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A B S T R A C T 

In the course of production in the Granite Industry, a lot of quarry dust wastes is gen-
erated which is either heaped at sites causing environmental and health hazards or 

dumped in landfills causing ecological problems. It is imperative to evolve a viable 

option for disposal so to rid the environment of this menace. This study investigated 

the use of quarry dust particles (QDP) generated from the granite industry as a ce-

ment replacement in self-compacting concrete (SCC). The experimental program was 

carried out in two phases: the first phase optimized the amount of QDP as replace-
ment of Portland cement (PC) with acceptable flow-ability. The second phase evalu-

ated the fresh and hardened properties of SCC which include tests on slump flow, J-

ring and L-box to determine filling, passing abilities of SCC while compression and 

splitting tensile tests were conducted to determine the compressive and splitting ten-

sile strengths, respectively. Test results show that at 20% replacement of cement 

with QDP, the SCC-QDP mixes has a slump ranged from 642 to 730 mm compared 

with 578 mm for SCC mix, a compressive strength of 37 N/mm2 compared with 30 

N/mm2 for SCC. This was enhanced by QDP which filled the voids between the coarse 

grains of cement and water molecules which facilitated the flow ability of the mixes 

and then at later ages reacted with liberated calcium hydroxide from cement hydra-

tion to enhance the strength of the mixes. The results then indicated that QDP can be 

used to replace PC up to 20% by mass of PC in the production of SCC without adverse 
effect on both fresh and hardened properties. This results also show that QDP, a suit-

able material for partial replacement of PC in SCC production, can be used to reduce 

demand for cement thus reducing carbon dioxide emission and also solve other en-

vironmental problems. 
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1. Introduction 

Among the most widely manufactured and used mate-
rials, concrete is second to none. Because of this fact, it has 
to fulfill a wide range of requirements in both fresh and 
hardened state. Since in most cases, the fresh properties 
affect the quality of the hardened state and by extension 
the durability, it is imperative to attain a correct mix pro-
portion so as to remain homogeneous during placing and 
after compaction in order to avoid bleeding and segrega-
tion. Self-compacting concrete (SCC) is concrete cast and 
compacted without any vibrational means which flows 

under its own weight. SCC mixes increase productivity, re-
duce noise pollution and improve construction quality. 
Furthermore, it has both filling, passing ability and high 
resistance to segregation during transportation and plac-
ing. To achieve this the concrete requires high slump with 
the aid of super-plasticizer (SP) added to the concrete 
mixture and its mix proportioning. The use of SP is imper-
ative for the production of a high fluid concrete mix with 
high powdery content materials (viscosity modifying 
agents) is required to enhance sufficient stability/cohe-
sion of the mixture hence reducing bleeding and segrega-
tion and settlement (Wenzhong and Gibbs, 2005). 
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The work of Ouchi et al. (2003) has shown that it is 
beneficial to use SCC because of its improvement in ho-
mogeneity of concrete production and its excellent sur-
face quality without honey combs. The mix proportion-
ing is achieved by a suitable selection and proportioning 
of raw materials, reduction of water/powder ratio, in-
creasing paste volume, controlling the total volume of 
coarse aggregates and its maximum particle size (EF-
NARC, 2005) and other constituents to achieve the re-
quired level of material performance both in the fresh 
and hardened state. Consequently, the powdery materi-
als content is high, resulting in high volume content of 
cement which in turn leads to a higher temperature rise, 
increase in heat of hydration, creep, shrinkage and in-
crease in cost which can be off-set with the use of min-
eral admixtures. Industrial by products such as ground 
granulated blast furnace slag, Limestone powder and fly 
ash are commonly used mineral admixtures (Poon and 
Ho, 2004), similarly, other industrial by product such as 
granite dust particles, if its use in SCC is proven to be ap-
propriate can serve as a solution to its disposal problem 
confronting the granite industry. 

Granite dust particles is obtained when rocks of gran-
ite origin are crushed to produce aggregates on quarry 
sites. Granite particles is fine aggregates less than 4.75 
mm in diameter. It is also obtained from granite cutting 
and polishing industry which yields fine granite particles 
which is disposed in nearby areas without any treat-
ment. Granite dust particles as an admixture when used 
in SCC can sufficiently improve workability of SCC 
(Sahmarain et al., 2006; Uysal et al., 2011) and also re-
duce the amount of SP necessary to achieve a given prop-
erty as obtained by Sonebietaal, (2000). Hafez et al. 
(2014) has pointed out in their study that the effect of 
mineral admixture on admixture requirements is signif-
icantly dependent on their particle size distribution, 
shape and surface characteristics. This shows that a cost 
effective SCC design is obtained upon the incorporation 
of reasonable amounts of mineral admixtures such as 
limestone powders (LP), Ballast powder, (BP) and mar-
ble powder (MP) as indicated by the work of Uysal et al. 
(2011). Hafez et al. (2014) further established that the 
addition of MP is the best among the aforementioned 
mineral admixtures which improved SCC fresh proper-
ties such as slump-flow, T50 time, L-box ratio and J-ring. 

