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PART I. RESPONSE BY THE WRITERS TO THE PTI DC-10 SLAB ON GROUND
COMMITTEE TASK GROUP

The authors of the original paper believe that many of the critiques contained in the discussion
from the PTI DC-10 TG are not germane to the actual intent of the paper. Responses to their
comments follow:

1. The PTI TG states that the original paper has inaccuracies, deviates from fundamental
mathematical and engineering principles, and violates model building codes, but does not
provide a basis for these comments.

2. The response is critical of the original paper for a text excerpt from the 2015 International
Building Code (2015 IBC), which was intended to provide introductory context for the reader
and was not germane to the primary point of the paper to discuss deficiencies in the evaluation of
localized edge deflection of slab-on-ground foundation systems, which deviates from
fundamental mathematical and engineering principles and in practice is resulting in the
understatement of foundation and superstructure damage. The authors believe that the included
text was not misleading to readers and is applicable to any foundation designed on expansive
soil. Further, there was no intent to imply that section 1808.6.2 was not applicable to slab on
grade foundation systems. In fact, the text of the paper addresses this in the following paragraph,
which references the PTI DC10.5 standard. Therefore, we believe the discussion is misguided.

3. The discussion is critical of the original paper for information included which was
intended to provide introductory context for the reader and was not germane to the primary point
of the paper. The included statement that the PTI design procedure for slabs-on-ground is based
on elastic (non-cracked) analysis is known in the engineering industry and is in fact stated within
the PTI DC 10.5 standard:

Although the design assumes an uncracked section, it is not invalidated by the presence
of shrinkage cracks, which are found to some degree in most ground-supported
foundations.
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The included statement is factual in nature, does not imply that the PTI 10.5 design procedure
does not include a methodology to account for cracked sections, and the authors do not believe
that this is misleading to the reader.

4. The following statement included by the PTI DC-10 TG as the basis for the critique on
“Distress Analysis and Correlation” section, “the foundation analysis by the authors is partial and
incomplete and should not be used to evaluate the performance of the foundation™ is vague and
lacks scientific or factual information to which the authors can respond. In fact, the included case
study is clearly presented in the paper and includes the actual survey data and representative
photographic documentation of the damages resulting from the foundation movement discussed
in the paper.

5. In the "Definitions" section of the PTI DC-10 TG discussion, the quote included as
attributed to the authors is actually in reference information provided in the paper that was
extracted directly from the DC 10.8-18 Guide for Performance Evaluation of Slab-on-Ground
Foundations, which provides the actual purpose of the authors' paper. The authors disagree that
"curvature is also known as deflection or bending" as asserted by PTI DC-10.8-18. The original
paper is clear that based on basic engineering principles, the conflation of curvature and
deflection in PTI DC 10.8-10 is incorrect. The authors are clear that curvature is a component of
deflection rather than equivalent to deflection as defined in PTI DC-10.8-18. This section of the
response from PTI DC-10 TG is confusing and ends up concurring with the original paper when
it states, "deflection cannot happen without curvature."

The section continues with a discussion that, "deflection/curvature [again PTI DC-10 TG
conflates deflection and curvature] must be measured based on three points." The argument
presented by PTI DC-10 TG is unclear and thus the authors are unable to provide a direct
response. It is not known if PTI DC-10 TG is providing a direct critique of the analysis presented
in the paper to assess localized deflection or if it is referring to its methodology contained in the
PTI DC-10.8-18 guideline which is the subject of the authors’ paper. However, the authors
categorically dispute the incorrect procedure included in PTI DC-10.8-18 for usage to evaluate
localized edge movement of slab-on-grade foundations as discussed further in 6.

6. In its "Localized Deflection/Curvature" section, PTI DC-10 TG conflates deflection with
curvature. Again, curvature is a component of deflection. PTI DC-10 TG states:

The authors state that PTI DC-10.8-18 Guide for Performance Evaluation of SOG
Foundations does not include an example or procedure to address localized
deflection/curvature, but Section 6.3.2 of this document clearly shows how to calculate
localized deflection/curvature.

This portion of the PTI DC-10 TG response is unclear since PTI DC-10.8-18 does not include a
procedure to calculate localized edge deflection of a slab foundation, which is actually the crux
of the argument presented in the authors’ paper. An excerpt of Section 6.3.2 from PTI DC-10.8-
18 is included as Figure 1, which does not include a "cantilever" analysis and actually labels a
cantilever analysis as wrong.
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6.3.2 Calculation Examples
Several examples for computing curvature and filt using the eguations in Section 6.3.1 are presented in
Figure §.3.2-1
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Figure 1. Section 6.3.2-1 (Source: PTI DC-10.8-18).

