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Preparation procedure influence on properties of compacted clay specimens
Effet de la méthode de préparation sur les propriétés d'échantillons d'argile compactée 

F.Mazzieri, W.F.van Impe & P.O.van Impe - Ghent University, Belgium

ABSTRACT: Soil specimens prepared by tamping, processed powdered clay materials (e.g. kaolin) are often used in laboratory test
ing related to environmental geotechnics. Wetting of the processed soil prior to compaction causes invariably the formation of clay 
clods whose size and amount depend on the water content. The paper aims at investigating the effect of this type of preparation on the 
hydraulic and mechanical properties of the compacted specimens. Shear wave velocity measurements on compacted specimens by 
bender elements testing seemed to support the permeability tests results. A certain degree of stiffness anisotropy was evidenced pre
sumably resulting from the stresses applied during compaction.

RESUME: Des échantillons préparés par compactage dynamique, de matériaux argileux en poudre (p.e. kaolin) sont souvent utilisés 

dans les essais en géotechnique environnementale. L’humidification de sols-poudre avant compactage cause inévitablement la 
formation d’agrégations d’argile dont les dimensions et la quantité dépendent de la teneur en eau. L’article se propose d’étudier l’effet 
de la presence de ces agrégations sur les charactéristiques hydrauliques et méchaniques. La mésure de la vélocité des ondes de 
cisaillement semble indiquer que la structure des échantillons compactés n’est pas influencée par ces agrégations initiales, tout en 
confirmant les essais de perméabilité. Toutefois, les résultats montrent que ce type de préparation par compactage nous mène à des 
échantillons à rigidité anisotrope.

1 INTRODUCTION

Laboratory testing on compacted materials is extensively in use 
in environmental geotechnics both for design and research pur

poses. If engineering parameters of the compacted soil are to be 
inferred from laboratory testing, the preparation of compacted 
specimens for laboratory testing should represent the actual in- 
situ compaction conditions on the actual soil as closely as possi
ble. Impact compaction (e.g. following ASTM D 698) on mois
tened soil is a commonly adopted technique for reproducing the 
features of actual compacted layers in laboratory-prepared 
specimens.

Research works on compacted soils are often performed on 
specimens prepared from processed soils (e.g. kaolin, bentonite, 
etc.) guaranteeing reasonable homogeneity from one lot to an
other, thus minimizing the possible variability of test results 

caused by soil mineralogy and grain size distribution. Processed 
soil materials are usually handled dry and powdered; hence, 

specimens’ preparation requires that the overall water content of 
the soil is increased by wetting and mixing procedures. Mois
turizing of powdered soils normally results, depending mostly on 
the plasticity of the used soil, in formation of soil “clods” or 

“aggregates”.
Clods are a typical feature for clayey soils. Benson and Dan

iel (1990) investigated the influence of clods size in the soil, 
prior to compaction, on the hydraulic conductivity of the soil af
ter compaction. The soil used was a natural high plasticity clay; 
the specimens with different clod size were prepared passing dry 
blocks of the original soil through sieves of an appropriate size, 
and then moisturizing the obtained material. They found that the 
size of clods, prior to compaction, has a major impact on the hy

draulic conductivity of compacted soil when compaction is per
formed dry of optimum. Simultaneously, the influence of clods 
size was found to be minor for “wet of optimum” compaction.

The research work described in the paper aims at extending 
the findings described above to clods formed the preparation of a 
processed soil (e.g. kaolin, which, unlike the case described 
above, contain no clods when dry) and more in general aims at 
providing better insight into the influence of commonly adopted

preparation procedures (i.e. Standard Proctor) on the properties 
of compacted specimens.

The testing program required first to characterize the clod 
distribution patterns obtained during wetting with the same soil 
at different water contents. Secondly, the saturated hydraulic 
conductivity of compacted specimens (10 1.6  mm in diameter,
116.4 mm in height), prepared with or without destruction of the 
biggest clods prior to compaction, was investigated.

