
 



COURSE DESCRIPTION 

This course provides a comprehensive technical overview of residential foundation 

repair methods, focusing on analysis, diagnosis, design considerations, code 

compliance, and execution of repair strategies. It addresses various foundation types 

and failure modes, offering detailed guidance on underpinning systems, crack 

remediation, drainage correction, soil stabilization, waterproofing, and structural 

reinforcement. Intended for licensed engineers, inspectors, and contractors, the course 

emphasizes safe, durable, and code-compliant repairs. 

 
LEARNING OBJECTIVES 

Upon completion of this course, participants will be able to: 

• Identify and analyze common residential foundation types and associated 

failure modes 

• Evaluate structural and geotechnical indicators of foundation movement or 

distress 

• Select appropriate repair techniques based on site-specific conditions and code 

requirements 

• Design and inspect underpinning systems, including piers, grouting, and 

chemical stabilization 

• Assess drainage and waterproofing methods in relation to foundation integrity 

• Ensure compliance with applicable codes, standards, and best practices in 

residential foundation repair 
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Chapter 1 – Introduction to Foundation Repair Engineering 
 

The Role of Foundations in Residential Structures 

A residential foundation serves as the critical interface between a structure and the 

ground. It transmits building loads safely to the underlying soil or rock while resisting 

environmental forces such as wind, seismic motion, hydrostatic pressure, and frost 

heave. Foundations also function to mitigate differential movement across the 

structure, ensuring durability, stability, and safety. The performance of a foundation is 

inherently tied to site-specific conditions such as soil type, topography, groundwater 

presence, and drainage characteristics. 

 

In residential contexts, common foundation systems include slab-on-grade, pier and 

beam (crawl space), and full basement types. Each system has distinct load paths, 

material demands, and vulnerability profiles. The selection of the foundation type 

during the design phase considers architectural needs, budget constraints, and 

anticipated site behavior. When foundation failures occur, they often result from a 

misalignment between design assumptions and actual environmental performance or 

construction quality. 

 
Purpose and Scope of Foundation Repairs 

Foundation repair engineering addresses the diagnosis, design, and implementation of 

corrective actions for foundations that have become compromised due to settlement, 

upheaval, lateral movement, cracking, or other distress mechanisms. The objective is 

not merely to restore cosmetic appearance but to reestablish structural capacity, limit 

future movement, and correct contributing site conditions such as poor drainage or 

unstable soils. 

 

Repairs must be carefully scoped and customized to each case. An effective repair 

approach considers the original foundation system, observed symptoms, geotechnical 

data, and performance expectations. In many cases, the root cause may be offsite, 

such as changes in surface water management, nearby construction, or regional soil 

shifts. Consequently, residential foundation repair is multidisciplinary, requiring input from 

structural engineers, geotechnical consultants, contractors, and building officials. 

 
Historical Evolution of Foundation Repair Practices 

Historically, foundation repairs were reactive and often improvised, focusing on surface 

symptoms rather than causative mechanisms. In the latter half of the 20th century, 

advances in soil mechanics and structural monitoring improved the understanding of 

foundation behavior. This gave rise to standardized practices in underpinning, pier 

design, and slab stabilization. 

 

Modern repair techniques incorporate soil-structure interaction modeling, torque-to-

capacity correlation for helical piles, and high-precision elevation monitoring. At the 

same time, the increased affordability of repair systems has led to wider use among 

contractors, sometimes without adequate engineering oversight. This trend underscores 

the need for technically sound engineering protocols that distinguish durable, code-

compliant repairs from temporary or superficial interventions. 



 
Interdisciplinary Considerations and Professional Responsibility 

The engineering professional must integrate insights from materials science, 

geotechnical evaluation, structural mechanics, and code compliance to develop 

effective repair strategies. Additionally, there is a professional obligation to ensure that 

repair recommendations do not introduce new risks or unintended consequences. 

Engineers must operate within the boundaries of their licensure and must avoid serving 

as an agent of sales-driven repair contracting. 

 

In jurisdictions with engineering practice acts, design of foundation repairs—especially 

those involving load-bearing elements—requires the seal of a licensed professional 

engineer. Failure to do so can result in unsafe conditions, legal liability, and disciplinary 

action. The engineer must also consider long-term performance, documenting 

assumptions and limitations in repair reports. 

 
The Need for Continuing Education 

As materials, codes, and foundation systems evolve, staying current with foundation 

repair methodologies is essential for practicing engineers. This course addresses this 

need by presenting a structured approach to diagnosing and correcting foundation 

failures in residential settings. Emphasis is placed on selecting technically justified 

solutions that are supported by evidence, code requirements, and established 

engineering principles. 

 

 

  



Chapter 2 – Foundation Types and Design Assumptions 

 
Overview of Residential Foundation Systems 

Residential foundations vary in form and function depending on climate, soil conditions, 

regional building practices, and architectural design. The three predominant types 

used in North America are slab-on-grade, crawl space (pier and beam), and full 

basement foundations. Each system presents unique advantages and vulnerabilities, 

and repair approaches must be tailored accordingly. 

 

Slab-on-grade foundations consist of a monolithic or post-tensioned concrete slab 

poured directly onto a prepared subgrade. These are most prevalent in warm climates 

with stable soil conditions and limited frost depth. The slab serves as both the foundation 

and the ground floor, distributing loads broadly across its area. 

 

Crawl space foundations are elevated structures supported by perimeter walls and 

interior piers, creating a ventilated space beneath the floor framing. They are common 

in regions with moderate freeze-thaw cycles or high water tables. Crawl spaces provide 

access to mechanical systems but are susceptible to moisture and ventilation issues. 

 

Basement foundations extend below grade to create a full-height enclosed space 

beneath the dwelling, supported by poured concrete or masonry walls and a slab-on-

grade floor. These are typical in colder climates, where frost depth requires deeper 

footing placement. Basements often require waterproofing due to hydrostatic pressure 

and lateral soil loads. 

 
Key Design Assumptions 

Each foundation type relies on underlying geotechnical and structural assumptions 

that, if violated, can precipitate failure. These assumptions include: 

• Uniform soil bearing capacity beneath the entire foundation footprint 

• Minimal long-term soil movement, such as shrink-swell behavior, settlement, or 

subsidence 

• Adequate drainage and moisture control to prevent hydrostatic or lateral water 

pressures 

• Consistent and continuous load paths from roof to footing without offset or 

discontinuity 

• Intact soil compaction and fill conditions, especially beneath slabs or grade 

beams 

Violation of these assumptions—through poor construction practices, environmental 

change, or deferred maintenance—can lead to cracking, settlement, or lateral 

displacement. 

 
Load Path Fundamentals 

Foundations function by transmitting axial, lateral, and moment loads from the 

superstructure into the ground. The path begins with roof and floor framing, descends 

through wall assemblies, and terminates at the foundation. Any break, offset, or 



deviation in this path creates stress concentrations that can exceed material 

tolerances. 

 

For slab foundations, load is transmitted directly into the subgrade via slab bearing or 

integrated grade beams. In crawl space and basement systems, point loads are 

transferred through piers, columns, and foundation walls into footings. Repair design 

must restore or enhance the continuity of this path to avoid further deterioration. 

 
Soil Compatibility and Structural Behavior 

Soils play a central role in the performance of any foundation system. Design 

assumptions presume stable, non-expansive soils with predictable behavior under 

changing moisture content. In reality, many residential sites are underlain by clay-rich 

soils with high plasticity indices, subject to seasonal volumetric change. Other sites may 

exhibit loose fill, organic content, or collapsible loess. 

 

When differential movement occurs, the foundation responds in ways dictated by its 

stiffness, reinforcement detailing, and load distribution. Slabs tend to crack and tilt; 

crawl space piers may settle or rotate; basement walls may bow inward or crack 

horizontally. Understanding these behaviors is essential to selecting the appropriate 

repair methodology. 

 
Regional Considerations and Climatic Variables 

Foundation types are often influenced by regional considerations such as seismic zones, 

frost depth, and floodplain designation. For example, slab-on-grade systems are 

avoided in areas with deep frost lines due to the risk of frost heave. In contrast, 

basement construction is avoided in regions with high groundwater tables unless robust 

waterproofing is employed. 

 

Seismic-prone regions require foundation anchorage and lateral bracing details not 

present in older residential stock. Wind-prone areas may demand uplift resistance and 

deepened footings. Code-compliant repair designs must account for these variables 

even if they were not addressed in the original construction. 

 
Service Life Expectations 

Residential foundations are typically expected to perform for 50–100 years without 

significant intervention. This expectation hinges on proper site preparation, accurate 

design, and quality construction. When repair becomes necessary, the design must 

consider not only the current state but also the long-term durability and compatibility of 

the proposed intervention with the original structure. 

 

 

  



Chapter 3 – Common Causes of Foundation Distress 
 

Moisture Variation and Soil Movement 

The most prevalent cause of foundation distress in residential structures is moisture-

driven soil movement. Expansive clay soils, common throughout many regions, exhibit 

dramatic volume changes as water content fluctuates. During wet periods, they swell 

and exert upward pressure on the foundation. During dry spells, they shrink, causing 

settlement. This cyclic movement can lead to cracking, tilting, and differential 

movement of the structure. 

 

Poor drainage exacerbates these effects by allowing surface water or roof runoff to 

saturate the soil adjacent to the foundation. Conversely, excessive drying from 

vegetation, especially trees with deep root systems, can also trigger movement. The 

resulting instability is often asymmetrical, leading to distortions in floors, doors, and 

windows. 

 
Inadequate Compaction and Fill Settlement 

Many residential foundations are constructed on regraded sites or engineered fill. If the 

fill is not compacted to an appropriate density and moisture content, post-construction 

settlement is likely. This is especially common under slabs-on-grade, where unreinforced 

or lightly reinforced slabs crack and sink due to differential soil movement or voids 

forming beneath the slab. 

 

Settlement of improperly compacted fill can be localized or widespread, depending on 

fill thickness, particle gradation, and drainage characteristics. Even properly 

compacted fill can experience delayed settlement due to vibration, wetting, or 

organic material decomposition. 

 
Erosion and Subsurface Voids 

Water flow beneath or adjacent to a foundation can erode supporting soils, creating 

voids that compromise bearing capacity. Sources include broken plumbing, leaky 

irrigation systems, and natural subsurface drainage patterns. Over time, unsupported 

segments of the foundation may settle or crack. 

 

In coastal or karst regions, natural voids such as sinkholes or solution cavities can cause 

sudden or uneven foundation failure. These geohazards often require site-specific 

geotechnical investigation and specialized repair approaches. 

 
Tree Root Activity and Vegetative Influence 

The presence of large trees near foundations is a significant risk factor for distress in 

expansive soil regions. Tree roots draw moisture from the soil, leading to localized 

shrinkage and settlement. This effect is not uniform, creating tilting or rotational 

movement of the structure. 

 

Roots can also physically displace soil or damage foundation elements, particularly in 

shallow foundations or crawl spaces. Management includes removal of vegetation, 

root barriers, and soil rehydration strategies. 



 
Construction Deficiencies and Material Failures 

Deficient construction practices are a leading cause of early foundation distress. 

Common errors include: 

• Shallow or undersized footings 

• Inadequate or missing reinforcement 

• Poor concrete placement or curing 

• Incorrect slab thickness or detailing 

• Lack of moisture barriers or edge insulation 

 

These deficiencies compromise structural integrity and can result in reduced load-

carrying capacity, excessive cracking, or accelerated deterioration. 

Material failures, such as sulfate attack on concrete, reinforcing corrosion, or 

degradation of masonry units, also contribute to long-term distress. These may be 

influenced by environmental conditions, improper mix design, or substandard 

workmanship. 

 
Seismic, Wind, and Flood Events 

Extreme events place significant stress on residential foundations. Earthquakes can 

induce shear cracking, uplift, or lateral sliding in foundations not adequately anchored 

or detailed for seismic forces. Wind uplift and overturning forces in storm-prone regions 

can lead to pier displacement or footing rotation. Flooding causes buoyant forces, 

hydrostatic pressure, and soil softening—particularly damaging in basements and crawl 

space systems. 

 

Damage from these events often reveals underlying weaknesses in design or 

construction and frequently necessitates structural retrofit. 

 

 

  



Chapter 4 – Soil-Foundation Interaction Fundamentals 
 

Introduction to Soil Behavior Under Load 

The performance of any foundation is inherently governed by how the supporting soil 

reacts under applied loads. Soils are complex, non-homogeneous materials with 

variable strength, compressibility, and permeability. Unlike engineered materials such as 

steel or concrete, their behavior under load is highly influenced by moisture content, 

density, and grain size distribution. A proper understanding of soil-structure interaction is 

essential for both the design and repair of residential foundations. 

 

Foundations that are either rigid or flexible must account for differential behavior across 

their footprint. Where one portion rests on stable material and another on compressible 

or expansive soil, stress redistribution occurs, often resulting in cracking or displacement. 

 
Types of Soil Movement Affecting Foundations 

Three primary types of soil movement contribute to foundation distress: 

1. Settlement – Vertical displacement resulting from consolidation, compression of 

loose soils, or collapse of fill or voids. This is often gradual and may be either 

uniform or differential. 

2. Heave – Upward movement caused by the expansion of clay soils upon moisture 

gain, frost action in cold climates, or swelling from chemical reactions. 

3. Lateral Movement – Horizontal soil pressure due to slope instability, hydrostatic 

pressure, or expansive soils pushing laterally against foundation walls. 

 

Each mode imposes different demands on the foundation, and improper anticipation 

of these effects leads to premature failure or distress. 

 
 

Soil Classification and Relevance to Foundation Repair 

Soils are broadly classified by the Unified Soil Classification System (USCS) into coarse-

grained (sands and gravels), fine-grained (silts and clays), and organic soils. For 

foundation performance, the fine-grained group—particularly clays—poses the 

greatest challenge due to its moisture sensitivity. 

