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Introduction
Semi-arid and dry sub-humid areas in South 
Africa and many other parts of the world 
are noted for heaving foundation problems. 
Intense seasonal rainfall and lengthy 
intervals of drought lead to soils alternating 
between desiccation and saturation. Some 
types of clay minerals, particularly the smec-
tite group, change volume powerfully with 
change in moisture content.

The behaviour of clay depends on its 
physical and chemical make-up. Detailed 
analysis of the structure and composition 
of clay is time-consuming and requires 
sophisticated apparatus and highly skilled 
personnel. Experience has shown, however, 
that valuable insights can usually be gained 
by simple tests performed with inexpensive 
equipment. The tests on which most engi-
neers in South Africa make their assess-
ments are detailed in the CSIR’s Technical 
Methods for Highways Part 1 (TMH1) (CSIR 
1986). SANS 3001 Civil Engineering Test 
Methods (SABS 2011) is being phased in 
to replace the TMH1 methods. The SANS 
3001 procedures are similar to the TMH1 
methods with a number of modifica-
tions. There is considerable resistance 
to the introduction of SANS 3001, since 
some of its procedures are commercially 
unattractive.

The methods examined here are:
■■ Liquid Limit – TMH1 Method A2 (SANS 

3001 GR10, GR11, GR12)

■■ Plastic Limit and Plasticity Index – 
TMH1 Method A3 (SANS 3001 GR 10, 
GR11, GR12)

■■ Linear Shrinkage – TMH1 Method A4 
(SANS 3001 GR 10).
�Note: Linear Shrinkage determination 
was removed from TMH1 in the latest 
edition, but it has remained as one of the 
“foundation indicators” (TMH1 (1986) A1 
– A6) offered by commercial laboratories. 
Its re-introduction in SANS 3001 GR10 
is stated to be for assessing the shrinkage 
product of wearing course gravels.

The methods of preparing samples on which 
these tests are performed (TMH1 A1(a), 
SANS 3001 GR1, GR2) play a vital role in 
the effectiveness of the tests, and some 
aspects of their influence are considered in 
the section below titled “PREPARATION OF 
MATERIAL”.

It appears possible that the above meth-
ods (in TMH1 form), if strictly followed, may 
give acceptable results in highway applica-
tions. Highly plastic clay is usually rejected 
as a construction material in highway con-
struction. The TMH1 and SANS 3001 tests 
may be adequate for simply identifying mate-
rials so plastic that they must be rejected or 
given special treatment.

Light structures in general, and low-cost 
houses in particular, have limited prospects 
for removal of problem material. Removal is 
too expensive and the engineer usually has 
to design foundations which can cope with 
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Design of foundations for most light structures in South Africa, and in particular for low-cost 
housing, relies heavily on particle size analysis and the determination of Atterberg Limits. The 
tests for these properties are currently performed in commercial materials testing laboratories 
using the procedures of the CSIR’s Technical Methods for Highways Part 1 (TMH1) (CSIR 1986). 
SANS 3001 (SANS 2011) is being phased in to replace TMH1. Both are primarily concerned with 
road construction. Investigations at the Central University of Technology indicate serious 
shortcomings in both of these norms in the context of foundation design for light structures. 
Highly plastic material is not usually used as road construction material, and these methods 
may be adequate to simply identify material so plastic that they should not be used in road 
construction. Structural foundations, particularly for low-cost housing, do not usually have this 
option; it is essential to estimate the actual heave potential. This investigation suggests that 
some of the changes proposed in SANS 3001 may be beneficial for heave assessment, but the 
most likely application of SANS 3001 could be unsatisfactory in many cases.
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heaving clays, rather than avoid them. To 
make matters worse, very little of the budget 
is dedicated to soils testing and the most 
economical procedures are favoured.

These considerations are particularly 
relevant to housing subsidy scheme projects, 
where many houses have suffered severe dis-
tress due to the activity of heaving clays. One 
of the reasons for this may be poor assess-
ment of heave potential due to shortcomings 
of current testing procedures. It should be 
noted that it is possible to have soils tests 
performed by academic institutions and 
specialised geotechnical laboratories. These 
services appear to be rarely, if ever, used on 
economic housing projects since they come 
at a premium and the budget for geotechni-
cal investigation is extremely small. Only 
commercial materials testing laboratory 
services are considered in this paper.

