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The design of shallow, slab-on-grade foundation design is a widely

Shallow Foundation favored approach for creating foundations for low- to mid-rise
, , buildings. This preference is driven by its cost-effectiveness,
De5|gn Introduction construction simplicity, and the engineer’s capability to expedite the

foundation design process.

Source: q
https://theconstructor.org/practical- Stiffened Slab

guide/concrete-slab-construction-
cost/28153/
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Reasons
for Heave

Primary Causes of Differential Heave:

Nonuniform changes in soil
moisture

Variation in thickness and
composition of the expansive
foundation soil

Nonuniform structural loads
Geometry of the structure

Expansive Soll
(Heaving Soll)

Consolidating Soll

Transpiration

N

".Plumbing Leaks
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Engineers
contributed to the
understanding of
soil mechanics and
the determination of
bearing caPacitg.
This knowledge
rovided a scientific
Easis for shallow
foundation design.

%//f; (nited States,

. foundation design for
buildings were
ruclimentary. European
settlers used simple
shallow foundations,
such as stone or brick
Footings to support
their structures.
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Current Design
Codes/Guides

Moments, shears and deflections for use in designing slab-on-ground, mat or raft foundations on expansive soils shall be determined in
accordance with WRI/CRS| Design of Slab-on-Ground Foundations or P11 DC 10.5. Using the moments, shears and deflections determined
above, nonprestressed slabs-on-ground, mat or raft foundations on expansive soils shall be designed in accordance with WRI/CRSI| Design of
Slab-on-Ground Foundations and post-tensioned slab-on-ground, mat or raft foundations on expansive soils shall be designed in accordance with
PTI DC 10.5. It shall be permitted to analyze and design such slabs by other methods that account for soil-structure interaction, the deformed
shape of the soil support, the plate or stiffened plate action of the slab as well as both center lift and edge lift conditions. Such alternative methods

VAV

shall be rational and the basis for all aspects and parameters of the method shall be available for peer review.
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Shallow Foundation Design Fun Facts

Global CO, emissions by economic
sector

e Shallow foundation failures occur more often than
earthquakes, floods, hurricanes, and tornadoes
damages combined in the United States

Directindustrial CO, emissions

e

Other
industry
26%

Aluminium
Industry 304
24%

« After water, concrete is the 2" most consumed
material on the planet

Pa‘:ﬂ ;ﬂd Chemicals P
13%
3% 21%

e Concrete production accounts for more than 8% of all
green house gas emissions in 2021

Source: https://www.sciencedirect.com/science/article/pii/S136403212100318X

 Demand for cost-effective and well performing
foundations on expansive soils is very high, however,
the existing PTI method of design is very restrictive and
does not allow for the implementation of innovative
foundation solutions.



Why Should We Care?

Top 15 Metro Areas with Foundation Issues . . .
Foundation Repair Companies

Sherman, TX — Ada, OK
San Antonio, TX
Dallas-Fort Worth, TX
Tyler-Longview, TX
Kansas City, MO
Grand Junction-Montrose, CO
Wichita Falls, TX — Lawton, OK
Waco-Temple-Bryan, TX
Columbia-Jefferson City, MO
Jackson, MS
St. Louis, MO
Abilene-Sweetwater, TX
Shreveport, LA
Austin, TX
Roanoke-Lynchburg. VA

#1 Sherman, TX — 466

#2 San Antonio, TX — 192

#3 Dalls-Fort Worth, TX — 488
#4 Tyler-Longview, TX — 472

#5 Wichita Falls, TX - 417

#6 Waco-Temple-Bryan, TX — 621
#7 Abilene-Sweetwater, TX — 129
#8 Austin, TX - 271

Top 15 US Metros with Foundation Issues in 2019 — list
produced by Groundworks

“This again is the paradox of design. Things that succeed teach us little beyond the fact that they
have been successful; things that fail provide us with incontrovertible evidence that the limits of
design have been exceeded. Emulating success risks failure; studying failures increases our
chances of success. The simple principle that is seldom explicitly stated is that the most successful
designs are based on the best and most complete assumptions about failure.” ~Petroski 1985

52 ONRCS

Ut Stitars Dwgartmant of AgricuBun

Plrtueal Ressurces Cosseraation 5

Fur reas Sarmlad wd mharaion 33 s

L s————

i s sk i ey o L1300
Fialar Pcaroan Cormasunon Sarac

il ETATED oy v 1 250000

Tha LEDA B 0 agunl apporialy
Frrider red o

1| Fock Cutag-Latss-Denors

FRE ]

3| B s Cx o e

A | mock Cutoac-Msrmtay-Liv

B B il e B e
Southern High Plains

[0 i imunoens

R e LT P
[T tstvuw Povinret - Triowras
[N Moot b Yoa
Central Rolling
Red Plaing
[ [—
Il s Dttt
i e e
Tezas Narth
Cantral Prairies
TH] Bomprm Bt e
B sty drccrcsinians

BT ont- Thesch £ i

Source: https://i.imgur.com/yrDkF4h.jpg

Southarn Desertic Basing,
Plaina, and Mauntaina

v LL

Edwards Plateau
[FE] Romgae Canger
BRI ot roome ket
BEE v oyl kg
33| Larie: Ak Cuicrop
T3k ok Tarsrk ot Deborms
BE] Lok Cuskomnge Frs

Texzas Ceniral Basin
27 | Kamssiigon ek Cuizng

Rio Grands Plain

Cross Timbars
25 P ey iy
M Casi-Cromis-Calenag

General Soil
Map of Texas

a ]

Grand Prairis
1T Brschan- Purss Gas

e Tange Bole

Texas Blackland Prairia

[ [ ——
Bl Fetrgosnarinan

[BEE rerbug sttt Carbengle

- Fraran el yy iy
Texas Claypan Aras
8] wooow-Crowt.

[ Eope-r sam

[ .

R

and Flatwoods
A coteetBovm o
[T Toiwaf asmnas b
[ st Bciemnaren
[ rusrsisspneoveady
| ool Pk

B2 Ol Krbyvile- Evwdale.
Flood Plains

87 Tan Yevay Ksutman

§3  Medge Boanrie-Moreood
Gull Coast Prairie
B oo Crsia Dy
B et vt B
[ R
[ A
[ ]
Bl cesveriwriaca

Gulf Coast Saling Prairis

[ | imasng S faraca.
Bl rer e rercen

Waatarn Coastal Plain



Existing Design
Methodology Extremely
Limited

. Prescriptive and not performance-based
. Limited to rectangular shapes

. Overly conservative — worst-case rectangle
governs

. Maximum allowable difference in beam depths
not greater than 1.2

. Moment calculation discontinuity for Center
Lifte >5 ft

. Is not set up to analyze and check any other
configuration




Leveraging Capabilities
of Advanced Finite
Element Analysis

If SF exceeds 24, the designer should consider modifi-
cations to the foundation footprint, strengthened foun-
dation systems, soil treatment to reduce swell or the use
of additional non-prestressed reinforcement and/or
additional ribs in areas of high torsional stresses. .
Analysis by finite element procedures may also be used

in the case of SF>24.
PTI Section 4.5.1

According to PTT Design Procedure, 3™ Edition, Sections 4.5.1 and 6.3, the Shape Factor, SF,
defined below, should not exceed 24.

. . s
Foundation Perimeter-

SF =24

Foundation Area

As a simple example, for a 100°x50” foundation, SF is 18, but for a 100°x25’° foundation, SF
is 25. The user is advised that for SF greater than 24, either the foundation and/or construction
plans should be revised, or finite element procedures should be used. The FPA has no access
to data that would suggest a limiting value of 24.

The FPA recommends that the PTI Design Procedure justify how the limiting value of 24 for
the Shape Factor criterion was determined. Alternatively, the FPA recommends that PT1
define a different procedure for the engineer to use in order to determine if the PTI design
procedure is applicable for a specific foundation plan.

The FPA recommends that the PTI Design Procedure should specify a range for the Shape
Factor where engineering judgment must be used to decide if a PTI solution is applicable.

A finite element analysis may be performed in lieu of

the specific structural design formulas and procedures
for slabs on expansive soils presented in this chapter.
The finite element model should consider the interac-
tion of the concrete foundation and the soil (see 1.2).
The expansive characteristics of the soil should be
established using the criteria specified in Chapter 3.

