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1 INTRODUCTION 
 
Cementitious grouts consisting of different percent-
ages of cement, bentonites and fly ash have been used 
successfully to repair cracks in concrete bridges, tun-
nels, buildings and to stabilise soils or rock founda-
tions. It is believed that the use of CEM III binder 
with 40 % - 60 % of slag additive to the mass of the 
binder in construction is the most efficient (Ban-
dopadhyay, Alex & Kumar 2008). Hussin et al. 
(2007) investigated the hydraulic and mechanical 
properties of 50 % slag replacement cement grout and 
reported an initial setting time of 3 hours and 30 
minutes and final setting time of more than 5 hours. 
For 50 % slag replacement cement grout with 1 : 1 
binder to sand ratio, the percentage of final bleeding 
did not exceed 2 % and a strength of above 30 MPa 
in underwater curing was reported. Sanderson et al. 
(2018) investigated the effect of particle size on the 
hydration of slag–Portland cement grouts at elevated 
temperatures. The grout systems with the highest wa-
ter to sand (w / s) ratio of 0.47 achieved the largest 
slumps, but mechanical properties were impaired by 
increasing water content due to bleeding and settle-
ment. Durability and compressive strength of blast 
furnace slag-based cement grout was investigated by 
Ortegaa, Pastora et al. (2014). It was reported that 
slag-blended cement grout exhibited more favourable 
long-term durability properties than portland cement 
grout. 

The setting time, bleeding capacity, mechanical 
performance, and impermeability of cement-based 
grouts are affected by granulated blast furnace slag 

(GGBFS). High amounts of GGBFS reduce the flow 
times of the grouts at low w / s ratios (0.4 - 0.65), but 
the effects of high amounts of GGBFS are less 
evident when the w / s ratio exceeds 0.8. The 
increasing w / s ratio is the main determining factor 
for the decreasing flowability of fresh suspensions, 
especially when the w/s ratios are 0.8 - 1.2 (Li et al. 
2017). Supplementary cementitious materials do not 
only boost the mechanical properties of cement-based 
grout but can also improve the rheological properties 
by modifying the plastic viscosity in accordance with 
the desired performance (Omar, Rainer, Willy & Irina 
2018). 

Fly and bottom ash are particulate waste product 
of the combustion of pulverised coal to generate 
electricity. The mineral components in fly ash (FA) 
have natural and anthropogenic origins and can be 
classified as primary, secondary and tertiary. FA has 
a low specific gravity when compared to soils hence 
it has low dry densities. It has a low to medium bulk 
density, a high surface area and a sandy to silty loam 
texture. Its colour is generally light to medium grey 
and it darkens with the presence of moisture (Falayi 
2016). 

 
 

2 MATERIALS AND METHODS 
 
The ash used for these experiments is a mixture of fly 
ash and bottom ash. It was obtained from the Lethabo 
Power station in the Free State, in South Africa. It is 
not self-cementing and thus close to Class C. FA is 
classified by its index properties through a defined 
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system by ASTM C 618, which determine whether 
the FA is Class C or Class F. the two classes are 
distinguished by the total amount of silicon, iron and 
aluminium present in the FA. When this amount 
exceeds 70 %, then the ash is classified as Class F and 
if the amount lies between 50 % and 70 % the ash is 
considered to be Class C (Fox 2017). The particle 
grading is granular (0.075 mm - 4.75 mm) with 35 % 
less than 0.075 mm. The type of cement used to 
stabilise fly ash is an all-purpose Portland cement 
with a classification strength of 42.5 N and a 28-day 
strength of 40.9 MPa. 50 % of the basic oxygen 
furnace slag obtained from Arcelormittal plant was 
pulverised to pass a sieve of 0.075 mm. 

2.1 Sample Preparation  

The basic oxygen furnace (BOF) slag was pulverised 
for thorough mixing with cement and fly ash. The 
mould used for the compression tests and pre-com-
pression tests is a cylindrical metal pipe with dimen-
sions of a diameter of 55 mm and length of 120 mm. 
A typical sample after compression is presented in 
Figure 1. 
 

 
Figure 1. Failure of sample during the UCS test 

 
Table 1. XRF of Lethabo Eskom Ash and Arcelormittal Basic 
Oxygen Slag.  

 

2.2 Mix Design 

The required amount of fly ash was oven dried at 80° 
C to completely remove all the moisture present. Two 
samples were cast for each mix design with a total of 
6 samples cast for each water content. 
 
