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SUMMARY : In roadway construction, risk is defined in terms of pavement distress. A risk criterion in terms of the
tolerable movements in roadways is proposed for expansive clay road embankments. A design approach is outlined.
Valuable information for future designs using expansive clays are found in already constructed road embankments.
Their performance in terms of surface distress and associated maintenance requirements can be the yardstick for

similar construction.
1.0 INTRODUCTION

In roadway construction, risk is defined in terms of
pavemnent distress. Expansive materials are one of the
identified Hazards, and its usage in roadway embank-
ments is often accompanied by heave and roughening
of the pavernent surface, or longitudinal cracking. This
results in a reduction of the design fife of the pavement
and adds to the maintenance costs. Maintenance costs
comprise the costs of road repair as well as the read
user costs due to loss of service,

Valuable information for future designs using expansive
clays can be obtained from existing road embankments.
Their performance in terms of surface distress and
assaciated maintenance reguirements can be the yard-
stick for similar construction. In particular, it has been
found that the in-service condition is often not the as-
constructed or design condition. Therefore, in theory, if
we were to construct at the in-service condition from the
start, then the risk of usage can be minimised. This
paper presents a review of the risk criteria in roadways
and a methodology for the determination of the in-ser-
vice condition of an expansive clay embankment, pre-
diction of the expected movament accompanying mois-
ture changes, and cutlines the risks involved with its
usage. A case study is used to illustrate the method.

2.0 RISK ASSESSMENT
2.1 The Definition Of Risk

Statistical and probabilistic methods are toofs used to
guantify risk. However, in most Geotechnical Engineer-
ing applications, risk (of an event) is analysed as "risk of
failure" for limiting equilibrium conditions. Factors of
safety are used to signify ranging levels of risk. In many
cases the factor of safety is really "an experience factor"
or equally "a factor of ignorance”, against uncertainty in
the soil parameters, analytical model, etc.

Where factors of safety are not {or cannot) be applied,
risk assessment can be expressed in terms of displace-
ment criteria i.e toterable movement vs movement to be
expected. The tolerable movement is usually based on
the structural/ architectural components.

96

We therefore have two types of risk : (1) Risk of failure,
and (2) In - service risk. A definition of risk should
describe both types of risks as well as the mesthods of
assessment in terms of probabilities of occurrence,
return periods, factors of safety or tolerable moverments.
Equation (1) - from Ambraseys (1983}’. seems to pro-
vide this broad definition.

[ Aisk | = | Hazard | x | Vulnerabitty | « | Value | ()

Natures’s laws determine the Hazards while the human
use of an area detefmines the Vulnerability and its
Value. In general, Scientists/Geologists/Seismologists
identify the Hazard, while Engineers have the responsi-
bility to classify the Hazard and quantify the vulnerability
and the Politicians/Economists/Media or Society at large
places a value on the works. Typically the design
system uses factors of safety to quantify the "accept-
able" risk, and the unquantifiable debate of political
compromise, etc., is avoided. While ideally the level of
risk which society deems acceptable should be the
determining criterfa, it is often decided by what those
"footing the bill" say they can afford.

In roadways the risk is spread over a wider spectrum of
society on a recurrent basis. With the advent of more
intelligent cars, sophisticated suspension systems,
faster, and more sensitive controls, etc. then previously
minor movements have now become more noticeable.
Surface irregularities on high speed roads have their
effects amplified to the driver in proportion to the car
speed. This translates into potential loss of control, and
risk to the road user. The actual effects of unevenness
on user safety and costs are difficult to realistically
quantify, given the wide range of variables affecting any
accident situation - driver(s), vehicle(s), roadway, time of
day, etc. A roadway therefore experiences both types
of risks.

2.2 Pavement Distress In Roadways
Climate, material properties and traffic contribute to

pavement distress. Cracking, distortion and disintegra-
tion are the main types of distress medes (Finn and
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Monismith, 1984%). One must distinguish among the
types of distress modes in terms of :-

- Time to failure®. Short Range failures are associated
with distress due to gross design and/or construction
errors and will be manifested within 5 years after con-
struction. Middle range failures develop due to the
magnitude and cyclic action of climate (frost, thermat,
precipitation). Thus the design life of the pavement is
significantly reduced.

- Surface (only the top paverment) or Structural Distress.
In flexible pavements surface distress would be evident
by ravelling, aging of binder, wear of surfacing, etc.
Structural distress results in cracking and permanent
deformation.

- Traffic-load associated or Environmental effects.

