
GUIDELINES FOR THE EVALUATION OF  
FOUNDATION MOVEMENT FOR RESIDENTIAL  
AND OTHER LOW-RISE BUILDINGS – An Update

    Document no:  FPA-SC-13 - 1 

    Developed by:  FPA Structural Committee 

    Committee chairs:  Main Committee - Ron Kelm, P.E. 
   Subcommittee – Michael Skoller P.E. &  

                                                                     Lowell Brumley, P.E. 
    Subcommittee:  Dan Jaggers, Gerard Duhon, Gary Boyd, 

   Rick Hale, Darrell Bowles, Nicole Wylie,  
   Stephen Newberry, Denis Hanys, Ron Kelm,  

                J.R. Hernandez     

    Presented by:  Lowell Brumley, P.E., BEC - LIN Engineering 

    Presented to :  Foundation Performance Association 

    Presented on :          13 May 2015 1 



 
Why was it written? 

 …a brief history… 
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•  To date,  foundation movement has been analyzed, categorized, and quantified by various codes, 
articles, organizations, private groups, and trade standards. However, when viewing the variety of 
analytical procedures and the problems associated with them, it  is apparent that a consensus for 
analysis of the performance of foundation systems has not been reached. This document attempts to 
present  a  more  acceptable  procedure  through  the  presentation  of  various  definitions,  including 
investigation and data acquisition, including both presentation and methods, and prescriptive criteria 
for foundation movement, coupled with the method for computation. 

•  The Foundation Performance Association (FPA) was formed on an ad hoc basis in 1991 as the 
Foundation Performance Committee (FPC) by a group of individuals  who were involved in the 
design, construction, inspection, and repair of Foundations of residential Buildings and other forms 
of light construction. The name was changed in 2001 when the FPA was incorporated as a Texas 
Non-Profit Organization. 

•  Prior to the incorporation of the FPA in 2001, its predecessor (FPC) published a document titled 
Criteria  for  the  Inspection  of  and  the  Assessment  of  Residential  Slab-on-Ground  Foundations, 
document FPC-201-97 [11], and FPA published a revised document No. FPA 201-2001, Supplement 
#1, Criteria for the Inspection of and the Assessment of Residential Slab-on-Ground Foundations, 
Presentation Paper by Don Lenert, June 19, 2002 [10].  This document contained recommendations, 
not only for the inspection of such Foundations, but also for the assessment of their performance. 
Document FPC-201-97 was included as a part of the background documentation for the formation of 
this document. This document FPA-SC-13, when published as Revision 0, superseded FPC-201-97. 
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•  In 1998, the Texas Board of Professional Engineers formed a committee that published a Policy 
Advisory 09-98-A [12] regarding the design, evaluation and repair of residential Foundations. This 
Advisory  Policy  was  later  withdrawn and  the  Texas  Section  of  the  American  Society  of  Civil 
Engineers (ASCE, Texas Section) then formed a committee to create technical guidelines. On 1 
January 2003, ASCE Texas Section published a document titled Guidelines for the Evaluation and 
Repair of Residential Foundations, Version 1 [4]; Version 2 [3] of the same document was adopted 
by ASCE Texas Section on 1 May 2009 and contained substantially the same performance criteria as 
Version 1.  Both documents contain recommendations prohibiting both flexure and tilt,  but they 
were not very specific about how to determine these values under actual conditions.

•  From 2005 – 2007 a  structural subcommittee of FPA worked to create the first version of FPA-
SC-13.  After  Rev.  0  of  the  FPA-SC-13  was  created,  it  was  peer-reviewed  and  subsequently 
published on July 2007 as FPA-SC-13-0.

