
 

www.astesj.com     786 

 

 

 

 

Low Carbon Sustainable Building Material: Maximizing Slag Potentials for Improved Lime Mortar 
Mechanical Properties 

Sule Adeniyi Olaniyan* 

Department of Architecture, Ladoke Akintola University of Technology, Ogbomoso, Nigeria 

A R T I C L E   I N F O  A B S T R A C T 
Article history: 
Received: 04 August, 2018 
Accepted: 16 September, 2018 
Online: 24 April, 2020 

 Prior to the 19th century discovery of Portland Cement (PC), Lime Based Mortar remained 
popular due to its flexibility, permeability and more importantly, associated low carbon 
emissions. However, lime’s characteristic delayed setting/hardening time, low mechanical 
strength, poor internal cohesion and some volumetric changes have overshadowed 
significance of its outstanding features particularly, flexibility, and consequently put its 
overall use into decline. This study therefore aims at integrating an industrial by-product, 
Ground Granulated Blast Furnace Slag (slag) with lime, in form of lime-slag mortar, with 
a view to addressing lime shortcomings for improved performance. The methodology 
involved mortars with the same Binder/Aggregate (B/A) mix ratio (1:3) using five separate 
volumetric compositions of ‘lime-slag’ binders (i.e. 1:1, 1:2, 1:3, 2:1 and 3:1). Physical 
properties of the mortars involving their Water/Binder (W/B) ratios, Air Contents and Bulk 
Densities were recorded. Comparative evaluations of the compositions in hardened state, 
involving mechanical characteristics, were carried out at specific intervals through a 
twelve-month curing period. These were partly monitored through assessments of the 
composites’ microstructural behaviours over a six-month period. Results of the 
investigation show that addition of slag to mortars facilitate slightly larger pores with 
increased porosity. These effects are however minimal (i.e. from 23.42% to 25.37% 
porosity) when slag content is at equal volumetric content with lime. Also, at this same 
volumetric composition, the results show beneficial effects of slag on the composite’s 
mechanical properties; while the flexural strength is increased by 50%, the compressive 
strength is improved by about 250%. Despite the improved mechanical characteristics, the 
composite exhibits comparable (with lime only) capacity for deformation absorptions, thus, 
preserving lime’s known fundamental flexibility property. This is important for material’s 
durability, and overall sustainable constructions. 
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1. Introduction  

Climate change, growing energy costs and the impacts of 
human activities on the environment have become key concerns 
for future developments. While construction processes facilitate 
infrastructure developments, they equally constitute major sources 
of carbon dioxide production and energy consumption [1, 2] as 
studies show that buildings account for 30-40% of the world’s 
energy consumption [3, 4]. While a considerable part of this energy 
is commonly used to control internal microclimate conditions, 
other part is used to extract raw materials, transport them, make 
building components and, finally, to dispose of them. Therefore, 
interventions in this important productive sector through 

promotion of low-impact building materials should be encouraged 
[5, 6]. Thus, efforts must be directed at exploring new technical 
approach, capable of evolving sustainable materials for improving 
environmental performances of buildings [7, 8]. One such 
approach is renewal of interests in a partially abandoned age-long 
environmentally sustainable building material, lime mortar. 

Lime mortar refers to a proportional mixture of lime, sand and 
water. It is an age-long building material [9-11]. It is a plastic 
material that is slow to harden but allows movements within the 
mortar joints, without compromising its structural stability. Lime 
mortar has also been shown to exhibit great permeability, which 
enables it to reduce moisture entrapment, a phenomenon known as 
“breathability” [12-15]. Greater environmental awareness of its 
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advantages in terms of carbon dioxide emissions during 
manufacture (20% less than that of cement) and subsequent 
adsorption during carbonation promotes its use [13, 16, 17]. 
However, Lime Mortars are associated with exaggeratedly long 
setting and hardening periods, low internal cohesion, relatively 
low mechanical strengths and some volumetric changes, among 
others [18-23]. These, coupled with the absence of rigorous studies 
about their characteristics and properties (among others) resulted 
in its relative disuse. The study therefore sought to revive this age-
long building material through integration of an industrial by-
product, ‘Ground Granulated Blast Furnace Slag’ (slag), in form 
of a composite material, by formulating lime based blended 
mortars with varying proportions of slag.  

