IMPROVEMENT OF MARGINAL MATERIALS BY FLY ASH IN ROAD WORKS
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The watinal roud motwerk contues to play a fandament! end caialytic role in the promotion of soctal and
weonomie developmen of Boe Hevwever, @ combination of edverse climatic and geologic factres, such
as searciy of conventional read buildory materials. near absence of @ non saline surface water, and elfimatic
carrernes fuave dictared the ueed for mnovative engincening aporoaches to Mghway design, construction and
mantersnice. In recent years application of fly wk fiax been considered in road comuction with prect
nteredt, Flv avh o a pezzolanic material whick in the presence of woter combines with Lime o prodicce 4
cementetivns materinl with excellent stractural propertiex Attempts have, therefore. been made at Ratseans
Rowds Departmient in collaborution wish Universisy of Bonswana to explore the feasibilisy of wnfizing fly ash
alorse to improve the physical end strongth charocteristics of lwally available non-standard marginal
meaterials. The resalts indkote that weth the addition of [Ty ash plesticity decreases winle California Bearing
Ratio (CHE) increaves for calereie ond other locally availablie marginal tals for road constraction. Wh
appropriate wnount of fly avh and an adequare curing the meterial can be Improved w meesr the
regearements of bave and sub-bave conrse
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1 INTRODUCTION

The nanonal road network continues o play a
fundamentl and catalyiic role in the promotion of
social and economic development of Botswana, To
this cnd. substantial financial allocations have
been made and vwould continue 10 be made to the
roads sub- sector in order to promote further
coonomue growth and development. However, a
combrmstion of adverse clinatic and  geologic
lactors, such oS scarcity of conventional road
outlding matenals. near sbsence of @ non saline
surfhee water. and climatic extremes have dictated
the need for innovalive engincering approaches 1o
liglway design. construction and nsintenance in
Dotswana. Since  muaerials typically  constinte
approatnately 70% of the o1l cost of the road
construction in Boiswana probably the greatest
cost for impovation has been in judicious use of
mare sl matenals

In Borswama materials like Kalahan Sand. and
Calereie are available in abundance However. the
specifications ofien preclude the use of such local
soil i aggregmies as o road pavement material
diue 10 their non- compliance with recommended
stndards. Such o situation results cither i
importing the matenials from a long haul distance
o 1o stabilize these materials with cosily additives
lihe coment. This makes the project prolubitively

Capensive especially in case of 2 low irafficked
road

In recent years application of fly ash in road
construction has been considered  with  greal
interest. Fly ash s a pozzolanic material. which in
presence of water combines with link 10 produce a
cementelions componnd such a8 calcium sihicate
and calanm aluminate hydrates (ASTM. C 618-
72) These compounds hiave improved structural
properties like shear strength and CBR. The degree
of pozeolanic property of a fly ash depends upon
nany factors. which include the amount of free
lime and unburnt catbon. degree of pulvenzation
and cuning period. Recent work | || has shown that
1M the amount of unburnt carbon is negligible. even
a snall proportion of free lime present in fly ash
cun initipte pozzolanic hardening, This study his
also revealed that sclf-hardening of My ash s
further promoted by the formation of several other
cemplex envsiallined products including etinngite
(needle like). Since the fly ash from Morupule
Power Station contains about 7 % of free lime and
less than 1% of unburat carbon. it si expected to
hine o pood sclf-hardening property. Atlempts
line. therefore. been made at Roads Depantment in
collaboration with University of Bolswana to
explore the feasibility of utilizing local fly ash to
tmprove the physical and strength charactenstics
of locally available non-standard  marginal
matenials, The results of the present investigation
indicate that calerete and other murginal materials
stabilized with [y ash may effectively be used for
compacted fills. sub-base and base coarse in roads
constrction



1 MATERIAL USED

2.1 Fly ash

1y ash can be regarded as a non plastic silt which.
when nuxed with soils, can develop cementetious
chamctenstics cither due to pozzolanic cffcct or
duc to an inherent self hardening property under
favourable conditions of moisture and compaction
[2]. In Botswana, it is obtained from Monpule

Table | Chemical Composition of Fly Ash

Thermal Power Station Jocated at Palapye. about
300 km north of capital city Gaborone. R is
produced at the rate of about 400 tons per din
Only less than 10% of the total production is beiny
used by cement industey while the renaining more
than 90% is durmped in the waste lagoons in the
form of slurry, 1t lass & pradation of uniform silt
with 2 specific grwity of 2.1 The chermcal
composition of the 1y ash used is shown i table-
1.

