [10]. Figure 1a shows Hungarian
(Macar) Street in an image from the 1883 Beszédes Archive [11], while Figure 1b shows the

city from the coast in the early 20th century [12].

Figure 1. Historical view of Tekirdag: (a) Hungarian Street, Beszédes archive [11]. (b) General view
of the city from the coast [12].

Previous studies have investigated the structural behaviour and seismic performance
of traditional timber—-masonry buildings in Tiirkiye, focusing on different masonry materi-
als, timber load-bearing systems, and connection details. These studies have examined the
earthquake-resistant characteristics of traditional timber and masonry dwellings, the struc-
tural interaction between stone masonry ground floors and timber-framed upper storeys,
and the influence of different timber framing arrangements on building behaviour [13-15].
Furthermore, the effects of timber connection properties on the seismic response of tra-
ditional timber frames incorporating different masonry infill materials, including brick,
adobe, and stone, have also been investigated [16,17]. Similar traditional timber-masonry
construction systems have been studied in Italy, particularly the Baraccato system, with
emphasis on structural configurations, construction techniques, and the conservation of
historic buildings [18,19]. Overall, these studies highlight the importance of masonry
characteristics, timber framing arrangements, and connection details in evaluating the
structural behaviour of traditional timber-masonry buildings.

The number of these traditional buildings is decreasing day by day due to natural
disasters, earthquakes, fires, urbanisation, changes in social patterns, and insufficient
maintenance and repair. Following the major earthquake that occurred in Tekirdag/Miirefte
and the subsequent fire on 23 August 1912, it is reported that most of the buildings
completely collapsed and the urban fabric was severely damaged [9].

Damage to timber structures under seismic effects can be classified as follows: damage
caused by soil conditions; strength failures due to material deterioration (such as moisture,
fungal decay, insect, and termite effects); inadequate structural design; poor joint detailing;
and excessive horizontal displacements. Similar forms of damage were observed in timber
structures, particularly after the 1999 Kocaeli (My, = 7.4, Mg = 7.8) and Diizce (Mg = 7.3,
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My, =7.1) Earthquakes [20-22]. Typical damages observed in traditional timber structures
during the 1999 earthquakes are illustrated in Figure 2.

(b)

Figure 2. Damages observed in timber structures during the 1999 earthquakes: (a) Excessive horizon-
tal displacement [20]. (b) Damage to timber elements caused by the collapse of infill [5].

Preserving traditional timber buildings in earthquake-prone regions requires struc-
tural assessment and, where necessary, seismic retrofitting. In Tiirkiye, the Turkish Building
Earthquake Code (TBEC-2018) provides the relevant seismic design provisions [23], in-
cluding requirements for timber structures in Section 12. The Regulation on the Design,
Calculation, and Construction Principles of Timber Structures, published on 1 January
2025, also establishes requirements for the design and construction of load-bearing timber
elements and systems [24].

Although steel bracing and diaphragm-based interventions have been widely used in
the seismic retrofitting of existing structures, their application to traditional timber-framed
heritage buildings requires particular consideration because structural intervention must
be balanced with conservation principles [25-30]. The novelty of this study concerns
the integration of a steel bracing strategy into the existing floor systems of traditional
timber-framed buildings. This aims to enhance lateral rigidity while preserving the archi-
tectural layout and structural identity of the buildings. Rather than proposing a traditional
retrofitting solution, the study evaluates the applicability of this intervention through
two existing traditional residential buildings in Tekirdag with different structural and
physical conditions. The comparison between the pre-retrofitting and post-retrofitting
numerical responses provides a quantitative basis for assessing the effectiveness of the
proposed intervention.

The study particularly focuses on the relationship between the existing structural
configuration and the effectiveness of the proposed intervention, while considering the con-
servation requirements of traditional heritage buildings [31-34]. The results are intended to
provide a practical framework for evaluating similar timber-masonry heritage structures
exposed to seismic hazards. The contribution of this study is the use of steel wire-rope
bracing within the floor systems of traditional timber-masonry heritage buildings, with
limited intervention in their existing architectural and structural characteristics. The pro-
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posed retrofitting approach is evaluated through two case studies with different structural
conditions to examine its effects on their global seismic response.