Results of studies conducted on the effects of mineral 
admixtures as filler materials on the properties of SCC 
improved the workability with reduced cement content, 
which in turn led to the reduction of hydration, thermal 
and shrinkage cracking as seen in the works of Ye et al., 
2007; and Poppe and Schutter (2005). The work of 
Belaidi et al. (2012) shows that at a constant water / 
binder ratio and SP content, cement substitution by the 
use of natural pozzolan and MP has no negative effects 
on workability of SCC. Stone dust and other industrial by 
–products have been used as filler materials in SCC (Su-
hmarain et al. , 2006).The incorporation of quarry dust 
(QD) in SCC improves its workability, increase in 
strength and durability against chemical attack (Manjul 
and Premalatha, 2006). Manju et al. (2014) studied the 
effect of partially reducing quantities of cementitious 
materials with MP on the compressive, tensile as well as 

flexural strength of mortar and concrete. The compres-
sive strength of sample cubes increased with increase in 
waste content of MP up to 12.5% and then decreased with 
further increase in MP. This confirms the earlier work of 
Baboo et al. (2011) on the influence of MP in concrete. 

The work of Vijayalakshimi et al. (2013) on durability 
properties of concrete shows that QD can replace sand 
up to 15% without any adverse effect on the durability 
properties of n concrete. The work of Suma (2016) also 
show that QD as a filler is a suitable material for the pro-
duction of SCC. Gowda et al (2000)’s work also show that 
fresh and hardened properties of SCC improved when QD 
was used to replace sand at varying proportions. For nor-
mal concrete, Allam et al. (2016) studied the effect of par-
tial replacement of cement with granite waste on the me-
chanical properties of concrete. Test results showed that 
with 5% granite replacement of cement, splitting tensile 
strength was 20% higher, flexural strength was 19% 
lower with bond strength also slightly lower by 1% when 
compared with control values. Working along the same 
line of thought, Kumar et al. (2013) increased QD replace-
ment of cement proportions of 10, 20, 25, 30, 35 and 40% 
respectively. From experimental results, they reported that 
25% partial replacement of cement with QD showed im-
proved hardened properties of normal concrete. It is wor-
thy to note that granite waste particles used in these studies 
were sieved through sieve size 300 µm and through sieve 
size 4.75 mm and the concrete is normal concrete. 

When granite fines as supplied is compared with 
Limestone powder, the work of Ho et al. (2002) on both 
paste and concrete confirmed that granite fines incorpo-
rated in SCC required a higher dosage of SP for similar 
yield stresses and other rheological properties. But one 
must take cognizance of the fact that granite fines being 
a waste material, its properties will vary over time and 
also dependent on parent rock and mode of generation 
such as crushing, cutting or sawing. Dehwah (2012) has 
also reported that the mechanical properties of SCC in-
corporated with QDP is better than those of SCC with sil-
ica fume (SF) with QDP or only Fly ash (FA). He further 
pointed out that it is more economical to use QD alone 
especially in regions where SF and FA are not readily 
available locally and has to be imported.  

From the works of researchers reviewed so far, it 
shows that the flow properties of SCC depend on powder 
particle size, shape, surface morphology and internal po-
rosity in addition to other factors such as mixing re-
gimes, sequence of admixtures addition, and water / SP 
content (Rizwan and Bier, 2013). It is also clear that the 
focus of most studies was on the utilization of marble 
and granite powder as fillers in concrete and also as a 
sand replacement material. However, this study will fo-
cus on the application of QDP as a replacement of cement 
in the production of SCC. This is because mixes contain-
ing MP and QD required the use of SP otherwise more 
quantity of water will be required for similar workabil-
ity, which consequently reduces strength. On the other 
hand, the high fines of QD may be beneficial for providing 
good cohesion to SCC, if it is used as mineral additive 
(Uysal and Sumer, 2011). However, more studies are re-
quired to evaluate the behavior of SCC containing QDP of 
high fineness. It is hypothesized that the finer particle 
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sizes of QDP would further increased the pozzolanic re-
activity between cement and the former during second-
ary hydration process. Therefore, this paper evaluated 
the effect of partial replacement of cement with QDP on 
the fresh and mechanical properties of SCC. The fresh 
and hardened properties of SCC was investigated and 
compared with those of control mix produced with plain 
Portland cement. 

