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ABSTRACT 

Self-compacting concrete (SCC) has given a tremendous impact to the concrete 

construction industry, especially the precast concrete industry. Since its first development 

in Japan in 1988, SCC has gained wider acceptance in Japan, Europe and USA due to its 

inherent distinct advantages.  The use of SCC shortens the construction period, since 

SCC allows faster placement and less finishing time, leading to improved productivity. 

Being able to build with green concrete the potential environmental benefit to society is 

huge. It is realistic to assume that technology; it can halve the CO2 emission related to 

concrete production. Availability of natural sand for concrete is on the cry off in the last 

decades as a result of ecological and environmental limitations. This paper aims to focus 

chloride penetration study of self compacting green concrete (SCGC) made with 

industrial wastes i.e. marble sludge powder (MSP) from marble processing, and quarry 

rock dust (CRD) from stone crushing industries. MSP can be used as filler and helps to 

reduce the total voids content in concrete. Consequently, this contributes to improve the 

strength of concrete.  An experimental investigation has been carried out to study the 

combined effect of addition of MSP and CRD on the chloride penetration of SCGC.  

From the result it is observed that CRD with 15% MSP was more beneficial than river 

sand for manufacturing SCGC. 

 

Key words: self-compacting concrete, marble sludge powder, crusher rock dust, chloride 

penetration 
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1.0  INTRODUCTION 

Concrete is an environmental friendly material and the overall impact on the 

environment per ton of concrete is limited. Extreme weather patterns are occurring with 

greater frequency in many parts of the world. This occurrence is associated with the high 

emission rates of green-house gases, primarily carbon dioxide, the environmental 

concentrations of which has improved from 280 to 370 parts per million volume mainly 

during the industrial age [1, 2]. Self-Compacting Concrete (SCC) can be described as a 

high performance material which flows under its own weight without requiring vibrators 

to achieve consolidation by complete filling of formworks even when access is hindered 

by narrow gaps between reinforcement bars [3]. SCC has become a very active research 

topic since its inception in Japan. Its development also represents one of the most 

important advances in concrete technology. This type of concrete can be advantageous 

where vibration compaction is difficult because of heavy reinforcement or unfavorably 

shaped elements. Savings in labor costs can also be achieved since the amount of skilled 

workers required in the vibration operations is lower.  Every structure is to be designed 

for dead, live and special loads so that its load-carrying capacity is not exceeded. There 

are great concerns on the strength and durability of the concrete being produce with 

replacement material when used as construction materials in the construction industries. 

If it is proven that the concrete is durable and strong, this will lead to the use of CRD and 

MSP to replace the fine aggregate in concrete. 

1.1        Deterioration Studies  

The service life of a structure is determined largely by its durability properties and 

existing environmental conditions. Every structure is to be designed for dead, live and 

special loads so that its load-carrying capacity is not exceeded. Poor condition of 

numerous existing offshore and under-water structures points out to a requirement for 

developing a design procedure that will consider environmental and durability conditions. 

Environmental loads can be included in the existing design procedures and thus have an 

effect on the material and geometrical properties to insure an adequate service-life of the 

structure. Environmental loads are those that initiate or accelerate the deterioration 

processes of materials, especially the corrosion of steel in concrete. Besides cracking and 

spalling of the concrete cover, environmental loads cause reduction of the cross sectional 



area of a reinforcement bar which can result in a loss of the section bearing capacity. The 

design life for buildings and other structures in Europe is 50 years, while bridges are 

expected to last 120 years [4]. Under these conditions, predicting the service life of 

concrete structures became an important subject in making the most cost-effective 

decisions concerning future management of these structures.  

