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ABSTRACT 
 
Shallow-bearing concrete foundations on expansive soils are subject to various loading conditions, 
most invariably differential movement of the underlying soils.  If a concrete foundation does not 
properly account for the effects of differential soil loading, excessive distortions can occur.  Post-
tensioning of concrete foundations is a popular engineering solution due to the reduction in 
quantity of structural members and materials required when compared to a conventionally 
reinforced foundation.  Guidelines for the evaluation of post-tensioned concrete foundations are 
provided by the Texas Chapter of the American Society of Civil Engineers (ASCE) and the Post-
Tensioning Institute (PTI).  These guidelines include analyses techniques and limitations for 
foundation distortion that account for global performance of the foundation system but overlook 
localized conditions.  The lack of localized analyses effectively ignores common performance 
failures observed in the field, particularly edge lift movement.  Through a recent case study, this 
paper will discuss how industry evaluation methods neglect common localized failures.  This paper 
will also present a proposed methodology on how to properly evaluate a post-tensioned concrete 
foundation, including global and localized distortion conditions. 
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POST-TENSIONED SLABS-ON-GRADE 
 
Design of Post-Tensioned Slabs-on-Grade 

Post-tensioned concrete systems are a popular engineering solution for shallow-bearing slab-on-
grade foundations in residential and commercial construction for various reasons, primarily the 
reduction in quantity of structural members and materials required when compared to a 
conventionally reinforced concrete foundation, resulting in an efficient and cost-effective product.  
Multiple variables are used in the design of post-tensioned concrete slabs-on-grade; however, an 
exhaustive list of these variables is beyond the scope of this writing.  The International Building 
Code (IBC) is the governing body for the design of slab-on-grade foundations.  The 2015 edition 
of the IBC, which is the current mandated edition by most municipalities, states (IBC 2015):



 

"Foundations placed on or within the active zone of expansive soils shall be designed to 
resist differential volume changes and to prevent structural damage to supported structure.  
Deflection and racking of the supported structure shall be limited to that which will not 
interfere with the usability and serviceability of the structure".    

 
The IBC also states that post-tensioned slab-on-ground foundations on expansive soils shall be 
designed in accordance with PTI DC10.5 (2012 version), which is the document titled, Standard 
Requirements for Design and Analysis of Shallow Post-Tensioned Concrete Foundations on 
Expansive Soils, published by the Post-Tensioning Institute (PTI) (IBC 2015) (PTI 2012).   
 
The intent of the PTI design standards is to provide a foundation system that behaves elastically 
(i.e., remains uncracked) for the maximum soil movement anticipated at a given site.  PTI requires 
that the amount of post-tensioning force provided should be adequate to prevent cracking after 
prestress losses.  Prestress losses are caused by elastic shortening, creep (inelastic shortening), and 
shrinkage of the concrete, curvature of the tendons, and slab-subgrade friction, all of which should 
be taken into account in the design of the foundation.  After losses, the residual prestress force 
should provide a concrete section that remains in compression or below those tensile stresses that 
would cause cracking of the concrete.  Therefore, significant cracking of the slab would indicate 
that the strength performance of the foundation is not in compliance with the intent of the PTI 
manual, and/or that the actual soil movement has exceeded the amount of soil movement 
anticipated by the design. 
 
Performance Evaluation of Post-Tensioned Slabs-on-Grade 

PTI also published a document related to the evaluation of slab-on-grade foundations titled, Guide 
for Performance Evaluation of Slab-on-Ground Foundations, designated as PTI DC10.8-18 (PTI 
2018).  This document provides three levels of visual distress used in the evaluation of concrete 
slab-on-grade foundations that consist of, (1) Cosmetic Distress; (2) Functional Distress; and (3) 
Structural Distress. 
 
