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Improvement of a Substandard Base Aggregate with Lime
PHILIP A. SEDDON AND DHANESH B. BHINDI

High inflation in road construction and ¡ehabilitat¡on costs, part¡cülarly in the
area of haulage, has caused the New Zealand National Roads Board. through its
Boad Research Unit, to look for economies. One solut¡on has been to use lime
a6 an addit¡ve to base aggregates that would not normally comply w¡th the de-
manding specificat¡on for th¡s mater¡al. ln some instances this could mean using
a substandard base aggregate from a local quarry instead of an up-to-standard
mater¡al hauled from a quarry farther away. ln others, ¡t could mean add¡ng
l¡me to the in situ recycling of a badly degraded base instead of using a granular
overlay that has implied higher haulage costs. A, description ¡s g¡ven of the ap-
plication of varying proport¡ons of lime to a very substandard base aggregate,
¡ts testing ¡n the laboratory, and full-scale field tÌ¡als carr¡ed out at the Un¡ver-
s¡ty of Canterbury's test track at Chr¡stchurch. The field trials revealed that a
substant¡al ¡mprovement in performance was obfained by adding 4 percent hy-
drated lime. This figure was pred¡cted in the laboratory by the pH test, uncon-
fined æmpression, double-punch tensile test, and the California Bear¡ng Rat¡o.
It ¡s concluded that all these tests indicate the right æncentrat¡on of lime, but
¡t is not suggested that any one, on íts own, ¡s sufficient ow¡ng to the complex
mechanisms at work in a road pavement.

A highway network of 96 000 kn supported by a popu-
lation of 3 ¡nillion ¡neans that New Zealand has al-
ways had to spread its road funds thinly. Beginning
in 1974, serious inflation cut the purchasing power
of the road budget alnost in half; and because a
Iarge part of the budget was for fuel, whÍch must be
inported, the haulage aspecÈs of road construction
and maintenance were the most seriously affected.

This has resulted in a forn of a construction
comprised of 100 to 150 mrn of carefully specified
unbound granuLar base supported as necessary on an
unbound subbase and surfaced with a one- or two-coat
surr-ace treaÈnent. This construction has served the
country well and the little asphalt concrete used is
nainly for arterial routes in and around the ¡nain
population centers.

The New Zealand National Roads Board has, there-
fore, through its Road Constructíon Unit, sponsored
considerable research on granuLar base material with
a view to rèducing costs and also avoiding further
depletion of supplies of preniun guality aggregate
which are dwindling in some areas. Bartley (1) has
summarized this work up to I9g0, and the pioject
described in the following paragraphs forms part of
the ongoing program.

The use of lime, either as an additive to a local
substandard aggregate or for in-situ stabilizaÈion
of badì.y degraded pavement basès, has been found toprovide substantial cost savings in some instances
(2) . Dunl-op Q) has produced a def initive docu¡nent
on the use of line in New Zealand road construction
that covers laboratory tests, design, and construc-
tion nethods. In the project under discussion here
the lime treatment of a substandard aggregate has
been exarnined anil an atternpt has been nade to corre-
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late laboratory test results with field performance
under test track conditions.

LABORATORY WORK

The reactions between lime and fine-graindd nineral
particles have been categorized (4) in trdo phases: a
cation exchange flocculationr/agg-lorneration and a
pozzolanic cenentation. The extent to \rhich these
reactions take place depends on the nature of the
fines, concentration of Iime, time, and temperaturei
but there is no clearly defined changeover point.
Dunlop (3) has outlined a nurnber of tests suítable
for determining the optinun proportion of lime.
These test procedures were followed for determining
the optinun proportion of lime to conbine with a
local substandard aggregate knonn as Teddington
Grel¡r.racke and the results are discussed in the next
section.

Teddington Greyeracke

The weathered nature of the rock fragments änd feld-
spars makes precise geological identification dÍffi-
cult and suggests a relatively advanced stage of
weathering. The rock is of low metamorphic grade,
probably of zeolite facies. As a base aggregate it
fails the New zealand specification (5) on four out
of five counts:

I. ft has a I0 percent fines crushing resistance
of 90 kN conpared with the required value of I30 kN
when ¡neasured in accordance with the specification
(sinilar to BS 812). Though not a part of the spe-
cification, its Los AngeLes abrasion loss is 28
percent.