The selection of the two case study buildings was based on their representativeness of
the traditional residential building stock in Tekirdag and the differences in their current
conditions. Both buildings reflect the commonly observed combination of timber framing
and masonry construction characteristic of traditional residential architecture in the region.
At the same time, they differ in terms of their current use, occupancy, maintenance history,
and physical condition. The first building is currently abandoned and has experienced
prolonged neglect, resulting in more evident deterioration, whereas the second building
has been restored and remains in active use. Therefore, the two buildings provide com-
plementary case studies for examining how differences in existing condition and use may
influence seismic response and the requirements for seismic retrofitting.

2. Structural System of Two Existing Timber Structures

This study focuses on case studies of timber-framed residential buildings in Tekirdag,
Tiirkiye. Case Study 1, representative of typical structures in the Thrace region, consists
of a stone masonry ground floor with timber-framed upper storeys, whereas Case Study
2 features a hybrid structural system combining brick masonry and timber framing.

2.1. Case Study 1

The building was constructed with a timber-frame system over a rubble-stone masonry
ground floor (Figure 3a). Today, it stands abandoned and neglected. Since it has no
inscription, the date of its construction remains unknown. The original texture of the
rubble-stone walls on the ground floor is exposed in places due to plaster deterioration.
The stone sizes vary, with mortar thicknesses typically ranging from 3 to 5 cm. Above
approximately 50 cm of rubble-stone masonry, two courses of brick masonry were observed.
The timber frame posts are placed on a masonry wall made of rubble stone at the ground
floor and foundation level. The masonry is coated with a plaster layer approximately
3~4 cm thick, which is believed to be lime-based to give the appearance of ashlar stone.
The rubble-stone masonry is shown in Figure 3b.

(b)

Figure 3. Case Study 1: (a) General view of the structure. (b) Rubble stone masonry wall.
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Timber beams are visible below the window level on the first floor. The ground floor
has a separate entrance. The first floor is about 1.70 m higher than the basement floor, has a
separate entrance, and is accessed by a staircase. Horizontal timber cladding is used on the
facades of the first and second floors, each with a height of 15 cm. On the front facade of
the second floor, a partial cantilever of about 70 cm is observed. The cantilevered design
serves several purposes. Primarily, it protects the walls of the lower floor from the effects
of rain and weather. Furthermore, these elements help reduce the bending moments that
may occur in the main structural members by providing a more balanced load distribution.
There are three buttresses on each facade, two of which are damaged and non-functional.
The timber, iron struts, and cantilevers are shown in Figure 4.

Figure 4. The timber, iron struts, and cantilevers of the building.

As illustrated in Figure 5a, the rubble-stone masonry walls support the upper tim-
ber framing through a continuous horizontal timber transfer beam. The timber posts,
beams, and diagonal braces are arranged above this beam, which provides the interface for
transferring loads from the timber framing to the underlying masonry walls.
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Figure 5. Case Study 1: (a) Structural system design [35]. (b) Entrance to the building.

In Tekirdag, oak is typically used due to its durability and availability in the region
for these timber elements [36]. The main posts are approximately 30 cm thick, as observed
through the facade cladding near the entrance (Figure 5b). Timber beams are arranged
horizontally at regular intervals. The secondary beams, approximately 15 cm in height, are
supported by the main beams at 40 cm intervals.

Vertical loads are carried by horizontally arranged elements such as slabs and beams
to the timber posts, which transfer the loads to the rubble-stone masonry walls and subse-
quently to the foundations. During earthquakes, the seismic forces acting on the building’s
centre of gravity are transmitted through these horizontal elements to the vertical posts,
depending on their bending stiffness. While all structural elements contribute to load trans-
fer, the performance of vertical elements is particularly critical for the building’s overall
stability and survival.