Another important issue to be addressed in the preparation of 
specimens for laboratory testing is to evaluate the possible scale 
effects in the measurement of the relevant parameters. The basic 
question is as to whether the measured parameters and the prepa
ration techniques are representative of soils compacted in the 
field, where the scale of preparation and compaction is much 
larger. In order to simulate more closely the construction of a 
liner, large scale specimens were prepared in special molds (300 
mm in diameter, 116.4 mm in height) and the results obtained 

compared with those obtained on smaller specimens.
Permeability measurement were finally coupled with bender 

element testing (Dyvik and Madshus, 1985) for the analysis of 
the shear wave velocity in the compacted specimens. The pur
pose of the bender element testing was to compare the shear 
wave velocity of specimens prepared by different procedures 
(with and without reduction of the biggest clods), in order to 
support the results of the permeability testing. In fact, perme

ability results showed that the hydraulic conductivity is insensi
tive to the destruction of the clods prior to compaction, suggest
ing that the same macrostructure is achieved by compaction 
whatever the size and amount of clods in the wet soil.

Shear waves are transmitted in soils only at interparticle con
tacts: the fluid components don’t transmit shear waves. Hence, 

fissures, defects or residual discontinuities in the soil structure, 

not adequately reflected by the hydraulic conductivity should be 
detected by delays or interruption in transmission of shear 
waves. However, bender elements results seemed to support the 
conclusions of permeability tests.

Another issue concerning the properties of compacted speci
mens is the anisotropy of both the hydraulic and mechanical 
characteristics. This aspect is of particular interest when consti
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tutive models assuming isotropy of the soils properties are veri
fied using as model material compacted specimens.

Anisotropic fabric is expected to develop in compacted 
specimens as a result of stresses applied during the preparation 
of the material. Special techniques are required to assess anisot
ropy of hydraulic properties, whereas a relatively simple method 
to evaluate the anisotropy of the elastic properties (e.g. the small 
strain shear strength) is to measure the velocity or shear waves 
sent through a compacted specimen in vertical and horizontal di
rection. This technique has been applied in order to assess the 
degree of anisotropy of the shear wave velocity in laboratory 
compacted clay specimens.

2 MATERIAL AND METHODS

2.1 Kaolin soil

A commercial processed kaolin (Rotoclay HB® , Goonvean, St. 
Austen, UK) was used in die research. The kaolin soil has a li
quidity limit of 57.7 % and a plasticity limit of 29.6% (i.e: a 

plasticity index of 28.1%). Grain size analysis showed that 98% 
of the material was fine-grained (passing the No.200 ASTM 
sieve) with a “clay fraction” of 41.5%. The initial moisture con
tent is 8.0 % and the specific density is 2.65.

Distilled water (pH=5.5-6; specific electrical conductance 
<20 p.S/cm) was used to moisten the kaolin clay and as permeant 
liquid in permeability tests.

2.2 Specimen preparation

A 10 liters capacity bench-mounted mixer (Hobart, UK) was 
used to mix the dry' soil with distilled water prior to compaction 
tests. Water was added to the soil by a funnel suspended over the 
mixing bowl, from which well controlled water dripping, regu
larly spaced in time, was wetting the soil. Hie moistened soils 
were stored for at least 5 days in airtight containers in order to 
allow the water content to homogenize throughout the soil mass.

In order to characterize the distribution of soil clods formed 
during the wetting process for a given water content, a represen
tative amount of wet soil (350-400 g) was passed through a se
ries of sieves (20, 10, 5, 2 ,1 , 0.5 and 0.25 mm mesh openings). 
Preventing the wet soil to stick to the sieves was ensured by vig

orously shaking by hand the sieve stack. At the end of the siev
ing stage, specimens of the material retained on each sieve were 
put in the oven for water content evaluation, checking at the 
same time the uniformity of the water content distribution into 

the soil mass.
Two types of compacted specimens were prepared for a sin

gle mixing stage (i.e. for a given average water content and 
given wetting technique). Type 1 specimens were prepared with 
a portion of the soil coming out from the mixer, containing all 

the clods formed during the wetting stage. Type 2 specimens was 
prepared with the soil previously passed through a sieve (No 4 
ASTM =4.75 mm mesh opening). The clods retained on the 
sieve were broken up by hand forcing them to pass through the 
sieve, so that the maximum average diameter of the soil clods 
was of 4.75 rnm The reason for this second type of compacted 
specimens was to allow for investigating the effects of both ho

mogenizing the clod size distributions and minimizing of the 
number of large clods, on the overall hydraulic conductivity.

