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Abstract: Hybrid wood structures continuously attract significant interest due to their versatile materials and sustainable properties, leading to a multitude
of review studies in various fields. However, due to the absence of a thorough synthesis that brings together these varied reviews, this study conducts a
meta—synthesis of the development of hybrid wood structures and their systematic classification. Key innovations in wood—nbased hybrid systems have
unfolded chronologically, each addressing era—specific challenges in performance, sustainability, and scalability to drive economic and environmental
transformation. These timed breakthroughs have compounded: from niche fillers to cost—effective industry while valorizing waste—essential for circular
bio—economies amid climate imperatives. In essence, hybrid timber construction merges the best qualities of timber, steel, and concrete to produce
buildings that are strong, sustainable, efficient to build, comfortable, and cost—effective. Hybrid timber systems are carefully engineered composites of
timber and other materials that improve construction performance, sustainability, and efficiency. They are classified by the scale of material integration, with
various solutions depending on project needs and follow specialized manufacturing and assembly workflows. Hybrid timber systems are construction methods
that combine timber with other structural materials such as steel or concrete to leverage the advantages of each material. Here is an overview covering
classification, importance, solutions, and manufacturing steps of hybrid timber systems. Let's examine some initial types of hybrid wood structures to
understand how we developed the exact and strong materials we utilize today.
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1. INTRODUCTION: WIDELY USED HYBRID BUILDING METHODS

WOOD possesses an outstanding strength—to—weight ratio, rendering it a highly effective
structural material. Nonetheless, when utilized alongside steel or concrete, its strength and
durability greatly enhance. Steel imparts tensile strength, avoiding deformations in high—rise
structures, whereas concrete improves fire resistance and longevity. This collaboration enables
tall wooden structures and extensive frameworks that were not attainable using only wood before.
The transition toward a sustainable built environment necessitates a critical reassessment of
traditional construction materials and methodologies. [1-8] Therefore, hybrid building methods
combine materials like timber, steel, and concrete to optimize strength, speed, and sustainability
in modern construction. These approaches are widely adopted for multi—story structures, aligning
with circular economy goals through material efficiency.

Combining materials can also enhance resource efficiency, minimizing waste. Numerous hybrid
designs incorporate engineered wood materials, like Cross—Laminated Timber (CLT) and Glulam,
which improve sustainability while preserving performance. Architects are attracted to hybrid
construction as it enables innovative and practical designs. Wood contributes warmth and texture,
whereas glass improves natural light and creates a sense of openness. The inclusion of steel or
reinforced concrete delivers the essential strength for large spaces, enabling creative and
aesthetically impressive architectural designs. [1-8]

Figure 1. Hybrid design
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The use of these materials enables swift building, as prefabricated wooden parts decrease the
amount of work required on—site. The concrete core improves fire resistance and seismic stability,
showcasing the feasibility of hybrid tall building construction. With advances in technology and
engineering solutions, hybrid construction will increasingly influence the future of sustainable
urban development, demonstrating that wood can play a vital role in the progress of high—
performance, environmentally friendly architecture.
HYBRID WOOD SYSTEMS today integrate timber with materials like concrete, steel, and polymers
for enhanced structural efficiency in sustainable construction. Hybrid wood composites combine
wood with other materials like concrete, metals, plastics, or bio—based elements to enhance
strength, durability, and sustainability beyond traditional wood. In fact, hybrid wood systems
integrate timber with concrete, steel, and polymers to optimize structural performance,
sustainability, and construction efficiency beyond pure wood limits. These materials appear in
beams, decking, cladding, and structural elements, reducing weight while boosting fire resistance,
acoustics, and lifecycle performance in sustainable building projects. These systems enable taller,
adaptable buildings, shorter build times via offsite assembly. The integration of CLT, Glulam,
steel, and concrete allows for the creation of high wooden structures that comply with fire and
structural safety regulations. Hybrid high—rises lessen the mass of conventional concrete
buildings, enhancing efficiency and supporting sustainable city growth.
While the terms sound nearly identical, the difference between “WOOD BASED HYBRID
COMPOSITES” and “WOOD BASED HYBRIDS” lies in the scale of the material integration: think of
“composites” as a microscopic blend (like a smoothie) and “hybrids” as a macroscopic assembly
(like a sandwich). They differ in engineering and application.
In WOOD—BASED HYBRID COMPOSITES, the “hybridization” happens at the constituent level. Two
or more different types of fibers or fillers are mixed together within a single polymer matrix, the
general goal being to overcome the inherent weaknesses of wood (like moisture sensitivity or low
impact strength) by adding a high—performance material. The mix, usually, involves wood
flour/fiber combined with a synthetic fiber (like glass, carbon, or aramid) or a mineral filler.
The term WOOD—BASED HYBRIDS (HYBRID STRUCTURES) usually refers to structural systems where
wood is combined with another bulk material (steel, concrete, or glass) to create a single
functional unit, large—scale components being bonded or mechanically fastened together. This is
about architectural or mechanical synergy rather than a material blend. The goal is to utilize the
high compressive strength of concrete or the tensile strength of steel alongside the lightweight
and aesthetic properties of wood. [1-8]
In material science and engineering, MULTI-SCALE HYBRID WOOQOD refers to two distinct but
related concepts: the structural analysis of wood across different physical scales and the
engineering of advanced wood—based composites. [1-8] Wood is a naturally occurring,
hierarchically organized composite while “hybrid wood” refers to materials that combine wood
elements with other substances—like polymers, minerals, or metals—to create superior
properties. Common examples include:

