
  



 
Course Description 
This course explores the fundamental and advanced principles related to evaluating 
load paths in single family residential structures. Load path continuity is a cornerstone of 
safe, durable, and code-compliant construction.  
 
The course provides engineering professionals with practical insights into the 
mechanisms of load transfer from roof to foundation, including gravity, lateral, uplift, 
and dynamic loads. It also addresses common construction mistakes, the influence of 
material choices, and the impact of new design trends and building codes.  
 
By focusing on how loads are distributed and transferred through the structural system, 
this course supports sound decision-making in both new builds and remodels. 
 
 
Course Objectives 
By the end of this course, participants will be able to: 

• Define and analyze primary and secondary load paths in typical residential 
construction. 

• Evaluate structural continuity and identify potential breaks in load transfer. 
• Apply engineering best practices to ensure complete and reliable load paths 

from roof to foundation. 
• Assess the role of structural elements such as headers, sheathing, bracing, 

fasteners, and connections in load path behavior. 
• Interpret the significance of vertical, lateral, and uplift forces in residential 

structures. 
• Diagnose typical design or field installation errors that compromise structural 

integrity. 
• Apply code requirements and guidelines (e.g., IRC, ASCE 7) related to load path 

verification. 
 
 
Intended Audience  
This course is applicable to all licensed civil, structural, and residential engineers 
involved in residential building design, structural inspections, renovations, or permitting 
compliance. 
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Chapter 1: Understanding Load Paths in Residential 
Structures 
 
A load path refers to the route by which structural loads are transmitted through a 
building and ultimately resisted by the foundation system. In the context of single family 
residential construction, understanding and preserving continuous load paths is 
essential to ensure that the structure can resist both routine service loads and extreme 
events such as windstorms or seismic activity. Structural failures often occur not because 
of insufficient material strength, but due to discontinuities or weaknesses in the load 
path. 
 
At its core, a load path is the physical trail of force distribution through interconnected 
structural elements. Every load applied to a structure—whether from occupants, 
furniture, wind pressure, snow, or seismic shaking—must be directed from its point of 
application down through floors, walls, and columns until it reaches the ground. 
Engineers must evaluate each of these transmission stages to ensure all connections are 
secure, properly aligned, and capable of handling the expected forces. 
 
Load Path Fundamentals in Single Family Homes 
Single family residential buildings typically consist of wood framing systems, including 
roof trusses or rafters, wall studs, floor joists, and sheathing materials. These components 
must work in unison to carry forces without interruption. Any break or weak link in the 
load path can result in structural instability or failure. The simplicity of residential 
structures can be deceptive, as even small design oversights—such as misaligned studs 
or undersized headers—can compromise the structural performance. 
 
The basic principle of load transfer involves tracing the force from the point of origin 
(e.g., a roof beam receiving snow load) down through structural components such as 
wall studs and floor joists, and into the foundation. Every load has a vector, direction, 
and magnitude, which must be considered when evaluating whether the path of force 
can be sustained through the full system. 
 
Types of Loads: Gravity, Lateral, Uplift, and Dynamic Forces 
Residential structures must resist several types of loads, each of which follows a distinct 
path of transfer: 
 

• Gravity Loads include dead loads (the permanent weight of the building itself) 
and live loads (transient loads from occupants, furniture, and snow). These loads 
flow vertically downward and are typically well managed in standard design if 
continuity is maintained. 

• Lateral Loads originate from horizontal forces such as wind pressure or seismic 
activity. These forces attempt to push or shake the structure sideways and 
require shear walls, bracing, or rigid diaphragms to be properly managed. 

• Uplift Loads result from wind forces that can lift the roof or upper floors of a 
structure. These loads must be anchored back into the structure and foundation 
through continuous connections. 



• Dynamic Loads include forces generated from impacts or seismic accelerations 
that involve rapid changes in load direction and magnitude. Though less 
frequent in some regions, dynamic loads demand thorough attention to ensure 
resilience during unpredictable events. 

 
Structural Hierarchy and Force Flow Direction 
Structural force transfer follows a hierarchical route, with larger, primary structural 
elements distributing loads to smaller, secondary members. For example, in a typical 
residential building: 

• Roof loads are collected by trusses or rafters and transmitted to the top plates of 
load-bearing walls. 