Some commion types of identifiable hazards which may
produce distress to the road are !

1. Poor performance of paving material

2. Landslips {Large or minor movements - including
creep)

3. Consolidation of compressible clays

4. Volume changes in expansive clays.

Associated with each hazard is a potential for distress
which results in higher maintenance cost, as well as
increased road user costs. Expansive behaviour is just
one of the many factors affecting the pavement. How-
aver, the maintenance costs for roadways on expansive
subgrades are roughly 10 times greater than for the
same type of pavement constructed on a suitable, non-
expansive subgrade (Snethen, 1979)4. Expansive
clays affect the roadway system with effects on struc-
wres (bridges, culverts), the pavement system, stability

of slopes, etc.

Pavements on expansive clays may experience two
main types of distress :

- Pavement Undulations (distortion)

- Longitudinal edge cracks.

Pavement undulations consist of periodic movements
with precipitation and results in pavement roughness
and loss in riding quality. Longitudinal edge cracks are
typically caused by edge movements due to shrinking
and swelling, which are out of phase with the interior of
the pavement. This results in cracking and loss of
lateral support and acts as a source for further water
intrusion leading to other forms of instability.

2.3 Value

The low cost of locally available material from cut and fil
operations and the high cost of importing material usu-
ally dictates the use of the available expansive material.
The true costs for the use of expansive clays in em-
bankments is hawever the construction costs in addition
to the maintenance costs over the design life.

In addition 1o road maintenance costs, changes in road
geometry, cracking and increased roughness all contri-
hute towards increased fuel consumption and vehicle
operating costs for the road user. The assigned value
is therefore directly proportional to the number of road
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users for that particular route. As explained previously
there is a risk to life as well as the economic risk.

Any cost-benefit analysis would therefore require esti-
mates of :

1. Additional construction costs due to designs in-
carporating the effects of volume changes.

2. Direct and indirect costs for future maintenance costs.
3. Non-monetary costs for future damage (Human-life
factor)

3.0 ASSESSMENT OF EXPANSIVE CLAY EMBANK-
MENTS

3.1 ldentification Of Hazard

As expansive soils, shrink as well as swell, the term
therefore refers to a reversible process for volume
change behaviour. The first step in any risk assessment
is the identification of the expansive materials. Some
classification schemes are shown below.

Table |: Classification of potential swell - Snethen,
1979%

Liquid Plasticity Natural Potential

Limit Index Soil Swell

% % Suction Classification
(kPa)

> 60 > 35 > 380 High

50-60 | 25-35 140 - 380 Marginal

< 50 < 25 140 Low

Ta!:ma5 1l: Classification of embankment material -DOT,
1891

Class Plasticity Potential
Index % For
Expansion
A < i2 Low
B 12 - 22 Medium
C 22-32 High
D > 32 Very High

Material classification provides a descriptive assessment
of the risks involved, and aids in the identification of the
hazard and the extent of measures to be considered.

3.2 Vulnerability
3.2.1 In - Service conditions

In service performance of a pavernent is controlled not
merely by its traffic loading and as constructed proper-
ties but also by its longer term moisture-density equilib-
rium conditions with its environment. The in-service
condition usually take years to attain, and can be signifi-
cantly different from the initial construction condition.
Figure 1 illustrates schematically the equilibration
process leading to the in-service condition. The Density
and moisture changes which occur after construction
are often accompanied by volume changes, and loss of
strength. The in-service seasonal movement can be
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reduced by a steeper batters, wider seals, moisture
barriers, etc. The initial movement should be minimised
during design and construction as this can be more
easily controlled.

Moisture Changes

Moisture Gontent

A% onatruclod MG {IF wet of equlllbrium conditlon}

tirys huukI Inltlal Movement {shrinka}
. 4 Seasonal
In - aarvies Gandlita
" /:/\/\/ \/\.,/\/-\ Movement

Wats Up

Inltial Movement (Swella}

An canstructed MG (11 dry of equllibrlum cenditien)

Tlme (years) gince constructlon

Figure 1 : Moisture changes to equilibrium conditions

The initial movement would generally result in movement
of the whole embankment while the in-service seasonal
movements wouid resuilt in differential mavement as
iflustrated in Figure 2. Equilibrium conditions tend to
develop in areas of a soil mass that are remote from
climatic influences - such as beneath large covered
areas and at depth. A roadway embankment experienc-
es climatic influences frem 3 sides : part of the top and
two side slopes. The effect of groundwater is also felt if
it is in close proximity to the base of the embankment.
The in-service condition may be wet of ogtimum or dry
of optimum (Richards and Gordon, 1972°)(Gordon and
Waters, 19847), depending on the seil type and

climate.