 

2. Materials and Method 

2.1. Materials 

Concrete mixes were prepared with Portland cement 
CEM 1 42.5 N conforming to BS EN 196-6 (1997). Fine 
aggregates used was natural siliceous sand with a fine-
ness modulus of 3.0 and specific gravity of 2.39. Blended 
crushed granite aggregates of 19 mm and 10 mm nomi-
nal sizes with specific gravities of 2.69 and 2.60 were 
used. QDP was used as a partial replacement of cement. 
It was obtained from a local quarry site in Minna, Niger 
state Nigeria. The sieve analysis test for the sample (as 
supplied) is shown in Table 2. The sample used for the 
study was sieved and the particle size distribution (PSD) 
is shown in Fig. 4. Portland cement classified as CEM 1 
42.5 N was used for the study. The physical and chemical 
composition of the materials are shown in Tables 1 and 4.  

Table 1. Properties of cement  
and quarry dust particles (QDP). 

Property  Cement QDP 

Colour Gray Off-white 

Specific gravity 3.15 2.19 

Specific surface area (cm2/g) 3000 4580 

Soundness  (mm) 4.8  

Setting time (mins)   

 Initial 161 170 

 Final 202 261 

Table 2. Sieve analysis test result on QDP. 

Sieve Size % Passing 

4.75 mm 100 

2.36 mm 97.65 

1.18 mm 81.15 

600 μm 64.15 

300 μm 46.75 

150 μm 29.75 

75 μm 69.68 

Pan 5.72 

2.2. Mix proportion 

A fixed water/binder ratio of 0.40 was used while 
the dosage of the SP was slightly altered to obtain the 
desired slump-flow for the SCC; maintaining con-
sistency with QDP replacement of cement. By reducing 
contents of the blended coarse aggregates (19 mm and 
10 mm based on packing density approach) with corre-
sponding fine aggregates and conducting trial tests on 
fresh properties of SCC, a constant coarse / fine aggre-
gate ratio of 0.87 was used for all the mixtures for the 
study (Table 3). An SP (Master Glenium ACE 456), a 

high range water reducing admixture based on a newly 
developed poly carboxylate ether polymer was used for 
the study so as to enhance flow ability of SCC. It is a 
whitish to light brownish liquid with a specific gravity 
of 1.06, PH value of 4–7 at 23°C with a chloride content 
of less than 0.01%; and alkali content (Na2O equivalent 
%) less than 3%. It conforms to EN 934–2 and ASTM 
C494, Type A, E, and F. A cement content of 400 kg/m3 
was used for the study and percentage replacement of 
cement with QDP material was 0, 10, 20, 30 and 40% 
respectively. In all five concrete mixes were cast as 
shown in Table 3.

 
Table 3. Mix proportion of SCC (kg/m3). 

Mix  ID 
Cement 

(kg/m3) 

QDP 

(kg/m3) 

Fine Agg. 

(kg/m3) 

Coarse Agg. 

(kg/m3) 

Water 

(kg/m3) 

SP 

(kg/m3) 

W/B 

lt/100kg 

SCC 400 - 848 741 160 2.00 0.40 

SCC-QD10 360 40 848 741 160 2.00 0.40 

SCC-QD20 320 80 848 741 160 2.00 0.40 

SCC-QD30 280 120 848 741 160 2.00 0.40 

SCC-QD40 240 160 848 741 160 2.00 0.40 

Table 4. Chemical composition of PC and QDP. 

Material 
Chemical Composition 

SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O P2O5 MnO SO2 LOI 

PC 19.92 4.72 3.58 1.84 65.72 0.93 0.52 0.054 0.46 8.97 1.86 

QDP 72.7 13.28 2.19 0.78 1.44 2.45 5.70 0.12 0.17 0.13 2.07 
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2.3. Method 

The study was conducted in two phases. Phase one 
was the optimization of the amount of QDP as a replace-
ment to cement content at which the optimum paste con-
tent was attained with acceptable flow ability of SCC, J–
ring and L–box test values which measured the passing 
abilities of the SCC. The second phase was the evaluation 
of the hardened properties of SCC in terms of compres-
sive and splitting tensile strength tests. These tests were 
conducted in accordance with EFNARC (2005), BS EN 
12350–8 (2010), ASTM C642 (2013) and BS 1881: Part 
3, respectively. 

