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Course Description

This course provides an in-depth examination of the principles, methods, and best
practices used in evaluating the structural integrity of wood frame structures. It
addresses both traditional and modern framing techniques, deterioration mechanisms,
field assessment strategies, and engineering analysis methods to determine the
condition, safety, and serviceability of wood-framed buildings.

The course is designed for professional engineers involved in residential, light
commercial, and low-rise building inspections, assessments, forensic evaluations,
retrofits, and restoration projects.

Course Objectives
Participants who complete this course will be able to:

1. Understand the structural principles and load paths in typical wood frame

construction.

2. ldentify common failure modes and degradation mechanisms in wood
structures.
Conduct visual inspections and diagnostic evaluations for structural defects.
Evaluate the effects of moisture, pests, and material fatigue on wood integrity.
Apply engineering criteria to assess the adequacy of structural components.
Interpret code requirements and standards relevant to wood frame integrity.
Recommend repair, retrofit, or replacement strategies based on evaluation
results.
8. Document findings and prepare professional assessment reports.

Nk

Applicable Disciplines

This course is suitable for civil, structural, architectural, forensic, and residential building
engineers and inspectors engaged in the design, assessment, repair, or forensic analysis
of wood frame structures.
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Chapter 1

Infroduction to Wood Frame Structures

Wood frame construction represents one of the most widely used methods of building
design in the United States and across many parts of the world. It combines economic
efficiency, adaptability, and ease of construction, making it particularly common in
residential and low-rise commercial structures.

This chapter infroduces the reader to the fundamentals of wood frame construction,
exploring its historical development, framing typologies, and structural components. A
foundational understanding of these elements is essential before performing any type
of structural evaluation.

Historical Context and Evolution of Wood Framing

The use of timber as a structural material dates back thousands of years, but modern
wood framing techniques began to take shape during the 19th century with the advent
of mass-produced nails and standardized lumber.

Balloon framing, which emerged in the early 1800s, utilized long continuous studs that
extended from the foundation to the roof. While revolutionary for its time, balloon
framing presented challenges related to fire safety and vertical shrinkage.

Platform framing, which evolved in the 20th century, quickly supplanted balloon
framing as the dominant method due to its modularity, safety, and reduced labor
requirements.

In this method, each story is framed separately, with walls built upon a floor platform
and capped by the next floor platform or roof assembly. This construction method
remains the standard for single-family homes and many light commercial structures in
North America.

Heavy timber framing, while less common in new construction, remains prevalent in
historic buildings and certain high-end applications. This type of framing uses large-
section timbers joined by mortise-and-tenon or steel connectors, often without reliance
on sheathing for structural rigidity. Understanding the framing method used in a given
structure is critical for proper evaluation.

Overview of Light-Frame and Heavy Timber Systems

Modern wood-framed buildings primarily use light-frame construction, which includes
both platform and modified post-and-beam systems. These structures rely on a
repetitive arrangement of small-dimension lumber, such as 2x4 or 2xé studs spaced at
16 or 24 inches on center. Light-frame systems achieve their strength and rigidity from
the integrated action of framing members, sheathing, fasteners, and structural
connectors.

In contrast, heavy timber construction—often classified under Type IV construction by
the International Building Code (IBC)—utilizes timber members with minimum dimensions



set forth by code. These systems derive their load-carrying capacity primarily from the
section properties of the large timbers rather than structural sheathing. Evaluation of
such structures requires different considerations, particularly in regard to checking for
surface degradation, bearing capacity, and joint integrity.

Structural Roles of Studs, Joists, Rafters, Sheathing, and Connectors

Each component of a wood frame structure serves a specific structural role. Studs carry
vertical loads from roof and floor assemblies down to the foundation and resist lateral
pressures from wind and seismic events when integrated into shear walls.

Joists support floor and ceiling loads and transfer these forces horizontally to beams and
bearing walls. Rafters and trusses form the roof structure and must resist both vertical
and lateral forces.

Sheathing, typically plywood or oriented strand board (OSB), provides in-plane bracing,
transferring lateral loads to the foundation through diaphragms and shear walls.

Fasteners such as nails, screws, and metal connectors ensure continuity between
members and play a critical role in transferring shear, tension, and compression forces
between components.

Connectors such as hurricane fties, joist hangers, and hold-downs are critical for
performance during high wind or seismic events. Their presence, spacing, and
condition are key elements during any structural evaluation.

Load Paths and Distribution in Wood Frame Systems

Understanding load paths is a fundamental aspect of evaluating structural integrity.
Vertical loads from roofs, floors, and walls are transferred downward through framing
members to the foundation.

Lateral loads from wind or seismic activity are transferred through diaphragms and
shear walls into the anchoring system and foundation. An uninterrupted and continuous
load pathis vital fo a structure’s ability to withstand applied forces.

Disruptions to this path—such as improperly removed walls, cut framing members, or
degraded connectors—can result in partial or full structural failure. Evaluating structural
integrity, therefore, begins with fracing these load paths and identifying any gaps,
weak links, or deficiencies in load transfer.

In some cases, especially in older or modified buildings, improper alterations may
infroduce eccentric loading, resulting in torsional effects or overstressed components.
Structural engineers performing evaluations must be able to identify whether load paths
are still intact and functioning as intended.

Code References and Design Standards
The evaluation of wood frame structures must be performed in accordance with
established engineering standards and building codes.



The following references are among the most important:

+ National Design Specification for Wood Construction (NDS): This is the primary
engineering standard for structural wood design in the United States and outlines
allowable stresses, load combinations, and connection design.

o International Residential Code (IRC) and International Building Code (IBC): These
codes provide prescriptive design guidelines for wood frame structures and are
widely adopted by jurisdictions.

e ASCE/SEI 7: This standard provides minimum design loads for buildings and other
structures and is critical for assessing wind, seismic, snow, and live loads during
structural evaluations.