Initlal Movementl

Movement after Gonstruction

7 Longltudinal Edge Movemant
Cracking Swalt h
He Movoment + g )
. B LA
. Shrink, /

T

In-aervice
Equilibrlum Gandition

Acllve Zone Aactlve Zone

Seasconal Movement

Figure 2 : Types of embankment movement associated
with expansive clays.

Haupt (1981)8 provides various prediction models for
equilibrium moisture contents, based on OMC, MDD,
Liquid Limit and particle size. Equatior (2} is for OMC
> 13 %. This provides an in-service moisture condition
but does not account for the seasonal variation at the
surface and pavement edge. Others such as Livneh
and ishai (1976)9. provide correlations for the equilib-
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rium moisture condition as well as for CBR (strength).

PEMC = 0.38 x L.L.% x (%-0.425)°3 _ 15
where
PEMC = Predicted equilibrium moisture content %
L.L. = Liguid Limit %
%-425 = % pasing the 425 pm sieve ()

Bon

Where areas of inundation are expected, or below the
ground water table then in-service moisture conditions
can be determined from soaked CBR tests at the in-situ
density. However a site specific approach, involving an
evaluation of existing roadway performance under con-
ditions of similar road construction with similar materials
in the area would usually yield the most reliable assess-
ment at a given site. For most areas the road network
is sufiiciently developed so as to provide a large data-
bank of information on in-service conditions for con-
struction in a given area. This would be applicable
especially for By-Pass roads and addition of lanes at
existing roadways.

3.2.2 Evaluation Of Sweli potential

Having identified the Hazard of swell potential, then
steps must be taken to quantify and reduce the vulnera-
bility. A compromise is often required between the
increased maintenance costs associated with
shrink/swell behavicur and the control requirements of
other hazards i.e. an increase in moisture content ¢
reduce sweall could result in a reduction in design
strength, increased consolidation potential and an in-
creased shrinkage potential. In order to reduce the
swell potential, density, moisture and depth stabilisation
are the main elements of construction control,

During design an assessmeant of vulnerability would
include analytical models to quantify the above condi-
tions. index properties have been used to predict the
potential movements in expansive sails, but this ap-
proach does not provide for the overburden or lateral
restraint, and is based on the assumption that the soil
has access to all the water it can absort. This is often
rot the case.

Suction has been found to be a more definitive measure
of the swell potential. Soil suction is a measure of the
intensity with which a soil samgle will attract maisture. A
change towards a smaller suction (higher MC) or to a
larger suction {lower MC) may produce swelling or
shrinkage cracking respectively. Soil Suction is de-
pendent on the factors outlined in (3)

Soll Suction = | Dapth, offset, climate, groundwater, {3)
Soil type, moisture content, density |

Snethen (1979) provides a comprehensive review of soil
suction and prediction procedures, using soil suction
and other indices. One relationship is that of the (ma-
trix) soil suction with (gravimetric) moisture content (4).

logt,=A-8Bxw
where 1, = soil suction (kPa) (4)

A B = Constants
w = waler content (%)

H
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3.2.3 Concept of the active zone

Maximumn change due to climatic effects occur at the
surface and decrease with depth. This depth of climatic
influence is referred to as the active zone. The active
zone in this paper, is associated with movement. There-
fore where seasonal moisture changes occur, with no
accompanying movement (due to depth of overburden),
then that area is not considered an active zone.

The position of the active zone is also dependent on the
soil type and depth to the groundwater level, Evaluation
of the active zone in roadways provides a good indica-
tor of the depth of stabilisation of material required.

An active zone will show two distinct areas :- a cracked
zone (unrestrained), and a uncracked zone (lateral
restraint occurs). The cracked zone is a result of desic-
cation, while the uncracked zone does not experience
significant effects of desiccation because of its depth
below the surface. The cracked zone may therefore be
more likely to experience 3-dimensional volume chan-
ges, while the uncracked zone, because of its lateral
confinement would undergo 1-dimensional volume
change.

3.2.4 Prediction of surface movement

The prediction of surface movement have been applied
mainly to buildings. The following discussions therefore
draws on some of this "building” experience. Based on
the expansion classification, stiffening beams andjor
deepened footings would be required. Current roadway
technology does not yet have the equivalent of the
stiffening beams, Hut pavernent designs would usually
invalve deepened (thickened) sections as required.