2. Its weathering resistance does not have the
required quality index when testeal according Èo the
specification.

3. fts grailing curve (percent passing) lies on
the high side of the allowable envelope.

4. It has a sand equivalent of 20 compared with
the 40 required by the specification.

Its use has been restricted to low-volume roads
not requiring the National Roads Board (NRB) speci-
fication and unsurfaced roadways on private prop-
erty. The various tests and subsequent field trials
were carried out on mixtures of this aggregate,
graded from 38 mm donn, with 0, Lr 2r 3r 4, 5, an<ì
in some cases 6 percent by dry weight of hydrated
lime. These are symbolized as TGO, TGl, TG2, Tc3,
and the like, in the remainder of the text. fn some
tests the larger sizes of aggregate had to be re-
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moved, and the proportion of line vtas adjusted ac-
cordingly.

Dry Density

The dry density/water cÕntent curves were obtained
by the Ner¡ zealand standard (6) vibrating hammer

method on lsO-mn dianeter specinens. This nethod
has been found to give densiÈies close to those
obtained in the fie1d. The results shown in Figure
I reveal that the effect of increasing line content
is to increase the optinum water content and lower
the tnaximun dry density. This is in line with re-
sults for fine-grained soits (4), and nay be attrib-
uted to the. agglomeration of fine particles.

ConditionÍng Tine

The effect of conditioning tine on the developrnent
of shear strength was estimated by means of the
falling cone test q). The naterial passing the
4.75 mn sieve was mÍxed at optimum water contentt
cured at 20oC in sealed bags for varying intervals'
and then given a standard compaction of six tamPs at
a pressure of 2.5 MPa in a kneading compactor. The
results shown in Figure 2 show the desirable condi-
tioníng ttne to be between 10 and 50 hr depending on
the line content. It can also be noted that as the
percentage of line increases' the rate of gain and
maximu¡n gain increases. These higher gaíns are
nearly all lost if the rnixes are cured beyond the
optirnum tines.

Plasticity

Ptasticity characteristics of the naterial passing
the 0.425 mm sieve wíth uP to I8 Percent lime were
obtained in the usual nanner. The natural rnaterial
wíthout Iíme gave a líquid l-inìit of 25 and a plas-
ticity index of 9. The New zeatand specification
does not have a requirement on Plasticityr but this
naterial would not cotnply ldith AsÏtl D 694-71 for
crushed stone for dry ancl water-bound Macadam base
courses vrhich has an upper lirnit of 6 for plasticity
index. At 9 percent lime (corresponding to 1.5
percent in the total mix) the liquid linit had
change¿l to 32 and the plasticity index hacl renained
at 9. Higher concentrations of lime rnade no further
change.
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Àn increase in liquid linit as a result of ailding
li¡ne seems rather stranger but reference to the
Unitecl SoiI classification System PlastÍcity chart
suggests a change fron CL to l¡u,. HoYtever' a sedli-
mentation analysis indicates that the fraction of
clay (finer than 0.002 mm) is about 9 Percent of the
naterial passing the 0.425 mn sieve. So' beyond 9

percent line, the Plasticity tests are being in-
fluenced by the physical proPerties of the lime
itself.

Linear shrinkage

À shrinkage test on the fractíon passing the 0.425
mm sieve shovred that 2 percent of line retluceal the
linear shrínkage to 3 percent' after nhich higher
line concentrations made no further difference.

Acidity

The l-hour pH test described by Eades ancl Grin (3)
has been found to be a sirnple and reliable indicator
of optimum lime content for stabllizatlon in New

zealand. The pE of the untreated material was 7.4
and the addit.ion of 3.5 Percent of li¡ne to the whole
fraction raisect it to 12.4, the pR of saturated lime
water. This proportion of 3.5 percent could be
taken as optimum' but the PE tevel rises quickly
when snall quantities of lirne âre added. The Pfl
vaÌue was actually more than t2 at I percent li¡ne'
so 3.5 percent wouldl probably be rnore than suffi-
cíent to bring about any desirable nodification of
f ines.