Reasons for the current 
investigation
Concern over the large number of failures in 
subsidy houses led to a series of tests being 
carried out on clay soils from a housing 
development project at Botshabelo in the 
Free State. Samples of raw, undried, un-
sieved soil (extracted from a test pit in a very 
moist condition) consistently gave a Liquid 
Limit (LL) of 67 and a Plasticity Index (PI) of 
43 with scatter in results of ± 1.5. The same 
soil, tested in an accredited materials labora-
tory using their normal preparation method 
(stated to be TMH1 A1(a)) gave an LL of 50 
and a PI of 25. When the commercial values 
were used in the heave prediction methods 
of Van der Merwe (1964) and Savage (2007) 
the estimated heave was approximately half 
that given by the “raw sample” values.

Reasons for the apparent anomaly were 
sought. One possible source of error is the 
Casagrande apparatus specified by both 
TMH1 and SANS 3001 for the determination 
of the Liquid Limit. It is widely considered to 
be susceptible to operator bias, and has been 
replaced by falling cone apparatus in the 
standards of many countries. The possibil-
ity of using this apparatus in South Africa 
was examined by Sampson and Netterberg 
(1984). However, correlations with TMH1 
and other standards were not always 
straightforward, preparation of samples for 
testing had certain disadvantages and the 
proposed methods were not preferred by 
testers. The fall cone was not adopted in 
SANS 3001. Its suitability for South African 
use is currently being reinvestigated at the 
Central University of Technology (CUT) in 
Bloemfontein.

To gain an approximate measure of 
operator bias and other possible sources of 

error in the current procedures a team of 
six testers tested a range of clay soils at the 
geotechnical laboratory of CUT. The number 
of testers were reduced to four after the 
general magnitude of operator influence had 
been established. These tests suggest that 
there are, indeed, deficiencies in the usual 
implementation of the TMH1 procedures, 
but operator error cannot account for their 
magnitude. Some of the deficiencies have 
been addressed in the SANS 3001 methods, 
but others not.

It is proposed here to examine the more 
familiar TMH1 methods first and then 
consider the implications of the SANS 3001 
modifications.

Preparation of material
Preparation of material for grading and 
indicator tests is specified in TMH1 Method 
A1(a) and SANS 3001 GR1, GR2, and GR5. 
Since the commercial “foundation indicator 
tests” employ Method A4 from TMH1 (CSIR 
1986) this is the version considered here. 
Method A1(a) includes steps 3.4 (Boiling and 
washing) and 3.5 (Drying and disintegration 
of fines). Personal discussions with laboratory 
personnel, and comparison of results from 
commercial laboratories with those obtained 
at CUT and at the Soil Science Department 
of the University of the Free State suggest 
that these two steps may be omitted in many 
cases. These steps take time, laboratory 
space and energy. This investigation found 
that in many cases this will lead to only 
small differences in the Atterberg Limits. In 
other cases, however, the omission of these 
steps may lead to under-estimation of the 
Atterberg Limits, as well as under-estimation 
of the clay fraction (see the section below 
titled “INFLUENCE OF PREPARATION 
PROCEDURES”.

Jacobsz and Day (2008) raised concerns 
about the reliability of results from com-
mercial laboratories, and noted at least one 
laboratory estimating Linear Shrinkage by 
dividing the PI by two. If shortcuts are being 
taken in the preparation of samples and the 
execution of tests, then other properties 
could also be unreliable.

SANS 3001 describes three different 
methods of preparation – GR1 for wet prepa-
ration, GR2 for dry preparation and GR5 for 
wet preparation at low temperature. GR5 is a 
recognition that the normal preparation pro-
cedures may be unsatisfactory, but its imple-
mentation is optional “when it is expected 
that heating of the fines will significantly 
alter their properties”. No mention is made of 
who is responsible for the decision to employ 
this procedure. While one would expect 
the engineer to take this responsibility, it is 

common practice for engineers to rely on the 
laboratory staff to make this decision.

The GR5 procedure is very time-consum-
ing. In the case of high-plasticity clays, the 
procedure typically requires three days in the 
oven at 45°, or one week or more out of the 
oven. While the oven is set at 45° it cannot 
be used for its normal purposes, and basins 
of suspended fines take up a large amount 
of space. This method of preparation would 
therefore involve higher costs than GR1 or 
GR2, leading to the following considerations:
1.	 It is unlikely that the testing technician 

would be allowed to decide to do such a 
protracted test.

2.	 The laboratory manager could incur the 
displeasure of his client if he presented a 
bill more expensive than expected.

3.	 To prove that the procedure was neces-
sary, it would be necessary also to prepare 
and test samples using method GR1 and 
demonstrate a significant difference.