For buildings, A.S. 28700, 11 defines the predicted
surface movement as a criterion for assessment of the
site reactivity and for subsequent foundation design.
Methods of calculating the movernent is based on the
instability Index and a generalised suction profile {5).
The instability index, is defined as the vertical strain per
unit change in suction and is based on the applied
stress, degree of lateral restraint, and suction change.

Vo= 8 0, x AZ x o x AU

where

¥, = predicted surface movement

i, = shrink-swell index {5)
Az = thickness of layer

nou

restraint factor
{Cracked or uncracked zone)
Au = Change in solf suction

[

In the determination of the Shrink-Swell index, the suc-
tion range is assumed rather than measured. The
reliability of this was checked by Cameron (1288)*%
who provides a review of the tests of reactivity as de-
fined in A.S. 2870, and its relation to other Index proper-
ties.

O'Neil and Poormoayed (1980)‘3 pravide another
approach to compute the surface heave for a given
foundation (surcharge) (6). The method relies on the
swelling pressure of the sample and the measure of the
swell (Strain) on inundation. The swelling strain corres-
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ponding to the overburden pressure is determined. The

y=32sx hx.01

where (
y = heave for the given surcharge pressure
s (%) = swell in Layer i for the surcharge

h, = thickness of sofl layer |

nonou

Tk St LY

free swell strain is the strain m-
easured without any load. The
zero swell pressure is the load
required to completely restrain
any sample movement when
saturated. This is defined in

[

————— T

figure 3. Figure 3 :Definit?on
of terms for swelling
pressures

The time for the determination of
the full swell for various samples
may however be prohibitive, but the method does not
involve assumptions of sail suction. The soil suction
approach covers both the expansicn and shrinkage
behaviour of the soil, rather than the wetting up only as
implied in (6). However (8) uses complete inundation (a
climatic extreme) and considers 1-dimensional swell
throughout the active zone. This results in larger defor-
mations than the soil suction model where 1 dimension-
al movement occurs in the uncracked zone, but 3-D
rmovement occurs in the cracked zone.

Richards (1967)14 uses soil suction curves to predict
moisture content changes in soils. The equilibrium
suction is determined from correlations with climatic
rating, (7) assumes (i) volume change in the sofl is
equal to the moisture change and {if) equal volume
changes occur in the vertical and horizontal directions.

aH_1 Ay _1 W-wG
H 3 Vv 3 100 + w, G,
where
AH

= vertical heave
H (7)

9-‘/-"{ = volume change
w, = initial water content
w; = final water content
G, = Spedific Gravity

The terms scil expansion, swell, heave and sweliing
strain are considered synonymous.

3.3 Assessment Of Serviceahility Criteria

In roadways, the criteria for acceptable levels of differen-
tal or total movement is not as clearly defined as for
structures. For performance assessment of roads with
expansive materials or on compressible sub-soits, there
is no general guidance on tolerable levels of differential
movement. Deformaticns seen on the surface are the
cumulative effect of vertical deformation in each layer of
the pavement and subgrade. The different types of
distress outlined in Section 2.2 must be kept in perspec-
tive.

To evaluate acceptable usage, there is the need to
establish criteria for tolerable movements, A review of
movement/ deformation criteria for roadways is briefly
summarised,
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* Surface unevenness increases the hydroplaning po-
tential of the pavement. Rutting can alsc centribute to
hydroplaning. Rutting is probably the best known pa-

rameter for characterisinglgsdeformation of the pavement.

Table Ill (Kaplade, 1990) '~ provides typical require-
ments for both rutting and water depth threshold limits.

Table iil: Threshold values for transverse un-
evenness - Kaplade, 1990

Speed Rut Depth | Fypothetical

Vgg km/h Sy (mm) | Water Depth
Sy (mm)

> 100 20 5

70 < Vg < 100} 25 8

< 70 30 12

According to Croney (197’2)15 a rut depth of 10mm is
considered critical and rut of 20 mm constitutes failure
when accompanied by cracking. DOT {1891)'7 evalu-
ates terminal rut on the basis of length of road affected
and the number of users (Table V).

Table IV: Suggested Terminal rut criteria - DOT, 1991

Road Usage Terminal | Length of
Rut Road exceed-
Depth ing Terminal
(mm} Rut Depth
Heavily Trafficked 20 20 %
Hoads > > 2000VPD
Lightly Trafficked 30 20 %
Roads << 2000 VPD

* Other approaches are that of Lytton (1973)'8 who
characterises the expansive clay roughness in terms of
the largest amplitude_and wave lengths of the soil type
while Jordan (1984)'® proposes evenness standards.