•  In August 2012 the Structural Committee sanctioned this Rev. 1, a revision of the Rev. 0.  An ad-hoc 
subcommittee was formed to perform this revision.  After the Rev. 1 document was revised, it was 
peer-reviewed and published. This FPA-SC-13 document attempts to move the industry toward such 
a consensus by presenting a peer reviewed procedure, which has been developed and revised by 
various stakeholders, and includes the presentation of various definitions, levels of investigation, 
guidelines  for  data  acquisition,  presentation  of  data,  and  prescriptive  criteria  for  Foundation 
Movement, coupled with the guidelines for computation.   
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Who should use this document? 

This document is specifically written to be used by 
or under the responsibility of Licensed Professional 
Engineers. The intended audience for this 
document also includes Inspectors, Foundation 
repair contractors, builders, owners, attorneys, and 
others that may be involved in the evaluation of 
Foundation Movement of Buildings.  
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KEY POINTS AND CHANGES
•  The primary changes over the previous Revision 0 of this Revision 1 document include:

–  Clarified how the Effective Length is to be used in the procedure.
–  Required that a Contour plan or cross section analysis be used to analyze Deflection when the Foundation’s 

performance requires checking against the Deflection Limit.
–  Removed the k factor option that was previously offered to reduce the Deflection Limit in cases where the 

profile chosen was not on a principal axis of the Foundation.
–  Provided an example showing the user how to follow the evaluation procedure from start to finish, including 

field observations and measurements, documentation of the site, floor plans, Phenomena,  Elevations, Level 
Distortion Contours, Slopes, etc., and analyzing Deflection and Tilt based on chosen profiles, comparing the 
results with the Deflection and Tilt Limits.

–  Updated the spreadsheet software available to the FPA members for analyzing Deflection and Tilt per the 
procedure. The update included allowing more input Data Points and ensuring the minimum Effective Length is 
not violated. Additional output is now provided on the spreadsheet.

•  The subcommittee had authored a Microsoft Excel spreadsheet in order to augment this 
document. An updated spreadsheet was developed for Revision 1 and vetted by the 
subcommittee and was made available during the FPA Peer Review process. The final 
version of the spreadsheet contains sample calculations and is provided as a courtesy to 
FPA members at www.foundationperformance.org with no guarantee of its accuracy. 
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CAUSES OF SOIL AND 
FOUNDATION MOVEMENT

•  Nearly all foundation movement occurs due to soil movement. Soil that is expansive can rise or fall at 
the surface by comparatively large amounts, sometimes as much as 12 inches. Residential and other 
relatively light low-rise buildings typically follow the movement of the upper soil. Often movements 
are not detected or detrimental because they are sufficiently uniform throughout the building pad. 
However,   the  soil  movement  can  be  non-uniform  such  that  differential  movement  of  the  soil 
supporting the Foundation occurs. If the anticipated differential movement was properly reported in 
the geotechnical report, a properly engineered Foundation will have been sufficiently stiffened and 
reinforced to resist a portion of the differential soil movement so that the negative phenomena that 
occurs is minimal. 
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CAUSES OF SOIL AND 
FOUNDATION MOVEMENT

•  There  are  many  types  of  soil  movement  that  cause  foundation  movement.  The  more  common  types  of 
movement  causing  negative  phenomena  in  residential  and  other  low-rise  structures  include  settlement, 
subsidence, and heave.

•  The  most  logical  way  to  stop  distress  in  the  superstructure  due  to  foundation  movement  is  to  eliminate 
movement in the soils. Soil movement can be controlled using proper earth work and preparation procedures.  
However outside of completely controlling the soil’s movement, the next most logical option is to allow for 
some soil movement and to design and construct a foundation that will perform within allowable parameters and 
standards for those movements. 

•  The first step in evaluating residential slab-on-ground foundation performance is understanding it’s function and 
what should be expected.  Residential foundations serve two primary functions - one is to provide a reasonably 
level hard surface between the soil and living space and second is to support the structure above.