— ENGINEERED WOOD PRODUCTS (EWP): Represent multi—scale hybrid wood by combining wood
elements at various hierarchical levels—fibers, strands, veneers, or planks—with high—
performance adhesives or binders to create composites superior to solid timber that can replace
steel and concrete in buildings. This hybridization occurs across scales: micro (fiber bonding in
particleboard), meso (layered veneers in plywood), and macro (laminated beams in glulam or
CLT), optimizing strength, stability, and resource efficiency. EWPs like cross—laminated timber
(CLT), glued—laminated timber (glulam), laminated veneer lumber (LVL), and oriented strand
board (OSB) are manufactured by reassembling wood fractions from waste or small logs into
uniform, predictable structural elements. They embody “hybrid wood” through internal
material layering and external pairings with resins or bio—fillers.

— WOOD—PLASTIC COMPOSITES (WPC): Wood—plastic composites (WPCs) qualify as multi—scale
hybrid wood by blending wood fibers or flour (typically 40—70% by weight) with thermoplastic
polymers like polyethylene (PE), polypropylene (PP), or PVC at micro— to macro—scales,
creating durable, moisture—resistant materials from agro—waste and recycled plastics. These
are highly durable, rot—resistant, and used for outdoor decking and fencing. WPCs are extruded
or molded composites where nano—scale ligno—cellulosic fibers reinforce a polymer matrix,
forming meso—scale particle networks stabilized by compatibilizers for interfacial bonding, and
macro—scale profiles like decking or cladding. This hybridization enhances wood's

126 | University Politehnica Timisoara — Faculty of Engineering Hunedoara
ISSN 1584 — 2665 (printed version); ISSN 2601 — 2332 (online); ISSN-L 1584 — 2665




ANNALS of Faculty Engineering Hunedoara - International Journal of Engineering
Tome XXIV [2026 | Fascicule 1 [February]
biodegradability issues with plastic's processability, enabling circular valorization of sawdust or
agricultural residues.

— HYBRID TIMBER STRUCTURES integrate mass timber elements like CLT or glulam with other
materials such as steel, concrete, or glass to optimize structural performance, sustainability,
and construction efficiency beyond pure timber builds. Hybrid timber structures qualify as
multi—scale hybrid wood by integrating engineered wood products (EWPs) like CLT or glulam—
already hybridized internally at fiber, layer, and panel scales—with external materials (steel,
concrete, glass) at building scales to form synergistic systems. These structures combine mass
timber elements, which hybridize wood veneers/strands with adhesives across micro (fiber
bonding) to macro (panel assembly) levels. [1-8]

HYBRID TIMBER CONSTRUCTION combines engineered wood products with complementary

materials where each contributes specific strengths—timber for lightness and carbon

sequestration, steel for ductility, concrete for mass and fire resistance, or glass for transparency.

This creates versatile systems like concrete cores with timber floors or steel frames with timber

slabs, common in mid— to high—rise buildings. HYBRID TIMBER STRUCTURES combine timber,

typically mass timber like CLT or glulam, with materials such as concrete, steel, or glass to
optimize performance in modern buildings. These systems leverage timber’s sustainability and
lightness alongside concrete’s compressive strength and steel’s tensile capacity, enabling taller

buildings, longer spans, and seismic resilience. Common configurations are: [1-8]

timber—concrete hybrids: composite floors for stiffness and acoustics.

steel—timber hybrids: vertical steel with horizontal timber for flexibility.

timber—glass hybrids: facades for daylight and shear resistance.

WOOD—NON—WOOD STRUCTURAL HYBRIDS refer to engineered systems where timber beams or

joists are bonded (via adhesives, shear connectors like screws/studs, or mechanical interlocks) to

non—wood elements such as concrete toppings, steel plates, or inorganic matrices, creating
composite members with synergistic load—sharing. The 1950s pioneered the timber—concrete
bonding with notches/glue amid post—war material shortages. In 1970s—1980s are developed the
timber sandwiching steel plates and cement—bonded wood overlays emerged for bridges. WPC—
wood laminates are standardized in 1990s—2000s, while 2010s+ are characterized by multi—non—

wood variants (e.g., timber—magnesia cement) focus on sustainability. [1-8]

WOOD—NON—WOOD STRUCTURAL HYBRIDS are classified by bonding method, non—wood partner,

and application scale, primarily focusing on load—bearing timber elements enhanced with

inorganic or polymer matrices. [1-8]
= MECHANICAL FASTENED HYBRIDS are timber beams/joists connected via screws, dowels, or

studs to concrete toppings or steel plates, evolved from 19th—century steel—reinforced

timber to 1970s standardized TIMBER—CONCRETE COMPOSITES.

