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ABSTRACT 
Present study aims to find out the role of flyash and Wollastonite micro-fiber in 

obtaining cheap self compacting concrete for pavements. Workability tests (Abrams 
flow, V Funnel and J Ring test) have been performed which find out the flow, 
passability and segregation resistance of trial mixes. Load transfer efficiency test has 
also been performed with successful mixes on a pavement prototype. It was observed, 
that both flyash and wollstonite micro-fiber when used alone can’t yield self 
compaction, but with microsilica content upto 5% they do so, provided their content is 
lesser than 20% each, respectively. Wollastonite reinforced concrete has two times 
better load transfer efficiency with respect to normal concrete. 
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1. INTRODUCTION 
Fibers introduction into the concrete was never thought of for a self compacting one because 
the inherent nature of fibers makes the flow of concrete apparently impossible. But the 
improvement in flexural strength to higher degree, as well as compressive strength to a 
smaller degree (1, 2, 3, 4, 5, 6) stressed their use in concrete pavements and structures 
requiring high flexural strength. But the problem in case of rigid pavements was shrinkage at 
joints which made it necessary to expedite the construction work so that construction joints 
could be reduced and whole pavement is cast monolithically with only contraction joints and 
possible breaks at expansion joints. The feasible solution is the use of self compacting 
concrete which contain fibers (7, 8, 9, 10). Ordinary fibers can’t be used in rigid pavements 
because they reduce the self compacting ability of concrete (11). Hence it was decided to use 
micro-fibers which have their aspect ratio ≤ 30µ. Though, the literature proves that they are 
not so much effective in increasing flexural strength of concrete, as macro fibers do (12, 13, 
14), but still a marginal increase in flexural strength, improved load transfer efficiency on 
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account of rich concrete, and hence can increase the fatigue life of pavement quality concrete 
to a large scale. Flyash, along with micro silica has been successfully utilized in past for 
obtaining self compacting concrete (15, 16, 17). In order to check the use of micro-fibers; 
specifically Wollastonite micro-fibers in present study, the strength and performance of these 
micro-fibers reinforced concrete in combination with micro silica was compared with those of 
flyash-micro silica admixed self compacting concrete. Wollastonite micro-fibers has been 
found to effect the matrix pore structure and enhance the ductility, compressive strength as 
well as flexural strength of concrete (18). 

2. MATERIALS AND METHODS 

2.1. Materials Used 
Ordinary Portland cement (OPC) 43 grade conforming to Indian standard code IS 8112-1995 
was used. It showed retention of 3% on 45 micron sieve. Wollastonite micro-fiber (WMF) 
having average length of 0.03mm, diameter 1.82µ and thus an aspect ratio of 16.5, obtained 
from Wolkem India Limited was used. It showed no retention on 45µ sieve. Flyash supplied 
by National Thermal Power Corporation (NTPC) Ghaziabad was used. It showed 
approximately 15% retention on 45 micron sieve. Micro silica was supplied by Elkem India. 
Sand used for the study was obtained locally from Haridwar. Coarse aggregates of maximum 
size 20 mm were obtained from a local quarry in Haridwar. 

2.2. Physical and Chemical Analysis of Materials 
Particle size analysis was performed by using Ankersmid laser based analyzer. Figure 1 
clearly illustrates that microsilica is finest among all considered powdery materials followed 
by WMF, fly ash and cement respectively. The largest fraction found for microsilica, OPC, 
flyash and WMF are 0.145, 20.055, 25.705 and 1.830 microns respectively. Microsilica used 
in the present work comprised more than 50 percent of particle size in the range of 0.087-.05 
microns and 9.639 microns for flyash. This interpretation clearly infers that WMF used was 
median size to both microsilica and OPC and hence, an excellent interlocking within these 
particles is anticipated physically. It is also clearly depicted that OPC used for the study, 
exhibits particle sizes comparable to flyash as revealed by the presence of secondary peak in 
Figure 1. Peak patterns analysis suggests that fly ash and OPC have nearly same size range 
but from the prolonged post peak profile of fly ash, it is learnt that there are numerous 
fraction of flyash those are even larger in size than OPC particles.  