• Wall studs carry the load to the floor structure or directly to the foundation. 
• Floor joists and girders distribute loads to beams or bearing walls below. 
• Beams, posts, or piers then transfer these concentrated loads into footings or slab 

foundations. 
• Ultimately, footings distribute the load to the soil beneath, completing the load 

path. 
 
For a structure to behave predictably under load, each of these components must be 
aligned, connected, and capable of sustaining the expected forces. Proper detailing 
and quality control in construction ensure that this force flow remains uninterrupted, 
even under adverse conditions. 
 
Understanding this foundational concept is the prerequisite for conducting accurate 
and effective evaluations of load path continuity in the chapters that follow. 
 
 
  



Chapter 2: Vertical Load Transfer from Roof to Foundation 
 
In the engineering of residential structures, vertical load transfer refers to the 
uninterrupted downward transmission of loads—from the roof, through intermediate 
floors and walls, and finally into the foundation. This vertical load path is the most 
fundamental of all structural systems and forms the backbone of gravity load resistance 
in single family homes. Any discontinuity or misalignment in this sequence can 
compromise the load-bearing capacity of the structure and introduce unsafe 
conditions. 
 
Roof Framing Systems and Load Initiation 
The roof is often the first structural surface to encounter both live and dead loads. Live 
loads may include snow, rainwater accumulation, or maintenance activities, while 
dead loads consist of roofing materials, framing members, and mechanical equipment. 
These loads are typically received by either roof rafters or prefabricated trusses, both of 
which span from bearing wall to bearing wall or beam supports. 
 
In a traditional rafter-framed roof, the load is transmitted through individual rafters into 
the top plate of the wall, which then distributes the load downward. In a truss-framed 
system, loads are transferred through a triangulated system of members designed to 
direct forces toward bearing points more efficiently, often reducing the need for interior 
support walls. Despite the structural efficiency, even trusses require properly designed 
bearing conditions and transfer mechanisms. 
 
Trusses, Rafters, and Headers as Load Initiators 
Trusses and rafters distribute roof loads to structural headers and top plates. Headers—
typically constructed over window and door openings—serve as critical transitional 
elements that bridge non-bearing gaps and transfer loads to jack studs and king studs 
on either side. Proper sizing and alignment of headers are essential to preserve vertical 
load continuity. 
 
These framing elements must not only be adequately sized but also properly supported 
by continuous studs or posts beneath. Failure to maintain this vertical alignment can 
lead to point load concentrations, differential settlement, or even structural failure 
during loading events. 
 
Load Carrying through Walls, Studs, and Beams 
Once the roof load reaches the top plate, it must travel through a wall system 
comprised of vertical studs. These studs carry the load to the bottom plate, which then 
transfers the load to the floor system or directly to the foundation in one-story structures. 
In multistory homes, this path continues through additional levels of floor joists, girders, 
and walls. 
 
Interior load-bearing walls also contribute to vertical load transfer, often carrying 
concentrated loads from point sources such as roof valleys, hips, or beam ends. Proper 
identification of these load-bearing walls is critical during remodeling or structural 
alterations, as their removal or weakening can severely interrupt the vertical load path. 



 
Beams—whether concealed in floors or exposed—often collect loads from above and 
distribute them to columns, posts, or load-bearing walls. Load-bearing beams must be 
evaluated not just for strength but for proper bearing length and column alignment 
beneath them. 
 
Floor Diaphragms and Intermediate Transitions 
Floor systems serve both as load-bearing surfaces and diaphragms that distribute loads 
horizontally to supporting elements. In platform-framed construction, each floor is 
typically framed independently and serves as a transitional stage in the vertical load 
path. The load is transmitted through floor sheathing to joists, then from joists to girders 
or bearing walls, and ultimately downward. 
 
If the layout of walls or beams does not align between levels, additional framing 
considerations—such as transfer beams or load redistribution mechanisms—must be 
introduced. These transitions are potential weak points and must be evaluated for 
adequacy in supporting superimposed loads. 
 
Foundation as Terminal Load Point 
The foundation represents the final point in the vertical load path. It must be capable of 
receiving and distributing cumulative loads from the entire structure into the underlying 
soil or rock. Foundations in residential construction may include concrete slabs-on-
grade, stem wall foundations with footings, or pier and beam systems. 
 