Adherence to these standards ensures that evaluations are technically sound,
defensible, and compliant with legal and professional requirements.



Chapter 2

Material Properties and Structural Behavior of Wood

Wood is an anisotropic and hygroscopic material whose strength and behavior depend
on species, moisture content, grain orientation, and the presence of defects.
Understanding these variables is essential when evaluating the structural integrity of
wood-framed structures.

This chapter explores the material science of wood, including its natural and
engineered forms, and outlines how various physical and mechanical properties
influence performance under load, environmental conditions, and long-term use.

Mechanical Properties of Wood Species Used in Construction

Structural lumber in North America is typically derived from softwoods such as Douglas
fir, southern yellow pine, spruce-pine-fir (SPF), and hemlock. Each species group has
distinct strength properties governed by growth characteristics and cellular structure.

The key mechanical properties of wood include:

e Modulus of elasticity (E): Measures stiffness and is vital for calculating deflection
and deformation under load.

e Modulus of rupture (MOR): Represents the maximum bending strength before
failure.

o Compression strength parallel to grain: Governs the load-carrying capacity of
columns and studs.

o Shear strength: Influences the capacity of beams and horizontal diaphragms.

o Tensile strength: While not often governing, it is important for truss members and
uplift resistance.

Grading agencies, such as the American Lumber Standard Committee (ALSC),
establish strength values through standardized testing, resulting in design values
published in the NDS. Evaluators should refer to these values when analyzing structural
adequacy.

Grading Standards and Dimensional Lumber Characteristics

Lumber is assigned a visual or machine grade that corresponds to its structural
capacity. Visual grading identifies knots, splits, slope of grain, wane, and other defects
that reduce strength. Structural framing lumber is typically classified into categories
such as No. 2, No. 1, Select Structural, or utility grade.

Dimensional lumber also varies slightly in actual size compared to nominal dimensions.
For instance, a nominal 2x4 has an actual dimension of 1.5 inches by 3.5 inches. These
reductions in cross-section must be accounted forin any structural evaluation.

When evaluating existing structures, it is not uncommon to find historic or rough-sawn
lumber, which may not conform to modern dimensional standards. These conditions
require either field measurements or conservative assumptions to assess member
capacity accurately.



Factors Affecting Structural Performance
Several time-dependent and environmental factors influence wood's performance:

¢ Moisture content (MC): Wood swells or shrinks depending on humidity levels.
ldeal MC for structural use is between 12% and 15%. Moisture above 19%
promotes fungal activity and decay.

e Creep: Wood under sustained load deforms over time. Long-term creep must be
considered in floor joists and beams, particularly in older structures.

o Shrinkage: As wood dries, it contracts more tangentially than radially, leading to
dimensional changes that can cause drywall cracking, nail popping, and joint
separation.

o Temperature: Extreme heat may dry out wood and reduce toughness, while
freezing can cause brittleness.

Evaluators should document evidence of material movement, long-term sag, and
moisture-related distortions during their assessments.

Engineered Wood Products
Engineered wood products offer improved strength, stability, and dimensional
consistency compared to solid-sawn lumber.

Common types include:

e Laminated Veneer Lumber (LVL): Made from thin layers of wood veneer
laminated together; used for beams, headers, and rim boards.

e Parallel Strand Lumber (PSL): Composed of long wood strands bonded with
adhesive; suitable for high-strength applications.

e Glue-laminated timber (Glulam): Formed by gluing layers of dimension lumber;
used for curved beams and long spans.

e Cross-laminated timber (CLT): A panel product with layers oriented
perpendicular to one another; used in mass timber construction.

o Oriented Strand Board (OSB): A structural sheathing product made from
compressed wood strands.

Each product has manufacturer-specific design values, and their evaluation must align
with the APA-The Engineered Wood Association guidelines or the NDS.

When assessing engineered components, visual indicators of distress include
delamination, moisture swelling, surface cracking, and uneven deflection. Care must
be taken when interpreting field conditions, as engineered products may not display
obvious distress until critical failure is imminent.

Aging and Long-Term Durability Considerations

Even properly constructed wood structures are subject to degradation over time. Aging
manifests in reduced mechanical strength, surface checking, loosening of fasteners,
and loss of cross-sectional area due to abrasion or biological attack.

The rate of deterioration depends on exposure, maintenance history, and original
construction quality.



Older structures often employed different construction practices, such as balloon
framing, undersized beams, or non-code-compliant connectors. These differences
should be viewed through a contextual lens when evaluating their current structural
capacity.

Longevity of wood framing is significantly improved through:
e Proper ventilation in crawlspaces and attics
e Protective cladding and flashing to prevent water ingress
e Maintenance of exterior coatings and caulking
o Treatment of wood with preservatives or borates in vulnerable areas

The durability of framing components must be assessed in relation to both their initial
properties and the extent of their environmental exposure and use.



Chapter 3

Common Structural Issues and Modes of Failure

Evaluating the integrity of a wood frame structure requires not only a clear
understanding of design principles and material properties but also practical
knowledge of how and why structural failures occur. Failures in wood-framed buildings
may result from age-related deterioration, environmental exposure, improper
construction practices, or changes in loading conditions.

This chapter examines the most common structural issues found in wood structures,
detailing their causes, identifying visual indicators, and outlining their impact on load-
carrying capacity and overall stability.

Bending, Buckling, and Shear Failures
Wood frame members are subject to a range of internal stresses based on their function
and orientation.

