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Laboratory assessment of the
influence of the proportion

of waste foundry sand on

the geotechnical engineering
properties of clayey soils

M B Mgangira

Soil improvement can be achieved through mechanical stabilisation using industrial by-
products. Clayey soils were blended with waste foundry sand to examine its influence

on the geotechnical engineering properties of the soils. The waste foundry sand was first
subjected to standard geotechnical engineering testing. The effect of the foundry waste
sand on the modification of the plasticity, swell potential, compaction characteristics

and CBR values of the soils is demonstrated in this paper. The results show that the
addition of waste foundry sand improves the performance potential of otherwise marginal
materials for use in geotechnical engineering applications.

INTRODUGTION
Soils that fack certain antributes for suit-
ability as construction materials are either
chemically treated or blended with other
materials to make them acceptable for geo-
technical engineering applications. Hydrated
lime and Portland cement have been the tra-
ditional additives used for soil improvement,
Industrial by-products are slowly finding
their role in soil improvement. Tor exam-
kraz (1999) studied the effectiveness

ple, 1
ol lime kiln dust (1K1 as a soil stabiliser.
Zaman ef ul (1992} investigated the use

of cement Kiln dust {CKD), a cement by-
product. produced during the production

of Portland cement, as a soil stahiliser for

a highly expansive sotls, while Collin and
Clesielske (1994) presented a review of the
uses of various types ot slags. Chun and Kao
(1993) presented a study on the stabilisation
ot a clayey soil, using tly ash and slag. Edil
ctal 20027 evaluated a variety of industrial
by-products for soil stabilisation, including
fly ash.

Most recently. the wse of foundry waste
sand in soil improvement has also been
investigated. Several uses of foundry waste
Table 1 Properties of the weathered shale, sample PEWS

Value/
. classification
Liguid limyit 800
Plasticity mdex ol whole sample 223
Linewr shiinkage 950
Perentape <0,002 29.70

Grading medulus 0:d3
A7-D
Unibied soil ¢l i ol

PRA classification

o1
Medhitim

Actvity
Heave clussilication

sands have been cited in the literature. In
Edil et al (2002), their investigation included
foundry waste sand, which demonstrated
the capacity to provide adequate support as
a sub base. The Foundry Industry Recycling
Starts Today (FIRST) website [www.tound-
dryrecycling.org| provides intormation
on foundry waste sand and list of projects
where foundry waste sand has been used.
FIRST has authored a report (Foundry Sand
Facts for Civil Engineers, FIRST (2004)
which provides technical information about
the potential civil engineering applications
of toundry sand including construction
practice. Javed and Lovell (1995) describe
anumber of uses of foundry waste sand in
geotechnical engineering application. which
include tlowable-fills and asphalt concrete.
A review of the literature, revealed that
there was no technical information in the
public domain on the assessment of the
utilisation of foundry waste sand for geo-
technical engineering applications in South
Africa. The assumption that industrial by-
products are most likely to be influenced by
the inputs and processes involved in their
production. making them source dependent.

Table 2 Properties of the foundry waste sand used in the study

Nalue/
classilication

Characierisiies

Liguel limit
Plasticity index of whole sample
Linear shrinkape
Pereentage <0007
Grading modulus
PRA classilication
Unified soil classification
| Avtiviry
Hedve chssification
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Table 3 Influence of adding waste sand on the grading characteristics and classification .
— A - als, which should act as a guide in such an

evaluation. These steps are the identification
and property evaluation; environmental

assessment; prediction, field verilication and
long-term performance; constructability and

Percentage v "‘ ' . .

Cpassing . Grading PRA Unified soil Aciiviie Heave

0,002 mm modulus "~ classification. ¢lassification . dassibeation
sieve

 Proportion of
waste sand by

weight (%)

Q 29.70 023 A-7-3 {1 0,7 Med
20 13,00 0,40 A6 (o L0 Med
30 15,84 {48 AD L [ Med
+0 1584 0,53 A-6 5S¢ 1.0 Med
0061 A0 SC 10 Med
0 12,55 .70 A6 o 10 Low waste foundry sand in South Alrica.