 

Clays with high plasticity (PI > 20) are prone to expansion and contraction with seasonal 

moisture change. Silts can retain water and exert hydrostatic pressure. Sands and 

gravels typically provide good bearing capacity but may be subject to washout or 

liquefaction in seismic zones. 

 

In foundation repair, soil classification determines the appropriate underpinning depth, 

the necessity for stabilization, and the anticipated performance of injected grouts or 

piles. 

 
Soil Modulus and Foundation Load Distribution 

The stiffness of soil, expressed by its modulus of subgrade reaction (k) or elastic modulus 

(Es), influences how foundation loads are distributed. Stiffer soils transfer loads more 



directly, leading to reduced differential movement. In contrast, soft soils allow greater 

deflection, especially in flexible slabs or beam-supported structures. 

 

During repair design, estimating soil modulus is crucial in determining pile spacing, slab 

lift feasibility, and compatibility between existing and new foundation elements. 

Variability in modulus across a site is a key driver of non-uniform foundation 

performance. 

 
Soil Suction and Moisture Potential 

Soil suction refers to the soil’s tendency to draw in and retain water. It is particularly 

relevant in expansive clays, where desiccation increases negative pore pressure, 

resulting in significant shrinkage. Upon rehydration, suction dissipates and swelling 

occurs. 

 

Understanding soil suction profiles is vital when considering root barriers, moisture 

control, or chemical stabilization. Repairs that ignore moisture potential often result in 

temporary or reversed effects once environmental conditions shift. 

 
Interface Behavior: Friction and Bearing 

The interaction between foundation elements and surrounding soil is governed by 

frictional and bearing resistance. Piles, piers, and footings derive their capacity through 

a combination of end bearing and skin friction. Soil adhesion affects the pullout 

resistance of piers and determines their required depth. 

 

During repair, incorrect assumptions about interface behavior can lead to inadequate 

capacity or excessive settlement. Proper testing—such as torque monitoring for helical 

piles or cone penetration tests for skin friction—ensures more accurate repair design. 

 
Stress Redistribution and Load Path Disruption 

When one portion of a foundation settles or heaves, the redistribution of stress often 

shifts loads to adjacent areas not designed for additional capacity. This stress migration 

can initiate new cracks, deflect beams, or exacerbate wall bowing. 

 

Effective repairs not only address the immediate area of damage but also stabilize or 

relieve adjacent zones. Ignoring stress redistribution may resolve local symptoms while 

accelerating failure elsewhere. 

 

 

  



Chapter 5 – Visual Inspection and Diagnostic Techniques 
 

Purpose and Limitations of Visual Inspection 

Visual inspection is the first and most accessible diagnostic method for evaluating 

residential foundation conditions. It enables early detection of distress, identification of 

patterns, and formulation of hypotheses regarding structural behavior. While visual 

inspection alone cannot determine root causes or quantify structural capacity, it forms 

the foundation of a more comprehensive assessment, guiding further geotechnical or 

structural analysis. 

 

Effective inspection requires familiarity with typical construction methods, material 

aging characteristics, and symptom progression. Engineers must distinguish between 

benign surface conditions and indicators of deeper structural problems. 

 
Exterior Observation Methods 

The inspection process typically begins at the exterior of the structure. The following 

features are closely examined: 

• Perimeter foundation exposure: Look for vertical displacement, step cracking in 

masonry, or signs of heave/settlement. 

• Brick veneer separations: Horizontal gaps at corners or near openings suggest 

differential movement. 

• Grade level changes: Soil sloping toward the structure may indicate improper 

drainage. 

• Gutter downspout termination: Improper discharge can lead to localized 

saturation. 

• Driveways and flatwork: Cracks or tilting adjacent to the structure often correlate 

with foundation movement. 

• Vegetation proximity: Root patterns and moisture competition may influence 

subgrade behavior. 

Observations are documented with annotated photographs, dated field notes, and 

reference sketches showing location and crack dimensions. 

 
Interior Inspection Techniques 

Inside the structure, signs of distress may be more subtle but are equally important: 

• Drywall cracking: Diagonal cracks at door or window corners often reflect 

racking or rotation. 

• Out-of-plumb door frames: Misalignment, binding, or gaps around doors suggest 

torsion or differential settlement. 

• Sloping floors: Visual or measured slopes indicate displacement of supporting 

elements. 

• Ceiling separations: Gaps between ceiling and walls often result from vertical 

movement or rafter uplift. 

• Tile and hard floor cracking: Rigid coverings telegraph underlying slab 

movement. 

• Basement wall deformation: Bowing, inward displacement, or cracking may be 

indicative of lateral pressure. 



Tools such as laser levels, water levels, and digital inclinometers enhance measurement 

precision. Changes over time are best captured with elevation surveys or settlement 

monitoring. 

 
Crack Typology and Documentation 

Crack assessment is a critical component of inspection. Cracks are classified by: 

• Orientation: Vertical, diagonal, horizontal 

• Width: Hairline (<1 mm), minor (1–3 mm), moderate (3–5 mm), severe (>5 mm) 

• Location: Foundation wall, slab, drywall, exterior veneer 

• Activity: Active (propagating) vs. dormant (static) 

Crack gauges or digital calipers should be used for monitoring. Measurements should 

include width, length, and approximate depth if accessible. Observations should be 

correlated with known structural elements such as beams, footings, or joints. 

 
Use of Elevation Surveys and Leveling Data 

To detect differential settlement, floor elevation surveys are conducted using optical or 

laser leveling devices. Measurements are taken at a grid of interior floor points and 

compared against a reference datum. Elevation differences greater than 0.75 inches 

across a typical residential footprint are cause for concern, particularly if the change is 

localized. 

 

Repeat surveys over time allow the engineer to distinguish between active and 

stabilized movement, guiding the urgency and scope of repairs. In slab-on-grade 

construction, interior deflection patterns often mirror subgrade voids or soil shifts. 

 
Indicators of Moisture Influence 

Because moisture variation is a major driver of foundation movement, inspectors must 

evaluate water intrusion and drainage paths: 

• Efflorescence or staining on walls suggests prolonged dampness or capillary rise. 

• Water pooling at the perimeter indicates grading issues. 

• Mold or odors in crawl spaces or basements may signal inadequate ventilation 

or water entry. 

• Condensation on cold surfaces can result from vapor migration and air leakage. 

Soil probes and moisture meters may be used to detect subsurface saturation. Infrared 

imaging can assist in locating hidden leaks or insulation gaps that contribute to 

condensation. 

 
Developing a Diagnostic Hypothesis 

After data collection, the engineer synthesizes visual evidence into a preliminary 

hypothesis regarding the type and extent of foundation movement. This includes 

identifying likely causes, zones of distress, and possible structural implications. The 

hypothesis should remain tentative until validated by further testing or analysis. 

If conditions warrant, the visual inspection is supplemented by geotechnical borings, 

material testing, or structural modeling to confirm load paths and soil behavior. 

 

 

  



Chapter 6 – Structural Assessment and Load Tracking 
 

Principles of Load Path Continuity 

A foundational concept in structural engineering is that loads must travel in a 

continuous, uninterrupted path from their point of origin—typically the roof or upper 

floor—through vertical and horizontal members, down to the foundation, and into the 

supporting soil. Any discontinuity or redirection in this path can result in stress 

concentrations, differential loading, and ultimately structural distress. 

 

In residential buildings, load paths are often obscured by finishes, renovations, or 

architectural features. Nevertheless, the engineer must identify how gravity loads, 

lateral forces, and uplift are transferred through framing systems to foundation 

elements. Assessing the integrity of these paths is a prerequisite for any reliable 

foundation repair strategy. 

 
Gravity Load Distribution in Residential Structures 

Gravity loads in residential construction consist of dead loads (permanent structural 

and architectural components) and live loads (occupant use, furnishings, snow). These 

loads are transmitted from roof rafters and trusses into bearing walls or columns, then 

down through floor framing into foundation walls, footings, or piers. 

 

Misalignments—such as offset beams, missing columns, or undersized footings—can 

disrupt this distribution. When settlement or uplift occurs, the load shifts non-uniformly, 

leading to overstressing of certain elements while others become unloaded. Symptoms 

often include cracked slabs, tilted walls, or deformed framing connections. 

 
Lateral and Moment Load Transfer 

Wind and seismic loads introduce lateral and overturning forces into residential 

structures. These are resisted by shear walls, braced frames, or structural diaphragms 

that transfer forces into the foundation system. The connection between structural walls 

and foundations must accommodate both vertical and lateral transfer, often through 

embedded anchors, straps, or bolts. 

 

Foundation distress that results in lateral displacement—such as wall bowing or sliding—

is typically a failure of the connection or an underestimation of soil pressure. Repair must 

reestablish the structural anchorage and resist the imposed lateral forces. 

 
Load Tracking in Damaged Structures 

When a foundation is compromised, the original load path is altered. Walls may shift, 

piers may settle, or slabs may deflect, all of which force load redistribution. Engineers 

must analyze where loads are now being directed, and whether those components 

were originally designed to carry such loads. 

 

For instance, in a home with a settled corner, framing loads may bypass sunken support 

elements and concentrate on adjacent piers or walls. Similarly, a cracked slab may 

behave as two separate structural surfaces, changing the pattern of load transfer. 



These altered conditions may necessitate strengthening of unaffected areas to 

accommodate the redistributed forces. 

 
Assessment of Bearing Conditions 

Evaluating the capacity and integrity of existing bearing elements—footings, grade 

beams, piers—is essential. The engineer must consider: 

• Size and geometry of footings in relation to soil bearing capacity 

• Evidence of soil displacement or voiding beneath supports 

• Material condition of concrete, masonry, or wood components 

• Load eccentricity due to lateral shifts or foundation rotation 

If bearing failure is suspected, load testing or soil borings may be required to confirm 

capacity and guide underpinning design. 

 
Interaction with Structural Framing 

The superstructure plays a significant role in responding to foundation movement. 

Engineers must inspect how framing elements have responded to foundation shifts: 

• Beam rotation due to pier settlement or lateral pressure 

• Joist sagging from unsupported spans 

• Fractured connectors or pulled fasteners indicating overstress 

• Crown or sag in ridge lines reflecting differential support conditions 

A complete structural assessment maps the vertical and lateral flow of forces, 

identifying weak points, failed transfers, and unaddressed loads. Repair efforts that 

ignore framing behavior risk solving foundation problems while leaving superstructure 

vulnerabilities intact. 

 
Use of Load Tracking Diagrams 

As part of the assessment process, the engineer should develop simplified load path 

diagrams. These schematics show: 

• Origin of loads (roof, upper floor, etc.) 

• Intermediate transfer points (walls, beams, columns) 

• Final delivery to foundation components 

• Disrupted paths due to foundation movement 

These diagrams help in communicating the repair rationale to clients, contractors, and 

code officials. They also serve as design tools for evaluating alternate repair strategies 

or verifying the sufficiency of proposed underpinning. 

 
Integration with Repair Design 

Once load tracking is complete, the findings must be directly integrated into the repair 

plan. Underpinning must align with the actual load paths to be effective. Misplaced 

piers or inadequate connections will not fully transfer loads and may lead to post-repair 

distress. 

 

Engineers must ensure that any load-carrying elements installed during repair—whether 

piers, beams, or slab lifts—are capable of assuming their share of the load within the 

system. Design assumptions must be verified against structural observations and field 

measurements. 

 

 



Chapter 7 – Crack Analysis and Classification 
 

Cracking as a Diagnostic Indicator 

Cracks are among the most visible and informative signs of foundation distress. Their 

orientation, width, propagation pattern, and location provide vital clues to the 

underlying cause of movement. While not all cracks indicate structural failure, they 

often signal deviation from normal performance and merit professional evaluation. 

 

The classification of cracks is an essential step in determining repair urgency, 

appropriate intervention, and long-term implications. Accurate documentation during 

the inspection process supports later assessments, monitoring efforts, and engineering 

reports. 

 
Crack Morphology and Structural Implications 

Cracks are classified based on their orientation, cause, and severity: 

• Vertical Cracks often result from settlement or differential bearing failure. They 

typically occur at reentrant corners, window/door openings, or in the center of 

long spans. 

• Diagonal Cracks commonly signal differential movement, particularly in masonry 

or drywall. These may be caused by corner settlement or lateral shear forces. 

• Horizontal Cracks are more serious and typically reflect lateral soil pressure 

acting on basement or retaining walls. Inward bowing or wall displacement 

usually accompanies such cracks. 

• Stair-step Cracks in brick or block walls point to movement at the foundation 

level. These are diagnostic of settlement or heave in specific wall segments. 

• Map or Crazing Cracks are superficial and common in concrete slabs; they 

generally do not indicate structural concern unless combined with differential 

elevation or slab displacement. 

Orientation and pattern are interpreted in conjunction with structural load paths, soil 

type, and environmental conditions to identify the root cause. 

 
Crack Width and Severity Levels 

The width of a crack is a key determinant in assessing structural significance. 

Classification is typically as follows: 

• Hairline: <0.25 mm — Often non-structural and cosmetic 

• Minor: 0.25 mm to 1.0 mm — May indicate early movement; monitor or seal 

• Moderate: 1.0 mm to 3.0 mm — Likely active; requires structural review 

• Severe: >3.0 mm — Significant movement; warrants immediate evaluation and 

probable repair 

In concrete, large cracks may suggest reinforcement issues, poor curing, or subgrade 

voiding. In masonry, they often correlate with pier or wall displacement. 

 
Active vs. Dormant Cracks 

Cracks must be evaluated not only by appearance but also by behavior over time. 

Active cracks are propagating or changing in width, indicating ongoing movement. 

Dormant cracks are stable, showing no measurable change over months or years. 