PTI Section 6.1.13

Designers should ensure that calculations of center lift
moments based on values of €, greater than 5 ft should
not be less than those generated for the 5 ft threshold.
There is a discontinuity in the equations for long direc-
tion center lift moments at €, =5 ft (Eq. 6-74,
6.8.1.1). The moment for €, slightly greater than 5 ft
is often less than the moment with €, exactly equal to
5 ft. The curve fitting process used to arrive at the
moment equations influences the discontinuity. PTI Section 4.3.2

FPA Comments by Structural Committee June 28, 2006

PTI Design Procedures were developed based on calculations made by Dr. W. Kent Wray for

his Ph.D. dissertation in 1978 [24]. According to information available to the FPA these
calculation procedures were based on finite element technology and procedures of that day

and advances proposed by Dr. Wray. Statistical interpretations of similar solutions led to the
parametric solutions still embraced by the PTL.

In practice this means that differences exist between the appropriate design solution and the
PTI parametric solution. For an almost square slab there is a discontinuity in the solutions
relating to the ey calculation. PTT Design Procedure, 31 Edition, Section 4.3.2, states, "There
1s a discontinuity in the equations for long direction center lift moments at e,, =5 ft (Eq. 6-14,
6.8.1.1). The moment for ey, slightly greater than 5 ft is often less than the moment with ey,
exactly equal to 5 ft. The curve fitting process used to arrive at the moment equations
influences the discontinuity."

The FPA recommends that the PTI Design Procedure rewrite the equations to eliminate the
discontinuity which occurs at e,,=J.



Learning Objectives

At the end of this presentation, you will be able to:

Assess differences between traditional PTlI and FEM design methods for
slab-on-ground foundations

. Understand FEM design approach

. Evaluate a Wafflemat design

. Confidently apply FEM-based design method to non-traditional slabs



6.2 Post-Tensioning Institute, Design of Post-Tensioned Slabs-on-Grade PVR 4.5” with a 2ft embedment depth

Tables B and C contain information for design of the post-tensioned, slab-on-grade foundations. Select Soil Parameters: Edge Lift | Center Lift

Design parameters provided below were evaluated based on the conditions encountered in the
borings and using mformation and correlations published by PTI Third Edition and VOLFLO 1.5 Edge Moisture Distance, ft (em) 3.5 6.7
computer program provided by Geostructural Tool Kit, Inc. (GTI).

Differential Soil Movement,

inches (ym) 2.1 LS

Registered Tc
Serial Number :

PTISIab 3.5 Traditional Ribbed Layout
Build 011313 m
[T 111 lm
N

Case Study GTK  pti

P rOj e Ct : | Geostructural Tool Kit, Inc. MEMBER

Copyright @ 2013 Geostructural Tool Kit, Inc. %
‘Warning: This computer program is protected by copyright law and international treaties, Unauthorized C
reproduction or distribution of this program, or any portion of it, may result in severe civil and criminal (@)
X penalties, and will be prosecuted to the maximum extent possible under law. o
=
O
. ik PTISIab 3.5 . - =] A 8
File DataScreen Analysis Help Py
BRI~ tlE] O
Input o)
= | -
== @)
Project Information | Matesial Froperties | Slab Properties | Beam Fropeties | S0l Propetties | Load, Stiffness & Prestress | Line Load Analysis | c
tore Information
Soi Label: [ Soil Properties Tab )
e ra— The Soil Propetties Tab cont,
BN Expansive Sobs = varla:Iasntllseltlljf:'d‘:Fsin:thec :gwleér:nealh

Expansive Sols - Based on PTI's 3rd Edtion Manual or Technicsl Note #12 the foundation.

- Using the "Save ...." and "Open ..."
Allowsble Bearing Pressure, [PSF) 1500 j taolbar buttons on the Input window the
data on the Soil Properties Tab can be

Cenler Edoe saved fo future use,

Edge Moisture Yariation Distance, em, [FT]: |6.7 ﬂ 35 j‘ Right click on textbos
— — checkbox or option button labels
Differertial Soil Movement, ym, (in) : 15 j 21 le for more information about the

variables.

Ell/%ﬂ\l

Long Direction




Outline of Design Procedure using GTK PTISlab
Software

HOME PRODUCTS SUPPORT ADDITIONAL REFERENCES

Soil bearing pressure check

* Based on Load/Area

Center lift design checks

PRODUCTS

* Bending stress
* Stiffness

PTISLAB 3.5 VOLFLO 1.5 e Shear stress
PTISlab 3.5 is the latest upgrade to the PTISlab series of programs which rapidly became Using unsaturated soil mechanics theory, VOLFLO .
the de facto standard programs for designing foundations on expansive and compressible 1.5 was developed to calculate the shrink and swell b Cracked mO me nt Ca pa Clty
soils. PTISlab can be used to design or analyze both post-tensioned and conventionally capabilities of clay soils. VOLFLO 1.5 can be used tc . .
reinforced slabs-on-ground for single and multi-family residential and commercial determine the Edge Moisture Variation Distance (E L Edge Ilft deslgn checks
foundations on expansive and compressible soils. The expansive soil analysis of PTISlab 3.5 and the Differential Soil Movement (Ym) required k
has been upgraded to take into account the changes incorporated in the Post-Tensioning Post-Tensioning Institute's Design of Post-Tensior: [ ] Be n d i ng Stress
Institute’s (PTI's) DC10.5-12 publication: Standard Requirements for Design and Analysis Slabs-On-Ground, 3rd Edition Manual
of Shallow Post-Tensioned Concrete Foundations on Expansive Soils. PTISlab 3.2 is Y Stiffn ess
based on the Post Tensioning Institute's Design of Post-Tensioned Slabs-On-Ground, 3rd
Edition Manual and corresponding Standards and includes the changes in Addendum 1 ° Shea r StreSS
and 2
* Cracked moment capacity




PTISIab 3.5 Software
Limitations

 Can only model rectangular slabs

« Cannot model beams spaced closer than 6 ft
apart

 No flexibility in tendon profiling or
placement

* No flexibility in detailed load modeling



Overall Design Workflow Using Finite Element Analysis

Create Base Model
in Floor Pro
(Geometry,

Loading, Soil,
Tendons™, Support
Lines, Manual
Sections)

Define Polygons for
Soil Conditions
(Edge Drop & Edge
Lift)

* To account for soil friction losses, model tendons with Effective Force = 26.7 (default value) - max soil friction loss

A 4

Run Model in MAT
to Check Soil
Bearing Pressure

Clone Model to
Create Edge Drop
Model

Clone Model to
Create Edge Lift
Model

Make Major Model
Changes to Base
Model




Check PTI Code Compliance of Design Iteration

Analysis Results

Check Stiffness
(Deflection)

Check Stresses
(Design Sections)

Check Min

A 4

Precompression
(Design Sections)

\ 4

Check Cracking
Moment (Manual
Design Section)

Check Shear
(Design Sections)

Optimize / Revise if

A

Design Does not
Work

16




Edge Drop Analysis (formerly Center Lift)

Assign soil springs to
represent edge drop
condition by not assigning
soil springs a distance of
Em from perimeter of outer
slab edge

PERIMETER
LOAD

INITIAL _MOUND SHAPE

p 2 2
dge moisture
gﬁn dis
m
- SLAB LENGTH

Analyze

A 4

No

Is calculated
max edge
drop
deflection >
Ym

Analysis is valid and
check design
compliance

PERIMETER
LOAD

ym

PTI Figure 3.5

Analysis is not
realistic - adjust soil
springs by reducing
Em distance by 10%
and update analysis

model




. . /’_,/\
Edge Lift Analysis e
Assign soil springs to Is calculated Soil:Support
represent edge lift max edge Analysis is valid and em ;’.;é ft
condition by limiting soil > Analyze lift check design -
support to outer perimeter deflection compliance
of Em only >=Ym
A
Apply soil support to Rl 15 ek
entire slab boundary .
and apolv edee realistic - need to |
. PPly eds < switch to applied L
displacement of Ym .
. edge displacement P P
to perimeter of slab mode
in SOG module
F A
i UNIFORM LOAD Ym
Ay : IESEE S a7l
N T T ™ S o i e T
‘ ki '\‘Wmﬁkwﬁw“ﬁ“
= -—' PTI Figure 3.5
Em

Note on applying edge displacements: Applying edge displacements along the entire length of a foundation, in particular, irregular foundations with re-
entrant corners can lead to unrealistic high stress concentrations at the corners. It is advised to only apply the edge displacement along the primary outer .

edges and a distance away from the corners.



