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Outline

= Performance of pavements on expansive clays
» Roughness

» Cracking
= Pavement monitoring program
= Suction envelopes for design

= Prediction of movement
> Edge of pavement
> Wheel path
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Outline, cont.
® Prediction of roughness

® | ongitudinal cracking over expansive solls
» Design countermeasures
> Crack spacing

® Features of design program WINPRES

" WINnPRES demonstration
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Guardrail between pavement lanes

on expansive clay subgrade
IH37, San Antonio, Texas (c. 1974)
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MONITORING
ANALYSIS OF CROSS SECTION

Mazimum
Movament
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Distance (leef)
- 88T —— T8 = 10/80
-S= 4/80 - 11/90
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Verticaol displacement ocross seclion
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Verticol :Ii.ipluc::::'ml. ocross seclion
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Medium Cracked Soils with Desp Roats
{Piaved / {Ejodded madians - Houston
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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
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Exponential Suction Profile for Extreme
Wetting and Drying Condition

U(z,t>:ue+uoexp{-\/%z-]cos(zz “—"J Mitchell (1979)
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Soil Suction, pF
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Figure 1 - Total Soil Suction Histogram for 2006
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Physical Meaning of Scales

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

Water
Wilting Point

Clay Plastic Limit

Clay Wet Limit
Field Capacity

Liquid Limit
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Performance Criteria for Engineering Structures

Engineering Performance Criteria
Structure

Foundations

Pavements

Retaining Walls

Differential movement: vertical and lateral
and allowable stresses

Differential movement and allowable
stresses

Total vertical and lateral movement; lateral
pressure; allowable stresses

Roughness spectrum, International
Roughness Index, Longitudinal cracking
Roughness spectrum, Pilot and Passenger
acceleration

Lateral pressure and movement, allowable
stresses
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Performance Criteria for Engineering Structures,

cont.

Engineering Structure Performance Criteria

Pipelines

Slopes

Canals

Moisture Barriers

Land Fill Covers and
Liners

Roughness spectrum, allowable stress,
fatigue criteria, corrosion

Downhill movement, shallow slope
failure, slope stability

Combination of the performance criteria
of retaining walls, pipelines, and slopes;
thermal and shrinkage cracking;
permeability of the cracks and joints

Reduction of the movement of water in
the soil and of total vertical movement

Moisture and leachate transmission
(including the effects of cracks)
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The Design Problem

How do you design a foundation to perform
successfully when you have poor site conditions?

> Vegetation
> Drainage
> Slopes
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Answer: Design for the worst that they can do

Site condition Limiting Condition

' - : Wilting point
Vegetation Drying shrinkage oF=45
i , Clay wet limit
Poor drainage Swelling F>2.5
Slopes Downhill creep, Uphill offsets,

shallow slides drainage control




TEXAS AxM*ENGINEERING

Answer: use suction envelopes to
determine the worst that they can do
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Field Conditions
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Plasticity index
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Volume Change

0 —
%fc = /0 Zﬂm_
% —No0.200sieve
_ . % —2um
7h = 70% % _No.200sieve
Yo =7 -
o /h h
1+ ———~
%
06
Zone Ill (Covar and Lytton, 2001) (Lytton, 1994)
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Volume Change

V , i

Vo

Volume—Mean Principle Stress-Suction surface

v (hfj [GfJ
—=—y, log,, |7 l0g,,| — | (Lytton, 1977)
. O

aH_ (&)
H V

f =0.67 —0.33ApF

f =0.5 when drying;
f =0.8 when wetting
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Suction vs. Pressure vs. Volume Surface
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Calculated Vertical Movement

pF vertical movements (in)
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Transverse Distribution of Vertical Movements

(in)

| Swelling

Shrinkage
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Predicted Roughness vs. Time; Fort Worth |-

820 B
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Predicting Changes in IRI (R)

C:j_'? — 181 (AH ) + 132
= Pavement categories:
> Moisture barriers with paved medians
B, =0.619, B, = 1.295
> Moisture barriers with sodded medians
B, = 1.583, B3, = 2.011
» Control section with and without medians