Monitoring techniques include: 



• Crack gauges 

• Micrometer measurements 

• Plaster or epoxy patch observation 

• Time-lapse photography 

• Laser scanning or photogrammetry for large-scale movement 

Active cracks demand immediate investigation and may influence the choice of 

foundation repair method. Dormant cracks may only require sealing or cosmetic 

correction if no other indicators are present. 

 
Cracking in Different Structural Elements 

• Slabs-on-grade: Cracks in these systems may be shrinkage-related, especially in 

early-age concrete, or may signal subgrade failure. Long, continuous cracks 

often align with high-stress regions or insufficient control joints. 

• Masonry walls: Cracks in brick veneer or block foundations are often due to 

differential settlement or lateral loading. Cracks running through the mortar (as 

opposed to along it) are more indicative of structural distress. 

• Drywall: Diagonal cracks at corners, joint separation, or nail pops typically 

indicate framing distortion or differential foundation movement. 

• Basement walls: Horizontal cracks with bowing are characteristic of lateral 

pressure. Vertical or step cracking near corners can signal settlement or heaving. 

The engineer must correlate observed cracking with known construction practices, site 

conditions, and design parameters to determine significance. 

 
Crack Mapping and Reporting 

A systematic crack map is essential for engineering documentation. It includes: 

• Scaled sketches or floor plans showing crack location 

• Notations on orientation, width, and propagation direction 

• Photographic documentation with scale indicators 

• Reference points for future monitoring 

Crack maps serve as baseline records for evaluating ongoing movement, designing 

repairs, and communicating conditions to stakeholders. In post-repair assessments, they 

also verify the effectiveness of intervention. 

 
Crack Repair Considerations 

The method of repair depends on crack type and function of the structural element: 

• Epoxy injection restores monolithic behavior in structural concrete elements 

• Polyurethane injection seals leaking cracks but allows limited flexibility 

• Carbon fiber reinforcement may be used to stabilize cracked basement walls 

• Routing and sealing is appropriate for cosmetic or minor surface cracks 

Repairs should not proceed until the source of movement is identified and addressed. 

Sealing cracks without stabilizing the foundation risks recurrence or misdiagnosis. 

 

 

  



Chapter 8 – Role of Drainage in Foundation Movement 
 

Hydrological Influence on Soil Behavior 

Water is the most influential environmental factor affecting the stability of residential 

foundations. Variations in soil moisture content directly impact bearing capacity, lateral 

pressures, and soil volume—particularly in expansive clay and collapsible silt soils. Proper 

management of surface and subsurface water is not merely preventive but a critical 

component of foundation repair engineering. 

 

Water intrusion at or near the foundation increases the risk of settlement, heaving, 

erosion, and wall failure. Many observed foundation problems trace back to insufficient 

site drainage, poor guttering systems, or changes in site grading over time. 

 
Surface Water Management 

Surface water—originating from rainfall, roof runoff, or landscape irrigation—should be 

directed away from the foundation immediately and consistently. Key drainage 

elements include: 

• Roof gutters and downspouts: These must be clean, functional, and properly 

sized. Downspouts should discharge water a minimum of 5–10 feet from the 

foundation or into controlled drainage systems. 

• Site grading: The ground adjacent to the foundation should slope away at a 

minimum rate of 6 inches per 10 feet. Negative grading (sloping toward the 

structure) traps water against the foundation and is a common cause of 

moisture-related issues. 

• Concrete flatwork drainage: Driveways, walkways, and patios must be sloped 

away from the structure to prevent water ponding near foundation edges. 

• Landscaping design: Plant beds, berms, or retaining walls must not interfere with 

water flow. Mulch and soil levels should be kept below the top of foundation 

walls to avoid concealed water pathways. 

Regrading or re-routing surface flow is often a necessary part of foundation repair. 

 
Subsurface Drainage and Hydrostatic Pressure 

Water that infiltrates the soil adjacent to foundation walls exerts hydrostatic pressure, 

especially in poorly drained or clay-rich soils. This pressure can cause: 

• Horizontal cracking and inward bowing of basement walls 

• Saturation of crawl spaces and slab subgrades 

• Softening of bearing soils, leading to settlement or loss of friction capacity for 

piers 

 

Subsurface drainage systems are used to intercept and redirect this water before it 

builds pressure: 

• French drains: Trenches filled with gravel and perforated pipe to collect and 

divert water 

• Footing drains: Installed at or below the foundation footing level, typically 

encased in filter fabric and routed to a sump or daylight outlet 

• Sump pumps: Used where gravity discharge is not feasible, especially in 

basements 



• Foundation membranes and waterproofing barriers: Prevent water ingress 

through walls and footings, working in tandem with drains 

Failure to install or maintain these systems leads to progressive water accumulation and 

foundation degradation. 

 
Impact of Poor Drainage on Foundation Types 

• Slab-on-grade foundations: Saturated soils beneath slabs reduce bearing 

capacity and can lead to isolated settlement or heaving. Shallow footings are 

particularly vulnerable. 

• Crawl space foundations: Moisture accumulation increases humidity, fosters 

biological growth, and deteriorates wood framing. Long-term exposure can 

result in pier settlement or girder rotation. 

• Basement foundations: These are most affected by hydrostatic pressure. 

Prolonged exposure causes wall cracking, inward displacement, and water 

infiltration through joints or cracks. 

Each system requires drainage strategies tailored to its depth, footprint, and soil 

context. 

 
Drainage Correction as a Repair Component 

Foundation repair designs that ignore drainage conditions are often short-lived. 

Drainage correction is typically implemented before structural repairs begin and 

includes: 

• Gutter extension and downspout redirection 

• Site regrading and swale construction 

• Subsurface drainage installation 

• Waterproofing retrofits or positive-side barriers 

• Decommissioning of high-flow irrigation near foundation zones 

Drainage improvements may alone resolve early-stage movement or prevent 

recurrence after structural intervention. In expansive soil regions, maintaining consistent 

moisture levels via controlled irrigation may be prescribed to mitigate seasonal soil 

volume change. 

 
Verification and Monitoring 

Post-repair monitoring of drainage systems ensures long-term effectiveness. This 

includes: 

• Visual inspection during rain events 

• Measurement of standing water or ponding duration 

• Moisture content testing in adjacent soils 

• Inspection of sump pump discharge cycles 

Proper documentation of drainage upgrades should accompany engineering reports 

to demonstrate that the root causes of distress were addressed alongside structural 

symptoms. 

 

 

  



Chapter 9 – Soil Stabilization Strategies 
 

Necessity of Soil Stabilization in Foundation Repair 

When foundation distress originates from unstable or moisture-sensitive soils, structural 

intervention alone may not provide long-term resolution. Soil stabilization enhances the 

engineering properties of in-situ soils—improving bearing capacity, reducing 

compressibility, and mitigating volumetric change. It is often used as a complementary 

repair technique, either to support new underpinning elements or to reestablish 

subgrade integrity beneath slabs and footings. 

 

Stabilization techniques are selected based on soil classification, depth of influence, site 

access, environmental constraints, and long-term performance goals. 

 
Chemical Stabilization Methods 

Chemical additives are introduced into the soil to reduce plasticity, improve cohesion, 

or promote cementation. The most common chemical stabilization agents include: 

• Lime (Calcium Oxide or Calcium Hydroxide): Highly effective in clay soils. Lime 

reacts with clay minerals and water to create pozzolanic compounds, reducing 

plasticity and swelling potential. 

• Cement: Portland cement binds soil particles upon hydration, increasing strength 

and stiffness. Used where higher load support is needed. 

• Fly Ash: Often used in combination with lime or cement, fly ash improves 

workability and long-term strength. 

• Chemical grouts (e.g., sodium silicate): Penetrate fine-grained soils and cure to 

form a rigid matrix, used in targeted applications requiring precision. 

Laboratory testing is recommended to determine the appropriate stabilizer dosage and 

effectiveness for specific soil types. 

 
Compaction Grouting 

Compaction grouting involves the injection of stiff grout (low-slump) under pressure to 

displace and densify loose or weak soils. It is effective in mitigating settlement, 

improving bearing capacity, and filling voids. The process typically involves: 

• Drilling vertical or angled injection pipes to target depth 

• Injecting grout in stages (bottom-up) under high pressure 

• Monitoring ground movement and injection pressure to verify efficacy 

Compaction grouting is particularly useful beneath slabs or footings that have 

experienced settlement but require stabilization without full underpinning. 

 
Permeation and Slurry Grouting 

In permeation grouting, low-viscosity materials are injected into soil pores, displacing 

water and hardening in place. Common in sandy soils, this method is used to control 

groundwater, seal seepage paths, or reinforce the soil matrix. Slurry grouting—typically 

with cement or bentonite—forms a mass fill to reduce permeability or stabilize voided 

areas. 

 

These techniques require careful control to avoid unintentional uplift or migration. Grout 

volume, viscosity, and setting time are carefully matched to soil conditions. 



 
Polyurethane Foam Injection 

Polyurethane (PU) grouting is used to lift settled slabs and stabilize subgrade soils. The 

process involves: 

• Drilling small access ports in the slab 

• Injecting two-part expanding foam, which fills voids and relevels the surface 

• Monitoring elevation with laser or digital levels during injection 

This technique offers fast curing, minimal disruption, and effective void fill. However, it is 

not always appropriate for high-load or expansive soil conditions unless coupled with 

soil treatment. 

 
Soil Mixing and Deep Stabilization 

For deep foundation applications or highly problematic soils, soil mixing involves 

combining in-situ soil with stabilizing agents using augers or mixing paddles. This creates 

soil-cement columns that improve stiffness and shear resistance. Deep stabilization is 

often specified for: 

• Loose or liquefiable soils 

• Organic or peat deposits 

• Areas requiring seismic performance improvement 

These methods require specialized equipment and geotechnical oversight but offer 

high reliability and uniform treatment. 

 
Moisture Control and Soil Conditioning 

In expansive soil environments, controlling moisture fluctuation is a primary stabilization 

goal. Approaches include: 

• Moisture conditioning: Pre-wetting or drying of soils prior to construction or repair 

• Root barriers: Preventing vegetative water extraction near foundations 

• Irrigation management: Ensuring consistent soil moisture year-round 

• Moisture barriers: Horizontal or vertical membranes to reduce infiltration 

Soil moisture probes and data logging may be used to monitor effectiveness and adjust 

protocols post-repair. 

 
Stabilization Planning and Testing 

Soil stabilization requires a site-specific engineering plan, informed by geotechnical 

testing such as: 

• Atterberg limits (plasticity) 

• Proctor compaction tests 

• Unconfined compressive strength (post-treatment) 

• Permeability testing 

Trial batches and pilot injections are often conducted before full-scale implementation. 

The results should be documented to verify design assumptions and ensure quality 

control. 

 

 

  



Chapter 10 – Underpinning Systems Overview 
 

Definition and Purpose of Underpinning 

Underpinning refers to the process of extending or enhancing the load-bearing 

capacity of a foundation by transferring loads to deeper, more stable soil strata or 

redistributing them across a broader area. It is employed when foundations experience 

settlement, are constructed on unstable soils, or require strengthening due to changes 

in load demand, such as building additions. 

 

The underpinning process is inherently structural. It must be carefully designed, 

sequenced, and executed to avoid introducing additional stresses or destabilizing the 

existing structure. Underpinning is often a central component of residential foundation 

repair strategies. 

 
Indications for Underpinning 

Not all foundation issues require underpinning. It is most appropriate under the following 

conditions: 

• Progressive settlement that exceeds tolerance or continues to develop over time 

• Differential movement resulting in structural misalignment or distress 

• Inadequate original footing depth in expansive or weak soils 

• Nearby excavation or construction that alters soil bearing conditions 

• Increased structural loads from renovations or vertical additions 

• Code-mandated upgrades in seismic, wind, or flood-prone regions 

A detailed structural assessment must confirm that underpinning is both necessary and 

technically appropriate. 

 
Primary Underpinning Methods for Residential Foundations 

1. Push Piers (Resistance Piers): 

Steel piers driven into the ground using the structure’s weight as reaction force. 

Once load-bearing strata are reached, the foundation is hydraulically lifted and 

supported on the pier bracket. Ideal for conditions where deep competent soils 

exist below weaker upper layers. 

2. Helical Piers (Screw Anchors): 

Helical plates welded to a shaft are rotated into the soil like screws until torque 

indicates load-bearing resistance. These do not require building weight for 

installation and are suitable for lighter structures or sites with limited access. Load 

capacity correlates with installation torque. 

3. Concrete Underpinning (Mass Concrete or Pit Method): 

Excavation is done in a staged sequence beneath the existing footing. Concrete 

is placed to form a deeper, larger footing beneath each segment. Labor-

intensive and typically used in historic restorations or when access for driven piers 

is limited. 

4. Micropiles: 

Small-diameter, high-strength grouted piles installed with minimal vibration. 

Micropiles are used in areas with limited clearance or in soils unsuitable for 

conventional pier systems. They provide high load capacity but require 

specialized equipment. 



5. Slab Piers: 

Designed specifically to lift and support interior concrete slabs, these piers are 

similar in function to push or helical piers but are anchored beneath slab sections 

and not perimeter footings. Often used in conjunction with void filling. 

6. Hybrid Systems: 

Some sites may benefit from combined methods—e.g., push piers for perimeter 

support and polyurethane injection for slab stabilization—to address both vertical 

and volumetric soil movements. 

 
Pier Spacing, Depth, and Load Considerations 

Effective underpinning design requires proper estimation of: 

• Load per pier: Based on tributary area and structural weight 

• Soil bearing depth: Determined through borings or drive resistance 

• Pier spacing: Typically ranges from 4 to 7 feet depending on load and wall 

stiffness 

• Bracket capacity and compatibility: Must be matched to footing type and load 

direction 

• Corrosion protection: Coatings or galvanization for piers in wet or aggressive soils 

Improper spacing or miscalculated loading can lead to uneven support and future 

movement. 