Each of these systems has unique characteristics, but all must provide: 

• Adequate bearing surface area to resist settlement. 
• Sufficient reinforcement to handle bending and shear forces. 
• Continuous alignment with the structural system above. 

 
Poor transitions at the base of the load path—such as missing footings beneath 
concentrated loads or misaligned pier posts—can lead to uneven settlement, structural 
cracking, or total failure in severe cases. 
 
In summary, the integrity of vertical load transfer in single family residential buildings is 
dependent on the deliberate alignment and connectivity of each framing and support 
element from roof to foundation. Ensuring these connections are both structurally sound 
and code-compliant is the engineer’s primary responsibility. 
 
 
  



Chapter 3: Lateral and Uplift Load Considerations 
 
While vertical loads are often the first consideration in residential design, lateral and 
uplift forces are equally critical to the structural integrity of a single family residence. 
These forces arise primarily from environmental conditions such as wind, earthquakes, 
and occasionally floodwater pressures. Unlike gravity loads, which move downward 
through a clearly defined load path, lateral and uplift forces act horizontally or upward, 
seeking any weak points in the structure’s continuity.  
 
This chapter addresses how these forces are transmitted, resisted, and safely transferred 
into the foundation. 
 
Wind and Seismic Effects on Load Distribution 
In most areas of North America, residential buildings must be designed to withstand 
lateral loads from wind pressures. These forces are applied perpendicularly to the 
exterior surfaces of the building—typically acting on walls, roofs, and gable ends. In 
regions with seismic activity, additional lateral forces arise from ground acceleration, 
causing oscillating movements that stress both horizontal and vertical framing elements. 
 
Wind and seismic loads are highly dynamic and can shift direction and intensity rapidly. 
Their point of application is often at the roof or wall sheathing level, and the force must 
be channeled through horizontal diaphragms and vertical shear elements before 
ultimately being resisted by the foundation. 
 
Shear Walls and Lateral Bracing Strategies 
The primary structural elements for resisting lateral loads in wood-framed construction 
are shear walls. A shear wall is a vertical panel—usually sheathed with structural 
plywood, oriented strand board (OSB), or other rated materials—that is designed to 
resist in-plane shear forces. These walls must be strategically placed throughout the 
floor plan to prevent racking (sideways distortion) under lateral loading. 
 
Key considerations in shear wall design and evaluation include: 

• Panel continuity from floor to floor 
• Proper nailing patterns and panel thicknesses 
• Boundary elements such as double top plates, bottom plates, and end studs 
• Anchor bolts or hold-downs to connect the wall to the foundation 
• Openings within shear walls, which must be properly reinforced 

 
In residential construction, garage openings, large window walls, and open floor plans 
can significantly limit the availability of continuous shear walls. In such cases, engineers 
may specify portal frames, strap bracing, or engineered shear panels to maintain 
resistance capacity. 
 
Uplift Load Transfer and Anchor Systems 
Uplift loads occur primarily due to wind forces, which create a vacuum effect on the 
leeward side of the structure. Roof overhangs, gable ends, and rafter tails are 
particularly susceptible to these forces. The uplift load path typically begins at the roof 



sheathing and is transferred through rafters or trusses into the top plates, studs, and 
foundation. 
 
To maintain uplift resistance, all vertical members must be mechanically connected 
using a continuous load path that includes: 

• Hurricane clips or rafter ties to secure roof framing to wall top plates 
• Straps or tension ties connecting studs to bottom plates 
• Anchor bolts securing wall bottom plates to the foundation 
• Hold-downs at critical vertical elements in shear walls 

 
Discontinuities in these connections result in uplift failure, often beginning with roof 
detachment during storm events. Proper fastener selection, corrosion resistance, and 
spacing are essential in preserving these connections over the life of the structure. 
 
Fasteners and Hold-Down Hardware Systems 
Fasteners and connectors serve as the literal links in the chain of load transfer. In lateral 
and uplift resistance systems, these components bear significant shear and tension 
forces. Nails, screws, bolts, straps, and proprietary hardware such as hold-downs, angle 
brackets, and tension ties are selected based on their load rating, spacing, and 
compatibility with framing members. 
 
