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A B S T R A C T 

This study investigates the seismic performance of traditional timber-framed (hımış) 

structures incorporating different types of infill materials through advanced nonlin-

ear finite element modeling. Timber-infilled walls represent a widely used hybrid 

construction typology in seismic regions, where the interaction between the ductile 

timber frame and brittle infill materials critically influences structural behavior. Four 

configurations are analyzed: (1) Timber frame with adobe (mudbrick) infill; (2) Tim-

ber frame with fired clay brick infill; (3) Timber frame with natural rubble stone in-

fill; and (4) Bare timber frame. A series of three-dimensional pushover analyses are 

conducted using ANSYS Workbench, where all materials are modeled using Multilin-

ear Isotropic Hardening plasticity, including contact-based interface definitions and 

geometric nonlinearity. The mechanical behavior of each wall system is interpreted 

based on key seismic performance indicators, including initial lateral stiffness, base 

shear capacity, effective displacement ductility, and energy dissipation. Results show 

that while infill materials significantly increase the lateral strength and stiffness of 

the wall systems, they also introduce varying degrees of brittleness and reduced duc-

tility. These findings emphasize the critical role of infill type in the seismic response 

of timber-framed walls and highlight the importance of understanding frame–infill 

interaction for the assessment and retrofitting of traditional building stock in earth-

quake-prone regions. 
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1. Introduction 

Timber-framed structures with infill panels—locally 
known as hımış in Türkiye—represent a significant seg-
ment of the world’s vernacular architectural heritage. 
These hybrid systems, consisting of a load-bearing tim-
ber skeleton and non-structural infill walls made from 
masonry, adobe, stone, or other locally sourced materi-
als, have been used for centuries across a wide variety of 
climatic, topographic, and seismic regions. Their preva-
lence is not limited to Anatolia but extends across Eu-
rope, Asia, and the Americas, reflecting a universal archi-
tectural response to the need for affordable, adaptable, 
and earthquake-resistant housing. 

Timber-framed structures outperform unreinforced 
masonry buildings during earthquakes primarily due to 
their light weight, ductile joints, and ability to dissipate 
seismic energy through controlled deformations. In con-
trast, masonry walls are typically heavier and brittle, 
failing suddenly once their limited tensile strength is ex-
ceeded. This fundamental difference explains why 
properly constructed hımış systems have repeatedly 
shown superior survival rates in past earthquakes. In 
Europe, these systems are widely known under different 
names: Fachwerk in Germany, Colombage in France, 
Half-timbering in the United Kingdom, and Pruga or 
bondruk in the Balkans. Each term denotes a variation of 
the same core principle: a flexible timber frame, often 
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filled with clay bricks, wattle and daub, or rubble stone. 
In Asia, similar typologies exist in Japan (minka), Nepal 
and Bhutan (traditional dzong buildings), and in the In-
dian subcontinent under the term dhajji dewari, particu-
larly in the Himalayan regions where seismicity is high 
(Aktaş 2017). In Latin America, the bahareque and quin-
cha systems in Colombia and Peru, and taipa de mão in 
Brazil, display a comparable structural logic, developed 
through indigenous knowledge systems that combine 
seismic intuition with resource economy (Dima and 
Dutu 2016; Dutu et al. 2018). The global spread of these 
structures’ underscores not only their adaptability to dif-
ferent environments but also their relevance in seismic 
resilience (Fig. 1). From a structural engineering per-
spective, the timber frame provides a flexible yet stable 

skeleton that accommodates lateral deformations dur-
ing seismic events, while the infill materials contribute 
mass and stiffness but may also become sources of vul-
nerability if poorly integrated. In seismic events such as 
the 1999 İzmit Earthquake in Türkiye, the 2005 Kashmir 
Earthquake in Pakistan, the 2015 Gorkha Earthquake in 
Nepal and the 2023 Kahramanmaraş Earthquakes in Tü-
rkiye, observations consistently showed that timber-
framed structures, when properly constructed, per-
formed significantly better than unreinforced masonry 
buildings (Vieux-Champagne  et al. 2014; Qu et al. 2020; 
Tan et al. 2024). Their performance is typically charac-
terized by ductile behavior, energy dissipation through 
joint flexibility, and the ability to localize damage with-
out total collapse.