B, = 2.701, B, = 4.015
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|R| VS. PSl International Roughness Serviceability
Index Index
(m/km) (in/mile)
0.95 60 4.68
1.03 65 451
1.10 70 435
1.18 75 4.21
1.26 80 4.07
1.34 85 3.94
1.42 90 3.82
1.50 95 3.70
1.58 100 3.5
1.66 105 3.48
1.74 110 3.3
1.82 115 3.29
1.89 120 3.20
1.97 125 3.11
2.05 130 3.03
2.13 135 2.95
2.21 140 2.87
2.29 145 2.79
2.37 150 2.72
2.45 155 2.65
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Barrier

Subgrade

Pavement Section

27 FT

WIDTH OF PAVEMENT,83 FT
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Climatic Conditions
Thornthwaite Moisture Index (TMI, 1948)

Roadside Drainage Conditions

-20
Amarillo
=20 -10 10 3050 50
Longitudinal Drainage
e Abilene .
il Pdessa . HI” |0pe
El Pas°_40 W7\ Naﬂey/
Q) ~ Cut  _23pF 2.0 pF 2.0 pF
‘40
Flat 2.5 pF 2.2 pF 2.2 pF
_30
Fill
i /ﬁz.a pF 2.3 pF 2.3 pF
-40
\ Lateral
b Slope

100R —60DEF R  =runoff moisture depth
TMI = E DEF =deficit moisture depth

p E, =evapotranspiration
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Acceptable Predicted Performance
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Acceptable Predicted Performance
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Longitudinal Cracking over Expansive Soll

" EXpansive soll

> Experiences volumetric change when subjected to
moisture variation

= | ongitudinal crack
> Initiates in shrinking expansive subgrade
> Propagates to pavement surface

M

TPE BT
KERA ALY L BN
LAY G
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Practice of Lime Treatment
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Without Geogrid Reinforcement...

ffffff
FiFrrary
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Subgrade (Expansive
soil)

* Rong Luo, Texas A&M University
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With Geogrid Reinforcement...

fffffffffff ,.&; Base

Subgrade (Expansive
Geogrid  soil)
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B Transverse Stress Distribution in Pavement
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0.200 - 90
——Number of Crack=1

0.180 + —o— Number of Crack=2 + 80
—X—Number of Crack=3

0.160 Number of Crack=4 + 70
—>—Number of Crack=5
0.140 + :
—&—Upper Tensile Strength |+ 60
0120 | \ —+—Lower Tensile Strength
/ \ [
0.100 -+ >\

0.080 -+ X\X

Stress Intensity Factor (MPa*m”.5)
Geogrid Tensile Strength (kN/m)

130
0.060 |
120
0.040 +
0.020 | 110
0.000 | | | | | | 0
0 400 800 1600 3200 6400 12800

Geogrid Stiffness (kN/m)
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Transverse Distribution of Vertical Movements

(in)

| Swelling
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Edge Moisture Variation Distance, e,

maximum T

permissible
vertical
strain

€m

e =

m

_ o / 3p
In ApF =1- [1+—
T (ApF) P 7h

ApF Suction envelopes T
J / 2u, Design
* suction
J range
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Longitudinal Crack Spacing
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Shrinkage Strain

¢, = =(L+ APF) 7, (APF)]
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Distance to First Shrinkage Crack
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Diffusivity

2
a(srz—cj —0.0029 — 0.000162(S) —0.0122(y, )] x10™*
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pF(w)

'S
|
|
|
|
|
|
g w, water content Wer i
SW = pF (W) — pFintercept
PFiercert = 2-622 —0.0041(%fine clay)
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Alternative

= Use bullt-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)

% - 2am
% -No0.200sieve

> Yh=YOx|:
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Field to Laboratory Diffusion Coefficient Ratio
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Program WInPRES
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Structural Properties of Pavement | Traffic and Rehablity | Boughneszs | Diffuszivyity |
Project Information ] Units and Pavement Types ] Environmental and Geometric Conditions |
Soil Properties | Barrier and Wheel path |
Soil Profile
Layer 2 |natural zoil ﬂ
Thickneszs of Soil Laver : |3_5 (] Dry Unit Weight :|-||]|] [pci]
Liquid Limit : |55 [#] The Plasticity Index : |3|] %]

% Passing #200 Sieve : |3|] [#] % Less than 2 Microns :|25 [*]