The slump flow test measures the filling ability of the 
fresh SCC. It is used to assess the horizontal free flow of 
SCC in the absence of obstructions, its ability to fill Form-
works of structural elements with ease. The required 
SCC constituents (Table 3) was dry-mixed, then 70% of 
required water was gradually added and mixed thor-
oughly for 3 minutes and finally, remaining 30% of water 
was mixed with the required SP content, added to the 
concrete and mixed again for 2 minutes. The mix was 
then scoped into the inverted slump cone without any 
compaction or vibration and flushed with a straight 
edge. The cone was vertically lifted and SCC flows hori-
zontally on the mixing pad until it stops flowing. The av-
erage diameter of the concrete circle was used as a meas-
ure of the filling ability (Fig. 1). The test was also used to 
measure the resistance to segregation in the SCC mixes 
tested, which can be detected by virtual inspection of pe-
riphery of the mix after it stopped flowing. Segregation 
is indicated by the occurrence of a ‘halo’ of paste or une-
ven distribution of aggregates in the mix which was ab-
sent in any of the mix. 

 

Fig. 1. Slump flow test measurement. 

The passing ability of SCC was determined using the 
J–ring and L–box tests. Either of the tests measured the 
ability of the SCC mixes to flow through obstructions like 
reinforcement bars in form work of structural elements. 
The J–ring was placed on the mixing pad and the in-
verted slump cone was placed inside the cone and slump 
cone test carried out as aforementioned (Fig. 2a). The 
slump was measured after the concrete stopped flowing 

through the ring which indicated the passing ability of 
the mix. Similarly, for the L–box test, the vertical section 
was filled with 12 Litres of fresh concrete for each SCC 
mix, allowed to stand for 30 seconds and the gate lifted 
for the concrete to flow into the horizontal section of the 
L–box. The height of the concrete at the end of the hori-
zontal section is expressed as a ratio to that remaining at 
the vertical section (H2/H1) after the concrete stopped 
flowing. This indicated the passing ability for each of the 
SCC mix cast and tested (Fig. 2b). 

 
(a) J–ring flow test 

 
(b) L–box flow test 

Fig. 2. Flow test measurement of passing ability. 

The J–ring test also measures the passing ability of 
SCC cast through reinforcement bars spaced evenly. The 
slump flow cone placed in the J–ring was filled with SCC 
cast and lifted vertically above mixing pad to allow con-
crete flow horizontally through the J–ring. The diameter 
of the concrete circle which flowed through the ring was 
measured which indicated the passing ability of the mix 
tested. The J–ring flow spread and the unrestricted 
slump flow were compared for each mix. The difference 
between spread diameters, (Dflow–Dring) were measured 
for the SCC mixes. On completion of fresh property tests, 
the SCC specimens were cast in steel moulds (100 mm x 
100 mm x 100 mm) cubes and of cylindrical diameter 
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150 mm x 150 mm in height without compaction, cov-
ered with plastic sheets and kept in laboratory condi-
tions for 24 hrs. The specimens were de-moulded and 
cured in a water tank for varying curing ages. The cube 
specimens were then tested for compressive strength 
with a compression testing machine with a capacity of 
2000 kN taking into account that each reading is the av-
erage of three specimens. Splitting tensile strength was 
determined in accordance with the provisions in ASTM 
C496/C496M (2004). 

 

3. Test Results and Discussions 

The constituent properties of the SCC, its fresh prop-
erties in terms of filling and passing abilities, and the 
hardened properties in terms of compressive and split-
ting tensile strengths and that due to replacement of PC 
with QDP in the concrete is discussed as follows: 

3.1. Properties of QDP 

Chemical composition of QDP and PC used for the 
study (Table 4) shows that the three main oxides (SiO2, 
Al2O3 and Fe2O3) for QDP which amounted to 88.17% 
met the requirements of ASTM C618 (2003) for poz-
zolanic materials. Furthermore, it implies that with the 
high content of SiO2 (72.70%) in QDP, it readily reacted 
with calcium hydroxide (Ca(OH)2) from the hydration of 
cement to form additional calcium silicate hydrate (C-S-
H) that further enhanced high and early strength gains.  