Unconf ined Comoression Strenqth

Figure 1. Dry density-water content relat¡onsh¡ps.
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For lime to increase the strength of 76 x 38 rn¡n

dianeter cylindrical specínens in unconfined com-
pression, so¡ne of the Pozzolanic reactions, which
for¡n calciun alunÍno hydrate and calcium silica
hydrater nust take place. Sone carbonate nay also
be formed but these are not considered desirable (4).

Specimens were prepared fron the fraction Passing
the 4.75 nm sieve with varying proportions of lime,
compacted aÈ optimum ytater content, and cured in
sealed bags for 48 hr at 20oC. without lime' the
unconfined conpression strength nas 0.6 MPa ethich
increased to 2.0 MPa at 3 percent lirne. The maximum

strength of 2.5 MPa was obtainedl at a line concen-
tration for the r¡hole fraction of 4 percent.

Figure 2. Var¡at¡on of sheaÌ strength w¡th cond¡t¡oning time.
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CaLifornia Beari

The CBR test is one of the nost frequently used
methods of assessing the strength of subgrades,
subbases, and bases for thickness design of flexible
pavenents. Specimens $rere prepared from the whole
fraction at optinun waÈer content, cured f.oÊ 24 h,t,
cotnpacted, and soaked for 4 ¿lays before testing in
the usual manner. The conpaction was accomplished
by vibrating hanmer (6) r¡hich has been found to
match constructed densities at the test track quite
weL1.

V{ithout lime, the soakeal CBR was 15.rising to 40
at 3 percent line ancl to a maxinum of 53 at 6 per-
cent line. One percent line eliminated Èhe slight
swelling found in the untreated material. These CBR
values are very low for a base aggregate. Àlthough
CBR does not appear in the New Zealand specification
for base aggregate Q) r material conplying in other
respects would nornally be expected to have a CBR in
excess of 80.

Ratio

Tensile St

The existence of pozzolanic ce¡nentation in a
Iirne,/aggregate ¡nixture can be demonstrated by the
existence of tensile strength. Dunlop G) recom-
nendeal the double punch test for deterrnining tensile
strength and a value of 80 kPa as indicating the
boundary between the nodification and cemente<i
phases.

These Èests vrere carried out on the whole aggre-'
gate fraction, precured for 24 i¡r, conpacted with
the vibrating hamrner at opÈinum water content in CBR
molds, and cured for 2 weeks at 20oc in sealed bags.
without lime, the tensile strength lras 62 kPa'
reaching Dunloprs criticaÌ 80 kPa at 4 percent lime
and 120 kPa at 6 percent lime. According to Dunlop,
therefore, the limiting Iine concentration for ce-
rnentation to have taken place was 4 percent.

FIELD TRIALS

The field trials grere carried out at the University
of Canterburyrs test track which has been described
in detail by Williman and Paterson (2). Briefly,
two test vehicles consisting'of twin 9.00 x 20 truck
vJheels, loaded to 40 kN, travel round a circular
track of mean radius 9.2 m. An inching motor alloris
the vehicles to be moved slowly backward and forward
for Benkelman beam tests.

An eccentric central bearing causes each vehicl-e
to follow a curtate epicycloid and traffic an an-
nular paÈh approxirnately I.25 m wide. The lateral
distribution of wheel passes of the vehicles is
approximately sinusoidal which is a reasonable simu-
lation of that found on a public highway. At any
point on the track, succeeding vehicle paths are
distributed Iaterally in a pseudo-random fashion,
but the pattern is repeated every 96 revolutions of
the machine.

One vehicle has a chain alrive to the vtheels from
an 8 kw electric motori the other is pushed by the
radial arm. As the track is covered by a roof, the
latter vehicle has a sprinkling systen that distrib-
utes water over the track aÈ a rate of I.75 L/m2
over a 5-mín period once a day. This corresponds to
the average annual rainfall of 640 rnm for Christ-
church.

Pavement Design

The layer thicknesses were designed for 100,000
equivalent. (8200 kg) design axle loads (EDÀ) accord-
ing to the New zealand highway standard for flexible
pavenents wiÈh Èhin surfacings (I0). This design is
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based on repetitions of subgrade strain which for
10s is 1.05 x 10-3 mrn/rrun. Because of the extrernely
stiff alluvial gravel subgrade at this site, an ar-
tificial subgrade vras introaluced which consisted of
a 500-m¡n layer of a natural alluvial sancl mixed with
5 percent by dry weight of rubber tire buffings.
this material is a waste product of the tire retread
indus try.