A

70 6,79 0,79 A

field verification of performance; construc-
tion specitications and finally dissemination
and availability of technical information.
Such a process has not yet been done on

4 SC 10 Low : In light of the above mentioned spe-

SO/ 10 Low cific issues, the objective of the study being

80 0,79 080 A o

,,
[
pS

reported in this paper was to address the
100 400 0.96 A2 sC 16 e

(bure waste sand) ) . . .
L geotechnical engineering properties ot

tirst specific issue, namely to identily the

a foundry waste sand [rom a foundry in

Port Tlizabeth, South Africa, and assess its

40
potential in geotechnical engineering appli-

cations. On the basis of the initial study.
perforining an extensive and detailed study
could then be justified. The paper therelore

30 . describes the initial laboratory tests of a
planned extensive testing programme to

N assess the eftectiveness of this foundry waste
294

sand, as an alternative soil stabiliser. The
tests were performed at the Departiment
20

of Civil Engineering laboratory of Nelson
Mandela Metropolitan University.

Plasticity Index (4}

EXPERIMENTAL STUDY

Five clayey soil samples from different
+ locations, in and around the city of Port
5 Elizabeth, including one sample from

104

Hogsback, some 350 km away, werc used

in this study. However, the first series of

0 r . r T
0 10 20 30 40 50 tests, concentrated on a weathered shale

Liliquid Limit (%) sample collected from a location near the
4 Untreated' X U20% FWST e 30% FWST e "S0% FWS! "0 Fws” - Corrobrick site. The tests were conducted on

the original control sample and on mixtures,
Figure 1 having ditferent proportions of the waste
foundry sand. The test series were carried

)5 out according to TMHL. After determin-

ing the resulting changes on the plasticity,
compaction characteristics, CBR and swell

potential on the weathered shale, sclected

20

tests were then conducted on the other {our
samples.

Soil properties
The geotechnical engineering properties of
the weathered shale are shown in table 1

}'crccnlagc

<

Foundry waste sand
Foundry waste sand is a by-product of the
ferrous and nonferrous metal casting indus-

try. [t is the excess sand that is discarded
after re-use in metal casting as moulding

" material. The foundry waste sand used in
0 20 ~+0 60 80 100 . . .
this study was collected from a foundry in
Port Elizabeth. It has a black colour, due to

the addition of about 1%2 % coal dust during

Proportion of foundry waste sand |%]

s Dlasticity Index =e=Linear Shrinkage

Figure 2 the indusirial processes to prevent the sand
from sticking to the casting. The particle
Jusities the need 1o establish tocal knowl- Edil and Benson {2002) have stated six size distribution analysis revealed that 97 %
edge inthe use ol foundry waste sand for specilic issues related to the development passed through the 600 pm sieve and about
sectechnical engineering applications. of industrial by-products as geo-materi- 16 % passed through the 75 pm sieve. The
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summary of the physical characteristics are
shown in table 2 below.

In the absence of technical information
from the supplier of the foundry waste sand,
it may be surprising at tirst 1o note that the
foundry waste sand has some plasticity. This
is due to the presence of the bentonite clay
in the foundry sand (about 10 %, as peinted
out by the supplier). The three major comn-
ponents of the foundry sand are uniform
high quality quartz sand, cohesive bentonite
clay as binder and the coal dust

The evaluation of the characteristics of
leachate from the foundry waste sand was
not performed. However, according to the
report by FIRST (2004), while the leachate
from foundry waste sands may contain trace
of element concentrations that exceed water
quality standards, the concentrations are no
different than those from other construction
materials.

EXPERIMENTAL RESULTS

AND DISCUSSION

Figure 1 shows the influence of the addition
of the foundry waste sand in ditferent pro-
portions en variation of the liquid limit and
plasticity index. With increasing proportion
of the foundry waste sand, there is a marked
decrease in the values of the liguid limit and
the plasticity index. Figure 2 shows the rate of
variation. A significant change in the values
of the liquid limit, plasticity index and the
linear shrinkage is observed up to about 30
% foundry waste sand added and therealter
the rate of change is slow up 10 60 % foundry
waste sand addition, followed by a faster rate
of change and a slower rate of change again
towards 80 % loundry waste sand addition.
At 100 9%, representing foundry waste sand
only, the liquid limit is about 27, with a plas-
ticity index of 7 % and no shrinkage.

