GUIDELINES FOR THE EVALUATION OF
FOUNDATION MOVEMENT FOR RESIDENTIAL

AND OTHER LOW-RISE BUILDINGS

Document no: FPA-SC-13
Developed by: FPA Structural Committee

Committee chairs: Main Committee - Ron Kelm, P.E.
Subcommittee - Lowell Brumley, P.E.

Subcommittee: Dan Jaggers, Michael Skoller, Mari Mes,
Michael Gray, John Clark, Nicole Wylie,
Dick Peverley, Denis Hanys, Ron Kelm

Presented by: Lowell Brumley, P.E., TSG Consultants Inc.
Presented to : Foundation Performance Association

Presented on: 8 August 2007

Lowell Brumley, TSG Consultants Inc.



FOUNDATION PERFORMANCE

ASSOCIATION

FPA-SC-13 Presentation 8 Aug 07

TINSC0 Guidelines for the Evaluation of F i for Residential and Other LowRise Buidings 15 July 2007
szused Tor \Webizie Pubdicicn Fewrdetizo Pylarmy-us Aszuziebon - Slucducd Soomiles Payu 10130

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

Why was it written?

by

R a brief h iStory. . The Structuroafl Committee

The Foundation Performance Association

www.foundationperformance.org

Houston, Texas

Document # FPA-SC-13-0

ISSUE HISTORY (Inilial issue and issues oulside the Structural Commilleg)

Subcommittee  Subcommittee
# Date Description Chair Members
A 1Sep 04 Issued for Commillee Review Dan Jaggers
Issued for 90-Day Peer Michael Skoller
Z [ 13Mar07 oo viow to FPA and ASGE-Tx Mari Mes
Issued for Committee Review Ron Kelm
AA 1 19Un 07 ol Peer Review Comments | Lowell Brumley ~ Michael Gray
0 15 Jul 07 Issued for Website Publication John Clark
Nicole ¥Wylie
Dick Peverley
Denis Hanys

Lowell Brumley, TSG Consultants Inc. 2



FOUNDATION PERFORMANCE .

Who can use this document?

Lowell Brumley, TSG Consultants Inc. 3



FOUNDATION PERFORMANCE .

Document Summary

Levels of Investigation

« Per ASCE Texas Section’s
Guidelines for the Evaluation
and Repair of Residential
Foundations

 Levels A,BandC
Data Acquisition & Presentation

Data Evaluation

Allowable Criteria for
Foundation Movement
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Guidelines for the
Evaluation and Repair of Residential Foundations

Version 1

By the Texas Section
American Society of Civil Engineers

@ 2002 Texas Section — American 50 ly l(., Eg eers
AI rights aw, d ing copyr ghl re reserved. This doc hay not be ww‘\loa d copied, altered,
faxed, or mrv'id ectronic eua except by writter prm&o\otp.i e from Tex; 5 l n ASCE.
Additional copie: myb LL:\M.I n Texas Section-ASCE on the Sectior bl l'wwlxa org.
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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
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Guidelines for the Level B Investigation
Evaluation and Repair of Residential Foundations
vercion « All of Level A, with written

report

ameriol)dne Toxas Section  Determine relative foundation
elevations in sufficient detail
to represent the shape of the
foundation adequately

* Include drawing showing

relative elevations
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Guidelines for the
Evaluation and Repair of Residential Foundations

Version 1

By the Texas Section
American Society of Civil Engineers
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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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Document Summary

Levels of Investigation

Data Acquisition &
Presentation

Data Evaluation

Allowable Criteria for
Foundation Movement
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Document Summary

Levels of Investigation

Data Acquisition &
Presentation

Data Evaluation

Allowable Criteria for
Foundation Movement
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Data Evaluation

Comparing elevations
over a two-year period
using Contours
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Document Summary

Levels of Investigation

Data Acquisition &
Presentation

Data Evaluation

Allowable Criteria for
Foundation Movement
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Important Definitions:

element due to bending. As shown below,
Deflection 1s the vertical distance between
any point 2 on the surface and a line L, that
connects two end points 1 and 3 on that
surface.

—— T T TLTLNE
DATUM
_‘..
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Important Definitions:

Deflection Ratio 1s defined as the Deflection
divided by the horizontal distance over
which the Deflection occurs, and is used as
criteria of acceptance when evaluating
Foundation Movement.

~ T TILTUNE

Ya " DATUM
‘I.
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Important Definitions:

Deflection Limit 1s defined as the Effective
Length divided by a number, and 1s used as
criteria of acceptance when evaluating
Foundation Movement. Deflection Limit 1s
the length times the maximum Deflection
Ratio.

—— T T T T TUTLNE |
» DATUM "
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Important Definitions:

Tilt 1s defined as a planar rotation,
measured over the length or width of
the Foundation.

T UTLTUNE |,
» DATUM i)
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Important Definitions:

(L) drawn along a minimum of three points
in the plan view for which the Elevations

are known, multiplied by the "k" factor
(1.e., kL).

