
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

The paper was published in the proceedings of the 17th 
African Regional Conference on Soil Mechanics and 
Geotechnical Engineering and was edited by Prof. Sw 
Jacobsz. The conference was held in Cape Town, South 
Africa, on October 07-09 2019.  

https://www.issmge.org/publications/online-library


Proceedings of the 17th African Regional Conference on Soil Mechanics and Geotechnical Engineering. 7, 8 & 9 October 2019 – Cape Town 

 763 

1 INTRODUCTION 
 
The use of slaked lime (Ca(OH)2) to improve the 
properties of many natural soil/gravel materials for 
road building has been in practice for centuries. Lime 
has the initial effect of causing cation exchange and 
flocculation of clay minerals in the material, thus en-
hancing the workability and fundamental properties 
of the material, and making many potentially unsuit-
able materials suitable for use in road construction 
Provided there is sufficient lime remaining after these 
initial reactions, it then reacts with the soluble com-
ponents of silica and alumina in the material over time 
(much as a conventional cement hydrates) to form ce-
mentitious products, primarily hydrated calcium sili-
cates.  

Currently, in southern Africa, the majority of sta-
bilisation work for roads make use of cement. How-
ever, as the availability of good road construction ma-
terials decreases and existing road materials are 
increasingly recycled, the use of more plastic natural 
materials is likely to increase. Cement is not the most 
suitable stabiliser for materials with a Plasticity Index 
(PI) greater than about 10% and more use will thus 
have to be made of lime, either in its unslaked (not 
recommended) or slaked state. 

This paper discusses the relationship between lime 
quality and its stabilisation potential. 

 

2 LIME QUALITY 
 
The quality of lime for road stabilisation is tradition-
ally specified in terms of various properties, those 
common to most specifications, and probably the 
most important, being the grading (fineness as per-
centage finer or coarser than 0.075 mm), the available 
lime content and the percentage of calcium carbonate, 
(eg, SABS 824 1967; BS EN 459-1 2001; ASTM 
C977-03 2009; AASHTO M216 2005) summarised 
in Table 1 for comparative purposes.   
 
Table 1. Summary of standards for lime for road stabilisation 

Property Specification 

SABS 
824 

BS EN 
459-1 

ASTM 
C977-09 

AASHTO 
M216-05 

Physical properties 
Min % passing sieve (μm) 
850 98.5    
600 97.5  97 97 
180  99   
90  94   
75 65  75 75 
Chemical properties 
Available lime as 
CaO 60    
CaO + MgO  60 90 90 
CO2 5 6 5 5 

 

The influence of lime quality on its stabilisation potential 

P. Paige-Green 
Tshwane University of Technology (Paige-Green Consulting (Pty) Ltd), Pretoria, South Africa 

 
 

ABSTRACT: Hydrated lime has been used as a stabiliser of soils for many centuries. In many developing 
countries, lime is produced on a small-scale by producers who “burn” and slake locally available limestones. 
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effects of the available lime content, the material fineness and the carbonate content on the strength gain and 
stabilisation potential of the limes on a standard material is described. It is concluded that the available lime 
content of the different limes has a far greater effect on the stabilisation properties than the fineness of the 
material or carbonate content.  



17th ARC Conference 2019 

 764 

During a comprehensive laboratory investigation into 
the influence of available lime, fineness (% coarser 
than 0.075 mm) and carbonate content on the stabili-
sation behaviour of lime, a number of limes of varia-
ble quality were tested using a standard material and 
the results were compared. This paper describes the 
results of this investigation. 

It should be noted that the CO2 content (related to 
the “non-reactive” calcium carbonate content) is an 
indication of the quality of burning (calcining) of the 
lime as well as the age of the lime, as it deteriorates 
through the absorption of carbon dioxide from the at-
mosphere with time. 
 

