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PREFACE  
 
This document intends to provide guidance on the available research in the open 
literature related to steel timber composite structural elements. 
The document starts with an overview of the wood classification and strength 
classes of sawn timber as well as their mechanical properties and behaviour. In 
addition, a description of some engineered timber products is included together with 
relevant properties.  A comprehensive state of art is provided furthermore in order 
to identify the main lacks and is divided into 9 distinct items: timber material and 
products; shear connections; beam-column joints; beams and slabs; columns, walls 
diaphragms and bracings; fire design and sustainability. The last chapter contains 
the main conclusions of the extensive state-of-the-art and provides guidance for 
future research topics. 
The content of this document is expected to be a high value to future research topics 
when dealing with steel timber composite and hybrid actions. The information 
present in the Items will be a basis for the future design guidelines and background 
document for the next generation of design guide for steel timber composite and 
hybrid structural elements. 
This document has been prepared within the framework of activities of TC11/WG6. 
The members of TC11/WG6 are listed below: 
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A. Turgut  Belgium 
J. G. Henriques Belgium 
J.-F. Demonceau Belgium 
N. Böhm   Germany 
A. Vogelsberg Germany 
B. Kuehn  Germany 
J. Yang  Luxembourg 

R. Obiala  Luxembourg 
J.H. Matias de Paula Luxembourg 
A. Aspila Finland 
K. Mela  Finland  
V. Vigneri Switzerland 
A. Taras Switzerland 
C. Loss Canada 
R. Rahnavard Portugal 
H. Craveiro Portugal  
A. Espinós Capilla Spain 
M. Romero Spain 
C. del Castillo Belgium 
A.Ciutina Romania 
D.V. Ungureanu Romania 
Schänzlin Jörg Germany 
D. Doran  United Kingdom 
M. Knobloch  Germany 
L. Buchholz  Germany 
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SYMBOLOGY

Abbreviations

STC – Steel-timber composite
SCT – Steel concrete composite
CLT – Cross laminated timber
LVL – Laminated veneer lumber
PSL – Parallel strand lumber 
LSL – Laminated strand lumber 
OSB – Oriented strand board
RBS – Reduced beam section
T-BRB – Timber buckling-restrained 
brace
STC – Steel-timber composite
RL – Radial-longitudinal
σ – Stress
Ɛ – Strain
kmod – Reduction coefficient
kdef – Deflection coefficient
Glulam – Glued laminated timber
GLxxh – Homogeneous glulam
GLxxc – Composite glulam
fm,g,k – Bending strength
ft,0,g,k – Tension strength
ft,90,g,k – Tension strength
fc,0,g,k – Compression strength
fc,90,g,k – Compression strength
fv,g,k – Shear strength
E0,g,mean – Modulus of elasticity
E0,g,05 – Modulus of elasticity
E90,g,mean – Modulus of elasticity
Gg,mean – Shear modulus
ρg,k – Density
fm,x,k – Bending strength
fm,y,k – Bending strength
ft,0,x,k – Tension strength
ft,0,y,k – Tension strength
ft,90,x,k – Perpendicular tension 
strength
ft,90,y,k – Perpendicular tension 
strength
fc,0,x,k – Compression strength
fc,0,y,k – Compression strength