•  Foundations are not constructed perfectly level and normal construction tolerances for levelness are plus or 
minus 3/4 inch which means there may be a 1-1/2 inch difference in elevation due to original construction and if 
within this value then the original construction is within acceptable tolerance.  When there is a difference in 
floor elevation and there is no accompanying distress, such as sheetrock and brick cracks, out of square doors or 
material separations, then, the out-of-level condition is most likely due to original construction and not 
foundation movement.  When the performance criteria are exceeded there needs to be noteworthy distress that 
can be correlated to the out-of-tolerance conditions, otherwise the situation does not qualify as a deficiency in 
foundation performance. 8 



•  The International  Building Code states  that  a  foundation “shall  be designed to  resist  differential 
volume changes and to prevent structural damage to the 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”.  It is obvious from this statement that some minor to even moderate 
cracking and distress are not indicative of a foundation failure.

•  It should also be understood that there are  other factors not associated to foundation movement  that 
can  cause  distress  in  the  structure  above,  such  as  wind  and  seismic  forces,  poor  quality  in  the 
construction, improper framing, etc. Also, improper subgrade preparation, improper soil fill retention, 
abnormal soil conditions, abnormal weather phenomena, improper introduction of landscaping and 
trees, plumbing line leaks, near foundation excavations, poor long term homeowner maintenance and 
other factors can have a significant effect on the performance of the foundation and residence. 
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OTHER CONSIDERATIONS

Construction Tolerances:
•  Two authoritative publications concerning the construction 

tolerances  of  slab  foundations  are  American  Concrete 
Institute's ACI 302 [2] and ACI 117 [1]. However, it is rare 
that  concrete  foundations  within  the  scope  of  this 
document would be required by the building owner to meet 
construction  levelness  or  flatness  tolerances  specified  in 
these  two  ACI  publications.  Both  of  these  ACI 
publications  address  slab-on-ground  foundations  as-built 
level  and  flatness  tolerances,  which  could  be  applied  if 
desired by the building owner. 
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•  Design  limits  are  not  the  same  as  performance 
limits. While the subcommittee considered design 
limits  in  developing  this  document,  the  user 
should be aware that the performance limits given 
in this document might not be in agreement with 
the limits that may have been used for a particular 
design.  Instead,  the  performance  limits 
established  in  this  document  were  based  upon 
review of numerous case histories that complied 
with this document’s guidelines for processing the 
data. 

Design Limits? 
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•  This one sketch  sums up the  
general design assumptions and 
objectives of the current S.O.G. 
design procedures. It assumes that 
Ym  will occur symmetrically on 
both sides of the slab and be 
consistent  around the entire slab 
perimeter, and that the  foundation 
system will dampen and mitigate 
some of this soil movement. It does 
this by requiring a certain amount 
of strength and stiffness be built 
into the foundation system. There is 
nothing here that deals  with the 
Ym values (differential soil 
movements) being different from 
one side to the other.
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•  This represents what we is what we see in the 
field.

This represents what we actually see in the field.
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Levels of Investigation 
•   ASCE Texas Section’s 

Guidelines for the Evaluation 
and Repair of Residential 
Foundations 

•  Levels A, B and C 

Data Acquisition & Presentation 

Data Evaluation 

Allowable Criteria for 
Foundation Movement 

Document Summary 
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Level A Investigation 
•  Interview the occupant/ owner/client for history of property 

and performance of structure 
•  Review client supplied documents 
•  Make visual observations during walk-through 
•  Observe factors influencing the performance of the 

foundation 
•  Provide written report, if requested by client 

These investigation guidelines were originally based on 
those presented by Texas Section ASCE in their 
document “Guidelines for the Evaluation and Repair of 
Residential Foundations”  

Levels of Investigation: 
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Level B Investigation 

•  All of Level A, with written report 

•  Determine relative foundation elevations in sufficient 
detail to represent the shape of the foundation adequately 

•  Include drawing showing relative elevations 

Levels of Investigation required to use FPA-SC-13: 
 

Level C Investigation 

•  All of Levels A and B 

•  Additional services, testing and related reports deemed 
appropriate by the Engineer. May include soil test, plumbing 
test, material test, etc. 