Common fastener issues that compromise structural performance include: 

• Underdriven or overdriven nails 
• Use of inappropriate fastener types or lengths 
• Omission of specified connectors in the field 
• Fasteners installed at improper angles or spacing 
• Use of non-rated or corroded materials in coastal zones 

 
Engineers must ensure that fasteners are specified per code and manufacturer 
requirements, and that inspectors verify compliance during field inspections. In high-
wind or high-seismic zones, supplemental bracing and redundant fastening systems are 
often necessary to achieve code-mandated safety factors. 
 
 
  



Chapter 4: Discontinuities and Weak Points in Load Paths 
 
In theory, a load path should be continuous, with every force transitioning smoothly 
from one structural element to the next until it is resolved by the foundation. In practice, 
however, numerous factors can introduce discontinuities that compromise structural 
performance.  
 
These weak points may be caused by design oversights, construction errors, material 
limitations, or remodeling modifications. Identifying and addressing such issues is a 
critical part of engineering evaluation in single family residential construction. 
 
Identification of Load Path Interruptions 
A load path interruption occurs when a structural load encounters a gap, misalignment, 
or unsupported span in its intended route.  
 
This can happen when: 

• Structural elements are not properly aligned vertically (e.g., beams not resting 
over posts). 

• Load-bearing elements are removed, damaged, or omitted (e.g., during 
renovations). 

• Connections are improperly constructed or omitted. 
• Openings are not adequately framed with headers or supporting elements. 

 
In field evaluations, interruptions can often be spotted by looking for unsupported 
framing members, displaced loads, or evidence of deflection and stress (such as 
drywall cracking, bowed beams, or uneven floors). 
 
Open Floor Plans and Missing Lateral Restraints 
Modern residential design often favors open floor plans with minimal interior walls. While 
aesthetically appealing, this trend can weaken the structural system by eliminating 
potential load-carrying walls and reducing lateral bracing capacity. Long spans 
without intermediate supports can lead to excessive deflection, vibration, or even 
failure under load. 
 
In particular, the removal of walls that once acted as shear walls or load-bearing 
supports can severely impair load continuity. To counteract this, engineers may specify 
transfer beams, columns, or hidden structural elements, but these solutions must be 
carefully integrated into the building design and framing. 
 
Improper Header Placement and Wall Gaps 
Headers distribute loads around openings in walls—such as for doors and windows—
and must be sized appropriately for the span and expected load. A common cause of 
discontinuity is the use of undersized headers or those that do not have continuous 
support from jack studs beneath. Improper placement of these members creates 
localized stress points and can lead to sagging, binding of doors or windows, or wall 
cracking. 
 



Similarly, gaps or voids between framing members—often the result of poor construction 
practices or framing tolerances—can interrupt the intended load path. In some cases, 
shims or filler materials are used inappropriately, creating point loads or insufficient 
bearing areas. 
 
Disconnected Load Chains in Additions or Retrofits 
Additions and remodels frequently introduce discontinuities in the load path when new 
structural elements are not properly tied into the original framing system. For instance, a 
new roof extension may not be connected to existing trusses or bearing walls, leaving 
the new load unsupported or improperly distributed. 
 
Engineers must verify that any changes to the structure include continuity of load 
transfer, particularly where old and new systems interface. Transitional framing members 
such as beams, columns, and ledger boards should be designed to absorb and transfer 
new loads effectively, and fastening systems should ensure monolithic behavior. 
 
Structural Misalignment from Framing Deviations 
In field conditions, construction rarely achieves perfect alignment. Misalignment of 
studs, joists, or beams—even by a few inches—can redirect loads to unintended paths. 
This becomes problematic when concentrated loads are accidentally transferred to 
non-load-bearing walls or when studs do not align with beams or footings below. 
 
Common causes of misalignment include: 

• Improper layout or measurement during framing 
• Inaccurate interpretation of architectural plans 
• Foundation settling or movement altering alignment over time 
• Use of variable-length or warped lumber 

 
Engineers conducting inspections or plan reviews must pay close attention to these 
alignments. Minor corrections during framing can prevent major structural issues later. In 
cases of unavoidable misalignment, alternative load paths must be engineered using 
supplemental supports, beams, or blocking systems. 
 
In conclusion, successful load path evaluation requires not only the identification of 
theoretical paths on paper but also a keen awareness of practical limitations and 
common pitfalls in real-world construction. A structurally sound home depends on the 
continuous and intentional transmission of forces—any break in this chain, no matter 
how small, can have far-reaching implications. 
 