Add ‘ Delete | Previous

Mext ‘

Soil Thickness Dy Unit % Passing % Less than

Layer 1yne (M) Weight(pcf) LL(Z]  PHUZ] gop0 Sieve 2 Microns
1  natwal 5 100 40 25 a5 30
2  natwal 1.5 100 55 30 80 25

Soil Properties

Run ‘
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Structural Properties of Pavement | Traffic and Heliablity | Boughness | Diffusivity |
Project Information ] Unitz and Pavement Types ] Environmental and Geometric Conditions |
Soil Properties B arrier and Wheel path

Depth of Yertical Moizsture B arrier

{« Specify ||] [Ft) { Fem " Calculate

YWheel Path and Distance from the Center
Width of Pavement . |64 [ft]

Humber of Wheel Path N 1r|

Wheel Path 1

Distance from the Center of Pavement : |24 [Kt]
Previous ‘ Mext |
Center of Edge of
pa\.-'elment 1 pavement
I
o |
| Half width of pavement 3= (ft) Ry

Lane/Barrier configuration

8

Bun
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Project Information ] Umitz and Pavement Types ] Environmental and Geometric Conditions |
Soil Properties | Barner and Wheel path |
Structural Properties of Pavement ] Traffic and Reliablity : Houghness i Diffusivity |

Initial Roughness

bility

Wheel Path 1

Initial Serviceability Index : Ir
cs Initial International Roughness Index : Iﬁ [in/mi]
8 Yearz Roughness Calculation Required : IT [wr]

lal Serv
11

Iitia

Previous | Hext |

IN

Run ‘ 69
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Diffus

Soil Properties

Structural Properties of Pavement

- Project Information I Unitz and Pavement Types I Environmental and Geometric Conditions

=1o1x]

I B armier and Wheel path
Traffic and Reliablity Roughness | Diffusivity

— Diffusivity

Soil Layer

1

* Calculate o= 0.0025-0.00016 S]—D.DIEE['FJ\

Slope of SWCC

" Lab ¥alue

Soil Masz Multiplier [5(

Suction Compressiorn Index

0.00M [em™2/zec]

Previous Mext

Run | Resulk 70

'—



=100 %]

Project Information ] Unitz and Pavement Types ] Environmental and Geometric Conditions |
Soil Properties | Barrier and Wheel path |
Structural Propertiez of Pavement Traffic and Reliablity Roughness | Diffusivity |

Traffic Analysis

Wheel Path 1

Traffic Analysiz Period, C o T [vr]

ADT[Average Daily Traffic] in One Direction T=0 : [5p0Q

8000

ADT[Average Daily Traffic] in One Direction T=C :
18 kip Single Axles T=C : |2s00000

Previous | Mext |
Reliahility
R eliability for Traffic [AASHTO model] S T =]

Heliability for Expansive Soil Roughness Constantz - [gg =]

Traffic/Reliability

Run ‘
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WINnPRES Demo
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7 [och crec outfined on this mop consish of
more than one kind of soil, The map is thus
meant for general planning rather than o bosis
for decitions an the use of specific roet

U. 5, DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
TEXAS A.GRICUL!'I.IRJ:‘LhEDIPERIMENT STATION

HARRIS COUNTY FLOOD CONTROL DISTRICT

SOIL ASSQCIATIONS

NEARLY LEVEL, CLAYEY AND
LOAMY, PRAIRIE 50ILS

E’ Lake Charles-Berard association: Somewhat pootly
drained, very slowly permeable, clayey and loamy soils

RO

|

.7
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E]lhdland-&eaumunt association: Poorly drained, very slowly
T —

permeable, loamy and clayey soils
NEARLY LEVEL, LOAMY, PRAIRIE SOILS

Clgiulm-ﬂmmlts-ﬁusmr association: Poorly dramed, moderately permeable
soils

GENERAL SOIL MAP

HARRIS COUNTY, TEXAS
Seale 1:316 800

1 01 2 3 4 S5Mim

Lukil 1

Wockley-Gessner association: Somewhal 1y drained and poorly drained, moderately
slowly permeable and moderately permeable soils

mﬁawls association: Somewhat poorly drained and poorly drained, very slawly permeable soils
NEARLY LEVEL TO GENTLY SLOPING, LOAMY, FORESTED S0ILS