•  More detailed written report, which may include scaled 
drawings, tree survey, photos, distress survey. 
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Levels of Investigation 

Data Acquisition & 
Presentation 

Data Evaluation 

Allowable Criteria for 
Foundation Movement 

Document Summary 
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Data Acquisition and Presentation 
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Levels of Investigation 

Data Acquisition & 
Presentation 

Data Evaluation 

Allowable Criteria for 
Foundation Movement 

Document Summary 
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Example Of Data Evaluation from an Initial Survey 
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Data Evaluation Example Comparing Elevations 
Over A Two Year Period Using Contours 
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Example from New 
FPA-SC-13-1 Paper 
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New Output Format for Profile Calculations 

The above figure shows Profile #1 exceeded the L/360 Deflection Limit by 5% and did not 
exceed the Tilt Limit with a Slope of 0.28%, i.e., 28% of the Tilt Limit of 1%. 
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Levels of Investigation 

Data Acquisition & 
Presentation 

Data Evaluation 
Allowable Criteria for 

Foundation Movement 

Document Summary 
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Important Definitions: 
 
Deflection is the post-construction vertical displacement of a structural element 

due to bending. The Deflection at any point within the Effective Length is 
the measurement of the vertical translation of that point from its initial to 
its deflected position. As shown in  figure below, examples A, B and C, 
Deflection is the vertical distance between point 2 on the deflected surface 
and a line L13 that connects two end points 1 and 3 on that surface. Note: 
Actual  Deflections  are  perpendicular  to  the  chord  line  L13.  Since  the 
difference in magnitude between the actual Deflections and the measured 
Deflections  is  inconsequential,  this  difference  is  neglected  in  the 
procedure.
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Important Definitions: 
 
Deflection Ratio is defined as the Deflection 

divided by the horizontal distance over 
which the Deflection occurs, and is used 
as limits of acceptance when evaluating 
Foundation Movement.   

  
 

 



Important Definitions: 
 
Deflection Limit is defined as the Effective Length 

divided by a specified number, and is used as limits 
of acceptance when evaluating Foundation 
Movement.  Additional information is provided in 
Section 6.2. Deflection Limit is equal to the length 
times the Deflection Ratio. The Deflection Limit is  

       1 / 360 x  "L" or (0.0028 x L). 
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Important Definitions: 
 
Tilt is defined as a post-construction 

planar rotation, measured over the 
entire length, width, or diagonal of the 
Foundation.   
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Important Definitions: 
 
Effective Length is the length of a straight line (L) drawn 

through a minimum of three points in the Adjusted 
Elevation Plan. Two of the points are end points of the line 
and the third point is between the two end points as shown 
in the sketches in Section 6.4. The Foundation 
Performance Association recommends that the minimum 
Effective Length used for determining Deflection be 20 
feet or the width of the Foundation, whichever is less. 
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Deflection calcs are easy… just solve the 
following equation: 
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The Real Equations 
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Allowable Criteria for Foundation Movement 

FPA-SC-13 Presentation   8 Aug 07 

 

 The “         ”  factor 
 

 

€ 

k =
length2 +width2

length

Deflection Limit = kL / 360 



 

 The “         ”  factor 
 

 

€ 

k =
length2 +width2

length Deflection Limit = kL / 360 
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Allowable Criteria for Foundation Movement  
Determining Principal Axis’ Length and Width 
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Example A 
 

 

Ex. L L12 Y1 Y2 Y3 ∆ (inches)  
A 50’ 10’ 0” 1.4” -1.2” 1.64 L/366 

 

€ 

Deflection = Δ = Y2− [Y1+ (L12

L
)(Y3 −Y1)] =  1.4 − [0+ (10

50
)(-1.2− 0)] =1.64
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Example B 
 

