
design of wood structures asd lrfd
The allure of wood as a building material is timeless, offering a unique
blend of aesthetic appeal, sustainability, and structural integrity. When it
comes to harnessing its full potential in modern construction, understanding
the principles of design of wood structures asd lrfd is paramount. This
comprehensive guide delves into the intricacies of designing safe, efficient,
and resilient wood buildings by exploring the application of Allowable
Strength Design (ASD) and Load and Resistance Factor Design (LRFD)
methodologies. We will examine the fundamental differences between these two
approaches, their respective advantages and disadvantages, and how they are
applied in practice to ensure structural performance under various load
conditions. Furthermore, we will discuss key considerations for wood material
properties, connection design, and the role of building codes and standards
in shaping the design of wood structures asd lrfd. Prepare to gain a thorough
understanding of how these engineering frameworks translate into the
beautiful and robust wooden structures we see today.
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Understanding Allowable Strength Design (ASD)
for Wood Structures

Allowable Strength Design (ASD) is a long-established methodology for
engineering design that has been widely used for wood structures. The core
principle of ASD is to ensure that the stresses induced by service loads in a
structural member do not exceed the allowable stress for that material. This
is achieved by applying a factor of safety to the material's ultimate
strength to determine the allowable stress. The design process in ASD
involves calculating the expected stresses under typical service conditions
and comparing them against these predetermined allowable stresses. This
approach emphasizes conservatism by using a single, uniform factor of safety
applied to the material's strength to account for uncertainties in loads,
material properties, and analysis methods. While straightforward in its
concept, the application of ASD requires careful consideration of various
adjustment factors that modify the allowable stresses based on factors like
load duration, moisture content, temperature, and size of the member.



Principles of ASD
The fundamental principle behind ASD for wood structures is that the maximum
stress in any part of the structure under expected service loads should not
exceed the allowable stress for the material. This allowable stress is
derived by dividing the material's ultimate strength (or yield strength for
some materials, though less common for wood in this context) by a factor of
safety. This factor of safety is intended to encompass all uncertainties in
the design and construction process. The equation typically looks like:
Maximum Stress ≤ Allowable Stress. The allowable stresses are usually
provided in design codes and standards, such as the National Design
Specification for Wood Construction (NDS).

ASD Load Combinations
ASD requires the consideration of various load combinations that represent
realistic scenarios the structure might experience during its service life.
These combinations are specified in building codes, such as ASCE 7, and
include dead loads (permanent loads), live loads (transient loads like
occupancy), snow loads, wind loads, seismic loads, and more. The design must
ensure that the structure can safely resist the most critical combination of
these loads. Common ASD load combinations are designed to represent the
worst-case scenarios at a service level, meaning they are not factored up to
ultimate strength levels but are used directly with the allowable stresses.

ASD Material Properties and Adjustments
Wood is a natural material with inherent variability in its strength and
stiffness. To account for this, ASD uses reference design values that are
statistically derived from extensive testing of wood products. These
reference values are then adjusted using various factors to reflect specific
design conditions. Key adjustment factors include:

Load Duration Factor (Cd): Accounts for the fact that wood can carry
higher stresses for shorter durations.

Wet Service Factor (Cm): Reduces allowable stresses when wood is used in
damp conditions.

Temperature Factor (Ct): Adjusts stresses based on elevated service
temperatures.

Size Factor (Cf): Modifies allowable bending stresses based on the depth
of the lumber.

Beam Stability Factor (CL): Accounts for the lateral support provided to
the compression edge of a bending member.



Flat Use Factor (Cfu): Adjusts allowable bending stresses for members
loaded on the wide face.

Bearing Area Factor (Cb): Modifies allowable compressive stress
perpendicular to grain for bearing areas.

These factors are crucial for accurately determining the capacity of wood
members under ASD.

ASD Design Examples
A typical ASD design example would involve selecting a lumber member for a
specific load. For instance, designing a joist to support a floor load would
involve calculating the bending moment and shear force on the joist under
service loads. Then, the required section modulus and cross-sectional area
would be determined based on the allowable bending stress and allowable shear
stress, respectively, after applying the appropriate adjustment factors.
Deflection checks are also critical in ASD to ensure that the structure
performs adequately under service loads and does not experience excessive
sagging that could lead to discomfort or damage to finishes.