As can be seen in Figure 1, Example C (CORRECT), the localized edge movement (otherwise
commonly referred to as A¢ "cantilever movement") is improperly broken into two components,
tilt and a vertical distance from a spline line which is measured from the line of curvature, rather
than measuring the actual total deflection of the cantilevered slab edge as shown in EXAMPLE
C (WRONG). This critique from PTI DC-10 TG vaguely discusses the usage of three points
being required to measure deflection which in this section 6.3.2 results in an improper evaluation
of localized edge lift or cantilever movement that is in direct conflict with fundamental
mathematical and engineering principles and understates how the localized deflection of a slab
affects the superstructure.

7. In the "Cantilever Analysis" portion of the PTI DC-10 TG response, many statements are
made to which the authors will respond as presented:
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The authors incorrectly describe the cross section in the paper as a cantilever deflection.
This is an inaccurate assumption for multiple reasons. One, there is no
deflection/curvature or bending consistent with a cantilever within the authors’ section.
Two, the authors only use two points to calculate assumed deflection. By using only two
points, the authors define global or planar (rigid body) tilt or an average slope, which is
not deflection/curvature. The authors’ use of the two points of measurement for a
cantilever ignores fundamental engineering principles.

This argument as presented by PTI DC-10 TG is unclear. The edge of the foundation in the case
study presented is clearly curving or bending upward resulting in an overall deflection similar to
a cantilever. PTI DC-10 TG conflates curvature with deflection and incorrectly considers and
defines them to be equivalent.

To have a cantilever member there must be fixity or a back span or point of
reference also known as a neutral reference or original shape. This would include
knowing the rotation in degrees at the point of inflection (this point defines the point of
fixity of the cantilever). To establish the cantilever back span, one must demonstrate little
or no foundation movement in that area via a distress inventory and analysis. Otherwise,
if distress is present in the assumed back span, it indicates a cantilever condition does not
exist, as there is not demonstrated fixity.

The authors’ two-point deflection measurement is really three-point deflection
measurement with a presumed third point based on an assumed original relatively level
condition.

There is no basis provided in the original paper to establish the presence of the
back span. As previously discussed, the assumed level condition is not reasonable.

The writers concur that the measurement presented in the case study assumes a point of fixity
and originates at a low point consistent with a relatively level or neutral condition. There is no
requirement for a "back span" for the cantilever slab edge evaluation presented in the authors’
paper or in the angular distortion method presented by Marsh and Thoeny (year). Further, PTI
DC-10.8-18 does not contemplate or include any methodology to evaluate a cantilever slab edge
condition like discussed in the original paper. That was the purpose of the authors’ paper as
proposed, written, reviewed and accepted, presented, and published.

Fig. 1 contains examples of the proper method of evaluating a cantilever deflection. L as
the length for the evaluation of the assumed cantilever section is used in the original
paper. To properly evaluate a cantilever deflection, 2L should be used for the length.

The authors do not understand this critique from PTI DC-10 TG since the PTI DC-10.8-18
document does not address cantilever deflection using the total overall deflection of the edge of
the slab and refers to cantilever analysis as incorrect in section 6.3.2, as previously illustrated and
discussed. This critique from PTI DC-10 TG conflicts with the fact that it appears to be
accepting that cantilever slab deflection analysis using the total deflection of the slab edge is
appropriate but also states that PTI DC-10.8-18 includes the proper method of evaluating
cantilever deflection, yet the depiction of the cantilever analysis using the overall deflection of
the edge of the slab is labeled to be incorrect.
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Proper mathematical and engineering principles as well as the building code dictate the
use of 2L for the length of a cantilever when calculating deflection for a cantilever. The
IBC, International Residential Code (IRC), ASCE 7, and the ASCE Texas Section
(Guidelines for the Evaluation of Repair of Residential Foundations Ver. 3) all clearly
state 2L is to be used in the evaluation of cantilever deflections. It is also noteworthy that
the PTI DC10.8-18 Guide for Performance Evaluation of SOG Foundations does not
prohibit cantilever analysis, but rather illustrates an example of incorrect cantilever
analysis when there is no evidence of a back span (Fig. 2). Therefore, the authors’
analysis method violates model building codes as well as basic mechanics in their
method of evaluating an assumed cantilever deflection.