Input Data: Ribbed Foundation Analysis Model

RIEBED FOUNDATION - DESIGN SUMMARY

Slab Dimensions :

Material Properties
Concrete Strength, ¢ :
Tendon Strength, Fpy :
Tendon Diameter :

Material Quantities
Concrete Volume :
Prestressing Tendon :

Mumber of End Anchorages :

In the LONG direction ...

Quantity of Beams :
Depth of Beams :

Width of Beams :
Tendons per Beam :
Beam Tendon Centroid :

Beam Spacing :

Number of Slab Tendons :

Slab Tendon Spacing :
Slab Tendon Centroid :

In the SHORT direction ...

Quantity of Beams :
Depth of Beams :

Width of Beams :
Tendons per Beam :
Beam Tendon Centroid :

Beam Spacing -

Number of Slab Tendons :

Slab Tendon Spacing :
Slab Tendon Centroid :

l 4000 FTx 70.00 FT x 4.00 Inches l

Type | Beam
2

28.0 Inches

10.0 Inches
1

200 Inches

Type | Beam
2
28.0 Inches
10.0 Inches
1
200 Inches

4,000 P3I
270 Ksl
1/2 Inch

69.8 Cubic Yards
2,556 Linear Feet
a6

Type Il Beam

Soil Properties

[Allowable Bearing Pressure : 1,500.0 PSF]
Center Lift Edge Lift
Edge Moisture Variation Distance, em: 6.70 Feet 3.50 Feet
Differential Soil Movement, ym : 1.500 Inches 2100 Inches
Load. Deflection and Subgrade Properties
Slab Loading
Uniform Superimposed Total Load : 40.00 PSF
Total Perimeter Load : 1,200.00 PLF
Stiffness Coefficients
Center Lift : 480
Edge Lift : 960

3
24 0 Inches
10.0 Inches
1
2.00 Inches

10.00 Feet O.C.

13
3.00 FeetO.C.
2.00 Inches from top of slah

Type Il Beam
6
24 0 Inches
10.0 Inches
1
2.00 Inches

10.00 Feet O.C.
22

3.14 Feet O.C.
2.00 Inches from top of slab

Prestress Calculation

Subgrade Friction calculated by method prescribed in PTI Manual

Prestress Loss : 15.0 KSI
Subgrade Friction Coefficient : 0.75 —
Tendon 33
Tendon 59
Vs ®
vV ®
General Stressng Location Shape/System/Friction FEM  Propetties
General Stressing Location Shape/System/Fiction FEM  Properties
R=325 R=325
| R=325 R=325
[ | |
| | T T i
| { L
= | Span1 |
ff:géo : 1=4000
Uplie (k/%) Uplit (k/#)
0000 0.820 ]
CGS  CGS  CGS_ _CGS
CcGs CGS CGS cGs L v a Wobble
Span Shape » L TopFrst Botom1 Botom2 Toplast XIL XL XL AL Mu Wobble System Span Shape L) ) TopFirst Bottom 1 Bottom2 Toplast XI/L XL X34 AL Mu fad ) System
) ) n) n) i) i) ) in) )
b Typcal | Reversed Parabola |- |n 10] 100 100 100] 010] 050/ 00]010 Unbonded | > Twea | _ Foversed Parabola | [ 10| 100f 190) 1.00] 010f 050) 010|010 oded 2
Span 1 Sraight |~ a2 ¢ 225 225 I Unbonded |~ | Span1 | Extended Reversed Parabola v [n./ 700 225 225 700| 0.10| 0.10 Unbonded v
Frst ] @ First Span _
gm:: Insett Delete Minimum radus of curvature (R): |3 R = OlLast Span Inset Minimum radius of curvature (R): (3[Rt 57| @ Shape Diagram B




3D Finite Element Ribbed Foundation Analysis Model
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PTISlab 3.5 Analysis Parameters: Ribbed Foundation Analysis Model

Short Long
Direction Direction
Cross Sectional Area {Inchz}: 5,063 3,010
Moment of Inertia {Inch“] : 245 89y 161,491
Section Modulus, Top (Inch?): 39 560 24 203
Section Modulus, Bottom (Inch®) : 12,977 8 441
Center of Gravity of Concrete - from top (Inch) : 6.22 667
5.2.3 The 3 Distance
Center of Gravity of Prestressing Tendons - from top (Inch) : T.64 8.06 The maximum moment does not occur at the point of
actual soil-slab separation but at some distance further
Eccentricity of Prestress (Inch) : -1.43 -1.38 toward the interior. The location of the maximum
moment can be closely estimated by (3, a length which
[ Beta Distance (Feet) : 11,55 10.40 ] depends upon the relative stiffness of the soil and the
_stiffened slab. Center lift moments may be estimated by
Equivalent Beam Depth (Inches) : 516 25 B0 assuming a slab edge cantilever action with the tributary

line load as load concentration at the cantilevers tip,
using B as distance "L". Edge lift moments are difficult

to estimate as the soil loading is unknown.

Mote: All Calculations above and other reported values which
depend on depths use the equivalent depths as shown above.

Jacking Force : 33.05 KIPS



Soil Bearing Analysis

PTI 3.5 Soil Bearing Analysis FEM Soil Bearing Analysis
* Assumes uniform soil support e Assumes uniform P ——

Load Combination: Service(Total Load) (SERVICE_TOTAL_LOAD)

. Max -69.52@(87.90, 15.15, 10.00)
. . S O I I S u O r‘t Min -1011.26@(108.02, 0.02, 10.00)
* Equally distributes all load to PP -
supporting soil * Max pressure on !
. soil 1,011 PSF < o0
* Max pressure on soil 163 PSF << aIIow’abIe 1500 2
allowable 1,500 PSF PSE g

S0il Bearing Analysis
Total Applied Load 385,266 LB

Bearing Area 2,367 FT2
Applied Pressure on Soil 163 PSF
Soil Pressure Safety Factor 0.00

Deflected Shape



Effective Prestress Calculations

PTISlab

FEM

Effective PT force/tendon at Beta distance
Short direction: 24.65 kips
* Longdirection: 24.93 kips

e We assume the same valued in the FEM model

Mlanual Desgn Sections, Stresses, PVA Precompressson B of tendon ) (Pa
Load Combsnation: Efective PT (MO _CODE_CHECK)

Rlrnarmyem allgweable 105 00
Tenpis siress poutee
Mlan: 141 §F

Min: 122 42

%

141.37 psi

)

i

Effective prestress > 100 psi

OK

A
e

12214

2 psi

1

Slab, Stress (contour map). Mid-depth along XX (Psi)
Load Combination: Effective PT (NO_CODE_CHECK)

Max 59 45@(95.86, 72.75, 10.00)
Min -174 54@(90.90, 0.02, 10.00

43385

2825

12.66

0.00

294 -
-18.54

3414 2
4974
-65.34
-30.94
9654
11214
12774
14334
-158.04
17454

‘ 59.45

Xl

=

0.

Mo

'
)

= E;
S=
g
hu
)
7

T = {
(Q)} ::/\-\i %}L

Exact same PT force applied to FEM model as in PTSlab.