4.	 Few clients are able to assess heat sensi-
tivity and actually specify the procedure.

5.	 Most clients are very concerned about 
keeping costs low.

Such considerations suggest that method 
GR5 will not be performed by the majority 
of South African commercial laboratories, 
certainly not for low-cost housing projects.

Atterberg limits

Liquid Limit
The LL is determined by TMH1 Method A2, 
Determination of the Liquid Limit of soils by 
means of the flow curve method. This meth-
od describes the determination of the flow 
curve by three tests with the Casagrande 
apparatus.

The following note appears at the end 
of the method: “It has been found that 
the Liquid Limit of certain materials is 
influenced by the mixing time. … Hence it 
was considered necessary to stipulate a mix-
ing time, and a period of ten minutes was 
decided upon.”

This key point will be addressed in the 
section below titled “Testing of samples”.

Following the specification of the flow 
curve method is clause 5.2 (One-point 
method), in which it is noted that the Liquid 
Limit may also be determined using only one 
test. There is the proviso in clause 5.6 which 
reads: “In the case of dispute the flow curve 
method shall be the referee method.”

Commercial laboratories strive to make 
their services competitive and affordable to 
their clients; they therefore almost exclu-
sively opt for the one-point procedure. They 
also interpret the note concerning the mix-
ing time of ten minutes to mean that this is 



Journal of the South African Institution of Civil Engineering  •  Volume 57  Number 2  June 201538

the total time, from adding the first drop of 
water to the fines powder until testing in the 
Casagrande cup.

SANS 3001 details three different tests 
for Liquid Limit determination – a one-
point method (GR10), a two-point method 
(GR11) and the three-point flow curve 
method (GR12). There is close similarity 
to the TMH1 procedures and there is even 
stronger emphasis on the mixing time limit 
of ten minutes. It is recommended in the 
introductions to both GR10 and GR11 that 
the three-point flow curve should be used 
where a PI greater than 20 is expected, but it 
is not specified who makes this decision, nor 
is it specified as the referee method. Similar 
considerations to those which make the use 
of GR5 very unlikely apply to GR12. Most 
laboratories will probably continue to per-
form the one-point method in all cases. The 
most common method of estimating heave 
is that due to Van der Merwe (1964). This 
method relies on the PI, which at the time 
the method was devised was always deduced 
from the three-point flow curve, and there 
was no ten-minute time limit.

Plastic Limit and Plasticity Index
TMH1 Method A3 and SANS 3001 GR10 
specify similar procedures for determining 
the PL. Both specify the use of wet material 
remaining after LL determination and after 
filling of the shrinkage trough. This makes it 
likely that for expansive material the PL will 
be determined at least thirty minutes after 
saturation. This has important consequences 
as presented in the sections below titled 
“RESULTS AND OBSERVATIONS” and 
“Testing of samples”.

Linear Shrinkage
TMH1 Method A4 and SANS 3001 GR10 
both specify placing the trough in the oven 
after filling. GR10 specifies that this should 
be done immediately after filling (section 
6.2.2.1) and it emphasises that there should 
be no air drying before placing in the oven. 
This is addressed in the sections below titled 
“RESULTS AND OBSERVATIONS” and 
“DISCUSSION AND COMMENTS”.

Tests performed to assess the 
reliability and consistency 
of specified procedures
Samples were prepared according to TMH1 
Methods A1(a) with and without steps 
3.4 and 3.5, i.e. with and without boiling, 
washing, drying and disintegration (cor-
responding to SANS 3001 GR1 and GR2). 
The samples were prepared from oven-
dried (105°C–110°C) material passing the 
0.425 mm sieve. Comparison of commercial 

results with results of tests performed at 
both CUT and the soil science department 
of the Free State University, suggested that 
steps 3.4 and 3.5 were probably omitted in 
the commercial procedures. Comparisons 
with commercial values shown here are from 
tests on samples where these two steps were 
omitted unless specifically noted. Tests per-
formed on samples of which the preparation 
included these two steps usually showed only 
small differences in Atterberg Limits, but 
sometimes large differences in clay fraction. 
A range of soils, mostly from the central Free 
State, were used. These samples were drawn 
from one major geotechnical investigation 
and several smaller investigations in the 
central Free State and a handful of samples 
from the Western and Northern Cape and 
Gauteng. Screening tests on about sixty of 
the samples showed acceptable agreement 
with commercial laboratory Atterberg 
Limits for predominantly sandy soils, while 
clayey soils gave less good agreement. From 
approximately 200 available samples, thirty 
predominantly clay samples covering a wide 
range of plasticity, location and sampling 
depth were selected for detailed testing.

