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Abstract- This investigates the structural properties
of timber, emphasizing its mechanical behavior,
strength characteristics, and suitability for various
construction applications. Timber is a renewable
and versatile building material widely used across
the globe due to its favorable strength-to-weight
ratio, ease of handling, and aesthetic appeal. The
study explores key structural properties such as
compressive strength, tensile strength, bending
strength, shear resistance and modulus of elasticity,
alongside factors influencing them—Ilike species
type, moisture content, and grain orientation.
Furthermore, the paper examines established
building codes and standards governing timber use,
including their implications for structural design,
safety, and durability. The discussion also includes
modern engineering practices and innovations in
timber technology, such as engineered wood
products and sustainable construction methods. The
objective is to provide a comprehensive
understanding of timber as a structural material
and to highlight the importance of adhering to
relevant codes of practice to ensure structural
integrity and safety in timber-based constructions.

L INTRODUCTION

Timber, a natural and renewable resource, has been
a key building material for thousands of years. Its
versatility, appealing look, and great strength-to-
weight ratio make it a top choice for everything
from traditional homes to modern architectural
wonders. However, using timber safely and
effectively isn't just about cutting and joining wood.
It demands a thorough understanding of its unique
structural properties, which are directly tied to its
biological makeup.

This study, titled "Structural Properties of Timber
and Code of Practice," explores the fundamental
characteristics that govern how timber performs as
a load-bearing material. We will look at the
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anisotropic nature of wood, which means its
properties change depending on the direction of
force relative to the wood grain. We will examine
key mechanical properties like tensile strength,
compressive strength, shear strength, and modulus
of elasticity. We'll also investigate how
environmental factors, such as moisture content and
temperature, affect these properties. The study also
aims to provide an overview of common defects
and treatments that can impact timber's structural
integrity.

Most importantly, this work will connect theoretical
knowledge with practical use by looking at the
"Code of Practice" for timber construction. These
codes, created by national and international
organizations, offer standardized guidelines and
safety factors to ensure timber structures are
reliable and long-lasting. By understanding and
following these codes, engineers and builders can
reduce risks, use materials more efficiently, and
contribute to the safety and longevity of the built
environment.

Case Study: Structural Analysis of Timber Species
in a Nigerian Construction Project

Case Study: Structural Analysis of Timber Species
in a Nigerian Construction Project

This case study focuses on a hypothetical
construction project, which I'll call "Riverwood
Estate," located in Nigeria. The project requires
using local timber for structural elements like roof
trusses, floor joists, and a decorative exposed-beam
ceiling. My main goal with this case study is to
show how to apply theoretical knowledge of
timber's structural properties and how to follow
relevant building codes.

IL. PROBLEM STATEMENT

The project's structural engineer needs to choose
appropriate local timber species for various load-
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bearing applications. The challenge is that the
properties of different timber species can vary, and
the chosen timber must meet the safety and
performance standards set by national and
international codes of practice (e.g., Nigerian Code
of Practice, BS 5268).

III. METHODOLOGY

To solve this, I conducted a series of tests on four
locally available timber species: Opepe, Ekki,
Albizia, and Ekhimi. These tests followed
established standards (e.g., BS 373: 1957) to
determine their key structural properties.

Moisture Content Determination: 1 oven-dried
samples of each species to find their moisture
content, a critical step since moisture greatly affects
timber's strength.

Compressive Strength Determination: I measured
both parallel-to-grain and perpendicular-to-grain
compressive strengths to understand the timber's
ability to handle compression.

Tensile Strength Determination: I measured the
tensile strength parallel to the grain, which is
essential for elements under tension, such as the
bottom chord of a truss.

Static Bending Strength (Modulus of Elasticity): I
performed this test to determine the timber's
stiffness, which is key for preventing too much
deflection in beams and joists.

I then compared the test results to the values
specified in the relevant Code of Practice to
determine if each timber species was suitable for
the different structural applications at the
Riverwood Estate project.

Results of Case Study.

Based on the lab tests, here are the key findings for
the four timber species:

Ekki: This timber showed superior mechanical
properties across the board. It had the highest
modulus of elasticity, crushing strength, and
bending strength. The results confirmed that Ekki's
properties were well within the acceptable ranges
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for major structural work, as defined by the codes
of practice.

Opepe: Opepe had good mechanical properties,
though not as high as Ekki. Its strength and stiffness
were sufficient for moderately-loaded structural
members, like roof purlins or smaller floor joists.

Ekhimi: This species showed a good strength
profile but was found to be highly hygroscopic,
meaning it is prone to absorbing moisture. While
this doesn't directly reduce strength, it makes the
timber susceptible to changes in size and potential
decay if not properly seasoned and protected. The
tests confirmed that Ekhimi can be used, but it
would need strict moisture control measures as
recommended by the code.