When design limits are exceeded, the following failure modes may occur:

e Bending failure occurs when beam:s, joists, or rafters are overstressed in flexure.
This is often visible as excessive mid-span deflection, cracking, or splitting along
the tension face. Over-notched members near supports can accelerate this
failure mode.

o Buckling failure typically affects compression members such as studs or columns
that are slender and unsupported. Bowing or lateral instability can indicate a loss
of compressive capacity, especially if braces or sheathing are missing or
degraded.

o Shear failure develops near supports where internal shear forces are greatest.
This may manifest as diagonal cracking or shear block rotation near bearing
points. End splitting or separation at joints is a red flag in high-load regions.

These failure modes are sometimes subtle in appearance, particularly in the early
stages, and often progress over time under sustained loading or continued
environmental exposure.

Settlement and Differential Movement Effects

Foundation movement, particularly in older structures, frequently leads to uneven load
distribution and structural deformation. Common causes include expansive soils, poorly
compacted fill, decaying sill plates, and foundation cracks.

These phenomena result in:
o Cracked interior walls and ceilings, especially above doors and windows
o Misaligned door frames or windows that stick or no longer latch
o Sloped floors due to joist settlement or girder sag
o Diagonal cracks at the corners of openings or along load paths

Differential seftlement can compromise the integrity of load paths, infroducing new
stresses that were not part of the original design. Over time, this may weaken



connections, cause framing joints to loosen, and result in redistribution of loads in
unintended ways. Evaluators must distinguish between superficial cracking from
cosmetic causes and cracking symptomatic of structural distress.

Improper Modifications and Load Redistribution
Renovations, retrofits, and do-it-yourself construction work often lead to serious
structural compromises.

Common examples include:
e Removal of load-bearing walls without proper redistribution of loads
o Cutting or notching of joists, studs, or rafters beyond code-allowed limits
o Diriling oversized holes for plumbing or electrical conduits
o Overloading of floor or roof systems with new mechanical equipment, storage, or
live loads not considered in the original design

These alterations may go unnoticed for years until a failure occurs or a professional
assessment is performed. Visual cues such as cracked drywall, sagging ceilings, and
deformed floor surfaces may be indicators of internal framing stress. Evaluators should
examine attics, crawlspaces, and basements closely for signs of unauthorized or unsafe
alterations.

Load Path Disruptions and Framing Discontinuities

The effectiveness of a wood structure depends on its ability to transfer loads
contfinuously from the roof to the foundation. Load path disruptions occur when
components are misaligned, missing, or fail due to decay or mechanical damage.

Examples include:
e Missing or inadequately anchored hold-downs and anchor bolts
o Gaps between framing members and structural sheathing
e Misaligned framing over wall openings or insufficient header support
e Inadequate blocking or bridging between joists, leading to lateral movement

These issues compromise the system'’s ability to resist vertical and lateral loads.
Evaluators should assess whether primary load paths remain intact and determine
whether corrective action is required to reestablish structural continuity.



Degradation from Design Errors or Poor Construction Practices

Even in relatively new buildings, construction errors can lead to structural deficiencies.
Improper detailing, shortcuts during framing, or code violations can reduce the safety
margin built into a design.

Common construction-related issues include:
e Use of undersized framing members for long spans
e Inadequate fastening or omission of critical connectors
e Excessive spacing of studs, joists, or trusses beyond allowable limits
o Installation of wood in contact with soil or concrete without proper treatment

While some errors may be corrected with reinforcement or retrofitting, others require
partial deconstruction or reconstruction. Identifying these issues early during an
inspection helps prevent more significant failures in the future.



Chapter 4

Environmental and Biological Degradation of Wood

Wood, as an organic building material, is highly susceptible to environmental and
biological agents that can compromise its structural integrity. While wood offers
significant advantages in construction due to its strength-to-weight ratio, ease of use,
and renewability, it is vulnerable to decay mechanisms that must be considered during
an evaluation.

This chapter explores the primary environmental and biological factors that degrade
wood structures, including moisture, fungal activity, insect infestation, and metal
corrosion, and outlines methods for identification and mitigation.

Moisture Intrusion and Rot Mechanisms

Moisture is the principal catalyst in the degradation of wood. When wood remains at a
moisture content above 19%, it becomes vulnerable to fungal growth, which initiates
rot.

Moisture infrusion can occur from roof leaks, plumbing failures, improper flashing, poor
drainage, or high humidity levels in enclosed spaces such as crawlspaces or
basements.

Two main types of wood rot are:

e Brown rot, also known as dry rot, breaks down cellulose in wood, causing it to
shrink, darken, and crack in a cubical pattern. Though termed "dry," it requires
moisture to initiate decay. Once started, the fungi can spread rapidly.

e White rot degrades both cellulose and lignin, resulting in a soft, fibrous texture. It is
typically found in wetter environments and causes a whitish or yellowish
appearance.

Symptoms of rot include spongy texture, discolored patches, musty odor, and structural
softening. In advanced stages, structural failure can occur, especially in load-bearing
elements such as sill plates, joists, and headers.

Evaluation techniques for rot include visual inspection, probing with an awl, use of
moisture meters, and resistance drilling for depth profiling. Restoration may involve
wood replacement, structural reinforcement, and moisture source elimination.

Termite and Insect Damage

Wood-destroying insects, particularly termites, pose a significant threat to structural
integrity. In the United States, subterranean termites are the most common type, thriving
in damp soil and feeding on cellulose.

They gain access to structures through foundation cracks, utility penetrations, and
wood-to-soil contact points. Drywood termites and powderpost beetles may also cause
internal infestations in warmer climates.



Termite damage is often concealed within framing members and may not be apparent
until significant damage has occurred.

