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PTI DC10.5-12

Standard Requirements for
Design and Analysis of Shallow
Post-Tensioned Concrete
Foundations on Expansive Soils
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m ACI 318-05

“*R1.1.6 excludes residential post-tensioned SOG and
refers their design to PTI 39 Edition

m IBC 2006

“*For all practical purposes, only PTlI and WRI methods are
acceptable for foundations on expansive soils (1805.8.2)

“*Moments, shears, deflections calculated for one method
can be used in the other

m NFPA

“*Will be rarely used, CA recently reversed original
decision and will adopt I-codes
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4 Frequently Asked Questions
1 Technical Note



il |
o] PosTTENsIONING Foundation Based on Soil

A/

o0

L)

(2

L)

L)

(g

o0

L)

A/
0’0

/
0’0

S

%

R/
0’0

(4

o0

L)



b} POSTTENSIONING Type of Structure on Foundation

u~—¥“ INSTITUTE *




“% POST-TENSIONING Fo U N DATI o N TY P E s

L= =" INSTITUTE ®

‘+ Ribbed Foundation

<+ Pros

< Structurally efficient with less materials.

“*Does not rely on under slab fill for support (less earthwork).
< Cons

“*Labor intensive.

“*Requires trenching into grade or forming fill.
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(some parts of country use 7.5 inch thick slab with
no turn down).
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Design Principles
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‘*Edge Lift
»Center Lift
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m Pre-Vegetation
“* Tree Lines

m Fence Lines
+* Roads, etc.

m Slopes
*» Cut Fill
m Drainage
m Time of Construction
m Landscaping
m Soil Modification
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i posrrensioninG Slabs of Irregular Shapes
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mShape Factor ~ 24
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mShape Factor ~ 24
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Long, narrow rectangles are NOT
representative.
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ADD REBAR TO ADDRESS SHAPE FACTOR
AND STRESS CONCENTRATIONS

DESIGN
RECTANGLE

| | | | i Y i
|_—||___H_____”___”___j BEAM LINES AND
|l || [l [l / CoNTMUOLS

LJL _H____“_ _”____/ BEAM TENDONS

wr"?r i

I
JL JL

LONG, NARROW RECTANGLES ARE NOT USED
BECAUSE THEY WOULD NOT BE REPRESENTATIVE
OF THE OVER ALL FOUNDATION

SHAPE FACTOR=28.35
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INCLUDE PATIO WITH FOUNDATION TO REDUCE SHAPE FACTOR
AND ADDRESS STRESS CONCENTRATIONS

ADD REBAR
TOP & BOTTOM |

ORIGINAL LIIE—|
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DESIGN
RECTANGLE

SLOPE BEAMS

TO MEET EXTERIOR
BEAM LINES AND
ALLOW FOR
CONTINUOUS

BEAM TENDONS

LONG, NARROW RECTANGLES ARE NOT USED
BECAUSE THEY WOULD NOT BE REPRESENTATIVE

OF THE OVER ALL FOUNDATION

ORIGINAL SHAPE FACTOR=28.35
NEW SHAPE FACTOR=23.65
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OPTIONAL

ADD BEAM
BELOW GRADE

ADD’L SLAB REINF ADD TOP BARS
& BOTTOM BAR AS SHOWN
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DESIGN

RECTANGLE ADD’L SLAB REINF

ADD REBAR DUE TO SHAPE FACTOR.

POSSIBLY ADD PIERS DEPENDING
ON SOIL CONDITIONS.

DOUBLE BEAM TENDONS
IN LONG BEAMS FOR ADDED
COMPRESSION THRU NARROW AREA.

ADD CONTROL JOINT IN BRICK.

SHAPE FACTOR = 30.834
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ADD REBAR FOR
DISCONTINUOUS BEAM

CONTINUITY OF BEAM
NOT REQUIRED DUE TO
NEARBY ADJACENT BEAMS

REBAR IN AREAS THICKEN SLAB
TOO SHORT FOR -0" THK UNDER
POST TENSIONING FIREPLACE
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RECTANGLE B

SHAPE FACTOR = 20.125
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ADD REBAR

DESIGN
RECTANGLE A

DESIGN
RECTANGLE B
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ADD REBAR FOR
DISCONTINUOUS BEAM

CONTINUITY OF BEAM
NOT REQUIRED DUE TO
NEARBY ADJACENT BEAMS
SHAPE FACTOR = 19.78
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Allowables
O