The artificial subgrade responds in a nanner
similar to a soft clay with a highly reliable modu-
lus of 25 MPa; but it does not accumulate permanent
strains as a real soil woulal. The design for this
experi¡nent then beco¡nes 350 mm of pit-run gravel
subbase (63 mn ¡naximun size), 135 mm of base, and a
single coaÈ surface treatment. For design purposes
it was assuned that the 135 run base would meet the
standard reguired by the New zealand specification
(s).

Pavement Cônstrrrction

th At the start of this experiment, the subbase and
artificiaL subgrade were in place fron a previous
test. AIl that vras necessary was to cl-ean and
relevel the surface of the subbase.

the aggregate was delivereil to the site via a
weigh bridge in 7- to 8-tonne truck loads. The
material was dumped on a 15 ln2 concrete mixing
area, its water content taken, and spread out to a
uniform thickness of about 150 mm. The cal-culated
mass of hydrated lime was then spotted in bags over
the aggregate. The bags were split open, the !'rater
content adjusted to optimum, and, using a light
agricultural tractor with a loader bucket, the whole
was mixed thoroughly until it has a uniforn color
and consistency. This machine was then used to
place the nixes with 0 through 6 percent lime in the
test track building. The mixes were leveled and
screeiled to the desired surcharge by hand.

As it was winter, curing took longer than in Èhe
laboratory tests. fnitial compaction r,ras accorn-
plished by a vibrating footpath roller, followed by
trim¡ning, and final rolling was with a I0-tonne,
smooth-wheel rol1er. The li¡ne-stabilízed naterial
was found to adhere Èo the steel wheels of the I0-
tonne roller necessitating the use of the water
sprinklers. This resulted in the base becorning nuch
wetter than desired and, beÍng winter, very slow to
dry out. In the end, a 40 kll heater was used to dry
the surface to a condition suitable for surface
Èreatnent.

A hard crust formed on the base, possibly con-
taining caleiurn carbonate' that uas laboriousl.y
re¡noved before applying the surface treatment. rn
spite of this, the base lvas found to be virtually
impervious, and the hot bitumen hardly penetraÈed
it. The full pavement was constructed to a width of
3 m, and each of the seven sections was approxi-
nately 8 m long.

Before the surface treatment, s¡nall excavations
were made in each section to the top of the subbase
and subgrade. Stee1 plates I00 x 100 x 5 mn were
placed at the centerline on the surface of the sub-
base and subgrade, and a 5-mm diameter steel rod was
fixed in the center of the plaÈe perpendicular to
Èhe surface. These rods were just long enough to
reach to about l0 mm below the finished surface.
They erere enclosed in a plastic tube and plugged to
prevent ingress of griÈ and biÈumen. The base and
subbase that had been removed were replaced and
compacted so the material just fílled the hole.
This system has been found quite succeésful in ob-
taining transient and permanent dísplacenents at
depths within pavenents constructed at the test
trãck -
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The machine is run 24 hr a day and various tests
are carried out at intervals varying from 1r000
wheel passes at the beginning to l-00,000 passes
toward the end of an experinent.

In Situ Density

Density of the base sections sras neasured after
construction and at intervals until trafficking was
conpleted at 550,000 EDA. A Troxler nuclear densim-
eter was used, and it gave densities up to 100 kg/m3
lower and water contents up to 2 percent higher than
the New Zealand standard balloon densimeter (6).
The results were, therefore, adjusted to the latter
values.

The results at the beginning and end of the traf-
ficking are given in Table 1. The field compaction
gave values bet!.¡een 98 and 103 percent of the labo-
ratory-deternined maximum dry densities and the
generally high performance of these pavenent sec-
tions can, in part, be attributed to these high
initial densities. It can be seen fron the table
that the TGO had the highest initial density (and
Iowest voids) which increased with trafficking.
Water contents fell slightly, but all sections were
virtually saturated for the whole of the traffic
load ing.

Permanent Deformation
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two of these were at the buried probes. Deflections
were ¡neasured on the surface and on the probest
directly between the wheels and $¡hen the wheels were
600 mn away. This gave six positions of vertical
deflection for computer nodeling discussed in the
next section.