Indicators include:
e Mud tubes on foundations and walls
e Hollow-sounding wood when tapped
e Frass (fine wood dust) around infested areas
e Buckling floors, sagging wood, or unexplained structural deformation

Evaluation should include inspection of crawlspaces, basements, and foundation
connections, as well as non-destructive methods such as borescopes or acoustic
detection. Treatment involves chemical barriers, bait systems, or structural fumigation.
Severely damaged elements may require full replacement or supplemental framing.

Fungal Decay and Mold Development

Beyond structural fungi like those causing rotf, moisture-rich environments can also
promote mold growth. While most molds do not degrade structural components, they
indicate sustained moisture problems that may lead to future rot. Mold colonization is
often found on framing in attics, basements, or near leaking plumbing lines.

Mold appears as black, green, or white fuzzy growth and may cause staining or
softening of wood surfaces. It typically does not compromise load-bearing capacity
but may lead to health complaints and regulatory concerns in residential structures.

Proper ventilation, dehumidification, and moisture isolation are key strategies for mold
prevention. In cases of mold infestation, surface cleaning with antimicrobial agents and
replacement of severely affected material may be warranted. The presence of mold
during a structural evaluation should prompt further investigation into hidden moisture
infrusion.

Corrosion of Fasteners and Connectors in Moist Environments

The inferaction between wood moisture, environmental conditions, and metal fasteners
infroduces another degradation pathway: corrosion. Corroded fasteners lose tensile
and shear strength, potentially undermining structural performance.

Fasteners in contact with treated wood, especially older preservative types like
chromated copper arsenate (CCA), are especially prone to corrosion. Modern wood
treatments, such as alkaline copper quaternary (ACQ), are also corrosive to
unprotected steel.

Evaluators should inspect for:
e Rust staining around fasteners
e Loose or missing connectors
e Cracked wood surrounding connection points
e Evidence of galvanic corrosion between dissimilar metals



Structural repairs may involve replacing corroded connectors with galvanized or
stainless steel alternatives and isolating contact with treated wood using washers,
protective coatings, or barrier membranes.

Prevention and Protection Strategies
Effective long-term performance of wood framing is contingent on proactive
protection strategies.

These include:

Proper detailing during design and construction, such as flashing, water-resistive
barriers, and overhangs to direct water away from structural elements.
Ventilation in attics and crawlspaces to reduce moisture accumulation.

Periodic maintenance of caulking, roofing, gutters, and siding to prevent
moisture infrusion.

Use of treated lumber for vulnerable components, such as sill plates and outdoor
framing.

Inspection and mitigation of insect activity on a regular basis, particularly in
warm and humid regions.

By addressing environmental and biological factors early, engineers and building
professionals can significantly extend the service life of wood frame structures and
minimize the risk of failure.



Chapter 5

Inspection and Assessment Techniques

A successful evaluation of structural integrity in wood frame structures relies on a
combination of thorough visual inspection, effective diagnostic tools, and an informed
understanding of how defects manifest over fime.

This chapter details the methodologies used by engineers, inspectors, and building
professionals to assess wood-framed systems in the field. It includes guidance on
planning and conducting inspections, identifying critical components and signs of
deterioration, and utilizing both traditional and advanced evaluation techniques.

Visual Assessment Methods and Tools

Visual inspection remains the most widely used and cost-effective method of structural
evaluation. A systematic approach helps ensure that all components are assessed
consistently.

The following steps typically form the basis of an organized visual inspection:

e Begin at the foundation level, inspecting sill plates, rim joists, posts, and basement
or crawlspace framing.

e Progress upward to floor framing, load-bearing walls, stair assemblies, and
mechanical openings.

o Examine ceiling and roof framing, including rafters, collar ties, purlins, and trusses.

e Review exterior cladding, soffits, eaves, and flashing to identify moisture ingress
poinfts.

During visual inspections, engineers look for evidence of movement (sagging, bowing),
degradation (rot, discoloration), or damage (cracks, splits, missing fasteners). Accurate
documentation is essential for any evaluation and should include field notes,
photographs, and, where appropriate, detailed sketches.

Commonly used tools during visual inspections include:
o Flashlights or work lights for low-visibility areas
e Screwdrivers or awls for probing soft wood or detecting voids
e Measuring tapes and laser rangefinders for verifying spans and clearances
e Levels or plumb bobs for checking alignment and verticality
¢ Binoculars or inspection mirrors for hard-to-reach areas
Inspections should be methodical and consistent, often following a checklist
customized to the structure’s age, type, and known issues.

Use of Moisture Meters, Borescopes, and Resistograph Devices
Field diagnostic tools provide deeper insight into structural conditions, especially in
concealed or questionable areas.



The following instruments are commonly used:

e Moisture meters: These detect moisture content within framing members, either
through surface contact (pinless) or probe insertion (pin-type). Readings above
19% indicate potential for fungal activity, while values exceeding 28% typically
signal active decay conditions.

o Borescopes: Small fiber-optic or digital cameras inserted through a small drilled
hole or existing cavity allow visual access to enclosed spaces. These are
particularly useful for inspecting wall cavities, beam ends, or floor diaphragms
without destructive removal.

o Resistographs: This device measures the drilling resistance of a fine probe as it
penetrates wood. Changes in resistance indicate variations in wood density,
often revealing internal decay, voids, or termite damage not visible from the
surface. It is especially effective for assessing posts, beams, and sill plates.

These tools are non-destructive or minimally invasive and provide valuable confirmation
of visual findings or suspicions. However, interpretation of data requires experience and
correlation with environmental factors and structural context.

Load Testing and Non-Destructive Evaluation Methods

When damage is suspected but not conclusively diagnosed through visual inspection,
engineers may apply limited load testing or non-destructive evaluation (NDE)
techniques. These methods allow for structural performance verification without
immediate dismantling.