The timber elements in the building exhibit various forms of deterioration, primarily
associated with prolonged neglect and inadequate maintenance. Discoloration, including
darkening and whitish surface changes, as well as localized breakage, was observed in
timber elements throughout the building. In areas close to the roof, water leakage has
caused moisture-related deterioration and visible mould growth. Furthermore, portions
of the timber fascia boards and roof boarding beneath the tiles are missing, leaving some
roof rafters exposed. Partial loss of the exterior timber cladding has also exposed sections
of the underlying structural framework. Based on these observations, the deterioration is
considered to be mainly associated with insufficient maintenance and prolonged exposure
to environmental conditions.

2.2. Case Study 2

The building, located in Tekirdag, was constructed at an unknown date and was
restored in 2015. The structure combines brick masonry walls with a timber-frame system
and comprises a ground floor, three standard storeys, and an attic floor, with a total height
of h = 14.55 m. The ground floor of the building is used for commercial purposes and has a
floor height of h = 2.95 m. The thicknesses of the brick walls are 60 cm, 50 cm, and 28 cm,
decreasing towards the upper floors. The ground floor layout and cross-sections of the
timber-framed building are illustrated in Figure 6.
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Figure 6. Case Study 2: (a) Ground floor layout. (b) Cross-sections of the timber-framed building.

Unlike Case Study 1, the timber floor beams in Case Study 2 are supported directly by
the brick masonry walls through openings provided within the walls. This arrangement
allows loads from the timber floor system to be transferred to the masonry walls at the beam
supports, creating a different timber-masonry interaction mechanism from that observed
in Case Study 1.

Other buildings are contiguous to both the right and left sides of the structure. Starting
from the second floor, the front facade features partial cantilevers, each approximately 1m
long, which are supported by timber struts. The building facade is composed of timber
cladding approximately 20 cm wide and painted white. The window and door frames
are also made of timber. The general view of the building is shown in Figure 7a. Due to
the commercial occupancy of the ground floor, the timber flooring system is supported
by columns and beams composed of two UPN-140 steel profiles in the intermediate spans
(Figure 7b).

Figure 7. Case Study 2: (a) General view of the structure. (b) Steel columns and beams.

In the building, most of the timber structural elements are concealed beneath interior
and exterior finishes. Therefore, no visible deterioration was identified in the accessi-
ble timber elements during the visual inspection. However, the concealed condition of
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most structural members limited the assessment of their conservation state, and potential
deterioration within the covered sections could not be evaluated.

3. Seismic Performance Analysis per TBEC-2018

As the structures are located in close proximity to each other, they can be considered to
be subject to similar seismic loads. The region’s seismic hazard levels have been redefined
with the updated earthquake regulations. Figure 8 shows the coordinates of the existing
structures in the seismic hazard map of Ttirkiye.

Czm

AFAD Turkey Earthquake Hazard Map

Edirne

/] )

Figure 8. Tiirkiye’s seismic hazard map showing the coordinates of the buildings [37].

According to the AFAD Turkey Earthquake Hazard Map Interactive Web Applica-
tion [37], for the specified soil type (ZD—tight layers of sand, gravel, or very stiff clay) and
the coordinates of the buildings, the peak ground acceleration (PGA) was determined to
be 0.410 g (DD-2, with a 10% probability of exceedance in 50 years, corresponding to a
return period of 475 years). The Short Period Map Spectral Acceleration Coefficient (Ss),
the Map Spectral Acceleration Coefficient for 1.0 s period (S1), the Short-Period Design
Spectral Acceleration Coefficient (Spg), the Design Spectral Acceleration Coefficient for 1.0
s period (Spy), and the Peak Ground Acceleration (PGA) are determined and presented in
Table 1. All analyses were carried out with these acceleration values. Also, the peak ground
velocity (PGV) is taken to be 26.045 cm/s.