ADHESIVELY BONDED HYBRIDS are glued interfaces between timber and cementitious

overlays or polymer—impregnated non—wood layers, emerged 1950s as glue—notched

systems, and advanced 1990s with epoxies.

LAMINATED WOOD—NON—WOOD COMPOSITES are multi—layer panels/veneers alternating

wood with gypsum, magnesia cement, or thermoplastics. They are developed 1980s for

fire—rated sheathing, now used in prefabricated walls.
= HYBRID SYSTEMS are integrated beams like timber cores with inorganic shells (e.g., wood—
magnesia cement). Post—2000s innovation destined these systems for seismic zones.

Let’s examine some initial types of WOOD HYBRIDS to understand how we developed the exact

and strong materials we utilize today.

2. WOOD—BASED HYBRIDS EVOLUTION IN TIME

The evolution of hybrid wood structures follows a different trajectory than standard wood

composites. While standard evolution was about using waste (sawdust/chips), hybrid evolution has

been about marriage—finding the perfect partner (polymers, metals, or synthetic fibers) to
compensate for wood's natural flaws. [9-11] Here is the timeline of how we moved from simple
mixtures to “super—materials.”

THE EARLY HYBRIDS (1960S - 1980s): THE PLASTIC PIONEERS

The first true hybrid movement began with the birth of Wood—Plastic Composites (WPCs). The

goal was simple: make wood survive the outdoors without rotting, combining wood flour (waste)

with thermoplastic polymers (PE, PP, or PVC). For the first time, wood could be extruded like

12t | University Politehnica Timisoara - Faculty of Engineering Hunedoara
ISSN 1584 - 2665 (printed version); ISSN 2601 — 2332 (online); ISSN-L 1584 — 2665




ANNALS of Faculty Engineering Hunedoara - International Journal of Engineering
Tome XXIV [2026] | Fascicule | [February]
pasta or injection molded like a plastic toy. Therefore, the high—maintenance wood decking was

ed by “fake wood” that never needed staining or sealing.

THE REINFORCEMENT ERA (1990S - 2005): ADDING “SKELETON”

Engineers realized that while WPCs were durable, they were “floppy” (low stiffness). To fix this,
they began adding high—performance synthetic fibers. By adding a small percentage of glass fiber
to the wood/plastic mix, the strength increased by up to 200%. This allowed wood composites —
Glass Fiber Hybrids — to move from “decorative” (decking) to “semi—structural” (window frames
and door sills). Also, this era perfected the use of coupling agents which act as a chemical bridge
between the “water—loving” wood and “oil—loving” plastic, being the “secret sauce” of the hybrid
composite world. The biggest challenge in making wood—based hybrids is that wood and plastic
are naturally enemies. Wood is hydrophilic (water—loving and polar), while most plastics are
hydrophobic (water—fearing and non—polar). Trying to mix them is like trying to mix oil and
water—they will physically sit next to each other, but they won't actually “bond,” leading to a
weak material that falls apart under stress. In fact, it turns a “mixture” into a “single material”.
i THE STRUCTURAL HYBRID ERA (2005 - 2015): WOOD MEETS METAL AND CONCRETE

As the “mass timber” movement took off, wood began to be hybridized with heavy industry
materials to build skyscrapers. This period proved that wood could be a viable competitor to steel
and concrete in urban skylines. MODERN STRUCTURAL HYBRIDS are no longer just “wood with
something else” being assemblies of prefabricated components, such as cross—laminated timber
(CLT) panels integrated with steel frames or glulam beams paired with concrete cores, designed
for load—sharing in mid— to high—rise structures. These hybrids combine mass timber elements
(CLT walls/floors, glulam posts) with steel framing or concrete shear walls/cores via mechanical
connectors (screws, brackets) or adhesives, creating sub—assemblies like platform—framed floors
or braced cores that distribute gravity/lateral loads efficiently. Mass timber hybrids like CLT—
steel frames or glulam—concrete cores first appeared in the early 2000s, building on mass timber
innovations, and have evolved rapidly to enable taller, efficient buildings. Early hybrids emerged
~2010—2015. First notable systems included CLT floors on steel frames and glulam—concrete
cores used in building. They are classified based on how the load is shared and the geometry of
the integration. We generally categorize them into three main families:

— MASS TIMBER HYBRIDS: These are the most common in modern “mass timber” construction.
The wood and the secondary material (usually concrete or steel) act as a single structural
unit to handle floor loads or wind stability.
= TIMBER—CONCRETE HYBRIDS, obtained by combining wood beams (Glulam or CLT) with

a concrete slab (top layer), using shear connectors (screws, notches, or plates). The
wood handles the tension at the bottom, and the concrete handles the compression at
the top.