fc,90,z,k – Perpendicular compression 
strength
fv,090,xlay,k – Longitudinal shear 
strength
fv,090,ylay,k – Longitudinal shear 
strength
fv,9090,xlay,k – Rolling shear strength
fv,9090,ylay,k – Rolling shear strength
E0,x,mean – Mean value of modulus of 
elasticity
E90,x,mean – Mean value of modulus of 
elasticity
E0,y,mean – Mean value of modulus of 
elasticity
E90,y,mean – Mean value of modulus of 
elasticity
E0,x,05 – Fifth percentile value of 
modulus of elasticity
E0,y,05 – Fifth percentile value of 
modulus of elasticity
G090,xlay,mean – Mean value of modulus 
of shear
G090,ylay,mean – Mean value of modulus 
of shear
G9090,xlay,mean – Mean value of 
modulus of rolling shear
G9090,ylay,mean – Mean value of 
modulus of rolling shear
ρxlam,k – Characteristic value
ρxlam,mean – Mean value
GLVL – Glued laminated veneer 
lumber
PU – Phenol formaldehyde
MUF – Melamine formaldehyde
PRF – Phenol resorcinol 
formaldehyde
fm,0,edge,k – Bending strength parallel to 
grain edgewise
fm,0,flat,k – Bending strength parallel to 
grain flatwise
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SVD-AUKF – Singular value 
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LVDT – Linear variable displacement 
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M-θ – Bending moment rotation
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CR-Sini – Initial stiffness
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PY – Yielding of link
PP – Plasticization of link
PC – Link ultimate strength
Mi,Rd – Bending resistance
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STS – Self-tapping screws
SCC – Self-compacting concrete
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Prefa-SeTi – Steel-timber composite 
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FNR – National research fund
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INTRODUCTION 

Innovations in timber engineering and constructions, improvements in numerical 
analysis, structural capability evaluation and experimental tests on timber structural 
systems and nodal assemblages all around the world have contributed to a rising 
interest in hybrid steel-timber braced structures. In fact, they are characterized by 
the intelligent and more efficient use of the two materials to improve the global and 
local behaviour of all-timber or all-steel structures The benefits of this structural type 
also involve the design of optimized seismic structures, where lightness of timber is 
combined with the stiffness and ductility of steel. Nowadays, research into hybrid 
steel-timber braced structures is still very recent and fairly limited. 
Timber is a natural and organic construction material with several attributes. It can 
be used in hybrid and composite construction with steel and/or concrete and it is a 
fully renewable and largely recyclable material. Because it is a naturally grown 
material, timber is a complex building material. Its properties are highly variable and 
are sensitive to environmental and loading conditions. It is highly anisotropic with 
high strength and stiffness parallel to the grain but low properties perpendicular to 
the grain. These factors must be taken into account in the design of timber 
structures. 
Aside from sawn timber, wood is also processed into structurally optimized building 
materials known as engineered timber. The benefits of these wood composites 
manufactured from laminated timbers, timber particles, adhesives and other 
materials, include increased dimensional stability, more homogeneous mechanical 
properties, and greater durability. 
 