Table 1. Spectral acceleration coefficients and peak ground acceleration (PGA) for the DD-2 earth-
quake ground motion level.

Ground Motion Level Ss S1 Sps Sp1 PGA
DD-2 1.007 0.278 1.105 0.568 0.410

Based on the on-site structural survey as well as the obtained material and geotechnical
data, the buildings are modelled in 3D using SAP2000 [38]. All structural elements are
represented with their existing dimensions. A damping ratio of 5% is assumed in the
analyses. Structural analyses are conducted in both principal directions, considering all
relevant load combinations proposed in the code. Snow load and live loads are defined.
Figure 9 shows the generated 3D models in SAP2000.
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Figure 9. Three-dimensional analysis models of the building: (a) Case Study 1. (b) Case Study 2.

In the numerical models, structural timber framing elements were represented using
frame elements, while masonry walls were modelled using shell elements. In Case Study
1, the rubble-stone masonry walls were modelled as the supporting structure beneath the
upper timber framing, whereas in Case Study 2, brick masonry walls were modelled in in-
teraction with the timber floor beams. At the timber-masonry interfaces, the timber beams
were segmented to match the masonry wall mesh, and displacement compatibility between
the frame and shell elements was established through appropriate edge constraints. Consid-
ering the characteristics of traditional timber-to-timber connections, these connections were
idealized as pinned joints. The structures were modelled with fixed-base boundary condi-
tions. The existing timber floor systems were represented using frame elements without
imposing rigid-diaphragm constraints, allowing in-plane deformations to be considered
in the global structural response. This modelling approach provides a simplified repre-
sentation of the interaction between timber framing and masonry components, without
explicitly accounting for local sliding, separation, or nonlinear connection behaviour.

According to TBEC-2018, the building importance factor was taken as I = 1.0 for
residential buildings. The structural system behaviour factor was considered to be R =2.5,
and the overstrength factor was defined as D = 1.5, consistent with the traditional timber-
framed structural systems outlined in the code.

Material mechanical properties for regional oak timber elements and masonry compo-
nents were assigned based on relevant literature and historical regional characterization.
Values were adopted from literature because destructive material testing was not permitted
due to the heritage character of the buildings.

The compressive strength of the solid brick was taken as 3.75 MPa, while its tensile
strength was 0.32 & 0.10 MPa. The splitting shear strength of the brick was determined as
0.60 £ 0.15 MPa, and the tensile or shear strength corresponding to the elastic limit was
taken as 0.09 MPa [39]. For the natural stone, the elastic modulus was considered within
the range of 13,000-50,000 MPa, while its tensile strength was taken as 2.0-4.0 MPa [40].
For oak timber, the compressive and tensile strengths parallel to the grain were taken as
61.05 MPa and 36.61 MPa, respectively [36].

The natural vibration periods and maximum roof displacements provide important
information about buildings” structural performance, and the results are summarised in
Table 2. For Case Study 1, the first natural vibration periods were calculated as 0.240 s and
0.310 s in the X and Y directions, respectively. For Case Study 2, these values were found to
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be 0.482 s and 0.210 s, respectively. The longer period observed in the X direction of Case
Study 2 can be attributed to the absence of brick masonry walls along that axis.

Table 2. The natural vibration periods and maximum roof displacements.

The Natural The Natural Maximum Roof Maximum Roof

Timber Vibration Vibration . .
. . Displacements = Displacements
Structure Periods Periods X (cm) Y (cm)
X (s) Y (s)
Case 1 0.240 0.310 0.98 1.36
Case 2 0.482 0.210 3.29 0.13

The strain distributions observed in rubble stone walls and brick walls were checked
as a result of the analyses performed. The maximum strains observed remain below the
capacity of the stone and brick walls. Nevertheless, these results should be verified through
detailed material characterization.