Exploring Load and Resistance Factor Design
(LRFD) for Wood Structures

Load and Resistance Factor Design (LRFD) represents a more modern and
probabilistic approach to structural engineering, and its application to wood
structures offers a refined method for ensuring safety and reliability.
Unlike ASD's reliance on a single factor of safety, LRFD utilizes separate
factors for loads and resistances. This approach explicitly accounts for the
uncertainties associated with both the applied loads and the material's
capacity, leading to a more consistent level of safety across different
structural elements and load combinations. By applying load factors greater
than unity and resistance factors less than unity, LRFD aims to ensure that
the factored resistance of a structural component is greater than or equal to
the factored load effects. This probabilistic framework allows for a more
nuanced understanding of structural behavior and performance under a wider
range of potential scenarios.

Principles of LRFD
The fundamental principle of LRFD is based on the equation: $\phi R_n \ge
\sum \eta_i \gamma_i Q_i$. Here, $\phi$ is the resistance factor, $R_n$ is
the nominal resistance (capacity) of the structural element, $\eta_i$ is an
importance factor (or occupancy factor), $\gamma_i$ are the load factors, and
$Q_i$ represents the load effects (e.g., moment, shear, axial force). The



resistance factor $\phi$ is always less than 1.0 and accounts for
uncertainties in material properties, dimensions, and fabrication. Load
factors $\gamma_i$ are typically greater than 1.0 and account for the
variability and potential for exceeding nominal load values. The importance
factor $\eta_i$ accounts for the potential consequences of failure due to the
intended use or occupancy of the structure.

LRFD Load Factors and Resistance Factors
LRFD employs specific load factors for various types of loads, such as dead
load (typically 1.2), live load (typically 1.6), wind load (typically 1.3),
and snow load (typically 1.5). These factors are applied to the nominal load
values to determine the factored load effects. Similarly, resistance factors
are specified for different structural materials and failure modes. For wood
structures, these resistance factors are derived from statistical analysis of
material properties and are provided in design standards. For example,
resistance factors for bending, shear, and axial compression for wood members
will vary. These factors are determined to achieve a target reliability
index, ensuring a consistent margin of safety.

LRFD Design Philosophy
The LRFD design philosophy aims to achieve a consistent level of reliability
for all structural designs. It acknowledges that both loads and material
strengths are variable quantities. By applying different factors to loads and
resistances, LRFD provides a more accurate representation of the
probabilistic nature of structural behavior. This leads to designs that are
more economical and efficient, as it avoids the over-conservatism sometimes
associated with a single factor of safety in ASD, particularly for elements
that are less critical or subject to more predictable loading. LRFD
effectively bridges the gap between deterministic design and the inherent
uncertainties in real-world engineering.

LRFD Design Examples
In an LRFD design scenario for a wood beam, one would calculate the factored
bending moment by applying appropriate load factors to the dead and live
loads. Then, the nominal bending strength of the wood member would be
determined from design specifications. This nominal strength would be
multiplied by the resistance factor for bending. The design criterion would
be that the factored load effect (bending moment) must be less than or equal
to the factored resistance (resistance factor times nominal bending
strength). Similar checks would be performed for shear, axial forces, and
buckling to ensure the member's adequacy under all critical factored load
combinations.



Comparing ASD and LRFD in Wood Structures
Design

Both Allowable Strength Design (ASD) and Load and Resistance Factor Design
(LRFD) are valid and widely used methodologies for the design of wood
structures. However, they differ significantly in their underlying philosophy
and application. Understanding these differences is crucial for engineers to
select the most appropriate design approach for a given project and to
interpret design codes effectively. While ASD offers simplicity and a long
history of successful application, LRFD provides a more refined and
probabilistic approach that aims for greater consistency in safety levels and
potentially more economical designs. The evolution of structural engineering
has seen a shift towards LRFD in many material disciplines, including wood,
as advancements in probabilistic methods and material characterization have
become more sophisticated.

Key Differences in Approach
The primary difference lies in how safety is incorporated. ASD uses a single,
overall factor of safety applied to the material's strength to obtain
allowable stresses, which are then compared to stresses from service loads.
LRFD, conversely, applies separate factors to loads (load factors) and
resistances (resistance factors). Load factors increase the nominal loads to
account for variability, while resistance factors decrease the nominal
capacity to account for uncertainties in material properties and fabrication.
This probabilistic approach in LRFD aims to achieve a more uniform margin of
safety across different structural components and load conditions.

Advantages and Disadvantages
ASD Advantages:

Simplicity and ease of understanding.

Long history of successful application, leading to a wealth of empirical
data.