Surface area is an important parameter which decides the reactivity and water adsorption 
tendency of a given volume of material. Table 1 provides the results obtained from Blaine’s 
air permeability test on cement, and BET permeability test on WMF, flyash and microsilica. 
The results prove that microsilica is the finest among all, followed by WMF, flyash and OPC 
respectively. If one compares the degree of fineness of microsilica, WMF and fly ash with 
OPC, they are in the order of 60, 2.8 and 1.3 times finer than OPC respectively.  
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Figure 1 Percentage sizes of various particles 

Table 1 Specific Surfaces and Specific Gravity of Materials Used in the Study 

Material  Specific surface (sq. 
m/Kg) 

Specific 
Gravity 

Percentage of oxides 
SiO2 Al2O3 Fe2O3 MgO SO3 CaO 

OPC 298 3.15 20.2 5.2 3 1.51 2.2 62.9 
WMF 827 2.9 48 1.4 0.6 0.2 - 45.9 
Flyash 380 2.52 35 26 8.7 5 3 15.3 
Microsilica 18000 2.05 92.9 0.9 0.72 0.57 0.16 1.4 

Table 1 also shows the specific gravity of cementitious materials, tested using Le 
Chatelier flask. The results clearly show, that Microsilica offers the lowest value of specific 
gravity followed by fly ash, Wollastonite micro-fiber and OPC respectively. The specific 
gravity of admixtures affects the flowability of fresh concrete, along with their viscosity in 
the paste form. Hence, it could be said that mixes prepared with microsilica would have 
tendency to achieve better flow, followed by flyash, WMF and plain OPC respectively. Table 
1 shows the quantitative results of the amount of oxides present in cement and other 
admixtures, as has been found through X ray fluorescence spectrometer test when conducted 
in accordance with IS: 12803. 

Flyash contains least percentage of lime and least silica and highest alumina whereas 
WMF has largest percentage of lime. Microsilica has largest amount of silica. This suggests 
that initial hydration products (CSH and CH) would be maximum in WMF and flyash 
followed by microsilica. There size is smaller than OPC so initial hydration rate could be 
higher (this also depends on their mineral nature i.e. crystalline, glassy or amorphous). Since 
WMF is inert crystalline in nature, therefore flyash would have nearly same hydration rate as 
WMF. Though microsilica induces secondary hydration, but since its size is very small and 
its mineral nature is very reactive (amorphous), therefore it starts secondary hydration very 
early, at the same time when the initial hydration of flyash and WMF is going on. 

2.3. Blended Cement Proportions 
The testing program aimed at sequentially finding out the ambiguities related with the use of 
admixtures and Wollastonite micro-fiber in self compacting concrete. For this one control 
mix and 45 cement substituted mixes were prepared. The mixes were classified into binary 
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and ternary. Binary mixes were made by substituting cement with Flyash and Wollastonite 
(up to 30% replacement of cement with each respectively), in intervals of 10%. For ternary 
combinations, the mixes were prepared such that Wollastonite and Flyash had same 
replacement levels and Microsilica was added maximally up to 10% in addition for each mix, 
at intervals of 2.5% respectively. Then testing was performed on 12 ternary mixes of C-F-S 
as well as C-W-S.  

2.4. Mix Designation and Testing of Concrete Specimens 
A control concrete mix was developed in accordance with Indian Roads Congress 
specification-IRC 44 for a flexural strength of 45 Kg/sq. cm. Flow trials were conducted to 
achieve SCC by changing the binder content of the control concrete mix (by admixing); then 
correspondingly changing the fine aggregate to coarse aggregate ratio along with 
superplasticizer content at a constant water to cementitious material ratio of 0.37. 
Superplasticizer was added to fulfil the water demand for creating self-compacting 
conditions. Like control concrete, SCC testing was performed in two forms: fresh and dry. In 
the fresh state, Abrams flow, V funnel, J ring, probe ring tests were conducted on the SCC 
trial mixes, whereas control concrete was subjected to only Abrams flow test. Concrete 
volume of 6 litres was used for Abrams flow test and J ring test, whereas 12 litres of concrete 
volume was used for V funnel test. Probe ring test was conducted by pouring concrete in 
cylindrical moulds (150ɸ×300mm). Finally the best cost effective mix showing good 
workability was tested for its performance with a constructed prototype having 6 ton of 
concrete (DLC 100mm+ PQC 300mm), and contained a contraction joint, with dowel bars of 
38 mm for load transference. The panel size is 1800×1800×300 mm3, dowel bars of ɸ 35mm 
and 500mm length were embedded and a dry lean concrete (DLC) layer of 100 mm thickness 
was sandwiched between PQC slab and properly compacted subgrade layer. Deflections at 
top of the slab fiber were observed for normal non-rehabilitated PQC (NRP), normal 
rehabilitated PQC (NCRP) and PQC rehabilitated with microfiber reinforced SCC 
(FRSCCRP).Sufficient numbers of dial gauges (D.G.) were employed for measuring the 
deflections at the top of the PQC slab under different loading conditions. The details of 
loading conditions and deflections measured at different points are presented in Figure 2. The 
loading was applied by means of circular bearing plate made of steel having 25.4 mm 
thickness in accordance with IS: 9412. 