 
Installation Sequencing and Structural Monitoring 

Underpinning requires staged implementation to avoid differential lift or structural 

distortion. Procedures include: 

• Pre-lift elevation survey 

• Sequential pier driving or helical installation 

• Load verification (typically via hydraulic lift or torque measurement) 

• Incremental lifting to avoid cracking or overstressing elements 

• Real-time monitoring with levels or laser devices 

Post-installation, a final elevation survey verifies effectiveness. In many jurisdictions, an 

engineer’s observation and approval are required prior to closing access points. 

 
Advantages and Limitations by Method 

• Push Piers: High capacity; depth limited only by resistance. Require sufficient 

structural weight. 

• Helical Piers: Effective in soft soils; less disruptive; suitable for light structures. 

Depth limited by equipment or torque. 

• Concrete Underpinning: Suitable for shallow repairs; no specialized equipment. 

Labor intensive; soil disturbance risk. 

• Micropiles: Minimal vibration; usable in tight spaces. Costly and complex. 

Each system has distinct suitability depending on structural type, soil conditions, and 

access constraints. 

 
Post-Installation Considerations 

Once underpinning is complete, backfill and soil restoration must be done with care to 

avoid introducing differential pressure or moisture paths. Engineers should document: 

• Pier type and location 

• Depth achieved and load capacity 



• Elevation change before and after lift 

• Any limitations or monitoring requirements 

Underpinning should be accompanied by drainage corrections or soil stabilization if 

original causes of movement are unresolved. 

 

 

  



Chapter 11 – Helical Pier Design and Installation 
 

Fundamentals of Helical Pier Systems 

Helical piers, also referred to as helical anchors or screw piles, are deep foundation 

elements used to stabilize and, when necessary, lift residential structures affected by 

foundation settlement. They consist of steel shafts with one or more helical plates 

(flights) that are mechanically rotated into the ground. The helical geometry enables 

the pier to penetrate soils with minimal displacement and without the need for 

excavation or concrete. 

 

The capacity of a helical pier is derived from a combination of end bearing and 

frictional resistance along the helix plates. Unlike push piers, helical piers do not require 

the weight of the structure to be driven. This makes them ideal for lightweight or heavily 

distressed residential buildings. 

 
Design Parameters for Helical Piers 

Engineering design of helical piers must address several factors: 

• Soil type and bearing stratum: The pier must penetrate through unsuitable soils 

and terminate in a competent layer with known properties. 

• Load requirements: The total dead and live loads supported by each pier 

location, including allowable and ultimate design loads. 

• Helix configuration: The number, size, and spacing of helical plates affect torque, 

capacity, and penetration resistance. Common configurations include 8", 10", 

and 12" plates on a single shaft. 

• Shaft selection: Round and square shafts are used depending on expected 

loading conditions. Square shafts resist higher torsional loads, while round shafts 

are more flexible and resist buckling. 

• Corrosion protection: Galvanization or epoxy coatings are necessary in high-

moisture or chemically aggressive soils. 

Torque-to-capacity relationships are used in the field to confirm that design load has 

been reached during installation. 

 
Installation Procedures and Equipment 

The installation process requires specialized hydraulic rotary drive motors mounted on 

mini-excavators or skid-steer loaders. Key steps include: 

1. Site layout: Pier locations are determined based on structural load paths and 

spacing (typically 4–7 feet apart along affected walls). 

2. Lead section installation: The initial section includes one or more helix plates and 

is rotated into the ground while maintaining vertical alignment. 

3. Shaft extension: Additional shaft segments are connected via bolted couplings 

and advanced as necessary to achieve design depth. 

4. Torque monitoring: A calibrated torque gauge measures installation resistance, 

providing a direct correlation to load capacity. 

5. Bracket installation: Once depth and torque criteria are met, a steel foundation 

bracket is bolted or welded to the existing footing, and the pier is locked in 

place. 



6. Load transfer and lift (if applicable): Hydraulic jacks may be used to elevate the 

structure to pre-distress elevations, within tolerances. 

This method allows installation with minimal vibration, noise, or spoil generation. 

 
Torque-to-Capacity Correlation 

Helical pier capacity is verified during installation using torque correlation formulas.  

 

A common industry-standard is: 

Q_allowable = K_t × T 

Where: 

• Q_allowable = Allowable axial load (lb) 

• K_t = Empirical torque factor (typically 3–10, depending on shaft and soil) 

• T = Installation torque (ft-lb) measured during final rotation 

 

This approach enables immediate verification of load-bearing capability without load 

testing, although testing may still be required in critical installations or by code authority. 

 
Lift Procedures and Load Transfer 

In cases where the structure is to be elevated (as opposed to merely stabilized), the lift 

process involves: 

• Attaching hydraulic rams to the installed brackets 

• Incrementally lifting the structure while monitoring movement using precision 

elevation tools 

• Maintaining even lift across all pier points to avoid structural distortion 

• Shimming and locking the pier-head assembly in place to transfer permanent 

load 

It is critical that lifting be halted if cracking, overstress, or resistance indicates risk of 

damage. Not all structures can or should be lifted to original elevation. 

 
Advantages of Helical Piers 

Helical pier systems offer several advantages for residential foundation repair: 

• No reliance on structure weight for installation 

• Minimal site disturbance with small equipment footprint 

• Immediate load capacity upon installation 

• Usable in poor or loose soils where frictional resistance is insufficient for other 

systems 

• Reversible and removable if future relocation or modification is required 

These features make helical piers a preferred solution for many retrofits, additions, and 

repair projects. 

 
Quality Assurance and Documentation 

Field documentation includes: 

• Pier locations and depths 

• Final installation torque 

• Shaft and helix specifications 

• Load capacities and lift measurements 

• Bracket type and connection detail 



This data is included in the engineer’s certification and forms part of the repair record 

for future reference or real estate disclosure. 

 

 

  



Chapter 12 – Push Pier Systems and Capacity Design 
 

Overview of Push Pier Technology 

Push piers, also known as resistance piers, are hydraulically driven steel pipe segments 

installed beneath existing foundations to transfer structural loads to deeper, load-

bearing strata. Unlike helical piers, push piers do not have helix plates and instead rely 

on end bearing alone. The pier is driven into the ground using the weight of the 

structure as the reaction force, making it a suitable option for medium to heavy 

residential buildings. 

 

Push piers are frequently used in cases of active settlement, where immediate 

stabilization and potential lift are needed. Their design and application must be 

precisely calculated to avoid underperformance or additional movement. 

 
Mechanics of Load Transfer 

The load from the structure is transferred to the pier through a bracket attached to the 

footing. The piers are driven until they reach a depth where the end bearing resistance 

of the soil counteracts the applied driving force. Once refusal is reached (i.e., no further 

penetration under specified pressure), the pier is assumed to have achieved load-

bearing capacity. 

 

The connection between the foundation and the pier is then locked, and if needed, 

hydraulic lifting is applied to restore the structure to its original elevation or to a 

structurally tolerable position. 

 
Design Criteria and Load Calculations 

Engineering design of a push pier system includes: 

• Structural load estimation: The total downward force the pier must support, 

including live, dead, and safety factors. 

• Pier spacing: Typically 5–8 feet along a wall, adjusted based on load distribution 

and footing geometry. 

• Soil resistance depth: Determined by drive resistance or geotechnical borings, 

the pier must reach strata with sufficient end-bearing capacity. 

• Material properties: Steel pipe wall thickness, diameter, and yield strength affect 

both axial capacity and buckling resistance. 

• Bracket design: Must resist vertical loads and prevent lateral movement or shear 

under load. 

Allowable capacity is typically confirmed in the field via hydraulic drive pressure and 

verified using a manufacturer-supplied chart that correlates pressure to capacity. 

 
Installation Procedures 

Push pier installation follows a controlled sequence: 

1. Excavation at pier locations to expose the foundation footing. 

2. Bracket installation beneath the footing. Brackets are mechanically or 

hydraulically clamped to the foundation base. 

3. Pier driving: Hydraulic equipment pushes pipe sections into the ground, segment 

by segment, until refusal is achieved. 



4. Load testing: Optional but often performed on selected piers using a lift test. 

5. Lift and lock-off (if required): Hydraulic cylinders apply lift force. Shims or set 

screws lock the bracket in place at the lifted elevation. 

6. Backfill and site restoration. 

The piers are not dependent on grout curing or long installation times, making them 

advantageous for time-sensitive repairs. 

 
Field Capacity Verification 

The most common method for verifying push pier capacity in the field is by measuring 

the final hydraulic drive pressure: 

 

P = A × (Pressure) 

Where: 

• P = Load applied (lb) 

• A = Effective cylinder area (in²) 

• Pressure = Gauge reading (psi) 

 

The engineer compares the installed pressure to design requirements, ensuring each 

pier meets or exceeds the necessary capacity with a factor of safety (typically 1.5 to 

2.0). Additional lift is not applied unless all piers along a segment reach threshold 

pressure, ensuring uniform movement. 

 
Advantages and Limitations 

Advantages: 

• Can achieve great depths if required, often 20–70 feet 

• High capacity due to deep end bearing 

• Suitable for heavier structures or poorly accessible areas 

• Minimal vibration and noise during installation 

• Immediate load-bearing capacity; no curing delay 

Limitations: 

• Requires sufficient building weight to act as a counterforce 

• Unsuitable for very lightweight structures 

• Pier advancement may be halted prematurely in soils with variable density or 

obstructions 

• Bracket installation may be restricted by footing depth or configuration 

Designers must assess these conditions before recommending push pier systems. 

 
Installation Quality and Reporting 

Installers must maintain accurate logs of: 

• Pier depth 

• Segment count 

• Final drive pressure 

• Bracket type and configuration 

• Lift amount and final elevation 

These details are incorporated into the final engineering report and are critical for 

warranty validation and performance monitoring. 

 

 



Chapter 13 – Concrete and Masonry Reinforcement 

Techniques 
 

Structural Reinforcement in Foundation Repair 

In many residential foundation repairs, structural reinforcement is necessary to restore or 

improve the integrity of damaged concrete and masonry elements. Cracking, bowing, 

or material degradation often compromises load transfer or lateral resistance, 

especially in foundation walls, slabs, and piers. Reinforcement techniques aim to 

increase flexural capacity, prevent further deterioration, and reestablish monolithic 

behavior where discontinuities exist. 

 

These interventions are typically used alongside underpinning, drainage correction, or 

soil stabilization, and must be designed to meet or exceed original design strength. 

 
Epoxy Injection for Concrete Cracks 

Epoxy injection is a widely used method to restore the structural continuity of cracked 

concrete. It is applicable where: 

• Cracks are non-moving and structurally significant 

• Crack width is narrow but penetrates deep into the section 

• The goal is to bond crack faces and restore tensile transfer capacity 

Process: 

1. Surface cleaning and sealing: Crack surfaces are cleaned and ports installed. 

2. Low-pressure injection: Two-part epoxy is injected using a metered pump, 

allowing deep penetration. 

3. Curing and testing: Once cured, the crack regains structural capacity and resists 

water ingress. 

Epoxy does not allow flexibility—cracks subject to ongoing movement should not be 

treated with epoxy unless the movement is first resolved. 

 
Carbon Fiber Reinforcement Systems 

Carbon fiber systems are increasingly used to strengthen bowed or cracked masonry 

and concrete walls. These systems involve applying high-tensile-strength fiber-reinforced 

polymer (FRP) strips or sheets to the surface using an epoxy matrix. 

Applications: 

• Reinforcement of basement or retaining walls under lateral load 

• Prevention of further bowing or shear failure 

• Supplemental reinforcement for columns or slabs with marginal strength 

Advantages: 

• Non-invasive and minimally visible 

• High strength-to-weight ratio 

• Corrosion-resistant and long-lasting 

Installation requires a clean, prepared surface and strict adherence to manufacturer 

specifications for bond strength and resin cure time. 

 
Steel Bracing and Plate Anchors 

For walls experiencing lateral displacement or bowing, steel braces or plate anchors 



provide mechanical reinforcement. These systems are installed perpendicular to the 

wall and resist inward movement. 

• Wall braces: Consist of vertical steel beams anchored at the floor and top plate 

or joists. 

• Plate anchors: Utilize exterior soil-embedded plates connected to interior wall 

plates with threaded rods. Tensioning restores or stabilizes wall position. 

These systems are effective in block and poured concrete walls subjected to 

hydrostatic or expansive soil pressures. 

 
Reinforcing Masonry Piers and Columns 

Crawl space or basement piers made of brick or CMU often deteriorate or lose bearing 

alignment due to movement. Reinforcement may involve: 

• Encasement in concrete or grout: Adds confinement and improves axial strength 

• Steel jackets or wraps: Restrains lateral expansion and increases buckling 

resistance 

• Helical tie insertion or pinning: Reinforces internal shear capacity of deteriorated 

piers 

Repairs must ensure full contact with bearing members above and below to prevent 

point loading or eccentricity. 

 
Slab Reinforcement and Crack Bridging 

Cracked or sunken slabs may benefit from localized reinforcement, particularly if full 

replacement is not feasible. Approaches include: 

• Stitching with rebar or carbon staples: Bars are inserted across cracks and 

epoxied in place to bridge movement 

• Overlay systems: Fiber-reinforced or polymer-modified cementitious overlays 

restore surface integrity and distribute load 

• Underslab reinforcement: In cases of void filling, slab piers or grid systems may be 

installed to redistribute loads 

These systems are often used in tandem with mudjacking or foam injection to relevel 

and stabilize the slab. 

 
Materials and Compatibility Considerations 

Material selection for reinforcement must consider: 

• Bond compatibility between substrate and adhesive or overlay 

• Thermal expansion properties to avoid delamination 

• Corrosion resistance in moist or aggressive environments 

• Load path continuity to ensure stress redistribution is effective 

All reinforcement must be properly anchored and terminate at structurally sound 

members. Inappropriate or partial reinforcement can exacerbate movement or 

conceal ongoing issues. 

