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TMI Distribution in United States




Contributing Factors in TMI

dPrecipitation

dPotential Evapotranspiration
dDepth of Available Moisture
dInitial Value for Depth of Moisture




d Monthly Moisture Balance
= Rainfall

= Evapo-transpiration

= Storage
= Runoff




TMI Distribution in Texas




Simplified TMI Model

TMI = 75(—— 1) +10

PE,

where P = Annual Average Precipitation;
PE, = Annual Average Potential
Evapotranspiration

.




Average Anuual Precipitation




Average Anuual Potential
Evapotranspiration




Average Annual TMI




Validation of TMI Map
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Validation of TMI Map




Typical Equilibrium Suction
Profile with Depth




Development of a Modified
Equilibrium Suction Model




Modified Equilibrium Suction Model

Contributing Factors

4 [Steady State Diffusivity
Equation ( Mitchell 1979)]
d [ Relationship between

TMI and Max Available Moisture Depth




Suction Profile in Unsaturated Soil

Mitchell’s Diffusivity
Equation,

_\/272
u(z)=u,tu,*e '

Suction Profile Between
Wet and Dry State




Soil Suction at Surface
Ranges Between
to




Measured Suction Data

Soil Suction, pF
1.000 2.000 3.000 4.000




Total Soil Suction Histogram
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Depth of Moisture Active
Zone, Z_ Varies Between
and Depending on
Vegetation




Case Studies of Moisture
Active Zone Depth
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(After Lytton et al. 1994)



Fraction of Vegetation Cover Map




Typical Suction Vs Water Content
Curve




Diffusivity Coefficient

k
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where k.., = Saturated Permeability;
00,,/dh = Slope of SWCC Curve




SWCC Curve

From Fredlund-Xing Equation
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as, bs, Cc @and h, are Fitting Parameters




Prediction Model for SWCC Fitting
Parameters

Plastic Soil

Non-Plastic
Soil
(After Saha et al. 2018)



Available Annual Moisture Depth, d_,,

j [0,,(2)=0,,,(2)]

= Area ABC +Area BCDE
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Maximum Moisture
Stored Between Dry
and Wet Profile
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Mean Annual Moisture Depth Vs TMI

dam =25¢cm dam =40cm

Mean annual moisture depth (cms)

4 60 hE 0 20 40 60
Thornthwalte Moisture Index (TMI) Thornthwaite Molsture Index (TMI)

+ All TMi data — Fitted expression + AllTMI data —— Fitted expression

(After Gay 1994)




Relationship Between TMI and
Moisture Depth

Using Juarez-Badillo’s approach

, d_T dF (d)



Mean Annual Moisture Depth

Using Juarez-Badillo’s approach

where T = TMI + 65;
d,, = Mean Annual Moisture Depth;

Y, T; and d; are Regression
— coefficient ~—




Validation of Equilibrium Suction
Model




Equilibrium Suction Map




" Variables

Intercept
TMI
PI

Degree of
freedom

p—

Pk pd ek e pd pd ek el pd e

Parameter
estimate

1.267
-0.00114
0.0297
0.5153
0.00046
-0.1153
-0.0042
-0.4327

-0.00174
0.00349
-0.1758

Standard

€rror

0.406
0.000593
0.00346
0.0647
0.000318
0.1859
0.00084
0.3182
0.0265
0.00617
0.1183

t Ratio

Significant Parameters of
Equilibrium Suction

p-value



Equilibrium Suction Vs TMI

AASHTO soil type: AASHTO soil type:




Equilibrium Suction Vs TMI

AASHTO soil type: AASHTO soil type:




Equilibrium Suction Vs TMI

AASHTO soil type: AASHTO soil type:




Equilibrium Suction Vs
Vegetation Cover

TMI: >40 TMI: 40 to 10




Equilibrium Suction Vs
Vegetation Cover

TMI: 10 to -5 TMI: -5 to -25




Equilibrium Suction Vs
Vegetation Cover

TMI: -25 to -40 TMI: < -40




Depth of Constant Suction
Based on TMI Intervals

Climatic divisions in Australia in AS2870-2011







Development of a Modified
Equilibrium Suction Model
for Subgrade Layers
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