Table 3 shows the influence of the pro-
portion of the foundry waste sand on the
grading characteristics and the final classifi-
cation of the mixtures. The results ave only
for the weathered shale-foundry waste sand
mixtures. The influence of the addition of the
foundry waste sand is reflected in the change
of the classification as well as heave rating,
With increasing foundry waste sand propor-
tion, the soil is transformed from clay of inter-
mediate plasticity to a sandy clay. The initial
soil classitication of A-7-5 and CI changes
to A-2-4 and SC. The heave rating improves
from a medium rating to a low rating, At least
50 9% addition of the foundry waste sund is
required for this change to take place.

Figure 3 shows the changes in the swell
with increasing content of the toundry
sand. The swell in this study relers to the
increase in the vertical height of the sarple.
during the soaking of CBR moulds. The
swell percent is reduced from ashout 6% to
less than 1% at 80 % loundry waste sand
mix proportion.
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Table 4 Initial values of geotechnical engineering properties of all tested soils and waste foundry sand.

 Sample Liquid limit (%)

HGSB 280

Plasticity Index

PEWS

Uil

WE Sand
Figure 4 shows the effect of the propor-
ton ot the loundry waste sand in the mix-
ture on the maximum dry density. It 1s seen
that with increasing foundry waste sand
content, the maximum dry density increases

7,
)

with its maximum at about 20 % foundry
waste sand content and thereafter decreases
with increasing proportion of foundry waste
sand. It can be noted in figure 4, that the

optimum moisture content initially decreas-

es with increasing foundry waste sand con-
tent and remains almost constant al about
10 % up 1o about 40 % toundry waste sand

content. Thercafter the optimum moisture
content increases to about 14 % at 80 %
foundry waste sand content.

The eftect of the addition of foundry
waste sand on the CBR is shown in figure
6. There is no signiticant change in the CBR
with an increase in the amount of loundry

waste sand up to about 50 % and thereafter
there is a noticeable increase in the value ot
the CBR with increasing foundry waste sand
content. A higher proportion of foundry
waste sand is therefore required in order to
realise the benefits of its use as a stabiliser
regarding strength improvement. The CBR
results show that the rating of the soil is
slightly improved trom heing rated as poor,
to a medium rating as a subgrade material,
when a higher proportion of the foundry
waste sand 1s used.

Further selected tests were then car-
ried out on the other four soil samples. The
initial values of the geotechnical properties
under investigation are shown in table 4.
The results are shown in figures 7, 8 and 9
together with the results of the tests on the
weathered shale, sample PEWS.

Figure 7 shows the influence of the
addition of the foundry waste sand on the
plasticity index of all the tested sotls. The
plasticity index value of the soil sample
HGSB, from Hogsback | only reduced by
about 2 % with 80 % mixture of foundry
waste sand. On the other hand the UT}
sample with an initial Pl of 26,3 %, the
value reduced to about 7%, while in the
case of UT2 the value reduced from 28 %
6,5%. In the case of sample SIDW, the P
% to about 6.8 %. The
overall reduction in the value of the plastic-

reduced from 16

ity index, varies between 2 % and 21 % for
waste foundry sand proportion of 80%.

The trend shows that the total change.
which is an indicator of the elfectiveness
of the foundry waste sand as a stabiliser. is
more apparent in soils with initial high Pl
and that this depends on the type of soil
that the foundry waste sand is mixed with.
The higher the value of the initial PI, relative
to the initial P1 of the waste foundry sand,
the higher the rate at which the PI reduces
with the addition of waste foundry sand.

Figure 8 shows the effect of the different
mix proportion of the foundry waste sand
on the maximum density. The results show
a mixed trend, seemingly depending on the
initial maximum density of the soil, rela-
tive to the maximum density of the foundry
waste sand. A soil with lower maximum den-
sity to that of the foundry waste sand. shows
an increase of the maximum density with
increasing proportion of the foundry sand. A
soil with a higher maximum dry density o
that of the toundry waste sand, shows an -
tial slight increase in the density followed by
a decrease with increasing proportion of the
foundry waste sand. The foundry waste sand
characteristics become more dominant.