Prestress Summary

Slab, Stress (contour map), Mid-depth along YY (Psi)
Load Combination: Effective PT (NO_CODE_CHECK)

Subgrade Friction calculated by method prescribed in PTI Manual

Short Long
Direction Direction
Number of Slab Tendons 22 13
Number of Beam Tendons ] 5
Spacing of Slab Tendons (Feef) 314 3.00
Center of Gravity of Concrete (from top of slab) {Inch) 622 6.67
Center of Gravity of Tendons (from top of slab) (Inch) 7.64 8.06
Eccentricity of Prestressing (Inch) -143 -1.38
Minimum Effective Prestress Force (K) 696.2 3Te.T
(Bela Uisiance Efeciive FTesiress Force (K] 7305 EELRI
Minimum Effective Prestress (P3Sl) 138 1256
(Beta Distance Fifective Prestress (PS1) 146 145 )

Max 70.07@(95.86, 72.75, 10.00)
Min -214.89@(91.74, 68.30, 10.00)

51.07
32.08
13.08
0.00
-5.92
-24.91
-43.91
-62.91
-81.91
-100.90
-119.90
-138.90
-157.89
-176.89
-195.89
-214.89

‘ ‘ 70.07

MoE7g
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b ol
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?’99—) ‘\—-‘ KJ/ d:x 1199
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Manual Design Sections, Actions, Axial (Kip)
Load Combination: Effective PT (NO_CODE_CHECK)

Tension positive
Max: 424 44
Min: -664.97
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P
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Edge Drop/Center Lift

PERIMETER PERIMETER
LOAD LOAD
JIN_I_‘I_'!A_{___M_Q!_JI'&D_S.@AEEL ‘ | PTI 4.3.2.Edge Moisture Variation Distance, em
g a3 1 Designers should ensure that calculations of center lift
Fay | — ~ moments based on values of €, greater than 5 ft should
| o . ym not be less than those generated for the 5 ft threshold.
There is a discontinuity in the equations for long direc-
llg;_" dis " ¥ tion center lift moments at e, =5 ft (Eq. 6-14,
m 6.8.1.1). The moment for €, slightly greater than 5 ft Support:
- SLAB LENGTH - is often less than the moment with e, exactly equal to Pulled]|back:
5 ft. The curve fitting process used to arrive at the
PTI Figure 3.5 moment equations influences the discontinuity.
Select Soil Parameters:
Edge Moisture 3.5 6.7 To simulate Center Lift
DIStance, ft (em) Mode, SO//sup,qon‘ /s
removed the distance of em
. . . (51t) around the perimeter of
Differential Soil the slab.
Movement, inches 2.1 1.5
(ym)




Edge Drop/Center Lift Moment Analysis

Moment Analysis - Center Lift Mode
PTlSlab Maximum Moment, Short Dir|(calculated with Em=5.0 per PTl 4.3.2) 10.10 FT-K/FT
Maximum Moment, Long Dir.|(calculated with Em=5.0 per PTI 4.3.2) 9.62 FT-K/IFT

Manual Design Sections, Actions, Bending (Kip-ft)

Design Sections, Actions, Bending (Kip-ft) Load Combination: Senvice(Total Load) (SERVICE_TOTAL_LOAD)
F E M Load Combination: Service(Total Load) (SERVICE_TOTAL_LOAD) m;x _7558315160
Max: 561.74 - 753,
— Min: -845.66 /ﬁ
| : —
Moment Stresses @ beta
Distribution distance pass.
i
o

PTISIab Moment is

384.8 FT-K

PTISIab Moment
is 707 FT-K




Edge Drop/Center Lift Moment Stress Analysis

PTlSIa b Moment Analysis - Center Lift Mode _
LBl AL 4 Maximum Moment, Short Dir. (calculated with Em=5.0 per PT1 4.3.2) 1010 FT-K/FT
Maximum Moment, Long Dir. (calculated with Em=5.0 per PT14.3.2) 962 FTKIFT
Tension in Top Fiber (KSI) Compression in Bottom Fiber (KSI)
Short Long Short Long
Direction Direction Direction Direction
Allowable Stress -0.379 -0.379 Allowable Stress 1.800 1.800
[ Actual Stress -0.167 -0.150 Actual Stress 0.307 0.301 ]

— Manual Design Sections, Stresses, Top (Psi)

Load Combination: Service(Total Load) (SERVICE_TOTAL_LOAD)
Tensile stress positive ;'-/\ Manual Design Sections, Stresses, Bottom (Psi)
Max: -76.29 / ’\\ Load Combination: Service(Total Load) (SERVICE_TOTAL_LOAD) :_';-\

Min: -152.43 "I\'::)::_iliosgéegg positive / \
. Min: 822.79
.145(KSI _1.085 KS
¢
Top jtress Bottom Stress |
Tension p .
Lompiression
— W |
T =1 =
@ = =1l - e
| — N V]
() lo's
’ L
e
C.
ose 152/ KSI 1088 KS
O e21dtio O 4
> D 4[ l _[ ‘
ff L. L Il



FEM — Moment
Ana |y5i5 @ All All slab stresses are within allowable limits if integrated

Sections — Center over entire slab width.
Lift Mode

Design Sections, Stresses, Bottom (Psi)

Design Sections, Stresses, Top (Psi) . Design Sections, Stresses, Top (Psi) X X i
Load Combination: Senice(Total Load) (SERVICE_TOTAL_LOAD) /-::.-:::-_\\ Load Combination: Semcs(’Tota\ Load) (SERVICE TOTAL LOAD) Load Combination: Senvice(Total Load) (SERVICE_TOTAL_LOAD) ,:;:.":-_: Design Sections, Stresses, Bottom (Psi)
Tensile stress positive //' Tensile stress positive - - Tensile stress positive s Load Combination: Senvice(Total Load) (SERVICE_TOTAL_LOAD)
Max: 165 20 ( Max. 165.20 N Max: 37.04 Tensile stress positive
Min: -157.22 Min- 157 22 Min: 112969 Max. 37.04
Min: -1129.69
™~
Az
|
L
o '
ta |
b || P 1
557, lrs
[’km. [ B 1
Lo 10,47 M 3 (‘
F
I
i
Y =
W W
! ] W >< [
| —
(R




FEM — Moment
Analysis @ Detailed
— Center Lift Mode

Design Sections, Stresses, Top (Psi)
Design Sections, Stresses, Top (Psi) Load Combination: Service(Total Load) (SERVICE_TOTAL_LOAD)

FEM can provide more detailed and localized stress
distribution, a useful guide for added rebar placement.

h A : o Design Sections, Stresses, Bottom (Psi)
Load Combination: Service(Total Load) (SERVICE_TOTAL_LOAD) Tensile stress positive Load Combination: Service(Total Load) (SERVICE_TOTAL LOAD)
Ten;\le stress positive M_ax: 5594 07 Tensile stress positive Design Sections, Stresses, Bottom (Psi)
Max: 5594.07 Min: -193.33 Max: 59.97 o Load Combination: Service(Total Load) (SERVICE_TOTAL_LOAD)
Min: -193.33 Min: -5950 86 Tensile stress positive
& Max: 59.97
e Min: -5950.86
o <l . -
3 = | | . i - = 1 - — - .| -
)
OCd =10 < e =i =4 —— i
dlféad O D o
o il o . = .
= e e B | o e e = E g - . o
OulC - - - . 2 -
e S MR TRk = o ar o ense
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Stiffness Analysis — Edge Drop/Center Lift Mode

Stiffness Analysis - Center Lift Mode
Based on a Stiffness Coefficient of 480 Short Long
PTISlab Direction Direction
- [ Available Moment of Inertia (Inch?) 245,897 161,491 |
Required Moment of Inertia (Inch4) 108,632 92,193
Required Moment of Inertia controlled by Width 6"Beta

Design Secti
Design Section H esign Section n
ts ¥
1 B

General Location/Mechanical Properties  Design Sections  Other Properties

General Location/Mechanical Properties  Design Sections  Other Properties

Mechanical properties
Mechanical properties

- o . Crosss-sectional area 3.00e+03in2
Mrosssr:eof .|0n:. area 5.06e+03in2 S h O r_t . . Moment of inertia 1.61e+05ind L D n g
ome inertia 2.46e+05ind A AN, . AL
o I a0 D|rect|on Short dlreCtlon' Distance of centroid 6.63=+00in Dlréctlon
istance of centroi 17e+00in A=AZ1119, . . to top fiber
totop fioer - * ReqU|red 108,632 (|n4) Distance of centroid 2.14e+01in Suastastumtu
Diegance ?tfbcentroid 2.18e+01in to bottom fiber
F E o ott-om oer ) ) ° Ava | |a b Ie 246’000 ( | n4) Coordinates of centroid x=1.06e+03 in
Coordinates of centroid x=5.55e+02 in y=7 202202 in
y=4 23e+02Zin PY O K )
Length 4.80e+02
Length 8.44e+02in B " e
| Des_lgn-Se{tmn Znﬂ.m -! |—De5ign Section Zoom |

Long direction: | | | |
B B e Required 92,193 (in4) i | : | 1
* Available 161,000 (in4)
« OK




Stiffness Analysis — Edge Drop/Center Lift Mode

Slab, Deformation, Z-Translation (in)

Load Combination: Service(Total Load) (SERVICE_TOTAL_LOAD)

Max 0.05@(87.92, 50 45, 10.00)

Min -0.55@(108.02, 70.90, 10.00) e

Can use actual deflection to check deflection criteria.