 
3 LIMES TESTED 
 
In order to obtain a number of limes with differing 
properties, samples from various small local industry 
lime producers in east Africa, mostly obtained by 
burning local limestone in batch kilns, were obtained. 
These were both fresh and relatively old (up to 2 
years) and had undergone different degrees of burn-
ing, slaking and sizing. These limes were considered 
to provide a wide range of properties as summarised 
in Table 2.  Limes 1 to 10 were the locally produced 
limes (Figure 1), 12 and 14 were fresh unslaked and 
slaked limes respectively from one of South Africa’s 
largest producers used as control limes and lime num-
ber 13 was a fresh commercial lime from Kenya.  
 
Table 2. Properties of limes used 

Lime # Avialable lime 
(%CaO) 

Carbon  
dioxide (%) 

Fineness (%) 

1 54.6 5.35 10.8 
2 48.2 4.57 44.8 
3 49.2 6.93 3.8 
4 51.6 4.28 18.5 
5 32.6 3.68 48.2 
6 45.0 7.43 53.1 
7 35.2 16.9 51.6 
8 27.0 16.8 20.5 
9 33.6 22.3 25.8 
10 34.0 1.84 28.0 
11 88.0 0 3.7 
12 56.0 3.83 7.0 
13 71.2 1.88 nd* 

* not determined 

 

 
Figure 1. Typical batch kiln used to produce local lime 

Testing of these properties was carried out by 4 
different laboratories and a wide range of results was 
obtained, exacerbated by the poor reproducibility of 
typical lime test methods (not quantifiable from the 
limited results obtained). The data provided in Table 
2 includes the available lime and carbonate (as CO2) 
from the laboratory of one of the biggest lime produc-
ers in South Africa (considered to be the most reliable 
for the purposes of this research due to the regular 
testing carried out in this laboratory) and the fineness 
determined by the South African Bureau of Standards 
laboratory. It is immediately obvious from Table 2 
that the three control limes have considerably better 
properties than those produced by local producers. 

 
 

4 STANDARD TEST MATERIAL 
 
The relative effects of the fineness and composition 
of a range of limes on the potential of the lime to sta-
bilise a soil were determined using a standard mate-
rial. This material consists of 70 per cent clean 
builder’s sand (almost entirely clean non-plastic an-
gular quartz) blended with 30 per cent of selected 
black clay (cotton soil) and has been used for routine 
controlled testing of various (mostly proprietary) soil 
stabilisers in South Africa. It was considered that in 
this way, the stabilisation effect of each lime could be 
assessed without any confounding factors. The prop-
erties of the standard blended material tested using 
various test methods (TMH 1 1986, AASHTO 2001, 
Ballantine & Rossouw 1989) as specified are summa-
rised in Table 3. 
 
Table 3: Properties of standard material  

Property Value 

Liquid limit (%) (a) 23 
Plasticity Index (%) (a) 9 
Bar linear shrinkage (%) (a)  4.4 
Percentage passing (a) 
 4.75 mm 100 
 2.00 mm 99 
 0.425 mm 81 
 0.075 mm 34 
Maximum dry density (kg/m3) @  
100% AASHTO T180 compaction (b) 1864 
Optimum moisture content (%) (b) 14.0 
CBR at 97% AASHTO T180 3 
 Compaction (%) (b)  
Initial Consumption of Lime (%) (c)  4 

a – TMH 1(1986)  
b – AASHTO (2001)  
c – Ballantine and Rossouw (1989)  

 
 
5 STABILISATION TESTING 
 
A standard application rate of four (4) per cent lime 
(3 per cent of the unslaked lime) was used to allow a 
direct comparison of the results, ensuring that only 
the reactivity of the lime should affect the results. 
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The specimens were all statically compacted at opti-
mum moisture content to 97 per cent of AASHTO 
T180 standard maximum dry density and cured ac-
cording to the South African standard methods 
(TMH 1 1986). Static compaction allowed every 
sample to be at exactly the same density, eliminating 
a variable that confounds the results when dynamic 
compaction is used. Standard soaked CBR tests were 
carried out using 7 days curing and 4 days soaking as 
well as Unconfined Compressive Strength (UCS) 
tests using 7 days curing but without soaking in order 
to eliminate an additional confounding factor. The re-
sults are summarised in Table 4. 
 