4. Retrofitting Proposals for Buildings

For the two case studies, steel diagonal bracing is proposed at each floor level to en-
hance in-plane floor action and improve lateral load transfer between the existing structural
elements. The diagonal steel wire ropes provide an additional load-transfer mechanism
within the floor planes by resisting tensile forces under lateral loading. This approach is pro-
posed to improve the distribution of seismic forces between the existing structural elements.
Depending on the condition of the structures, steel braces can also be substituted with
timber braces, and this alternative may likewise be considered for other buildings. When
implemented without altering the architectural layout of traditional historic buildings,
these measures can significantly improve their seismic performance. Figure 10 illustrates an
example of steel bracing installed within the floor system of a historic structure in Istanbul
to improve in-plane floor action.

Steel Brace

El
¥
2

}
L

/P

Figure 10. Example of steel bracing used to enhance in-plane floor action in a historic structure (Prof.
Dr. O. C. Celik archive).

From a conservation and heritage preservation perspective, the proposed horizontal
steel bracing respects the fundamental conservation principles of minimal intervention and
reversibility. The steel cross-ties are designed to be installed beneath the existing elements
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without disturbing the visible exterior facades or the interior wall framing. Because the
mechanical anchorages and connecting plates can be disassembled or replaced in the
future without causing irreversible damage to the authentic timber pattern, the structural
resilience is enhanced while preserving the original spatial and architectural identity of the
buildings.

Figure 11a presents the braces in the slab system of the structural model for Case Study
1, while Figure 11b shows the proposed steel brace layout for each room in Case Study 2.

1232
177 4 1054

1 -
 idisiistEes

| s
915

1246

1. FLOOR LAYOUT
(b)

Figure 11. The seismic retrofitting approach for timber buildings: (a) Retrofitted structural model
(SAP2000) of Case Study 1. (b) Proposed steel brace layout for Case Study 2.

The proposed diagonal bracing system consists of galvanized steel wire ropes with a
nominal diameter of 12 mm. The individual steel wires have a nominal tensile strength of
1960 MPa. The specified minimum breaking load of the wire rope is 101 kN, with an actual
breaking load of 105 kN.

In the numerical models, the proposed steel wire ropes were represented in SAP2000
as pin-ended, tension-only axial elements, allowing them to resist tensile forces without
contributing to compressive resistance. No initial pretension was assigned to the wire
ropes in the numerical analysis. The maximum tensile forces developed in the ropes under
seismic loading were evaluated against their specified minimum breaking capacity to assess
the tensile capacity of the proposed bracing elements.

The wire ropes are arranged diagonally within the floor planes to provide an additional
in-plane load-transfer mechanism, enhance in-plane floor action, and improve the global
lateral stiffness of the existing timber-masonry structural system. The use of wire-rope
bracing was considered compatible with the conservation approach of the study because
it allows the seismic intervention to be introduced with limited alteration to the existing
architectural and structural design.

The proposed anchorage system consists of steel clamps placed around the existing
timber elements and tightened from two sides. The diagonal steel wire ropes are connected
to these steel clamps without drilling or anchoring directly into the timber elements. This
connection approach is intended to minimize intervention in the original timber structure
and allow the steel components to be removed when necessary.

The natural vibration periods and maximum roof displacements of the structures were
examined following the proposed retrofitting approach. The results obtained from the
existing and retrofitted numerical models are compared in Tables 3 and 4.

https:/ /doi.org/10.3390/buildings16214202
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Table 3. Comparison of natural vibration periods before and after the proposed retrofitting approach.

Timber S E.xisti.ng Re‘troﬁfted Reduction
Structure Direction Vibration Vibration (%)
Periods (s) Periods (s)
Case 1 X 0.240 0.177 26.3
Case 1 Y 0.310 0.280 9.7
Case 2 X 0.482 0.362 249
Case 2 Y 0.210 0.169 19.5

Table 4. Comparison of maximum roof displacements before and after the proposed
retrofitting approach.