—— T T T T TUTLNE |
» DATUM "
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Deflection calcs are easy... just solve the
following equation:

(mv-lv+moc-e)-V+(my-lv-hv+lz-sin(c)+ms-e-Rv+lsz-sin(c))-p +
(my-lv-(an-av)+lvz- cos(c)+moc-e-(an-N)+loz- cos(c)+6y) 7 +

(lvz+mv - [ +loz +mo-e2+6m) % -lw /Rv-cos(c)-U-p+
(mv-lv+mo-e+lw/Rv-sin(c))-U-7 +({rL+mL) 2+ (Fn-n-mv-lv-g-mec-e-g) p+
((Fu-n-mv-lv-g-mo-e-g)- sin(c)+kuL) 2+

n-Fsv +Mzv-cos(c)+Mxv-sin(c)=0

Lowell Brumley, TSG Consultants Inc. 18
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(mv -k +mo-e)-V+(my kv hy+h:z, e-Rv+lez-sin(c)) p+

(myv -lv-(an-av)+lvz- cos(c)+ms- . COoS(G)+6y) 7 +
(lvz+my - +loz+mo- e +6m)- 2 5)-U-p+
(mv-lv+mo-e+lvw/Rv-sin(c)) A+(Fun-myv-lv-g-mec-e-g) p+
((Fnn-my-lv-g-mc-e-g)-sin(c

n-Fsv +Mzv-cos(a)+ Mxv- sin(c)
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The Real Equations

L=l

TILT LINE
DATUM '

Deflection=A = Y,-[Y,+ (%)(Y3 -Y))]

: . L
Deflection Ratio = — wherer =

inches
r inches
Y. - Y
Tilt = M x 100%
AB
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Allowable Criteria for Foundation Movement

” factor

Ko \/length2 + width’
length

Deflection Limit = kL / 360

Lowell Brumley, TSG Consultants Inc.
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(11 )
The factor
1" n n
0" 1 0 ; " o (1 -0 ) - 1
Ny = O:’-' \90 A 30'*1 2("/|) 360
| 30' !
o| 1% 20" ¢1 1 L 2 —1" A= (2"_1") = 1
8 » > 30"12(") ~ 360
30'
on
R 0 1:" 0 0/ \O" A= (2:;_0u)" _ 1
| | [ > 42.4"12("") 254
i 30' - 30"1.414 =42.4'

length? + width”
\/ englen;;:v : Deflection Limit = kL. / 360

22

Lowell Brumley, TSG Consultants Inc.



FOUNDATION PERFORMANCE .

Allowable Criteria for Foundation Movement

Determining Principal Axis’ Length and Width

TH

Lowell Brumley, TSG Consultants Inc. 23
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Example A

SURVEY ELEVATIONS __
Ly = B0 FEET (OVERALL LENGTH) oo
Y,=1.0" '

g T
Ya=0" TLTUNE 0
A e — 05
- 0.0°
DATUM 05"
‘ 10"
EXAMPLE PROFILE / = \_SURVEY ELEVATION POINTS 2
ACROSS FOUNDATION (@ 10 SPACING)
EXAMPLE A
Ex. L L12 Y1 Y2 Y3 A (inches)
A 50° 10° 0” 1.4” -1.27 1.64 L/366

Deflection =A = Y,- [Y+ (%)(n ~Y)] = 1.4-[0+ (%)(-1.2 _0)] =1.64

Lowell Brumley, TSG Consultants Inc. 24
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Example B

SURVEY ELEVATIONS _
P Las = BOFEET (OVERALLLENGTH) _ "‘XA_GG"R’”ED/SCAL["
Ye=1.0" \
15
. R 1.0°
Y,=0 TILT LINE 05"
& 00"
DATUM py-d
' 10°
EXAMPLE PROFILE ———__\. SURVEY ELEVATION POINTS ;
ACROSS FOUNDATION (@ 10 SPACING)
EXAMPLE B
'.
DATUM
Ex. L L12 Y1 Y2 Y3 A (inches)
B 60’ 30’ 1.4” -1.2” 1.0” -2.4 L/300

Deflection=A = Y,- [Y+ (%)(n ~Y)] = -1.2-[1.4+ (%)(1.0 _1.4)]=-24

Lowell Brumley, TSG Consultants Inc. 25
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Example C

SURVEY ELEVATIONS __

8 Aug 07

G = BOFEET (OVERALLLENGTH) ) ‘tx‘_c"r""'i'“t_r‘;sc"‘&'
Ye=1.0° 1'"
8 -
Y,=0" TRTUNE L
A —— 0s
- orr
DATUM 45
] o
EXAMPLE PROFILE / T \SURVEY ELEVATICN POINTS L
ACROSS FOUNDATION (@ 10 SPACING)
3
& EXA'APLE C (CORRECT) Aw-078" = 1.1'470 N s /
DATUM . - ‘\\
/ Lu 7
L=L,
p—— = el
EXAMPLE C (WRONG)
e
Ex. L L12 Y1 Y2 Y3 A (inches)
C 30° 20° -1.27 -0.5” 1.0” -0.78 L/470

Lowell Brumley, TSG Consultants Inc.
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Tilt

SURVEY ELEVATIONS

L,s = 80 FEET (OVERALL LENGTH) [EXAGCERATED SCAﬁl

s 10°
Ya=0°, TATUNE  _—— 05"
& 00"
DATUM 05"
10"
~— -1.58"

EXAMPLE PROFILE ——\SURVEY ELEVATION POINTS

ACROSS FOUNDATION (@ 10 SPACING)

Y.-Y "
Tilt = . x 100% — _[19"=0" x 100% = 0.10% < 1.0%,
L,z 80'x 12in/ft

Lowell Brumley, TSG Consultants Inc. 27
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Allowable Criteria for Foundation Movement

Deflection Limit:
L / 2407
L /3607
L / 4807

Why did we choose L/3607?