Directly relates to serviceability criteria like deflection.

ASD Disadvantages:

Can be overly conservative for some load combinations, leading to less
efficient material use.

Does not explicitly account for the variability of loads and resistances
in a probabilistic manner.



LRFD Advantages:

More consistent level of safety across different designs due to
probabilistic approach.

Potentially more economical designs by optimizing material use.

Better accounts for the uncertainties in loads and material properties.

LRFD Disadvantages:

More complex to understand and apply, requiring a grasp of probability
concepts.

Requires accurate statistical data for load and resistance factors.

Serviceability checks (like deflection) may still need separate
consideration.

When to Use ASD vs. LRFD
The choice between ASD and LRFD often depends on prevailing building codes,
project specifications, and the engineer's familiarity and preference. Many
codes allow for the use of either method. For simpler structures or when ease
of implementation is a priority, ASD may be favored. In projects where
maximizing material efficiency and achieving a high degree of safety
consistency are critical, LRFD might be the preferred choice. Increasingly,
LRFD is becoming the standard for many structural materials due to its more
rigorous and scientifically grounded approach to safety.

Key Considerations in Wood Structures Design

Designing wood structures involves a detailed understanding of the material's
unique characteristics and the various forces it will encounter. Beyond the
fundamental design methodologies of ASD and LRFD, several critical factors
must be meticulously addressed to ensure the safety, durability, and
performance of timber buildings. These include the inherent variability of
wood, the crucial role of connections in transferring loads, the behavior of
diaphragms and shear walls in resisting lateral forces, and the importance of
protecting the wood from environmental degradation. A comprehensive approach
that considers these elements leads to robust and long-lasting wooden
structures.



Wood Material Properties and Variability
Wood is a natural, anisotropic material, meaning its properties vary with the
direction of the grain. Its strength and stiffness are significantly higher
along the grain than perpendicular to it. Furthermore, the strength of wood
is influenced by factors such as species, grade, knots, slope of grain,
moisture content, and the presence of defects. These inherent variabilities
necessitate careful selection of materials and the application of adjustment
factors in design, as discussed previously in ASD and LRFD. Understanding
these properties is fundamental to accurate structural analysis and design.

Design of Connections in Wood Structures
Connections are often the most critical elements in wood structures, as they
transfer loads between different members and are frequently the weakest
links. Common connection methods include nails, screws, bolts, glues, and
specialized metal connectors (e.g., joist hangers, angle brackets). The
design of these connections must account for withdrawal resistance, shear
strength, and the capacity of the wood to resist crushing around fasteners.
Codes provide design values for various fasteners and connection
configurations. Proper detailing and installation are paramount to ensuring
that connections perform as intended and contribute to the overall structural
integrity.

Diaphragm and Shear Wall Design
In buildings, diaphragms (typically floors and roofs) and shear walls
(vertical bracing elements) are essential for resisting lateral loads such as
wind and seismic forces. Diaphragms act as horizontal beams, distributing
lateral forces to vertical resisting elements. Shear walls are designed to
resist these forces and transfer them to the foundation. The design of wood
diaphragms and shear walls involves calculating the forces acting on them and
ensuring that the sheathing, framing members, and connections have sufficient
strength and stiffness to resist these loads without excessive deformation or
failure. This often involves detailed analysis of nailing patterns, stud
spacing, and sheathing materials.

Lateral Load Design
Designing wood structures for lateral loads requires a thorough understanding
of wind pressures and seismic forces. Wind loads are typically calculated
based on wind speed, building exposure, and shape. Seismic loads are
determined based on the building's location, soil conditions, and structural
system. Both ASD and LRFD provide methodologies for combining lateral loads
with gravity loads to determine the most critical load combinations. The
structural system must be designed to resist these forces, often through the
use of shear walls, braced frames, or moment frames, ensuring stability and



preventing collapse.

Durability and Moisture Considerations
Wood is susceptible to decay and insect attack when exposed to moisture and
certain environmental conditions. Therefore, durability is a critical design
consideration. This involves selecting appropriate wood species or treating
wood with preservatives when necessary. Proper detailing to prevent moisture
accumulation, such as adequate drainage, ventilation, and protective
coatings, is also essential. Designing for moisture management helps to
ensure the long-term performance and serviceability of wood structures by
preventing rot and insect infestation.