TIMBER—STEEL HYBRIDS: Using steel rods or plates hidden inside glulam beams to allow
for massive, open—concept rooms without columns. Wood posts and beams provide the
gravity support, while a steel handles the seismic loads.

— INTERNAL REINFORCED HYBRIDS: In this category, the hybridization happens inside a single

structural element like a beam or a column.

= Steel—Reinforced Glulam (SRG): Steel rebars or plates are glued into the center of a

laminated timber beam.

FRP—Reinforced Timber: Using Fiber Reinforced Polymers (Carbon fiber or Basalt fiber)
as “skins” or internal rods.

— CORE—SHELL HYBRIDS: This is the architecture of the modern hybrids

Concrete Core / Timber Perimeter: A central concrete elevator/stair core provides the
“backbone” for stability, while the rest of the building is made of Cross—Laminated
Timber (CLT).

Steel skeleton / Timber Infill: A steel “cage” provides the primary structure, and wood
panels fill in the floors and walls. This is popular in seismic zones where the flexibility
of steel and the lightness of wood are a perfect match.

Complex multi—material hybrids (timber—steel—concrete—glass/polymer triads or quads) evolved
from dual—material systems in the mid—20th century to sophisticated prefabricated assemblies
by the 2010s, driven by sustainability mandates and mass timber advances. [9-11]

repl
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Early foundations (1950s-1990s) contain timber—concrete composites (TCC) and steel—timber
plates (19th century onward) added tension capacity. Triads emerged post—WWII in bridges,
combining concrete cores with glulam—steel for spans. CLT approval (1998) enabled sub—system
hybrids and early triads like glulam—steel—concrete appeared ~2010. Therefore, the mass timber
catalyst in the 2000s refers to the pivotal rise of engineered mass timber products like cross—
laminated timber (CLT), which unlocked sub—system and complex hybrids by providing large—
scale, predictable panels for integration with steel and concrete. This era cut hybrid design risks
via prefabrication, boosting spans 20—30% and emissions reductions, paving the way for
triads/quads in the 2010s. Quad—system maturity in complex multi—material hybrids marks the
period from the 2010s to present, when timber—steel—concrete—glass/polymer assemblies
transitioned from experimental triads to fully integrated, prefabricated high—rises. Prefabrication

shortened the timelines 30—50%.

THE SMART & NANO ERA (2015 - present): MOLECULAR HYBRIDS

We are currently in the most advanced stage, where hybridization happens at the cellular or nano—

level.

— CARBON FIBER & BASALT HYBRIDS: Using ultra—high—strength carbon fiber skins on wood
cores to create lightweight components for the aerospace and automotive industries.

— NANO—HYBRIDS: Infusing wood cells with nanoparticles (like Zinc Oxide or Silver) to make
the wood naturally fire—retardant or antibacterial without using toxic sprays.

— TRANSPARENT WOOD HYBRIDS: Removing lignin and replacing it with optical—grade
polymers. This creates a “glass” that is shatterproof and has the thermal insulation of
wood.

The next step is removing the “synthetic” part of the hybrid. Therefore, the future include “BlIO—
HYBRIDS”. [9-11] Researchers are now looking at WOOD—MYCELIUM (fungus) hybrids and WOOD—
SILK HYBRIDS to create materials that are 100% biodegradable but perform like carbon fiber. BIO—
BASED HYBRIDS combine wood with fully renewable non—wood materials like fungal mycelium,
cellulose nano—fibrils (CNF), lignin, or plant proteins as binders, creating formaldehyde—free,
lightweight panels with strong hydrogen bonding and interlocking for sustainable alternatives to
synthetic resins. These 100% bio—derived composites use mycelium grown on wood particles
(enhancing surface porosity and adhesion). Evolution history include pre—2010s with roots in
natural resins (lignin/tannins, 1990s) and early advanced binders for self—binding wood (2000s).
Mycelium—wood prototypes emerged -~2015, while 2020s are scaled for lightweight
packaging/insulation.[9-11]
3. SISTEMIC CLASSIFICATION OF WOOD—BASED HYBRIDS
All—wood hybrids pair mass timber cores with light—frame elements for cantilevers and open
interiors. Hybrid timber provides a high strength—to—weight ratio, combining timber’s flexibility
and energy dissipation with steel’s tensile strength or concrete’s compressive stiffness, improving
seismic resilience compared to rigid all—steel or all—concrete frames. All—concrete excels in pure
compressive loads and fire resistance without added treatments, while all—steel offers superior
ductility but higher self—weight. Prefabricated hybrid systems enable faster on—site assembly
than cast—in—place concrete, with lighter loads reducing foundation demands versus both all—
steel and all—concrete options. Steel structures assemble quickly too, but hybrids often cut overall
costs through material optimization. Concrete remains slowest due to curing times.