Existing Retrofitted

Timber Direction Maximum Roof Maximum Reduction

Structure Displacement  Roof Displacement (%)
(cm) (cm)

Case 1 X 0.98 0.48 51.0

Case 1 Y 1.36 0.86 36.8

Case 2 X 3.29 1.94 41.0

Case 2 Y 0.13 0.11 154

As shown in Table 3, the introduction of floor-level diagonal steel wire-rope bracing
increased the global lateral stiffness of both structures, resulting in an average reduction of
approximately 20% in the natural vibration periods. Following the evaluation of dynamic
periods, the maximum roof displacements obtained before and after the retrofitting are
compared in Table 4.

Similarly, the maximum roof displacements decreased by an average of approximately
36% (reaching up to 51.0% in the X direction for Case Study 1 and 41.0% for Case Study 2).
Overall, the numerical results indicate that the proposed retrofitting method improved the
global elastic seismic response of the buildings, as reflected by the consistent reductions in
both natural vibration periods and maximum roof displacements.

Limitations of the Numerical Assessment

The numerical assessment presented in this study has several limitations that should
be acknowledged. First, the mechanical properties of the existing timber and masonry
components were primarily defined based on available literature and regional material
data, since comprehensive destructive testing was not feasible for the investigated heritage
buildings. Although visible deterioration was observed in timber elements, particularly
in Case Study 1, no reductions in cross-sectional dimensions or mechanical properties
were applied in the numerical models, as the extent of deterioration could not be quantita-
tively determined. Second, the numerical models represent the existing structures using
idealized structural elements and do not fully reproduce all uncertainties associated with
timber-to-timber and timber-to-masonry connections. In particular, the actual stiffness
and slip characteristics of traditional connections may influence the global lateral response.
Third, the assessment focuses primarily on the global elastic response of the buildings,
including natural vibration periods and roof displacements. Nonlinear damage mecha-
nisms, progressive connection failure, and local crushing were not simulated. Therefore,
the reported reductions should be interpreted as an indication of the effectiveness of the
proposed intervention at the global structural level rather than as a complete prediction of
post-earthquake damage.

https:/ /doi.org/10.3390/buildings16214202
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5. Discussion

The numerical results indicate that the effectiveness of the proposed retrofit is closely
related to the existing stiffness distribution and structural configuration of each building.
In Case Study 1, the reductions in roof displacement are particularly pronounced in the
X direction, where the proposed floor-level bracing provides an additional lateral load-
transfer mechanism. The response of Case Study 2 is more direction-dependent, particularly
because of the limited presence of masonry walls along the X direction. This results in a
relatively longer natural vibration period in the existing condition and demonstrates the
sensitivity of traditional hybrid timber-masonry buildings to the distribution of infill walls
and openings.

The comparison between the two case studies also indicates that the same retrofit
concept does not necessarily produce identical improvements in all directions. Rather,
its effectiveness depends on the existing structural configuration, stiffness distribution,
and condition of the load-bearing elements. This finding is particularly relevant for her-
itage buildings, for which standardized retrofitting schemes may result in unnecessary
intervention or undesirable alterations to the original architectural design.

Previous studies have investigated different retrofitting methods for historic tim-
ber and masonry structures, including timber-based improvements to timber floor sys-
tems [25-27], the use of steel wire ropes in masonry walls [28], and steel connections for
historic timber structures [29,30]. In comparison, the present study focuses on applying
diagonal steel wire ropes directly within the floor planes of traditional timber-masonry
buildings, enhancing in-plane floor action with minimal intervention in the existing struc-
tural elements. The proposed approach was evaluated through two case studies with
different structural conditions, and the results demonstrated consistent improvements in
their global elastic seismic response.

From a conservation perspective, the proposed intervention provides an alternative
to extensive replacement of existing timber members or modification of the architectural
layout. The steel bracing is introduced primarily within the floor and structural layout,
allowing the existing facade arrangement, room configuration, and principal architectural
elements to remain unchanged. The use of mechanically connected steel components
also provides the potential for future removal or replacement with limited intervention
in the original fabric. Therefore, the proposed approach should be considered not only in
terms of its numerical reduction in displacement but also in terms of intervention intensity,
reversibility, and compatibility with the existing heritage character.