Role of Building Codes and Standards

Building codes and industry standards play an indispensable role in the
design of wood structures, providing the framework and technical requirements
necessary to ensure public safety and structural integrity. These documents
are developed through consensus processes involving engineers, architects,
material scientists, and regulatory bodies. They translate the principles of
structural mechanics and material science into practical design guidelines
and specifications. Adherence to these codes is not only a legal requirement
but also a fundamental aspect of responsible engineering practice,
guaranteeing that wood structures are built to perform reliably under various
anticipated conditions.

IBC and ASCE 7
The International Building Code (IBC) is a widely adopted model building code
in the United States that sets forth general requirements for structural
design, fire safety, and occupancy. It mandates that structural design must
be performed in accordance with recognized standards. The American Society of
Civil Engineers (ASCE) Standard ASCE 7, "Minimum Design Loads and Associated
Criteria for Buildings and Other Structures," is a primary standard
referenced by the IBC for determining design loads. ASCE 7 provides
comprehensive guidance on calculating dead loads, live loads, snow loads,
wind loads, seismic loads, and combinations thereof, which are fundamental
inputs for both ASD and LRFD.

NDS and Other Wood Design Standards
The National Design Specification for Wood Construction (NDS), published by
the American Wood Council (AWC), is the primary standard governing the design
of wood structures in North America. The NDS provides allowable stresses for
various species and grades of lumber and engineered wood products, along with



methods for calculating design values and applying adjustment factors for
ASD. It also includes provisions for LRFD, outlining the resistance factors
and load combinations to be used. Other relevant standards may address
specific aspects of wood construction, such as the design of timber bridges
or historic timber structures, further ensuring the safe and effective use of
wood in diverse applications.

Conclusion

The effective design of wood structures asd lrfd is a multifaceted discipline
that combines a deep understanding of material science, structural mechanics,
and regulatory requirements. Whether employing the time-tested principles of
Allowable Strength Design (ASD) or the more probabilistic Load and Resistance
Factor Design (LRFD), the ultimate goal remains the same: to create safe,
durable, and efficient wooden buildings. By meticulously considering material
properties, connection details, lateral load resistance, and durability,
engineers can harness the inherent advantages of wood. Adherence to building
codes and industry standards, such as the IBC, ASCE 7, and NDS, is crucial
for translating these principles into reliable construction. Mastering the
nuances of both ASD and LRFD empowers designers to create innovative and
sustainable timber structures that stand the test of time.

Frequently Asked Questions

What are the primary advantages of using ASD
(Allowable Strength Design) vs. LRFD (Load and
Resistance Factor Design) for wood structures?
ASD provides a more intuitive approach, relying on service loads and material
properties with factors of safety. LRFD, on the other hand, uses factored
loads and factored resistances, incorporating load and resistance factors to
account for uncertainties, generally leading to more consistent safety levels
across different load combinations and material behaviors.

How does the concept of load combinations differ
between ASD and LRFD in wood structure design?
In ASD, load combinations typically involve summing unfactored service loads
to determine the maximum likely load. In LRFD, different load types (dead,
live, wind, snow, seismic) are multiplied by specific load factors and
combined to create 'factored loads,' which are then compared against
'factored resistances'.



What are the key considerations for beam design in
wood structures under LRFD?
LRFD beam design involves calculating factored bending moments and shear
forces, then comparing them to the factored bending strength and shear
strength of the wood member. Deflection limits are also checked using service
loads, ensuring serviceability is maintained.

How are connections designed in wood structures
using ASD and LRFD principles?
For ASD, connection strength is typically based on allowable shear and
withdrawal strengths of fasteners. In LRFD, connection design involves
comparing factored forces acting on fasteners and connection elements to
their factored strengths, often determined using design values adjusted by
resistance factors.

What role do resistance factors (phi factors) play
in LRFD wood structure design?
Resistance factors (phi, Φ) are applied to the nominal strength of wood
members and connections in LRFD. These factors are less than 1.0 and account
for uncertainties in material properties, dimensions, and fabrication,
effectively reducing the available strength to ensure a consistent margin of
safety.

How is deflection controlled in wood structures
designed with LRFD?
While LRFD focuses on strength with factored loads, deflection is typically
controlled using service loads. The design must ensure that deflections under
expected service conditions do not exceed specified limits to maintain
functionality and occupant comfort.

What are some common wood species and their
properties that are critical for both ASD and LRFD
design?
Key properties include bending strength (Fb), modulus of rupture (MOR), shear
strength (Fv), modulus of elasticity (E), compression parallel to grain (Fc),
and compression perpendicular to grain (Fcp). These values, often found in
design values for different species and grades, are the basis for calculating
allowable or factored strengths.