 
Code Compliance and Engineering Oversight 

Reinforcement interventions are typically structural and must comply with applicable 

codes such as ACI 562 (for existing concrete structures), TMS 402/602 (for masonry), or 

manufacturer-based ICC-ES evaluation reports. Engineering oversight is required for: 

• Design of reinforcement systems and connection details 

• Verification of structural adequacy post-installation 



• Coordination with other repair components (e.g., piers, drainage) 

Contractor familiarity with installation procedures and inspection criteria is essential to 

ensure performance and code compliance. 

 

 

  



Chapter 14 – Slab Repair and Leveling Techniques 
 

Causes of Slab Distress in Residential Construction 

Concrete slabs-on-grade are commonly used in residential foundations, garages, and 

interior floors. Over time, slabs may settle, heave, or crack due to soil movement, void 

formation, shrinkage, or overloading.  

 

The primary causes include: 

• Subgrade settlement or washout due to water intrusion 

• Expansive soil heave from seasonal moisture variation 

• Improper compaction or organic material in fill soils 

• Construction defects such as insufficient slab thickness or reinforcement 

• Hydrostatic uplift or tree root pressure 

Slab distress is visible through differential floor levels, cracking patterns, tile separation, or 

structural disconnection from load-bearing walls. Repair and leveling strategies aim to 

restore structural support, eliminate trip hazards, and prevent further damage. 

 
Mudjacking (Slabjacking) 

Mudjacking is a pressure grouting technique that lifts sunken slabs by injecting a 

cementitious slurry beneath the slab to fill voids and raise it to the desired elevation. 

Process: 

1. Drilling small-diameter access holes (1–2 inches) in the slab 

2. Injecting a mixture of water, sand, soil, and Portland cement under pressure 

3. Monitoring slab elevation with lasers or mechanical levels 

4. Patching access holes after the lift is complete 

Advantages: 

• Cost-effective and time-efficient 

• Restores grade-level alignment 

• Minimal structural disruption 

Limitations: 

• Heavier material can increase soil loading 

• Less effective in highly expansive or organic soils 

• Potential for incomplete void fill beneath irregular slabs 

 
Polyurethane Foam Injection (Polyjacking) 

An alternative to traditional mudjacking, polyurethane foam injection uses a 

lightweight, two-part polymer that expands upon injection, lifting the slab and filling 

voids. 

Process: 

1. Access holes are drilled similarly to mudjacking 

2. Polyurethane is injected, where it expands to raise the slab and harden within 

minutes 

3. Monitoring ensures uniform lift and real-time control 

4. Cured foam provides long-term support and minimal water absorption 

Advantages: 

• Lightweight, reducing risk of overburden 

• Fast curing, often allowing same-day use 



• Waterproof and chemically resistant 

• Suitable for precise or sensitive lifts (e.g., indoor floors, garages) 

Limitations: 

• Higher material cost 

• Requires experienced installers and specialized equipment 

• Not ideal for highly saturated soils without prior drainage correction 

 
Crack Stitching and Joint Repair 

In conjunction with slab lifting, cracks are repaired using structural or non-structural 

methods: 

• Epoxy or polyurethane injection to seal active cracks 

• Stitching with steel rebar or carbon fiber staples epoxied across the crack 

• Routing and sealing with flexible caulks for shrinkage or control joint repairs 

• Joint reconstruction to accommodate slab movement and prevent reflective 

cracking 

The selected method depends on crack width, activity, structural function, and 

exposure conditions. 

 
Slab Replacement vs. Repair 

In cases of extreme cracking, extensive heave, or structural disintegration, slab 

replacement may be more economical or technically appropriate than repair. 

Indications include: 

• Crack networks exceeding repair tolerance 

• Slab separation from structural walls or piers 

• Contaminated or degraded concrete from chemical attack or freeze-thaw 

• Slab thickness below code minimum or reinforcement failure 

Slab replacement allows for subgrade re-preparation, installation of vapor barriers, and 

incorporation of new structural detailing. However, it is disruptive and requires 

sequencing with adjacent foundation elements. 

 
Integrated Lifting and Piering Systems 

In some cases, slab lifting alone is insufficient, particularly when soil conditions are 

unstable or footings are also affected. Combined repair strategies include: 

• Slab piers: Installed beneath the slab and mechanically lifted 

• Void filling with polyurethane followed by soil stabilization 

• Helical slab anchors to reconnect slabs to foundation walls or beams 

Integrated approaches ensure consistent support across structural and non-structural 

components and prevent future decoupling or differential movement. 

 
Post-Lift Considerations and Finishes 

After lifting or repair, the following should be addressed: 

• Reconnection of displaced walls or baseboards 

• Replacement of cracked tile, flooring, or cabinetry 

• Sealant application to prevent water intrusion through new joints 

• Moisture testing prior to re-flooring to prevent mold or adhesive failure 

Documentation of final elevations, injection volumes, and crack repairs supports quality 

control and provides a reference for future evaluation. 

 



Chapter 15 – Crawl Space Foundation Repair 
 

Characteristics and Vulnerabilities of Crawl Space Foundations 

Crawl space foundations elevate the main floor of a residential structure above the 

ground using a system of perimeter walls and interior piers or posts. This design allows 

access to plumbing, HVAC, and electrical systems while isolating the floor framing from 

direct ground contact. While functionally versatile, crawl spaces are particularly 

susceptible to issues related to moisture intrusion, poor ventilation, organic decay, and 

settlement of support elements. 

 

Structural deficiencies in crawl space foundations often manifest as sagging floors, 

misaligned doors, mold growth, and insect infestation. Effective repair addresses both 

the structural and environmental components of the space. 

 
Assessment of Crawl Space Structural Elements 

Key elements requiring inspection and possible repair include: 

• Perimeter foundation walls: Typically constructed of concrete, CMU, or brick. 

They provide lateral restraint and vertical support for floor beams. Look for 

cracking, displacement, or moisture damage. 

• Interior piers and posts: Support girders or beams mid-span. Failures may result 

from soil settlement, inadequate size, or decay. 

• Girders and joists: Wood framing must be checked for rot, fungal decay, insect 

damage, and deflection. 

• Footings: Piers may sit on shallow, unreinforced footings that lack bearing 

capacity or frost protection. 

Measurements of floor deflection, post spacing, and framing geometry inform the 

design of reinforcement or replacement strategies. 

 
Pier Repair and Replacement 

Interior support piers are commonly the first point of failure due to settlement or loss of 

bearing contact. Repairs include: 

• Re-leveling and shimming: When settlement is minor, adding steel or composite 

shims between pier and girder can restore contact and floor alignment. 

• Pier replacement: Damaged or inadequately spaced piers are removed and 

replaced with concrete, masonry, or adjustable steel posts. 

• Footing upgrade: New footings should meet minimum bearing area and depth 

requirements, often 16–24 inches square and 12 inches deep, or as specified by 

soil conditions. 

• Helical pier-supported columns: In poor soils, interior posts may be supported on 

helical piles, allowing for stable, deep foundation support. 

Design must ensure vertical alignment and uniform load distribution to prevent 

secondary deflection or cracking. 

 
Girder and Joist Reinforcement 

Floor framing may require reinforcement if undersized, deteriorated, or overloaded. 

Techniques include: 



• Sistering: Adding new joists or beams alongside existing members to increase 

capacity. 

• Steel or LVL beam insertion: Where spans are excessive, engineered beams may 

replace or supplement existing girders. 

• Load redistribution: Modifying pier placement or beam configuration to better 

distribute concentrated loads from walls or equipment. 

Repairs must consider long-term deflection limits, allowable stresses, and connection 

detailing. 

 
Moisture Control and Encapsulation 

Moisture is the most persistent threat to crawl space performance. Solutions include: 

• Encapsulation: Sealing the crawl space with a continuous vapor barrier over the 

ground and walls, often paired with dehumidifiers or conditioned air. 

• Drainage correction: Installing perimeter drains, sump pumps, or swales to 

prevent water entry. 

• Ventilation revision: Traditional passive vents may be ineffective or 

counterproductive in humid climates. Controlled mechanical ventilation or full 

encapsulation is often preferred. 

• Insulation: Installing closed-cell spray foam or rigid insulation on crawl space 

walls (not floors) to improve energy efficiency and reduce condensation. 

Moisture management is considered essential in any crawl space repair to protect 

structural components and indoor air quality. 

 
Insect and Biological Damage Remediation 

Wood framing in crawl spaces is vulnerable to termites, carpenter ants, and fungal 

decay. Remediation may involve: 

• Chemical treatment: Soil and wood treatments to eliminate insect colonies. 

• Framing replacement: Removal of severely damaged wood, replaced with 

treated lumber or engineered wood products. 

• Blocking and shielding: Installing physical termite shields or isolating wood from 

direct soil contact. 

Post-treatment inspections and preventive strategies should be included in the repair 

documentation. 

 
Code and Access Considerations 

Repairs must comply with local building codes related to: 

• Minimum crawl space height (often 18–24 inches clear) 

• Access opening size and location 

• Ventilation or encapsulation standards 

• Seismic anchorage or flood venting, where applicable 

Modifications may also include addition of access doors, lighting, or service pathways 

to ensure long-term utility. 

 
Integration with Whole-House Stability 

Crawl space repairs are often coordinated with: 

• Foundation wall stabilization (e.g., crack repair or waterproofing) 

• Floor re-leveling in occupied spaces above 

• Drainage improvements on the exterior 



• Retrofitting for seismic or flood resilience 

The repair design must take a holistic view of how crawl space performance affects 

overall building stability, health, and longevity. 

 

 

  



Chapter 16 – Basement Wall Bowing and Inward Movement 
 

Mechanics of Lateral Soil Pressure on Basement Walls 

Basement walls are subject not only to vertical loads from above-grade construction 

but also to horizontal (lateral) pressures from the surrounding soil. These pressures result 

from: 

• Active earth pressure due to soil weight 

• Hydrostatic pressure from groundwater accumulation 

• Expansive soil movement during wetting cycles 

• Frost pressure in cold climates when water freezes in the backfill 

When these pressures exceed the wall's lateral resistance, the result is bowing, cracking, 

or inward displacement. This is especially critical in unreinforced or lightly reinforced 

masonry walls common in older residential construction. 

 
Signs and Progression of Wall Bowing 

Bowing typically develops slowly and may initially go unnoticed. Common signs include: 

• Horizontal cracks along the mid-height of masonry walls 

• Stair-step cracking near corners or window openings 

• Inward bulging of wall panels when viewed from inside 

• Soil staining or efflorescence along horizontal cracks 

• Rotation of the wall base or sliding of the bottom course of masonry 

Over time, these symptoms can lead to partial collapse or failure if unaddressed. Walls 

displaced more than 2 inches from plumb generally require reinforcement or 

reconstruction. 

 
Causes of Increased Lateral Pressure 

• Poor drainage and saturated backfill: Water increases soil weight and introduces 

hydrostatic forces. 

• Improper backfill compaction: Over-compacted or non-uniform soils apply 

asymmetric loads. 

• Expansive clays: Absorb water and exert outward pressure during swelling 

cycles. 

• Frost heave: Freezing water in porous backfill expands and pushes against the 

wall. 

• Tree roots or construction loads: Can exert unexpected force on adjacent soil. 

Addressing these root causes is as important as the structural repair itself. 

 
Reinforcement and Stabilization Methods 

1. Carbon Fiber Reinforcement Strips 

o High-strength, epoxy-bonded vertical strips applied to the interior wall 

surface. 

o Effective for walls with <2 inches of displacement. 

o Prevents further movement but does not reverse bowing. 

o Requires minimal space and is visually unobtrusive. 

o Must be applied to sound, dry surfaces and meet manufacturer 

specifications. 

2. Steel I-Beam Bracing 



o Steel beams installed vertically from slab to joist or top plate, braced 

against wall. 

o Anchored into floor and ceiling framing. 

o Suitable for displacement up to ~3 inches. 

o More invasive but offers mechanical resistance. 

o Requires periodic inspection and possible retightening. 

3. Wall Plate Anchoring Systems (Tie-Back Anchors) 

o Exterior earth anchors connected to interior wall plates via steel rods. 

o Tensioned to pull wall back toward plumb position. 

o Allows partial correction and long-term stabilization. 

o Requires exterior excavation at each anchor point. 

o Not feasible where access is limited (e.g., property lines, hardscapes). 

4. Helical Tiebacks 

o Installed through the wall into surrounding soil using torque-driven helical 

shafts. 

o Provide both anchorage and capacity verification via torque monitoring. 

o Used when external access is impractical or space is restricted. 

o Require specialty equipment and proper anchorage design. 

5. Wall Replacement or Rebuilding 

o Necessary when displacement exceeds safe limits or wall integrity is 

compromised. 

o Allows inclusion of modern waterproofing, reinforcement, and drainage. 

o High cost and significant excavation required. 

o Often used as a last resort when all stabilization options are inadequate. 

 
Drainage and Waterproofing as Complementary Solutions 

Structural repair alone is insufficient if the hydrostatic or soil pressure is not reduced. 

Measures include: 

• Installation of footing drains and sump pumps 

• Regrading to slope water away from the foundation 

• Positive-side waterproofing with membranes and coatings 

• Backfill replacement with free-draining granular material 

• Gutter and downspout management 

These measures significantly reduce lateral loading and help preserve repair 

performance. 

 
Engineering Design and Load Calculations 

Basement wall reinforcement must consider: 

• Lateral earth pressure coefficients (active, at-rest, passive) 

• Soil unit weight and water table elevation 

• Wall span, thickness, and reinforcement 

• Point loads from floor framing or equipment 

• Anchor depth, rod strength, and wall plate distribution 

Designs should comply with ACI 530 (for masonry), ACI 318 (for concrete), and ICC 

Evaluation Reports for proprietary systems. 

