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Edge cracking:
= Causes

" Countermeasures
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Practice of Lime Treatment
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Physical Meaning of Scales

Airdry (R.H. = 50%)
Tensile Strength of Confined
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Field Conditions

U, =3.5633exp(-0.0051TMI

uz)=U,tU,exp|-,|—Z
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Transverse Distribution of Vertical Movements

(in)

| Swelling

Shrinkage
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Longitudinal Cracking over Expansive Soils

= Expansive Soil

> Experience volumetric change when subjected to
moisture variation

= |ongitudinal Crack
> Initiate in shrinking expansive subgrade
> Propagate to pavement surface e
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Settlement (mm)

Horizontal distance from tree trunk (m)
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Effects of Trees

/
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Foundation
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How do you find
" edge moisture variation distance, e,
= depth of the moisture active zone, z,?
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Figure 8 - e, Selection Chart
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Field to Laboratory Diffusion Coefficient Ratio
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Alternative

= Use built-in empirical expression:
a =0.0029 - 0.000162 S-0.0122 y,

= where;:
> S=-20.3-0.155 (LL) - 0.117 (PI) + 0.068 (%-No. 200)

% -2pum }

> = X
Tn=To {% -No.200sieve
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Plasticity index
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Volume Change

o/ _

Y%fc = D=2 m.
% —No.200 sieve
_ s % —2 um
7n =707 o " No.200 sieve
1

o= 1+ 4

&)

00
Zone lll (Covar and Lytton, 2001) (Lytton, 1994)
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Excel spreadsheet for calculating a from field
measurements
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Edge Moisture Variation Distance, e,

S

A pF uction envelopes \ T
/( 2u, Design
P = suction
maximum range
permissible

vertical - €m =

strain
em:‘/aT In( 2u0) ApF =1- 1+ﬂ
T ApF 7n
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TEXAS A&«M*ENGI LOG (SUCTION, mm)
4 5

O
EEE ENE ENN EEE EEE BN EEE NN S R O O . . S . . S I . . ..

|
e T e B s

| |

|

|

|

I

I

6

feaiiais

Wet Suctlon qulllbrh:{hrﬁuhr ﬂ',':,'l’ﬂ;
Limit for Clay  Nos-Cemented Solls* egeia

* From Empirical Relation of Thornthwaite Moisture Index

with equilibrium suction (Russam and Coleman, 1961)



TEXAS A*M*ENGINEERING

Where do the cracks occur?

29
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4 4-Ep1
Esoil

T
BUO) = 45

\

Ep = modulus of pavement

Esoil = modulus of soil

| = moment of inertia of pavement

| = bh3/12

b = cooperating width

h = thickness of pavement layer, inches
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h 3| E
BUE) =1

\ Esoil
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B — lengths, ft

Pavement Modulus ratios
thickness, Ep/Esoil

inches 5 10 15 20
6 0.9 1.1 1.2 1.4
12 1.7 2.2 2.5 2.7
18 2.6 3.2 3.7 4.1
24 3.4 4.3 4.9 5.4
30 4.3 5.4 6.2 6.8
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B-length

A
A\ 4

Bending tensile stress

Ep % VA
~ 7 7 // 7
Esoil

: EpA
Bending stress= 5

Ep =
3
72h(Esoil)
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How can this shape occur?

Swelling

Shrinking
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Density
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Density
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How much will it swell?

1 1
A_V _ (Ya)nvar  (Va)com
vV 1
(Ya)com
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Counter measures

" Tensile strength in pavement layers
= Geosynthetics

" \Wide shoulders

= Vertical moisture barriers
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Without Geogrid Reinforcement...

Ih’””’””"m/ ,;; Base

Subgrade (Expansive
soil)

* Rong Luo, Texas A&M University

42




TEXAS A*M*ENGINEERING

Multi-layer pavements

/ Tensile stress

7 ;

Tensile stress

Subgrade

Check tensile stress < tensile strength
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With Geogrid Reinforcement...

Base

Subgrade (Expansive
Geogrid  soil)

CL
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Transverse Stress Distribution in Pavement
(Crack at Edge of Shoulder)
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/ Geosynthetic here for bending

o
(@)
(@)
@)
(@)

Subgrade i Geosynthetic here for

shrinkage cracking
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Transverse Distribution of Vertical Movements
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| Swelling
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Edge Moisture Variation Distance, e,

S

A pF uction envelopes \ T
/( 2u, Design
P = suction
maximum range
permissible

vertical - €m =

strain
em:‘/aT In( 2u0) ApF =1- 1+ﬂ
T ApF 7n
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Longitudinal Crack Spacing
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Distance to First Shrinkage Crack

ol 2U,
X, = ]—In(
T 2u,—ApF

)
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Distance to All Shrinkage Cracks

ol 2U,

k
" 2uo _Z(ApF)i
L i=1 i
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Effects of Trees

Calculations by Program VOLFLO
fior the Dallas area withe, = T4,
' pro =36, v = 0163,
4| % Fine Clay = 67%, K, = 0.0, and = 0.8,

Treo Hmlnl:l 0 ||

fram Edga af
Foundation

Depth to Zero Movement in Soll, feat
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Effects of Trees

TrmaTI Roots at the Edge of the Foundation
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Effects of Trees

Depth to Constant Suction = 15 feet

B
3
5
£
g
5
§

Surface Shrinkage Movement, inchas




TEXAS A*M*ENGINEERING

Effects of Trees
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Effects of Trees

Depth of Root Zones; 6,9,12 feet
Depth to Constant Suction; 15 feet
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Verticol du..npl..u-r:r-l;ﬁt ocross seclion
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Verticaol displaocement ocross seclion
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Verticol dupl.n-crt:'ﬂ;. ocross secl.on
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Verticol displocement ocross seclion
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Guardrail between pavement lanes

on expansive clay subgrade
IH37, San Antonio, Texas (c. 1974)
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TYPICAL CROSS SECTION
WITH MOISTURE BARRIER

ASPHALT LAYER
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VERTICAL MLISTURE
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Edge cracking:
= Causes

" Countermeasures
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