TIMBER—STEEL HYBRIDS, TIMBER—CONCRETE HYBRIDS, and TIMBER—POLYMER HYBRIDS are

engineered systems that combine wood/timber with other materials to leverage complementary

properties like strength, lightness, and durability. Common configurations include:

— TIMBER—STEEL HYBRIDS pair structural timber elements (e.g., CLT panels, glulam beams) with
steel frames, columns, or bracings to achieve long spans, seismic resilience, and fire
performance beyond pure timber limits. [12-15] Steel handles tension and vertical loads while
timber provides horizontal flooring and sustainability, often prefabricated for rapid assembly
in mid— to high—rise buildings. Steel frames support timber elements like cross—laminated
timber (CLT) floors (STEEL—TIMBER HYBRIDS), enabling dry, prefabricated assembly that cuts
construction time and moisture risks. These are popular for seismic zones due to energy
absorption and lighter loads. Steel—timber hybrids combine steel's high strength and ductility
with timber's renewability and lightweight properties to create efficient, sustainable
structural systems. [12-15] The core principle is complementary material use—steel handles
tension and heavy loads, while timber provides stiffness and spans horizontally—enabling
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taller, lighter buildings with reduced carbon footprints. The strength of steel makes it a
perfect partner for wood in large—span constructions such as stadiums, bridges, and industrial
facilities. Steel beams and columns as TIMBER—STEEL HYBRIDS ensure structural integrity,
whereas wooden components deliver visual appeal and sound advantages. Hybrid connections
of steel and timber are frequently utilized in modular construction, enabling prefabrication
and quicker on—site assembly. [12-15] Steel—timber hybrid construction integrates structural
steel elements (beams, columns, frames) with engineered timber products like cross—
laminated timber (CLT), glulam, or dowel—laminated timber (DLT). This creates systems
where steel forms vertical load—bearing cores or bracing, and timber serves floors, walls, or
roofs, often connected via shear keys, dowels, or screws.

\\‘
Figure 2. Timber—steel hybrids

TIMBER—CONCRETE HYBRIDS are composed of timber joists, beams, or slabs mechanically or
adhesively connected to a concrete topping (typically 40—100mm thick), which create stiff,
vibration—resistant floor/ceiling systems with superior acoustics and fire ratings. TIMBER—
CONCRETE HYBRIDS systems are frequently utilized for flooring and decking in multi—level
structures.[16,17] The compressive strength of concrete and the lightweight property of wood
establish a balance that enhances thermal mass and sound insulation while preserving
structural integrity. The slabs effectively minimize vibrations and improve fire resistance,
which is why they are favoured in both residential and commercial structures. TIMBER—
CONCRETE SYSTEMS pair wooden beams or panels with concrete slabs, leveraging concrete's
compression strength and timber's tensile flexibility. Timber—concrete systems combine
timber beams or panels with concrete slabs to form composite floors or structures that
leverage each material's strengths for superior performance. The principle relies on shear
connectors to bond the two, creating a unified element where concrete handles compression
and timber manages tension. PRECAST CONCRETE columns or beams (PREFAB—CAST—IN—SITU
HYBRIDS) integrate with on—site poured slabs, balancing factory precision with site
adaptability. [16,17] Common in residential projects, they speed timelines while ensuring
durability. Prefabrication plays a pivotal role in hybrid construction by enabling off—site
manufacturing of components like timber panels, steel frames, and precast concrete
elements, which are then assembled on—site with traditional methods for optimized
efficiency. This approach accelerates timelines, enhances quality control, and supports

sustainability goals like waste reduction, directly complementing wood—wood composites and
mass timber in modern hybrids. [16,17]

Concrete slab » Concrete slab
b4 s

Connector * ijb:r beam Connector T Timber slab
Figure 3. Timber—concrete hybrids

TIMBER—POLYMER HYBRIDS integrate timber or wood fibres with polymers (e.g., WPCs with

plastic matrices or co—extruded polymer coatings or aluminum cores) for weatherproof

facades, decking, or cladding that mimics wood aesthetics without rot or maintenance needs.