Five samples were used for comparison of 
the one-point and the flow curve methods. 
In the case of very plastic clays the discrep-
ancy was considerable.

It was suspected that at least part of this 
difference could be due to time depend-
ence. The flow curve method provides 
more time for the sample to absorb water 
than the one-point method does. Tests 
were therefore performed to monitor this 
time dependence for a range of 22 clayey 
soils – 20 from the central Free State, one 
from the Northern Cape, and one from the 
Western Cape.

The procedure involved rapidly adding 
an amount of water commensurate with the 
commercial value of LL at the start of the 
test. This ensured that all of the dry fines 
came into contact with water at the start 
of the mixing process. In the commercial 
procedure water is added slowly and, in the 
case of very plastic material, some of the 
fines remain dry far into the mixing process. 
Mixing was performed (with the addition 
of more water as needed) until the slurry 
was suitable for testing in the Casagrande 
apparatus. The time of adding the first water 

Figure 1 �LL and PI from three-point flow curves by four testers and one-point values from a 
commercial laboratory
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Table 1 PI of five samples: commercial one-point and measured flow-curve values

Description PI
commercial

PI
three-point Difference

Black stiff transported clay 25 36 ± 2 44%

Grey-olive firm residual clay 24 42 ± 1 75%

Black firm transported silty clay 22 32 ± 2 45%

Orange-banded yellowish-grey stiff sandy clay 18 27 ± 2 50%

Dark-brown firm transported sandy clay 17 22 ± 1 29%
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and the times of testing were recorded. Each 
tester determined the Liquid Limit four, five 
or six times. The first result was obtained 
as quickly as possible, the remainder were 
spaced over about one hour.

In the case of highly plastic material it 
was noted that water was quickly absorbed 
by the fines. In transferring material from 
the mixing bowl to the Casagrande cup for 
the first test of each series it was not uncom-
mon for the slurry to have stiffened beyond 
the point where a successful test could be 
made. It needed considerable practice to 
achieve a result in less than five minutes.

After Liquid Limit tests the remainder of 
the paste was used for Linear Shrinkage and 
Plastic Limit tests.

Results and observations
Figure 1 shows results of three-point tests 
for a firm, grey-olive, residual clay from the 

central Free State compared to one-point 
results from a commercial laboratory. The 
three-point results give an LL of 71 ± 2 and a 
PI of 42 ± 1 as against the commercial labo-
ratory value of an LL of 50 and a PI of 24.

Table 1 summarises the results for the 
five clays tested.

Figure 2 shows typical plots of PI against 
time for four clays from the central Free 
State. Trend lines and upper and lower 
envelopes have been added. The trends of 
the envelopes and the best-fit (logarithmic) 
curves suggest an initial rapid increase in PI 
slowing noticeably after about 20 minutes. 
Rapidly changing PI appears to be accom-
panied by increased scatter. Results from 
individual testers suggest that values may not 
change smoothly with time.

Less plastic clays were found to give 
generally less time dependence, and also 
less scatter in results. Results from a non-
expansive, low CEC, low suction-potential 

clay from the Western Cape can be seen in 
Figure 3.

The small scatter allows the possibility of 
insight into operator bias. No attempt was 
made to rigorously assess this factor, but it 
appears to be too small to account for the 
observed discrepancies.

For the 22 samples tested the apparent 
increase in PI above the commercial value 
by the end of the test was less than 5 in eight 
cases, between 5 and 10 in nine cases and 
greater than 10 in five cases.

Plastic Limits were found to correspond 
quite well with those from commercial labo-
ratories. Saturated material remaining after 
completion of the LL procedure is used for 
PL determination; the time involved is prob-
ably sufficient to approach a stable moisture 
condition in most cases. No time dependence 
was noted.

It was found that Linear Shrinkage of 
highly plastic clays was poorly assessed using 

Figure 2 Plots of variation of PI against time for four clay soils
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the stated procedure of placing the trough 
in the oven immediately after filling. Plastic 
clays tend to shatter and arch to such an 
extent that reconstructing the sample for 
final measurement is difficult.

Widely different values were obtained 
for different specimens of the same clay (see 
Photos 1, 2 and 3).

When samples were left to air-dry for a 
period these problems reduced significantly. 