  



Chapter 5: Materials, Fasteners, and Connection Detailing 
 
The structural integrity of load paths in residential construction depends as much on the 
quality and configuration of materials and connections as it does on layout and 
framing alignment. While load-bearing members serve as the skeleton of the structure, 
the fasteners and connectors act as the ligaments and tendons that bind the system 
together.  
 
This chapter focuses on the importance of material selection, fastener specification, 
and proper detailing of connections to ensure continuity and strength in load transfer 
pathways. 
 
Structural Role of Sheathing, Joist Hangers, and Connectors 
Sheathing, commonly composed of oriented strand board (OSB) or plywood, provides 
more than surface coverage. It acts as a diaphragm in horizontal and vertical planes, 
distributing forces across a broader area and contributing to both gravity and lateral 
resistance systems. Properly installed sheathing ensures that loads are not concentrated 
on a single stud or rafter, but shared uniformly among adjacent members. 
 
Joist hangers are metal connectors used to support joists at intersections with beams or 
ledgers. When installed correctly, they provide reliable and code-compliant support for 
vertical load transfer. Improper installation—such as using insufficient nails, the wrong 
nail type, or omitting required components—can result in structural failure under live 
loads. 
 
Other essential connection devices include: 

• Post bases and beam seats, which anchor vertical members to concrete or other 
supports. 

• Rafter ties or hurricane clips, used to resist uplift loads. 
• Straps and hold-downs, which enhance lateral and shear wall performance. 
• Anchor bolts, which secure sill plates to foundation systems. 

 
Each of these components must be selected, placed, and fastened with strict 
adherence to manufacturer specifications and applicable code provisions. 
 
Material Differences: Engineered Wood vs Dimensional Lumber 
The choice between engineered wood products (such as laminated veneer lumber, 
glulam beams, and I-joists) and traditional dimensional lumber affects both structural 
behavior and connection detailing. Engineered products offer high strength-to-weight 
ratios, consistent performance, and superior resistance to warping or splitting, but they 
also require specialized fastening systems. 
 
For instance: 

• Glulam beams may require through-bolts or bearing plates to distribute 
concentrated loads. 

• I-joists demand web stiffeners and reinforcement at bearing points. 



• LVLs, while strong, may have nailing limitations due to dense material 
composition. 

 
Engineers must recognize the advantages and constraints of each material and ensure 
that contractors follow tailored guidelines to maintain the intended load path 
performance. 
 
Connection Detailing for Continuity and Transfer 
Proper connection detailing ensures that loads are transmitted as intended. Each joint, 
overlap, or intersection is a potential point of failure if not designed and constructed 
with attention to detail.  
 
Key connection types include: 

• Bearing connections, where one member rests directly on another. 
• Mechanical fastener connections, using nails, screws, bolts, or proprietary 

hardware. 
• Lapped and spliced joints, particularly in longer framing spans. 
• Toe-nailing or skew-nailing, which must meet shear strength requirements. 

 
Poorly executed details, such as overdriven nails that split wood, or underdriven nails 
that fail to penetrate sheathing, can significantly reduce connection strength. Similarly, 
omitting required washers on bolts or installing hangers without full nailing schedules 
compromises the structural chain. 
 
Common Installation Errors Affecting Load Integrity 
Load path integrity can be undermined by a range of field errors, many of which go 
unnoticed until structural performance is compromised.  
 
These include: 

• Using incorrect fasteners (e.g., drywall screws instead of structural nails). 
• Failing to install blocking between joists or rafters at supports. 
• Misaligning trusses or omitting bracing required for stability. 
• Overcutting notches or holes in load-bearing members. 
• Installing connectors without adequate bearing surface or backer support. 

 
Even the best design can be rendered ineffective by such execution flaws. For this 
reason, plan review, jobsite supervision, and inspection must prioritize verification of 
connection details and adherence to engineered specifications. 
 
In conclusion, the reliability of a residential load path is not determined by size and 
strength alone, but by the orchestration of all materials, fasteners, and connections 
functioning together. Consistent attention to connection detailing ensures not only that 
loads reach their intended destinations but that the structure performs as a unified 
whole under all conditions. 
 
 
  



Chapter 6: Code Compliance and Industry Standards 
 
Engineering evaluations of load paths are not solely based on structural mechanics; 
they must also align with applicable building codes, guidelines, and accepted 
standards. These codes provide minimum requirements for safety and performance, 
and serve as the regulatory foundation for all residential construction in the United 
States.  
 