Small-scale compacted specimens were prepared according to 
the ASTM D698 (Procedure A, specimen diameter 101.6 mm , 
specimen height 116.4 mm), the only deviation from the stan
dard procedure being the reduction of clods for Type 2 speci
mens as described above. A complete compaction curve was 
obtained for both Type 1 and Type 2 specimens.

Large-scale compacted specimens were prepared using a 
mold of 300 mm in diameter and 116.4 mm in height, which was 
specially designed and manufactured. Due to the effort required 
to set up a single test (more than 15 kg of wet soils were neces

sary to prepare one single large scale test) large scale specimen 
were prepared using only soils containing unaltered clods. 
Hence, the comparison between the large scale and small scale 
specimens is possible only with Type 1 specimens previously de
fined.

In order to replicate as much as possible the standard proce
dure applied to small specimens, the standard rammer was used 
to compact the large specimens. The unit compactive energy ap
plied during compaction was kept equal to that applied in the 
standard Proctor preparation.

2.3 Permeability tests

Permeability tests were carried out with flexible wall per- 
meameters according to ASTM D5084. Large scale specimens 
were tested in a large flexible wall permeameter able to accom
modate specimens of up to 300 mm in diameter. Specimens were 

compacted at dry-of-optimum, optimum and wet-of-optinium 
molding water content. Large scale specimens were prepared 

only at optimum and wet-of-optimum.
The compacted specimens were consolidated at confining ef

fective stress of 100 kPa and back-pressure of 500 kPa to ensure 
essentially full saturation. Permeability tests of variable head 
type were performed at hydraulic gradients ranging between 14 
and 11. As soon as a steady hydraulic conductivity was 
achieved, the specimens were rapidly unloaded in undrained 
conditions, wrapped in plastic foil to prevent water content 
variations and stored in a conditioned room for subsequent 
bender element testing.

2.4 Bender element testing

A triaxial cell equipped with piezoceramic bender elements ai 
the top and bottom platens was used to measure the shear wave 
velocity of the compacted specimens. The bender elements were 
simply embedded onto the specimens and no confining stress 
was applied during the shear wave velocity measurement.

Since both the shear wave velocity in the vertical plane (i.e., 
parallel to mold walls during preparation) and in the horizontal 
plane (i.e. normal to the mold walls) were of interest in order to 
evaluate anisotropy, the bender testing was performed twice on 
each specimen. The shear wave velocity in the vertical plane (i.e. 
V%1l), was measured on the specimens framed vertically between 

the top and bottom platens. The shear wave velocity in the hori
zontal plane (i.e. V|lh) was measured on the specimens framed 
horizontally between the platens, and orienting the bender ele
ments so that a shear wave propagating and polarized in the 
horizontal plane of the specimens was transmitted (Jovicic and 
Coop, 1998).

A HP 3562A dynamic sjgnal analyzer was used as pulse gen
erator for the transmitter element and to measure the time delay 
at the receiver element. The tip-to-tip distance between elements 

was assumed as the travel length of the shear waves.

3 RESULTS AND DISCUSSION

3.1 Clod distribution analysis

The results of the clod size distribution analysis are illustrated in 
Fig. 1. Each curve is labeled with the overall average water con
tent ,W, measured on specimens of the moist soil collected im
mediately before starting the sieving procedure.

The maximum diameter of the clods formed during prepara

tion remained always lower than 20  mm, and seemed to be de
termined by the characteristics of the mixing device. The clod 
size distribution gradually shifts to the right with increasing av
erage water content, expressing both an increase in the average 
size of the clods and a gradual reduction of the fme fraction. This 
implies that the individual clay particles are gradually aggre
gated and held together by capillary forces. Moreover, as the av-
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Figure 1 Distribution o f  the clod diameter in moist soils.

ei age water content increases, the clods formed initially are fur
ther agglomerated into larger clods, presumably due to the for
mation of new capillary menisci between the smaller clods.