Examples include:

o Deflection testing: Applying a known static load to a floor or beam and
measuring deflection can indicate overstressed or degraded members. Results
must be compared to theoretical limits defined by span tables or structural
analysis.

e Ultrasound scanning: While not common in typical residential inspections,
ultrasonic sensors can detect internal cracks or voids in wood, particularly in
large members such as glulam beams or mass timber.

e Infrared thermography: Thermal imaging cameras identify temperature variations
on surfaces, which may indicate water infrusion, concealed rot, or thermal
bridging.

e Acoustic emission testing: Tapping or vibrating wood and analyzing sound
response can help detect delaminations or internal cavities.

These advanced methods require calibration, skill, and often supplemental data to
confirm accuracy. They are generally used in forensic engineering investigations, high-
value structures, or when litigation or restoration justifies their use.

Photographic Documentation and Sketching Techniques

Clear and consistent documentation is a hallmark of a professional structural
assessment. Photographs serve as both a record and communication tool, particularly
when used in conjunction with written reports or repair proposals.



Effective photographic documentation includes:
o Overview shots of structural assemblies or spaces
o Close-ups of defects with scale indicators (e.g., tfape measure, ruler)
e Annotated images showing locations, extent, or nature of damage
e Series photos showing conditions from multiple angles

Sketches are valuable for documenting framing layouts, connections, and problem
areas, especially when structural plans are not available. Simple hand-drawn layouts or
digital annotations over photographs can clarify findings for clients, contractors, and
permitting authorities.

Assessing Connections, Fasteners, and Concealed Framing
Connections are critical points in wood frame structures where stresses are transferred
between members.

Evaluators should assess:

o Fastener integrity: Are nails or screws corroded, missing, or improperly driven?2 Are
there signs of fastener withdrawal or splitting around nail holes?

e Connector alignment and load path: Do joist hangers, post bases, or hurricane
ties appear bent, loose, or insufficient for the load applied?

o Framing-to-foundation connections: Are anchor bolts, hold-downs, or straps
installed, tightened, and free of corrosion?

o Conceadaled framing: Where framing is not visible, probe holes, borescope access,
or removal of finishes may be necessary for critical evaluations.

If deterioration is suspected but cannot be confirmed through limited access,
evaluators may recommend selective demolition or exploratory openings, particularly
in high-risk areas such as bathroom:s, kitchens, and exterior wall bases.



Chapter 6

Engineering Analysis of Existing Wood Structures

Once structural issues or potential failures have been identified through inspection, a
detailed engineering analysis is essential to determine the severity of the damage and
the remaining structural capacity of the system.

This chapter discusses the analytical methodologies used to assess the condition of
existing wood frame structures. It covers procedures for verifying load paths, evaluating
structural adequacy under current and anticipated loads, and determining
appropriate safety margins. This includes both qualitative and quantitative evaluations
using recognized engineering principles, standards, and tools.

Load Evaluation and Redistribution Analysis

In a functioning structure, loads are transferred through continuous and predictable
paths from the roof to the foundation. The first task in analysis is to evaluate whether
those paths remain intact, or if alterations, degradation, or failures have caused load
redistribution.

Load evaluation involves:
o Identifying all sources of dead load (e.g., self-weight of framing, cladding,
insulation) and live load (e.g., occupancy, snow, wind).
o Estimating additional imposed loads from recent renovations, new equipment, or
use changes.
o Verifying that load-transferring elements—studs, joists, beams, and connections—
are properly aligned, braced, and bearing on supporting members.

Where original framing has been compromised (e.g., cut joists, removed studs, or
decayed beams), loads may redistribute to adjacent members, resulting in overstress
and potential failure. Analytical evaluation must consider not only original loading
conditions but also the new equilibrium state introduced by damage or modification.

Structural Adequacy Assessments Using NDS and ASCE 7

The National Design Specification for Wood Construction (NDS) provides the framework
for structural analysis of wood members. Engineers must compare the actual demand
on a member (moment, shear, axial, and deflection) with its allowable capacity, as
defined by adjusted design values in the NDS.

Critical parameters include:
e Adjusted bending strength (Fb’)
e Adjusted shear strength (Fv')
o Adjusted compression strength (Fc')
e Modulus of elasticity (E) for deflection calculations

Design capacities are modified by adjustment factors that account for load duration,
moisture content, service condition, and member stability. For example, a beam



supporting long-term loading under moist conditions will have a significantly reduced
allowable stress.

In addition, ASCE 7 is used to determine environmental load inputs, such as:
e Ground snow load (pQ)
e Wind pressures (based on Exposure category, Risk category, and topographic
factors)
e Seismic loads, when applicable

A comparative analysis is then conducted for each element to determine whether
overstress or undercapacity exists. Load combinations (e.g., dead + live, dead + wind)
must conform to code-mandated load cases.

Member Sizing Verification and Overstress Evaluation
When existing framing members are exposed and accessible, their dimensions can be
measured and compared against design requirements.

For each member:

1. ldentify span, support conditions, tributary area, and applied loads.

2. Calculate bending moment, shear force, and deflection using standard beam
formulas or structural analysis software.

3. Compare actual stresses to code-adjusted design values from the NDS.

4. Calculate the demand-to-capacity ratio (DCR) to determine the level of
utilization. A DCR greater than 1.0 indicates overstress and potential failure under
design loading.

Evaluators should also check for signs of creep or permanent deformation, which may
indicate a history of overstress even if the structure remains standing. Members near
their design limits may require reinforcement, sistering, or load reduction to restore
safety.