Allowables
O
“*Allowables
< 3'd edition change from deflection to stiffness

L)
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Shear should NOT control



L —— Pre-stress Losses
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ml5 KSI ( )
Strand ULT =41.3K
»Stress 80% MAX = 33K
*Final After Losses = 27K

10 % Elongation Variance
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Design Based on Uncracked
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m Similar to working-stress design of elevated
prestressed concrete members

m Effects of cracking studied in detail in original research
(Ch. 5) and subsequent publications available through
PTIl (Technical Note #6).

m Effects of cracking generally inconsequential due to
** Location of shrinkage cracks.
** Increased soil support after flexural cracking.
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A.2.1 Center Lift Design A.2.2 Edge Llﬁ Design
A. Moment in the Long Direction A. Moment in the Long Direction
M. = Aq[Blen)'** + C] w o (S hen Pty O
‘ ?2“_ )5:1 ‘.'0'/5("))':' 04
where:
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PTiSlab 3.0

PTI SOG COMMITTEE VERSION IS ONLY ALLOWED TO B!
AND ALTERNATE DESIGN METHODS. CONME]
Geostructural Tool Ki

Registered To : Don lllingworth

PTI SOG COMMITTEE VERSION - Build 082706

USED FOR EVALUATION OF CURRENT
CIIAL USE NOT PERMITTED.
nc.

Serial Number : 199-399-009

Project Title : Sample
Project Engineer :

Geotechnical Report :

Project Number :

Project Date : April 9, 2014
Report Date :

Report Number :

RIBBED FOUNDATION - RESULTS OF ANALYSIS

Soil Bearing Analysis
Total Applied Load
Bearing Area
Applied Pressure on Soil
Soil Pressure Safety Factor

Prestress Summary

829,614
4,305
193
6.49

Subgrade Friction calculated by method prescribed in PTI Manual

Number of Slab Tendons
Number of Beam Tendons
Spacing of Slab Tendons (Feet)

Short Long
Direction Direction
26 24
14 18
2.90 2.82

Center of Gravity of Concrete (from top of slab) (Inch) 8.58 9.54
Center of Gravity of Tendons (from top of slab) (Inch) i g (7 g 13.89

Eccentricity of Prestressing (Inch)

Minimum Effective Prestress Force (K)

Beta Distance Effective Prestress Force (K)
Minimum Effective Prestress (PSI)
Beta Distance Effective Prestress (PSI)

Moment Analysis - Center Lift Mode
Maximum Moment, Short Direction
Maximum Moment, Long Direction

Tension in Top Fiber (KSI)
Short Long

Direction Direction
Allowable Stress -0.329 -0.329
Actual Stress -0.056 -0.052

Stiffness Analysis - Center Lift Mode
Based on a Stiffness Coefficient of 480

Available Moment of Inertia (Inch?)
Required Moment of Inertia (Inch?)
Required Moment of Inertia controlled by

Shear Analysis - Center Lift Mode
Maximum Shear, Short Direction.
Maximum Shear, Long Direction

Allowable Shear Stress (PSI)
Actual Shear Stress (PSI)

Page 1 of 2

-3.13 -4.35

832.9 886.1
968.8 1,030.2
136 145
159 169

11.16 FT-K/FT
10.62 FT-K/FT

Compression in Bottom Fiber (KSI)
Short Long
Direction Direction
Allowable Stress 1.350 1.350
Actual Stress 0.683 0.631

Short . Long
Direction Direction
574,321 611,101
225,858 (338,786) 215,102 (322,654)
WwWidth Length

1.88 K/FT
1.78 K/FT
Short Long
Direction Direction
164 (120) 166 (122)
52 39

capr Files\P T OG\2720 est.pti
G

1:04:23 PM
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PTI SOG COMMITTEE VERSION - Build 082706

PTiSlab 3.0 SO

PTI SOG COMMITTEE VERSION IS ONLY ALLOWED TO BE USED FOR EVALUATION OF CURRENT
AND ALTERNATE DESIGN METHODS. COMMERCIAL USE NOT PERMITTED.
Geostructural Tool Kit, Inc.