 

Figure 2 Schematic layout of plate load test conducted in the laboratory 
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3. RESULTS 

3.1. Workability of SCC 
It was found that for a given binder content, there is an optimum ratio of CA: FA. If the value 
of the ratio is higher than the optimum value, then the flow of the mix is reduced apparently. 
It was supposed that segregation too depends on the ratio of CA: FA, such that at higher ratio, 
segregation would be higher. But the assumption was wrong because at higher coarse 
aggregate content only flowability and passability were maximally affected. The possible 
reason is that the binder material is sufficient for holding either the coarse or fine aggregates, 
provided the total volume of aggregates remains the same. 

For a given total summed volume of coarse aggregates and fine aggregates, more is the 
content of fine aggregates, more would be the flow. But there is a limitation; the content of 
fine aggregates could not be increased beyond a certain value. After this value, the 
segregation of concrete occurs. This is because; the volume of binder was already lower in 
the concrete mix so as to hold the fine aggregates. This resulted in a lower cohesion & 
flowability of the mix. In order to increase the flow, if further superplasticizer is added, then 
the increased effective water content reduced the viscosity of the paste to such an extent that 
laitance formation takes place.  

WMF is acicular and it has high adsorption tendency as well as the tendency to be a part 
of pore solution at its higher contents. Hence it increases the inter-particle friction by 
producing friction between cement particles on which it get adsorbed, and it also increases 
the viscosity of pore solution at its higher contents. Therefore it was observed that with WMF 
addition the flowability and passability of mix reduced, though up to 20% WMF its rate of 
reduction was less. Segregation resistance increased with increment in WMF content. With 
microsilica addition at lower amount 0-5%, the flowability, passability and segregation 
resistance increased because microsilica has smooth texture and spherical shape, which 
induces a ball bearing effect between cement particles on whom it get adsorbed. The ball 
bearing effect does not allow the cement particles to move away though it allows them to roll 
or slide over each other on account of the sticky nature of microsilica. Khayat & Aitcin (14) 
also suggest that presence of microsilica affects the properties of fresh concrete by inducing 
cohesivity and thus reducing the bleeding of concrete. Both of these factors work 
contradictory as far as shrinkage is concerned; on one hand cohesivity reduces shrinkage, 
whereas on other the reduced bleeding increases it. The increased cohesivity also requires 
more slump for a given flow, with respect to a normal concrete. But it has one advantage 
which is homogeneity, and thus enables good passability and flowability, thereby enabling 
microsilica admixed concrete as a pumpable concrete. Hence at higher amount of microsilica, 
the flowability and passability decreased but the segregation resistance increased, because the 
pore solution between the cement particles get thicker and more viscous due to increased 
microsilica content. Flyash at all contents improved the flowability and passability of mixes, 
but it decreased the segregation resistance of self compacting concrete. Table 2 provides the 
measurements taken while performing the fresh state tests on SCC in the laboratory.  

3.2. Load Transfer Efficiency 
This test was performed on mixes CWS6 and normal concrete. After obtaining the deflections 
from the pre-decided gauging locations (as shown in Table 3 & Table 4), efforts have been 
made to establish equations to find out the load transfer efficiency of the dowel bars provided 
across the PQC slab for all considered three different cases, under three different loading 
conditions. This was done by determining the deflections obtained at both ends of the dowel 
bars.  
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The locations 2-5 signifies loading side edge bar; 3-6 signifies middle bar, and 4-7 
signifies non-loading side edge bar as presented in Figure 2. The ordinate Y in the equation 
was taken as the deflection on the opposite side of loading, whereas abscissa X was taken as 
the deflection on the loading side.  