Table 4. Stabilisation potential of limes tested after 7 days  

Lime # Soaked CBR (%) Unsoaked UCS (kPa) 

Untreated soil 3 - 
1 154 1001 
2 140 999 
3 106 1333 
4 140 1309 
5 155 1774 
6 115 812 
7 74 908 
8 54 697 
9 93 900 
10 103 865 
11 220 1339 
12 150 1352 
13 157 1850 

 
It is interesting to note that all of the limes had a sig-
nificant, but variable, effect on the CBR strength of 
the control material, irrespective of their quality. Alt-
hough there was a wide range of results, it is clear that 
a potentially unsuitable construction material (CBR < 
5 %) was improved to South African stabilised sub-
base quality (C4 with UCS > 750 kPa for certain 
roads carrying up to 100 million standard axles: TRH 
4 1996) for all but one of the limes and even to stabi-
lised base quality (C3 with UCS > 1.5 MPa for certain 
roads carrying up to 10 million standard axles (TRH 
4 1996) in one case. The added lime content of 4 % 
was at the ICL and it is normally recommended that 
slightly more than this should be added to ensure ad-
equate cementation and long-term durability (Paige-
Green 2011). 

It is notable that limes 1 and 5 (and the control li-
mes 12, 13 and 14) that were collected fresh from pro-
duction were the only limes to produce CBR values 
of 150% or higher.  

Figure 2 shows a plot of the UCS versus CBR for 
the results obtained. Although this relationship shows 
a definite trend, the correlation is poor (r2 = 0.4), 
probably partly as a result of the effect of soaking the 
CBR specimens only and not the UCS specimens. It 
is clear, however, that the two tests do not measure 
the same property. Some other properties also affect 
the results, these probably being related to the pure 
shear failure in the UCS test compared with the local-
ised compression and minimal shear in the CBR test. 

The relationships between the laboratory-determined 
UCS and CBR and the available, taking the South Af-
rican Bureau of Standards (SABS) results as the 
bench mark is shown in Figure 3. 
 

 
Figure 2. Relationship between unsoaked UCS and soaked CBR 
after 7 days curing 

 

 
Figure 3. Relationship between available lime and soaked CBR 
and unsoaked UCS 

 
The correlation between the CBR and available lime 
(Figure 3) is quite good (r2 = 0.81) but that between 
the UCS and available lime is poor (r2 = 0.29). How-
ever, the expected overall trends that the higher the 
available lime content, the better the stabilisation po-
tential, are generally evident.  

A similar analysis for the relationship between 
fineness and CBR and UCS was also carried out (Fig-
ure 4). 

 

 
Figure 4. Relationship between lime fineness (% retained on 
0.075 mm) and soaked CBR and unsoaked UCS 

 
Although weak trends are evident for both CBR and 
UCS test results, the correlations for the lime fineness 
are poorer than those for the lime purity (r2 = 0.11 and 
0.04 for CBR and UCS respectively). 
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Despite these poor correlations, it is clear from the 
equations of the trendlines shown that the purity 
(available lime content) has a significantly greater im-
pact on the performance of the limes than the fine-
ness. This should be noted when preparing large 
quantities of lime, i.e., it is better to burn the material 
fully than to spend excessive time on preparing the 
finer grades of material. This was illustrated further 
by carrying out a multiple regression analysis com-
bining the two variables. The CBR can be predicted 
(r2 = 0.64) from the following equation using the 
available lime (AL) and percentage retained on the 
0.075 mm screen (Fines): 

CBR = -35 + 2.278 AL + 0.85 Fines (1) 

Prediction of the UCS is not as good as that of the 
CBR with an r2 of only 0.16 using the following equa-
tion with the same two variables:  

UCS = 493 + 10.4 AL + 0.89 Fines (2) 

The significantly higher coefficients for the available 
lime (AL) factor in the two equations show that the 
available lime is the dominant factor in these models. 
The plots of the actual (laboratory) versus predicted 
CBR and UCS are shown in Figures 5 and 6. 

