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Abstract 
 
In recent years, there has been an increasing demand for the high-performance concrete with better workability, 
higher strength and greater durability to meet the current structural design needs. Accordingly, the development 
of Self-Compacting Concrete has recently become one of the most important developments in the building 
industry in Bangladesh. This innovative concrete does not require extra vibration for placing and able to flow 
under its own weight. The major objective of this study was to investigate the SCC developed in this study using 
locally available materials incorporating different w/c ratio in terms of both fresh and mechanical properties. 
Five mixtures with different w/c ratio and super-plasticizer dosages were prepared for the necessary tests. Fresh 
property tests involved slump flow, V-funnel, L-box and T50. However, the experimental results revealed that 
both compressive and tensile strengths were increased with the reduction of w/c ratio. Besides, almost all the 
values of both fresh and mechanical properties have satisfied the ACI specifications. Therefore, the locally 
available materials could be invariably used to develop SCC for the sustainable development in Bangladesh.  
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1 Introduction 
 
Self-compacting concrete is a high performance concrete which flows under its own weight through restricted 
sections without segregation and bleeding and does not require any external vibration for consolidation (Khan et 
al., 2015). The hardened SCC is dense, homogeneous and has the same engineering properties and durability as 
traditional vibrated concrete. Self-compacting concrete offers a rapid rate of concrete placement, with faster 
construction times and ease of flow around congested reinforcement (Kumar, et al., 2014). The process of 
producing self-compacting concrete is same as conventional concrete, but its production requires suitable 
selection of finely ground cementitious materials and aggregate along with proper w/c ratio and chemical 
admixtures (Pandurangan, et al., 2012). The material cost of SCC is more as compared to that of conventional 
concrete because of high demand of cementitious materials and chemical admixtures (Naik & Canpolat, 2011). 
The chemical admixture reduces the water demand and thus helps to achieve the desired flow ability of concrete 
at minimum water content. To avoid the segregation of materials, Viscosity Modifying Agents (VMA) was also 
incorporated. The concept of SCC was proposed in 1986 by Professor Hajime Okamura (2003), but the prototype 
was first developed in 1988 in Japan by Professor Ozawa at the University of Tokyo (Mansur et al., 2013). Since 
then, various investigations have been carried out and SCC has gained wide acceptance in Japan. The use of SCC 
in North America has grown up dramatically especially in the precast industry. This concrete has recently been 
also used in concrete repair applications in Canada and Switzerland (Jacobs et al., 2002).  
 
Eventhough, several researches had been performed on SCC in the past across the world, this thesis work was 
also an attempt to get better understanding about the development of SCC using locally available materials in 
Bangladesh following a compatible mix-design metho. The major objectives of this study were to investigate the 
SCC made with locally available materials in terms of both fresh and mechanical properties and to carryout the 
analysis on the graphical comparisons of SCC with different w/c ratio and chemical admixers. Therefore, several 
graphical comparisons have been developed based on the experimental results in order to propose the suitable 
w/c ratios for the furthermore development of SCC maintaining its workability without bleeding and segregation. 
However, the authors also ran into many difficulties while developing the fresh SCC and some unusual results 
were experienced at the time of determining the fresh properties as well. 
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2 Methodology 
 
2.1 Material Properties 
In this research work, single type locally available first class brick aggregate was used as coarse aggregate. The 
physical properties of brick aggregate have been summarized in Table 1. Sylhet sand was used as fine aggregate 
that was collected from the local market. The sieve analysis of fine aggregate has been summarized in Table 2 
and gradation has been shown in Figure 1. The cement used in this study was Portland composite cement (CEM 
II/B-M (S-V-L) 42.5 N). Potable tap water was used for the mixture purpose. Two types of chemical admixture: 
HWRA (Highly Water Reducing Admixture) & VMA (Viscosity Modifying Admixture) were engaged in this 
research work. The mix-design for SCC has been summarized in Table 3, where cement content (500 kg/m3), 
course aggregate (700 kg/m3) and fine aggregate (800 kg/m3) were maintained constant, while the w/c ratio was 
varied from 0.35 to 0.5. Total five different cases were investigated in this study for the necessary tests. 
 

