HOW TO DESIGN?




DISTRIBUTION OF EXPANSIVE SOILS




WIDE VARIETY OF CLIMATE




SAME SOIL -- DIFFERENT CLIMATE

l:rﬂdmﬁul movement ve TMI|
for a 1/286 year return period, dam=30cm




RESIDENCE COMPLICATIONS

SITE CONDITIONS

Rainfall and evaporation

Tree root zones
Flower beds, ponds

Vertical, horizontal barriers




DESIGN NEEDS ENVELOPES

DESIGN ENVELOPES

Example
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EDGE LIFT
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EDGE DRYING

Edge Moisture
Variation Distance
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Differential
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.Slab e
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Contours of —V _ — Steady State
Equal Suction Horizontal Flow




DESIGN AIDS

SOIL MOVEMENT

SOIL MOVEMENT TABLES

SLAB DEFLECTION AND STRESSES
SOIL VOLUME CHANGE

SOIL MOISTURE VARIATION
DISTANCE

VERTICAL BARRIERS




SOIL SUCTION

MILEPOSTS ON THE SUCTION SPECTRUM

OVEN DRY

AIR DRY
TENSILE STRENGTH OF WATER

WILTING POINT

PLASTIC LIMIT

FIELD CAPACITY

LIQUID LIMIT




EXAMPLE: VOLFLO-2
GIVEN VALUES:

2.50 pF
4.56 pF

28.08 ft
3.31 pF
1.03 pF
1 cyclelyear




SOIL MOVEMENT
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SOIL MOVEMENT
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SOIL MOVEMENT
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SOIL MOVEMENT
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SOIL MOVEMENT
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SOIL MOVEMENT TABLES

Design Differential Soll Movement, v,
Guide Number for Slab Design

Measured Ym Guide Numbers

Suction pF at : _
Depth, z,, Controlling Surface Suction, pF

m 2.5 2.7 3.0 3.5 4.0

2.7 +3.2 0 -4.1 -13.6 -25.7

3.0 +9.6 +5.1 0 -7.5 -18.2

3.3 +17.7 +12.1 +5.1 -2.6 -11.5

3.6 +27.1 +20.7 +12.1 +1.6 -5.7

3.9 +38.1 +30.8 +20.7 +7.3 -1.3

4.2 +50.4 +42.1 +30.8 +14.8 +3.2

4.5 +63.6 +54.7 +42.1 +23.9 +9.6

Note: The positive sign indicates heave and the negative sign indicates shrinkage.




SOIL MOVEMENT TABLES

Design Differential Soil Movement, y..., Guide Number
for Slab Design: Lawn Irrigation

Ym Guide Numbers

Measured Controlling Surface Suction
Suction pF at Due to Lawn Watering

Depth, zy, _ With 4 ft. Deep Moisture Barrier
m pF —units pF -- units

. 2.7 3.0 . 2.5 2.7 3.0
2.7 : 0 0 0.1 0 0

3.0 : 5.1 0 0.1 0.1 0

3.3 12.1 5.1 0.1 0.1 0.1
3.6 20.7 : 1.3 0.5 0.1
3.9 30.8 : 3.8 1.9 0.5
4.2 42.1 7.7 4.9 1.9
4.5 54.7 12.4 9.1 4.9




SOIL MOVEMENT TABLES

Design Differential Soil Movement, y,.., Guide Number
for Slab Design: Flower Bed Case
(4 ft Deep Flower Bed Moisture)

Ym Guide Numbers

M gasured Controlling Surface Suction Due to
Suction pF at Flower Bed Watering

2 fie With 4 ft. Deep Moisture Barrier
i pF -- units

25 | 152 | 64 | o




SOIL MOVEMENT TABLES

Design Differential Soil Movement, y..., Guide Number
for Slab Design: Tree Drying Case
(Without Moisture Barrier)

Ym Guide Numbers

Measured Equilibrium Suction at Depth, z,,
pF -- units

& [ o1 | 601 [ 42 | 284 | 156 | 01 | 00
w0 | -ieo6 | 1463 | 1249 | w8 | 426 | 97 | 00
" us | 2mar | 2136 | 1825 | a1 | 426 | 97 | 00
0 | a4 | 2020 | 2525 | a1 | w26 | 97 | 00

“Movement active zone, z = 11.5ft.
Movement active zone, zy = 7.5 ft.
* Movement active zone, z, = 3.5 ft.