Eloments | Si0: | ALO, |Fe.0, [Ca0_ [MgO [TiO:. [K:O [NaD [PO. |
% 41.2 336 | S08 645 il 231 [ 044 0.1 <005 |
22 Soils

Four types of soil samples representing different
types of soil found in the Tswopong region were
collected for laboratory testing. All these four soils
were considered unsuitable for one or the other
reason in their nalural state for the use
constnicting sub-base or base layers for the new
road 1n that region.

Generally fill and sub-grade matenals are readily
available in the region. however, the problem is to
locatc the swtablc matenals with which to
construct the base and the sub-basc. Generally this
is also fairly easy provided a carcful selection is
exercised while excavaung the seams of gravels.
Unfortunately 1n this region, mast of the gravel
scams are very thin. usually S00mm or even less.
and ar¢ underlained by unsuitable clayey gravels
During bormow pit excavations, some of these
underdaying clayey gravels get mized with the
upper sclected gravel making (hem marginally
unsuitable due to high plasticity index (Ip) and low
CBR. In these cases the addition of fly ash can be
considered as a good option o lower the plasticity
index and increasc the soaked CBR. thus making
material suitable for basc or sub-basc,

To develop suitable specifications for the nuxes of
soil- fly ash and aggregate- fly ash. the soil and
gravel samples were collected from a region
(Tswapong North and South) where large amount
of road construction activitics are in progress and
the reads are in the close proximity of the thermal
power station. The following four types of soils/
gravels were collected for detailed investigations:

2.2.1 Clayey sand

The predominant overlying soil of this region 15 a
ferroginous clayey sand (reddish in colour), which

is pencrally marginally unsuitable because of their
high plasticity indices and low CBR valucs.

2.22 Quanz - femcrete schust

Many of the underlving gravels in thus region are
quanzfemcrcte misurcs. The  femcretes  are
generally found in thin scams with a nuxture of
fermicrete/quany gravel al the top of the scam while
clavey femncretes are underlying the seams. The
quanz/ferncrete  gravels e extremely  pood
naterials for use 2 a sub-base and base 1n road
constructions while the clayey lerncretes are
unsuitable duc to presence of clay. [n the field. itis
verny difficult o excavate only the top laver of
gravel/ferricrere as it gets nuxed with the lower
Laver of clay ferricrete. This makes the matcrial. as
awhele, unsuitable for road works

The quanz ferricrete gravel. chosen for the tests.
would lave been unsuitable for use as sub-buse
duc to the high plasticity ( Ip = 3% as against o
value of 10%) and low CBR

[ 32%. as against a value of 45 % al 95% MOD.
AASHTO) and unsuitabic for base duc to high
plasticity (15 as against a value of 6] and low CBR
(37% as against a value of 80% at 98% MOD.
AASHTO).

222 Gnesss with calerete

This particular calcrete appears o be weathered
gnciss granules, which breaks down in hand and 15
not a typical calerete of this region. It was however
selecied as being the lowest quality calcrele
material. which was available around the arca. The
material in its natural state has a plasticity index of
14 which is marginally suitable for sub-base but
has extremely low valve of CBR in soaked



condition (6.7% at Y8% compaction and 4.5% at
05%  compaction) which makes it rolally
unsuitable for its usc cither as sub-basc/basc or
sven as sub-grade and il However, 11 was
colected to study the stabilizing clfects of Ny ash
on perhaps the worst possible matenial

221 Fnable calcrele

“odular calerete, found throughout the region, arc
cenerally of good quality to be used for sub-basc
withowt any particular sclection. This particular
calerete meets all of the spectfications for a sub-
hase but the plasticaty index of this material i< 1oo
fugh and the CBR 15 0o low for its consideration

fairly high in its natural state, however, with little
mechanical cffort it breaks down too much smaller
sire particles. The grading modulus, thercfore,
could be a misleading parameter for this material.