Deflections were generally found to remain con-
sistent over the trafficking period' but TGO' TGI'
and TG2 showed some increase after 350,000 EDA. The
mean deflections for the different naterials are
given in Table 3. The influence of lime content on
surface deflection is apparent and is further illus-
trated in Figure 3. The reduction in deflection by
the. addition of up to 4 percent lime clearly sug-
gests the development of stiffness by cenentation
processes.

ComÞuter Modelinq

Àfter construction, concrete pads were established
on either sicle of the traffícked path, clear of any
possible influence of pavement movement, at three
places on each section. A straightedge could then
be placed on these pads and depths to the surface
measured at fixed distances from either side of the
centerline to obtain cross sections. These were
obtained at frequent intervals during the. traffic
Ioading. The average perrnanent surface deformations
at the end of the traffic loading are given in Table
2. It can be seen that the untreated material, TGo,
had the highest deformation and TGz, TG4' and TG5

thê lowest. TG3 and TG6 were influenced by local
distressed areas.

These results do not reveal much as they are
considerably scattered and influenced by local
trouble spots that had to be repaired to keep the
vehicles running. Perhaps more revealing is that
the maxi¡nu¡n depression from a 2 m straightedge ex-
ceeded 12 mm in sections Tco, Tcl-, TG2, and Tc3 but
were nowhere near this in TG4, TG5, and TG6. À
depression of 12 mm from a 2 m straightedge is con-
sidered by Croney (11) to indicate a critical condi-
tion. Permanent displacenents at the top of the
subbase and subgrade were negligible.

Pavement Deflection

Thê elastic layer computer progrâIn, ELSYMs, (12) and
the finíte element computer program' CANTYRoAD' (lÐ
were used to rnodel vertical deflection at the six
points. The CANTYROAD progran gave slightly better
correl-ation (maximum difference fro¡n measured de-
flection 0.08 rnm) and indicates the following noduli:

Subgrade
Subbase (lower half)
Subbase (upper half)
Base (no line)
Base (1-3 percent lime)
Base (4-6 percent Iime)

Pavenent deflection was measured on the surface
between the truck wheel-s (loaded to 40 kN) by a
Benkelnan beam using the recovery method. In each
section, three points were marked on the centerline,

The nodeting is not particularly sensitive to Pois-
sonrs ratio and appears to lie in the range of 0.35
to 0.40. The CANTYROAD program also indicated a

subgrade strain of 1,06 - I.08 x I0-3 mm/mn com-
pared with 1.05 x I0-3 used in the design.

Table 1. Dry density parameters at stârt and completion of traff¡c
loading.

Particle Size Anal

25 MPa

6 5 t'lPa
170 MPa
385 MPã
465 MPa
550 MPa

Samples of each naterÍaI Ì.rere taken on delivery,
after nixing and construction in the pavement, and
from the center of the track on completion of traf-
ficking. crading curves v¡ere then obtained by a wet
sieve analysis according to New zealand standard
(6). Space linits presentation of aII the data but
two sets of grading curves for the TGo and TG4 in
Figures 4 and 5 illustrate the pattern. Because the
TGO material has such a low crushing strength, it
exhibits considerable breakdown between stockpile
and pavenent and further breakdown under traffic
Ioading, particularly of the larger particles.

The graiir-size distribution shown in Figure 5 for
Tc4 is typical of the higher lime concentrations and
shows a significant realuction in fines between
stockpile and pavernent and Little effect fron traf-
fic toading. There is an increase in the naterial
retained on the larger sieves (I9 and 9.5 Ím) indi-
cating the bonding of some fines to larger particles
as ti¡ne progresses. Consideration of all the grad-

LS

Condition

Dry density 0.5
(ks/nr- ) 55U

Total voids 0.5(%) ssO
Water content 0.5
(7,) ssO

Saturation 0.5(%') sso

T¡¿ffic
(lo3 EDA)

Material

TGO TGI

2288 2216
2346 2280
13 .7 16.4
l 1 .5 14.0
6.0 7.2
4.9 6.2
100 91
r00 100

2204 2t57
2240 2238
16.8 18.6
I 5.5 I 5.5
7.0 8.3
6.6 7.1
92 96
96 lO0

TG3

2t40 2139 2l'70
2203 2142 22t8
r9.2 t9.3 18. r
16.9 t9 .2 t6.3
9.2 8.8 9.3
8.0 8.5 8.1
100 98 100
100 95 100

TG6
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Table 2. Change in surface deformation with traffic loading.