Also, from Table 1, the specific gravity of QDP is less 
than that of PC and the specific surface area for QDP is 
higher than that of PC. These properties enhanced high 
early strength gains as aforementioned. The Loss on ig-
nition (LOI) for QDP and PC conforms to ASTM C 
618:2003 provisions. 

The particle size distribution (PSD) was carried out on 
the QDP sample as supplied (Fig. 3) and sieved. (Fig. 4).

 

Fig. 3. PSD of QDP (as supplied). 

 

Fig. 4. PSD of sieved QDP.

3.2. Fresh properties of SCC and SCC-QDP 

The results of the slump flow, J–ring flow values and 
blocking ability which measured the filling and passing 
abilities for all the mixes (SCC, SCC-QD10, SCC-QD20, 
SCC-QD30 and SCC-QD40) used for the study are shown 
in Figs 1, 2a&b, and Table 5, respectively. From Fig. 2a 
and Table 5, slump flow values ranged from 578 mm to 
730 mm while the J–ring flow values ranged from 525 
mm to 726 mm. The slump flow value and that of the J–
ring can be used in combination to assess the passing 
ability of SCC (ASTM C1621/C1621M, 2008). If the dif-
ference between spread diameters (Dflow–Dring) of the 
two values is less than 25 mm then there is no visible 
blockage. If it is between 25 and 50 mm then, there is 
minimal to noticeable blockage. In comparison for both 
values, the difference is 15 mm, 9 mm and 4 mm for 
control mix (SCC), SCC-QD10, and SCC-QD20 signifying 
that these mixes had no visible blocking while for mix 
SCC-QD30 with a difference of 27 mm flow value exhib-
ited minimal blocking, while for mix SCC-QD40 with a 
difference of 53 mm flow value exhibited a noticeable 
blocking (EFNARC, 2005; ASTM C1621/C1621M, 2008)  
 

as shown in Table 5. For all the mixes, no “halo” was 
observed. Table 5 shows increase in slump flow values 
for varying concrete mixes while Fig. 5 also show in-
crease in flow values with the replacement of PC with 
QDP dosage up to 20% when it decreased. This is same 
for the J–ring flow values. This was enhanced by the 
high fineness of QDP particles compared with cement 
particles, which is able to fill the voids between the 
coarse grains of cement and water molecules which fa-
cilitated the flow ability of the mixes. However, beyond 
20% replacement of PC with QDP dosage led to excess 
compared with the quantity required to fill the voids 
between cement particles and water molecules. These 
excess particles affected the plastic viscosity of the mix 
(Rebaye, 2017) which in turn led to a reduction in the 
slump flow values. The plastic viscosity is a measure of 
the resistance of SCC to flow due to internal friction. 
Even though the excess particles caused a reduction in 
the mix flow ability, it increased resistance to segrega-
tion as it helps to thicken the paste, increase in viscosity 
and density and thus the thickened paste enables the 
aggregate particles to be uniformly suspended within 
the SCC paste. 
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Fig. 5. Slump and J–ring flow values compared. 

This shows that all the mixes have good ability, free 
deformability and the filling and passing abilities met 
EFNARC-2000 and ASTM C1621/1621M (2006) specifi-
cations but for mix SCC-QDP40 that exhibited noticeable 
blocking. This is not a connected with the fact that SCC-
QDP40 has high QDP content leading to high water de-
mand and since water–binder ratio and SP dosage re-
mains constant, led to increase in viscosity. It is interest-
ing to note that with increase in replacement level of PC 
with QDP content up to 30% slump values were still 
within Code specifications. 

Table 5. Difference between slump flow  
and J–ring spread diameter. 

Mix  ID Dflow (mm) DJ-ring (mm) Dflow – DJ-ring (mm) 

SCC 578 563 15 

SCC-QD10 642 633 9 

SCC-QD20 730 726 4 

SCC-QD30 715 688 27 

SCC-QD40 710 657 53 

 

The results of the blocking ratio (H2/H1) shown in 
Table 6 was to assess the passing ability of the SCC in-
vestigated. Nehdi and Landchuk (2003), and Bartos 
(2005) opined that this blocking ratio is from 0.70 to 
0.90 while that of EFNARC, 2005 is from 0.80 to 1.0. 
Test results showed that all mixes excluding SCC-QD40 
met Code specifications. Table 6 shows test results of 
mixes as regards blocking ratios. The Table shows that 
SCC-QDP10 and SCC-QDP20 falls under SCC class F1 and 
F2 for the filling ability in accordance with EFNARC 
specifications. For the passing ability, the results (Table 
6) showed that the aforementioned mixes are in class 
PA 1 and PA 2, respectively. This means that the mixes 
exhibited blockage ratio of more than 0.80 which re-
flects good filling and passing ability; therefore, from 
the flow and passing ability perspective, all thee mixes 
except SCC-QDP40 met the required criteria for viscos-
ity class 1 to qualify them as SCC in accordance with BS-
EN 206-9 (2010).  