P e i =]
MNamz228e=o

REREE

e Stiffness coefficient 480
 Max allowable deflection 0.9in

bobbbbbbbbbbbbage

o

(based on 18 ft cantilever deflection)

e Max deflection 0.55in OK



Shear Analysis — Edge Drop/Center Lift Mode

Shear Analysis - Center Lift Mode

Maximum Shear, Short Direction. 2.37 KIFT
Maximum Shear, Long Direction 2.22 KIFT
PTISlab Short Long
Direction Direction
Allowable Shear Stress (PSI) 181 182
Actual Shear Stress (PSI) 83 69

Design Sections, Actions, Shear (Kip)
Load Combination: Semvice(Total Load) (SERVICE_TOTAL_LOAD)

Manual Design Sections, Actions, Shear (Kip)
E Lnar_lfﬁn;nﬂblnatmn Service(Total Load) (SERVICE_TOTAL_LOAD) M_ax_: 178.41 =
F— e /"/’\ Min: 193,12 ] /ﬁ. Allowable shear stress:
u J: 1 * Short direction 181 psi
37.64 (K) /_T 7,m7 /_T‘ . . .
H ‘ - * Longdirection 182 psi
TEDE}%DSIE%A&C‘\ET Shear istribution : MaX Shear ca pacity:
: * Short direction 331K
. * Longdirection 214 K
"y -
46.30 (K) |w 5 B SUEE T ieb
534 ®) L ,__,,,,_meﬁu_n_ N\\ Shear @ Beta
A *  Short direction 46.3 K
* Longdirection 37.6K
Max shear demand
]_I aaits | «  Short direction 114.37K
| L * Longdirection 193.12 K
1 T,




I Cracked

Section Analysis — Center Lift Mode

Cracked Section Analysis - Center Lift Mode

Cracked Section Capacity (FT-K)
0.5 Moment (FT-K)

Short direction:

Design section moment capacity
Positive moment 37652 ot
Megative moment -504.99 kAt

0.5 M @ Beta
0.5 M Max

298 K-FT OK
311 K-FT OK

Long direction:

Design section moment capacity
Positive moment 3271 ket
Meaqative mament -h36 88 k-t

0.5 M @ Beta
0.5 M Max

377 K-FT NG
423 K-FT NG

Short Long
Direction Direction
1,078.0 657.1
353.6 192.4
TN 0
6.9, add re
* O
‘ ?
Add Rebar
——ngﬁé@nto
| SlabjEdge
Min 2 Betalllong




Edge Lift Mode

UNIFORM LOAD Ym

PTI Figure 3.5

Select Soil Parameters:

Edge Moisture Distance, ft (em) 3.5 6.7

Differential Soil Movement,

inches (ym) 2.1 1.5

To simulate Edge Lift Mode, heaving soil support is
limited to outer distance em (3.5 ft) from
perimeter of slab.



Edge Lift Moment Analysis

Moment Analysis - Edge Lift Mode
PTISIab Maximum Moment, Short Direction 8.44 FT-K/FT
7.01 FT-K/FT

Maximum Moment, Long Direction

Design Sections, Actions, Bending (Kip-ft)
Manual Design Sections, Actions, Bending (Kip-t)

Load Combination: Service(Total Load) (SERVICE_TOTAL_LOAD)
Load Combination: Service(Total Load) (SERVICE_TOTAL_LOAD)

FEM Max I -
value is 295.7 ' g == S——
FEM PTI value is j 1%1131)1(21111?;
— 2804 Beta
Maximum
moments and
shears don’t PTl value is | i = |
coincide with 280.4 o
Beta distance.
FEM Max
-am -6238 FT:K|
value is 577.5 I~ S
PTl value is L
590.8 i el
K\h NS =

Stresses @ beta distance pass.



Edge Lift Moment Stress Analysis

Moment Analysis - Edge Lift Mode

PTISlab Maximum Moment, Short Direction 8.44 FT-KIFT
— Maximum Moment, Long Direction 7.01 FT-K/IFT
Tension in Bottom Fiber (KSI) Compression in Top Fiber (KSI)
Short Long Short Long
Direction Direction Direction Direction
Allowable Stress -0.379 -0.379 Allowable Stress 1.800 1.800
S -0.319 -0.176 Actual Stress 0,299 0.262 )

Manual Design Sections, Stresses. Top (Psi)
Load Combination: Service(Total Load) (SERVICE_TOTAL_LOAD)

Manual Design Sections, Stresses, Bottom (Psi)

F E M Load Combination: Senice(Total Load) (SERVICE_TOTAL LOAD) ) Tensile stress positive
Tensile stress positive / ﬁ Max- 201.02 / ﬁ
Max: 248.59 3 .
Min: -103.61 ( Min: 118.64 '/
___{_\ ___{'F\_
-162 KSI - 1436 KSI
Bottom Stresses
Top Stresses
at Beta ]
r at Beta
e 201| KSI sl
(93 K3l {1104 KSI \m" 2001 KSI
-249 KSI
= -[119 KSI




FEM —Moment
Analysis @ All When checking stress distribution in slab, short
direction bottom stresses in beams exceed cracking

Sections — Edge ctress.
Liftt Mode
Design Sections, Stresses, Sottom (Psi) Design Sections, Stresses, Bottom (Psi)

Design Sections, Stresses, Top (Psi) Design Sections. Stresses, Top (Psi) - ;
'I\t:::ilgns?glsn:tmn; Senice(Total Load) (SERVICE_TOTAL_LOAD) Load Combination: Ser\v‘ice("l'otal Load) (SERVICE_TOTAL_LOAD) _ll:oad_|00|:1hlnatlon._L_Semce(Tota\ Lozd) (SERVICE_TOTAL_LOAD) Load Combination: Service(Total Load) (SERVICE_TOTAL_LOAD)
positive Tensile stress positi Jrisfia Birass positve Tensile stress positive
Max- -81 19 positive Max: 549.40 P
Min: -329.09 Max: -51.19 Min: -278.33 Masc: £49.40
328, Min: -329.09 TNy o Min: -278.33
v \
C :
|
L
e 5
Il Rt -
1]] 7
s -
Lt !
] ; ~EPE)
= i
rp T
|
I
J
II Rl
|
-
ll-rnr
! -
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7
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1
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FEM — Moment
. . FEM can provide more detailed and localized stress
Ana IySIS @ Deta | |ed distribution, a useful guide for added rebar placement.