The state-of-the-art findings in this document will serve for future guidance in 
research topics to help finalize a design guideline for structures having steel timber 
composite/hybrid structures. These recommendations are summarized in the last 
chapter and are intended to outline future research subjects and give technical 
knowledge so that a comprehensive design code for Steel-Timber Composite 
Structures can be developed. The recommendations are separated into the following 
subchapters: 
ITEM 1 Timber Materials and Products presents an overview of the wood 
classification, and strength classes of sawn timber as well as their mechanical 
properties and behaviour. In addition, a description of some engineered timber 
products is included together with relevant properties. 
ITEM 2 Shear Connections is focused on push-out tests with monotonic and cyclic 
loads and their numerical or analytical analyses. A summary of possible shear 
connection solutions applicable to steel-timber composite beams is provided, where 
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key advantages and disadvantages are highlighted. The behaviour of steel-timber 
shear connectors is also assessed, where current state-of-the-art limitations are 
debated. In addition, a brief review of steel-timber-concrete floors and the shear 
connection solutions applicable to such floors is also included.  
ITEM 3 Beam Column Joints is focused on connections that are using mainly 
screws, bolts and a combination of these using epoxy glue. However, there are other 
custom connections which include threaded rods welded to steel beams, bolts in 
grout pockets, among others. 
ITEM 4 Beams and Slabs presents an overview of steel-timber flooring systems 
shear connections with different types of screws and bolts. Analytical models have 
been developed to reproduce the behaviour of the connections tested. 
ITEM 5 Columns contains a summary of different studies on stub/slender steel-
timber cross-sections obtained by combining the materials, timber-filled steel profiles 
or steel profiles embedded in timber represent the most popular configurations 
investigated in the last decade. Two main groups of steel-timber composite columns 
were experimentally and numerically investigated in the last years, namely timber-
infilled and timber-encased steel columns. Although significant knowledge 
contributions have been made to the field of steel-timber composite columns, 
extensive studies are yet necessary to ensure a comprehensive understanding of 
their load-bearing behaviour and to support the development of reliable analytical 
tools for predicting their behaviour in real applications.  
ITEM 6 Walls, Diaphragms and Braces presents an overview of the existing 
research on Steel-Timber Composite (STC) shear walls and diaphragms, on steel-
timber hybrid framed systems and Timber Buckling-Restrained Braces (T-BRB). In 
particular, the results of the experimental and numerical analysis are presented and 
discussed in terms of the main structural performance, highlighting the innovations 
of the systems studied. 
ITEM 7 Fire design aims to present an overview of the behaviour of wood products 
and steel at elevated temperatures, including the relevant thermal and mechanical 
properties as a function of the temperature. The most relevant investigations and 
findings on the behaviour of steel-timber structures or structural elements in fire will 
be presented and discussed, identifying whenever possible existing gaps in 
knowledge and new research paths. Both prescriptive and performance-based 
approaches will be considered and discussed. 
ITEM 8 Sustainability presents the effect of using different structural systems based 
on using various materials and their Impact to the CO2 emissions. Circularity and as 
well sustainability principles are explained in this chapter. several case studies are 
provided to offer to the reader a better understanding on the Impact of composite 
steel timber systems. 
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The American Institute of Steel Construction (AISC) has launched the first design 
guide containing the first-ever set of recommendations for hybrid steel frames with 
mass timber floors [2]. However, it is not for steel timber composite structures, but 
for hybrid steel timber buildings. The design guide provides a context for the new 
building typology, detailing strategies from the perspective of multiple disciplines. By 
facilitating this new generation of sustainable buildings, the guide will help accelerate 
the use of hybrid timber and steel in multi-story residential and commercial 
construction. Multidisciplinary aspects like structural design, fire safety, acoustic, 
and sustainability specialists, provide a holistic overview of the design 
considerations that impact hybrid structures; it demonstrates how safety, structural 
strength, vibration, and acoustical control can be achieved with this typology by 
following a holistic design approach. 
 
Lessons learned upon already built steel timber projects, [1] can be resumed as 
follows: 
- Connections & material interfaces are critical (careful coordination during design 

& shop drawings; differences in tolerances; differences in material movements - 
vertically and horizontally). 

- Handle with care (timber is exposed, finish surface; moisture impacts, staining, 
rust; steel may have a primer or fire coating). 

-  Logistics are key (ideal to have same installer for timber and steel; delivery & 
install sequencing – keep tight schedules, may need additional material storage 
on site; don’t slow down one material’s install speed due to the nature of the 
other). 
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TERMINOLOGY 

In structural engineering, a system with two or more materials can be called a hybrid. 
Composite is an action between materials that changes the way that each structural 
element behaves individually.  

Based on the level of interaction and how the load capacity is evaluated, hybrid 
structures can be either additive or composite systems. Table 0.1 exemplifies these 
concepts on structural beam elements. 

Table 0.1: Beam structural element – composite /additive and hybrid concept 

Beam 
structural 
element 

HYBRID STRUCTURES 
COMPOSITE ADDITIVE 

η = 1 

η ≤ 1, η ≥ 0, η ≥ min η

2 parts, each working ion its 
own 
η = 0 

(at least not considered in the 
structural design calculation) 

Interaction 
mode 

Act commonly > ∑ of parts Act independently  
Act in a chain one after another 

Load 
bearing 
capacity 

Bigger than the sum of the parts The load bearing capacity of the 
weakest element alone or the 
sum of parts  
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