As discussed previously and during additional detailed review of the PTI DC-10.8-18 document,
cantilever analysis or similar is never discussed or contemplated within the document. This
portion of the response is not based on the PTI DC-10.8-18 document, the methodologies
contained within, or the analysis being regularly performed in practice by ASCE Texas Section,
PTI DC-10, or PTI DC-10 TG members. The authors believe that this statement from PTI DC-10
TG is inaccurate. Section 6.3.2 indicates the methodology to conflate curvature and deflection
and to break overall cantilever deflection into two constituent components, tilt and a vertical
displacement of a spline line from the curvature line. This statement highlights conflicting
developments between the PTI DC-10.8-18 document and the more current Version 3 of the
ASCE Texas Section's Guidelines for the Evaluation and Repair of Residential Foundations
(published after our paper was written and approved) related to cantilever slab movement
evaluations. The PTI DC-10 and ASCE Texas Section factually share multiple Committee,
Subcommittee, or Task Group members.

Additionally, the authors dispute that the IBC, IRC, ASCE 7, and ASCE Texas Section
Versions 1 and 2 all clearly state that 2L is to be used in the evaluation of cantilever deflections
of slab-on-grade foundations, but this discussion is beyond the scope of both the subject paper
and this response process.

There was nothing presented in either the PTI DC-10.8-18 document or Version 2 of the
ASCE Texas Section document related to cantilever analysis or the associated use of 2L at the
time the authors’ paper was written, and the basis provided related to the IBC, IRC, and ASCE 7
are being related to a table in the building code concerning cantilevers on elevated slabs and not
slab-on-ground foundations. Therefore, the basis for and the validity of the use of 2L for
cantilever analysis of foundations as presented in the Version 3 of the ASCE Texas section
document remains in dispute in the engineering community. There is no evidence of anything
code-required or code-adopted specifically related to slab-on-ground foundation performance
evaluation.

8. The "Appendages" portion of the PTI DC-10 TG response is responding to an
informational or non-focus portion of the original paper that touched on foundation appendages

also exhibiting cantilever deflection conditions similar to the conditions presented in the paper
which the authors have observed during their investigations.
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CONCLUSIONS OF THE RESPONSE TO THE PTI DC-10 SLAB ON GROUND
COMMITTEE TASK GROUP

In closing, PTI DC-10 TG believes that the original paper "has multiple inaccuracies, deviates
from fundamental mathematical and engineering principles, and violates model building codes."
As discussed herein, the statements presented are believed to be unclear or out of context,
inaccurate, and misrepresent the actual content and analysis presented in the paper. The paper is
critical of the methodology presented in PTI DC-10.8-18 and the fact that it conflates curvature
with deflection and does not provide a method to evaluate edge or cantilever slab movement that
meets mathematical and engineering principles.

PART II. RESPONSE BY THE WRITERS TO THE RESIDENTIAL FOUNDATION
TASK COMMITTEE, TEXAS SECTION, ASCE

The following is the authors response to the discussion by the Texas Section of ASCE:

0. The background section of the response includes the statement, "the ASCE Texas Section
Residential Foundations Task Committee (RFC) strongly disagrees with some of the information
presented in the paper. The discussers believe there are errors in fact and errors in application of
the ASCE Texas Section document titled Guidelines for the Evaluation and Repair of
Residential Foundations (The Guidelines)." The background section did not include any
critiques of the subject paper and therefore does not require a rebuttal from the authors relative to
their paper.

10.  In the section "Localized Deflection," the RFC response states, “The original paper
focuses on the analysis of localized deflection, which the authors equate with curvature, and
particularly localized edge lift/edge drop.” The RFC is incorrect that the authors equate localized
deflection with curvature by attributing a section of the paper providing background on the PTI
DC-10.8-18 foundation assessment guideline, which does itself equate deflection to curvature.
The section continues to state that it considers “a three-point analysis necessary for deflection
ratio or angular distortion, while angular distortion described by Marsh and Thoeny (1999)
requires only two points.” Based on this statement, the authors are unclear if the RFC considers
the deflection ratio and angular distortion to be analogous or different.