 

Fig. 1. Examples of the timber-framed structures in the world (Vieux-Champagne et al. 2014).

In addition to their structural role, timber-framed sys-
tems with infill panels also offer notable environmental 
and economic advantages. Locally sourced materials 
such as timber, adobe, rubble stone, and clay brick re-
duce transportation needs and embodied energy, con-
tributing to sustainability. These materials are generally  

low-cost and easily repairable, which historically made 
hımış construction both affordable and resilient. Recent 
studies further underline that the ecological footprint of 
such vernacular materials is significantly lower com-
pared to modern industrial alternatives (Karaman and 
Zeren 2015; Dikmen 2010). 
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2. Structural Behavior of the Timber-Framed 
Structures 

In timber-framed wall systems with diagonal bracing 
and masonry infill, the global lateral stiffness and load-
carrying capacity are governed by a combination of axial 
action in the bracing element, flexural and shear defor-
mation in vertical and horizontal timber members, and 
in-plane compression of the infill panel. Under in-plane 
lateral loading, the braced frame with infill may be ideal-
ized as a statically indeterminate truss-frame system, 
where the diagonal brace primarily carries axial forces 
and the infill behaves as a distributed compression field. 

Assuming the brace is pinned at both ends and ori-
ented at an angle θ, the axial force Nb in the brace due to 
horizontal load P at the top of the wall can be approxi-
mated using equilibrium:  

𝑁𝑏 =
𝑃

2⋅cos 𝜃
 (1) 

where, P is the lateral load (e.g., base shear), θ is the an-
gle between brace and horizontal axis and Nb is the axial 
force in brace. 

This force leads to axial deformation in the brace: 

𝛿𝑏 =
𝑁𝑏⋅𝐿𝑏

𝐴𝑏⋅𝐸𝑏
 (2) 

where, Lb is the length of brace, Ab is the cross-sectional 
area of brace and Eb is the modulus of elasticity of timber.  

The vertical timber elements resist lateral drift 
through bending. For a cantilever model under lateral 
top load P, the tip displacement due to flexure is: 

Δflex =
𝑃⋅ℎ3

3𝐸𝐼
 (3) 

Here, Δflex: Lateral tip displacement due to flexure, P: 
Lateral load applied at the top, h: Height of the column, 
E: Modulus of elasticity of timber, I: Moment of inertia of 
the column cross-section.  

The effective lateral stiffness of the system can be ide-
alized as a parallel spring system: 

𝐾total = 𝐾frame + 𝐾brace + 𝐾infill (4) 

Here, 𝐾frame is the elastic lateral stiffness of the timber 
frame alone, and 𝐾infill,eff is the effective contribution of 
the infill panel, which depends on its geometry, material 
stiffness, and contact with the frame. The frame’s stiff-
ness can be expressed, for a single-story shear wall, as: 

𝐾frame =
12𝐸𝐼

ℎ3  (5) 

Before cracking, the masonry infill panel adds signifi-
cant stiffness through its in-plane shear and diagonal 
compression. The initial stiffness of the panel can be ap-
proximated using its shear modulus Gm, thickness t, 
height h, and width b: 

𝐾infill =
𝐺𝑚⋅𝑡⋅𝑏

ℎ
 (6) 

𝐾brace =
𝐴𝑏⋅𝐸𝑏

𝐿𝑏
 (7) 

where, Kbrace is the axial stiffness of the diagonal brace, Ab 
is the cross-sectional area of the brace, Eb is the modulus 
of elasticity of timber  and Lb is the length of the brace.  

The lateral resistance from the infill is governed by its 
compressive strut-like behavior during early loading. 
However, this capacity rapidly diminishes due to crack-
ing, which can be captured through nonlinear material 
softening. The energy dissipation potential of the system 
is closely related to the area under the load–displace-
ment curve: 

𝐸𝑑 = ∫ 𝑃(Δ)
Δ𝑢

0
𝑑 (8) 

The ductility ratio μ, which is critical in seismic per-
formance assessment, is defined as: 

𝜇 =
Δ𝑢

Δ𝑦
 (9) 

where Δ𝑦 is the displacement at yield, and Δ𝑢 is the ulti-
mate displacement at 80% of the maximum lateral load. 
Higher values of μ indicate greater deformation capacity 
before collapse. 