Slag is a granular glassy amorphous waste material, formed as 
a by-product from production of steel and iron. It is obtained when 
the liquid slag, created at 1350–1500°C is cooled quickly using 
water, to produce granules or pellets which have hydraulic 
cementing properties when finely ground [24-28]. It is whitish, 
essentially of silicates and aluminosilicates of calcium and other 
oxides with main inorganic constituents such as silica (30–35%), 
calcium oxide (28–35%), magnesium oxide (1–6%), and 
Al2O3/Fe2O3 (18–258%). The specific gravity of the slag is 
approximately 2.90 with its bulk density varying in the range of 
1200–1300 kg/m3 [27, 29-31]. Slag is widely used as a 
construction material due to its latent cementitious property when 
mixing with lime, alkali-hydroxides or Portland cement [32-36]. 
In some cases, it has been used as a successful replacement 
material for Portland cement, improving some properties [37, 38] 
and bringing environmental and economic benefits (such as low 
heat of hydration, long term strength, resistance to acid, better 
durability and general cost saving measure), to the cement 
industries [39-42]. It has also been used as a supplementary 
cementitious material for production of blended cement and slag 
cement. Recent advancements in Slag utilisation, as an alternative 
binding material in concrete production indicate its possible blend 
with lime, for improved lime mortar performance. Utilisation of 
slag in this area has significant environmental benefits (with least 
CO2 emission to the atmosphere during this process) [43, 44]. Its 
production requires less energy than the production of Portland 
cement as slag generation is about 10% of the total steel 
production. Also, the requirement to recycle industrial wastes and 
by-products, rather than landfilling this potentially valuable 
material makes its integration acceptable [45-47]. Its potential re-
use as a constituent in blended lime mortar would add to solve the 
associated problem related to its disposal [44, 48, 49]. Thus, this 
study aims at integrating this important industrial by-product, 

Ground Granulated Blast Furnace Slag (slag) with lime, in form of 
lime-slag mortar, with a view to addressing lime shortcomings for 
improved performance. In effect, using the binders’ varying 
compositions, effects of lime partial substitution by slag in the 
evolving lime-slag mortars would be useful. This would attempt to 
synergise individual qualities of the constituents as the resulting 
composite would be characterized by faster setting and hardening, 
than lime, with overall improvements on their applications [50-
52]. Through this attempt, growing interests in reviving 
sustainable lime based materials particularly mortar, would be 
enhanced.. 

2. Experimental Procedure 

2.1. Materials and mortar Preparation 

Commercially available Natural Hydraulic Lime of the class 
NHL-5.0 (St Astiers, UK), characterised with the lime’s highest 
compressive strength, based on the 28-day test (BSI, 2010a) [53] 
was adopted for this research. The selection of lime class was 
based on its relatively short setting time for optimal strength yield, 
its availability, ease of handling, as well as the need to maximise 
lime performance behaviour [2, 54]. Lime’s average Particle Size 
Distribution shown in Table 1 indicates particles with main 
equivalent diameter of 33.99 µm (by volume) and 10.19 µm (by 
Surface Area). 90% of these particles have sizes below 91.88 µm 
(by volume). Lime’s chemical compositions (by elements) 
determined by Energy Dispersive Spectrometry are given in Table 
2. Ground granulated blast furnace slag (slag) for this investigation 
was obtained from ‘Hanson Cement’, United Kingdom. Its average 
Particle Size Distribution shown in Table 1 indicates particles with 
main equivalent diameter of 25.50µm (by volume) and 11.20µm 
(by Surface Area). 90% of these particles have sizes below 
49.78µm (by volume). Slag’s chemical compositions (by 
elements) are given in Table 2.  Commercially available siliceous 
fine kiln dried sand, obtained from Fife Silica Sands (a division of 
Patersons of Greenoackhill Ltd, United Kingdom) constituted the 
aggregates. The aggregate was passed through a sieve analysis in 
accordance with the requirements of (BSI, 2013) [55], and the 
particle size distributions in compliance with ASTM C 136 
(ASTM, 2014) [56] are shown in Figure 1. The sand had Particle 
Size Distribution of 0-2 mm (i.e. 0.05 mm < Ø < 2 mm).  The 
suitability of the gradation of the tested aggregates as mortar 
aggregates was evaluated by comparing the obtained gradation 
curve with the suggested particle size ranges of ASTM C 33 
(ASTM, 2016) [57]. The results indicate that the sand has a 
suitable grading but with slightly lower particle sizes. 