6. Conclusions

Most traditional buildings in Tekirdag were built using a hybrid construction method
combining timber framing and masonry. While some buildings undergo comprehensive
restoration, many remain abandoned. In Tiirkiye, where most of the country is located in
earthquake-prone regions, it is possible to preserve timber-framed residential buildings of
cultural heritage value for future generations while improving their seismic resilience.

Within the scope of this study, the performance of two timber structures in Tekirdag
was examined. The buildings were selected based on their differing conditions, and detailed
damage analyses were conducted. The first structure had been neglected for an extended
period, resulting in more pronounced deterioration due to environmental exposure. In
contrast, the second structure had recently undergone extensive restoration and was in
better condition. However, the large door and window openings on the ground floor,
created for commercial use, negatively affect the building’s seismic performance.

The existing structural response was evaluated primarily in terms of natural vibration
periods and maximum roof displacements. The results demonstrated that the two buildings
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exhibit distinctly different directional responses. In particular, Case Study 2 showed a
considerably longer natural vibration period in the X direction (0.482 s) than in the Y
direction (0.210 s), which is associated with the limited presence of masonry walls along
the X direction.

Based on the identified deficiencies, a steel cross-bracing system was introduced within
the floor planes of both buildings. The proposed retrofitting with steel diagonal bracing
enhanced in-plane floor action and improved the global lateral stiffness of the structures.
The retrofit configuration was selected with particular consideration of the architectural and
heritage characteristics of the buildings, with the objective of improving seismic response
without altering the existing spatial organization and principal architectural features.

The comparison between the existing and retrofitted numerical models demonstrated
a consistent reduction in the natural vibration periods of both buildings. For Case Study
1, the natural vibration periods decreased from 0.240 s to 0.177 s in the X direction and
from 0.310 s to 0.280 s in the Y direction, corresponding to reductions of 26.3% and 9.7%,
respectively. For Case Study 2, the corresponding reductions were from 0.482 s to 0.362 s in
the X direction and from 0.210 s to 0.169 s in the Y direction, corresponding to reductions of
24.9% and 19.5%, respectively. Considering the four direction-specific comparisons, the
average reduction in natural vibration period was approximately 20.1%.

A more pronounced improvement was observed in the maximum roof displacements.
For Case Study 1, the maximum roof displacement decreased from 0.98 cm to 0.48 cm in
the X direction and from 1.36 cm to 0.86 cm in the Y direction, corresponding to reductions
of 51.0% and 36.8%, respectively. For Case Study 2, the corresponding reductions were
from 3.29 cm to 1.94 cm in the X direction and from 0.13 cm to 0.11 ¢m in the Y direction,
corresponding to reductions of 41.0% and 15.4%, respectively. The average reduction calcu-
lated from these four direction-specific comparisons was approximately 36.0%, while the
maximum reduction reached 51.0% in the X direction of Case Study 1. These results indicate
that the proposed intervention can substantially reduce the global lateral displacement
demand of the investigated buildings.

The findings of this study demonstrate that the seismic assessment of traditional
timber-framed buildings should consider not only their global dynamic characteristics but
also the interaction between timber framing, masonry components, floor systems, and
the condition of the existing building. The proposed steel cross-bracing system provides
a practical retrofit concept for improving the global lateral response of the investigated
buildings while maintaining their architectural functions.

Future studies should therefore combine detailed in situ material characterization,
dynamic measurements, and experimental investigation of representative timber connec-
tions with nonlinear numerical modelling. Nevertheless, the present study provides a
quantitative case-based assessment of a minimally invasive retrofit strategy and contributes
to the development of seismic intervention approaches for traditional timber-masonry
heritage buildings in earthquake-prone regions.
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