Contact behavior at the timber–infill interface is an-
other crucial component. The shear resistance at this in-
terface is a function of the friction coefficient μ and the 
normal contact force N: 

𝐹𝑓 = 𝜇 ⋅ 𝑁 (10) 

This governs the onset of sliding and separation, 
which leads to loss of composite action. Once detach-
ment begins, 𝐾infill reduces significantly, and the system 
behaves similarly to a bare timber frame. 

Therefore, the global seismic behavior of timber-
framed infilled systems can be understood as a multi-
phase response: 
 Elastic phase: Frame and infill behave monolithically 
 Cracking phase: Infill cracks; stiffness decreases 
 Plastic/softening phase: Infill loses load-bearing ca-

pacity; frame dominates 
 Residual phase: Frame sustains remaining loads until 

failure 
 

3. Finite Element Modeling 

This study employs a numerical modeling approach to 
investigate the seismic performance of traditional tim-
ber-framed (hımış) wall systems with various infill ma-
terials under lateral earthquake-type loading. The nu-
merical simulations are conducted in a finite element en-
vironment using ANSYS Workbench, where nonlinear 
static (pushover) analyses are performed on three-di-
mensional wall models. The analysis considers four dif-
ferent wall configurations: (a) A timber frame with 
adobe (mudbrick) infill; (b) A timber frame with fired 
clay brick infill; (c) A timber frame with natural rubble 
stone infill; and (d) A bare timber frame without infill 
(Fig. 2), used as a reference case to isolate the contribu-
tion of infill to the structural behavior. 
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Fig. 2. Different wall configurations: (a) A timber frame with adobe (mudbrick) infill; (b) A timber frame with fired 
clay brick infill; (c) A timber frame with natural rubble stone infill; and (d) A bare timber frame without infill.

All wall specimens are modeled based on a standard-
ized geometry that reflects traditional hımış construc-
tion widely observed in Anatolia. The timber framed 
shear wall has a width of 490 cm and a height of 370 cm, 
with vertical timber studs spaced at regular intervals 
and interconnected by horizontal beams and diagonal 
braces. The cross-sectional dimensions of vertical and 

horizontal elements are taken as 10 cm×10 cm while the 
cross-sectional dimensions of diagonal braces are taken 
as 10 cm×5 cm, representing typical softwood sections 
used in hımış construction (Fig. 3). The infill is fully en-
closed within the timber frame but is not mechanically 
anchored to it, replicating the friction-based interaction 
seen in actual historical structures.

 

Fig. 3. Dimensions of the timber frame.  
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The numerical models are developed using SOLID186 
elements, which are 20-node hexahedral elements capa-
ble of capturing large deformation and plasticity effects. 
To represent the interaction between the timber frame 
and the masonry infill, surface-to-surface contact elements 
(CONTA174 and TARGE170) are employed. Frictional 
contact is defined as material-dependent coefficients: 
0.5 for adobe, 0.4 for fired clay brick, and 0.3 for rubble 
stone (NAVFAC DM7-02, 1986). Normal separation is al-
lowed, while sliding is governed by a penalty-based Cou-
lomb friction model, enabling the realistic simulation of 
detachment or slip along the timber-infill interface. 

A key feature of this study is the consistent use of the 
Multilinear Isotropic Hardening (MLIH) plasticity model 
for all materials, including both the timber and infill 
types. This modeling choice enables a unified formula-
tion for nonlinear material behavior, while still captur-
ing the distinct stress–strain responses of each material 
(Table 1). Finite element models (FEMs) of the frames 

are given in Fig. 4. The MLIH model was selected for all 
materials to ensure a unified modeling framework and 
computational stability. Although timber is orthotropic 
and masonry materials such as adobe, brick, and rubble 
stone exhibit brittle fracture modes, adopting a common 
nonlinear plasticity model allowed for direct compari-
son between different wall configurations under con-
sistent assumptions. This approach is appropriate for 
evaluating global seismic performance, although it does 
not reproduce localized damage mechanisms. While the 
MLIH plasticity model ensures computational stability 
and uniformity across different materials, it does not ex-
plicitly capture the initiation and propagation of cracks, 
nor the localization of damage. This simplification is par-
ticularly significant for brittle materials such as rubble 
stone, where fracture and crushing dominate the failure 
process. Therefore, the results should be interpreted as 
approximations of global nonlinear response rather than 
precise simulations of localized cracking behavior.