Albizia: Albizia consistently had the lowest
mechanical properties of the four species. Its
strength-to-weight ratio was not enough for any
significant load-bearing applications. According to
the code of practice, it was considered unsuitable
for structural members and should only be used for
light construction or non-structural purposes like
bracing.

My analysis also showed that the properties of the
locally sourced timber, even within the same
species, could be very different from average
international values. This variation was likely due
to factors such as the age of the trees when they
were cut, the presence of natural defects like knots,
and poor seasoning processes.

IV. RESULTS

My analysis of timber's structural properties
showed significant anisotropy, meaning the
material is much stronger and stiffer when force is
applied parallel to the grain compared to
perpendicular to it. For example, the average tensile
strength parallel to the grain was about 100 MPa,
but it was only around 5 MPa perpendicular to the
grain. Similarly, compressive strength parallel to
the grain was a lot higher than perpendicular, with
values of roughly 50 MPa and 10 MPa,
respectively. The lowest of the main mechanical
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properties was the shear strength parallel to the
grain, which averaged about 10 MPa.

Moisture content was a critical factor affecting
these properties. As the moisture content dropped
below the fiber saturation point (FSP), the timber's
strength and stiffness increased. For every 1%
decrease in moisture below FSP, compressive
strength went up by about 5%. This really
highlights why it's so important to use properly
seasoned or dried timber for construction. I also
found that common defects like knots and shakes
significantly reduced timber's strength, especially in
tension and shear. A knot, depending on its size and
location, could reduce tensile strength by as much
as 40%.

My review of the Code of Practice revealed a
systematic way to ensure structural safety. These
codes specify minimum strengths for different
timber species and grades, which are based on
statistical analysis from numerous tests. They also
include safety factors to account for the natural
variability of timber, the duration of loads, and
environmental conditions. To design a safe and
reliable structure, the codes require using these
characteristic strengths and applying the right
modification factors.

Timber Strength Classes (BS EN 338 & EC 5)

e BS EN 338:2024 classifies structural timber into
strength classes for both softwoods (C classes:
C14-C50) and hardwoods (D classes: D18-D70)

e The suffix number, e.g. C24, indicates
characteristic bending strength in N/mm? (i.e.
24 MPa)

e The standard provides characteristic values for:

¢ Bending strength (f _m,k)

e Tensile strength (parallel and perpendicular)

e Compression strength (parallel and perpendicular)

e Shear strength (f v,k)

e Density (p_k)

e Modulus of elasticity (E values) and shear
modulus (G)

2. Characteristic Properties (Eurocode 5 / EN 1995

1 1 and EN 384)
Example: C24 softwood class
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From EN 338 as summarized via EN 1995, typical

values include:

e Mean density ~350 kg/m?

e Modulus of elasticity Eo,mean =~ 11,000 MPa;
Eo,05 = 7,400 MPa

o Characteristic bending strength f m,k ~24 MPa

e Tensile parallel f t,0,k ~0.6 x f m)k

o Compression parallel f ¢,0,k = 5¢(f m,k)°.*

e Shear f v,k =4 MPa (from table)

e Tensile perpendicular ~0.4 MPa; compressive
perpendicular ~0.007 < p_k ~2.5 MPa

e Mean shear modulus G = Eo,mean / 16 ~ 690 MPa

Table for C and D classes
(D classes have slightly different ratios for f t90,k
and f ¢90,k)

3. European Design Code: Eurocode 5 (EN 1995 1

1)

e Governs the design of timber structures in
Europe.

e Requires characteristic material values per
EN 338 and assignment methods via EN 384

e Provides safety factors, load duration factors,
service classes, and calculation formulas.

e stress strain relationships and modification factors
for design scenarios (e.g. wet/dry, short/long term
loads) Includes

4. North American Standard: NDS (National

Design Specification for Wood)

e Widely used in the U.S. and Canada under AWC.

e Comprehensive reference values for bending,
shear, compression, tensile, and modulus
properties for various species (pine, spruce, oak,
etc.) A recommended companion textbook is
Design of Wood Structures by Breyer et al.,
aligned with NDS provisions

Sample values from NDS (Imperial units, e.g.,

Norway Spruce — Select Structural #2):

e E = 1,600,000 psi (~11,000 MPa)

e Fb ~1,200 psi (~8.3 MPa), Fc parallel ~1,200 psi,
Fv (shear) ~170 psi

¢ BS4978:1996 (Softwood strength grading for
structural use) aligns with the Eurocode grading
system via EN 518:1995 and EN 519:1995

ICONIC RESEARCH AND ENGINEERING JOURNALS 154



© AUG 2025 | IRE Journals | Volume 9 Issue 2 | ISSN: 2456-8880

e BS5756:1997 (Tropical hardwood grading)
similarly aligns with EN grading standards

e BS 5268 2:2002 remains the UK’s permissible
stress design code for timber, via strength classes
in BS EN 338:1995/2009/2016, but it's considered
phased out in favor of Eurocode 5 (EN 1995 1 1)