Afterwards, a set of deflections was chosen such that the deflections bear uniform 
difference with respect to each other. Taking these deflections’ values as X in the equations, 
the corresponding Y values were determined. After obtaining the Y values, which are the 
deflections at the opposite side of loading, the percentage difference between the deflections 
of the two cases i.e. non-rehabilitated & normal concrete rehabilitated pavement and, non-
rehabilitated and fiber reinforced concrete rehabilitated pavement was determined.  

The difference in the deflections value so obtained provided a data which could be 
statistically studied for finding out the reduction in load efficiency of the rehabilitated 
pavement. The results obtained suggested, that there is 85% probability, that load transfer 
efficiency is not reduced by more than 30% and 60% for WMF reinforced concrete 
rehabilitated pavement, and normal concrete rehabilitated pavement respectively. For the 
same probability, the fiber reinforced rehabilitated pavement shows more load transference 
than normal concrete rehabilitated pavement. Hence the use of fiber reinforced SCC, 
improved the load transference of rehabilitated pavement by two times. 

4. CONCLUSION 
The study confirms that WMF; which belong to micro class of fibers could be used for 
obtaining self compacting concrete and also increasing the flexural strength of concrete. The 
fiber introduction in concrete makes it dense by reduction of voids at interfacial transition 
zone, which is why there is increased load transference from one panel to another in the 
contraction joint of pavement. All these results clearly represent the possible role of these 
kinds of microfibers in obtaining shrinkage free high fatigue life rigid pavements 
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Table 2 Results Obtained from the Workability Test Conducted on SCC in the Fresh State 
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Table 3 Deflections for Plate Load Test on Normal Concrete Rehabilitated Pavement 

Interior loading Deflection in mm at location  
Load (N) 2 3 4 5 6 7  
112500 0.06 0.3 0.15 -0.07 -0.13 -0.1  
250000 0.3 0.57 0.37 -0.2 -0.3 -0.16  
387500 0.59 0.88 0.66 -0.4 -0.55 -0.21  

Edge loading Deflection in mm at location  
Load (N) 2 3 4 5 6 7  
50000 0.28 0 0 -0.07 0 0  
85000 0.53 -0.06 0 -0.19 -0.02 0  
125000 0.89 -0.13 0 -0.34 -0.07 0  
175000 1.28 -0.23 0 -0.45 -0.19 0  
225000 1.61 -0.26 -0.04 -0.58 -0.28 -0.04  
Corner loading Deflection in mm at location 

Load (N) 1 2 3 4 5 6 7 
25000 0.22 -0.01 -0.03 0 -0.01 0 0 
50000 0.47 -0.08 -0.07 0.03 -0.02 0 0 
70000 0.76 -0.15 -0.1 0.05 -0.03 0.01 0 
92500 0.98 -0.23 -0.13 0.09 -0.06 0.03 0.02 
117500 1.2 -0.35 -0.16 0.17 -0.09 0.05 0.04 
145000 1.48 -0.48 -0.17 0.3 -0.1 0.14 0.06 
162500 1.7 -0.59 -0.2 0.39 -0.12 0.19 0.09 

Table 4 Deflections for Plate Load Test on FRSCC Rehabilitated Pavement 

Interior loading Deflection in mm at location  
Load (N) 2 3 4 5 6 7  
112500 0.04 0.22 0.12 -0.04 -0.07 -0.05  
250000 0.23 0.43 0.3 -0.1 -0.19 -0.09  
387500 0.47 0.7 0.52 -0.2 -0.33 -0.14  

Edge loading Deflection in mm at location  
Load (N) 2 3 4 5 6 7  
50000 0.23 0 0 -0.04 0 0  
85000 0.42 -0.05 0 -0.12 -0.02 0  
125000 0.69 -0.09 0 -0.24 -0.05 0  
175000 1.02 -0.16 0 -0.33 -0.14 0  
225000 1.33 -0.2 -0.02 -0.45 -0.25 -0.03  
Corner loading Deflection in mm at location 

Load (N) 1 2 3 4 5 6 7 
25000 0.17 -0.01 0 0 -0.01 0 0 
50000 0.38 -0.06 -0.05 0 -0.01 0 0 
70000 0.59 -0.12 -0.06 0.02 -0.01 0 0 
92500 0.77 -0.18 -0.09 0.07 -0.04 0 0 
117500 0.97 -0.27 -0.11 0.13 -0.07 0.02 0.01 
145000 1.18 -0.36 -0.14 0.23 -0.08 0.08 0.03 
162500 1.39 -0.45 -0.15 0.32 -0.09 0.12 0.06 
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