 

 
Figure 5. Plot of predicted CBR versus laboratory CBR using 
Equation 1 

 

 
Figure 6. Plot of predicted UCS versus actual UCS using Equa-
tion 2 

 
The effect of the carbonate (in terms of CO2), which 
effectively indicates the unburnt limestone and ef-
fects of carbonation is illustrated in Figure 7. Both the 
CBR and UCS are exponentially affected by an in-
creased CO2 content, indicating the importance of 
good lime burning and only using fresh lime. r2 values 
of 0.63 and 0.35 respectively are obtained. It appears 

that CO2 contents greater than about 7% are detri-
mental to the stabilisation performance of limes, in 
line with the 5 or 6% included in the standard speci-
fications for limes. 
 

 
Figure 7. Plot of CBR (x10) and UCS versus carbon dioxide con-
tent 

 
 
6 LONG TERM STRENGTH GAIN 
 
Additional UCS samples were compacted as above 
and allowed to cure for 14, 28 and 56 days and tested 
(without soaking) to assess the rate of strength gain in 
relation to the properties of the limes. The results are 
summarised in Table 5 and Figure 8. 
 
Table 5. Long-term curing behaviour of limes  

Lime # Unsoaked UCS (kPa) after curing for 
7 days 14 days 28 days 56 days 

1 1001 1162 1664 2277 
2 999 1485 1300 2321 
3 1333 1437 1464 2171 
4 1309 1506 1776 2261 
5 1774 1308 1722 3442 
6 812 817 1129 1787 
7 908 719 1261 1525 
8 697 570 1292 991 
9 900 877 1159 1642 
10 865 823 1105 1362 
11 1339 1679 1010 2443 
12 1352 1900 2564 2620 
13 1850 1900 2564 2620 

 

 
Figure 8. Strength changes with time for the various limes 
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Despite some erratic results, it is clear that there is 
generally a continuing increase in strength for up to 
56 days. Although all the limes produced strengths of 
over 1 000 kPa after 28 days, limes 6 to 10 (all with 
SABS available lime (Ca(OH)2) contents less than 
40 % failed to produce the strengths of over 2 000 kPa 
after 56 days achieved by all of the other limes. How-
ever, between 14 and 28 days, limes 6 to 8 generally 
showed significant increases in strength with lower 
increases for limes 9 and 10. Note that these are all 
unsoaked strengths. 

It is clear that these limes (6 to 10) performed sig-
nificantly worse than the other limes. Lime number 5, 
which is a dolomitic lime with an available lime 
(CaO) content of about 35% performed particularly 
well, despite its coarse grading and low available lime 
content. It is evident that the magnesium oxide ap-
pears to be playing an important contributory role to 
the stabilisation effect of the calcium oxide despite 
the common impression that magnesium limes are 
much slower to take effect than calcium limes. 
 
 
7 CONCLUSIONS 
 
By using a standard material, the relative differences 
in the stabilisation behaviour of a number of limes 
could be identified. It is clear from the test results that 
the available lime content is the critical property af-
fecting the performance of the limes, considerably 
more than the fineness of the limes, although limits 
for both of these properties are usually specified. The 
available lime content not only affects the strength 
developed (of course, the strength can be improved 
by adding more lime to effectively increase the avail-
able lime, subject to economic viability) but also has 
a bigger impact than the fineness. 

The effects of poor lime burning and aging (car-
bonation) of the lime, indicated by higher CO2 con-
tents, are also manifested clearly as reduced CBR and 
UCS strengths. To obtain a strength complying with 
the minimum specification requirements (UCS 
(soaked) > 750 kPa) it appears almost essential that 
the CO2 content should not exceed 7 %, and the limes 
should preferably comply with the British Standard 
specification of 6 %. However, it is still imperative 
that all materials proposed for stabilisation should be 
tested with the available limes at different lime con-
tents to assess the most cost-effective option. The In-
itial Consumption of Lime (ICL) should also be ex-
ceeded by at least 1 % to ensure long-term durability. 
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