 
Monitoring and Long-Term Maintenance 

Once reinforced, walls should be monitored for continued movement using: 



• Plumb bob measurements 

• Crack width gauges 

• Floor-level surveys 

• Anchor tension readings (for wall plate systems) 

Documentation should include as-built plans, installation data, and post-repair 

elevations. 

 

 

  



Chapter 17 – Waterproofing and Damp Proofing Systems 
 

Distinction Between Waterproofing and Damp Proofing 

In residential foundation protection, damp proofing refers to methods that resist 

moisture migration through walls or slabs under low-pressure conditions, while 

waterproofing implies a higher level of protection capable of withstanding active water 

pressure. The two differ significantly in materials, application techniques, and 

performance.  

 

Damp proofing is often used in code-minimum applications for above-grade or mildly 

damp conditions. Waterproofing is necessary for basements, below-grade walls, or any 

foundation subjected to hydrostatic or lateral water forces. 

Choosing the correct system is essential for long-term performance and compatibility 

with structural repairs. 

 
Exterior (Positive-Side) Waterproofing Systems 

Positive-side systems are applied to the outer face of the foundation wall, directly 

confronting water sources before they reach the structure. This is the most effective 

long-term strategy but typically requires excavation and surface access. 

 

Types of Positive-Side Systems: 

1. Fluid-Applied Membranes 

o Asphaltic emulsions, polyurethane, or rubberized asphalt 

o Applied in continuous coats by spray or roller 

o Seamless and adaptable to complex shapes 

o Requires clean, dry substrate and protective boards 

2. Sheet Membranes 

o Self-adhering rubberized asphalt layers with protective backing 

o Installed in overlapping courses with tight seals at edges and penetrations 

o High puncture resistance and durability 

o Performance heavily dependent on substrate preparation 

3. Cementitious Coatings 

o Rigid or flexible compounds applied as slurry 

o Suitable for masonry and concrete surfaces 

o Moderate waterproofing capability; often used in combination systems 

o Inexpensive but prone to cracking if substrate shifts 

4. Bentonite Panels or Mats 

o Sodium bentonite clay sandwiched between fabrics or geotextiles 

o Swells upon wetting to seal gaps 

o Common in blind-side waterproofing or under slabs 

o Requires confinement to maintain pressure and prevent washout 

All exterior systems should be protected with a drainage mat or insulating board to 

relieve hydrostatic pressure and prevent mechanical damage during backfilling. 

 
Interior (Negative-Side) Waterproofing Systems 

Negative-side treatments are applied from the interior face of the foundation wall. 



While they cannot prevent water entry into the wall material, they can block migration 

into the interior space. 

Applications: 

• Cementitious coatings for concrete or masonry surfaces 

• Crystalline admixtures that penetrate concrete and block water paths 

• Epoxy or polyurethane crack injection to seal through-wall leaks 

• Vapor retarders to control humidity diffusion 

These systems are generally used where exterior access is impractical or as a 

supplementary defense. They require the wall to remain structurally sound and free of 

major movement. 

 
Drainage Integration and Relief Systems 

Effective waterproofing works in concert with drainage systems to control water 

pressure: 

• Perimeter footing drains collect groundwater and redirect it to a sump or outfall 

• Sump pump systems remove accumulated water from interior collection points 

• Weep holes and wall drains relieve hydrostatic buildup behind walls 

• Interior perimeter drainage channels (e.g., baseboard systems) intercept 

seepage and direct it to sump basins 

Without adequate drainage, even the most advanced waterproofing system may 

eventually fail due to cumulative pressure and long-term degradation. 

 
Damp Proofing Materials and Use Cases 

Damp proofing is appropriate for: 

• Crawl space walls with no hydrostatic pressure 

• Masonry or concrete walls above the water table 

• Preventing moisture wicking or vapor diffusion 

Common materials include: 

• Bituminous coatings (cold or hot applied) 

• Acrylic or latex-based paints 

• Silane or siloxane sealers for masonry 

Damp proofing must not be used where standing water or lateral soil pressure is present. 

It is insufficient for below-grade habitable spaces. 

 
Insulation and Moisture Barrier Coordination 

In conditioned basements or crawl spaces, waterproofing should be coordinated with 

insulation and air sealing strategies: 

• Rigid insulation boards applied to the exterior of foundation walls improve 

thermal performance and protect membranes 

• Spray foam insulation on the interior must be vapor-closed and not applied to 

wet surfaces 

• Capillary breaks between footings and walls or slabs reduce moisture migration 

through concrete elements 

These integrations reduce condensation, improve energy efficiency, and preserve 

material longevity. 

 
 

 



Codes and Standards 

Applicable standards include: 

• IRC Section R406 (Foundation Waterproofing) 

• ASTM C836 (Elastomeric Membranes) 

• ASTM D1970 (Self-Adhering Bituminous Sheets) 

• ASTM E96 (Water Vapor Transmission Rate) 

• ICC-ES Reports for proprietary waterproofing systems 

Municipal codes may require waterproofing for habitable basements or in flood zones. 

Engineering documentation should verify compliance and material selection. 

 

 

  



Chapter 18 – Site Grading and Surface Water Management 
 

Fundamental Role of Grading in Foundation Stability 

Proper site grading is the first line of defense against foundation distress caused by 

water infiltration and soil saturation. Surface water that pools near foundation walls 

contributes to differential settlement, hydrostatic pressure, and soil softening—all of 

which compromise structural integrity over time. 

 

Effective grading redirects runoff away from the building envelope and prevents 

erosion, standing water, and unwanted saturation of the subgrade. It is a low-cost, high-

impact element of long-term foundation performance and is essential for any 

comprehensive repair plan. 

 
Minimum Slope Requirements for Effective Drainage 

Building codes and engineering best practices define minimum grading slopes for 

residential sites: 

• 6 inches of fall within the first 10 feet horizontally away from the foundation 

• 2% slope (0.25 inches per foot) is the functional equivalent 

• Where 10 feet is unavailable due to property lines or obstructions, alternative 

drainage systems must be installed (e.g., swales, drains) 

Grading must ensure continuous slope without low points that allow water to collect. 

Soil settlement or landscaping changes often negate originally compliant grades, 

requiring re-evaluation during foundation repair. 

 
Positive Drainage Elements 

1. Swales 

o Shallow, broad ditches designed to convey surface water 

o Positioned between structures or along property lines 

o Can be grass-lined, rock-lined, or lined with erosion control fabric 

2. Berms 

o Raised soil ridges used to deflect surface water away from the structure 

o Often used in conjunction with swales to create controlled flow paths 

3. Curbing and Concrete Channels 

o Hardscape elements that direct runoff from impervious surfaces (e.g., 

driveways) 

o Integrated with stormwater infrastructure or directed toward natural 

drainage paths 

4. French Drains (Surface-Initiated) 

o Gravel-filled trenches with perforated pipe that intercept water near the 

surface 

o Often installed parallel to the foundation in sites with poor surface grading 

options 

These measures complement roof drainage systems and act as interceptors for large 

surface flow volumes. 

 



Gutter and Downspout Coordination 

Gutters and downspouts are essential drainage components. Their effectiveness is tied 

directly to grading: 

• Downspout extensions must discharge water at least 5–10 feet from the 

foundation 

• Splash blocks provide temporary deflection but often fail without adequate 

slope 

• Underground drain piping connected to solid pipe systems can relocate water to 

remote outfalls 

Clogged or poorly placed downspouts are a leading contributor to saturated soils 

adjacent to foundations. These should be re-routed or reinstalled as part of any grading 

plan. 

 
Soil Type and Permeability Considerations 

The behavior of surface water is influenced by soil composition: 

• Clay soils tend to hold water and promote ponding 

• Sandy soils drain quickly but may increase erosion risks 

• Loamy soils offer balanced drainage if well-compacted 

Topsoil must be compacted to resist settlement and allow surface flow. Loose fill or 

organic-rich soils can absorb water unevenly, creating soft spots or subsidence near the 

structure. 

 
Erosion Control and Long-Term Maintenance 

Grading improvements must include erosion mitigation, especially on sloped sites: 

• Turf establishment with grass seed or sod 

• Erosion control blankets during early vegetation stages 

• Riprap or gravel linings in high-flow areas 

• Retaining walls or terracing on steep grades 

Ongoing maintenance includes clearing debris, reseeding eroded areas, and 

inspecting slopes after heavy rainfall. 

 
Integration with Structural Repairs and Permitting 

Grading work is often performed concurrently with foundation repair and may require 

local permits or stormwater compliance documentation. Site grading plans may be 

required, especially in regulated drainage districts or near watershed boundaries. 

Grading must not redirect water onto adjacent properties. All modifications should 

consider hydrological balance, downstream impacts, and local ordinance 

requirements. 

 

 

  



Chapter 19 – Foundation Repair Materials and Specifications 
 

Importance of Material Selection in Structural Repairs 

The success and durability of residential foundation repairs depend heavily on the 

performance characteristics of materials used for stabilization, reinforcement, and 

sealing. Materials must not only meet mechanical and chemical requirements but also 

be compatible with existing construction, environmental conditions, and long-term 

maintenance expectations. 

 

This chapter outlines common categories of materials used in foundation repair and the 

specifications that govern their selection and application. 

 
Grouts and Injection Materials 

1. Cementitious Grouts 

o Composed of Portland cement, sand, water, and sometimes additives 

(e.g., plasticizers) 

o Used for void filling, slab lifting (mudjacking), and low-pressure crack repair 

o High compressive strength (typically >3,000 psi) 

o Susceptible to shrinkage and requires moisture control during curing 

2. Polyurethane Grouts 

o Two-part expanding polymers used for slab lifting and water sealing 

o Rapid set times and low viscosity allow deep penetration 

o Expansion ratios range from 15:1 to 30:1 depending on formulation 

o Moisture-activated variants ideal for sealing active leaks 

3. Epoxy Injection Resins 

o High-strength adhesives for structural crack repair in concrete 

o Tensile strength exceeding 5,000 psi; bond strength to concrete >2,000 psi 

o Rigid once cured—used only where movement has ceased 

o Must comply with ASTM C881 (Standard Specification for Epoxy Resins) 

4. Chemical Grouts (e.g., Sodium Silicate) 

o Used for permeation grouting in fine soils 

o Forms a gel or rigid matrix upon curing 

o Effective in seepage control or fine-grain soil stabilization 

o Require strict control of gel time and environmental exposure 

 
Underpinning Systems: Steel and Components 

• Push Pier Materials 

o Typically carbon steel with yield strengths of 50,000 to 60,000 psi 

o Coatings: Hot-dip galvanization (ASTM A123) or epoxy-based for corrosion 

resistance 

o Brackets must be compatible with pier shaft dimensions and load rating 

o Welds inspected per AWS D1.1 or manufacturer QA protocols 

• Helical Pier Assemblies 

o Shafts: Solid square (1.5–2.25 inch) or round pipe (2.875–3.5 inch OD) 

o Helix plates: Typically 8"–14" diameter, 3/8" thick steel 

o Torque correlation must be calibrated via ICC-ES approved data (e.g., 

ESR reports) 



o Installation torque monitored per manufacturer requirements for capacity 

certification 

• Anchor Rods and Bracing Hardware 

o High-strength threaded steel rods (A193 or equivalent) 

o Anchors and tieback systems require verified embedment lengths 

o Connection hardware must resist design axial and shear loads with 

appropriate safety factors 

 
Concrete and Masonry Repair Materials 

• Non-shrink Grouts 

o Used in crack patching, pier encasement, and doweling 

o Must comply with ASTM C1107 (Standard Specification for Packaged Dry, 

Hydraulic-Cement Grout) 

o Minimum 28-day compressive strength: 5,000 psi typical 

o Must resist shrinkage and segregation under placement conditions 

• Bonding Agents and Surface Primers 

o Applied to existing surfaces before overlays or patching 

o Epoxy or latex-based; must be compatible with overlying materials 

o Required to prevent delamination under load or moisture cycling 

• Masonry Units and Mortars 

o Concrete block (CMU): ASTM C90 compliance for load-bearing walls 

o Brick: ASTM C216 (Grade SW or MW based on exposure) 

o Mortar: ASTM C270 (Type S or M for foundation applications) 

 
Reinforcement and Structural Retrofit Materials 

• Carbon Fiber Systems 

o Tensile strength exceeding 100,000 psi 

o Elastic modulus ~10 million psi 

o Epoxy matrix systems must be certified for ICC-ES use and designed for 

specific wall loads 

o Typically spaced at 4–6 feet intervals per manufacturer specs 

• Steel Beams and Plates 

o Wide flange or channel beams (ASTM A36 or A992) for wall bracing 

o Galvanized or painted for corrosion protection 

o Base and top anchorage designed for uplift and lateral force 

• Anchor Bolts and Epoxied Dowels 

o Installed per ACI 318 Appendix D or ACI 355.2 (for post-installed anchors) 

o Required for new-to-old concrete connections or bracket installations 

 
Sealers, Barriers, and Coatings 

• Bituminous Coatings 

o Used for damp proofing per IRC and ASTM D1227 

o Typically cold-applied emulsions; UV-resistant types used above grade 

• Elastomeric Waterproofing Membranes 

o Applied in liquid form or as sheet systems 

o Must resist water pressure (ASTM C836 or C957) 

o Elongation >400% typical; allows crack bridging 

• Vapor Barriers 



o Polyethylene sheeting (10–20 mil), compliant with ASTM E1745 

o Required beneath slabs or crawl space encapsulations 

o Joints sealed with compatible tape or adhesive 

 
Documentation and Specification Control 

All material selections should be referenced in the engineering repair plan, including: 

• Manufacturer data sheets 

• Material Safety Data Sheets (MSDS) 

• ICC-ES reports (if applicable) 

• Application instructions and QA/QC protocols 

• Applicable ASTM, ACI, or ICC standards 

Substitution of materials must be reviewed for compatibility and performance 

equivalence. Field verification may include batch testing, adhesion pull tests, or third-

party certification. 