Aldine-0zan association: Somewhat poorly drained and poarly drained, véry slowly permeable and slowly parmeable soils
Segno-Hockley association: Moderately well drained, moderately slawly permeable soils

NEARLY LEVEL, FORESTED, BOTTOM LAND SOILS

-umtehe-voss-Km association: Moderately well drained to poorly drained, ragidly permeable to very slawly pers
meable, loamy, sandy, and clayey soils
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Soil Survey of Harris County, Texas

= |ake Charles series

B2 50 to G5 iﬁn:hea; prominently motiled light gray [16YR 601},
strang brown (T.5Y R 506, and red (257 R 46) clay loam; few medi-
um distinet gray (MWYR 5/1) mottles; moderste conrse prismntic
structure parting to maderate coarse blacky, extremely hard, vory
firm: few fine roots mosily between ped faces: continuous dark
gray (YR 4/1) clay films mainly on faces of blocks; fine sandy
lowm eoabings | ta & millimeters thick on prism faces; slightly ackd.

The A& horizon is 18 Lo 30 imckes thick. It s slightly seid or mediom
aciil. The Ap horizon i= dark gruyish beown, grayish brown, or brown.
The AZ havizon iz brown, pale brown, very pale brown, yellowish brown,
ar light vellowish brown. Mottles of pellowish brown and gray are in the
AZ horizon in seme places. The B2t horizon is prominently mottled gray,
grayiah brown or light brownish gray, yellowish brown or strong brown,
and red or yellowish red. The dark red centers of some red mottles in
the lawer part of the B2t horizon are plinthite, The ameunt of plinthite
ranges from 0 Lo about 3 percent. Some ped faces are couted with very
-rI.arE{.er.a}' or dark gray in most profiles. The B2t horlzen s elay loam,
sandy elay loam, or clay. Clay makes up 26 to 35 pereent of the contraol
seetion. The BZt horizon is strongly aeld through neatral Some proftles
are moderately alkaline bolow adepth afl 54 knehen,

Kenney series

The Kenney series consists of deep, acid, nearly level to
gently sloping, sandy soils on forested uplands. These
soils have a thick sandy layer underlain by a reddish
loamy layer (fig. 14). They formed in thick beds of uneon-
solidated sediment of loamy sand, sandy loam, and sandy
clay loam.

AFLUTE IR ALIFSLETD WE LM, RN, AL NI T B8 IR il JRE BAAE SRR R e
pluses, The B2L harizan is fine sandy loam, sandy elay loam, or cluy
loam. [t is very strongly acid to slightly acid. In & few places, plinthite is

in the upper part of the B2t herizon and the plinthite makes up less
than 4 pareent of the sodl.

Lalke Charles series

The Lake Charles series eonszists of deep, neutral,
nearly level to gently sloping, elayey soils on upland prai-
ries. These soils are clayey throughout the profile and
have wide deep eracks and intersecting slickensides (fig.
15). They formed in alkaline marine clay.

Undisturbed areas of these soils have gilgai microrelief,
in which the microknollz are 6 to 12 inches higher than
the microdepressions. When these soils are dry, deep,
wide cracks form on the surface. Water enters the eracks
rapidly, but when the soils are wet and the cracks are
gpaled, water enters very slowly. These soils are
gnmewhat poorly drained. Surface runoff is very slow or
medium. Internal drainage is very slow. Permeability is
very slow, and the available water eapaeity is high.

These soils are used mainly for rice and pasture. Somée
are in urban uses,

Representative profile of Lake Charles clay, 0 to 1 per-
cent slopes, at the center of a microdepression, in pasture,
from the intersection of Cook Road and Alief Road in
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Alief, 1.11 mil est al Alief Road, 1.27 miles north
L ake C h ar I eS rJnlgg.rnﬂ-Ll Hn;]aﬁ,s a‘;z?Tﬁmfng wc::: . N

0 Ap—0 to 22 inchos; black (10YE 201} clay, very dark gray (10YR 3/1)
S er I eS CO nt dry; moderate fine blocky structure; very hard, very firm, very
y . sticky and plasiie; many fine roods; few fine iron-manganess conere-

thons; shiny pressura fsces: neatral; diffuze wavy boundary.