Table 6. L–box test results. 

S/No Mix  ID H1 (mm) H2 (mm) H2/H1 (mm) 

1 SCC 72.80 55.80 0.766 

2 SCC-QD10 72 58.50 0.813 

3 SCC-QD20 71 62.00 0.873 

4 SCC-QD30 73 59.00 0.783 

5 SCC-QD40 79 52.00 0.658 

 

3.3. Hardened Properties 

3.3.1. Compressive strength 

Fig. 6 shows the compressive strength at varying mixes 
and also at varying curing ages for the mixes. In figure 8, 
the compressive strength of concrete for control mix 
(SCC) compared with that of SCC-QDP10, SCC-QDP20, SCC-
QDP30 and SCC-QDP40 at 7 and 14 days are higher because 
most of the reactions at this stage are attributed mainly to 
hydration of the PC. Furthermore, in the mixes other than 
the control, quantity of PC is less which accounts for lower 
hydration and lower strength. But most importantly, the 
substitution of PC with pozzolanic materials reduces the 
initial rate of strength development at early ages due to 
slow rate of the pozzolanic reaction (Massazza, 1993). At 
this point in time, the pozzolana (QDP) acts as a filler thus 
diluting the PC which reduces the strength of the poz-
zolanic cement compared with that of the control. At later 
ages the reverse is the case and the pozzolanic cements 
attains the same or even higher compressive strength 
than the corresponding control PC. This is because, as the 
hydration ages, apart from the traditional hydration prod-
ucts from control cement, the QDP reacts with the calcium 
hydroxide (Ca(OH)2), a by- product from the Pc hydration 
to form more cementitious materials such as Calcium sili-
cate hydrate (C-S-H) and Calcium –alumina- silicate hy-
drate (C-A-S-H), leading to an increase in compressive 
strength of hardened cement pastes and concrete (ACI 
232.1R, 1994; Taha et al., 1981). This can be seen in Fig. 6. 

The compressive strength of all the mixes increases 
with curing age as well as with replacement of PC with 
QDP. As the curing ages, hydration continued and more hy-
dration products are formed especially after 28 days when 
hydration products or cementitious materials which came 
from PC and the reaction between Ca(OH)2 and QDP which 
accounts for the increase in strength. This is not uncon-
nected with the fact that the hydration product possessed 
a large specific volume than the unhydrated cement parti-
cle leading to the accumulation and compaction of these 
hydrated products which gave rise to higher strength. The 
compressive strength values of the mixes increased with 
age and varying replacement of PC with QDP up to 20% 
then decreased. The increase in compressive strength is 
due to the pozzolanic reaction between Ca(OH)2 and the 
silica content of QDP as aforementioned as well as hydra-
tion of the silica content of QDP (Yu et al., 1999). The de-
crease in compressive strength beyond 20% replacement 
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of PC with QDP may be due to the fact that the quantity of 
QDP present in the mix is higher than the amount required 
to react with the liberated Ca(OH)2 during the hydration 
process leading to presence of excess silica leaching out 
and causing a deficiency in strength as evident in the work 
of Al-Khalaf and Yousif (1984). Furthermore, the depletion 
of Ca(OH)2 in the mix solution probably lowered the PH of 
the pore water in the mix solution thereby leading to de-
crease in strength (Maragu et al., 2018). This can also be 
attributed to the fact that the W/B ratio remains constant 
and with increase in silica content requires more water 
and Ca(OH)2 for more reaction to produce more C-S-H and 
C-A-S=H but are not available, because subsequence reac-
tions has stabilized these ions. This dis-stabilizes the sys-
tem leading to decrease in strength. It is of interest to note 
that QDP has high specific surface area that requires more 
water, hence 20% content of QDP can be considered as op-
timum limit for the replacement of PC. 

 
Fig. 6. Compressive strength for varying mixes  

at varying ages. 