Table 2. Mix Design of Cement Slag Stabilised Ash 

Water content 13%, 17%, 20% 
Cement Content  12%, 10%, 7,5% 
BOF slag content 3%,5%,7,5% 
Total mass of fly ash per sample 467g 

 
Table 3. List of Tests  

Test  Specifications  

Modified Proctor Compaction test ASTM D1557/ASTM 
D698 

Unconfined Compressive test ASTM D2938/D1074. 
Sieve analysis test ASTM C136/ C136M. 
Pre-compression test  

 
 
3 RESULTS AND DISCUSSION 

3.1 UCS and the effect of precompression 

The UCS of pre-compressed cement and BOF slag 
samples is presented in Figure 4. The mobilised UCS 
increased with cement-slag ratio for the three differ-
ent moisture contents were investigated. The rate of 
increase in UCS was significate to the point where the 
binder ratio is 2.0 and decreased sharply to a residual 
value after 2.0. The maximum strength was mobilised 
by composites moulded with moisture content of 
13 % and decreased with an increase in moulding wa-
ter content. The UCS of 24 hours soaked and re-com-
pressed cement BOF slag stabilising ash was pre-
sented in Figure 5 and a similar trend of decreasing 
strength with increase in moulding water content was 
observed. However, for moulding water content of 
13 % and 17 %, a linear increase in UCS with an in-
crease in binder ratio was observed, while a maxi-
mum UCS was observed at binder ratio of 2 for a 
moulding water content of 20 %. Figure 6 shows the 
percentage increase in UCs due to pre-compression of 
cement slag stabilised ash. The minimum percent re-
duction in UCS was associated with the minimum 
moulding water content of 13% for the range of 
binder ratios investigated, Figure 7 show the percent-
age decrease in UCS due to the 24 hour soaking of 
cement slag stabilised ash and the percentage de-
crease in UCS due to the 24 hour soaking of pre-com-
pressed cement stabilised ash was presented in Figure 
8. The minimum percentage decrease in UCS was ex-
hibited by the composites with 17 % moulding water 
content. For composite developed from 7.5 % - 12 % 
cement to BOF slag ratio, as well as those of 3 % - 
7.5 %, the maximum dry and soaking state was asso-
ciated with the cement ratio of 2.0 and moulding con-
tent of 20 %. 
 
 

Component BOF Slag (%) Eskom Ash (%) 

SiO2 7.74 50.55 
Al2 O3 3.52 28.73 
Fe2 O3 27.58 3.77 
CaO 51.81 5.45 
MgO 1.89 1.65 
K2O 0.11 0.72 
Na2 O 0.162 0.18 
Ti O2 0.362 0.58 
Mn2O3 4.18 0.02 
P2O5 0.57 0.21 
Cr2O3 0.23 0.04 
SrO 0.01 0.03 
ZnO(%) 0.22 0.02 
SO3 0.45 0.23 
LOI @ 950 °C 0.36 .22 
pH 12.3 11.3 
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Figure 2. UCS of cement BOF Slag samples of different mois-
ture content 

 

 
Figure 3: UCS of cement BOF Slag samples of different 
moisture content, soaked for 24 hour 

 

 
 
Figure 4. UCS of pre-compressed cement and BOF slag samples 

 

 
 
Figure 5. UCS of 24 hours soaked pre-compressed Cement BOF 
Slag stabilised ash 

 
Figure 6. Percentage increase UCS due to pre-compression of 
cement-slag stabilised ash 

 

 
 
Figure 7. Percentage decrease in UCS due to 24 hrs soaking of 
Cement Slag stabilised Ash. 

 

 
 
Figure 8. Percentage decrease in UCS due to 24hrs of pre-
compressed Cement Slag stabilised Ash 

 
 
4 CONCLUSION  
 
- Maximum and minimum reduction in average 

soaked strength of 30 % and 15 % are associated 
with 30 % and 15 % moulding water content  

- Precompression of the composites by load of 20 % 
of UCS, after 5 hours of curing resulted in 
significant increase in UCS  

- The percentage decrease in UCS decreased with 
cement slag ratio and increasing moulding water 
content.  

- Also, the percentage decrease in UCS of pre-
compressed composite decrease with cement slag 
ratio, however the maximum percentage decrease 
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in UCS was exhibited by composites with 17 % 
moulding water content. 

- For composites developed from 7.5 - 12 % cement 
and 3 % - 7.5 % BOF Slag, maximum UCS and 
dry and soaked state is associate with cement slag 
ratio of 2.0 and moulding water content of 20 %.  
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