 

Ex. L L12 Y1 Y2 Y3 ∆ (inches)  
B 60’ 30’ 1.4” -1.2” 1.0” -2.4 L/300 

 

€ 

Deflection = Δ = Y2− [Y1+ (L12

L
)(Y3 −Y1)] =  -1.2 − [1.4+ (30

60
)(1.0−1.4)] = -2.4
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Example C 
 

 

Ex. L L12 Y1 Y2 Y3 ∆ (inches)  
C 30’ 20’ -1.2” -0.5” 1.0” -0.78 L/470 
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Tilt 
 

 

(1.0”- 0”) / (80’ X 12”/ft) x 100% = 0.104% (~1/10th of 1%) 

38 



 Deflection Limit: 

  L / 240?   

  L / 360?  

  L / 480? 
 

      Overall Tilt Limit = 1% 

Allowable Criteria for Foundation Movement 
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       Why did we choose L/360? 
•  The  allowable  design  bending  deflection  is 

characterized  by  a  ratio  of  the  effective 
length (in inches) divided by a number. This 
number generally ranges from 180 to 480 for 
wood  frame  structures,  depending  on  the 
type of bending and the type of structure. 

•  ASCE  proposed  the  L/360  limit  value  for 
foundation  flexure  in  their  document  and 
TRCC  [12]  required  the  same  value  for  a 
deflection limit when checking the deflection 
over  a  length  in  which  the  deflection 
occurred. 

•  Experience  has  shown  that  the  onset  of 
excessive  distress  in  the  superstructure 
appears  to  occur  when  post  construction 
deflection of the foundation exceeds the span 
divided by values between 240 and 480. 

•  There  are  exceptions  where  this  range  of 
deflection is exceeded and the distress in the 
superstructure is  minimal,  but the opposite 
has also been found to occur.

Allowable Criteria for Foundation Movement 
         Why did we choose 1% for 

          overall tilt? 
•  Tilt does not produce bending stresses in the Foundation. 

Even though the differential Elevations between the high 
and  low  points  may  be  significant,  it  is  oftentimes 
considered  to  be  acceptable  movement  of  the 
Foundation.

•  However, Floor Slopes of one percent or more may be 
noticeable. 

•  While Negative Phenomena may not occur with a Tilt of 
more than one percent, the functionality of the Building 
may  be  compromised.  Recognizing  excessive  Tilt 
conditions  as  Functional  Phenomena,  the  Foundation 
Performance Association has recommended that Tilt be 
less than or equal to one percent (1%) over the entire 
length, width, or diagonal of the Foundation. This limit 
for Tilt is in concurrence with TRCC values.

40 



Determining Allowable 
Criteria for Foundation 

Movement 
 

Calculation Spreadsheet 
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•  Deflection Limit: L / 360   

•  Tilt: 1% maximum  

•  Aspects of foundation movement that should be considered in the method 
presented herein include, but are not limited to: 

•  Movement of the foundation during construction and prior to occupancy. 

•  The initial movement or “settling in” period of the foundation and 
superstructure after occupancy. Most go through a 12 to 24 month 
adjustment period as yards, landscaping, and watering programs are 
established. 

•  Seasonal movements, which are due to changes in the climate that affect 
soil moisture content. 

•  Foundation movement due to unanticipated issues such as removal of 
established trees and other vegetation, plumbing leaks, inadequate site 
drainage, improper roof gutter systems, faulty pool or pool deck 
installation, etc.  These issues need to be addressed by the contractor 
and by the building owner through construction and maintenance 
procedures (see references for further information). 

•  When using these guidelines Engineering  Judgment  should be used.   

In Summary… 
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QUESTIONS? 

Download “Guidelines for the Evaluation of Foundation Movement 
for Residential and Other Low-Rise Buildings” at: 

http://www.foundationperformance.org/committee_papers.cfm 

43 