Table 1. Mechanical properties of materials used in the nonlinear numerical models. 

Material Density (kg/m³) σy (MPa) Einitial (MPa) Ultimate strain 

Timber (pine) 550 30 10,000 0.004 

Adobe 1700 1.2 300 0.003 

Fired clay brick 1800 10.0 4000 0.0015 

Rubble stone 2200 15.0 6000 0.001 

           

Fig. 4. Finite element models of the unfilled and filled frames.  
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To ensure reliability of the FEM results, the base of the 
wall models was fully fixed in all degrees of freedom, 
while displacement-controlled loading was applied at 
the top beam to simulate lateral seismic actions. A mesh 
sensitivity study was conducted, where element sizes 
were progressively refined until the difference in peak 
base shear capacity was less than 3%. This confirmed 
that the selected mesh density provided convergent and 
mesh-independent results. Convergence was verified in 
ANSYS through force–displacement equilibrium criteria 
at each load increment. 

 

4. Pushover Analyses 

The pushover analysis is performed under displace-
ment-controlled loading, with a gradually increasing lat-
eral displacement applied at the top beam of the wall. Be-
fore lateral loading, self-weight is activated to simulate 
gravity effects. The base of the wall is fully fixed in all de-
grees of freedom. The analysis continues until the struc-
ture reaches its ultimate capacity and begins to exhibit 
significant strength degradation or loss of equilibrium. 
Geometric nonlinearity is included in all analyses to cap-
ture large displacement effects, which are particularly 
relevant for systems with deformable joints and sliding 
interfaces. 

From each simulation, key seismic performance pa-
rameters are extracted. These include the initial lateral 
stiffness, peak base shear, displacement capacity, energy 
dissipation (measured as the area under the force–dis-
placement curve), and observed failure mechanisms. 
Special attention is given to the distribution of plastic 
strain and relative displacement along the timber-infill 
interfaces, as these are known to influence the global be-
havior of hımış systems. By comparing the capacity 
curves and ductility of each configuration, the contribu-
tion of each infill material to the overall seismic re-
sistance is evaluated. 

The methodology adopted herein allows for a con-
trolled comparison of different infill scenarios under 
consistent boundary and loading conditions, using a 
computationally efficient and stable material modeling 
strategy. Although the MLIH model does not capture ex-
plicit fracture or crack propagation, it effectively simu-
lates the global nonlinear response and enables mean-
ingful performance assessment of different infill types 
within timber-framed structures. 

The nonlinear pushover analysis provided a clear 
comparative framework for assessing the seismic per-
formance of the four wall configurations. The force–dis-
placement (capacity) curves obtained from the analysis 
indicate distinct behavioral patterns for each infill mate-
rial. Overall, the filled frames exhibited significantly 
higher lateral stiffness and base shear capacity than the 
bare timber frame, affirming the structural contribution 
of the infill panels. However, variations in ductility and 
energy dissipation behavior among the infill types re-
vealed important trade-offs between strength and defor-
mation capacity. 

The rubble stone-infilled frame demonstrated the 
highest initial stiffness and peak base shear among all 

configurations. This is attributed to the high density and 
compressive strength of stone masonry. However, its ca-
pacity curve exhibited a sharp post-peak decline, indicat-
ing brittle failure with limited energy dissipation and de-
formation tolerance. The fired clay brick infill also con-
tributed to considerable stiffness and strength, though to 
a lesser degree than stone. Its post-peak response was 
moderately softening, offering a slightly more ductile be-
havior but still prone to localized interface failure. 

The adobe-infilled wall, while having the lowest peak 
strength among the infilled systems, displayed the most 
ductile behavior. Its capacity curve showed a gradual 
softening phase and delayed stiffness degradation, al-
lowing more lateral deformation before failure. This 
translated into the highest energy dissipation area under 
the curve and the largest effective ductility ratio. The in-
terface contact in adobe-infilled walls remained engaged 
longer due to better frictional resistance and more dis-
tributed cracking, enabling a more controlled release of 
seismic energy. 