 
Table 1. Particle Size Diameters of the tested materials 

 
 

Parameters 

 

d(v,0.5) 

 
 

d(v,0.1) 

 
 

Mode 

 
 

d(v,0.9) 

 
D[4,3] 
(main 
equivalent 
diameter 
by volume) 

D[3,2] 
(main 
equivalent 
diameter 
by Surface 
Area) 

Specified 
Particle 
Diameter 
(µm) 

Lime 
 

10.78 5.28 6.50 91.88 33.99 10.19 

Slag 19.60 5.54 15.17 49.78 25.50 11.20 
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Table 2. Chemical Composition of the materials 

 
Material 

Elemental Chemical Composition of the materials (by % weight of the dry specimen) 
Ca O Si C Sb Al  Fe Mg  S K Na Ti 

Lime 47.6 37.6 5.2 4.4 3.3 0.7 0.5 0.5 0.2 - - - 
Slag 26.5 39.6 13.0 9.3 - 5.5 - 4.4 1.0 0.4 0.3 - 
Sand 0.2 53.5 43.0 - - 1.6 0.4 - - 1.1  0.2 

 

 
Figure 1: Grain size distribution of the aggregate 

The mortars were prepared in accordance with the required 
standard (BSI, 2000). The binder-aggregate (B/A) ratio was 
maintained at 1:3 by volume, chosen from the commonest dosage 
reported in the literature [23, 58-60]. Volume proportions of 
components were converted to weights, to avoid measurement 
imprecision during batching processes (Hanley and Pavia, 2008). 
Mortar mixtures were prepared using the correct amount of water 
required to obtain adopted workability of 145±5 mm (measured by 
the flow table test – BS EN 1015-3 (BSI, 2000) [61] as BS EN 
1015-6 (BSI, 1999a) [62] specifies a flow value of ‘140-200 mm’ 
for ‘plastic mortar’. Arising from visual and physical assessments 
of the mixes during the trial experimentation however, a flow value 
of 140 – 150mm (i.e. 145+5mm) was adopted. As observed, either 
higher or lower value tends towards stiffness or fluidity 
respectively. This was determined in accordance with (BSI, 2005) 
[63] 

Using the stated B/A ratio (i.e. 1:3), each mortar formulation 
was prepared with progressively increasing/decreasing slag 
contents as indicated in Table 3. Mixing was done in the laboratory 
mixer of 30 litres maximum capacity. The mixing procedure was 
performed in a number of stages: Aggregates were placed first, 
followed by other dry materials (i.e. lime and slag, pre-mixed 
earlier, where applicable) and these were blended consistently for 
60 seconds as best practice dictates that the NHL powder should 
be thoroughly mixed through the dry sand, ensuring batch colour 
consistency prior to gradually adding water. Water was added 
slowly during 30 seconds and mixing continued for another 30 
seconds. Mixing was stopped for 90 seconds as mortar adhering to 
the wall and bottom of the mixer bowl was scraped off.  Mixing 
then resumed to obtain consistent mixture. The entire mixing 
period lasted about 5minutes. For every mortar mix, minimum of 
three prismatic specimens of 40×40×160 mm were prepared, the 

average value of which represented the ‘actual value’ for 
consideration during the specimen evaluations afterwards (i.e. for 
microstructural analysis, and mechanical characteristics 
evaluations: Flexural and Compressive tests; Moduli of Elasticity 
determination). The specimens were compacted with a vibration 
table after mould filling in prismatic casts (BSI, 2010b) [64], 
removed from the moulds 2 days later and left to cure at the 
laboratory ambient conditions of 21+4ºC (temperature) and 
40+5% (relative humidity),  until the test dates of 1, 3, 6, 9 and 12 
months.  