2.0 RESEARCH SIGNIFICANCE 

There are several ways of predicting service life due to the corrosion damage of 

reinforcement in concrete using different deterioration models. Several researchers have 

documented the processes of diffusion of chloride, oxygen and moisture through 

concrete, and their effects on corrosion initiation and subsequent rate of concrete 

deterioration. The durability of concrete depends a lot upon its resistance to ingress of 

moisture. Even though deterioration is a key factor affecting longevity of concrete 

structures, only limited studies were carried out to investigate the effect of addition of 

MSP and CRD on the durability of normal and SCC performance concretes. The effect of 

addition of MSP and CRD on the chloride penetration of SCGC has not been investigated 

so far. In this study, therefore, an attempt has been made to study the combined effect of 

addition of MSP and CRD on the chloride penetration of SCGC.  

3.0 EXPERIMENTAL PROGRAM 

3.1 Materials  

3.1.1 Cement  

Ordinary Portland cement (OPC) of 43 grade having a specific surface of 412.92 

m2/kg and conforming to IS: 8112-1989[5] was used. The cement was kept in an airtight 

container and stored in the humidity-controlled room to prevent cement from being 

exposed to moisture. The chemical composition of cement, river sand, CRD and MSP 

were given in Table 3-1. 



Table 3.1 Chemical composition 

 

3.1.2 Sand 

    The sand used in this study was natural sand conforming to Zone II with specific 

gravity 2.68, fineness modulus as 3.42. This material was dried at room temperature for 

24 hours to control the water content in the concrete. The maximum size of fine 

aggregate was taken to be 4.75 mm. The testing of sand was done as per Indian Standard 

Specifications IS: 383 -1970[7]. 

3.1.3 Marble Sludge Powder (MSP) 

MSP was obtained in wet form directly taken from deposits of Marble factories. 

Wet MSP must be dried before the sample preparation. MSP contains several Marble 

types and Marble particles. Hence, waste Marble sludge was sieved from 1mm sieve. The 

high content of CaO confirmed that the original stones were Marble and limestone. The 

MSP having specific surface of 12224 m2/kg.  The sludge was also tested to identify the 

absence of organic matter, thus confirming that it could be used in concrete mixtures. 

3.1.4 Crusher Rock Dust (CRD) 

The CRD used in the investigation was obtained from Madurai district crusher 

industry. The specific gravity of the CRD was 2.72 and bulk density was1820 kg/m3.  

 

 

 

 

Sample 

Fe2O3 

%  

wt. 

MnO 

% 

wt. 

Na2O 

% 

wt. 

MgO 

% 

wt. 

K2O 

% 

wt. 

Al2O3 

% wt. 

CaO 

% 

wt. 

SiO2 

% wt 

Test 

Method 

River Sand 1.75 nil 1.17 0.85 1.15 11.25 3.11 82.45 

CRD 5.22 0.07 1.50 1.33 5.34 14.63 1.28 75.25 

MSP 11.99 0.08 2.08 8.74 2.33 4.45 1.58 64.86 

Characteristics 

Portland 

cement 

0.55 0.85 0.85 2.15 0.85 5.50 63.50 21.50 

IS: 4032-

1968[6] 



3.1.5 Course aggregate                                                                                                                             

The type of coarse aggregate used was angular aggregates with rough surfaces 

from crushed natural rock stone aggregate of nominal size of 20 mm was used. Coarse 

aggregate Specific gravity was 2.74; bulk density was 1636 kg/m3.  

3.1.6 Water 

In this study, normal tap water available in the concrete laboratory was used. 

Water conforming to the requirements of water for concreting and curing as per IS: 456- 

2000 [8]. 

3.1.7 Super Plasticizer 

Commercially available Super plasticizer Conplast SP430A1 from Fosroc 

Chemicals (India) Limited, Bangalore was used to produce high workability in concrete 

and reduce the water cement ratio. The Specific gravity of the Conplast SP430A1 was 

1.18 to 1.20 at 20o C.  