Samples of the same soil left for 24 hours, 
48 hours and 76 hours before oven-drying 
showed that the Linear Shrinkage value and 
the consistency of results increase with time 
of air-drying. Samples left to air-dry until 
shrinkage stopped rarely showed pronounced 
arching and sometimes reached Linear 
Shrinkage almost double the value of imme-
diately oven-dried specimens. Air-drying 
probably models shrinkage in the field far 

better than oven-drying. Less plastic soils 
were less seriously affected by immediate 
oven-drying. While the current LS proce-
dures may be satisfactory for assessing the 
shrinkage product of wearing course gravels, 
they are not at all suitable for the foundation 
indicator tests offered by commercial labora-
tories (see Photo 4).

Influence of preparation 
procedures
In many cases, particularly for granular soils, 
it was found that omitting steps 3.4 (Boiling 
and Washing) and 3.5 (Drying and disintegra-
tion of fines) from the TMH1 A1(a) procedure 
(equivalent to using SANS 3001 GR2 instead 
of GR1) made little difference to the Atterberg 
Limits. In the cases where it did make a dif-
ference, the effect on both Atterberg Limits 
and clay fraction could be very significant. 
Investigation of these cases usually revealed 
a fraction of extremely active clays, having 
very high suction potential and being able 
to bind fine material to form grains of high 
strength (tensile strengths greater than 7 MPa 
were measured in some cases). Grinding of 
these grains with a rubber-tipped pestle failed 
to reduce them from gravel to powder in a 
reasonable time (see Photo 5).

Up to 70% of some soils appeared to be 
gravel, but with wet preparation much of this 
material passed the 0.425 mm sieve. One 
such sample was shown to a commercial 
laboratory manager.

He assessed it as mudstone gravel not 
suitable for PI testing. In some cases clay that 

Figure 3 �Variation of PI with wetting time for a non-expansive clay; little time dependence is 
evident and scatter of results is small;  the values determined by individual testers 
suggest a range of operator bias in the region of ± 1

PI

18

16

14

12

10

8

Times (minutes)
504030200 10

Light yellow firm clay, commercial PI = 12

C vd W DB ETJK

Photo 1 Oven-dried sample of material from tests of Figure 1

Photo 2 Air-dried sample of the same clay



Journal of the South African Institution of Civil Engineering  •  Volume 57  Number 2  June 2015 41

had been separated out during wet prepara-
tion was found to have very high LL and PI 
(LL > 80, PI > 40). This may be significant 
in view of the warning by Rogers et al (2013) 
that the behaviour of any type of soil may be 
controlled by swelling clay if it contains more 
than 5% clay by weight.

It was found that plastic materials which 
show time dependence after oven-drying at 
105°C–110°C showed little time dependence 
after GR5 preparation. This appears to con-
firm that the time dependence may be due 
to removal of water from the structure of 
the clay during oven-drying. Procedure GR5 
may be essential to obtain realistic LL and 
PI for highly plastic clay when the current 
ten-minute testing time is used, but allow-
ing adequate time for water re-absorption 
may make GR5 unnecessary. The possibility 
that oven-drying may permanently alter 
properties of some clays is currently being 
investigated.

Discussion and Comments
Commercial laboratories need to deliver 
competitive services. Their clients are often 

under both time and economic pressures. 
Commercial procedures must therefore be 
as simple, quick and economical as possible. 
This investigation suggests that in many 
cases – particularly for sandy soils – the 
procedures currently being used by com-
mercial laboratories may give acceptable 
results. However, in the case of highly 

plastic material they do not. The SANS 3001 
procedures, if followed strictly, would pos-
sibly give satisfactory results in most cases. 
Discussions with commercial laboratory per-
sonnel suggest that it is unlikely that these 
procedures will be followed strictly because 
of time and cost implications and the discre-
tionary nature of some procedures.

Photo 3 �Free swell, CEC and suction tests suggest that the upper clay soil (commercial PI = 12) is non-expansive and the lower clay soil (commercial 
PI = 25) is very expansive; air-dried Linear Shrinkage gives graphic confirmation

Photo 4 �Shrinkage troughs: air-dried samples of some of the soils used in this investigation – the range of linear shrinkage shown here is from less than 
5% to just over 20%; the red clay second from left is a raw (un-sieved, undried) sample from Gauteng which received no preparation other than 
mixing with de-ionised water (raw PI = 42); the samples on either side of it were extracted by wet preparation from two Free State soils and 
were not added back to the dry-sieved fines (PI = 49 and PI = 46); raw samples typically show more fracturing than fines-only samples; linear 
shrinkage of air-dried samples corresponded well with several heave indicators not dealt with in the TMH1 and SANS 3001 procedures

Photo 5 �Material retained on the .425 sieve after prolonged grinding in the mortar; despite 
appearing to be hard gravel, more than 80% of this material passed the .425 sieve with 
wet preparation
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Preparation of samples
Certain materials will only give meaningful 
Atterberg Limits when wet preparation is 
performed. Wet preparation is time-, space- 
and energy-consuming, and it appears that it 
is not commonly performed by commercial 
laboratories. In some cases omitting wet 
preparation may have minor consequences 
for the Atterberg Limits, and it may only be 
necessary for high-plasticity materials. Its 
omission can have a significant influence on 
the clay fraction determination.