The bare timber frame, as expected, exhibited the 
lowest strength and stiffness. However, its deformation 
capacity was considerably high, and no abrupt strength 
loss was observed even at large lateral displacements. 
This confirms that in the absence of brittle infill, the tim-
ber frame maintains a stable, though flexible, seismic be-
havior, acting more like a life-safe but damage-prone 
system. 

These behavioral trends are reflected clearly in the 
following figures (Figs. 5‒9). The displacement capacity 
and energy absorption potential correlate with the post-
peak slope and area under each curve, emphasizing the 
importance of ductility over mere strength. The differ-
ences between the configurations highlight the struc-
tural and seismic implications of infill material selection 
in traditional hımış walls. The effect of different infill ma-
terials on the seismic energy dissipation capacity of tim-
ber-framed (hımış) structures was investigated in detail. 
According to the results obtained from pushover anal-
yses, the adobe (mudbrick) infill exhibited the highest 
energy dissipation capacity with approximately 215.13 
kN·m. This was followed by rubble stone infill (113.74 
kN·m), fired clay brick infill (27.76 kN·m), and finally the 
bare frame (4.83 kN·m). The superior performance of 
adobe can be attributed to its ability to absorb energy 
through progressive cracking and deformation. Alt-
hough rubble stone infill had higher strength, its brittle 
failure mechanism limited its energy dissipation capac-
ity. The brick infill provided moderate performance, 
while the bare frame exhibited minimal energy absorp-
tion due to the absence of lateral stiffness contribution 
from infill materials. These findings clearly demonstrate 
that the type of infill material plays a crucial role not only 
in enhancing load-bearing performance but also in im-
proving the seismic energy absorption and distribution 
characteristics of the overall structure. 

The quantitative results presented in Table 2 high-
light the pronounced effect of different infill materials on 
the seismic behavior of timber-framed (hımış) walls. The 
bare timber frame exhibited the weakest performance, 
with an initial stiffness of only 20.57 kN/mm, a maxi-
mum base shear of 385 kN, and a ductility ratio of 1.53, 
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corresponding to an ultimate displacement of 22.8 mm. 
Its energy dissipation capacity was also minimal (4.83 
kN·m), confirming that a timber skeleton alone, without 
infill, provides inadequate resistance against lateral seis-
mic demands. When adobe (mudbrick) was used as infill, 
the system demonstrated a moderate increase in 
strength with Vmax=908 kN and Kinitial=38.00 kN/mm, 

while achieving a significantly larger ductility ratio 
(μ=2.50) due to its ultimate displacement of 50 mm. 
Moreover, adobe exhibited the highest energy dissipa-
tion among all configurations (215.13 kN·m), indicating 
that despite its lower strength, its progressive cracking 
behavior allows for greater energy absorption and de-
formation capacity.

Table 2. Seismic performance indicators of timber-framed walls with different infill materials. 

Wall configuration 
 

Kinitial 

(kN/mm) 
Vmax 

(kN) 
Δy 

(mm) 
Δu 

(mm) 
μ = Δu/Δy 

Energy dissipation 
(kN.m) 

Timber frame + Adobe (mudbrick) infill 38.00 908.0 20.02 50 2.50 215.13 

Timber frame + Fired clay brick infill 192.77 3260.9 12.69 50 3.94 27.76 

Timber frame + Rubble stone infill 261.60 4345.3 12.46 50 4.01 113.74 

Bare timber frame 20.57 385.0 15.04 22.8 1.53 4.83 

 

Fig. 5. Pushover curve of the timber frame with adobe (mudbrick) infill. 

 

Fig. 6. Pushover curve of the timber frame with fired clay brick infill. 



156 Ozdemir / Challenge Journal of Structural Mechanics (2025) 11(3) 149–159  

 

 

Fig. 7. Pushover curve of the timber frame with natural rubble stone infill. 

 

Fig. 8. Pushover curve of the bare timber frame. 