 

 

  



Chapter 20 – Building Code Requirements and Compliance 
 

Regulatory Framework for Residential Foundation Repair 

Residential foundation repairs are governed by a combination of national model 

codes, local amendments, and engineering practice regulations. The two primary 

model codes are the International Residential Code (IRC) and the International Building 

Code (IBC), both published by the International Code Council (ICC). Repairs must 

comply with the edition adopted by the jurisdiction, along with any regional 

modifications. 

 

Engineering designs and inspections may also be regulated by state practice acts, 

requiring a licensed professional engineer (PE) or structural engineer (SE) to seal repair 

plans when structural elements are involved. 

 
Applicable Code Sections and Standards 

• IRC Section R401–R406: Governs foundation design, materials, damp proofing, 

waterproofing, and footings for one- and two-family dwellings. 

• IBC Chapter 18: Covers soils and foundations in greater detail for multifamily and 

larger residential structures. 

• ACI 318: Structural concrete design standard; applicable to new footings, slabs, 

and repairs involving reinforced concrete. 

• TMS 402/602 (formerly ACI 530): Design and construction of masonry structures; 

governs CMU and brick walls. 

• ACI 562: Code for the repair of existing concrete structures; critical for assessing 

repair adequacy and structural equivalence. 

• ASTM standards: Define material performance, installation tolerances, and 

testing procedures for most components used in foundation repair. 

Compliance with these standards ensures the durability, safety, and legality of 

foundation interventions. 

 
Permit Requirements and Jurisdictional Oversight 

Most jurisdictions require permits for any foundation work that involves: 

• Structural modification 

• Load-bearing reinforcement 

• Excavation or underpinning 

• Drainage or waterproofing systems affecting egress, setbacks, or grading 

• Installation of piers, anchors, or walls 

 

Permit applications typically require sealed engineering drawings, contractor 

registration, site plans, and proof of insurance. Inspectors verify that repairs follow 

approved plans and are executed per code. 

 

Work performed without a permit is subject to penalties, retroactive approval 

processes, or removal orders. Engineers and contractors must understand local 

permitting protocols before beginning work. 

 



Engineer of Record Responsibilities 

When foundation repairs require engineering design, the engineer of record (EOR) 

must: 

• Prepare signed and sealed repair drawings and specifications 

• Conduct or review the initial condition assessment 

• Specify material types, capacities, and installation tolerances 

• Approve field modifications or substitutions 

• Perform site observations (as required) to verify code compliance 

• Document conformance for post-repair certification 

In some cases, the EOR must file letters of completion or affidavits with the local 

authority to close permits or enable occupancy. 

 
Structural Load Verification and Repair Equivalence 

Code-compliant repair designs must demonstrate that the modified foundation system: 

• Restores or exceeds the original structural capacity 

• Accommodates current live and dead loads, including any code-mandated 

increases 

• Addresses lateral and uplift forces, where applicable (e.g., wind, seismic, flood) 

• Uses approved materials and installation methods 

When conditions deviate from prescriptive code provisions, performance-based design 

using rational analysis may be employed. The engineer must justify assumptions and 

calculations with accepted engineering methods. 

 
Special Inspections and Quality Assurance 

Certain repairs may require special inspections under the IBC or local code. These 

typically include: 

• Underpinning 

• Structural welding or epoxy doweling 

• Deep foundation systems (e.g., helical piers) 

• Shotcrete or masonry wall reinforcement 

• Soil compaction and backfill 

Special inspectors must be approved by the authority having jurisdiction and report 

directly to the building official. Engineers should coordinate inspection requirements 

early in the project timeline to avoid delays. 

 
Recordkeeping and Disclosure Obligations 

Compliant foundation repairs should generate a record that includes: 

• Permits and inspection approvals 

• Engineering plans and reports 

• Field reports and photographs 

• As-built sketches showing final pier locations, depths, and loads 

• Product documentation for critical systems (e.g., piers, grouts, reinforcement) 

For real estate transactions, disclosure of foundation repairs—especially structural 

underpinning or drainage correction—is often legally required. Engineers should ensure 

that the owner receives a complete and accurate repair record package. 

 

 



Chapter 21 – Permit Requirements and Engineering 

Documentation 
 

Overview of Permitting in Foundation Repair Projects 

Foundation repairs—particularly those involving structural modifications, excavation, or 

drainage alteration—often require municipal permits. Permitting ensures that work 

adheres to safety standards, zoning regulations, and building codes. The scope of 

required documentation varies by jurisdiction, but in most cases, engineering 

involvement is mandatory when repairs affect load-bearing components or entail 

structural design. 

 

Failure to secure appropriate permits can result in stop-work orders, fines, legal liabilities, 

or the requirement to remove completed work. 

 
When Permits Are Required 

Common triggers for permit requirements in residential foundation repair include: 

• Installation of underpinning systems (e.g., piers, piles, tiebacks) 

• Structural crack repair using reinforcement or epoxy injection 

• Replacement or augmentation of footings and grade beams 

• Retaining wall construction or basement wall stabilization 

• Crawl space pier replacement or girder reinforcement 

• Drainage system installation involving significant grading or discharge 

• Demolition of foundation elements or excavation below footing level 

Some jurisdictions may also require permits for interior slab releveling, especially when it 

involves structural lifting or injectable materials that alter bearing conditions. 

 
Permit Application Process 

The process for obtaining a permit typically involves submission of: 

• Site plan or plot diagram showing property lines, structure footprint, drainage 

direction, and proposed repairs 

• Engineering repair drawings signed and sealed by a licensed engineer 

• Scope of work description detailing materials, methods, and sequence 

• Contractor registration and insurance documentation 

• Permit fee payment based on valuation or fixed repair categories 

Larger jurisdictions may require digital submittals through an online portal. Smaller or 

rural authorities may still process applications manually. 

 
Role of the Engineer in Permit Acquisition 

The engineer plays a central role in obtaining and supporting permits: 

• Prepares sealed design drawings and calculations in accordance with adopted 

codes 

• Evaluates structural conditions and writes assessment reports 

• Specifies product approvals and materials with code-compliant certifications 

• Coordinates with geotechnical consultants if soil testing or borings are required 

• Responds to plan check comments or requests for information from the building 

department 



In some cases, a field inspection by the engineer may be required as part of the final 

approval process. This confirms that repairs match the approved design and were 

installed correctly. 

 
Engineering Documentation Standards 

All foundation repair projects requiring professional engineering input must be 

supported by comprehensive documentation, including: 

• Initial condition assessment report 

o Observed symptoms, measurements, and photographic evidence 

o Preliminary conclusions and cause analysis 

• Repair drawings and details 

o Scaled plans and sections showing pier layout, bracket details, crack 

repair, etc. 

o Material specifications and installation notes 

o Engineering seal and signature with license number and expiration 

• Load calculations and structural justifications 

o Tributary load diagrams 

o Pier capacity analysis 

o Uplift, lateral, and overturning checks (if applicable) 

• Product data and ICC-ES reports for proprietary systems 

• As-built records if any changes are made during construction 

These documents serve as legal records and may be required during inspections, future 

property sales, or warranty claims. 

 
Coordination with Inspectors and Building Officials 

After permit issuance, building inspectors review key stages of the work: 

• Pre-pour inspection of new footings or pier installations 

• Reinforcement inspection prior to concrete placement 

• Post-installation inspections of waterproofing or drainage systems 

• Final inspection with engineer’s verification, especially if lifting occurred 

Successful completion of inspections results in permit closure and the issuance of a 

certificate of completion or final sign-off. 

 
Retention and Transfer of Documentation 

Owners and contractors should retain all engineering documents, permits, and 

inspection records indefinitely. In many states, real estate laws require disclosure of 

structural repairs, and the absence of documentation can reduce property value or 

delay sales. 

Digital archiving is recommended. Engineers may also be asked to provide letters of 

opinion, confirming that the structure is stable or that repairs meet professional 

standards—especially for insurance or resale evaluations. 

 

 

  



Chapter 22 – Contractor Practices and Field Execution 
 

The Critical Role of Execution in Foundation Repair 

No matter how well-engineered a foundation repair plan may be, its success ultimately 

hinges on the quality and consistency of field execution. Contractors are responsible for 

interpreting design documents, sequencing the work, installing structural and drainage 

elements to specification, and managing safety and site logistics. Their performance 

determines whether the repair is merely functional in the short term—or structurally 

reliable for decades. 

 

Professionalism, coordination with engineers, and adherence to approved plans are 

non-negotiable in residential foundation repair work. 

 
Pre-Construction Planning and Mobilization 

Before beginning work, contractors must: 

• Review engineering drawings and clarify any ambiguous details with the 

engineer of record (EOR) 

• Confirm permit status and inspection scheduling requirements 

• Call utility locate services (e.g., 811 in the U.S.) to mark underground services 

before excavation 

• Establish site access and protect landscaping, utilities, and adjacent structures 

• Coordinate with homeowners for interior access, noise tolerance, and safety 

arrangements 

Site preparation may involve laying temporary plywood or mats to avoid damage to 

lawns or driveways and installing sediment control measures to comply with local 

erosion ordinances. 

 
Sequencing of Foundation Repair Tasks 

A typical repair sequence includes the following stages: 

1. Site layout and reference elevation measurement 

2. Excavation at repair locations, exposing footings, slabs, or walls 

3. Installation of underpinning or drainage systems 

4. Crack or wall reinforcement (e.g., epoxy injection, carbon fiber, steel braces) 

5. Lift operations (if required) using hydraulic equipment and real-time elevation 

monitoring 

6. Backfilling and compaction with appropriate material and moisture content 

7. Waterproofing, damp proofing, or moisture barrier installation 

8. Site restoration, including concrete flatwork replacement, soil grading, or 

landscape repair 

In each step, contractors must verify alignment with engineering requirements and 

record deviations or field adjustments. 

 
Installation Best Practices and Common Pitfalls 

• Piers and Brackets: Brackets must be centered under footings with full contact. 

Misalignment reduces load transfer efficiency and may lead to future 

movement. Pier depth and torque readings (for helicals) must meet minimum 

specifications. 



• Crack Injection: Surfaces must be clean and dry. Incorrect resin selection or poor 

port sealing leads to incomplete penetration and re-cracking. 

• Drainage and Grading: Trench slopes must achieve gravity discharge (typically 

1% or more), and backfill material must not settle over time. 

• Lift Control: Lifting must proceed slowly and evenly. Uncoordinated lifts can 

induce new stress fractures or damage brittle materials (e.g., plaster, tile). Pre-lift 

crack monitoring is essential. 

• Wall Reinforcement: Strips or braces must be installed per spacing and 

anchorage specs. Fastener types, curing times, and surface preparation are 

often overlooked. 

Avoiding shortcuts in these areas is critical. Long-term repair stability depends on strict 

adherence to the plan. 

 
Field Communication with the Engineer 

Contractors must maintain open, prompt communication with the engineer, especially 

when: 

• Unexpected soil conditions are encountered (e.g., debris, organic layers, 

groundwater) 

• Design deviations are necessary due to field constraints or safety issues 

• Post-lift cracking or wall displacement is observed 

• Alternate materials are proposed for cost or availability reasons 

• Load readings or torque values fall outside expected ranges 

Field reports, photos, and updated as-builts should be shared routinely, and the 

engineer should be notified before covering critical components to allow for inspection 

or verification. 

 
Safety Considerations and Compliance 

Residential foundation repair involves trenching, heavy equipment, lifting operations, 

chemical handling, and confined space entry. Contractors must follow: 

• OSHA excavation safety standards (e.g., trench shoring for depths >5 feet) 

• PPE requirements for personnel exposed to dust, chemicals, or moving machinery 

• Fall protection near open pits or unstable slopes 

• Equipment operation training and certification 

Contractors should also have job-specific safety plans and communicate emergency 

protocols to crews and homeowners alike. 

 
Site Cleanup and Client Turnover 

Once repairs are complete, the contractor is responsible for: 

• Final grading and compaction to avoid low spots or erosion 

• Removal of debris, formwork, and excess materials 

• Surface restoration, including concrete patching, turf repair, or painting 

• Client orientation, explaining what was done, what signs to watch for, and when 

to call for reinspection 

Warranty terms, maintenance recommendations, and final documentation should be 

provided to the homeowner in writing. 

 

 



Chapter 23 – Monitoring, Testing, and Quality Control 
 

Importance of Performance Monitoring in Foundation Repairs 

Effective foundation repair does not end with installation. Ensuring that the repair 

functions as intended over time requires formal monitoring and quality control 

procedures.  

 

These efforts validate engineering assumptions, detect emerging issues, and build a 

record for future property evaluation or resale. Whether monitoring is performed by the 

engineer, contractor, or a third party, it must follow a structured and objective protocol. 

 
Elevation Surveys and Movement Monitoring 

A baseline elevation survey is one of the most critical tools for assessing foundation 

movement. It provides quantitative data to compare structural behavior before and 

after repair. 

 

Techniques Include: 

• Laser levels or digital water levels to measure floor or slab elevations at fixed grid 

points 

• Benchmark references tied to immovable locations (e.g., anchored bolts or 

undisturbed corners) 

• Repeat surveys at fixed intervals (e.g., quarterly, bi-annually) to detect changes 

over time 

Elevation changes greater than 0.25 inches post-repair may warrant further evaluation, 

depending on building type and foundation conditions. 

 
Crack Gauge Installation and Measurement 

Crack gauges are installed across pre-existing structural cracks to monitor their activity. 

• Mechanical gauges record lateral or vertical movement across the crack 

• Digital gauges may log time-stamped data or interface with remote sensors 

• Tell-tale plaster or epoxy overlays can be used as informal indicators of 

movement 

Crack measurements are compared to original width and movement direction. 

Stabilized readings confirm the repair's effectiveness; increasing readings may indicate 

ongoing movement or new stress concentrations. 