Whether samples are prepared according 
to TMH1 A1(a), SANS 3001 GR1 or GR2, 
the specified one-point LL procedures give 
poor results for highly plastic clays. The use 
of GR5 (wet preparation at low temperature) 
appears to have the potential to solve this 
problem. The economic consequences of the 
method are such that it is unlikely that GR5 
will be used commercially. However, small 

changes to the normal testing procedure may 
render GR5 unnecessary.

Testing of samples

Liquid Limit
Some deficiencies in the tests for Atterberg 
Limits seem to be specifically dependent on 
the ten-minute mixing time.

This limit may be linked to the findings 
of Kleyn et al (2009) pertaining to the assess-
ment of decomposed dolerite gravel for use 
in road construction. Their paper deals with 
materials of very low plasticity. An increase 
in PI from 2 to 7 was observed with extended 
mixing, which was attributed to breaking 
down of the gravel and exposure of more of 
the dolerite’s montmorilonite component to 
water, thus allowing the mineral to exert its 
swelling potential. The graph of measured PI 
against mixing time shows great similarity 

(though in a much lower range) to some of 
the curves found in this investigation for 
active clays (see Figure 4).

The mechanism proposed by Kleyn et al 
is unlikely to explain the time dependence 
investigated in the CUT tests. Raw, un-sieved 
wet clay samples which required the addition 
of little water and little mixing time, gave 
values of LL and PI much higher than those 
given by a commercial laboratory which 
observes the ten-minute mixing time. In the 
timed tests LL and PI values were usually 
above the commercial laboratory’s values, 
even when the mixing time was less than five 
minutes (Figure 2). This investigation sug-
gests that the problem is not that of breaking 
down soil particles, but of not allowing suffi-
cient time for reintegration of water into the 
structure of the dried clay before performing 
the test.

The similarity of the Kleyn et al (2009) 
curve to some of those in this investiga-
tion suggests that the change in PI of their 
samples could be at least partly due to the 
montmorilonite fraction being given time 
to absorb water, and that such material 
might be less suitable for road construction 
without treatment than the ten-minute test 
suggests. Even if Klein et al are correct that 
longer mixing breaks some of the particles, 
tests at CUT have found decomposed doler-
ite to be porous. The montmorilonite frac-
tion will therefore eventually gain access to 
water and swell, even if the particles remain 
unbroken.

Plastic Limit
The PI is the difference between the LL 
and the PL. The PL is determined using 
material left over from the LL test after 
the filling of the shrinkage trough. The 
procedure makes it almost certain that 
the sample will have been fully saturated 
for a considerable time before the PL is 
determined. This investigation found 
acceptable agreement with commercial 
laboratory PL values, whether LL-time-
dependence was present or not. As a 
consequence the differences in numerical 
values of PI and LL are comparable, but 
the percentage differences are far greater. 
For the clay mentioned in the section 
titled “REASONS FOR THE CURRENT 
INVESTIGATION” above, the commercial 
laboratory values were LL 50, PL 25 and 
PI 25, whereas the values for the undried 
sample were LL 67, PL 24 and PI 43. The 
PL differs by only 1, the LL differs by 17 
(i.e. 34% above the commercial lab value) 
and the PI differs by 18 (i.e. 72% above the 
commercial lab value). As the PI is the most 
commonly used indicator of potential heave, 
this discrepancy is very significant.

Figure 4 �(a) Klein, Bergh and Botha’s (2009) Figure 4 – variation of PI for a decomposed 
dolerite gravel as determined by one tester; five data points; mixing time: 10–30 min; 
(b) Variation of PI for a plastic clay as determined by one tester whose five data points 
covered the same 10–30 min time interval; data is the same as in Figure 2(a)
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Proposed amendment to 
Liquid Limit procedure
A simple amendment to the procedure which 
meets the ten-minute mixing requirement 
of TMH1 and SANS 3001 is proposed to 
address this problem. It is suggested that 
this could be used until an alternative can be 
standardised.