Figure 9 shows the effect of adding the
foundry waste sand on the CBR of the soil
samples subjected to this test with selected
proportions of foundry waste sand, 20 % and
80 %. The overall change in the CBR values

(474

is generally less than 10 % at 20 % waste

sand proportion. Thus there is in general,
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aslight increase in the strength property of
the soils. The influence on the CBR values,

with greater proportion of the waste loundry

sand, scems also to depend on the initial
CBR values of the soil, relative 1o the CBR
value of the waste foundry sand, which was
19 %, The seil with the lowest innial CBR
value shows a significant improvement, but
at kigher waste foundry sand proportion

Flil e al 2002 in their field study on a
variety ol industrial by-products as stabilis-
crs. found that loundry sand did not per-
form as well as the other by-products used
in ther field tests. They stated that a lower
than 10 % content of bentontte could prob-
ablr make the foundry sand comparatively
more beneficial as a stabiliser. The foundry
sand in this study had a bentonite content
of about 10%. Lower bentonite content in
this foundry waste sand or an addition of
additives should therefore result in higher
mereases in strength at lower proportion
fevels of the waste foundry sand

DISCUSSION AND CONCLUSIONS

During the study it was established tha

on average, 3 -6 1 of loundry waste sand is
discarded cach day {rom the Port Elizabeth
foundry and about 3 000 1 of foundry waste
sand is annually disposed in waste facilities
from a single [oundry in the Gauteng area.

The wtilisation of the loundry waste sand in
civil engineering construction. particularly
in road construction, whether {or temporary
works, would be benelicial as it will contrib-
ute towards the alleviation ot the environ-
mental impact.

There are also economic henefits, from
the pavement technology perspective, in
that where the soil has been improved by
using the foundry sand, the total thickness
of the structural elements ol the pavement
would be reduced. Costs associated with
carting away ol in-situ material and sourc-
ing (rom distant locations will be avoided.

While no economic viahility analy-
sis was done at this stage of the study. in

assessing the economic benelit of using the
waste loundry sand in road construction,
the cost of preparation, cost of stockpiling,
if necessary, and cost of delivery transport
as a tunction of distance trom the source
of the wuste foundry sand to arew ol apph-
cation, will be the main contribwting lac-
tors and should be evaluated. The same
consideration applies to other stabilisation
additives. In the Port Elizabeth area, for
example, cement stabilisation and lime
stabilisation costs vary with distance. rang-
ing from about R650/t for cement 10 about
R850/t tor lime (at 2004 rates, personal
communication). However, waste foun-
dry sand as a recycled material, would be
cheaper tor the same distance.

The influence of the addition of waste
foundry sand in different proportions on
the characteristics of the weathered shale
and other four clayey soils, has been dem-
onstrated. [t can be observed that there 1s
a signiticant reduction of the liquid limit.
plasticity index and swell with the addition
of the foundry waste sand.

The results of the compaction tests
demonstrate that changes have taken
place and that foundry waste sand slightly
improves the physical properties with
respect to strength as indicated by the CBR
test results. However, a higher proportion
ot the foundry waste sand, over 50%, is
required 1o achieve higher increases in load
bearing values, for a soil with an initial
low CBR value. It is suggested that an addi-
tion of small quantities of other additives
should significantly increase the achievable
strength at lower proportions of the foundry
waste sand. The benefit in the mere reduc-
tion of the plasticity index achieved at lower
proportions of the foundry sand cannot be
ignored. It renders the clayey soil casier to
handle during construction.

Foundry waste sand has the potential
to perform as a mechanical soil stabiliser or
can be used lor the purpose of soil modifica-
tion. Consistency in the quality of the by-
product may be of concern as any variation
in wasle management processes could have
an effect on the characteristics of the hy-
product. Investigation into the characteris-
tics ol the foundry waste sand from ditferent
foundries in the country should be carried
out to ascertain the quality and consistency
of the by-product.

Further research is also necessary
towards increasing the performance and
the understanding of the soil-waste foundry
sand mixtures in terms of long-term per-
formance under loading. Criteria for deter-
mining appropriate mixing rates should he
developed [rom extensive laboratory tests
and when possible with demonstration trial
sections. This should contribute rowards
development of applicable specifications for
the utilisation of waste foundry sand in road
construction in South Africa.
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