Table 1.  Physical properties of Coarse Aggregate (CA) brick chips. 
 

               Items 
ASTM 

Specifications 
Course Aggregate (FB) 

(Avg. Values) 
    Specific Gravity (SSD) C127 2.18 
    Specific Gravity (OD) C127 2.0 
    Apparent Specific Gravity C127 2.46 
    Absorption Capacity (%) C127 9.34  
    Loss Angeles Abrasion (%) C131(grade B) 30.08 
    Theoretical void (%) C 29  43.06 
    Unit Weight (kg/m3) C 29 1142.03   

      * FB= First Class Brick. 
 
Table 2. Sieve analysis of fine aggregate. 
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        Figure 1. Gradation of Fine Aggregate 
 
 

Table 3. Mixture Proportions of SCC (for 1 m3 volume) 
 

   Case ID 
W/C 
ratio 

Water 
(kg/m3) 

Cement 
(kg/m3) 

CA 
(kg/m3) 

FA 
(kg/m3) 

HWRA 
(ml) 

VMA 
(ml) 

Case1-WC35 0.35 175 500 700 800 7500 7500 

Case2-WC40 0.4 200 500 700 800 7500 7500 
Case3-WC42 0.42 210 500 700 800 10000 10000 

Case4-WC45 0.45 225 500 700 800 7500 7500 
Case5-WC50 0.5 248 500 700 800 15000 7500 

 
 

*CA=Coarse Aggregate, FA= Fine Aggregate, HWRA= Highly Water Reducing Admixture, VMA =Viscosity   
Modifying Admixture. 
 
2.2 Mixing and Casting Details 
The mixing succession and duration are very important in the production of SCC. The materials were blended in 
a free fall 200 liter pan type concrete mixer. The necessary amount of constituent materials was estimated 
according to the mix design based on the total volume of concrete and measured using a digital weight balance. 
Both coarse and fine aggregates were in SSD condition at the time of mixing. The dry components were 

Sieve 
no 

Material 
Retained 

% 
Material 
Retained 

Cumulative 
% Material 

Retained 

% 
Finer 

#4 0 0 0 100 
#8 9.6 1.92 1.92 98.08 
#16 76.2 15.24 17.16 82.84 
#30 152.6 30.52 47.68 52.32 
#50 179 35.8 83.48 16.52 
#100 70.2 14.04 97.52 2.48 
Pan 12.49 2.498 100 0 
Total 500 100   
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efficiently mixed until attain its uniform distribution. After that, 70% of water was added into the mixer and 
continued to blend and finally the super-plasticiser with the remaining water was mixed to obtain a homogeneous 
mixture. Then the freshly mixed concrete was tested for several fresh properties. In addition, 50 concrete 
cylinderical specimens (100 mm × 200 mm) were prepared to determine the hardened properties. The specimens 
were casted without any vibration or compaction. After 24 h of casting, they were demoulded and stored in water 
for 28 days for curing.  
 
2.3 Testing Methods  
 

2.3.1 Slump Flow Test 
The Slump-flow test is the simplest and most widely adopted test method for evaluating the filling/flow ability 
quality of self-compacting concrete in the laboratory and at construction sites (ASTM C 1611). Basically, the 
slump flow test is used to assess the horizontal free flow of SCC in the absence of obstructions. On lifting up the 
slump cone filled with concrete the concrete flows. The average diameter of the concrete circle is a measurement 
for the flow ability of the concrete. In this study, thereby the diameter of the concrete flowing out of the slump 
cone was measured by calculating the average of two perpendicularly measured diameters to determine the 
slump flow of SCC as shown in Figure 2 below. 
 

 
 

Figure 2. The Slump flow Test. 
 
2.3.2 T50 Test 
The time T50 cm is a secondary indication of flow ability of concrete. Basically, this test is a part of slump flow 
test. It measures the time taken by the concrete in seconds - from the instant the cone is lifted to the instant when 
horizontal flow reaches to the diameter of 500mm (Sonebi et al, 2001). 
         
