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Outline

e What’s the point of design? (RLL)

* Design details
> Soils (JTB)
> Site conditions (JTB)
> Loads (DRR)
> Structures (DRR)

o Summary (RLL, JTB, DRR)



What’s the Point of Design?

Contributing elements
Design conditions
Design approaches

Design criteria

> Stresses/strength

> Deflections/tolerance
> Stiffness

Objectives
Constraints




Contributing Elements

Solls

Site conditions
|_oads
Structures



Soils (1/2)

* EXxpansive
> Differential movement
> Total movement

e Minerals

> Wide variety
> Mixed
> Large differences in behavior
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Soils (2/2)

e Chemistry
> Sulfates
> Chlorides
> Stabilizing chemicals

o Stabilization against
> Movement
» Moisture movement



Stability Models or Phase Diagrams
290 Soll - Depth of 24-inches

290 Soil B1 2ft @ pHI2 Extract
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IRl (inches/mile)

IRl cross-section
IH-30 Greenville 6 Ft. Fabric
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Exponential Suction Profile for Extreme
Wetting and Drying Condition

Nz Nz .
u(z,t)=U,+U, exp(-\/;Z]cos(Znnt -\/;Z} Mitchell (1979)
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Site Conditions

Trees

Slopes
» Compaction
> Natural soils

Drainage
Owner impact
Climate
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ARE GENERALIZED AND QUALITA
BASED UPON THE PRESE 0
AND THE RELA

OF ARGILLACE

CATEGORIZATI

NS
AND PHYSIOGRAPHY

NANT GEOLOGIC FORMA

THE BASIS FOR THE CATEGC
IN PARAGRAPH 45 OF THE X

Map compiled by D..M. Patrick, H. K. Woods, and Frederick L. Smith
Engineering Geology and Rock Mechapics Division, U. 5. Army
Engineer Waterways Experiment Station, Vicksburg, Ms.

RNOKLAHOMA y
N




18






e Sustained

> Point

> Line

> Distributed
e Live

> Wind

> Seismic

|_oads
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Foundation Structures

Interaction with moving soil

Point support
> Drilled pier
> Spread footings

Beams, strip footings
Plate (uniform thickness)
Stiffened plate
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EXAGGERATED EXAMPLE OF DAMAGE TO A HOME AS A
RESULT OF SHRINKING OR SWELLING SOILS
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Design Conditions (1/2)

e Costs
> Design and inspection
> Construction (labor costs)
> Sales
> Repairs, buy back
> Litigation
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Design Conditions (2/2)

e Timing
> Site investigation
> Design and inspection
» Construction

e Risk and reliability
> General rule:
Lighter — larger risk
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Design Approaches

Local experience
Empirical
Mechanics
> Soll
* Moisture energy profiles
* VVolume change
> Structure

e Beam
e Plate

Mechanistic-empirical
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Design Criteria I:

Stresses / Strength
Tension
Compression
Shear

Torsion (twisting moments)
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EXAGGERATED EXAMPLE OF DAMAGE TO A HOME AS A
RESULT OF SHRINKING OR SWELLING SOILS
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Moment, Mx (kips ft/ft)
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Shear Force, Qx (kips /ft)

X-axis

115

110

34



Example 1: Center Lift (em=5.51t, ym=3.608in.), Moment, Mxy (kips ft/ft)
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Moment, Mx (kips ft/ft)

Example 1: Edge Lift (em=2.5ft, ym=0.752in.), Moment, Mx (kips ft/ft)
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Shear Force, Qx (kips /ft)
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Moment, Mxy (kips ft/ft)

Example 1: Edge Lift (e
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 Sensitivity of foundation and super structure (A/L)

Design Criteria Il:
Deflections / Tolerance

Differential (A .+ A,)
> As built (A)
> Soil movement (A,)

Total
Twisting
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Design Criteria I11:
Stiffness

e Substitute for deflection tolerance

* Enough concrete section to handle soil movement
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Design Objectives

 Stay In business

o | east life cycle cost
> Designer
> Builder
> Owner

o Make profit (?)
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Design Constraints

Meet all design criteria
Acceptable level of risk
Within acceptable time limits
Acceptable costs per design
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Post-Tensioned Design Procedure (1/3)

e Solls

> Moisture change (realistic range)
 Surface
e Depth

> Volume change

> Lab testing

> Moisture active zones
 Vertical
e Horizontal
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Post-Tensioned Design Procedure (2/3)

e Site conditions
> Trees
> Drainage
> Climate
> Owner impact
> Slopes

e Loads
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Post-Tensioned Design Procedure (3/3)

e Structure
> Slab-on-ground

e Soil movement classes
— None

— Low
— Medium and high

> Plate-on-uneven surface
e Shape

> Rectangular

> Non-rectangular

e Shear
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