How does the National Design Specification (NDS) for



Wood Construction influence ASD and LRFD in the US?
The NDS is the primary standard for wood design in the US. It provides the
design values and adjustment factors for various wood species and grades,
along with the methodologies for applying these values in both ASD and LRFD
frameworks, referencing ASCE 7 for load calculations.

What are the implications of long-term loading and
duration of load for wood design under LRFD?
LRFD, like ASD, accounts for the effects of load duration through adjustment
factors. These factors modify the base design values to reflect that wood can
sustain higher loads for shorter durations and lower loads for longer
durations, impacting the factored resistance.

When might a designer choose to use ASD over LRFD
for a wood structure, or vice versa?
ASD is often favored for simpler projects, renovations, or when a more direct
relationship between applied loads and material capacity is desired. LRFD is
generally preferred for larger, more complex projects, or where a more
uniform level of reliability across various load combinations is a primary
concern, often mandated by building codes.

Additional Resources
Here is a numbered list of 9 book titles related to the design of wood
structures using ASD and LRFD, with short descriptions:

1_ _Introduction to Wood Structures: Design and Behavior_
This foundational text provides a comprehensive overview of wood as a
structural material. It delves into the fundamental principles of wood
behavior, including its mechanical properties and how they are affected by
various factors. The book covers both Allowable Strength Design (ASD) and
Load and Resistance Factor Design (LRFD) methodologies, making it suitable
for students and practicing engineers seeking a solid understanding of wood
structural design.

2_ _Design of Wood Structures: ASD and LRFD Principles_
Focusing specifically on the two primary design philosophies, this book
offers detailed explanations of ASD and LRFD as applied to wood construction.
It systematically guides the reader through the steps involved in analyzing
and designing various wood elements and systems. The text includes numerous
examples and practical applications, ensuring a clear grasp of the code
requirements and design procedures.

3_ _Advanced Wood Engineering: Load and Resistance Factor Design_
Targeted at engineers with a foundational knowledge of wood structures, this



advanced text concentrates on the intricacies of LRFD. It explores the
probabilistic basis of LRFD, resistance factors, load combinations, and
advanced analysis techniques for wood components. The book aims to equip
readers with the skills to tackle complex design challenges and optimize wood
structures under LRFD.

4_ _Timber Construction Manual_
This comprehensive manual serves as an invaluable reference for engineers and
architects involved in timber design. It compiles extensive data on timber
properties, connectors, and building codes, with dedicated sections on both
ASD and LRFD approaches. The manual is known for its practical design aids,
tables, and detailed guidelines for a wide range of timber structural
applications.

5_ _Wood Engineering and Construction Handbook_
Offering a broad perspective on wood engineering, this handbook covers
everything from material properties to the latest construction techniques. It
features robust chapters on structural analysis and design using both ASD and
LRFD, providing practical guidance for real-world projects. The book
emphasizes the integration of design principles with construction practices,
ensuring efficient and safe timber structures.

6_ _Structural Wood Design: ASD and LRFD_
This textbook provides a clear and systematic approach to the design of wood
structures. It meticulously explains the concepts behind both ASD and LRFD,
offering a comparative analysis of the two methods. The book is rich with
examples, covering the design of beams, columns, connections, and other
essential wood structural elements, making it an excellent resource for
learning.

7_ _Design of Timber Buildings: ASD and LRFD Applications_
This publication focuses on the practical application of ASD and LRFD
principles in the design of timber buildings. It explores various building
types and discusses how to select appropriate design methods and components.
The book emphasizes detailing and construction considerations, ensuring that
theoretical designs translate into buildable and code-compliant structures.

8_ _Wood Design: ASD and LRFD Examples_
For those who learn best through practice, this book is filled with solved
examples demonstrating the application of ASD and LRFD in wood structural
design. Each example walks through the analysis and design process step-by-
step, highlighting the differences and similarities between the two design
philosophies. It's an ideal companion for reinforcing theoretical knowledge.

9_ _Mechanics of Wood and Wood Composite Structures_
While not solely focused on design codes, this book delves into the
fundamental mechanics that underpin wood structural behavior. It explains how
the material properties and structural mechanics are considered within both
ASD and LRFD frameworks. Understanding these underlying principles enhances
the ability to design more efficient and resilient wood structures.
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