3.3.2. Splitting tensile strength 

Fig. 8 shows the results of splitting tensile test (Fig. 7) 
conducted on cylindrical concrete specimens. For con-
trol and pozzolanic cement mixes, strength increases 
with curing ages as expected. This is because splitting 
tensile strength is related to compressive strength. For 
the control specimens, there is an increase of 5.52 in 28 
days from 7 days and 9.68% in 70 days. Maximum 
strength increase of about 22.41% was obtained for mix 
SCC-QDP20 at 70 days from 7 days and a minimum in-
crease in strength of 16.89% for mix SCC-QDP40 for the 
same period. This shows that split tensile strength of SCC 
is influenced by the replacement of PC with QDP content. 
 

4. Conclusions 

To gain a compressive understanding of the influence 
of QDP replacement of cement in SCC, performance in 
terms of optimum use of QDP as a replacement of ce-
ment, fresh and mechanical properties of five mixtures 
of SCC containing QDP at varying levels (0, 10, 20, 30, and 
40) of cement replacement were evaluated. From the re-
sults, discussion and findings from the study, thee fol-
lowing conclusion can be drawn: 

 

Fig. 7. Splitting tensile testing. 

 

Fig. 8. Splitting tensile test results. 

 Substitution of PC with QDP in SCC mixes positively 
improves its fresh properties as evident in slump/J–
ring flow values, filling and passing ability values 
which meets EFNARC, 2005 specifications. 

 Quarry dust particles can be used to replace PC in SCC 
up to 20% optimum without any adverse effect on its 
properties. 

 The replacement of PC with QDP higher than 20% by 
mass of PC led to reduction in both physical and me-
chanical properties. 

 In the production of SCC mixtures the use of QDP ex-
tend its technical and environmental benefit since it 
reduces air pollution and health hazards resulting 
from its production at sites and disposal. However, its 
use beyond 20% replacement of PC in SCC has ad-
verse effects on both physical and mechanical proper-
ties and requires higher dosage of Super plasticizer to 
achieve similar properties which is an addition to cost 
of production. 
The research mainly evaluated the fresh and mechan-

ical properties of SCC containing QDP at a fixed W/B and 
SP content. Further comprehensive studies are required 
to investigate the hydration behavior, micro structure 
and durability properties of SCC containing QDP at more 
than 20 % content, varying W/B and super plasticizer 
contents. 

 

0

5

10

15

20

25

30

35

40

0 20 40 60

C
o

m
p

re
ss

iv
e 

st
re

n
gt

h
 (

N
/m

m
2

)

Quarry dust replacement of cement (%)

7 days

14 days

28 days

56 days

70 days

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 20 40 60 80

T
en

si
le

 s
tr

en
gt

h
 (

N
/m

m
2

)

Curing ages (days) 

SCC

QD10

QD20

QD30

QD40



 Apeh / Challenge Journal of Concrete Research Letters 10 (2) (2019) 34–41 41 

 

REFERENCES 
 

ACI 232.1R (1994). Use of natural pozzolans in concrete. American 

Concrete Institute, Farmington Hills, MI, U.S.A. 
Al-Khalaf MN, Yousif HA (1984). Use of rice husk ash in concrete. Inter-

national Journal of Cement Composites and Lightweight Concrete, 

6(4), 241–248. 
Allam ME, Bakhoum ES, Garas GI (2016). Re-use of granite sludge in 

producing green concrete. ARPN Journal of Engineering and Applied 

Sciences, 9, 2731–2737. 
Al-Rubaye MMK (2016). Self-compacting Concrete: Design, Properties 

and Simulation Flow Characteristics in the L–Box. Ph.D thesis, Car-

diff University, UK. 
ASTM C1621/C1621M (2006). Standard test method for passing ability 

of self- compacting concrete by J – Ring. ASTM International, West 

Conshohocken, P.A., U.S.A. 
ASTM C494 (2004). Standard specification for chemical admixtures for 

concrete. ASTM International, West Conshohocken, P.A., U.S.A. 

ASTM C496/C496M (2004). Standard test method for splitting tensile 
strength of cylindrical concrete specimens. ASTM International, 

West Conshohocken, P.A., U.S.A. 

ASTM C618 (2003). Specification for coal fly ash and raw of calcined 
material pozzolan for use in concrete. ASTM International, West 

Conshohocken, P.A., U.S.A. 

ASTM C642 (2013). Standard test method for density, absorption, and 
voids in hardened concrete. ASTM International, West Con-

shohocken, P.A., U.S.A. 

Baboo R, Khan NH, Abuwshek RS, Tabui RS, Duggal SK (2011). Influ-
ence of marble powder/granules in concrete mix. International 

Journal of Civil Engineering and Technology, 4, 827–834.  