2 LABORATORY TESTING:

The resulls of classification tests on all the soils
arc shown in Table-2. Vanous soil admixtures
were prepared by mixing 4%, 8% 16% and 24%
of fly ash by mass. The modificd AASHTO
compaction tests and CBR 1esis on 4 days soaked
samples were camed ont on all the soils and 1S
admixtures  as  per  Technical Methods  For
Highways (TMH) specifications. The results of all

15 a base. The grading modulus of this material is the tests are shown in Table-2.
able-2 Tt results of a1l the soils and thenr
admixtures
g |2 |2 |® - .
sz 2|zl |88 12 |5 |= |3 |2g|5g|58
Soil 4 ash SH & |7 |5 |C |23z |+ |3 |o8|cB| B
Fly ash 0 [0 [ [6 |- [mo |20 [N [N [0 |- |- -
Clayey Sand 1 @ |16 |14 |1.08 9 29 12 4.7 10 3 3
P ASH | 102 131 [10 [40 |6 45 123
189 ASH = | 64 |87 |30 |8 40 |88 |7 |60
F6%AST | 3 [127 (3 |6 [30 |2 |87 15
2a%A80 | ] 123 [SP |[SP [ 13 [1%0 |18 |79
Quartz -
Ferricrete L7 |25 [0 |124f2043 [y |30 |is |44 |37 |32 |23
1% ash 028 |94 |32 10 |47 |80 55 28
Woash Y 992 (99 |35 [7 [33 |12 |63 |23
+16% wh | 1989 | 104 | 31 5 2.7 180 | 140 | 88
4% ash T T Teen |87 [ SP[SP[07 [191 [ 148 [ 115
Goeiss with
Calerete 6 |24 |20 | D 1.99 146 | 40 14 67 |3 45 |4
4% ash 142 | 41 12 53 17 15 ¥
+8% ushy 1806 | 134 |44 |9 40 |24 [18 |8
+16% ish 144 | 42 4 20 |32 29 23
_ +24% sh 1680 | 166 | SP SP 1.7 55 49 41
Friuble Calerete
| 62 0 |8 I 23 | 1733 | 156 | 2% 13 0.0 i9 36 M
_*4% ash 1687 | 19 23 7 47 | 49 39 30
_ +8% ush 1670 | 199 | 17 5 20 17 S0 38
+16% osh 1665 | 234 |SP [SP [17 [66 |60 |S2
+24%% ish 1662 |17 |SP_[SP |07 [93 |78 a9

SP = The sonls are shightly plastic I was bit deffscult Lo pertorm plastic mit tests. For academuc purposes its plasticily

ey 1s assumed as 2 and plotted in Fig 2




3 RESULTS AND DISCUSSIONS

Particle size anolysis of all the four soils used for
investipation 18 shown i fig.|. All the sotls are
classified us coarse-grained soils, Clavey sand and
quartz and schist are sands while gneiss with calerete
and fmable clacrete arc elassified as gravels 1t1s also
observed that clayey sand and quartz ferrecrete schist
are well graded while gneiss with calerete and fnable
calerete are gop graded.
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FA = Fly Ash, CS- Clavey Sard, QS - Quutz
Femcrete Schust, GC - Goeiss with Calerete, FC ~
Friable Calerele.

41 Atterberg Limits

Vanaton of plasticity index of all the soils with
varying peopartion of 1y ash are shown mn fig 2
While the hquid limit was determined by cone
penctrometer the plasie himit was determmed by
rolling moist sl to 3mm diameter threads All the
tests were performed on the sotl frachion passing
25pm size sieves. It s observed that plasticity index
of all the soils decreases with the sddition of fly ash
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Fie. 2 Vamation of Plastieity Index with Fly Ash