'Io : Don ing rnh Serial Number : 199-399-009
Project Title : Sample
Project Engineer : Project Number :
Project Date : April 9, 2014
Geotechnical Report : Report Date :

Report Number :
RIBBED FOUNDATION - RESULTS OF ANALYSIS continued iz

Cracked Section Analysis - Center Lift Mode

Short Long
Direction Direction
Cracked Section Capacity (FT-K) 1,694.9 1,5681.1
0.9 Moment (FT-K) 768.1 659.0
Moment Analysis - Edge Lift Mode
Maximum Moment, Short Direction 18.08 FT-K/FT (122)
Maximum Moment, Long Direction 12.79 FT-K/FT
Tension in Bottom Fiber (KSI) Compression in Top Fiber (KSI)
Short Long Short Long
Direction Direction Direction Direction
Allowable Stress -0.329 -0.329 Allowable Stress 1.350 1.350
Actual Stress -0.458 -0.113 Actual Stress 0.345 0.25
Stiffness Analysis - Edge Lift Mode
Based on a Stiffness Coefficient of 960 Short Long
Direction Direction
Available Moment of Inertia (Inch?) 574,321 611,101
Required Moment of Inertia (Inch?) 732,033 (1,098,050) 518,074 (777,111)
Required Moment of Inertia controlled by Width Length
Shear Analysis - Edge Lift Mode
Maximum Shear, Short Direction 5.09 K/FT
Maximum Shear, Long Direction 515 K/FT
Short Long
Direction Direction
Allowable Shear Stress (PSI) 164 (120) 166 (122)
Actual Shear Stress (PSI) 141 112
Cracke ion Analysis - Edge Lift Mode
Short Long
Direction Direction
Cracked Section Capacity (FT-K) 921.5 1,183.5
0.9 Moment (FT-K) 1,244.7 793.6

Numbers in parenthesis calculated using original equations

Page 2 of 2

Ci\Program Files\PTISIab3SOG\2720 Windercrest.pti 1:04:23 PM
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MANUAL FOR
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 OSTTENSIONING Beams, Slabs (Tolerances)
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m 8.3.1.a- Ribbed Foundations
“*Rib Depth h: -1in.; + 0.2h
“Rib Width: -1in.; +2In.
“*Slab Thickness:
»Individual Location: -1/2in. + 2 in.
»Average Thickness: -1/4in.+ 1in.
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| Roof Gutters and Downspout
RCI FRFReoNme Placement

| I

TYPICAL BETTER
LAYOUT LAYOUT

ROOF GUTTERS




Undrained
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www.shutterstock .com - 32072194




Dver Ex

9 "1 POST-TENSIONING :
= =" INSTITUTE ° UAVARE

Y
—
o,
\ﬂg
ﬂg
.
| s

L)
N
A
) -
/

I_
—_
-_
_
N

-

-

MOISTURE
ENTERING

i oot ie e A
3 AL ‘7¢\/\\///\//\\//\ /\//\\//\\/‘\\%‘ = = NN
7 2 N NNV

A VAN

e, e .“o' ///\.

Vet :

NN N e Sxiisd v i Eadar o ) N ¢

N NN T AT el S SO s I SR VAVAVVVAY NN o A R g6 "ol

A NN AN NN N N N 2 A AN AN AN N A N N A A NN A A WAV VAV
RO R R RN NN N NN NN NN NN NN NN NN N NI SN

BACKFILL w/ SELECT FILL UNDRAINED BATH TUB _




Dver Excavatl

POST‘TENS'ON'NG 2 B L »
mmn INSTITUTE ® \f\/ | { f] :) Qi‘ :

I

he Sy

._”; o R ..n//\\\><\\>/
B R LT (/X
Foo ///\\///>////

W .
o S

NV

NN
A //\\///

\
X
\

)
SO

VA
I IV
N

AN 4 1 K W
WY A AP A V WY YV
//\\\//\\\\//\//\//\///\//\\\ \\\\\\/\\\%\\\\' \\\\\"f/\\\’//\\\‘«/’\\ B : \\\’//\\ LR \///\\\\//// //\\\// \\\///\\//

D A

W

7 &% g
iy s e e » o 4 T R s "///////
FANNEAN AN A WAV X W A N RS \//
A ; : A O I N A AT "
i ) X % R RN XY
\\\\ OADAATANA N \////\\\ \\\\\\\\\\\\ /\ \\\\/\\\\ \/\//\\\\ U A ////\\//\/\\ U \\>////\\\/;//\////Z QDL
NN NV NRVAA
D AN