Interestingly, while the RFC first discusses the authors along with Marsh and Thoeny, in
its critique, only the authors are included for disagreement. It appears that the RFC does not
equate the analyses performed by both Marsh and Thoeny and by the authors, because they are
analogous and both evaluate the overall or total edge movement of the slab, or what the
supported superstructure actually feels, rather than breaking the edge movement into two
components, tilt and a vertical distance between a spline line and the curvature line, as depicted
by PTI DC-10.8-18 and the underlying documents that formed the basis for the ASCE Texas
Section documents. The authors are of the opinion that the usage of three-points or two-points is
a matter of implementation in the analysis, and the critique from the RFC represents a distinction
without a difference related to the case study in the original paper. When evaluating the edge of a
foundation similar to a cantilever, the foundation is assumed to have a free end and a point of
fixity at the other end located at a neutral point on the foundation system. A third point is not
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needed (and should not be used) since the movement is evaluated relative to a neutral line. The
key to the evaluation of edge or cantilever foundation assessment is to capture the total vertical
elevation change impacting the superstructure supported by the foundation rather than
performing an evaluation with a spline line which does not account for the actual total vertical
movement of the edge of the foundation system.

Based on review of hundreds of foundation evaluations, the typical evaluations resulting
from the ASCE Texas Section document commonly result in an analysis similar to the evaluation
contained in the PTI DC-10.8-18, which does not account for the total vertical displacement of
the edge of the foundation system and breaks said deflection into two components as previously
discussed. The methodology presented by PTI DC-10.8-18 for slab analysis ("the three-point
method") originated from the evaluation of differential pier movement as outlined by Skempton
& MacDonald (1956) and later further researched by Day (1998) and Marsh & Thoeny (1999),
which established "angular distortion" as an appropriate and reliable evaluation method for
structural foundation performance. The requirement to use the "three-point method" from
Skempton & MacDonald (year) is not directly transferable to a slab-on-grade foundation
evaluation but is useful research to understand structural distortion. Further discussion of this
topic is in conflict with the limitations of this response process and is anticipated to be the
subject for a future paper(s) and to require further engineering discussion through alternate
means and avenues.

The referenced Marsh and Thoeny paper published by ASCE is based on an extensive
field study of a large sample of foundations and a large quantity of data points and is considered
by the authors to be a valid study for consideration in foundation performance evaluation. The
authors consider angular distortion to be the mechanism that causes distress to superstructures
and to be the appropriate methodology to evaluate foundation performance. Further detailed
discussion of Marsh and Thoeny is considered beyond the scope of the response process

Version 3 of the ASCE Texas document presents a step in the right direction in that it
acknowledges and illustrates a cantilever analysis approach (analogous to angular distortion and
similar to the evaluation approach in the case study in authors’ original paper), but the authors
cannot respond to its contents or critiques based on Version 3 because it is beyond the scope of
paper since Version 3 did not exist until after the subject paper was written, reviewed, and
accepted for publication and presentation at the Forensic Congress.

The RFC response also presents a critique that the subject paper "does not discuss or
account for original construction tolerances." This critique lacks specific information and
misinterprets the point of the paper, which is to discuss deficiencies in the evaluation of the
performance of foundation systems for edge or cantilever movement resulting in the
understatement of the extent of foundation performance failures in practice. While original
construction out-of-levelness was not known, and is rarely known, the performance of the
foundation system in the case study contained in the paper was evaluated for performance
utilizing foundation elevation surveys and correlated with documented resultant damages to the
superstructure.

The RFC discussion also asserts that the case study "doesn't correlate the distress shown
in Figures 4 and 5 with the localized/cantilever deflection calculations," which the authors
disagree with. The distress to the superstructure was indicative of textbook distress to the
superstructure related to edge lift movement in the foundation system, which directly correlated
with the edge lift movement analyzed in the foundation system. The RFC response seems to
suggest that the resultant damages to the superstructure must directly align with the line of
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analysis, which does not correlate with the understanding of how superstructures react to
foundation movement. The clear correlation of the damage patterns at the superstructure to the
foundation movement analyzed indicated a foundation performance failure using angular
distortion or cantilever analysis methods and based on the extent of damage to the superstructure.
The analysis performed by the authors of the original paper was compared to the analysis
performed by others on the same foundation using methods contained in the PTI DC-10.8-18
document, which purported that the foundation was properly performing since its methodology
equates curvature to deflection and requires a three-point evaluation for edge-lift or edge-drop
movement that misses or ignores the total vertical movement of the edge of the foundation
system.