Table V: Proposed evenness standard for
random unevenness on newly surfaced major
roads {300 metre test length) - Jordan, 1984

Minimum Peak-to- | Allowable number of Bumps
peak amplitude relative to a moving average
h {mm) datum of fength
3 metres 15 metres
5 15
8
10 0 5
15 0

100

Table VI: Road subsidence criteria - Jordan, 1984

Riding Quality Depth of
Subsidence

Comfertable / Acceptable < 04122

Uncomfortable / Very > 011272

Uncomfortable

L = Length of Subsidence { < 30 m }

v

max traffic speed { mfs)

* A.S.2870 (1988) recommends the design of founda-
tions for light foundations on expansive soils be based
on the characteristic surface ground movement {yg)
classified in Table VII.

Table Vil: Buildings on reactive clays - criteria
for assessment and design

s Reactivity Design values of
(mm) differential
mavements y,, are;

< 20 Slightly to 0.7 y, for centre
Non - Reactive heave

20 - 40 querate[y Re- 0.5y, for edge
active heave
40 - 70 | Highly Reactive | (initially dry site)
0.3y, for edge
> 70 Extremely Reac- | heave
tive (initially wet site)

The literature therefore has general guidance an the
quantification of distress in roadways in terms of road
surface unevenness, and any surface movement shoufd
be within these tolerable fimits for suitable performance
of the roadway. It should be emphasised that rutting
and hydroplaning may be associated with hazards other
than expansive material and using these movements as
criteria for assessment does not signify the cause. The
classification of various Hazards ( swelling, collapsing,
consolidation potential, etc.) would assist to determine

_the cause of distress.

Using the criteria presented in Tables il to VII, the m-
ovemenis associated with roadways on expansive soils
can be classified as follows :

Table VIII: Summary of differential movement criteria

Criteria Unaccept- | Concern
able
Rutting 20 mm 10 mm
Hydroplaning 10 mm 5 mm
Ride Vibration 10 - 15 mm
Subsidence - 3m 1 mm
{v=100 kmy/h} - 10m | -- 11 mm
Expansive Clays 10 mm
{Restdential (initiafly
buildings} dry site)
6 mm
{initially
wet sitg)
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4.0 PROPOSED METHOD TO CHARACTERISE EX-
PANSIVE CLAY EMBANKMENT BEHAVIOUR

4.1 Proposed Method.

The proposed design approach involves the integration
of concepts and technigues outlined previously. The
stages in the evaluation of expansive clay ambankments
are :

(i} identification of the hazard, from Index tests
(i) Quantification of the associated distress. This
involves evaluation of ;

1. In - service moisture conditions, and density
conditions.
2. Depih of Active zone ( cracked and uncracked
zones, if possible)
3. Soil suction changes between wet and dry
states.
4. Prediction of movement (total since construc-
tion and differential due to seasonal variation), by
adaptation of existing predictive models to suit
roadway embankment conditions (Table IX}.

Table |X: Modifications applied to existing
methods of movement prediction

Description | Adaptation Reference
of method
Shrink/Swell | - Active Zone Eg 5 - AS. 2870
index - Cracked / (1986)
Uncracked Zone
- Suction Profile
Swell - Use of 1/3 Eq 6 - O'Neil &
Pressure heave in cracked | Poormoayed
zone & full heave | {1980)
in uncracked
zone
Moisture Eq 7 - Richards
Change (1967}

{iii) Evaluate the risk associated with the movements as
defined in Table VI, and design alternatives to minimise
the risk.

4.2 Field Study

The opportunity to undertake field studies arose when a
major deviation of the Bruce Highway at Cooroy was to
be designed. Geoctechnical investigations along the
proposed route indicated that for balanced earthworks
only highly expansive clays were available for construc-
tion of the embankments. Disposing of excavated
materials and substitution with better guality materials
(importing over considerable distances) was considered
an unacceptable high cost option. The proposed ma-
terial for the embankments has plasticity index of 27 o
50% and liquid limit 50 to 80%, with clay content greater
than 80%. This material is classified as a high swell
potential.

Evaluation of the design conditions for the proposed
embankments, involved :

1. Trenches located in embankments, where the pro-
posed Bypass joins the existing Highway

2. Install probes for monitaring of moisture changes.

i

3. Laboratory CBR tests performed on the proposed
material and the effect of ime treatment on the pro-
posed material.

At the time of trenching in-situ CBR, density and mois-
ture values were determined as well as the OMC, and
MDD of the material with depth.