Bonding enhances adhesion, UV resistance, and longevity for exterior applications. [18-21]

Timber—polymer hybrids combine timber veneers or engineered wood with Fiber Reinforced

Polymer (FRP) composites, creating sustainable, lightweight, and high—performance
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structural members for construction. While synthetic fibres (carbon, glass) are common,
studies indicate that natural fibers like bamboo and flax can provide sustainable alternatives
with promising properties. They leverage the high tensile strength of polymers with the
compressive strength of wood, allowing for better load resistance and reduced thermal
bridging compared to steel. These materials are used in beams, columns, floor panels, roofs,
and load—bearing wall panels. [18-21]

Figure 4. Timber—rpolymer hybrids

TIMBER—GLASS HYBRIDS integrate timber frames or panels with glass elements to create
transparent, load—bearing building envelopes that balance aesthetics, sustainability, and
structural performance. These systems emerged from research into composite facades,
leveraging wood's ductility and carbon storage with glass's rigidity and light transmission.
WOOD and GLASS complement each other effectively to produce bright, airy spaces. [22-23]
Glass improves the clarity of wooden constructions, merging the lines between interior and
exterior environments. This pairing is often utilized in contemporary home and office design,
enhancing natural lighting while preserving the cosines of timber interiors. A highly fascinating
advancement in hybrid building is the emergence of skyscrapers made from timber. Wood—
glass composites, often termed engineered wood—glass combinations (EWGC) or timber—glass
composites (TGC), bond glass panes directly to wooden frames using adhesives or mechanical
clamps, forming prefabricated panels for facades, windows, or canopies. Unlike traditional
framing, the glass contributes to shear and bending resistance, eliminating extra bracing.

\\'\\‘\\\\\\\\\.\\
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Figure 5. Timber—qlass hybrids

COMPLEX HYBRIDS combine timber with multiple materials beyond pairwise systems—such as
timber—steel—concrete triads—which are increasingly common in modern construction.
COMPLEX MULTI—MATERIAL HYBRIDS integrate timber with steel, concrete, glass, and
polymers (triads or quads) in prefabricated assemblies for high—performance buildings,
assigning each material a specialized role to surpass single— or dual—material limits.[24-25]
These multi—hybrids assign roles—timber for sustainability/spans, steel for tension, concrete
for mass/fire, polymers for interfaces—enabling taller, net—zero buildings with lifecycle
advantages over single—material structures. Complex hybrid wood systems outperform simple
(two—material) hybrids by integrating three or more materials—such as timber, steel,
concrete, and polymers—for synergistic gains in structural efficiency, resilience, and
sustainability. Complex wood hybrids often incorporate materials beyond steel and concrete,
such as polymers, glass, and advanced composites — fibre—reinforced polymers —, to further
enhance performance in multi—material assemblies. [24-25]
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TRI-MATERIAL SYSTEMS integrate timber beams/floors with steel frames and concrete
cores. TRIPLE-MATERIAL SYSTEMS, are characterized by concrete cores which stabilize
steel—timber frames, distributing loads for tall buildings and minimizing thermal bridging.
Core configuration contain concrete forms rigid cores (stairs/elevators) for shear and fire
resistance, steel provides tensile framing/bracing, while mass timber (CLT/glulam) handles
floors/beams for spans and insulation and glass/polymers add facades, sealants, or
connectors for weatherproofing and damping. This layering optimizes: 30—50% weight
reduction (timber lightness), superior ductility (steel—timber flex), mass damping
(concrete), and aesthetics/durability (glass/polymer).

QUAD—MATERIAL and beyond, like advanced setups layer timber CLT with steel bracings,
concrete toppings, and polymer sealants/connectors, are used vibration control, acoustics,
and weatherproofing in high—rises.