AlZ—22 to 36 inches; very dark gray (10Y R 3/1} ¢lay, dark gray (10TR
411} dry; moderate fine blocky amd subangular blocky strusture in
uppar 1% imchas and t-r{\-a.l;ing to moderate fine and medium h|1.||.'!|l.}'
im the lower part; the lower part containg common large wedga-
shaped peds having long axes Lilted 10 Lo B0 degrees from the
hortzantal and bordersd by intersecting zlickeneldes; extremaly
hard, very firm, very sticky and plastic; aggregatas have shiny
pressure faees; few fine iron-mangamese and ealeium carbonate
coneretbons; mildly alkaline; diffuse wavy boumdary.

ACIg—36 to 52 inches; dark gray (L0VE 4/1) clay, gray (10Y R 571 dry;
eovmmon fine and mediom digtinet mattles of olive (5Y 4/3) and few
fime distinet mottles of yellowish brown (10YE M) common large
wvl pe-shaped par]:-; having long axes tilted W} to G0 degrees from
the horlzontal and bordered by Intersecting slickensides, peds break
to moderate mediom and eoarse blocky strocture; extremely hard,
veery firm, very stieky amd plistie; few fine rools; apgrepates have
shiny pressure faces; few fine lrop-manganese concretions; few cal-
cium carhonate concretions a5 much ms 1 centimaetar in dinmeter;
mi'I-rIII_-,' alkaline; diffuse WaYY 'hnun‘:lar:'.

ACZp—52 to T inches; gray (5Y 50 clay, gray (5Y 6/1) dry; comman
fine and mediom distinet motiles of light olive brown (2.5Y 5/M) and
Few Tine distinet mnttles of :,.qillnwish hrown (107 K &6); weak fine
angular blocky slructure; extremely hard, very firm, wery sticky
and plastic; few fine iron-manganese concretions, few intersecting
5|'ir'lH::|1:-;i-|'|4::n:'r faw 'irrpg:q]urly Je.h.apprl pir.ll'rl ealerum  cardonabe
coneretions generally less than 3 centimeters in zize; mildly alkaline,

In undisturtiesd areas, pilpni microknolls are 6 Lo 12 inches higher than
mierslepreasions, The esnter of the microknolls iz about 4 to 16 feet
from the center of the mierodepressions. When the soils are dry, cracks
] ta E imcheoz wide form on the surfees and extend into the A ﬂp; Rorizon.
Interseting slickensides begin al a depth of about 20 1o 30 inckes. The
A horizon s black or very dark gray. [0 ranges from elightly &cid
throagh mildly alkaline. The ACy horizon iz very dark gray, dark gray,
or gray. Motiles in the ACg horizon are olive, yallowish brown, light
alive brown, strong brown, yellow, or red. The ACy horizon is clay or
silty elay. I ranges from meutiral through moderately alkoline. [n some
places it ig calcarenus in the lowar part 77
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Soil Survey of Harris County, Texas

" Engineering properties and classifications

TABLE 16,-=ENGINEERING PROPERTIES AND CLASSIFICATIONS--Continued

-

i ] I_QLMC_QHLI Percentage passing i { Plas-
Soil name and { Depth | USDA texture | i sieve number-- tLiquid | tiecity
map symbol i I | Unified : AASHTO | 4 i 10 | 40 | 200 | limit | index
L L L L L L i L H H
; : 1 1 ] 1 1
Lake Charles: H H { ! ! ! ! i i i
Led, LeB-m=-momenns i 0-22 (Clay=-=-=———aea- iCH |A=7 | 100 {99-100180-100/75-100} 64-80 | 40-55
E 22-TH (Clay—=----——--—= iCH VAT |93-100I93—100'BO-1DOITS—100: 54-90 | 37-60
] i i i | i ] | ] |
TLu: ' | : | ) | | ' * :
Lake Charles part]|! 0-=22 [Clay-eeeememe=a=- I CH Ih=T i 100 199-100)80-100!75- 100. 6U~80 | 40-55
E 22-T4 EClaY ------------ i CH Iﬁ T IQB 100!98 10 OISD 100 75- 100: 54-90 j 37-60
[] ] I I I I 1
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Soil Survey of Harris County, Texas

" Profile of
Lake Charles
clay

Figure 15. —Profile of Lake Charles clay, O to 1 percent slopes. Wide,
deep cracks are in the upper layers, and intersecting slicken-
sides are in the lower layers,
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WINPRES Demo
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