2.2. Analytical methodology 
 
2.2.1. Microstructural Characteristics 

Microstructural characteristics of the mortar samples were 
evaluated in terms of the total porosity (in %), median pore 
diameter (by volume in nm), bulk density and pore size 
distribution, using Mercury Intrusion Porosimetry (MIP) 
technique. This was achieved with AutoPore IV 9500 by 
Micrometrics (with pressure range up to 60000 psi). The test was 
carried out with samples of approximately 1.5g that were extracted 
from the core of the crushed prisms. Under short term loading and 
at a relatively low rate of load application (approximately 
2mm/min), the chance of micro crack propagation is minimum [60, 
65]. These samples were obtained at the test ages of one and six 
months, and dried in an oven at temperature of 75 ± 1 ºC for 24 
hours before the test, to ensure that the sample is devoid of 
moisture contents (which may otherwise affect its microstructural 
properties, thereby affecting the results). 

2.2.2. Mechanical properties 

The mechanical properties were evaluated with regard to the 
three-point flexural tests, and compressive strength. While the 
flexural strength tests were performed on the ELE AutoTest 2000 
apparatus with a load application pace of 50 N/s, compressive 
strength tests were conducted on the two fragments of each 
specimen (resulting from the preceding flexural test) using 
INSTRON 3367 with 30kN load capacity, moving at a loading rate 
of 2mm/min. The results reported in this work were all taken as an 
average value of six similar specimen fragments. Additionally, 
INSTRON 3367 plots stress/strain graph on the screen, with the 
value for Modulus of Elasticity generated automatically. In 
generating the modulus output, the system algorithm determines 
the slope of the stress/strain curve in the initial linear portion of the 
curve. It calculates the slopes using least-squares fit on test data for 
a specified number of regions between the lower and upper 
bounds, and reports the steepest slope as the modulus. The 
algorithm will not calculate a result if the data does not contain 
either the specified upper or lower bound, and the data contains the 
same number or fewer points than the specified number of regions. 

 

http://www.astesj.com/


S.A. Olaniyan / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 2, 786-794 (2020) 

www.astesj.com     789 

Table 3. Lime-Slag Mortars’ Compositions by materials 

Slag 
Contents 

Mortar 
Reference 

I.D. 
(Slag 

Contents) 

 
Volumetri

c 
Ratio 

(L-Sl-Sd) 

Lime (L): 
Volume 
(Volume 
in ‘ml’/ 
mass in 

‘g’) 

Slag (Sl): 
Volume 
(Volume 
in ‘ml’/ 
mass in 

‘g’) 

Sand (Sd): 
Volume 

(Volume in 
‘ml’/ mass 

in ‘g’) 

 
0% 

 
L13 
(0%) 

 
1-0-3 

 

1 
(1700/ 
1172) 

0 
(0/ 
0) 

3 
(4350/ 
6444) 

 
25% 

 

 
LS31 
(25%) 

3-1-12 3 
(770/ 
528) 

1 
(420/ 
363) 

12 
(4350/ 
6444) 

 
33% 

 

 
LS21 
(33%) 

2-1-9 
 
2 

(665/ 
458) 

 
1 

(550/ 
472) 

 
9 

(4240/ 
6283) 

 
50% 

 
LS11 
(50%) 

1-1-6 1 
(850/ 
586) 

1 
(850/ 
725) 

6 
(4350/ 
6444) 

 
66% 

 

 
LS12 
(66%) 

1-2-9 1 
(510/ 
352) 

2 
(1000/ 
870) 

9 
(3920/ 
5800) 

 
75% 

 

 
LS13 
(75%) 

1-3-12 1 
(260/ 
176) 

3 
(1260/ 
1088) 

12 
(4350/ 
6444) 

 