Figure 6. Complex hybrids
HYBRID TIMBER construction supports sustainability by reducing carbon emissions, improving
resource efficiency, speeding construction, enhancing building performance, and extending
building lifespan, all key principles for sustainable development in construction. Hybrid timber
construction enhances sustainability principles by significantly reducing carbon footprint through
the use of renewable timber that stores carbon, combined with less carbon—intensive materials
like steel and concrete to optimize structural efficiency and reduce material consumption. It
enables faster, prefabricated construction that minimizes waste and energy use onsite.
Additionally, hybrid timber offers excellent thermal performance, reducing operational energy
needs, and lighter structures lessen foundation demands, cutting resource use and environmental
impact. The improved durability and fire resistance of hybrid systems extend building lifespan,
while compatibility with sustainable building certifications promotes broader adoption of eco—
friendly practices in construction.
4, CONCLUSIONS: FUTURE TRENDS IN HYBRID SYSTEMS
Hybrid mass timber construction is poised for growth, driven by sustainability demands and
technological advances that enable taller, more efficient buildings. Advancements in connectors
and prefabrication will push hybrid systems beyond current height limits. The integration of timber
with materials such as steel and concrete allows for optimizing the structural performance by
using each material where it performs best. This reduces the quantity of high—impact materials
needed, promoting resource efficiency and reducing waste. Integration of CLT with steel or
timber—concrete composites will dominate, offering cost savings over pure mass timber while
improving thermal and acoustic performance.
Hybrid wood systems are poised for transformative growth, integrating Al—driven design, bio—
based feedstocks, and circular manufacturing to meet net—zero demands in construction,
automotive, and beyond. Emerging trends emphasize multi—functionality, scalability, and full
recyclability.
HYBRID CONSTRUCTION is the future of modern architecture. It has become one of the major parts
of modern architecture. Combining wood with other materials like steel, concrete, and glass is
revolutionary. Materials are combined to increase the strength, to improve aesthetics, to make
the structure more sustainable. By blending wood’s natural beauty and sustainability with the
structural advantages of steel or the durability of concrete, architects and engineers can push the
boundaries of design while reducing the environmental footprint of construction.
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The strategic application of these systems is crucial. Pure mass timber structures are optimally
suited for low— and mid—rise developments where their inherent properties can be fully
leveraged. Conversely, hybrid systems, particularly those combining timber with steel or concrete,
are the essential pathway for achieving greater building heights and overcoming the natural
limitations of wood, all while retaining a substantial environmental advantage over purely
conventional structures. HYBRID TIMBER—STRUCTURES are a modern construction approach
that combines wood  with other materials like steel, concrete, andglass to enhance
structural efficiency and sustainability. This method allows for longer spans and reduced need fo
r columns, improving fire resistance and compliance. Wood adds warmth and natural
beauty, while hybrid systems offer versatile design options that balance aesthetics with
functionality. The integration of wood with other materials optimizes resource efficiency and
supports more sustainable building practices, contributing to a lower overall carbon footprint.
By combining timber with less carbon—intensive materials, hybrid systems minimize environmental
impact. The integration of renewable timber with durable materials like steel optimizes resource
use by combining timber’s lightweight, renewable qualities with steel’s strength, promoting high
performance without excessive resource depletion. Hybrid timber buildings are often designed to
facilitate easy disassembly, allowing timber and other components to be reused or repurposed at
the end of the building’s life. This supports circular economy goals of extending material lifecycles
and reducing waste. In essence, hybrid timber construction aligns material efficiency,
environmental impact reduction, and lifecycle adaptability, making it a robust approach to
implementing circular economy principles in the built environment.
The strategic application of mass timber is paramount to its success. HYBRID TIMBER—BASED
SYSTEMS IN CONSTRUCTION are increasingly important due to their ability to combine the
strengths of different materials—timber, steel, and concrete—resulting in buildings that are
lighter, structurally stronger, more sustainable, and faster to construct. These systems allow for
optimized multi—storey and high—rise buildings that balance safety, durability, seismic resistance,
and environmental impact. Mass timber signifies a building method where engineered wood
products or large dimension solid sawn wood serve as the primary load—bearing structural
members, distinguishing it from the more familiar “stick” framing commonly found in residential
construction. This category is not monolithic and it encompasses a diverse range of products, each
with distinct manufacturing processes and properties. The most prominent are Cross—Laminated
Timber (CLT), Glued Laminated Timber (Glulam), Nail—Laminated Timber (NLT), Dowel—
Laminated Timber (DLT), and Mass Plywood Panels (MPP). Obviously, for low— and mid—rise
structures, pure mass timber systems, such as CLT and DLT, are the superior solution. But, for
large—scale and high—rise developments, the future of the technology lies in HYBRID SYSTEMS.
The combination of timber with steel and concrete is not a compromise, being an intelligent and
pragmatic engineering solution that overcomes timber’s natural height limitations while retaining
a significant portion of its environmental benefits. These hybrid structures are the essential
pathway for mass timber to transition from a niche, low—rise technology to a mainstream solution
for urban density and growth.
REFERENCES
[1]  Ascione, F., Esposito, F., lovane, G., Faiella, D., Faggiano, B., & Mele, E. (2024). Sustainable and efficient structural systems for tall buildings: exploring
timber and steel—timber hybrids through a case study. Buildings, 14(2), 524.
[21  Maier, D. (2024). Wood in modern construction: A scientometric examination of sustainable trends.
(3]  Premrov, M., & Zegarac Leskovar, V. (2023). Innovative structural systems for timber buildings: A comprehensive review of contemporary
solutions. Buildings, 13(7), 1820.
[4]  Winter, W., Tavoussi, K., Pixner, T, & Parada, F. R. (2012, July). Timber—steel—hybrid beams for multi—storey buildings. In Proceedings of the
World Conference on Timber Engineering (Vol. 2012).
[5]  Pastori, S., Mazzucchelli, E. S., & Wallhagen, M. (2022). Hybrid timber—based structures: A state of the art review. Construction and Building
Materials, 359, 129505.
[6]  Kuzmanovska, I., Gasparri, E., Monne, D. T., & Aitchison, M. (2018, August). Tall timber buildings: Emerging trends and typologies. In 2018 world
conference on timber engineering.
[7]  Gonzdlez—~Retamal, M., Forcael, E., Saelzer—Fuica, G., & Vargas—Mosqueda, M. (2022). From trees to skyscrapers: Holistic review of the advances
and limitations of multi—storey timber buildings. Buildings, 12(8), 1263.
[8]  Aboulnaga, M., & Elsharkawy, M. (2021). Timber as a sustainable building material from old to contemporary experiences: Review and assessment of
global and Egypt's examples. The Importance of Wood and Timber in Sustainable Buildings, 89—129.