Table 3. Transient deflections for d¡fferent l¡me contents.

T¡affic
(103 EDA)

0.500
20 I .s0 1.00
50 1.75 1.00

lso 2.75 1.50
250 3.7 5 z.so
350 4.50 3.25
4s0 5.50 4.7s
550 7.00 6.25

Average Surface Deformation (mm)

Test Strip

Figure 3. Effect of lime content on surface deflect¡on.
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0000
1.00 1.50 0.50 0.50
1.50 l.1s 1.00 1.s0
1.7 5 2.50 1.7 5 2.25
2.2s 3.50 2.50 3.2s
3_00 4.00 3.25 3.50
3.50 5.'t5 4.50 5.00
4.50 6.754 5.50 5.50

Probe Position

Horizontal

Between
wheels

600 mm
f¡om
wheels

TG5

Vertical Tco

On surface 0.86
On subbase 0.7 5
On subgade 0.47

On surface 0.10
On subbase 0.12
On subgrade 0.12

Average Surface Deflection (mm)

Test Stdp

ot234
Lime Content, To

Figure 5, Chançs in grading for TG4.
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Figure 4. Changes in grading for TG0.
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N Z Specif icotion

ing curves suggests that agglorneration begins at 2
percent lime and åfter 4 percent no further change
takes place.

ff the grading curves are pLotted to a tog-log
scale and approxi¡nate a straight line, then the
graclient of this Iíne is the exponent rnr in the
idealized grading curve of Tatbot and Richart (14):

pd = (d)n/Dn

where

NZ Specificoîion* 
Groding Limils

Pd = the proportion passing sieve size d
Dm = the maxinun particle síze, and
n = a fraction lying between 0.35 and 0.45

for maxi¡num density.

Grading curves $rere plotted for each material and
the gradients of the lines obtained by linear re-
gression. Tno examples, for TGO and TGl, are given
in Figures 6 antl 7. A plot of the Inr values in the
pavement against percentage of lime is shown in
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Figure 6. Changes in grading exponent for TGO.
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Figure 8. This shows that agglorneration of particles
begins above I percent line and reaches a maxinun at
3 percent.

Surface Cracking

the condition of the pavement was observeal continu-
ously fron the encl of construction to the end of
trafficking. Conditions were recorded on specÍally
designed, condition survey formst photographic rec-
ords were also kept. At approxinately ?5'000 EDA,

the first hairline cracks (visible from 400 mn)

appeared, mainly in sections TGo' TGl, TG2, and
TG3. The cracks were short, randomly scattered and
soon disappeared. It is believed that they were
associated v¡ith drying out of the base naterials.
Àt 200,000 EDA further cracks appeared in these same
sections concentrated near the edges of the traf-
ficked path. These were considered to be associated
with permanent deformation and, once formed, allowed
further drying and shrinkage to take place.

The TG0r TGl, TG2' and TG3 sections started de-
veloping extensive surface cracking after 500r000
EDAt this was associated with increased deflection
and rutting. The cracks vtere betvteen 0.I and 0.3 mn

wide, visible in natural light frorn 2.5 rn, and were
rnainly transverse to the direction of traffic but
developed in an alligator pattern ín TGo and TGI.
There was no cracking evident in the TG4r TG5r and
Tc6 sectionsr Figure 9 shows the relationship be-
t$¡een crack length per unit area and lime content-
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F¡gure 7. Changes in grading exponent for TG4'
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CONCLUSIONS

In road construction, lime is ¡nost frequently ap-
plied to soft clay subgrades because the increased
strength enables a thinner pavement to be used.
This experíment has shown that lirne can be usefully
appl-ied to a substandard base aggregate to inprove
its performance. The taboratory tests and field
results are surnmarized and cornpared in the fotlowing
sections.