It is very easy for an experienced tester 
to recognise a sample which will have a 
high LL – it is usually obvious with the 
first addition of water to the oven-dry fines. 
While not all soils with high LL show time 
dependence, all of the clayey soils which this 
investigation found to be markedly time-
dependent do have a high LL. It is proposed 
that, as soon as a tester suspects a high LL, 
sufficient water to bring the sample close to 
the LL should be added in the first five min-
utes of mixing. The sample should then be 
covered and set aside for at least 30 minutes 
(allowing the testing of another sample), 
after which time the mixing procedure 
should be resumed for a further five minutes 
and the remainder of the test continued as 
normal. Section 6.1.10 of SANS 3001 GR10 
should be ignored. The 30-minute waiting 
period is unlikely to bring the sample to 
final equilibrium, but it should bring the PI 
close to the value given by the procedures 
in use when common heave prediction 
methods were devised. The economic impli-
cations of this proposal would be small, as 
probably only a small percentage of samples 
would need this treatment, which in itself is 
minor. It is far more likely to be embraced 
by commercial laboratories than the applica-
tion of SANS 3001 GR5. Simple procedures 
for identifying soils which need special 
treatment, and inexpensive procedures for 
dealing with them reliably and effectively, 
are being sought. It is hoped that they can 
be incorporated in an economically viable 
revision to SANS 3001.

Linear Shrinkage
Soils containing highly expansive clays 
contract so much under oven-drying condi-
tions that they often bend, shatter and 
produce very unreliable results in the Linear 
Shrinkage trough. A trough without a base is 
specified for the case of materials expected 
to have PI greater than 20. This type of 
trough reduces bending and shattering and 
may give better results for highly plastic 
soils. But even where such a trough is used, 
placing a freshly prepared sample of highly 
plastic clay in the oven at 105° will result in a 
poor indication of shrinkage potential.

To be of value for the assessment of clays 
the trough should not be put into the oven 
until the shrinkage limit has been almost 
reached. With this procedure the LS gives 

a consistent, useful indication of shrinkage 
from Liquid Limit to Shrinkage Limit, which 
probably models field conditions reason-
ably well. Linear Shrinkage appears to have 
potentially more value for heave prediction 
than is currently being utilised. Paige-Green 
and Ventura (1999) reported that the Linear 
Shrinkage test can give valuable insights for 
low-plasticity road-building materials. Cerato 
and Lutenegger (2006) demonstrated that 
it can give a good estimate of the Shrinkage 
Limit. Investigations at CUT suggest that it 
can indicate cases where current methods 
fail to show true heave potential, and give 
confirmation when they do.

Comparisons with standards 
from elsewhere and previous 
South African findings
The New York State Department of Trans
portation’s specification for liquid limit 
determination (Geotechnical Engineering 
Bureau 2007) recommends that, where pos-
sible, clays should be tested in their natural, 
undried state (Section 4, Preparation of test 
samples). Where this is not possible, Note 1 
in Section 6.2 states: “Allow ample time for 
mixing and curing since variation can cause 
erroneous test results. Some soils are slow 
to absorb water. Therefore it is possible to 
add the increments of water so fast that a 
false liquid limit value is obtained. This is 
particularly true when the liquid limit of clay 
soil is obtained from one determination as in 
the one-point method.”

While this note recognises the effect of 
time-dependence, it does not point out that 
it is precisely the most problematic clays 
which are at issue. There is also no warn-
ing that the “false liquid limits” are always 
underestimates, and that they may be very 
severe underestimates. There is no guidance 
on how much time might be “ample time”, 
but there certainly is a clear warning about 
the inadequacy of the one-point method for 
clays. Rather than suggesting that extended 
mixing time affects the result by breaking 
down soil particles, the suggestion is that the 
time required for absorbing water into the 
clay is the important factor.

Professor J E Jennings, one of South 
Africa’s most notable soils experts, habitually 
advised his students to allow “ample time” 
for mixing and curing – also without speci-
fying just how much time is “ample”.

Indian Standard (IS 2720, Part 5, 
Reaffirmed 1995) (IS 1985) does give specific 
guidance. Clause 3.4.1 states: “In the case 
of clayey soils, the soil paste shall be left to 
stand for a sufficient time (24 hours) so as 
to ensure uniform distribution of moisture 
throughout the soil mass.”

Again this suggests that the time for 
which the sample is left in contact with 
water is important, rather than that mixing 
may break down soil particles. While this 
specification recognises the possibility of 
time-dependence and may be a safe way to 
proceed, it may not be popular with com-
mercial laboratories. Storage of slurried sam-
ples for 24 hours needs additional containers, 
labelling, record-keeping and storage space. 
The temptation towards shortcuts might be 
appreciable.