133 | University Politehnica Timisoara - Faculty of Engineering Hunedoara
ISSN 1584 — 2665 (printed version); ISSN 2601 — 2332 (online); ISSN-L 1584 — 2665




ANNALS of Faculty Engineering Hunedoara - International Journal of Engineering
Tome XXV [2026] | Fascicule 1 [February]

Kitek Kuzman, M., & Sandberg, D. (2017). Comparison of timber—house technologies and initiatives supporting use of timber in Slovenia and in
Sweden—the state of the art. iForest——Biogeosciences and Forestry, 10(6), 930.

Azanaw, G. M. (2025). Timber—Concrete composite structures: a comprehensive review of emerging Trends, advanced modeling Approaches, and
future research frontiers for sustainable hybrid construction. Engineering and Applied Sciences, 10(3), 62—74.

Mengesha Azanaw, G. (2025). Timber—Concrete Composite Structures: A Comprehensive Review of Emerging Trends, Advanced Modeling
Approaches, and Future Research Frontiers for Sustainable Hybrid Construction. Advanced Modeling Approaches, and Future Research Frontiers for
Sustainable Hybrid Construction (May 16, 2025).

Abdulmalik, A., Gilbert, B. P., Guan, H., Ngo, T., & Remennikov, A. (2025). Advancements in timber—steel hybridisation: a review on techniques,
applications, and structural performances. Buildings, 15(13), 2252

Jurkiewiez, B., Durif, S., Bouchair, A., & Grazide, C. (2022, May). Experimental and analytical study of hybrid steel—timber beams in bending.
In Structures (Vol. 39, pp. 1231—1248). Elsevier.

Eldeib, M., Ma, X., Zhuge, Y., Rameezdeen, R., Hassanli, R., Ellis, M., & Abd—Elaal, E. S. (2025). Structural behaviour of steel—timber composite
elements: an overview. Low—carbon Materials and Green Construction, 3(1), 4.

Pastori, S., Mazzucchelli, E. S., & Wallhagen, M. (2022). Hybrid timber—based structures: A state of the art review. Construction and Building
Materials, 359, 129505.

Zhang, X,, Xuan, L., Huang, W., Yuan, L., &Li, P. (2022). Structural design and analysis for a timber—concrete hybrid building. Frontiers in materials, 9,
844398,

Larsson, C., Abdeljaber, 0., Bolmsvik, A., & Dorn, M. (2022). Long—term analysis of the environmental effects on the global dynamic properties of a
hybrid timber—concrete building. Engineering Structures, 268, 114726.

Femando, D., Teng, J. G, Gattas, J., & Heitzmann, M. (2018). Hybrid fibre—reinforced polymer—timber thin—walled structural members. Advances
in Structural Engineering, 21(9), 1409—1417.

Darby, A, Ibell, T., & Evernden, M. (2010). Innovative use and characterization of polymers for timber—related construction. Materials, 3(2), 1104—
1124.

Ponomarev, A. N., & Rassokhin, A. S. (2016). Hybrid wood—polymer composites in civil engineering. Magazine of Civil Engineering, (8 (68)), 45—
57.

Rassokhin, A. S., Ponomarev, A. N, & Figovsky, 0. L. (2018). Ultra—light hybrid composite wood—polymer structural materials in
construction. Magazine of Civil Engineering, (3 (79)), 133—140.

Schober, K. U., & Tannert, T. (2016). Hybrid connections for timber structures. European Journal of Wood and Wood Products, 74(3), 369—377.

Ber, B., Premrov, M., Strukelj, A., & Kuhta, M. (2014). Experimental investigations of timber—glass composite wall panels. Construction and Building
Materials, 66, 235—246.

Tsai, M. T., &Hsu, C. C. (2024). Assessment of structural performance, materials efficiency, and environmental impact of multi—story hybrid timber
structures in high seismic zone. Case Studies in Construction Materials, 21, e03695.

Quintana Gallo, P., Carradine, D. M., & Bazaez, R. (2021). State of the art and practice of seismic—resistant hybrid timber structures. European Journal
of Wood and Wood Products, 79(1), 5—28.

LS O ety byt snorey I |
| [} LT

F

H

H

S

=

<,

o au ulty
g mnnnng
- un nara
]

-

H

e

2

7

h

I INTLR)STIONAL JOURNAL OT [NGIKLIRING .|

ISSN 1584 - 2665 (printed ver5|on) ISSN 2601 - 2332 (online); ISSN-L 1584 — 2665
copyright © University POLITEHNICA Timisoara, Faculty of Engineering Hunedoara,
5, Revolutiei, 331128, Hunedoara, ROMANIA
http.//annals fin.upt.ro

134 | University Politehnica Timisoara - Faculty of Engineering Hunedoara
ISSN 1584 — 2665 (printed version); ISSN 2601 — 2332 (online); ISSN-L 1584 — 2665