2.3.3 V- Funnel Test 
The flow ability of the fresh concrete can also be tested with the V-funnel test, where the flow time is measured. 
This test apparatus consists of a funnel with a rectangular cross section ( top dimension is 495 mm by 75 mm and 
the bottom opening is 75 mm by 75 mm) and the total height is 572 mm with a 150 mm long straight section. In 
this study the funnel was filled with about 12 liter of fresh concrete and the time taken to flow through the 
apparatus was measured as illustrated in Figure 3. Shorter flow time indicates greater flow ability. In addition, T 
5min was also measured with V-funnel, which indicates the tendency for segregation. If the concrete shows 
segregation, the flow time will increase significantly. In this method, however, the funnel was refilled with 
concrete and left for 5 minutes to settle. Thus the tendency of concrete for segregation was observed.  
 

 
 

Figure 3. The V-Funnel Test 
 
2.3.4 L -Box Test 
The passing ability of SCC through narrow spaces, even with congested area of reinforcement, can be assessed 
by the L-box test (Bhuva et al., 2011). The vertical section of the apparatus in Figure 4 was filled up with 14 liter 
fresh concrete and after one minute, the concrete was let to pass through the reinforcement towards the horizontal 
section. When the concrete was in stable condition, the height of concrete at the end of the horizontal section 



C. Roy, A. A. Mansur, R. Hasan, T. Ullah & T. U. Mohammed 
ICPACE 2019 

4 

(H2) and height of the vestige of concrete in the vertical section (H1) were measured individually to calculate the 
blocking ratio H2/H1, in order to observe the passing ability of fresh SCC. 
 

 
 

Figure 4. L-Box Test 
 
2.3.5 Density Test 
The unit weight estimated in this study is freshly mixed SCC unit weight, which was calculated following the 
ASTM specification (ASTM C138 / C138M - 17a) right after the samples being casted. The following formula in 
the equation (1) was used to calculate the unit weight of  fresh SCC. 
 
D = ( Mc – Mm ) / Vm                                                                                                                              (1) 
 
Where, ‘D’ is the density/unit weight of concrete (Kg/m3), ‘Mc’ is the mass of mold filled with concrete (Kg), 
‘Mm’ is the Mass of mold (Kg) and ‘Vm’ is the volume of mold (m3).  
 
2.3.6 Compressive and Tensile Strengths Test 
Both compressive strength and tensile strength tests were carried out upon the specific SCC specimens as per 
ASTM C39 and ASTM C496 respectively using universal testing machine in concrete laboratory.  
 
 
3 Results and Discussion 
 
The overall fresh properties of SCC investigated in this study have been summarized in Table 4. The various 
tests namely Slump flow, T50, V-funnel and L-Box were conducted on five different mixture batches in order to 
observe these fresh properties of SCC as per ASTM guidelines. 

 
Table 4. Test results of fresh properties of SCC 

 

Case ID 
V Funnel Test, 

time (sec) 
Slump Flow 

(mm) 

L-Box Test 
 Blocking 

ratio(H2/H1) 

T50 Test 
Time (sec) 

Case1-WC35 15 427.5 0.67 7 

Case2-WC40 11 575 0.85 5 

Case3-WC42 10 618 0.92 3.5 

Case4-WC45 6 647 0.95 3 

Case5-WC50 4 712 0.98 2 
 
 

The estimated slump flow of the self-compacting concrete was within the range of 427.5 to 712 mm, and the T50 
test times varied from 2 to 7 seconds. All self-compacting mixtures (except Case- 1WC35& Case-5WC50) 
presented a slump flow between 500 and 700 mm (ACI range) as shown in Figure 5(a), which is an indication of 
a good deformability. Moreover, the self – compacting concrete (SCC) performed also well in term of stability, 
since all mixtures have exhibited a flow time within 2 to 10 seconds (standard value for SCC) as sketched in 
Figure 5 (a). The slump flow seems to be more related to the dosage of super plasticizer than to the water-to 
cement ratio used. However, the dosages of the super plasticizer of the self-compacting concrete that ranged 
from 7.5 to 15 L/m³ in this study seem to increase with a decrease in the water-to-cement ratio so that the overall 
flow time may decrease for all SCC mixtures. 
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Figure 5.  (a) Slump diameter & T50 time ( left) and  (b) Blocking ratio & V-flow time (right). 
 