2.2.3. Other Preliminary Material Testing 

Some preliminary material testing were also carried out as 
follows: 

• Application of Scanning Electron Microscopy/Energy 
Dispersive X-ray Spectrometry using ‘Carl Zeiss EVO 50’ 
Scanning Electron Microscope was employed for 
examination and analysis of the microstructure, morphology 
and chemical composition characterizations of the 
experimental materials (Lime and slag); 

• Application of Laser Difractometry Xmastersize with air 
dispersion was adopted for determination of the Pore Size 
Distribution of the tested materials (Lime and slag); 

• Consistency of fresh mortars was examined using the flow 
table test in accordance with (BSI, 2000) [61]; 

• Bulk Density of Fresh Mortar was determinined accordance 
with (BSI, 1999a) [62], and; 

• Air content of fresh mortars was determined by the pressure 
method using Air Entrainment Meter in accordance with 
(BSI, 1999b) [66]. 

3. Results and Discussion 

3.1. Physical Characteristics 

 Table 4 shows the results of the W/B ratios, Air Contents and 
Bulk Densities obtained for lime, and lime-slag mortars using 
varying binders’ contents. For lime only (0% slag content, i.e. 
L13), Table 4 indicates a W/B ratio of 1.53, Air Contents of 6.4 
and Bulk Density of 1.93g/ml. Addition of slag content below 50% 

of the binders resulted in higher water demand. This may be 
attributed to the higher lime content and its high water demand. 
However, at equal lime-slag content (LS11), a reduction in W/B 
ratio was observed, due to reduced lime content.  Further slag 
addition (above 50%) resulted in subsequent rising water demand 
relative to LS11. This may be a consequence of higher slag content 
and hence higher degree of hydration relative to hydraulic lime 
hydration and carbonation [67, 68]. With progressive addition of 
slag to the mortar, there is a general increase in the air contents for 
the composites. This may be related to slag’s higher degree of 
hydration and subsequent formation of air spaces arising from 
consumption of initial kneading water. Progressive addition of slag 
to the mortar increased the bulk densities, though not in a linear 
trend. These increments may be related to the rising water demand 
to obtain pastes of same consistency and subsequent deposition of 
the hydration products. Hence, the higher the slag content, the 
higher the resulting bulk density. 

3.2. Microstructural features 

Figs. 2(a) and (b) show the Pore Size Distribution (PSD) curves 
obtained by Mercury Intrusion Porosimetry (MIP) for the six 
different composites at 1 and 6 months of curing. 

For lime only, at 1 month of curing, the graph indicates a 
bimodal PSD with predominant sizes between (0.5 µm - 5 µm) and 
(5 µm - 20 µm), as shown in Fig. 2(a). In this case, the mortar 
exhibits both gel pore (i.e. 1 nm - 3 µm) and substantial proportion 
of capillary pores  (i.e. 3 - 30 µm). These large pores result from 
loss of excess unbound kneading water due to strong water-
retaining characteristic of lime and its associated slow carbonation 
process. After 6 months, in spite of the continuous hydration and 
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carbonation processes, the median pore diameter increased (from 
2.16 µm to 3.96 µm) (Table 5), indicating more presence of larger 
pores  (i.e. between 0.5 µm and 40 µm)with the shift of the PSD 
curves to the left (Fig. 2(b)). 

Table 4: Lime-Cement Mortars’ Compositions by materials and Water/Binder 
ratios. 

Slag 
Contents 

 
Mortar 

Reference 
I.D. 

 

 
Water/ 
Binder 
Ratio 

 

 
Air 

Content 
(%) 

 

 
Bulk 

Density 
(g/ml) 

 

0% L13 1.53 6.4  
1.93 

 
25% 

 
LS31 2.05 6.1 

 
1.98 

 
33% 

 
LS21 1.91 6.5 

 
2.01 

50% LS11 1.29 9.2  
2.05 

 
66% 

 
LS12 1.35 

 
8.4 

 
2.05 

 
75% 

 
LS13 1.42 

 
8.3 

 
2.06 

 
However, a reduction is observed in the total pore volume (i.e. 

from 27.77% to 23.42%), which indicates filling of some of the 
capillary voids due to deposition of the hydration and carbonation 
products (from hydraulic lime). The bulk density was reduced 
(from 1.75 g/ml to 1.72 g/ml) due to evaporation of excess 
kneading water and subsequent associated drying shrinkage.  