For engineers, familiarity with these standards is essential not only for liability protection 
but for ensuring sound engineering judgment that aligns with current practice. 
 
Application of IRC, IBC, ASCE 7, and AWC Standards 
The primary codes and standards relevant to load path evaluations in single family 
residential construction include: 
 

• International Residential Code (IRC): This model code serves as the foundation 
for most state and local building codes for one- and two-family dwellings. It 
includes prescriptive requirements for framing, connections, sheathing, bracing, 
and anchorage. 

• International Building Code (IBC): Although more often applied to commercial 
and multifamily buildings, the IBC is referenced for engineered components in 
residential buildings, particularly when deviations from prescriptive methods are 
made. 

• ASCE 7 – Minimum Design Loads and Associated Criteria for Buildings and Other 
Structures: This standard establishes criteria for dead, live, wind, seismic, snow, 
rain, flood, and load combinations. When structural loads exceed those covered 
by the IRC, or when site-specific hazard conditions apply, ASCE 7 must be used 
for design validation. 

• American Wood Council (AWC) Publications: Notably the Wood Frame 
Construction Manual (WFCM) and National Design Specification for Wood 
Construction (NDS), these documents offer technical guidance on designing 
wood structural systems, including fastener capacities, lateral bracing, and 
member design criteria. 

 
Together, these documents guide engineers in verifying that structural components and 
their load paths meet the minimum performance thresholds required for safe 
occupancy and code compliance. 
 
Prescriptive vs Engineered Design Load Paths 
The IRC provides prescriptive guidance for common framing and load transfer 
scenarios, including: 
 

• Span tables for joists, rafters, and beams 
• Braced wall requirements for wind and seismic loads 
• Fastener schedules for sheathing and framing connections 
• Anchor bolt spacing and foundation hold-down requirements 

 



For many residential buildings, especially simple geometries in low-risk areas, these 
prescriptive measures are sufficient.  
 
However, when a structure features: 

• Irregular geometry 
• Large open spans 
• High snow, wind, or seismic loads 
• Unconventional framing materials or techniques 

…the prescriptive code must be supplemented or replaced by engineered design. In 
such cases, the engineer must calculate loads in accordance with ASCE 7, select 
materials and fasteners using the AWC NDS, and provide stamped drawings that 
validate continuity of load paths from roof to foundation. 
 
Key Code Requirements Related to Load Continuity 
Critical aspects of the code that directly influence load path design and evaluation 
include: 

• Braced wall panel locations and types 
• Connection hardware rating and spacing 
• Anchor bolt embedment depth and edge distance 
• Nail and screw spacing for sheathing in high-wind zones 
• Minimum dimensions for bearing elements (e.g., sill plates, rim boards) 

 
Particularly important are the requirements for continuous load paths in areas subject to 
wind uplift and seismic forces. The IRC mandates that structural elements resisting uplift 
and lateral forces be tied together from roof to foundation using approved hardware 
or framing systems capable of transferring these forces without rupture, slippage, or loss 
of capacity. 
 
Jurisdictional Review and Inspector Expectations 
Local code officials interpret and enforce building codes within their jurisdiction. While 
most follow the IRC, many adopt amendments or stricter local provisions, especially in 
coastal or high-risk zones. Engineers must be aware of any regional adaptations and 
obtain up-to-date code versions used by the authority having jurisdiction (AHJ). 
 
Permitting agencies typically require: 

• Detailed framing plans showing load-bearing walls and framing alignments 
• Sizing and layout of beams, headers, and trusses 
• Structural connection details, including uplift and lateral restraint hardware 
• Load calculations for engineered designs 
• Certification or sealed documents for non-prescriptive elements 

 
During inspections, officials will look for visible confirmation of compliance with code 
requirements. Missing hold-downs, misaligned framing, under-sized members, or non-
approved substitutions may result in rejections or delays. A thorough understanding of 
code expectations and proactive communication with inspectors helps ensure a 
smooth approval process. 
 



In summary, adherence to applicable codes and standards is not optional—it is a 
professional and legal obligation for engineers involved in residential construction. 
Mastery of these documents allows for sound structural decisions, defensible 
evaluations, and safe, compliant structures. 
 