— Edge Lift Mode

Design Sections, Stresses, Bottom (Psi)

Design Sections, Stresses, Bottom (Psi) Load Combination: Senvice(Total Load) (SERVICE_TOTAL_LOAD)
Load_ Comhlnatlon:_ _Ser\ﬂce(TotaI Load) (SERVICE_TOTAL_LOAD) Tensile stress positive
Tensile stress positive Max: 1013.66
Design Sections, Stresses, Top (Psi) Design Sections, Stresses, Top (Psi) Max: 1013.66 Mi - 508 ?-2
Load Combination: Service(Total Load) (SERVICE_TOTAL_LOAD) Load Combination: Service(Total Load) (SERVICE_TOTAL_LOAD) Min- -608.72 n- -ole.
Tensile stress positive Tensile stress positive
Max: -16.94 am ) BT e Max: -16 94 = = == =T
Min: 4T84 s s e e Min: 476.48 e ' Fave| | 5 ot o e ) £ . . i
A1 ™ 7 7] =
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Stiffness Analysis — Edge Lift Mode

Stiffness Analysis - Edge Lift Mode

PTISlab

Based on a Stiffness Coefficient of 960

Short
Direction

Long
Direction

Available Moment of Inertia (Inch®)

245,897

161,491

Design Section

rr B

General Location/Mechanical

Mechanical properties

F E to top fiber
Distance of centroid

Required Moment of Inertia (Inch®)

Required Moment of Inertia controlled by

| Properties  Design Sections  Other Properties

Short direction:

Crosss-se ctional area 5.06e+03in2 H
Moment of inertia 2.46e+05in4 S_b_g_rt ° Re q u I re d
Distance of centroid 6.17e+001in D‘I_KQAQ‘UQD ° Ava i I a b I e
Distance of 2.18e+01in
o bottom fiber °
Coordinates of centroid x=9.55e+02in O K
y=4 23e+02in
Length 8.44e+02in
ez — Long direction:
* Required
coro o * Available
e OK
[

181,583 (in4)
246,000 (in4)

134,309 (in4)
161,000 (in4)

181,583
Width

Design Section

e ¥

134,309
6*Beta

General Location/Mechanical Properties  Design Sections ~ Other Properties

Mechanical properties

Crosss-sectional area 3.00e+03in2

Moment of inettia 161e+05in4 |_ on g

Distance of centroid 6.63e+00in Y e

10 e Direction

Distance of centroid 214e+01in ettt

to bottom fiber

Coordinates of centroid x=1.06e=03in

y=7.20e+02in

Length 4 80e+02in
r[;ES\gn Section Zoom |
i .

] L] ] L] ]




Slab, Deformation, Z-Translation (in)

Load Combination: Senice(Total Load) (SERVICE_TOTAL_LOAD)
Max -0.03@(68.02, 0.02, 10.00)
Min -0.38@(87.91, 36.52, 10.00)

-0.03
-0.05
-0.07
-0.10
-0.12
-0.14
-0.17
-0.19
-0.21
-0.24
-0.26
-0.29
-0.31
-0.33
-0.36
-0.38

Stiffness Analysis — Edge Lift Mode - Using Required |

Moo=

Slab, Deformation, Z-Translation {in)

Load Combination: cracked_Cracked_Analysis
Max -0.03@(68.02, 0.02, 10.00)
Min -0.39@(87.91, 36.52. 10.00)

Use actual deflection to check deflection criteria.

e Stiffness coefficient 480
 Max allowable deflection 1.0in

* Max deflection (uncracked) 0.38in OK
* Max deflection (cracked) 0.39in OK



Shear Analysis — Edge Lift Mode

Shear Analysis - Edge Lift Mode

Maximum Shear, Short Direction 3.76 K/IFT
Maximum Shear, Long Direction 3.95 K/IFT
PTISlab Short Long
Direction Direction
Allowable Shear Stress (PSI) 181 182
Actual Shear Stress (PSI) 131 123
%}ygﬁ;ﬂ.?cgiﬁcjﬁ oot SLRUICE TOTAL LOAD) Esaa.ljggusrﬁ;ﬂinACs?n:ie(STE?:|rL(:;%}} (SERVICE_TOTAL_LOAD)
Min: 36 4 /"/’\~ M 11373 _ [‘/’\~ _
— — . Allowable shear stress:
- *  Shortdirection 181 psi
—— * Longdirection 182 psi
S M Max shear capacity:
Beta Bltance , «  Shortdirection 331K
i L1147 K L * Longdirection 214K
L. i % M"Kwﬁ
3684 K Hiin e Shear @ Beta

; * Shortdirection 37K
* Longdirection 17K

| Max shear demand
e = *  Shortdirection 55K
| * Longdirection 115K

]
\
1
‘H—;

[



Cracked Section Analysis — Edge Lift Mode

Cracked Section Analysis - Edge Lift Mode

Short Long

PTISlab Direction Direction
Cracked Section Capacity (FT-K) 4104 263.6
0.5 Moment (FT-K) 295.5 140.2

Short direction:

- Design section moment capacity
Positive moment 37652 kH
Megative moment 504,99 k-t

0.5M @ Beta 108 K-FT
0.5 M Max 148 K-FT

Long direction:

Design section moment capacity
Positive moment 32717 ket
Megative moment -586.88 k4t

0.5M @ Beta 31.2 K-FT
0.5 M Max 289 K-FT



Summary Table Co

mparing Design Values

General Design Criteria PTISlab 3.5 FEM CLEm FEM CLEm
Limited to 5ft |6.7ft
Soil Bearing (uniform) PSF 163 1011 Same
Effective Prestress PSI 138 /125 142 /122 Same
Center Lift Mode Design Criteria
Max Moment @ Beta Short FT-K 707 754 509
Max Moment @ Beta Long FT-K 384.8 596 580.7
Max Total Moment Short FT-K 707 846 1129.8
Max Total Moment Long FT-K 384.8 622 865.7
Stiffness Check Approach Rg'd Moment of 0.55in 0.97 in
Inertia Deflection Deflection
Max Shear @ Beta Short K 165.9 46.3 109.12
Max Shear @ Beta Long K 88.8 37.6 100.7
Max Total Shear Short K 166 114.4 119.7
Max Total Shear Long K 89 193 193
Edge Lift Mode Design Criteria
Max Moment @ Beta Short FT-K 590.8 215.3 n.a.
Max Moment @ Beta Long FT-K 280.4 62.4 n.a.
Max Total Moment Short FT-K 591 295.7 n.a.
Max Total Moment Long FT-K 280 577.5 n.a.
Req'd Moment of [0.38in
Stiffness Check Approach Inertia Deflection n.a.
Max Shear @ Beta Short K 263 37 n.a.
Max Shear @ Beta Long K 158 17 n.a.
Max Total Shear Short K 263 55 n.a.
Max Total Shear Long K 158 115 n.a.

* FEM values higher for soil bearing

* FEM higher for Center Lift
(not limited to e, = 5ft)

* PTISlab higher for Edge Lift
(Soil / Slab interaction less understood)



Sheet1

				General Design Criteria		PTISlab 3.5		FEM CL Em Limited to 5ft		FEM CL Em 6.7ft

				Soil Bearing (uniform) PSF		163		1011		Same

				Effective Prestress PSI		138 / 125		142 / 122		Same



				Center Lift Mode Design Criteria

				Max Moment @ Beta Short FT-K		707		754		509

				Max Moment @ Beta Long FT-K		384.8		596		580.7

				Max Total Moment Short FT-K		707		846		1129.8

				Max Total Moment Long FT-K		384.8		622		865.7

				Stiffness Check Approach		Rq'd Moment of Inertia		0.55 in Deflection		0.97 in Deflection

				Max Shear @ Beta Short K		165.9		46.3		109.12

				Max Shear @ Beta Long K		88.8		37.6		100.7

				Max Total Shear Short K		166		114.4		119.7

				Max Total Shear Long K		89		193		193



				Edge Lift Mode Design Criteria

				Max Moment @ Beta Short FT-K		590.8		215.3		n.a.

				Max Moment @ Beta Long FT-K		280.4		62.4		n.a.

				Max Total Moment Short FT-K		591		295.7		n.a.

				Max Total Moment Long FT-K		280		577.5		n.a.

				Stiffness Check Approach		Req'd Moment of Inertia		0.38 in Deflection		n.a.

				Max Shear @ Beta Short K		263		37		n.a.

				Max Shear @ Beta Long K		158		17		n.a.

				Max Total Shear Short K		263		55		n.a.

				Max Total Shear Long K		158		115		n.a.