FT A TS et oS SN
NN I N NN T GO0
A SR s s SN
SR o s T
NN NN N NN NN NN NN NN N NN N N NN NN NN NN )
SO SOTATSITR ANVSNIN PSS NS SIS \

NATIVE PRE-SWELL SOIL -SELECT “-DRAIN TO
SOIL BEFORE PLACING FILL DAYLIGHT
SELECT FILL

OVER EXCAVATE OVER EXCAVATE
BACKFILL w/ SELECT FILL BACKFILL w/ DRAINED FILL




C
N

///\
W
N
OISTURE

N
S
/

R
Y
WU

\

£
|-
)
A\
)
R

W

U
N

7
7
-

%
»

.
R

CONDITION

Vel n“vvwvv\vv.uvwmvwkurwh\““

A P e oo ]

]

:

>

-

i

]

Ul

,

-
-

S AN AN AN SIS

LD EE———
nn«»wnnn»nmnﬁmnh«»wﬂﬁwn«.\\\/\

2R

! \ ¥ X Z

- 7 SESTSTSESESAY
NI N T s s i ﬂu>\
G rrrrr i s s \\
N T N 7 N NN NN
==
S e R
STESETSEGTSTGS
SESESESESSA

, ,‘/

, S B
e

=

OISTURE
CONDITIONED
PAD

ST SRS

SESSSESSRSISSSSN

7

SRS N
NSNS
D e e
SESESESEGSEGSE

-TENSIONING

INSTITUTE *

POST




AOOIID
N&V\w\\///w\\%/ww\/%v\\\//%//
L U
770) IO

N
U
N

2O
SRR

N
&

OO,
(-] \///\\//\“\A/\\/WA//\WA/\
\//\/ \\//\/////

O %
NN
SIS \\\\/ %

7T RO
" PR U

N

ON

) \ P /\\/\/ "
_ 78 SIS
N INANZINY 'y :
( ? \\///\\\///\ . ]
() 0. NN N
o =
— Q) >=
— -l ¢
L_Ip -
W S50
A ‘ L
N
- N
o NSRRI
X000
Afllff . NSO \\,/\\\\\\xﬂ/\»\w\///\\\V//\\
QR
20 )OIV
BRI,

) S
R 22,
A L

N X
R 2

N
TSy

o=
wwo
xZ®D
20K
GE2
=
Oz=
MOR

0o

NS
D

R,
AN AL
NN
RN,

POST-TENSIONING

INSTITUTE *




Plumbing Problems and Moisture Problems
o posTrENsioNING with Foundation on Void Boxes

ADDED
MOISTURE

SLAB ON CARTON FORMS
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FOUNDATION MAINTENANC

FOUNDATION MAINTENANCE

Proper foundation maintenance will minimize differential soil movement. Because of heavy
rains at certain times of the year, it is impossible to keep moisture away from the
foundation. However, good drainage will control excessive moisture, and this is very
important. Excessive drying of the soil can be prevented by controlled watering around the
foundation during dry seasons. Trees and other large vegetation accelerate the drying
process, and careful consideration should be givenwhen planting. Proper landscaping and
ground cover will help prevent drying. Some recommended steps for foundation
maintenance and care are listed below:

« Maintain positive drainage away from the foundation with a suggested slope of four
inches in the first six feet away from the foundation.

Fill any depressions adjacent to or near the foundation with native soil. Do not use
sand or other granular materials.

Check gutters and downspouts to be sure that water is discharged away from the
foundation area.

Water liberally around the foundation during dry spells. This should be done in a
uniform manner around the entire house to prevent uneven soil movement. This
willinclude the areas of the yard where there is not grass or plants. Automatic lawn
sprinkling or automatic foundation soaker hose systems may be installed and are
very beneficial.

Plant trees a distance away from the foundation equal to their anticipated height. If
existing trees are near the foundation, they will draw added water from the foundation
thus requiring more water within this area. Sometimes tree roots that go under the
foundation will need to be cut and a barrier trench installed to prevent new roots from
growing under the foundation.

Cracks in the soil from drying should not be allowed to form. If they do, gradual
watering should be applied adjacent to the cracks so that they will close. Water
should not be placed directly into the open cracks.

The object of a proper maintenance program is to attain as constant a moisture content as
is possible for the soil under the foundation and the perimeter of the house. Special
emphasis must be made in watering programs during dry seasons and the effect that trees
have in the removal of soil moisture during these dry seasons.
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