3.2 Mix design and preparation of specimen  

For selecting a suitable mix using local marginal aggregates, 288 trial mixes were 

considered by varying the mix parameters, such as quantity of Marble Sludge Powder, 

superplasticizer, Water/Powder ratio and fine aggregate/coarse aggregate ratio. Two 

hundred and seventy trial mixes were prepared by varying the Super-plasticizer ratio, fine 

to coarse aggregate ratio, MSP content and Water Powder ratio for three different 

contents of M20, M30 and M40 grades to select a suitable mix. Five levels of MSP 0%, 

5% 10% 15% and 20%, three levels of the superplasticizers 0%, 0.5% and 1.0% on 

weight of total powder content, two levels of fine to coarse aggregate ratio: 1 and 1.1 (by 

mass), and three levels of water powder ratio 0.80, 1.0 and 1.2 (by volume) by keeping 

cement content constant and three different grades of M20, M30 and M40 were used for 

preparing and testing of these two hundred and seventy trial mixes. Eighteen additional 

conventional concrete mixtures were made for comparison purposes. Among these 

eighteen conventional mixes nine of them were made by using river sand and remaining 

nine of them were prepared by using crusher rock dust. Based on the test results, some of 

the trial concrete mixes tested are found to be suitable for SCC flow properties and 

producing high-strength SCGC and presented in the Table 3-2. The concrete was mixed 

using a tilting-type laboratory mixer and was poured into the moulds in layers.  



Compaction of concrete was done using a table vibrator. The specimens were 

cured under water along with moulds after 24 h of casting. After 28 days of curing, 

permeability tests were conducted. 

 

Table 3.2   Selected Mix proportion for SCC test 

 

3.3       Test Methods 

3.3.1 Heavy metal leachability of the waste 

The leaching tests were conducted for 28 days old hydrated samples using the 

EPA Standard Toxicity Characteristics Leaching Procedure (TCLP) [9, 10]. A sample 

was ground to powder with a particle size <0.5 mm and leached in water and acetic acid 

(pH=~3). 200 ml of water or acetic acid solution were added to the 10 g of sample in a 

high-density polyethylene bottle. The bottle and its contents were agitated in a rotary 

shaker at 30 rpm for 18 h. The leachates were filtered through a 0.45 µm membrane filter 

MIX 
Cement 

in Kg  

MSP 

 in 

Kg 

Sand 

in 

Kg 

CRD 

in kg 

CA 

 in 

Kg 

Water 

in 

Litre 

SP 

in lit  

W/P or 

W/C ratio 

Grade 

 of 

concrete 

NCRS3 383.2 0 577 0 1199 191.6 3.83 W/C=0.50 

NCCRD3 383.2 0 0 537 1253 191.6 3.83 W/C=0.50 

SCGC 76 383.2 0 0 940 850 266.1 3.83 W/P=1.0 

SCGC79 383.2 141 0 799 850 364.0 5.24 W/P=1.0 

M20 

 

NCRS6 511 0 497 0 1159 191.6 5.11 W/C=0.38 

NCCRD6 511 0 0 448 1208 191.6 5.11 W/C=0.38 

SCGC 161 511 0 0 828 828 354.9 5.11 W/P=1.0 

SCGC 164 511 124 0 704 828 441.0 6.41 W/P=1.0 

M30 

 

NCRS9 618 0 371 0 1200 185.4 6.18 W/C=0.30 

NCCRD9 618 0 0 324 1249 185.4 6.18 W/C=0.30 

SCGC 251 618 0 0 787 786 429.2 6.18 W/P=1.0 

SCGC 254 618 117 0 670 786 510.4 7.35 W/P=1.0 

M40 

 



to remove suspended solids and the leached solutions were used for determination of Cr 

(VI) by atomic absorption spectrometer (AAS).  

3.3.2     Chloride Penetration Test 

This study was carried out to find out the influence of MSP and CRD on chloride- 

ion penetration. The concrete cylinders of 150 mm dia and 300 mm height are cast and, 

one day later, they are put in contact with a 0.3M CaCl2 solution. The specimens are 

covered with paraffin in their lower portion, while the upper portion was placed in a PVC 

pipe, tied to the specimens by a metallic clip as shown in Figure 3.1 and Figure 3.2.  