Depth of
Tree Root
Zone, ft




SOIL MOVEMENT TABLES

Design Differential Soil Movement, y..., Guide Number
for Slab Design: Tree Drying Case
(With Moisture Barrier)

Ym Guide Numbers

Depth of Measured Equilibrium Suction at Depth, z,
Tree Root (With 4 ft Deep Moisture Barrier)
Zone, ft pF -- units

4 [ 365 | 252 | 168 [ 81 | 26 | 00 | 00
w0 | 163 | w24 | e84 | a1 | 215 | 00 | 00
15 [ 1935 | 105 | 1475 | 785" | 15 | 00 | 00
0 | w2 | 21| a4z | 5 | ;s | 00 | 00

“Movement active zone, z = 115 ft.
Movement active zone, za = 7.5 ft.




SLAB DEFLECTIONS
AND STRESSES

EXAMPLE NO. 1
P.T.I. DESIGN MANUAL

FLAT SLAB
RIBBED SLAB




Example 1 Centar Lift {em=5.51t, ym=3.608in.), Displacements (in.) (CT)
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Example 1. Center LIl (em=5.51, ym=3.608in.), Displacements (in.)
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Example 1. Center LIl (em=5.51, ym=3.608in.), Displacements (in.)
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Example
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1: Center Lift fam=5.9, ym=3.60Gin), Moment, Mx (kips ftf1, (CT)
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Example 1; Center Lift (em=551, ym=3.608in.), Moment, Mx (kips ft/ft)
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Example 1. Center Lift (em=551, ym=3.608in.), Moment, Mx (kips ft/f)
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Example
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1: Center LIt {em=5.5, ym=3.603in:), Moment, My (kips ftit),
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Example 1; Center Lift {em=551, ym=3.608in.), Moment, My (kips /)
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Example 1. Center Lit (em=5.51, ym=3.602in.), Moment, My (kips f/1)
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Example 1. Center Lift fem=545, ym=3608in.), Moment, My (kips ﬁfﬁj (ET)
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Example 1. Center Lift (em=5.5, ym=3.608in), Moment, Mxy (kips i/, (CT)
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Example 1: Lenter Lift (em=5.51t, ym=3. EDEmj Moment, My [I-:lps ftit)
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Example 1: Center Lift (em=5.5f, ym=3 608in:), Moment, Mxy (kips ftif)
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Example 1: Center Lift fem=5.5, ym=3.608in:), Shear Force, G (kips /), (CT)
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Example 1; Center Lift {erm=55f, ym=3.608In.), Shear Force, Cix (h’lps iy
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Example 1. Center Lift {em=55f, ym=3.608in.), Shear Force, Gy (kips /)
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Example 1
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Center Lift {em=5.5, ym=3.608in.), Shear Force, Cy (kips /), (CT)




Example 1: Centar Lift {em=5.5, ym=3.608in.), Shear Force, Gy (kips A, (CT)
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Example +: Center Lit (em=5.5f, ym=3.608In.), Shear Force, Gy (kips )
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Example 1. Center Lift (em=551, ym=3.6081n.), Shear Force, Gy (kips /M)
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Example 1: Edge Lift, (erm=2.51, ym=0.782in.}, Displacements {in.), (CT)
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Example 1: Edge Lift, (em=2.5f, ym=0.752in.), Displacements {in.), (CT)
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Example 1: Edge Lift (er=2 .51, ym=0.752in.), Displacements (in.)