Time Domain Reflectivity (T.D.R.} was used to manitor
moisture changes. The device operates by sending a
voltage pulse, and measuring the rebounded signal.
This provides a measure of the dielectric constant,
which can be related to the volumetric moisture content.
Volumetric moisture content can be converted to gra-
vimetric moisture content {usual Civil Engineering maois-
ture Content reference) by dividing by the dry density.
Comparison of the initial TOR readings and the gravim-
etric moisture content from oven drying were close
enough to indicate the instrument was producing refi-
able results at this site. The full resuits®® of the inves-
tigation and use of TDR is presented elsewhere (Look-
Hong and Reeves, ?991)21,22.

4.3 In-Service Moisture Conditions

Historically Queensland Roads have been constructed
with the moisture content at about 80 to 20% of OMC
and the Relative Dry Density (RDD) at or greater than
95%. In-service conditions are typically arrived at in
about 3 to 5 years the Bruce Highway is several years
old, and therefore assumed to be at its in-service state.

The results of trenching at the existing embankment
indicate that the roadway has subsequently wetted up
and dedensified, after construction. Therefore for this
site, the construction target would be for the dry season
"in service" moisture condition in order to minimise the
initial movements {refer fig. 1}. The in-service move-
ments between the dry and wet season moisture vari-
ation should be within tolerabte limits as later defined.
Figures 4 & 5 provide the TDR readings of volumetric
moisture content. This is compared with the rainfall

Raintall mm Volumetric Molsture Content %
I beal oo I el |
Dec Jan Mar Apr Jun
A
a9 - B | 48
404 - el 40
o e
o 1 || [P H,FH l!!.‘ff S és.la!i bt a0
Date : Nov 90 - June 91
EZX Ralniall (Pomons) == 0.05 m depth MC
-0~ 1,15 m dapth MC *- 185 m dopih MG

Figure 4 : Comparison of Rainfall (Pomona} & Volu-
metric moisture Content at varying depths
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Rainfall mm Volumetric Moisture Gantent %
5
1 Dec l Jon \1_ Mar k Apr ] l Jun
1 . A
&

ok PRSI
: {86

40+

U e 0 T

Date : Nov 90 « June 91

| B2 Aainfall (Eumundl)* —%~ 4,25 m depth MG -4 1.0T m depth MG I

Figure 5 : Comparison of Rainfali {Eumundi) & Volu-
metric moisture Content at varying depths

records at the nearest rainfall station. The probes were
installed at an end of Dry Season Condition, and long
term monitoring would invelve recording values over at
least a full year cycle. Rainfalt records indicate the
wettest months are typically February and March, for
this area. Therefore TDR probe readings during these
Wet month pericds are assumed to provide the worst
condition which occurs at this site. Note: There may
be a time lag between wetting up and the rainfall event.

Following a rainfall event the probes at 1.15 and 1.25
metres depth seem to wet up first, followed by the
higher level (0.6 m}, with the lower level {1.8m) being
relatively siable. This may indicate the extent of the
cracked zone area, where water wets up the base of the
cracked area first, then migrates upwards or down. The
higher level would however be the first area tc dry out,
The readings indicate the bottom of the active zone lies
at about 1.8 metres or deeper from the pavement sur-
face. The deeper results provide an indication of the
stabile in-service condition.

Based on these field results, "the seasonal” in-service
conditions occur at or above the plastic limit which is
wet of aptimum at about 1.3 times O.M.C. Field density
in the range of 92 to 94 % relative Standard dry density
were measured for the in-service condition. [n service
gravimetric moisture conditions for the driest and wet-
test condition to date are summarised in Table X. This
data represents the 90/91 season condition, which was
a relatively dry year - only 2/3 of the expected annuat
rainfall. Monitoring another dry and wet seasen will
continue ir: order to assess any variations.