South African standards frequently follow 
British standards quite closely. BS 1377: Part 
2 1990 specifies, in Note 3 of Clause 4.3, a 
24-hour period between mixing the soil with 
water and carrying out the Liquid Limit test.

Blight et al (2012) noted that it is well 
known that drying (even air-drying) of some 
soils affects their properties and can lead to 
underestimation of LL and PI. They recom-
mend that Atterberg Limits should therefore 
be determined without any drying wherever 
practicable. This requires testing soil in 
a state as close as possible to its natural 
condition, with only minimal processing for 
removal of large particles. They point out 
that extended mixing (of soil in its natural 
condition) can lead to increased LL and PI 
because of breaking down of cemented bonds 
between clay clusters. This is a well-known 
feature of tropical and volcanic soils.

The CUT tests found that, where clay 
samples can be tested in the raw state 
(with only removal of large particles where 
necessary), PI for the whole sample could be 
considerably greater than that for the fines 
alone as determined using the TMH1 A2 
or SANS 3001 GR10 procedures. Current 
practice reduces the PI for the whole sample 
by factoring with the percentage of fines.

Some theoretical 
considerations
Non-expansive clays, typically kaolinite, 
consist of alternating silicon-based tet-
rahedral sheets and aluminium-based 
octahedral sheets. They form a structure 
in which hydrogen bonds hold the pairs of 
sheets in stacks of the order of 1 000 layers 
thick. When a soil containing such clay 
absorbs moisture, the water fills the spaces 
between the individual soil particles, but 
does not penetrate between the individual 
sheets of the clay structure itself. The clay 
does expand somewhat (despite being called 
“non-expansive”) since water, when avail-
able, is drawn into the sample by capillary 
action. This capillary suction is, however, not 
usually strong enough to cause expansion 
against the pressure under the foundation of 
a building.
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Expansive clays (e.g. smectites), on the 
other hand, consist of silicon-based tetrahe-
dral sheets and aluminium-based octahedral 
sheets which have suffered so much corrup-
tion to the ideal structure (e.g. by substitution 
of aluminium3+ for silicon4+ in the tetra-
hedral sheets, and magnesium2+ for alu-
minium3+ in the octahedral sheets) that the 
pattern of hydrogen bonds is disrupted and 
layers become attached largely by electrostatic 
forces. The number of layers in the stacks of 
these sheets may be very small, giving a thin, 
plate-like structure to the clay particles.

When such clay is allowed to take in 
moisture, not only the pores between indi-
vidual grains are filled, but water is drawn in 
between the individual layers, which move 
apart to admit water-borne cations attracted 
by the unbalanced electrostatic forces on the 
sheets. The spacing of layers is of molecular 
dimensions. The suction is extremely high, 
so the expansion can take place against a 
considerable pressure, but the spacing is so 
small that an appreciable amount of time 
may be needed for water to be drawn in.

Such considerations lead to the question 
of how long it takes for water to be drawn 
into the structure of expansive clays, and 
whether the procedures of TMH1 and SANS 
3001 allow sufficient time for this hydration 
to take place.

Conclusions
The TMH1 methods have long been stand-
ard in commercial laboratories throughout 
South Africa. The way these methods are 
currently being applied is convenient and 
economical, but unsatisfactory for assessing 
clays under foundations of light structures.

The introduction of SANS 3001 to replace 
the TMH methods might address shortcom-
ings in this regard if all of its procedures 

were strictly employed. The discretionary 
nature of critical procedures and their cost 
implications, however, make their employ-
ment unlikely.

Introduction of procedures to address 
the cases where the TMH methods are not 
satisfactory is suggested as an alternative, at 
least for the “foundation indicator” tests. It 
appears that relatively small modifications 
to the current methods may be sufficient to 
provide more reliable values for these indica-
tors for active clays. These small changes 
would have relatively minor economic 
implications and would be more attractive 
to commercial laboratories and their clients 
than SANS 3001 in its current form.

Subsidy-housing is currently allocated 
approximately R104 per house for geotechni-
cal investigation. The cost of heave damage 
at one 500-unit housing project visited by 
the CUT Soil Mechanics Research Group in 
2013 was more than R14 000 000. A realistic 
allocation of funds for geotechnical investi-
gations is required if the investigations are 
to be carried out by engineers or engineering 
geologists with sufficient skill and experi-
ence to make proper assessment of the tests 
to be performed and the procedures to be 
followed, and then to draw valid conclusions 
from the results.
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