The decrease 1s it more rapud up 10 about X % of 11y
ash tor quartz - terrecrele schist and friable ealerete
and up to 16% for gneiss and calerete. while for
clavey sand the decrease i plasticity andey 1s almost
Iinear wath the proportion of v ash, 1t 13 noted that
onlv 8 % of 1y ash 15 enough to lower the plashcily
ndex of all the scels to less thun 10 which sahisfies
the entenion for 115 use in sub-bage However. 16% of
fly ash would be required to lower the plasticaly
index to less than 6% (required for hase coarse) for
all the soils except clavey sand for which it 15 about
2%

Vanation of lincar shninkage with 1y ash is shown n
fig.3. It 15 observed that the decrease in lincar
shrikage 15 almost iness wath the nercase in fly ash
content for all the sails except tor fnable calerete for
which the decrease 1s more up to about 8% of flv ash.
On the whole the effect of Ny ash 15 o decrease both
plasticity index and lncar shnnkage of all the soils,
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Fig 3 Vanation ot Linear Shrinkage with Flv Ash

42 Maximum Dry  Density & Optimum
Muisture Content

Vanotion of MDD and OMC with flv ash content for
all the soils isshowninfigs 4 & 3

Fiy Ash - %

Fig.4 Vanation of MDD with Flv Ash
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g 5 Vanation of OMC with Fly Ash

[t s observed that while the MDD of all the sotls
decreases with the addition of fly ash the OMC
meresses lor all the soils except for quartz.ferrecrete
sehast for which 1t remains more or less the same
[he hehaviour s in accordance with the general
ohwervation of the effect of sail gradation on OMC
and MDD Al the souls used are coarse-grasned soils
while the fly ash is a fme-gramed one (silt size
particles). Any addition of fly ash would change the
aradation towards finer side, which would reduce the
MDD and increase OMC.  The reduction in MDD
with the inerease in fly ash in the admixture s also
due to fact that the speaific gravity of the fly ash s
loaver (2 1) than that of scils (abowt 2 65)

43 California Bearing Ratio

The CBR of all the soils and its admixtures with fly
ah were determined at 98%, 95% and 90% of
Modified AASHTO Compaction and are shown in
figures 6,7 and 8.1t 13 observed that the CBR of all
the sols ncreases with the inacase of fly-ash
proportion, The gan 15 significently high for quartz
lerrecrete schist and clayey sand (abowt 190% for
Juartz-ferrecrete sclust and about 150% for clayey
sud) while for gneiss and calerete and friable
calerete it imcrcases o 90% and 0% respectively at
98 % compuaction. The vanation in the gain of CBR
appears 1o be dependant on the gradation of the sails.
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Fig 6 Varistion of CBR at Y8% Compaction

It 1s more for well-graded souls than gap graded soils,
Similar trends were observed at 95% and 90%
compaction
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Fig 8 Vanation of CBR at 90 % Compaction

The merease in CBR depends upon the amount of fly
ash, gradation of soil and the degree of compaction.
It wos noted that the soils, which were marginally
unsuitable for base and sub-base, are improved to o
level where the CBR values are much higher than the
required specification (>80%) requirement [3]. The
amount of fly ash required to increase the CBR for
(1) base courses varies from 5 to more than 24 % end
(1) for sub-basc courses varics from O to 20%,
depending upon the type of soil and the degree of
compaction. Stmilar trends were found with silty
sand and soils of low and intermediate plasticity [4].
Thas himited study suggests that a fly ash with very
small content (<1%) of unburm carbon can be used
to stabilize the coarse grained soils for road
construction without mixing with lime even il itis a
class F fly ash (free lime < 10%) These findings
support the previous findings by Koo and Toth [1,2),
which suggest that if the amount of unbumt carbon is
negligible, even a small proportion of free lime
present in fly ash can initiate pozzolanic hardening.
However the amount of fly ash required for
improving CBR to a desired level should be
determined from the lsboratory tests as it depends
upon the chemical composition of fly ash soil
grading and the degree of compaction



CONCLUSION

1 tsoth plastienty index and linear shrinkage o/
the soil decreoses with the increase in 1
ash

2 With the addition of fly ash MDD deviaase
while the OMC increases

3 CDR is increases with the mercase n iy
ash.

4. The effect of My sl oo CBR s more in
well-graded socds than m gap-graded sals

5. The fly ash impeoves the marginally

unsuitable matenal for base course 1 roud
oonstrucicnn
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