Levelness of a foundation is also criterion used in evaluating foundation performance and is 
commonly determined with a floor elevation survey that is relative (i.e., not tied to a known 
benchmark).  PTI 2018 recommends obtaining levelness measurements across the entire 
foundation, including at garages, porches, and patios.  The types of foundation out-of-levelness 
considered in the assessment is curvature and tilt.  Curvature is also known as deflection or bending 
and is commonly associated with soil movement, construction tolerances, and/or edge curling from 
concrete shrinking (PTI 2018).  Tilt is also known as global or planar tilt and is the rigid body 
rotation of the entire foundation, commonly associated with soil movement.   
 
Distress to the concrete is typically related to deflection of the foundation; therefore, deflection 
limit criteria is utilized for the evaluation of foundation performance.  PTI 2018 and the Texas 
Section of the American Society of Civil Engineers (ASCE TX) recommend that the allowable 
performance limit for deflection in a foundation shall be "L/360", where "L" is the length of the 
structural member as defined by ASCE or a minimum length of 25 feet as defined by PTI (PTI 
2018) (ASCE TX 2009).  For example, for a member that is 30 feet in length, the maximum 
allowable deflection is 1 inch.  ASCE TX states that, "…if a foundation profile indicates the 
deflection is more than the analogous deflection limit of L/360 and sufficient symptoms of 



 

deflection are present, then the engineer generally will be justified in determining that the 
foundation has deflected excessively (ASCE TX 2009)."  PTI 2018 recommends that the limit for 
tilt of a foundation shall be 1% of the overall length or width of the foundation (PTI 2018) whereas 
ASCE TX merely states that a slope of 1% is usually noticeable (ASCE TX 2009).  The authors 
note that PTI 2018 does not include an example or a procedure to address the actual deflection of 
a portion of a foundation, referred to herein as localized deflection, which is an important 
performance evaluation criteria, particularly for longer foundation systems often used on multi-
family structures or on foundations with narrow slab extensions extending beyond the main 
footprint of the slab.  ASCE TX does acknowledge and address localized deflection of slab 
foundation systems but also does not provide a methodology.  This lack of guidance on the 
assessment of localized deflection failures of foundation systems results in evaluations which 
either ignore a major failure mode of foundations or what the authors consider the misapplication 
of engineering mechanics principles when evaluating localized deflection.  
 
PTI provides details regarding curvature deflection (PTI 2018).  PTI states that the length, "Lc", is 
a horizontal distance of at least 25 feet, separated by data points 1 and 3.  Point 2 is the data point 
along the section profile that is the greatest vertical distance from a straight line drawn between 
points 1 and 3; the vertical distance is referred to as, "Δc".  The curvature equation is then stated 
as, "Curvature = 1/(Lc/Δc)."  When evaluating the performance of a foundation by assessing the 
L/360 deflection criterion, the use of an entire member, as defined by ASCE (ASCE TX 2009), or 
a minimum length of 25 feet, as defined by PTI (PTI 2018), will often not capture the damaging 
effects to the foundation and finishes of localized deflections, such as edge lift, that often occurs 
in shallow-bearing post-tensioned slabs-on-grade.   
 
The concept of localized edge lift (or drop) is analogous to deflection in a cantilevered beam 
subjected to uniform loading.  The stress due to the bending moment at the fixed end (contiguous 
with the remainder of the slab) in combination with the resulting total deflection of the free end of 
the cantilevered slab is commonly the cause of distress to the superstructure rather than the 
curvature or slope of the surface of the slab.   The authors have assessed numerous foundations 
where utilizing the techniques outlined by PTI 2018 will overlook these localized deflections due 
to the larger (global) recommended assessment lengths used in the calculations and the fact that 
the technique ultimately breaks apart the overall deflection of the cantilevered slab into two 
components, curvature and tilt.  Refer to Figure 1 for the analogous example of the application of 
the PTI techniques to the deflection of a cantilevered beam subjected to a uniform load (such as 
soil movement).  Refer to Figure 2 for an analogous example of the PTI techniques to a long 
foundation with localized deflection. 
 