Progressive addition of slag to the mortar resulted in similar 
patterns of PSD relative to lime mortar (i.e. bimodal distributions, 
between 0.6 µm – 6.5 µm, and 5 µm – 10.5 µm pore ranges) at 1 
month curing. The only exception is LS13 with a wide distribution 
across, having additional identifiable pore sizes at both 13 nm and 
40 µm pore diameters (Figure 2(a)). Porosities of the composites 
also reduced with LS13 recording the highest value of 11% 
reduction (compared with lime only). At 6 months, the bimodal 
patterns of the curves still remained, with distinctive two pore size 
ranges at 1 µm - 4 µm and 4.5 µm - 10.5 µm (Fig. 2(b)). 
Progressive hydrations in the composites were also noticed with 
higher bulk densities (Table 5). However, all mortars had their 
individual median pore diameters increased. This could be a 
consequence of fine cracks formation due to autogenous 
deformation [32, 69]. Composite with the highest slag content 
(LS13) had a dominance of large pores with 6 µm pore size 
diameter which may have a negative impact on compressive 
strength. Compared to lime mortar, porosities of the composites 
are higher at 6 months. This probably accounts for more CO2 
penetration for carbonation reactions. The above results indicate 
progressive addition of slag to mortars could facilitate slightly 
larger pores with increased porosity. These effects are however 
minimal (i.e. from 23.42% to 25.37% porosity) when slag content 
is at equal volumetric content with lime. 

 
Figure 2 (a): At 1 month 

 

 
Figure 2 (b): At 6 months 

Figure 2: Pore size distribution of lime mortars with increasing slag contents 

3.3. Mechanical Properties 

The results obtained for three mechanical parameters – flexural 
strength, compressive strength and modulus of elasticity, over a 
12-month curing period are as summarised in Figures 3 - 5. Each 
result was taken as an average value of three similar specimens for 
flexural strength and five similar specimens for both compressive 
strength and modulus of elasticity. The coefficients of variation 
(COV) fall substantially within the lower range (0 – 15%). This 
suggests consistent results. However, there were also few cases of 
higher COV, which indicate some degree of scatter in those cases. 
Appropriate error bars are also displayed on the respective graphs. 
Fig. 3 illustrates the results of the Flexural Strengths obtained for 
lime and lime-slag mortars using varying binders’ contents. 

 
Figure 3. Flexural Strength developments for Lime Mortars with increasing slag 

contents 
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Table 5. Extracted Mercury Intrusion Porosimetry data for Lime-Slag mortars containing increasing slag contents 

Specimen 
Reference 

I.D. 

Curing 
Period 

Median Pore 
Diameter 
(Volume) 

[nm] 

Bulk 
Density  

at 0.52 psia 
[g/mL] 

Porosity 
[%] 

L13 
(0%) 

1 Month 2163.6 1.75 27.77 

6 Months 3955.0 1.72 23.42 

LS31 
(25%) 

1 Month 5762.2 1.74 31.57 

6 Months 8599.5 1.79 23.71 

LS21 
(33%) 

1 Month 4358.6 1.73 29.12 

6 Months 4840.3 1.75 29.87 

LS11 
(50%) 

1 Month 2183.6 1.83 27.17 

6 Months 2495.2 1.85 25.37 

LS12 
(66%) 

1 Month 2522.0 1.81 27.64 

6 Months 2678.9 1.88 27.15 

LS13 
(75%) 