 

 

Figure 3.1 and Figure 3.2 Chloride penetration test set up 

The detail of the experimental setup is given in Figure 3.3. Every month the 

solution in containers was replaced. For each concrete mixture three specimens are made. 

Cylinders are broken after three, six, nine and twelve months, through splitting test. 

Chloride penetration depth was measured by using silver nitrate solution as a colorimetric 

indicator, as shown in Figure 3.4. 

 

 

 

 

 

 

Figure 3.3 Details of chloride penetration test   Figure 3.4 Penetration depth measurement 



4.0 RESULTS AND DISCUSSION 

4.1 Heavy Metal Leachability Test 

Each leachate was analysed in triplicate and average values were reported to 

ensure the reproducibility of the data. The waste was of inorganic type with heavy metal 

concentration in the TCLP extract of the MSP and CRD are as shown in Table 4.1. The 

heavy metals concentration of As, Ba, Cd, Cr, Hg, Pb and Ag are within the acceptable 

limits as specified by USEPA [10]. The results indicate that there won’t be any impact on 

the leachability of CRD and MSP. 

 

Table 4.1 Heavy metal leachability of MSP and CRD by TCLP test 

Heavy metal concentration (mg/L) Industry code 

Arsenic Barium Cadmium Chromium Lead Mercury Silver 

MSP  0.770 16.320 0.675 0.780 0.370 BDL 0.180 

CRD 0.553 12.450 0.320 1.220 0.885 BDL 0.210 

TCLP limits 5.0 100 1.0 5.0 5.0 0.2 5.0 

BDL - Below Detectable Limit 

 

4.2 Chloride Penetration Test 

The chloride penetration test results for NCRS6, NCCRD6, SCGC161 and 

SCGC164 mixtures of M30 grade specimens exposed to normal condition for the period 

of 3 months, 6 months, 9 months and 12 months are presented in the Table 4.2. The 

average chloride penetration test values are plotted in Figure 4.1. 

Table 4.2 Chloride penetration test 

Chloride Penetration depth in mm 

Exposure period  

Grade of Concrete Sample 3 months 6 months 9 months 12 months 

NCRS6 11.22 16.26 19.32 21.56 

NCCRD6 10.11 15.56 17.51 19.88 

SCGC161 9.2 14.52 16.56 18.23 
M30 

SCGC164 8.59 13.56 15.45 17.13 



 

Fig 4.1 Chloride penetration depth development with age for M30 grade concrete 

 

The maximum chloride penetration depth was measured in NCRS6, NCCRD6, 

SCGC161 and SCGC164 mixture and it was respectively 21.56 19.88, 18.23 and 17.13 

mm at the end of 12 months. The SCGC164 specimens showed the highest resistance to 

chloride penetration (17.13 mm). From the results SCGC164 chloride penetration depth 

was reduced up to 20.54% than NCRS6, 13.83% than NCCRD6 and 6.05% than 

SCGC161 concrete at the end of 12 months. The MSP reacts with Ca(OH)2  present in the 

cement to form calcium silicate hydrate. In the cement paste voids and pores are filled by 

the new hydration products and become more homogenous and dense. Thus, the addition 

MSP mineral admixtures with CRD give greatly improved Chloride penetration 

resistance.  

5.0 Conclusion  

The heavy metals concentration of As, Ba, Cd, Cr, Hg, Pb and Ag are within the 

acceptable limits for MSP and CRD as specified by USEPA [10]. The test results 

suggested that CRD, MSP and the exposure time influence the chloride penetration depth 

resistance. Therefore, the results of this research provide a strong support for the use of 

CRD and MSP fine aggregate in SCGC manufacturing.  
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