Bartos PJM (2005). Testing – SCC: Towards new European standards 
for fresh SCC. First international symposium on design performance 

and use of self - consolidating concrete, Changsha, Hunan, China.  

Belaidi AE, Azzouz L, Kadiri I, Renai S (2012). Effect of natural pozzo-
lana and marble powder on the properties of self-compacting con-

crete. Construction and Building Materials, 31, 251–257.  

BS EN 12350-2 (2009). Testing fresh concrete, slump test. British 
Standards Institution, London, England. 

BS EN 12390-3 (2009). Testing hardened concrete; compressive strength 

of test specimens. British Standards Institution, London, England. 
BS EN 196-6 (1997). Method of testing cement, determination of fine-

ness. British Standards Institution, London, England. 

EFNARC (2005). Specifications and Guidelines for self-compacting con-
crete. European Association for Producers and Applicators of Spe-

cialist Building Products, UK. 

EFNARC (2005). The European Guidelines for self-compacting con-
crete: Specification, production and use. European Association for 

Producers and Applicators of Specialist Building Products, UK. 

Gowda MR, Naragimhan MC, Kaniddappa RGV (2000). Study of proper-
ties of SCC with Quarry dust. Indian Concrete Journal, 83(8), 54-60. 

Hafez E, Elyamany AM, Abdelmoaty, Basma M (2014). Effect of filler 

types on physical, mechanical and microstructure of self-compact-

ing concrete and flow able concrete. Alexandria Engineering Journal, 
53, 295– 307. 

Ho DWS, Sheinn AMM, Ng CC, Tam CT (2002). The use of quarry dust 

for SCC Applications. Cement and Concrete Research, 32, 505–511. 
Kumar NVS, Rao PB, Sai MLNK (2013). Experimental study on partial 

replacement of cement with quarry dust. International Journal of 

Advanced Engineering Research Studies, 3, 136–137. 
Manju P et al. (2014). Feasibility and Need for Use of Waste Marble 

Powder in Concrete Production. 2349-943435, 1-6. 

Manju R, Premalatha J (2016). Binary, ternary and quaternary effect of 
pozzolanic binders and filler materials on the properties of self-

compacting concrete. International Journal of Advanced Engineer-

ing Technology, 5(2), 674–683.  
Maragu JM, Thiong’O JK, Wachira JM (2018). Chloride ingress in chem-

ically activated calcined clay based cement. Journal of Chemistry, 

2018, 1595230, 1–8.  
Massazza F (1993). Pozzolanic cements. Cement and Concrete Compo-

sites, 75(4), 185–214. 

Ouchi M, Nakamura S, Osterson T, Hellberg S, lwin M (2003). Applica-
tions of self-compacting concrete in Japan. ISHPC, Europe and the 

United States, 1–20. 

Poo CE, Ho DWA (2004). Feasibility study on the utilization of r-FA in 
SCC. Cement and Concrete Research, 34(12), 2337–2339. 

Poppe AM, Schutter GD (2005). Cement hydration in the presence of 

high filler contents. Cement and Concrete Research, 35(12), 2290–
2299.  

Rizwan SA, Bier TA (2012). Blends of Limestone powder and fly ash 

enhance the response of self-compacting mortars. Construction and 
Building Materials, 27, 398–403. 

Sahmaran M, Christianto HA, Yaman IO (2006). The effect of chemical 

admixtures and mineral additives on the properties of self-com-
pacting mortars. Cement and Concrete Composites, 28(5), 432–440. 

Sumer P (2016). Use of granite waste as powder in SCC. International 

Research Journal of Engineering and Technology (IJRJET), 3(6), 
1129–1135. 

Uysal M, Sumer M (2011). Performance of self-compacting concrete 

containing different mineral admixtures. Construction and Building 
Materials, 25, 4112–4120  

Uysal M, Yilmaz K (2011). Effect of mineral admixtures on properties 

of self-compacting concrete. Cement and Concrete Composites, 33, 
771–776. 

Vijayalakshimi M, Sekar AS, Prabhu GG (2013). Strength and durability 

properties of concrete made with granite Industry waste. Construc-
tion and Building Materials, 46, 1–4.  

Wenzhong Z, Gibbs JC (2005). Use of different limestone and Chalk 

powders in Self- Compacting concrete. Concrete Research, 35, 457–
462. 

Ye G, Liu X, De Scutter GD (2007). Influence of limestone powder used 

as filler in SCC on hydration and microstructure of cement pastes. 
Cement and Concrete Composites, 29(2), 94–102.

 