Cumulative Damage and Fatigue Evaluation

Wood is susceptible to cumulative damage when exposed to repeated or long-
duration loads, especially in floor systems or truss components. Even if code
requirements were originally met, long-term deflection or vibration can compromise
structural integrity or serviceability.

Fatigue in wood is less understood than in metals but can be a concern in dynamic
environments such as industrial floors, staircases, or gymnasium roofs.

Engineers should:
e Examine repeated-load areas for signs of micro-cracking or joint loosening
o Look for deflection patterns that have worsened over time
e Use load duration factors and creep coefficients in analysis to account for long-
term performance



While cumulative damage rarely causes sudden failure in wood, it can reduce safety
margins, affect occupant comfort, and accelerate aging, warranting corrective
action.

Modeling Techniques for Forensic Engineering Analysis

When complex conditions exist—such as severe degradation, structural alterations, or
iregular load distribution—basic hand calculations may be insufficient. In these cases,
modeling fechniques are used to simulate the behavior of the structure under various
loading scenarios.

Tools may include:

o Finite Element Analysis (FEA): Useful for evaluating stress distribution in complex
framing assemblies or identifying stress concentrations.

o Structural analysis software (e.g., RISA, SAP2000, Forte): Used to simulate load
paths, perform load combinations, and check member adequacy in
accordance with current codes.

e 3D modeling: Helps visualize load transfer and deformation in irregular or
modified structures.

Models must be built on accurate field data, including framing layouts, member
dimensions, and boundary conditions. Engineering judgment is critical in interpreting
results and franslating findings into actionable conclusions.



Chapter 7

Evaluation under Lateral Loads and Wind Events

Lateral loads—primarily from wind and seismic activity—pose a significant threat to the
structural integrity of wood frame structures. Unlike vertical loads, which act downward
and are often more intuitive to trace, lateral forces infroduce complex reactions across
diaphragms, shear walls, fasteners, and anchorage systems.

This chapter explores how to evaluate the capacity of a wood frame structure to resist
lateral forces, with particular focus on wind loads, bracing systems, and post-event
assessments.

Shear Walls and Diaphragm Integrity Evaluation
Shear walls and diaphragms form the backbone of a wood-framed structure’s lateral
load-resisting system.

Shear walls—constructed from wood studs with structural sheathing (typically plywood
or OSB) and properly nailed edges—absorb horizontal forces and transfer them
downward to the foundation.

Diaphragms (such as roof or floor sheathing) distribute lateral forces to the shear walls.

The following characteristics must be verified during an evaluation:

o Sheathing condition: Delaminated, rotted, or water-damaged panels reduce in-
plane shear capacity.

¢ Nail spacing: Fasteners at panel edges must meet prescribed spacing (typically
6 inches on-center or less) for structural performance.

o Blocking and continuity: Shear walls must be contfinuous and blocked at panel
joints to function as infended.

e Wall geometry: Narrow walls adjacent to large openings (e.g., garage doors or
windows) may not meet code-defined aspect ratios or overturning resistance.

If any of these elements are deficient, the shear wall cannot be considered effective
for lateral resistance. Engineers must calculate the required shear capacity based on
site-specific wind or seismic loads and determine whether the installed walls provide an
adequate safety margin.

Bracing Systems and Uplift Resistance in Hurricane Zones
In coastal or hurricane-prone regions, uplift and racking forces can be significant. These
forces attempt to lift the roof system off the walls and filt or displace the entire structure.

Evaluation must verify the following:
o Roof-to-wall connectors: Hurricane ties or clips are required at every rafter or truss
seat. The absence of these fies leaves the structure vulnerable to roof uplift.
e Wall-to-floor anchorage: Anchor bolts embedded in the foundation or hold-
down straps are required to resist overturning. These components must be
present, undamaged, and properly embedded.



e Load transfer continuity: A continuous load path from the roof diaphragm,
through walls and floors, to the foundation must exist. Disruptions such as framing
gaps. loose fasteners, or corroded connectors compromise the entire system.

o« Gable end bracing: Gable walls, particularly those with wide spans and limited
return walls, must be braced or framed to resist lateral and uplift forces.

Inspectors in hurricane zones often find deficiencies in anchorage systems, especially in
homes constructed before modern wind-resistant codes were adopted. Evaluations
should consider retrofitting older buildings with modern connectors to enhance
survivability.

Anchor Bolts, Hold-Downs, and Uplift Tie Assessments
Anchorage hardware is essential for securing a structure to its foundation.

Evaluators must identify and assess the following:

¢ Anchor bolts: Typically 1/2-inch or 5/8-inch diameter, spaced no more than 6
feet apart and located within 12 inches of each plate end. Inspect for rust,
missing washers, or overtightened nuts that may have crushed the wood.

e Hold-downs: Often installed at the ends of shear walls to resist overturning. Check
for vertical alignment, fastener integrity, and embedment length.

o Straps and uplift ties: These devices connect framing components vertically to
resist upward or racking forces. Evaluate for corrosion, missing fasteners, or
improper nailing patterns.

Where access is limited—such as in finished basements or concealed wall cavities—
engineers may use borescopes or destructive probing to confirm the presence and
condition of anchorage components.

Structural Evaluation Following Seismic or Wind Damage

After a high wind or seismic event, a wood frame structure may exhibit both visible and
concealed damage. Engineers must perform a rapid assessment for safety, followed by
a detailed inspection to determine reparability.

Key indicators of damage include:

e Racked walls: Out-of-plumb or leaning wall planes indicate lateral drift beyond
acceptable limits.

o Roof displacement: Gaps between roof sheathing and top plates suggest uplift
or anchorage failure.

e Cracked finishes: Diagonal cracks in drywall or stucco at corners of openings
often signal shear wall deformation.

o Separated framing joints: Pullout of nails or splitting of wood at key joints implies
overload of fasteners.

o Foundation displacement: Shear cracking or offset of slab or stem walls indicates
lateral movement at the base.