Best Practice
for Using
FEM to
Design Slab-
on-Ground
Foundations

Create base model with geometry, loading and tendons
Reduce effective PT force to account for losses

Check soil bearing pressure

Check min 50 psi effective prestress requirement

Model design strips to allow checking of slab at
multiple sections

Create Center Lift model by removing soil em from
perimeter

* Check moment stresses
* Check stiffness

* Check shear

* Check cracking moment

Create Edge Lift model by applying soil em from
perimeter or by applying edge displacement

* Calculated deflection limited to ym
* Run through all design checks
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Wafflemat Construction Sequence




FEM Wafflemat Foundation Analysis Model

Tendon 19
v ®
General Stressing Location Shape/System/Friction FEM  Properties
|
400
Optimized
Tendon
| Tendon 13 I.
: ayout
upit ¥ 2 ® y
Stressing Location Shape/System/Friction FEM  Propetties
R=8.58
| R=8.58
> T
1300
| Span 1 |
A L=39.67 ’
@ First Uplift (K/ft)
Olast [ 0.267 ]
L ces CGS CGS CGS Wobble
Span Shape L) Top First Bottom 1 Bottom2 Toplast X1/L X2/L X3/L A/L Mu System
L ) ) fott)
> Typical Reversed Parabola v |.” ] 1.00 1.00 1.00 100, 010/ 050 0.10|0.10 Unbonded v
Span 1 Extended Reversed Parabola |~ [».% 2967 4.00 3.00 3.00 400/ 0.10| 0.10 Unbonded | v
@ First Span .
OlastSpan | Inset | Delete mmammmy@n %7 (®) Shape Diagram P3| () Force Diagram




FEM - Soil Bearing Analysis

Slab, Stress (contour map), Soil pressure (Psf)
Load Combination: Service(Total Load) (SERVICE_TOTAL_LOAD) ’.:..-'f_'_""'- N,
Max -82.74@(28.17, 13.49, 10.00) - \

i i P | = S = = T i SN
e Assumes uniform soil support b
* Max pressure on soil 921.7 PSF < allowable 1,500 PSF OK EE‘E% |
o
-B30.19
-586.12
-642.05
-G87.98
-753.91
-309.84
-B865.77
-921.70

Deflected Shape



FEM — Effective Prestress Calculations

Reduced PT force applied to model.

~—1 |

=

Slab, Stress (contour map), Mid-depth along XX (Psi) i i . ) . .
Load Combination” PT Only (SERVICE. TOTAL_LOAD) Enl)aa% S;ﬁsh?n(acts}r:(}upr'rng)arﬁ; g}lé-s\?lpgéﬂ]rooﬂ_?h\[i(g;'g}} Design Sections, Stresses, P/A (Precompression FEM) (Psi)
Max 316.18@(38.75, 71.46, 10.00) o Max 81.90@(11.07, 2.72, 10.00) - - Load Combination: PT Only (SERVICE TOTAL_LOAD)
Min -1 T?_SS@ﬁ_OO, 31.82, 10.00} Min -153_10@(38.67, 24 .49, 10.00) -7 Mlnlmum allowahl:_a lSU_UU
Y | . 18 0 o Tensile stress positive .-F- Design Section_s, _Slresses, P/A (Precompression FEM) (Psi)
vore (PR et A 5190 Fo Ve 73 i T, e oot 77 oo (SSRGS TOTAL 1040
¥ | ¥ 5 c =gl : Tensile stress positive ittt
= RS VU N+ AN 8 | ST BB
18443 { 1Al { ' 9;23 C N !
151.49 H .
11855 Y | ? 1 ° 000 i | 4 !
1 = -12. I
e 11 { T 217 2 | z |
: - -43.44 ]
000 ) Bl 3a10 1. |
1220 [V I T M LI I\t |
-46.14 | ] “rian o044 \ iz H
TS I O < R ze | ! i | | -
-112.01 [ [ -137.43 ! } : i y
i ittt == i
: ] | n Iy
e an o Wi e |
Effective i Effecti ; \
Prestress X-' 1) Prestres == }
Direction |l i F;\T Directi J!*;: =
H / il ! N
1IN AL |1 ~ i
g ANy il
i Iul , | i
n [ | —_— L] I i ! —
o f
. — i s .
=== Effective prestress:

Short =90 psi
Long = 90.46 psi OK




I ——————————————————————————
FEM — Moment Stress Analysis — Edge Drop/Center Lift Mode

All stresses are within limits — OK.

Design Sections, Stresses, Bottom (Psi)
Load Combination: Service(Total Load) (SERVICE_TOTAL_LOAD)

Design Sections, Stresses, Top (Psi) Design Sections, Stresses, Top (Psi) Tensile stress positive Design Sections, Stresses, Bottom (Psi}
Load Combination: Senice(Total Load) (SERVICE TOTAL LOAD) ereioforms Load Combination: Service(Total Load) (SERVICE_TOTAL_LOAD) Max: 19.04 J— Load Combination® Senics(Total Load) (SERVICE_TOTAL_LOAD)
Tensile stress positive - B p 1 Tensile stress positive Min: -2375.70 Pl . = e e Tensile stress positive
Max: 30516 J Max: 305.16 - M_ax: 19.04
Min: -83.44 I Min: -83.44 Min: -2375.70
| I
H T, Q4 é s s A
VU Jtl
~ ke C I
LU ax 1o T S
0 ; H
il Basion DS
\/ :I LS ) T B
7\ | |
H | L A
ensiom !
I | *YajidaYan N dd :
; | SS
1 ; T I01PSI
H [
i - 351N
L | ||
| Il i
| ||
|
u il
- ] —
A ik | i ;
|
1 [ - |

W



FEM — Stiffness Analysis — Edge Drop/Center Lift Mode

Slab, Deformation, Z-Translation (in)

Load Combination: Serice(Total Load) (SERVICE_TOTAL_LOAD)
Max 0.04@(21.31, 56.72, 10.00)
Min -0.59@(0.00, 1.74, 10.00)

0.04

0.00

0.00

-0.04
-0.08
-0.12
-017
-0.21
-0.25
-0.29
-0.34
-0.38
-0.42
-0.46
-0.50
-0.55
-0.59

7

Min > e

Deflection check:

* Cantilever length at max deflection = 20.25 ft

* Max allowable deflection based onL/480=1.0in
* Max calculated deflection 0.59in < 1.0 in OK

Stiffness comparison (moments of inertia Inch?):

e Short direction

Wafflemat has
* Traditional ribbed slab 245,897 1% greater

«  Wafflemat 248,000 Moment of
Inertia
* Long direction
* Traditional ribbed slab 161,491

*  Wafflemat 183,000

WELEIMEINER
13% greater
Moment of

Inertia
Wafflemat is stiffer in both directions compared to

conforming ribbed slab O1<



Design Sections, Actions, Shear (Kip)

Load Combination: Service(Total Load) (SERVICE_TOTAL_LOAD)

Max: 152.70
Min: -138.82

FEM — Shear Analysis — Center
Lift Mode

* Allowable shear stress:

* Short direction
* Longdirection

Max shear capacity:
e Short direction
* Long direction

Max shear demand
e Short direction
* Longdirection

169 psi
169 psi

391 K
335K

88 K OK
163 K OK

1N

AT

hear Force

[Distribution

159.

—
e
©
N~
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FEM — Cracked Section Analysis — Center Lift Mode

Short direction:

Design section moment capacity
Positive moment 20962 |ft
Megative moment -323.85 lft F

0.5 M Max -253.8 K-FT OK

Long direction:

Design section moment capacity
Positive moment 116.39 lft
MNegative moment 843,77 ket

0.5 M Max -385.14 K-FT OK



FEM — Moment Analysis — Edge Lift Mode

Bottom tension stresses in Short direction exceed allowable — same as traditional ribbed slab — check cracked deflection.