 
Load Testing of Underpinning Systems 

For underpinning systems such as push piers, helical piers, or slab jacks, performance 

validation may include: 

• Proof load testing during or after installation to verify bearing capacity 

• Lift-off tests to assess resistance at target depth 

• Torque correlation logs for helical systems documenting depth, torque, and 

capacity 

These tests must be conducted using calibrated equipment and documented in 

accordance with the manufacturer’s requirements and the engineer’s design 

assumptions. 

 



Soil and Drainage Verification 

Post-repair conditions should confirm that: 

• Backfill has been compacted to specified density and slope 

• Drainage paths are functional during real rainfall events or simulated testing 

• Moisture content in foundation-adjacent soils is within acceptable range 

• Subsurface drains or sump systems are operational and not subject to clogging 

In some cases, moisture sensors or time-domain reflectometry probes are installed to 

monitor long-term saturation levels. 

 
Material Testing and Conformance 

When concrete, grout, or epoxy is placed during repair, samples may be taken for 

testing: 

• Compressive strength (e.g., ASTM C39 for concrete cylinders) 

• Slump and air content (ASTM C143, C231) 

• Grout flowability and expansion (ASTM C827) 

• Adhesion pull-off strength for epoxy or fiber systems (ASTM D7234) 

Certificates of compliance and batch records should be maintained to verify that all 

materials met the project specifications. 

 
Quality Assurance (QA) vs. Quality Control (QC) 

• Quality Assurance includes processes and procedures that ensure the correct 

approach is followed throughout the project. Examples: pre-construction 

checklists, installer training, and product submittals. 

• Quality Control is the actual measurement and verification of installed work 

against specifications. Examples: depth logs, torque charts, photographic 

documentation, and inspection sign-offs. 

Both functions must be documented and stored in the project record for final reporting 

and warranty coverage. 

 
Field Reports and Post-Repair Documentation 

Comprehensive reporting ensures accountability and traceability. A typical post-repair 

package includes: 

• Photographs of each repair stage 

• Elevation surveys with annotated diagrams 

• Crack measurement logs 

• Material and product certificates 

• Inspection forms from building officials or third-party inspectors 

• Engineer’s letter of conformance or substantial completion 

This documentation is essential for client assurance, regulatory compliance, and long-

term asset management. 

 

 

  



Chapter 24 – Ethical Considerations in Foundation Repairs 
 

Professional Responsibility and Public Trust 

Engineering practice in residential foundation repair carries a significant ethical 

dimension. Engineers and contractors directly influence structural safety, property 

value, and occupant well-being. Misrepresentation of conditions, under-design, or 

recommending unnecessary repairs can erode public trust and damage the profession. 

Ethical practice ensures that repairs are justified, technically sound, and transparently 

documented. 

 

All participants—engineers, inspectors, contractors—are bound by codes of ethics that 

require honesty, competence, and prioritization of public safety over commercial 

interests. 

 
Accurate Diagnosis and Honest Representation 

Ethical responsibility begins with accurate assessment. Engineers and inspectors must 

avoid: 

• Overstating the severity of foundation issues to induce fear-based decisions 

• Understating conditions to avoid liability or reduce scope 

• Failing to disclose limitations in visual-only or non-invasive inspections 

Condition reports should clearly state what was observed, what was inferred, and what 

requires further investigation. Recommendations must be based on objective evidence 

and applicable engineering standards—not convenience, cost pressures, or client 

expectations. 

 
Conflict of Interest and Dual Roles 

Conflicts arise when the same entity acts as both the evaluator and service provider. 

For example: 

• A contractor performing the inspection and then offering a repair bid 

• An engineer employed by a repair firm, assessing work their employer will 

execute 

• An inspector receiving referral compensation for directing clients to certain 

vendors 

These arrangements must be disclosed fully. When engineering judgment is involved, 

neutrality is essential. Many licensing boards and professional societies prohibit dual 

roles unless explicitly justified and documented. 

Where possible, independent engineering oversight should be used to validate scope, 

method, and performance of proposed repairs. 

 
Warranty Representation and Disclosure 

Warranties must be based on engineering knowledge of performance limits—not 

marketing claims. Ethical practice requires: 

• Accurate explanation of what is covered and what is excluded 

• Clear identification of conditions that would void the warranty (e.g., drainage 

neglect, tree root intrusion) 

• Realistic time frames that reflect material durability and soil conditions 



Warranty language should not imply indefinite performance or immunity from natural 

soil behavior. Engineers involved in the repair should not endorse warranties they 

cannot substantiate technically. 

 
Client Education and Informed Consent 

Homeowners are often unfamiliar with foundation systems or repair technologies. 

Ethical practice includes: 

• Educating the client on root causes, proposed remedies, alternatives, and 

limitations 

• Providing complete documentation of findings, calculations, and repair rationale 

• Avoiding pressure tactics or fear-based sales language 

Clients should be given time and opportunity to seek second opinions. Engineers should 

support this process by offering their analysis in a clear, understandable format. 

 
Record Integrity and Documentation Ethics 

All inspection records, reports, and repair drawings must reflect actual conditions and 

work performed. It is unethical to: 

• Falsify elevation or crack data 

• Back-date inspection reports 

• Omit known limitations or errors 

• Approve non-conforming work retroactively 

Document retention policies should be followed, and changes must be tracked. 

Engineers must never sign or seal documents not prepared under their direct 

supervision. 

 
Compliance with Licensing Laws and Practice Acts 

Every U.S. state and Canadian province regulates the practice of engineering. Ethical 

repair practice requires that: 

• Structural repair designs are performed by licensed engineers (PE or SE) 

• Work is executed under applicable contractor licenses 

• Engineers operate only within their area of competence 

• Seals are affixed only to complete, final documents—not drafts or conceptual 

notes 

Violation of practice laws can result in fines, license suspension, or criminal charges. 

Engineers must stay current with local requirements and scope of authority. 

 
Conclusion: Ethical Foundations of Sound Repair 

Ethical integrity is foundational to engineering practice, especially in areas where the 

public is vulnerable to misinformation. Foundation repair is a technically complex and 

emotionally sensitive domain. Adherence to ethical standards ensures that 

homeowners receive valid, effective, and justifiable repairs—protecting both property 

and life safety. 

 

 

  



Chapter 25 – Case Studies in Residential Foundation Repair 
 

Purpose and Value of Case Studies 

Case studies provide real-world context to theoretical principles and illustrate how 

engineering judgment, field conditions, and repair methods converge. They offer 

lessons in diagnosis, design validation, unexpected challenges, and post-repair 

performance. Each case includes a problem summary, engineering evaluation, repair 

approach, and outcome assessment. 

 
Case Study 1 – Differential Settlement in a Slab-on-Grade Home 

Location: Central Texas 

Foundation Type: Post-tensioned slab-on-grade 

Symptoms: Interior floor sloping toward one corner, cracked tile, drywall separation at 

ceiling 

Cause: Seasonal shrink-swell behavior of expansive clay beneath insufficiently 

compacted fill 

Evaluation: Elevation survey revealed 1.75 inches of differential settlement. Soil borings 

confirmed high PI clay and voids beneath the slab edge. 

Repair: 

• Helical piers installed along the affected corner and side walls 

• Foam injection beneath slab to reestablish uniform support 

• Downspouts redirected and a French drain installed along the perimeter 

Outcome: Elevation profile stabilized within 0.25 inches. Minor finish repairs 

required. No movement observed after 24-month monitoring. 

 
Case Study 2 – Inward Bowing of a Basement Wall 

Location: Upstate New York 

Foundation Type: Concrete block basement 

Symptoms: Horizontal cracking at mid-height of long basement wall, 1.5-inch inward 

bow, water seepage 

Cause: Poorly draining clay backfill, hydrostatic pressure buildup during spring thaw 

Evaluation: Crack monitoring indicated slow movement. Drainage review showed 

downspouts terminated 3 feet from wall. 

Repair: 

• Interior carbon fiber strips installed at 4-foot intervals 

• Exterior excavation with waterproofing membrane and new footing drains 

• Backfill replaced with gravel and capped with geotextile 

Outcome: Wall movement ceased. Interior remained dry. Periodic sump pump 

testing recommended. 

 
Case Study 3 – Settled Crawl Space Support Piers 

Location: Southeastern U.S. 

Foundation Type: Pier and beam crawl space 

Symptoms: Sagging floors, squeaking, door misalignment 

Cause: Organic-rich, loosely compacted soil beneath interior piers 

Evaluation: Girders showed deflection between failing piers. Moisture measurements 



exceeded acceptable thresholds. 

Repair: 

• Failed CMU piers removed and replaced with helical pile-supported steel posts 

• Girder reinforced with laminated veneer lumber (LVL) 

• Crawl space encapsulation with vapor barrier and dehumidifier installed 

Outcome: Floor levels restored. Moisture levels decreased significantly. 

Homeowner satisfied with minimal disruption. 

 
Case Study 4 – Expansive Soil-Induced Heave in Garage Slab 

Location: Colorado Front Range 

Foundation Type: Monolithic slab 

Symptoms: Center of garage slab lifted 1.25 inches, fractured control joints, garage 

door misalignment 

Cause: Post-construction hydration of expansive soils during irrigation season 

Evaluation: Moisture sensors installed showed excessive wetting below slab. Soil 

classification confirmed high PI bentonite. 

Repair: 

• Controlled polyurethane foam injection to gently relevel slab edges 

• Root barrier and irrigation redirection around garage perimeter 

• Grading adjusted to slope water away from slab edge 

Outcome: Slab rebalanced within 0.5 inches of level. Irrigation controls 

automated to prevent recurrence. 

 
Case Study 5 – Wall Anchor System Misapplication 

Location: Midwest urban infill 

Foundation Type: Concrete block basement 

Symptoms: Continued wall movement after installation of wall plate anchor system 

Cause: Anchors installed without geotechnical evaluation; exterior soils too soft to 

develop anchor resistance 

Evaluation: Torque tests on anchor rods failed to achieve target preload. Wall 

continued to bow under seasonal loads. 

Repair: 

• Wall anchor system removed 

• Wall replaced with poured concrete and interior bracing 

• New exterior fill engineered with geogrid reinforcement 

Outcome: Significant cost and effort due to original system's failure. Lessons 

highlighted the need for subsurface testing prior to tieback design. 

 
Lessons Learned Across Cases 

• Site-specific evaluation is essential. Generic repair approaches often fail to 

address local soil or structural conditions. 

• Drainage correction is critical. Many structural symptoms stem from uncontrolled 

moisture and can recur without addressing water management. 

• Installation quality is as important as design. Poor execution undermines even 

the best-engineered solutions. 

• Monitoring and documentation validate performance. Post-repair success 

depends on measurement, not assumption. 

• Ethical engineering and transparency protect both the client and the profession. 



Chapter 26 – Conclusion and Future Trends 
 

Summary of Best Practices in Residential Foundation Repair 

Residential foundation repair requires a multifaceted approach that integrates 

structural engineering, geotechnical analysis, moisture management, code 

compliance, and field execution. Key principles reinforced throughout this course 

include: 

• Accurate diagnosis of movement type and cause is essential before 

recommending repairs. 

• Soil-structure interaction governs both problem development and solution 

viability. 

• Underpinning systems must be properly designed, installed, and verified. 

• Moisture control and drainage correction are foundational—not optional. 

• Monitoring and documentation ensure the repair’s long-term performance and 

legal defensibility. 

• Ethical practice protects the safety, trust, and integrity of the engineering 

profession. 

Foundation repairs are not stand-alone actions—they are components of an ongoing 

structural lifecycle that must accommodate change, aging, and unforeseen stresses. 

 
 

Future Trends and Emerging Technologies 

1. Smart Monitoring Systems 

Advancements in sensor technology and wireless communication have made it 

feasible to deploy real-time monitoring systems in residential settings. These 

include: 

o Wireless crack gauges 

o Subgrade moisture sensors 

o Load sensors embedded in piers or brackets 

o Cloud-based dashboards for engineers and homeowners 

These systems enhance transparency, facilitate early warning, and reduce reliance on 

periodic manual inspections. 

 

2. Predictive Soil Movement Modeling 

As climate change increases the frequency of extreme weather and moisture 

cycles, predictive modeling tools are being integrated into repair planning. 

These include: 

o Finite element soil-structure simulations 

o Long-term weather and irrigation modeling 

o Soil behavior databases linked to geolocation 

Future repair designs will likely be customized not just to soil type, but to evolving 

regional risk factors. 

 

3. Advanced Grouting and Injection Systems 

Continued development of polymeric and nano-modified grouts allows for: 

o Greater precision in slab lifting 

o Stabilization of collapsible soils 



o Self-healing injection matrices for cracks and voids 

These materials offer reduced cure time, greater resistance to environmental 

degradation, and compatibility with sensor technologies. 

 

4. Prefabricated and Modular Foundation Components 

New construction and major repairs are increasingly incorporating modular 

components that can be installed with minimal curing or formwork. Applications 

include: 

o Precast footings or pier caps 

o Modular crawl space supports 

o Reinforced wall panels for retrofitting bowing basements 

These systems improve quality control, reduce field labor, and may shorten project 

timelines significantly. 

 

5. Integrated Software Platforms for Repair Management 

Comprehensive platforms now allow engineers, contractors, and homeowners to 

share: 

o Inspection records and permits 

o Real-time progress updates 

o Elevation data 

o Warranty and performance documentation 

 

These digital ecosystems reduce administrative friction and improve transparency 

throughout the repair lifecycle. 

 
Conclusion 

The field of residential foundation repair continues to evolve, driven by advancements 

in material science, sensing technology, and a deeper understanding of soil-structure 

behavior. Engineers must remain current with these developments while adhering to 

enduring principles: sound diagnosis, technical integrity, and ethical accountability. 

 

Well-executed foundation repair restores not only the structural safety of a residence 

but also the confidence of its occupants and the value of the property. This course has 

provided a comprehensive foundation for applying best practices across all stages of 

residential foundation assessment, repair, and validation. 
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