Example 1. Edge Lift (em=2 5ft, ym=0.752in.}, Displacements (in.)
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Example 1 Edge Lit (em=25, ym=0.752in), Moment, My (kips /4, (CT)
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Example 1 Edge Lift {em=25, ym=0.752in), Moment, Mx (kips ft/f), (CT)
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Example 1: Edge Lift {em=2 51, ym=0752n), Moment,
Al : ; : :
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Example 1: Edge Lit fem=251, ym=0.752in), Moment, Mx (kips ft/)
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Example 1 Edge Lift (em=2.5, ym=0752in.), Mament, My (kips ft/ft), (CT)
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Example 1: Edge Lift fem=2.5%, ym=0.752in ), Moment, My (kips ftift)
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Example 1: Edge Lift fem=251, ym=0.752in), Moment, My (kips ft/)
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Example 1: Edge Llﬁ [em =25, ym =0.7521n:), Moment, Mxy (Kips ﬁfﬁj (T
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Example 1: Edge Lit {fem=2.59, ym=0752In0, Moment, Mxy (Kips ft/], (CT)
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Example 1 Edge Lift (em=2 .51, ym=0.752in), Moment, My (klps it
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Example 1: Edge Lift (em=2 8/, ym=0.752in), Moment, My (kips ft/1)
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Example 1. Edge Lift (em=25, ym=0752in.), Shear Force, Qi (kips A, (CT)
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Example 1 Edge Lift (em=2.5, ym=0.752in), Shear Force, Gy (kips M), (CT)

T T
&
iy
ks
S
3
L
L
i3
—
=
| FE
[
o
]
=
EE




Example 1: Edge Lift {em=25f, ym=L0, ?EEmJ Shear Force, Oy [I-:lps )
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Example 1: Edge Lit {fem=2.5%, ym=0.752in.), Shear Force, Cx (kips ft)
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Example 1. Edge Llﬁ [Em 28 ym=0752m.), ShearForce, Gy (kips fﬁ] (CT)
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Example 1: Edge Lift fem=25%, ym=0752in.), Shear Force, Gy (klps )
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Example 10 Edge Lift fem=25%, ym=0,752in), Shear Farce, Oy (kips /)
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SOIL VOLUME CHANGE
CHARTS

NATURAL RESOURCES
CONSERVATION SERVICE
U.SD.A.

DATA BASE
(130,000 SAMPLES)




EXPANSIVE SOILS ZONES
(A. P. COVAR)
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* EXPANSIVE SOIL VOLUME CHANGE GUIDE NUMBER
: (A. P. COVAR)
ZONE 1




* EXPANSIVE SOIL VOLUME CHANGE GUIDE NUMBER
: (A. P. COVAR)
ZONE 2




* EXPANSIVE SOIL VOLUME CHANGE GUIDE NUMBER
(A. P. COVAR)




* EXPANSIVE SOIL VOLUME CHANGE GUIDE NUMBER
: (A. P. COVAR)
ZONE 4




* EXPANSIVE SOIL VOLUME CHANGE GUIDE NUMBER
: (A. P. COVAR)




* EXPANSIVE SOIL VOLUME CHANGE GUIDE NUMBER
: (A. P. COVAR)
ZONE 6




° EXPANSIVE SOIL VOLUME CHANGE GUIDE NUMBER

(A. P. COVAR)




* EXPANSIVE SOIL VOLUME CHANGE GUIDE NUMBER
: (A. P. COVAR)




VOLUME CHANGE
COEFHICIENT, g,

PERCENT FINE CLAY

VOLUME CHANGE
GUIDE NUMBER




EDGE MOISTURE
VARIATION DISTANCE,

e, ft




EDGE MOISTURE VARIATION DISTANCE

CENTER LIFT
EDGE LIFT

en(ft), Edge Moisture Variation Distance
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EFFECT OF VERTICAL
MOISTURE BARRIER




MOISTURE BARRIER
(T = 1.5 ft)
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MOISTURE BARRIER
(T = 2.0 ft)
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DESIGN AIDS
FOR
SLABS ON
EXPANSIVE SOILS