 

 
 
 
 
 
 
 
 
 
 
 

Figure 1: Comparison of PTI Technique to a Cantilevered Beam  
 
 

A. Cantilevered beam of length, L, and properties, EI, subjected to a uniform load, w.  The 
beam represents soil loading on an extension of the foundation.  

B. Deflected shape of the cantilevered beam and the moment developed at the fixed end.  
The fixed end is analogous to the intersection of the foundation extension to the main 
portion. 

C. The straight line drawn between points 1 and 3 and Δc at point 2 per the PTI technique.  
Δc is significantly less than Δmax at the unsupported end and could easily pass the 
L/360 criterion in comparison to Δmax. Additionally, the deflection, Δc, does not fully 
capture the maximum moment/stress at the fixed end.    



 

 
 
 
 
 
 
 
 

Figure 2: Comparison of PTI Techniques and Proper Engineering Analysis 
 
Residential structures often feature foundations with footprints that contain portions that extend 
beyond the main portion of the structure (the main post-tensioned slab-on-grade design rectangle), 
such as garages, patios, and room extensions (refer to Figure 3).  These extended portions of the 
foundation are more susceptible to edge lift or settlement and resultant distress to the 
superstructure due to the localized nature of the configuration (i.e., lack of surrounding structural 
elements to help prevent movement).  Further, the extended portions behave like a cantilevered 
beam with stress concentrations at the intersection of the main portion of the foundation that result 
in distress to the concrete and finishes.  Additionally, the extended portions commonly do not meet 
the shape factor requirements to justify an overlapping rectangle evaluation and are therefore 
typically not analyzed as part of the original design or evaluated by others in forensic assessments.  
The authors are of the opinion that these cantilevered extensions of the foundation should be 
designed and analyzed independent of the main foundation design rectangle, but often see these 
slab extensions neglected in both design and forensic evaluation.  Forensically, these slab 
extensions require a localized deflection performance evaluation. 
   
Marsh and Thoeny note that angular distortion, as determined by deflection divided by the distance 
(L) between the two points at which deflection is measured, is the most reliable way of analyzing 
the effects of differential movement on wood-framed residential structures (Marsh and Thoeny 

A. Cross section of a long foundation that exhibits localized upward deflection at the end.  
B. Example of PTI techniques for determining curvature and tilt at the chosen section. The 

curvature will not capture the significance of the localized deflection at the end. 
C. The chosen localized section is analogous to the cantilevered beam shown in Figure 1. 

The proper analysis requires treating the foundation like a cantilevered beam that has 
undergone a significant deflection, particularly in comparison to the PTI technique.     

A 

B

C



 

1999).  Refer to the Case Study section of this paper for an example related to the discrepancies 
in the chosen length during assessment of post-tensioned foundations in the field.  
 

 
Figure 3: Examples of Extended Portions of a Foundation 

 
 
CASE STUDY 
 
The case study highlights how misapplication of the curvature deflection and tilt analysis by 
neglecting localized deflection fails to properly capture the damaging effects of localized 
deflections.  The case study was a development in north Texas that consisted of multiple multi-
family structures.  The structures consisted of post-tensioned concrete slab-on-grade foundations, 
brick veneer at the exterior walls, and gypsum board at the interior walls.  The soils at the sites 
were determined to be expansive by geotechnical testing.  Within three years after the completion 
of construction, several of the foundations underwent differential movement, resulting in distortion 
of the concrete foundation and distress to the finishes.  The authors were retained to evaluate the 
structures and determine the cause and extent of the distress to the foundations and finishes.  As 
part of the investigation, distress was documented and relative elevation surveys were performed 
at the foundations.  The levelness of the foundations were assessed globally and locally to capture 
any damaging effects related to localized deflection.  The overall performance of the structure was 
then assessed based on the amount and type(s) of distress and the levelness of the foundation. 
 

= Extended Portions of the Foundation 



 

Distress to the finishes at one of the structures used for the case study consisted of fractures at the 
brick veneer, Figure 4 and Figure 5, consistent with significant differential movement of the 
foundation.  A partial plan of the structure with relative elevations is shown in Figure 6.  The 
remaining portion of the structure not shown in the figure consisted of two units similar in size to 
the units shown. 
 