 

Fig. 9. Force–displacement capacity curves for the wall configurations. 
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The fired clay brick infill configuration showed a very 
different pattern. With an initial stiffness of 192.77 
kN/mm and a maximum base shear of 3260.9 kN, the 
brick-infilled wall provided nearly four times the 
strength of the adobe case (Fig. 10). Its ductility ratio 
(μ=3.94) was also higher, although the total energy dis-
sipation remained relatively low (27.76 kN·m), pointing 
to a more brittle failure tendency (Fig. 11). By contrast, 

rubble stone infill offered the most balanced seismic per-
formance. It yielded the highest initial stiffness (261.60 
kN/mm) and the largest base shear capacity (4345.3 
kN), while maintaining a ductility ratio of μ=4.01 with ul-
timate displacement of 50 mm. Its energy dissipation ca-
pacity (113.74 kN·m) was second only to adobe, showing 
that stone infill can simultaneously provide high 
strength, stiffness, and considerable energy absorption.

 

Fig. 10. Maximum shear force results for the wall configurations. 

 

Fig. 11. Energy dissipation capacity results for the wall configurations.

Overall, these findings reveal a distinct trade-off be-
tween stiffness and ductility. Adobe infill promotes en-
ergy dissipation and ductile behavior but limits lateral 
strength; fired brick maximizes stiffness and strength at 
the expense of energy absorption; and rubble stone com-
bines high strength with relatively high ductility, repre-
senting the most structurally advantageous configura-
tion. In contrast, the bare timber frame confirms that in-
fill is indispensable for ensuring seismic safety in tradi-
tional hımış structures. 

The failure modes observed in the analyses varied de-

pending on the infill type. In adobe-infilled walls, pro-
gressive cracking developed in the panel, while the 
frame remained engaged until higher drifts, allowing 
greater ductility. Fired clay brick infill exhibited partial 
separation at the timber–brick interface, leading to local-
ized sliding and moderate post-peak softening. Rubble 
stone infill showed brittle crushing and detachment, re-
sulting in a steep strength drop after peak load. In con-
trast, the bare timber frame exhibited stable but flexible 
behavior, with deformation concentrated in timber 
joints and braces (Fig. 12).  
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Fig. 12. Structural behavior of the filled and unfilled frames.

5. Conclusions 

This study presented a comprehensive seismic per-
formance evaluation of traditional timber-framed 
(hımış) structures with varying infill materials through 
detailed nonlinear finite element analysis. Four wall con-
figurations were analyzed—bare frame, adobe infill, 
fired clay brick infill, and rubble stone infill—using 3D 
pushover analysis in ANSYS Workbench. All materials 
were modeled with Multilinear Isotropic Hardening 
plasticity, incorporating frictional contact and geometric 
nonlinearity to reflect realistic boundary behavior. 

The findings revealed that infill materials signifi-
cantly enhance lateral strength and stiffness but vary 
widely in terms of ductility and failure mode. Rubble 
stone provided the highest peak strength but failed in a 
brittle manner, while fired clay brick offered a more 
moderate balance between stiffness and ductility. 
Adobe emerged as the most ductile option, exhibiting 
high energy dissipation and controlled degradation, 
making it structurally favorable under large defor-
mations. The bare frame, though weakest, displayed the 
most stable post-yield behavior and highest drift capac-
ity. 
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These results underscore the critical influence of infill 
material properties on the seismic performance of tim-
ber-framed systems. In heritage conservation and retro-
fitting strategies, strength enhancement through infill 
must be balanced with the need for ductile and energy-
dissipating behavior. The numerical framework estab-
lished in this study allows for effective comparison of dif-
ferent infill typologies under consistent conditions and 
contributes to the development of performance-based 
approaches for the preservation and rehabilitation of 
historic hımış buildings in seismic regions. 

From a practical perspective, the findings of this study 
highlight that retrofit strategies for existing hımış build-
ings should carefully consider the choice of infill mate-
rial. While rubble stone provides higher strength, adobe 
infill ensures greater ductility and energy dissipation, 
which is more desirable for seismic safety. In heritage 
conservation projects, retrofitting approaches should 
therefore aim not only to strengthen these systems but 
also to preserve or enhance their ductile performance 
characteristics. 
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