Evaluation reports must document all findings and classify damage severity. In many
cases, the structure can be salvaged with reinforcement, retrofitting, or targeted
repairs. In others, total or partial demolition may be warranted.



Case Studies on Storm-Affected Wood Structures
Numerous case studies following hurricanes, tornadoes, and earthquakes provide
insight intfo common failure patterns and best practices.

These studies have consistently shown:

o Structures with complete load paths and continuous anchorage systems perform
significantly better than those without.

o« Gable ends and garage portals are the most common failure points in wood-
framed homes.

¢ Inadequate nailing, particularly in roof sheathing, often leads to progressive roof
failure.

o Structures with retrofit tie-downs and lateral bracing survive better even when
built to earlier codes.

When conducting post-event assessments or preparing buildings for severe weather,
engineers should reference applicable FEMA guidance, such as FEMA P-804 (Wind
Retrofit Guide for Residential Buildings), and state or local hurricane retrofit codes.
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Retrofit, Repair, and Reinforcement Strategies

Once a structural evaluation has identified deficiencies in a wood frame structure, the
next phase involves determining whether repairs, reinforcements, or complete
replacements are required to restore or enhance performance. Decisions must be
based on sound engineering judgment, code compliance, material compatibility, and
cost-effectiveness.

This chapter outlines methods used in the repair and retrofitting of wood framing
systems, including structural reinforcement of members, correction of lateral resistance
deficiencies, and improvements to connections and anchorage.

Structural Repair Methods for Damaged Members

Repairing damaged wood members depends on the extent, location, and type of
deterioration or failure. In general, the goal is to restore or exceed the original strength
and load-carrying capacity.

Common repair strategies include:

Sistering: A new piece of dimensional lumber or engineered wood is fastened
alongside a damaged member to share the load. This method is effective for
joists or rafters that have experienced cracking, sagging, or over-notching.
Sistered members should extend beyond the damaged area and be securely
fastened using nails, bolts, or screws.

Splicing: Where complete member replacement is impractical, splicing may be
used to restore continuity. This involves cutting out the damaged portion and
inserting a new section using scarf or butt joints, reinforced with plates or splines
and mechanically fastened.

Epoxy injection and consolidation: For localized cracks or checks in high-value or
historic structures, structural epoxies can be injected into voids to restore
integrity. In severely rotted areas, epoxy consolidants may stabilize deteriorated
fibers before reinforcement is applied.

Member replacement: In cases of widespread rot, insect damage, or complete
failure, full replacement of structural elements is often the most reliable
approach. Replacement members must match the design capacity of the
original and be integrated properly into the surrounding structure.

During repairs, care must be taken to preserve load paths and maintain consistent
stiffness with adjacent members to avoid introducing differential movement or
unbalanced deflection.

Use of Sistering, Splicing, and Epoxy Reinforcement
Sistering and splicing are the most frequently used repair methods in residential and
light commercial wood framing.



When employing these techniques:

o The length of the sistered section should be at least 1.5 times the span of the
damaged areaq, with full contact and mechanical fastening.

e Forsplices, splice joints must be centered on low-moment regions where shear is
predominant, not at mid-spans where bending is critical.

o Epoxy repairs should follow manufacturer specifications for application
temperature, cure time, and compatibility with the wood species and
environmental conditions.

Fasteners for reinforcement must be corrosion-resistant when used in treated lumber or
damp environments. Stainless steel or hot-dip galvanized hardware is typically
recommended for long-term durability.

Techniques for Improving Lateral Resistance and Load Transfer
Improving a building’s ability to resist lateral forces—particularly wind and seismic
loads—requires enhancing shear walls, diaphragms, and anchorage systems.

Techniques include:

e Adding shear panels: Install new plywood or OSB sheathing with closely spaced
nailing on designated wall segments. Panels should be fully blocked, with
boundary nailing and proper edge attachment.

o Retrofit hold-downs and straps: Install proprietary steel connectors at the ends of
shear walls or across framing joints to create a continuous load path.

¢ Nailing pattern upgrades: Improve existing sheathing performance by adding
nails in accordance with modern code spacing requirements. Ensure that nailing
is done in framing members, not just through sheathing.

« Diaphragm strengthening: Add blocking between joists or rafters and ensure tight
connections between diaphragm and wall framing. In some cases, adding
ceiling or floor sheathing to previously unbraced areas significantly increases
system rigidity.

o Foundation anchorage retrofits: Drill and epoxy-set anchor bolts through sill plates
into existing foundations. Anchor spacing and embedment should meet
minimum requirements per code.

These interventions can significantly improve performance in moderate to high seismic
or wind regions. They must be accompanied by proper engineering design, especially
where increased stiffness or strength affects the building’s dynamic response.

Guidelines for Retrofit Design and Code Compliance
Retrofit strategies must comply with current codes and, when applicable, state or local
retrofit ordinances.

The International Existing Building Code (IEBC) provides guidance for alterations, repairs,
and retrofits. In cases involving significant structural changes or hazard mitigation,
compliance with ASCE 41 or FEMA guidelines may be warranted.



The design should consider:

Load combinations including existing dead loads and any increases due to hew
structural elements.

Compatibility of materials: Avoid combining dissimilar woods or engineered and
natural lumber without considering differential stiffness.

Building movement: Repairs must not create brittle zones or inhibit thermal
expansion or contraction.

Accessibility: Ensure access for installation without dismantling large portions of
the structure.

Permit requirements: Many jurisdictions require engineering stamps, permits, and
inspections for structural repairs.