As shown in Figure 6, the authors chose the section A-A to analyze the localized deflection of the 
foundation.  The section length is 29 feet and the total deflection is 2 inches.  The authors used 
engineering judgement and chose to account for the total deflection across the chosen section, 
which better fits the engineering mechanics experienced by the foundation.  For the chosen section, 
L/360 is equal to 0.97 inches; therefore, the total deflection of 2 inches exceeds the limit and 
indicates that the foundation has experienced a performance failure as the authors deemed it in a 
published engineering report.  The outcome of analyzing the localized deflection of this section by 
using the total deflection correlates well with the observed distress at the structure.  If section A-
A was analyzed using the PTI 2018 technique, the maximum curvature deflection, Δc, would be 
0.58" and not exceed the L/360 (0.97") limit.  By passing the PTI 2018 curvature limit, the actual 
performance of the foundation that caused significant brick veneer fractures has the potential to be 
overlooked or neglected. 
 
Other engineers were also evaluating the structure for different parties involved in the project.  As 
shown in Figure 6, other engineers chose the section B-B to analyze the curvature and tilt on a 
section more representative of a global condition.  The section length is 66 feet and the maximum 
deflection, Δc, between the outer points is 1.16", which passes the L/360 limit of 2.2 inches for 
curvature.  This same section was used to analyze tilt.  The overall deflection (difference between 
the outer points) was 2.375 inches; therefore, the slope of the tilt was 0.3%, which is below the 1% 
limit in PTI 2018.  Based on these analyses, the other engineers neglected the significant distress 
to the brick veneer and deemed the foundation acceptable.  
 

 

Figure 4: Brick veneer fractures 

 

 

Figure 5: Brick veneer fractures 



 

 
 
 
 
 
 
 

 
Figure 6: Partial Plan with Differing Sections for Analysis 

 
 
CONCLUSIONS AND RECOMMENDATIONS 
 
The results of the case study show that distress to the foundation and finishes was present at areas 
of the structure that underwent localized differential foundation edge movement, but the 
misapplication of engineering mechanics used in the evaluation of the foundation missed or 
ignored this important and common foundation failure mechanism.  When assessing the 
performance of these types of structures taking into account the levelness of the foundation using 
only the global effects on the full length or width of the foundation, neglecting or improperly 
evaluating damaging localized edge deflections, or ignoring portions of the footprint such as 
garage areas and room extensions, these structure could erroneously be determined to be 
"acceptable."   
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Section A-A: Section chosen by the authors to analyze the localized curvature deflection of 
the foundation.  Section length is 29 feet and total deflection is 2 inches.  Deflection 
analyzed by accounting for entire deflection and not the straight line PTI technique.  

Section B-B: Section chosen by other engineers to analyze curvature and tilt by the PTI 
method.  Section length is 66 feet.  The maximum deflection, Δc, between the outer 
points is 1.16" and passes the L/360 (2.2 inches) criterion.   



 

Based on an analysis of localized deflections, the authors were able to correlate excessive 
foundation deflections with the observed distress that more aptly matches the description of 
“unacceptable" that is related to a performance failure of the foundation.  While global analysis of 
foundations provides useful information in the evaluation of foundations, engineers should not 
neglect the effects of damaging localized deflections that are common in residential construction. 
 
The authors recommend that ASCE TX and PTI 2018 provide guidance to engineers on the proper 
assessment of localized foundation deflection which uses the actual structural deflection and aligns 
with established and accepted deflection analysis included in introductory engineering mechanics 
and structural engineering coursework.  The application of the procedures included in PTI 2018 to 
localized edge deflection must account for the true structural deflection, analogous to a 
cantilevered beam, and not break this actual deflection into two modes, tilt and curvature, as this 
approach is in conflict with established and accepted deflection analysis of structural members in 
the civil/structural engineering community. 
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