TEXAS AxM*ENGINEERING

Effects of Trees on Foundations

Robert L. Lytton, Ph.D., P.E.

Professor, Fred J. Benson Endowed Chair
Zachry Department of Civil Engineering
Texas A&M University

Houston Foundation Performance Association
Houston, Texas, December 8, 2010




TEXAS AxM*ENGINEERING

Trees and Tree Characteristics

" Trees
> How they affect slab performance and design

» How they affect drilled shaft performance and
design

®" Tree characteristics
> What they need to survive
> Root zones
> Water uptake
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Outline

"= Movement caused by trees

®= Movie of movements caused by trees

® Design considerations of slabs near trees

® Design considerations of drilled shafts near trees
= Seams of moisture effects

" Summary
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Trees — What They Need to Survive

= Water
= Oxygen

= Nutrients
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Characteristics of Root Zones

= Shallow roots
" Tap roots
" Root “ball”

= Root density
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Factors Influencing Evapotranspiration
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Water Uptake by Roots

" Saturated
" Field capacity
" Thresh hold

= Wilting point

" Dry
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Field Capacity (or Lack Thereof)

When the gravitational water drains away the
soll is at field capacity.

Water that remains is held by the soll particles.

This water is absorbed by plant
roots, or it evaporates. Roots
can get water as long as they

can overcome the adhesion that

holds water to the soil particles.
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Soil Water Balance
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Figure 10.2. Schematic representation of daily changes in the water
potential in the soil, root and leaf of a plant in an initially wet soil that
dries out over a one week period. Shown are curves for the soil water
potential, root xylem water potential and leaf (mesophyll) water
potential, as adapted by Noble {1983, his figure 9.13) freely adapted
from an article by Slatyer (1967, p 2786).



Type of plant Wilting point (pF) | Wilting point (MPa)

Trees
- U.K. 4.2 1.5
- U.S. 4.5 3.1
Post oak Texas 4.8 6.2
Eucalyptus Australia 4.35 2.2
Eucalyptus Australia 4.55 3.5
Woody plants
Burkea africana Africa 4.50 3.1
Ochna pulchra Africa 4.51 3.2
Terminalia sericia Africa 4.29 1.9
Grasses
Eragostris pallens Africa 4.60 3.9

Digitaria Africa 4.47 2.9
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-245 kPa

After Fatahi et al.

Pore pressure boundary condition
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After Fatahi et al.
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Moisture Active Zone

® Root zone (deepest root fiber)
" Cemented soll (suction above wilting point)
" High osmotic suction zone (above wilting point)

= \Water In seams

= \Water table
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Equilibrium Soil Suction vs. TMI
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Suction Ground Surface




TEXAS AxM*ENGINEERING




TEXAS AxM*ENGINEERING




TEXAS AxM*ENGINEERING




TEXAS AxM*ENGINEERING

Total Soil Suction (kPa)
100 1000 10000

Depth (m)

I




TEXAS AxM*ENGINEERING

Total Suction (kPa)
100 1000 10000

| Design enuelnpé"

| —o— away fromtrees

__— - =Wiking point 3.4Pa




TEXAS AxM*ENGINEERING

Total Soil Suction (kPa)
100 1000 10000

‘I —
E
E 2 ...... —
8% |
(m}
3 S !
4 .

{— Design en;Eiape - —ﬂ—-l_:':H <05

\—o—away from trees — - —Wiliing point 930kPa




TEXAS AxM*ENGINEERING

Total Suction (kPa)
100 1000 10000
0 | L S o
/ﬂ
1 e M |
E: ]
=
&
ﬂ 3 | -
|
|
4 -
5 l —

—o— Apr-85

—g— (Oct-98

— — —Wilting point 1.95MPa
—— Design envelope




TEXAS AxM*ENGINEERING

CENTER  LIFT CASE
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Design of Slabs Near Trees

" Find moisture active zone, z

" Find edge moisture variation distance, e,
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Design of Drilled Shafts Near Trees

" Find moisture active zone, z,,
" Determine anchor length below z,, L,
= Account for unsymmetric bending

= Use tensile reinforcing (bond development
length)




TEXAS AxM*ENGINEERING

DRILLED PIER
\Y%
~O
T T\ UPWARD
MOVEMENT
REINFORCING
S
VIV
ANCHOR
RN ZONE




TEXAS AxM*ENGINEERING

DRILLED PIER

pF pF
3.0 3.5 2.5 3.5

10 -

15 -




TEXAS AxM*ENGINEERING

DRILLED PIER @
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DRILLED PIER

Axial Tension Deflection Moment
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Horizontal Swelling Pressure Model
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Kim and O’Neill (1998)
Axial behavior of the pier
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Kim and O’Neill (1998)
Axial behavior of the pier
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Kim and O’Neill (1998)
Axial behavior of the pier
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Case Study of Bending Behavior of the Pier
Uneven Wetting with Same Initial Condition
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Case Study of Bending Behavior of the Pier
Uneven Wetting with Same Initial Condition
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Case Study of Bending Behavior of the Pier
Uneven Wetting with Same Initial Condition

Deflection (in) Lateral Load (Ib) Bending Moment (Ib-in) Shear Force (Ib)
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DRILLED PIER REINFORCEMENT
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What about Seams of Moisture?
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SOIL PROFILE
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I\E cut down tree
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Answer:

® Change suction from

pF 4.5 (wilting point) to pF 2.5 (higher than field
capacity)

® Horizontal pressure
10520 Ib/ft2 — 4 x vertical pressure
Enough to cause passive earth pressure
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Trees and Tree Characteristics

" Trees
> How they affect slab performance and design

» How they affect drilled shaft performance and
design

®" Tree characteristics
> What they need to survive
> Root zones
> Water uptake
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Outline

"= Movement caused by trees

®= Movie of movements caused by trees

® Design considerations of slabs near trees

® Design considerations of drilled shafts near trees
= Seams of moisture effects

" Summary
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