 
  



Chapter 7: Case Studies and Field Evaluation Strategies 
 
While theoretical understanding and adherence to code are essential, the real-world 
application of load path principles often reveals practical challenges and diagnostic 
nuances. Engineers must evaluate residential structures both during design and after 
construction, and occasionally after damage or remodeling has occurred.  
 
This chapter presents representative case studies, common diagnostic approaches, 
and practical methods for assessing the integrity of load paths in single family residential 
buildings. 
 
Sample Load Path Evaluations in New Construction 
In a typical two-story single family residence, the evaluation begins by tracing loads 
from the roof downward through every component: 
 

• Roof framing includes trusses with specified bearing points on exterior and interior 
load-bearing walls. Truss design drawings indicate live and dead load 
assumptions, bearing reactions, and special load conditions such as point loads 
at valleys or hips. 

• Wall framing shows proper alignment of studs with truss or rafter bearing points. 
Window and door openings are supported with properly sized headers and 
continuous jack studs transferring load to the bottom plate and down to the next 
level. 

• Floor framing includes I-joists or dimensional lumber spanning between beams or 
bearing walls. Load transfer at discontinuities such as stair openings or fireplace 
chases must be detailed and reinforced. 

• Foundation plans should show adequate footings aligned with concentrated 
loads, sufficient bearing capacity, and anchor bolt placement for resisting uplift 
and lateral shear. 

 
In evaluating these components, the engineer checks framing layouts for vertical 
alignment, validates sizing using code-based calculations or span tables, and reviews 
connection detailing to confirm continuity. Any deviation from the plans or 
inconsistencies in materials should prompt further field verification. 
 
Load Path Analysis in Remodeling and Additions 
Remodeling work—especially when it involves removing walls, adding rooms, or altering 
rooflines—can introduce discontinuities in load paths.  
 
In these cases, structural evaluation must include: 

• Determining if removed walls were load-bearing and whether the loads were re-
routed or left unsupported. 

• Assessing whether the new addition has independent structural support or relies 
on existing framing. 

• Checking that the transition zone between old and new construction maintains 
continuous load transfer. 



• Verifying that new roof loads are adequately supported without overloading 
existing structural members. 

 
One common case involves the addition of a second floor over an existing garage. If 
the original garage ceiling was framed with undersized joists, the addition of a floor and 
load-bearing walls above can create excessive deflection or outright failure. 
Engineering analysis must confirm whether the original framing can support the new 
loads or if reinforcements such as beams or posts are required. 
 
Structural Assessment Techniques 
Effective field evaluation techniques include both visual inspection and measurement-
based validation.  
 
Tools and methods include: 

• Load path tracing: A step-by-step method to visually follow the route of load 
transfer from roof to soil. 

• Plumb and level checks: Identifying deflection or misalignment that may signal 
load distribution problems. 

• Moisture and decay inspection: Checking for compromised framing due to 
water damage, especially in sill plates and headers. 

• Foundation inspection: Ensuring posts, piers, or slab edges align with the vertical 
framing above and are not undermined by erosion or settlement. 

• Verification of fastener systems: Confirming that structural hardware (e.g., clips, 
anchors, hangers) is installed per specification, using correct fasteners and 
spacing. 

 
Photographic documentation, field sketches, and load estimates (using span tables or 
engineering software) often accompany the assessment. Where doubt exists, localized 
demolition may be required to expose concealed framing or connections. 
 
Field Inspection Checklists and Professional Judgment 
Although many municipalities require only limited inspections, engineers should use a 
detailed checklist tailored to load path integrity when conducting evaluations.  
 
The checklist may include: 

• Alignment of bearing members across all levels 
• Presence and condition of critical framing elements 
• Verification of sheathing attachment and diaphragm continuity 
• Presence and condition of structural connectors 
• Signs of overstress, movement, or long-term degradation 

 
Ultimately, the engineer must exercise sound judgment, drawing upon code 
knowledge, design principles, and practical experience to assess structural safety. In 
some cases, reinforcement or retrofitting may be necessary to restore load path 
integrity. 
 
In conclusion, field evaluation of load paths is as much an investigative and interpretive 
process as it is a technical one. Understanding the interconnection of structural systems, 



recognizing red flags, and proposing practical solutions ensures that residential 
structures remain safe, durable, and code-compliant, even as they evolve through use, 
time, and modification. 
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