Lowell Brumley, TSG Consultants Inc. 28
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Calculation Spreadsheet for FPA-SC-13-0 www.foundationperformance.org  Rev. 15 Jul 07
ines for the Evaluation of Foundation Movement for Residential and Other Low-Rise Buildings

Instructions to Compute Deflection Limit, Tilt and k-factored Deflection Limit:
a) Input distances along profile into blue "L" cells from one edge of slab to the other.
(Spacing may be unequal, first L must be zero, each successive L greater than the previous)

b) Input elevations measured at each "L" into blue "Y" cells
(Start with Point 1; For less than § data sets, leave extra cells "empty", not zero)
= If Non-Principle Axis is used, enter Length and Width. Otherwise let Length=1, Width=0.01
** /360 (Max. Allowable Deflection Limit) is used when L is along a principal axis. If

] u
D ete rm I n I n AI I Owa b I e Length L is not parallel to a principal axis, L is modified by the k-factor to adjust the
Max. Allowable Deflection Limit to as much as L/255 for k-factors up to 1.414
PROFILE INPUT *Length _ 59.0 *Width _ 54.0  (ft)
Point 6 | Point 7 | Point 8 | Point §

n n n
Point 1 | Point 2 | Point3 | Point4 | Point 5
riceria 1or roundation L o Tio 20 T s [0 T80 T e T 70 | 80
Y (in) 0.0 1.4 1.4 0.0 -1.0 -1.2 -1.2 -0.5 1.0
Movement

e N
c o o

Elevation
(inches)

Distance From Point 1 (feet)

C a I c u I ati o n S p re a d S h eet OUTPUT ACTUAL ALLOWABLES PASS/FAIL

Deflection= L/ 253 L/ 266 FAIL
Tilt = 0.10 % 1.00 % PASS

User input is in the blue cells only and echoed in the Input Plot. Output is in the yellow cells.

Deflection between points 1 and 3: Deflection = Y2-[Y1+(L12/L)(Y3-Y1)]
Points 1 & 3 are end points of any intermediate span chosen by spreadsheet;
Point 2 is any point chosen by spreadsheet that falls in between 1 & 3

Edge-to-edge Tilt: Tilt = (100%) |Yb-Ya| / Lab

k-factor: k = SQRT(Length~2 + Width~2) / Length

This spreadsheet was used by the Foundation Performance Association to determine the
appropriate deflection threshold, and is provided to FPA members as a courtesy and

with no guarantee of its accuracy. Section 6 of FPA-SC-13-0 provides definitions and
further information on the calculations performed.

Lowell Brumley, TSG Consultants Inc. 29



FOUNDATION PERFORMANCE

ASSOCIATION

FPA-SC-13 Presentation 8 Aug 07

TINEC120 Guidelines for the Evaluation of Foundation Movemen for Residential and Other Low-Rise Buidings 15 Juiy 2007
2w Lo Webzin Pubdicsticn Feurdstion Pyrlamy-us Aszoziebon - Sluzlued Scamiles Py 10130

GUIDELINES FOR THE EVALUATION OF

I n S u m m a ry EEnm FOUNDATION MOVEMENT FOR

RESIDENTIAL AND OTHER LOW-RISE BUILDINGS

Deflection Limit: kL / 360 o

The Structural Committee

of
The Foundation Performance Association

Tilt: 1% maximum s Soundationperformancs.org

Houston, Texas

Document # FPA-SC-13-0

ISSUE HISTORY (Initial issue and issues oulside the Structural Committee)

Subcommittee  Subcommittee
# Date Description Chair Members
A 1Sep 04 Issued for Commillee Review Dan Jaggers
Issued for 90-Day Peer Michael Skoller
Z | 13Mar07  poview to FPA and ASCE-Tx Mari Mes
Issued for Committee Review Ron Kelm
AA 1 19un07 il Peer Review Comments | Lowell Brumley ~ Michael Gray
0 15Jul 07  Issued for Website Publication John Clark
Nicole Wylie
Dick Peverley
Denis Hanys

Lowell Brumley, TSG Consultants Inc. 30



FOUNDATION PERFORMANCE

ASSOCIATION

QUESTIONS?

Download “Guidelines for the Evaluation of Foundation Movement
for Residential and Other Low-Rise Buildings” at:
http://www.foundationperformance.org/committee papers.cfm
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