Laboratory Evaluation
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Figure 8. Effect of lime content on grad¡ng exponeñt.
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It was found that the addition of line to.a graded
aggregate increased the optimum water content and
lowered the maximum dry density under standard com-
paction. OptinuÍì conditioning time (at 20oc) was
between I0 and 50 hr at atl 1i¡ne concenbrations.
Excessive conditioning re(ìuced strength. The addi-
tion of Iime to the fines increased the liquid. and
plastic limits and slightly reduced the plasticity
index. At the higher concentratíons' the physical
properties of the lime were influencing the plastic-
ity characteristics. Teto percent Iime caused a re-
duction in the linear shrinkage of the fines.

The Eades and Grin pH test indicated an optinun
line content of 3.5 percent' but even at I percent'
the effecE was beconing apparent. The unconfined
compression strength showed a significant increase
with I percent lime ancl reached a maximum at 4 per-
cent lirne. Soaked CBR increased from 15 without
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Figure 9. Effect of l¡me content on cracking'
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line to 53 at 6 percent Iine,4 percent being an
optinum value. Four percent line was required to
increase the tensile strength to 80 kpa, the value
suggesÈed (3) as marking the boundary between the
¡nodification ancl cemented phases of line treatnent.

Field Evaluation

Àlthough the response of sand/rubber subgrade to
wheel loads is similar to that of soft clay, it
suffers practically no permanent defornation. pre-
vious trafficking on the subbase had resulted in
that naterial being completely conpacted and ex-
hibiting virtually no permanent deformation in the
test. The results, therefore, refer strictly to the
performance of the bases. À hiqh degree of conpac-
tion in the fielél gave densities for all sections of
about 100 percent of the theoretical naxima. The
untreated section had the loerest voi¿ls content at
the start and completion of trafficking and all
sections were virtually saturated throughout. Sat-
urated bases cause considerable concern in New Zea-
land because of the loss of stiffness and pore pres-
sure buildup particularly in cases where mechanical
and hydrothernal élegradation has created clay fines.

In this test hydrothermal degradation which nay
take several years was not present, but it is be-
lieved that the presence of lime Ì¡ouÌd have hetped
had it been so. Rutting (being restricted to the
base layer) was generally low because of Èhe high
initial ilensities but deformations fron a 2 m

straightedge erere higher in the 0-3 percent lime
sections than the others. Transient deflections
were reduced with increasing lime content, the first
4 percent causing the greatest reduction.

Computer mocleling indicated that the untreated
base had a modulus of 385 MPai 1, 2, anð.3 percent
had an average of 465 MPa; and 4, 5, and 6 percent
had an average of 550 MPa. For the untreated sec-
tion, there was a significant degradation of the ag-
gregate between stockpile and constructed pave¡nent
with a further degradation under traffic loading,
particularly of mâterial retained on the 19 mn
sieve. Three percent Iime shows a significant re-
duction in the rnaterial finer than 4.75 nm but still
with an increase in the proportion passing the 19 mm

sieve. Four percent and more continues this pattern
except that the proportion passing the 19 Íun sieve
is held constant. The effect on the idealized grad-
ing exponent 'n' oi Talbot and Richart (14) is
clearly denonstrated in Figure 8. This change in
grading is reflected in thê lower dry densities with
increased line contents.

rne sfgnralcáne suarace cracKlng aPParenE rn Erre
O, L, 2. and 3 percent lime sections after 500r000
r¡heel passes is attributed to fatigue from the
larger number of wheel passes. The greaÈer stiff-
ness developed by 4 percent or nore lirne is suf-
ficient to reduce this.

Correlation of Field Results with Laboratorv Tests

37

AlL four tests appear to inilicate the best concen-
tration of lime, and it would appear Èhat any one of
them may be sufficient for practical purposes.
Possibly the pH tesÈ l¡ould be the most practical
because it is simplest and guickest; but it gives no
indication of strength gain. There are many cornplex
¡nechanisms at work in a road pavenent under a
rolling vrheel load, and it is recornmended that
materials be tested by at least three of these
nethods. If one nere to be left out, ít could be
either the unconfÍned compression or the tensile
test.
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The significant inprovement Ín field performance (by
the criteria of pernanent deformatÍon, deflection,
particle degradation, and surface cracking) by the
addition of 4 percent hydrated lime indicates that 4
percent is the optimum value. However, this shoutd
be conpared with the laboratory obtained optina:

Test
Eades and Grim pH test
Unconfined compression test
Double punch tensile test
California Bearing Ratio

Nert
TR/2,

Line (t)
3.5
3-4
4

4