This hypothesis seems to be confirmed by the measurement 
of the water content performed on clods of different size, as 
shown in Fig.2. For a given overall average water content W, the 
water content measured on a specific clod diameter fraction, w, 
is actually increasing with size, suggesting that additional capil
lary forces are indeed acting to hold together the largest clods.

3.2 Compaction curves

The dry unit-weight (yd)-molding water content (W) curves for 
Standard Proctor compaction are shown in Fig.3. It can be ob
served that, the distribution of the data points pertaining to the 
two types of compacted specimens (with or without clod size re
duction) are practically coincident.

Analyzing Fig.l demonstrates that the amount of clod of di
ameter larger than 4.75 mm is particularly remarkable (nearly 
50%) at high W (>30%). Hence, destruction of the biggest clods 
changes significantly the overall clod distribution. However, 
even at high W, the achieved dry unit weight values seems not to 
be influenced by the reduction of the maximum size of clods.

Benson and Daniel (1990) found that compaction curves were 
significantly influenced by clod size. In particular, for a given 
compactive energy (Standard Proctor), soils with small clods 
(4.75 mm maximum diameter) had an optimum water content of
3 % lower than soils with large clods (19 mm maximum diame
ter), whereas the maximum dry unit weight was found to be al
most identical. This was ascribed to the fact that for a given wa
ter content, the large soil clods were hard and more difficult to 
compact than the small clods, so that the maximum density could 

be achieved for the soil with large clods only at a higher water 
content.

Besides of the type of tested soil, the difference with the re
sults described in this study seems to be mainly due to the differ

Figure 3 Compaction curves o f the two types o f  specimens.

ent origin and distribution of the clods. Clods in the kaolin clay 
were formed during wetting and were normally soft, even at low 

average water content (W). Moreover, unlike the soils tested by 
Benson and Daniel (1990), which contained a dominant clod 
fraction, the preparation adopted in this study resulted in a well 
graded clod distribution (see Fig.l). The finest clod fraction, 
which remains essentially unaltered since only the biggest clods 
are reduced, fills the macropores between the large aggregates, 
thus minimizing the influence of clods size on the achieved 
compaction density.

Figure 3 also shows the dry density of the large scale speci
mens (black solid symbols). It can be observed that there is very 
good agreement between the large scale and the small scale 
specimens dry density.

3.3 Permeability tests

Fig.4 shows the (saturated) hydraulic conductivity values, k, are 
plotted versus the molding water content, W. The hydraulic con
ductivity values range within the expected limits for compacted 
kaolin, at similar stress levels (Shackelford and Redmond, 1995).

Consistently with the compaction results there was no appre
ciable difference in k-values among specimens formed with un
altered (Type 1) or with reduced clods (Type 2). This was well 
expected at wet-of-optimum water contents (Benson and Daniel, 
1990), but it remains somewhat surprising at dry-of-optimum 
water contents. Again, this must be ascribed to the small clod 
fraction that fills the large residual macropores, responsible for 
the high hydraulic conductivity observed in compacted speci
mens containing mainly large clods. Moreover, it must be ob
served that the fraction of large clods formed at dry-of-optimum 
water contents was minor (see Fig. 1), and that the large clods 
were normally soft and easy to remold even at low water con

tent. Based on the these results, the reduction of clod size for this 
type of soil, prior to compaction, appears to be redundant as far 
as the saturated hydraulic is concerned and irrespective of the
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molding water content.
The hydraulic conductivity tends to decrease only slightly 

with the molding water content, suggesting that the permeability 
of soil with well graded clod distribution prior to compaction is 
less sensitive to the water content than in case of a poorly graded 
soils with a dominant clod size.