Design Sections, Stresses, Top (Psi)

D Secti St Tc o
L::(Iiggonj;;:;i}n Si:ii:(‘l’o?gl 5_033” (SERVICE_TOTAL_LOAD) - ""h"""\ Load_ Combination: Service(Total Load) (SERVICE_TOTAL_LOAD) /\ Design Sections, Stresses, Bottom (Psi)
Tensile stress positive ¢ — Tensrlle stress positive ‘/|—I l Load Combination: Semvice(Total Load) (SERVICE_TOTAL_LOAD) Design Sections, Stresses, Bottom (Psi)
Masx: 4041 === Max: 40.41 Tensile stress positive e Load Combination: Senvice(Total Load) (SERVICE_TOTAL_LOAD)
Min: -242.36 Tl Min: -242.36 1= Max: 693.57 s Tensile stress positive
| Min: -291.67 ] T Max. 693.57
I - Min: -281.67
Top :l\ll Top Stress ! i
i q
Max Max } Bottom|Stress | Bottom 3tress
i | M i I q ——
Compresfiion Compressior ; Max Tejnsion: i i Max Tengion—
234.6 {iisi 139 psi | 661 |ps i 131 ps
\ 1 I
|
{
—_— —_ I
| Il
|
|
|
i
!
i |
| |
I =
’ § i
1 ! - ‘_!_
[ [ i ] _/|\/’} ]—l—ll
! ' i ! PO | Compression:
1l n p .

i 198.4 psi



FEM — Stiffness Analysis —
Edge Lift Mode

Deflection check:
* Span=40ft
e Max allowable deflection based onL/480=1.0in
*  Max calculated deflection 0.69 in < 1.0 in OK

Stiffness comparison (moments of inertia Inch*):

¢ Short direction

¢ Traditional ribbed slab 245,897

*  Wafflemat 248,000 Ok
* Longdirection

e Traditional ribbed slab 161,491

*  Wafflemat 183,000 OK

Wafflemat is stiffer in both directions compared to conforming ribbed slab

Wafflemat has

1% greater
Moment of
Inertia

Wafflemat has
13% greater
Moment of

Inertia

Slab, Deformation, Z-Translation (in)
Load Combination: cracked_Cracked_Def

Max -0.00@(39.67, 72.02, 10.00)
Min -0.69@(20.00, 37.87, 10.00)

-0.00
-0.05
-0.10
-0.14
-0.19
-0.23
-0.28
-0.32
-0.37
-0.42
-0.46
-0.51
-0.55
-0.60
-0.64
-0.69

\

(Cracked]Deflection
0169)in



Design Sections, Actions, Shear (Kip)
Load Combination: Service(Total Load) (SERVICE_TOTAL_LOAD)
Max: 171.85

FEM — Shear Analysis AT
— Edge Lift Mode |

N

o |!
0N~

S
LS
3

'y
I {

* Allowable shear stress: |
* Short direction 169 psi .
* Long direction 169 psi

T
3

* Max shear capacity: I |
* Short direction 391 K 8
* Long direction 335K 7

e

* Max shear demand
* Short direction 219 K OK
* Long direction 84 K OK

SO



e —
FEM — Cracked Section Analysis — Edge Lift Mode

Short direction:

Design section moment capacity
Positive moment 306.75 k-t

Megative moment 62162 kt

0.5 M Max 260 K-FT OK

Long direction:

Diesign section moment capacity
Positive moment 20962 k4t
Megative moment -823.85 k-

0.5 M Max 101 K-FT OK



Concluding Remarks

The FEM method of analysis and design is a valid option for slab-on-ground designs
We benchmarked the PTISlab method against the FEM method for a 40x70 ribbed slab

A best practices design methodology based on FEM was presented

Using the FEM method, we successfully analyzed and validated a wafflemat design

TRUCTURAL FRAMING - REFER TO
STRUCTURAL FRAMING PLANS

Material Savings: ?@”?f"ﬂi:ﬁf;:;mrj
Concrete PT Tendons (Lf) /Jf | FWWZII% w
WM: 75 cy (with waste factor) WM: 1,621 If (64 Live ends) _

Traditional: 95 cy (with waste factor) Traditional: 2,410 If (94 Live Ends) ’

SEE|
El CVIY

S | T
=== = == g}

3" CLR lr%J\—w\ma BARRIER
g X
IWII

2'-0"

L{\ g\—#a AT 24" ON CENTER

44 MIDHEIGHT BAR X CONTINUOUS AT 12" OC (VERTICAL
SEE PLAN |

PERIMETER EDGE

Wafflemat offers Wafflemat offers

33% reduction in
If of tendons

21% reduction in
concrete

[—2- #4 BARS CONTINUOUS WITH CORNER BARS PER DETAIL 7



This concludes the Educational Content of

this activity
Thank you !
Florian Aalami Anna Olveda
Florian@P T Structures.com Anna@Wafflemat.com

PT-Structures IR ‘ WAFFLEMAT"
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Parametric Study for Different E_ Soil Conditions - Moment
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Parametric Study for Different E_ Soil Conditions - Shear

Shear vs Em CL Short Shear vs Em CL Long
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Parametric Study for Different Y Soil Conditions - Moment

Moment vs Ym CL Short Moment vs Ym CL Long
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Parametric Study for Different Y., Soil Conditions - Shear

Shear vs Ym CL Short Shear vs Ym CL Long
190 120
L &  J 115 @ & 9
185 110
180 105
100
175 95
90 /
170 85
—Y
165 -— » T 80
75
160 70
1 1.1 1.2 13 14 15 1.6 1.7 1.8 1.9 1 1.1 1.2 13 1.4 15 1.6 17 1.8 1.9
—8—PTISlab CLS —@—FEMCLS —8—PTISlab CLL —@—FEMCLL
Shear vs Ym EL Short Shear vs Ym EL Long
350 200
200 180
160
250 / 140 '//
200 120
100
150 80
100 60 r + +
L s 4 . 20 T T T
50 20
0 0
1.6 1.7 1.8 1.9 2 21 22 23 24 25 1.6 1.7 1.8 1.9 2 2.1 2.2 23 2.4 25

—8—PTISlab ELS —®—FEMELS —8—PTISlabELL =—@—FEMELL



	Shallow Foundation Design: PTI vs Finite Element Method of Design and Performance for a Typical 40x70 Slab-On-Ground Foundation Design
	Shallow Foundation Design Introduction
	Expansive Clays: Macro to Micro Views
	Reasons for Heave
	Slide Number 5
	Current Design Codes/Guides
	Shallow Foundation Design Fun Facts
	Why Should We Care?	
	Existing Design Methodology Extremely Limited
	Leveraging Capabilities of Advanced Finite Element Analysis�
	Learning Objectives
	Case Study Project: 40x70 Foundation
	Outline of Design Procedure using GTK PTISlab Software�
	PTISlab 3.5 Software Limitations�
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Input Data: Ribbed Foundation Analysis Model�
	3D Finite Element Ribbed Foundation Analysis Model�
	PTISlab 3.5 Analysis Parameters: Ribbed Foundation Analysis Model�
	Soil Bearing Analysis�
	Effective Prestress Calculations
	Edge Drop/Center Lift
	Edge Drop/Center Lift Moment Analysis
	Edge Drop/Center Lift Moment Stress Analysis
	FEM – Moment Analysis @ All Sections – Center Lift Mode
	FEM – Moment Analysis @ Detailed – Center Lift Mode
	Stiffness Analysis – Edge Drop/Center Lift Mode
	Stiffness Analysis – Edge Drop/Center Lift Mode
	Shear Analysis – Edge Drop/Center Lift Mode
	Cracked Section Analysis – Center Lift Mode
	Edge Lift Mode�
	Edge Lift Moment Analysis
	Edge Lift Moment Stress Analysis
	FEM – Moment Analysis @ All Sections – Edge Lift Mode
	FEM – Moment Analysis @ Detailed – Edge Lift Mode
	Stiffness Analysis – Edge Lift Mode
	Stiffness Analysis – Edge Lift Mode - Using Required I 
	Shear Analysis – Edge Lift Mode
	Cracked Section Analysis – Edge Lift Mode
	Summary Table Comparing Design Values�
	Best Practice for Using FEM to Design Slab-on-Ground Foundations�
	Wafflemat Foundation Design using FEM�
	Slide Number 45
	FEM Wafflemat Foundation Analysis Model�
	FEM - Soil Bearing Analysis�
	FEM – Effective Prestress Calculations�
	FEM – Moment Stress Analysis – Edge Drop/Center Lift Mode�
	FEM – Stiffness Analysis – Edge Drop/Center Lift Mode�
	FEM – Shear Analysis – Center Lift Mode�
	FEM – Cracked Section Analysis – Center Lift Mode�
	FEM – Moment Analysis – Edge Lift Mode�
	FEM – Stiffness Analysis – Edge Lift Mode�
	FEM – Shear Analysis – Edge Lift Mode�
	FEM – Cracked Section Analysis – Edge Lift Mode�
	Concluding Remarks�
	This concludes the Educational Content of this activity��Thank you !
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62