A structural evaluation report should accompany any retrofit design, clearly defining
deficiencies, repair objectives, and performance goals.

Material Compatibility and Historic Preservation Considerations

In historic or architecturally significant buildings, repair and retrofit strategies must
balance structural performance with the preservation of original materials and visual
character.

Considerations include:

Using reclaimed or dimensionally matched lumber to replace visible or exposed
framing members.

Employing hidden reinforcements, such as steel flitch plates or embedded
connectors, to preserve original aesthetics.

Limiting epoxy and chemical treatments to non-visible locations.

Avoiding over-strengthening that alters the building’s original behavior under
load.

Consulting with historic preservation experts or following Secretary of the Interior
Standards may be necessary when working with landmarked properties or culturally
significant structures.
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Reporting and Documentation for Structural Evaluations

The final step in evaluating the structural integrity of wood frame structures involves the
preparation of clear, comprehensive, and professionally formatted reports. These
reports serve as the formal record of findings, provide engineering justification for repair
recommendations, and may be used by contractors, code enforcement officials,
insurance agents, or legal entifies.

This chapter outlines best practices for documenting evaluations, organizing content for
clarity and compliance, and presenting repair options in a defensible and ethical
manner.

Engineering Report Structure and Standard Content
A well-structured engineering report typically includes the following sections:

o Cover Page: Identifies the project title, structure address, client name, report
date, and engineer of record.

 Executive Summary: Provides a brief overview of the purpose of the evaluation,
major findings, and key recommendations.

o Scope of Work: Defines the nature and limitations of the evaluation. This may
include whether destructive testing was performed, the areas inspected, and
access limitations (e.g., concealed framing or locked spaces).

o Site Description: Includes general characteristics of the building, such as age,
framing type, foundation system, number of stories, and occupancy.

e Observations and Findings: Documents the visual observations and
measurements. Each issue should be described in terms of location, extent, and
significance, with references to photos or sketches.

e Analysis and Interpretation: Summarizes any engineering calculations, code
comparisons, or capacity checks performed. States whether structural elements
meet applicable standards or present safety concerns.

e Conclusions and Recommendations: Presents the evaluator’s conclusions based
on evidence and offers repair, refrofit, or replacement options, prioritized by
severity.

e Appendices: May include photographs, engineering calculations, drawings,
sketches, equipment calibration data, and manufacturer specifications.

The report should be dated and signed/sealed by a licensed professional engineer, as
required by the jurisdiction.

Deficiency Categorization and Priority Ranking
To help stakeholders prioritize corrective actions, structural deficiencies should be
classified based on urgency and severity.

A common categorization framework includes:
o Immediate Action Required: Unsafe conditions requiring urgent repair or
occupant relocation, such as active structural failure, advanced rot in load-
bearing components, or unstable foundation movement.



e Short-Term Repair Recommended: Structural issues that compromise
performance or safety under moderate loading, including overstressed framing,
inadequate anchorage, or damaged connectors.

e Long-Term Maintenance or Monitoring: Issues that do not pose an immediate
threat but may worsen over time, such as minor deflection, moisture staining, or
insect activity without structural damage.

o Acceptable Conditions: Observations that are within tolerances or do not affect
the structural function.

This approach supports informed decision-making and budgeting while providing a
defensible rationale in the event of disputes, code enforcement, or insurance claims.

Repair Recommendations and Safety Notices
Each recommended repair should be described with sufficient clarity to guide
confractors and permit officials.

Recommendations should specify:
e The structural element to be repaired or replaced
o The preferred method of repair or reinforcement (e.g., sistering, splicing,
anchorage installation)
e Materials to be used, including grade, size, freatment, and fasteners
e Relevant code references or design standards used in the recommendation
e Anyrequired inspections or testing following the repair

If safety concerns are identified, they must be explicitly stated in the report, ideally on
the cover page or in bold within the conclusions. Notices should include the nature of
the hazard, potential consequences of inaction, and recommended interim actions
(e.qg., restricting access to certain areas, shoring up framing, or suspending
occupancy).

Compliance with State Licensure and Professional Standards
All evaluations and reports must be prepared in compliance with state licensing laws,
codes of ethics, and practice standards for professional engineers.

Key principles include:

o Objectivity and impartiality: Reports must be based on observed evidence and
sound engineering judgment, not client preferences or commercial incentives.

o Professional liability: Engineers should avoid overstating or understating risks and
should never provide assurances of safety if sufficient evidence is not available.

o Recordkeeping: Maintain supporting documentation such as photos,
calculations, field notes, and sketches for the period required by law (commonly
5to 10 years).

o Use of credentials: Use only licenses held in the state where the evaluation is
conducted, and clearly display the engineer’s name, license number, and
contact information in the report.



In legal or forensic evaluations, adherence to these principles becomes even more
critical, as the report may become part of a legal proceeding or expert testimony.

Legal Considerations in Structural Evaluation Reporting
Structural evaluation reports can carry legal implications.

Engineers should remain aware of the following:

o Standard of care: Reports must reflect the practices expected of a competent
professional in the same field under similar circumstances.

e Language and liability: Avoid definitive terms such as “guarantee” or “certify”
unless contractually obligated and fully justified. Use language such as “appears
to be structurally sound,” or “in the opinion of the undersigned,” unless evidence
permits certainty.

o Third-party usage: Clarify whether the report is for the client’s use only or may be
shared with other parties. Include disclaimers as needed to limit unauthorized
reliance.

o Conflicts of interest: Disclose any financial or professional relationships that may
influence the objectivity of the report.

Ultimately, a well-prepared structural evaluation report must convey technical findings
accurately, responsibly, and professionally, enabling property owners, contractors, and
authorities to act with confidence.
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