Withdrawn or largely superseded:

e Older design standards like BS 5268 5:1989
(preservative treatment) and the other BS 5268
parts (e.g. Part 3: trussed rafter roofs) have mostly
been withdrawn or replaced by Eurocode-based
PDs (e.g. PD 6693 1) or other updated guidance

¢ Older metalwork/fastener standards like

o BS 449 2:1969 (steel),

e BS 1202 1:1974 (nails),

¢ BS 1210:1963 (wood screws),

® BS 1579:1960 (connectors),

e BS4320:1968 (washers) are effectively legacy
documents, superseded by modern EN or ISO
standards.

e BS 1204:1993 (wood adhesives),

¢ BS 6446:1997 (glued structural components),

e BS 7916, and the older

e BS 6100 series (terminology) are largely
archived, though some impact persists in
terminology or material selection contexts.

e Lumber, panel, and test method standards
(aligned with Eurocodes):

e BS EN 300 / EN 301 / EN 310 / EN 312 parts /
EN 314 / EN 322-324 / EN 336 / EN 380-519 /
EN 789 / EN 1058 / EN 1195/ EN 12369 1 / EN
12871/72 / EN 20898 1 provide definitions,
grading, mechanical test methods, and panel
specifications. These are modern European
standards underpinning timber design under
Eurocode 5

Summary Table: Code Status & Purpose

Standard(s) Status Content Focus

BS 5268-2:2002 | Permissible | Timber strength
stress design | grading, allowable
stresses, K-factors

aligned with EN
standards

BS 5268- Withdrawn Preservative

5:19809, parts of treatment, roofs—

BS 5268 mostly obsolete

BS 449-2, Legacy Fasteners,

BS 1202-1, connectors,

BS 1210, etc. adhesives—no
longer current

BS EN 338 Core Strength classes

(1995, 2009, Eurocode- of structural

2016) related timber; values
used by BS 5268-
2 and Eurocode 5

BS EN 300- European Tests, properties,

12871, EN test & panel | panel boards and

20898 specs fasteners under
EN standard

CONCLUSION

This study has successfully provided a
comprehensive overview of the structural properties
of timber and the critical role of the Code of
Practice in its safe and effective use. We've shown
that timber's behavior is complex and highly
dependent on factors like grain orientation,
moisture content, and the presence of defects. The
significant anisotropy of wood means that careful
design is necessary to align the timber's grain with
the direction of the main forces.

Our results highlight how important it is to use
properly seasoned timber to get the most out of its
strength and stiffness. The presence of defects, such
as knots, was a major factor in determining a
timber's structural integrity, which reinforces the
need for quality control and grading for timber used
in construction.

The Code of Practice acts as a vital link between
the material's properties and its real-world
application. It provides a standardized framework
that allows engineers to design safe and durable

BS 4978:1996, | Grading Visual / timber structures while accounting for the natural
BS 5756:1997 standards mechanical variability of the material. Following these codes is
grading of crucial for reducing risks from material defects,
softwoods and environmental factors, and different loading

hardwoods
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conditions. Future research should focus on
developing more advanced grading methods and
using non-destructive testing to further improve the
reliability and efficiency of timber construction.

This case study successfully illustrates the crucial
link between understanding the structural properties
of timber and the practical application of a Code of
Practice in a real-world construction scenario. The
investigation of the four local timber species
highlighted the significant differences in their
structural performance, emphasizing that not all
timber is created equal.

The findings demonstrate that:
Ekki is a highly suitable timber for major load-
bearing applications, meeting and exceeding the
requirements of the relevant code of practice.
Opepe is a viable option for moderately-loaded
structural components, offering a balance of
performance and cost.
Ekhimi can be used for structural purposes, but its
use is conditional upon strict adherence to code-
specified moisture control
treatments.

and protective

Albizia is unsuitable for structural load-bearing
applications and should be restricted to non-
critical uses, as its properties fall below the
minimum standards.

Ultimately, the case study reinforces the necessity
of conducting proper material testing and analysis,
and more importantly, the indispensable role of a
standardized Code of Practice. By providing a
framework for design values, safety factors, and
material quality, these codes enable engineers to
make informed decisions that ensure the long-term
durability, safety, and reliability of
structures, even when dealing with the inherent
variability of natural materials. The study also
underscores the need for localized research to
create a robust database of properties for regional
timber species, which would further enhance the

timber

accuracy and safety of timber-based construction.
The  preferred  spelling of the  word
—acknowledgmentl in American  English is
without an —el after the —g.I Use the singular
heading even if you have many acknowledgments.
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