Soil Classification results show the existing embankment
material to be an expansive (CH) material with a plastici-
ty index of 30 to 31% and Liguid limit of 52 to 54%, and
80% passing the 425 micron sieve. Using (2) from
Haupt (1981) for prediction of the equilibrium moisture
content produced a value of 22.7%, which would reflect
the "dry in-service condition”.
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TABLE X: In - service Moisture Content Vari-
ation from wet to dry conditions

Trench/
{Depth)

Relative M.C.
wiPL w/OMC

In-Service
M.C. (w)

Dry | Wet | Dry | Wet | Dry | Wet
T1{0.65) | 206 {278 |$1 |15 114 |18
T1(1.15) | 23.7 {302 [1.0 {1.3 1.4 1.8
T1(1.85) | 23.3 {271 | 1.0 {12 1.3 1.5
T2(1.25) | 51 | 250 l07 [12 |00 |15
T2(1.80) [ 23.0 [253 111 |1.2 1.3 1.5

4.4 Use Of Swell Testing To Determine Depth Of
Active Zone

One dimensional oedometer sweliing tests were con-
ducted on samples from the trenches as part of the
determination of the Shrink/Swell index and to evaluate
the relationship between overburden pressure and
swelling strain. These results are also used to predict
the expacted movements. Only the results of the latter
tests are shown in Table XI.

TABLE Xi: Swelling Results

Trench/ | Overbur- | Swelling | Free Zero
{Depth) i den Strain Swell Swell
Pressure | {%) Strain Pres
(kPa) (%e) sure
{kPa)

T1{0.65) 13 241 2.5 89
T1{1.15) 22 1.5 23 73
T1(1.85) 36 0.0 1.1 36
T2(1.25) 24 1.1 2.8 46
T2(1.80) 35 < 0.0 2.4 14

The zero swelling strain obtained for samples taken at
1.85/1.80 metres depth indicates that at this depth the
soit is in an approximate equilisrium condition i.e. Active
zone is determined when the existing overburden = zero
swell pressure . The results of moisture content monitor-
ing indicates some equilfarium condition at about 1.8
metres and swell testing results support the use of that
depth as the active zone. As defined previously, the
active zone is considered as the depth at which mois-
ture changes can be associated with movement.

4.5 Prediction Of Soil Suction

By evaluating a nearby site of similar material, then soil
type and climate is accounted for. It is assumed that
the effect of solute suction is negligible for embankment
construction.

At the Cooroy site soil suction (matrix) was measurad
by the filter paper method. This was limited samples (5)
from only two trenches, but nevertheless provides a
general guide to the expected suction Snethen's(1979)
rmoisture suction refation (4) was modified as follows :
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Using water content as volumetric (8,) rather than gra-
vimetric (w) produced a better carrelation (8).

Log t, = 2737 - 034 w r? = 035 (®)
Log t,, = 3.026 - .029 8, r? =04

In addition, an improved correlation was obtained if the
depth (z) at which the sample was taken was included
in the regression analysis {9} - refer (3}.

Log ¢, = 2.770 - 264 z - 0189 w 2 = 0.65
Ltog t,, = 3.021 - 2568 z - .019 8, P2 =071
' (9)

Suction Change Profiles

GCooroy Embankment
Brlabano Hotge i —

SClTi |

0.4 PF Sucilon Change

Pavamant

10

Grackod Zone .-

1.2 PF  Sugtlon Change

Cracked Zone 0.5 m] 125 m

Ungracked Zone

;
& ' Active Zane
-L1 Actlve Zons

Figure 6 : Comparison of suction change profiles
beneath flat and embankment areas.

The exireme dry and wet moisture values measured
was used to predict suction changes with depth. ldeally
the depth of the active zone should have a predicted
soil suction change of 0.0 PF. In practice the suction at
the surface of the embankment would not be applicable
as the pavement thickness wauid reduce the depth of
the active zona. This may e compared with the 1.2 PF
suction range in the Brisbane area, as described in A.S.
2870. for "flat" surfaces with 1.5 m depth of active zone
(Hh) for the Brisbane area. The commentary further
states, that 0.75 H is a reasonable average for Australia,
for an estimate of the cracked zone. However in
temperate climate a lower value may be appropriate
with H/3 suggested for Sydney, and sometimss applied
to Brisbane.

A comparison of the suction praiiles is given in figure 6.
This is only a guide, but navertheless indicates the
variation for embankments exposed to the elements
from 3 sides, even with the top sealed. In this case the
effects of enly one side, would have been felt as the
moisture content directly under the pavement edge was
monitored.

In addition, ancther step in the prediction process was
attempted, Embankments are typically constructed at
about 90 % OMC, and if this value is used, then an initial
Sucticn of 3.1 PF is backcalculated at the tima of con-
struction, compared with 2.8 PF at the present in-service
condition.