Hydraulic conductivity values measured on large scale sam
ples are also plotted in Fig. 4. Again, the permeability values 
measured on large scale specimens agrees very well with the re
sults of small scale specimens. The obtained results are encour
aging because they indicate that, provided that an acceptable 
control is maintained during the preparation of the specimens 
(i.e. unit compactive effort), scale effects are not to be feared in 
the measurement of the relevant parameters. Hence, results ob
tained on standard Proctor size specimens can be considered re
liable, at least as far as hydraulic conductivity and dry density 
are concerned.

3.4 Bender element testing

Bender element testing was performed after completion of per

meability tests; hence, the tested specimens had been presumably 
subjected to the same stress history, consisting of impact com
paction, isotropic consolidation, back-pressure saturation and 
undrained unloading. The final saturation degree of the tested 

specimens, calculated by the measurement of final water content, 
resulted higher than 95%. In order to fit the bender elements set
up, smaller specimens were retrieved from the large scale sam
ples by trimming from the central area of the large specimens 
cylindrical portions similar in size to the standard Proctor sample 
(101.6 mm in diameter, 116.4 mm in height). Trimmed speci
mens were tested for horizontal and vertical transmission of 
shear waves applying the same method used for specimens pre
pared at small scale (see section 2.4).

The shear wave velocity measured along the horizontal (Vu,) 
and vertical planes (Vvh) are plotted versus the molding water 
content in Fig 5. It can be observed that the both horizontal and 

vertical shear wave velocity values are very similar for Type 1 
and Type 2 specimens. This was again expected at dry-of- 
optimum, being the amount of large clods in Type 1 soils only 
minor. At wet of optimum water content, where the clod distri
butions prior to compaction are remarkably different for Type 1 
and Type 2 soils, the results suggest that a very similar fabric is 

achieved for both type of specimens after compaction. Large and 
small clods are apparently remolded into an homogeneous soil 
mass by the compactive effort. The shape of the shear velocity- 
water content curves reflects the compaction curves and has to 
be linked mainly to the dry density of the specimens.

Shear wave velocity values measured on portions of large 
scale specimens plot reasonably well with the data of small scale 
specimens, despite some deviation noticeable in the Vu, values, 
which might be due to soil disturbance during trimming.

If the small strain shear modulus, Gm,,, is introduced:

G max=  P V (i)
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where p  = density of the soil; V = shear wave velocity, measured 
by bender elements testing, and the anisotropy ratio, defined as:

hh —

vh

V v  r hh

V
\  vh J

(2)

it can be computed that the anisotropy ratio varies in a relatively 
narrow range between 1.22 and 1.76 for small scale specimens. 
A broader range (1.30-2.33) is obtained for large scale speci
mens, which again may be due to some disturbance caused by 
trimming. The stiffness anisotropy has to be related mostly to the 

stresses applied during preparation, and in particular to the build
up of horizontal stresses during compaction inside the rigid 
molds.

3.5 Conclusions

The investigation described in the paper aimed at providing in
sight into the influence of the adopted preparation procedures on 

some hydraulic and mechanical properties of compacted kaolin 
samples, often used as model material in laboratory investiga
tions on compacted clays.

The reduction of the size of the largest clods to a diameter 
lower than 4.75 mm (No. 4 ASTM sieve) in order to improve 
homogeneity and handling of the wet soil doesn’t have any sig
nificant effect on the compaction characteristics. Samples pre
pared at small and large scale showed very similar properties.

The hydraulic conductivity of the samples is found to be only 
slightly influenced by the molding water content, and insensitive 
to the reduction of the maximum clod size.

The readers are warned to transfer these results to in-situ 
conditions, where dry soils typically contain large and hard 
clods, which makes the hydraulic conductivity of the compacted 
material much more sensitive to the molding water content and 
reduction of clods size.

Bender elements results seems to support permeability test
ing, being the shear wave velocity through the compacted sam
ples virtually equal for Type 1 and Type 2 specimens. Hence, it 
is possible to conclude that the achieved fabric of the used soil 
(kaolin), at least as reflected by hydraulic conductivity and shear 
wave velocity, is insensitive to the size and amount of clods 
prior to compaction. However, compaction produces a certain 
degree of stiffness anisotropy, which must be taken into account 
whenever necessary as a relevant property of the compacted 

specimens.
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