This RFC discussion also states, "there must be evidence of a back-span or a point of
fixity," and continues without evidence that there was any lack of a point of fixity or back-span
at the foundation in the case study. The critique appears to misinterpret the paper, which is
illustrating deficiencies in the evaluation methods being practiced which are understating
foundation performance failures at the edges or localized conditions on slab-on-ground
foundation systems. Relative to the original paper, the authors do not understand the questioning
of the presence of a point of fixity or back-span within the foundation system in the case study,
which continued in a relatively level condition (neutral reference) for multiple living units
beyond the localized area of evaluation at the edge. Therefore, this critique does not have basis
and additional response cannot be provided.

11.  Inthe "Cantilever Deflection Calculation" portion of the RFC response, RFC includes
multiple documents which were not in existence or not commonly adopted at the time the subject
paper was written. For the avoidance of doubt, Version 3 of the ASCE Texas Section document
and the 2021 IBC are not applicable for a critique of the original paper on the performance of
slab-on-ground foundation systems. There were no documents available at the time the paper
was written or that were discussed in the original paper that identified any of the criticisms and
discussions presented in this section of the RFC response.

12.  The intention of the section "Engineering Judgement" is not clearly presented by the
RFC. The authors concur that "Engineering judgement and ethics carry considerable weight in
forensic analysis." In fact, both the PTI DC-10.8-18 and the ASCE Texas Section document
include considerable discussion regarding the importance of applying engineering judgement as
part of their guidelines.

The authors are of the opinion that the original paper's presentation of data and analysis
gathered in an actual investigation which illustrated a problem where the evaluation
methodologies promulgated by the PTI DC-10.8-18 document understated the poor performance
of the foundation system and the resultant damages to a structure resulting from localized
foundation movement at edges and appendages. These methodologies were used by others for
evaluation of the foundation system and failed to identify correlated resultant damage due to
what the authors of the original paper believe is a deficiency in the methodology which misses or
ignores the overall vertical movement of the foundation system and instead uses a three-point
methodology which improperly breaks cantilever deflection into two of its constituent
components (tilt and curvature). The authors believe the evaluation methodology used by others,
as discussed in the paper, to be inappropriate for the evaluation of edge or cantilever movement
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of slab-on-ground foundation systems and to be in conflict with fundamental mathematical and
engineering principals as outlined in the paper.

Version 3 of the ASCE Texas Section document appears to have identified this
deficiency in the evaluation of foundation performance, since it has now included a cantilever
analysis methodology which is in conflict with the methodology promulgated for similar
foundation movement in PTI DC-10.8-18. For clarity, the authors are referring to the bottom,
right-side image of Figure 2 in Version 3 of the ASCE Texas Section document. The ASCE
Texas Section methodology for localized foundation movement (i.e., cantilever analysis) is
clearly shown to be an incorrect analysis within Figure 6.3.2-1 in PTI DC-10.8.18.

Within the schematics of the example calculations in PTI DC-10.8.18, the cantilever
analysis shown, which is largely identical to the analysis method in Version 3 of the ASCE
Texas Section document, is labeled "Example C (Wrong)". At the time of writing of the original
paper in 2021, the only visual schematics of analysis methodologies available to the field in
evaluation guidelines for slab-on-grade foundations was provided by PTI DC-10.8-18, as
Version 2 of the ASCE Texas Section only consisted of a written methodology. Now that
Version 3 of the ASCE Texas Section includes visual schematics, the analysis methodologies for
localized foundation movement provided by the ASCE Texas Section and PTI are in conflict
with one another, which the authors find troubling for the engineering community.

CONCLUSIONS OF THE RESPONSE TO THE RESIDENTIAL FOUNDATION TASK
COMMITTEE, TEXAS SECTION, ASCE

In closing, in its response to the original paper, RFC indicates that it “strongly disagrees with
some of the information presented in the paper. The discussers believe there are errors in fact and
errors in application of the ASCE Texas Section document titled Guidelines for the Evaluation
and Repair of Residential Foundations (the Guidelines).” However, as discussed herein, beyond
its disagreement with the original paper overall, RFC does not articulate any errors of fact or
errors in application contained in the paper.

The original paper is mostly critical of the methodology presented in PTI DC-10.8-18,
and in the documentation which the authors understand to underly the development of both the
PTI DC-10.8-18 and the ASCE Texas Section Version 1 and Version 2 documents, which are
resulting in foundation performance evaluations at edge or cantilever conditions which the
authors believe to not meet fundamental mathematical and engineering principles and understate
foundation performance failures. These deficiencies result in improper foundation evaluations
which underreport damages and could result in economic impacts to property owners.
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