The variation of blocking ratio (H2/H1) of L-box test with different water to cement ratio has been shown by 
developing a relationship in Figure 5 (b). The test results revealed that the blocking ratios were within the range 
of 0.67 to 0.98, which have satisfied the ACI standard ranges (0.8 to 1) except (Case1-WC35).  Therefore, beside 
the case 1, the SCC made with other mixtures has the excellent passing ability with less tendency of segregation. 
In addition, the V- flow time (ranged 4 to 15 Sec) exhibits an inverse relationship with W/C ratio, where all the 
values (except case 1) were below 12 Sec, which indicates the good flow ability of SCC in the presence of 
congested reinforcement. So, even though self- compacting concrete (SCC) of higher W/C ratio exhibits 
relatively higher flow ability, there is a potential of segregation also. 
 
Again, the unit weight of SCC of different mixture proportions has been shown in Figure 6(a). The results clearly 
reveal that the unit weight varies with respect to the water to cement ratio. In this study, it was observed that the 
unit weight of freshly mixed SCC increased with the increase of W/C ratio: Case-5WC50 (W/C ratio-0.5) 
showed the highest unit weight (around 2271 kg/m3), whereas Case-1WC35 (W/C ratio 0.35) showed the least 
unit weight (2190 kg/m3). This is because the Case-5WC50 contains the highest amount of chemical admixtures 
as well as more water content as compare to the all other cases.  
 

              
 

Figure 6. (a) Unit weight (left) and (b) Compressive strength & Tensile strength (right). 
 
The compressive strength is the most significant parameter of self-compacting concrete, which plays a dominant 
role in the field of both structural and functional performances of SCC. The compressive strength of self-
compacting concrete is affected by many factors, most of them being interdependent, such as the W/C ratio, 
compressive strength of cement, properties of the aggregates (shape, grading, surface texture mineralogy, 
strength, stiffness, and maximum grain size), curing conditions, testing parameters, specimen parameters, loading 
conditions, and test age. In this study, a relationship has also been developed to get comprehend of the variation 
of both compressive and tensile strengths with W/C ratio precisely as illustrated in Figure 6(b). It was observed 
that both compressive and tensile strengths (28 days) increased with the decrease of W/C ratio, and the 
compressive strength was around ten times of the tensile strength. From the test results, it may be noted that the 
results were not very satisfactory and slightly less than the design value. This could be due to increase in the 
chemical admixture and water content so far. 
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4 Conclusions 
 
The following conclusions could be summarized based on the scope of this study: 
 

 By using the slump flow and V-funnel tests, the self-compacting concrete (SCC) achieved consistency 
and self- compact ability under its own weight, without any external vibration or compaction. 

 

 By employing L-Box test, the SCC also gained the satisfactory passing ability and filling ability even in 
the presence of congested reinforcement without any further segregation or bleeding.  

 

 Savings in labor costs might offset the increased cost related to the use of more cement and super 
plasticizer, and the mineral admixtures could also increase the fluidity of SCC, without any increase in 
the cost. 

 

 The improved construction practice and performance, in question with the health and safety benefits, 
make SCC a very attractive solution for both precast concrete and civil engineering construction. 

 

 It can be concluded from this study that the water to cement ratio has considerable effect on both the 
fresh and harden properties of SCC, the w/c (0.35) would not be proposed for SCC generation.  

 

 The self-compacting concrete made with locally available materials could be widely used instead of 
conventioal concrete at the complex construction sites and thus contributes to the sustainable 
development in our country. 
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