1 Month 3027.1 1.86 24.85 

6 Months 3576.8 1.82 28.84 
 

 
Figure 4. Compressive Strength developments for Lime Mortars with increasing 

slag contents 
For lime only, Fig. 3 shows a flexural strength value of 0.70 

MPa in the first month of curing which decreased to 0.61 MPa at 
the end of 12 months. This may be due to formation of different 
pore sizes (bimodal PSD between (0.5 – 5 µm) and (5 – 20 µm)) 
resulting from loss of excess unbound kneading water as explained 
earlier. Progressive addition of slag (up to 50% of binders’ content, 
i.e. LS11) to the mortar translates to the corresponding increase in 
the flexural strength (about 50%), though not in a linear trend. This 
may be related to high degree of slag hydration as evidenced by an 
increase in the composite bulk density (i.e. 1.85 g/mL for LS11, 
compared with 1.72 g/mL for L13) as well as decrease in the 
median pore diameter (i.e. 2.5 µm for LS11, compared with 4.0 
µm for L13) over the same curing period.  However, further slag 
addition (beyond 50%) resulted in subsequent reduction in the 

flexural strength. In this case, slag exhibited higher hydration as 
the mortar exhibited more self-dessication. This agrees with the 
results of the microstructural analysis which show increasing 
median pore diameters and higher porosities. This may be 
connected with the formation of fine cracks arising from 
autogenous deformation usually associated with slag hydration 
[70, 71]. These results therefore show beneficial effect of slag on 
composite’s flexural strength at equal lime-slag content as further 
addition may impact negatively on the flexural strength. 

Results of compressive strength followed a similar pattern to 
flexural strength. Figure 4 shows a marginal increase in the 
strength of the mix containing lime only from 0.61 MPa to 0.66 
MPa at 1 month and 12-month curing respectively. This may be a 
consequence of high W/B ratio and slow carbonation rate of lime. 

Progressive addition of slag up to 50% to the mortar content 
results in about 250% increase in the compressive strength, 
(though not in a linear trend as slag content increased). This may 
be due to higher slag hydration relative to hydraulic lime. 
However, further increment of slag content induces an increased 
dessication of slag, which in turn leads to formation of matrixes 
with higher median pore diameters and higher porosities. This 
possibly culminated in the formation of fine cracks and subsequent 
lower compressive strengths recorded. Thus, the results show 
beneficial effect of slag on composite’s compressive strength at 
equal lime-slag content as further addition may impact negatively 
on the strength. 

Compressive strengths recorded above are related to the 
mortars’ practical performances. These are reflected in their 
moduli of elasticity (E) as shown in Figure 5. 
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Figure 5. Moduli of Elasticity (E) values for Lime Mortars with increasing slag 

contents 
 From Figure 5,  LS11 with highest compressive strength had 
the highest ‘E’ value at the 12th month of curing. This is against 
L13 which had the lowest compressive strength at the same time. 
Both LI3 and LS11 have tendencies to exhibit interesting elastic 
behaviours as demonstrated in their stress-strain relationships at 1 
and 12-month curing (Figures 6(a) and (b)), with varying 
capacities to absorp deformations. However, L13 with low 
compressive strength (low E-value) has higher capacity for 
deformation absorption relative to LS11. 

From Figures 6(a) and (b), despite increased mechanical 
strengths of LS11, it is still able to exhibit capacities for 
deformation absorptions (compared with lime only). This 
characteristic feature therefore illustrates beneficial effect of slag 
on composite’s compressive strength at equal lime-slag 
volumetric content. 

 
(a) At 1-month curing 

   
(b) At 12-month curing 

Figure 6: Compressive Strength versus Strain relationships for lime and lime-
slag mortars 

4. Conclusions 

The study reflects performance assessments of lime-slag 
composites with progressive addition of slag. It can be inferred 
therefrom, that addition of slag has significant impacts on lime 
mortar performance particularly, with regard to mechanical 
strength developments. At equal lime-slag volumetric 
composition, beneficial impact of slag on the mechanical 
behaviour of the composite could be obtained. This impact is a 
reflection of the microstructural behaviour of the composites, 
which in turn defines the mortar performance. Thus, performance 
of low-impact sustainable building materials such as lime may be 
enhanced, and its revival may be encouraged in form of lime-slag 
composites, for improved energy consumption and environmental 
performances of buildings, as demonstrated in this study. 
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