4.6 Prediction Of Surface Movements

The predicted movements were calculated using the
methods described in Table 1X are shown in table XII.
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Table Xi: Predicted seasonal movements

Method Modification Predicted
Differential
Movement
- Shrink/ Suclion Profile 9 mm
swell Active Zone
Index Cracked/
tests Uncracked Zone
- Swell Unmodiified 14 mm
Pressure
tests 1/3 of measured 8 mm
Swelling strain in
cracked zone.
Full swelling strain
in uncracked zone.
- Moisture | --- 38 mm
change
Monitored Movement { March to August 91)
- 4 mm max.
No Distartion or cracking of pavement
observed to clate.

In order to assess the total movements {unmonitored),
which would have occurred since construction, the
predicted suction at 90% OMC was used, A total
maovement of 8 to 16 mm is calculated depending on
the shrink/swell index value or model profile.

Monitoring will continue through to the next wet seasan
when maximum movement is expected. Whatever
magnitucle movement occurs is a good guide to the
tolerable movements if distortion of the pavement is still
not evident, as this is considered a good performing
pavement. This will also provide an indication of the
suitabitity of the prediction approach adopted.

As a preliminary consideration from this and other ob-
servations, and the criteria outlined in section 3.3, then
10 mm seascnal differential movement in the pavement
seems to be tolerable, while 20 mm movement would be
unacceptable. A total heave of approximately 15 mm
shows no pavement distress.

5.0 CONSTRUCTION RISKS USING WET CLAYS

Design guidelines for the proposed embankment has
been outlined, however this cannot be isolated from
effects on construction. Common canstrugtion controls
are density, and meisture content, with a lower charac-
teristic density being part of the specificalion require-
ments for acceptance while, moisture contant is used
only as a guide to obtain MDD. However there is a
need to use moisture content controls in expansive
clays, with upper and lewer control limits. Overcompac-
tion of the material should be avoided and an RDD
below 100 % targeted. This was at a specific site in the
South East corner of Queensland. This may vary for the
other climatic regions.

While the in-service conditions at this site indicates a 1.3
OMC condition, achievement of this compaction condi-
tion may provide difficulties. If the soil is too wet the
pore water pressure is increased during compaction,
and tends to keep the particles apart. Weaving resuits
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with the compaction plant producing a soil wave as it
moves across the fill. Thus weaving is usually a sign of
excess moisture for the type of plant in operation and
improper compaction wouid result. A lighter compactor
or a reducticn in moisture content will reduce or elimi-
nate the weaving.

Farrar (1971)23 examines the behavicur of wet fill in

the laboratory and shows that for heavy clays (P of
50%) that swelling occurs for compaction under 1.1 PL.
Above 1.1 PL ( and for low plasticity clays) setilement
would generally occur. The magnitude of the setilement
or swell being dependent on the height of the embank-
ment. Farrar et. al (1975)2* further examined the abiii-
ty of planis operating on wet fill and indicates the most
suitable plant for a given type of clay. Depending on
the type of plant and % of fines, scrapers would have a
"feasible” operation at 1.3 PL max.

6.0 CONCLUSIONS

Risk assessment for roadways can be quantified in
terms of distress and tolerable movement. A procedure
for the evaluation of the movements in expansive ¢lay
embankments is outlined. This was applied and based
on the roadway performance, indicate the magnitude for
differential movement is approximately :

10 mm - tcleralzle movernent
20 mm - intolerable.

The vulnerability of embankments to expansive material
behaviour is summarised in Figure 7. A case study of
an expansive clay embankment was checked and,
some of the findings at that site are :

1. The suction change profile for a flat surface varies for
a roadway embankment. The active zone extends a bit
further, possibly because of the side effects.

Vulperability

. Light Gonatructions /™
o Curing Perlod betwaen
- Lifts o allew disalpation of PWP

Wet Conztruetlen

Caonsolldatas I

-

Time raquired for .. Swolls
sproeading & drylng back before 7 -0 eemmmmnommee -
Plagamant ~.. Gollapses [

{olton to wet)
Rey Conatructlon
Hazard Expanalve Glay » Climatic Effects
Figure 7 : Construction Risks with expansive clay
embankments

2. The in-service maoisture condition is approximately 1.3
times the OMC. This is at or above the Plastic Limit of
this material.

3. The active zone represents the depth which should
ideally be replaced by a higher quality material or desp
stabilisation is required. However economic construc-
tion may limit this option. Construction using wet of
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optimum procedures and a reduced compaction density
may be an alternative, with some soil stabilisation (sur-
face ime treatment or geofabric) for a working platform.

4. Construction to 1.3 times OMC may provide practical
construction difficulties. Curing periods and the use of
light compaction plant would be advisable.
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