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Abstract— The concrete structures on coastal areas are 

suffering from chloride attack for decades. By using high 

performance concrete the deleterious effects on these 

structures can be minimized. Durability of concrete has been 

largely studied in order to prevent steel corrosion of concrete 

reinforcement for the production of new concrete structures 

in severe environments. Both liquid and gas permeability are 

main responsible character, lead to the deterioration of 

concrete and corrosion of the reinforcement. Hence various 

researchers suggested performing Electrical Resistivity Test, 

Ultrasonic Pulse Velocity Test, Acid Attack Test and 

Carbonation Test against the durability of the concrete. In this 

research durability of concrete is improved by replacing 

cement partially with silica fume up to 40% and sand partially 

with pond ash upto 20% by weight simultaneously with 

introduction of glass fiber of 0.1%. The method is based on 

the idea that the development of cracks formed by aggressive 

environments can be resisted by glass fiber. 
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I. INTRODUCTION 

The most important criteria in concrete structures designs are 

always regarded to strength and durability. These criteria 

especially apply for marine structures, sewage treatment 

plants and industrial buildings which are exposed to 

hazardous environments. The durability of concrete refers 

ability to resist degradation of quality against deleterious 

effects on the concrete, when it exposed to environment [1, 

2]. The engineers must have to pay extra attention at the time 

of dealing with marine structures, sewage treatment plants or 

industrial buildings against chloride attack, sulfate attack, 

rapid expansion and shrinkage at the splash zone, salt 

crystallization and carbonation and so on. Durability of 

concrete is one of its most important properties aside from its 

compressive strength. Also durability of concrete structure in 

marine environments is a big issue for many decades due to 

chloride attack [3]. Chloride penetrates the concrete structure 

and accelerates the corrosion process of reinforcement which 

decreases the life of those structures [4]. Now a day’s many 

researchers are trying to develop concrete with enhanced 

durability and strength by adding fibres and supplementary 

cementitious material. Several investigations carried on 

concrete containing silica fume had reported to exhibit 

excellent mechanical and durability properties [5, 6, 7, 8]. 

The life period of concrete depends upon its durability 

properties i.e. resistance against abrasion, corrosion of 

reinforcement, water permeability, acid attack, freezing and 

thawing etc. [9, 10]. Among these various durability 

properties, resistance against corrosion is a major factor to 

improve the service life of concrete [11].  

II. MATERIALS AND METHODS 

The work presented in this paper is a detailed investigation 

effect of addition of fiber, silica fume and pond ash into 

concrete on the behavior of durability at various curing ages. 

A. Materials 

 Cement: Locally available ordinary Portland Cement 

(OPC) 43 Grade was used in the present investigation. 

This Cement confirm all the requirements of the IS 

12269-1987. 

 Sand: The sand was collected from Mahanadi River 

Basin and used as fine aggregate. By sieve analysis sand 

was confirmed in zone-II of IS-383 (1970) with fineness 

modulus 2.67. 

 Aggregate: Locally available crushed stone of maximum 

size 10 mm were used as coarse aggregate. Fineness 

modulus of coarse aggregate was 5.9. Volume of coarse 

aggregate per unit volume of total aggregate was taken 

as 0.5 based on the lab trials providing maximum 

vibrated bulk density. 

 Silica Fume: Silica fume was purchased from local 

suppliers. Fineness value of silica fume used in this 

project is less than 1% as shown in Figure-1 (a). 

 Pond Ash: Pond ash were selected as supplementary 

cementatious materials and collected from NSPCL, 

Bhilai. Fineness modulus of pond ash was 1.41 

confirming to zone-IV of IS-383(1970) as shown in 

Figure-1 (b). 

 Fiber: Glass fibers with constant volume of fraction i.e. 

0.1% of total volume were used in the present 

investigation. This particular volume of fraction was 

optimized with slump characteristics. The length of fiber 

was 12 mm and diameter was 14 μm as shown in Figure-

1 (c). 

 Super Plasticizer: A high range water reducing 

admixture was used. It is based on selected water soluble 

sulphonated polymers, each of which acts optimally on 

the various constituents of Portland cement. The dose of 

the super plasticizer was 0.75% of weight of 

cementatitous materials and it was kept constant for 

every mix. 

B. Mix Proportions 

The mix design was prepared using water cement ratio of 0.35 

and 0.45, with and without glass fiber as shown in Table-1. 

Two types of concrete were prepared named as controlled 

concrete i.e. without fiber (C) and with fiber (F). Cement is 

replaced with fly ash by 20% and 40% where sand is replaced 

with pond ash by 10% and 20% of their weight. The control 

concrete mix is denoted as Cx-y and fiber reinforced concrete 
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is denoted as Fx-y. Here ‘x’ denotes as cement replacement 

and ‘y’ denotes for sand replacement in percentage. The 

proportions of ingredients in mixes were shown in Table-1. 

After mixing all ingredients of concrete through the mixer the 

well mixed concrete was tested for workability by slump cone 

test. After workability test the concrete were poured in to the 

tray and slump height was measured. After that they are filled 

into the cube mould of size 150 mm X 150 mm X 150 mm 

(for Electrical Resistivity Test, Acid Attack Test). At the time 

of casting a special arrangement on cube was done for 

conducting electrical resistivity test as shown in Figure-2. 

Four electrodes of copper having diameter 1 mm and 100 mm 

length were inserted on the surface of concrete cubes at equal 

spacing to each other. Ten cm length of copper wire was 

inserted on concrete cube such that one and half cm length 

was above the concrete surface. After casting, they were 

covered with wet gunny bags at room temperature and then 

demoulded after 24 hours. After demoulding of the cube 

specimen, they were kept inside the water tank for 28 days 

and 90 days curing. 

 
(a) Silica Fume 

      
(b) Pond Ash                 (c) Glass Fiber 

Fig. 1: Materials Used in Preparation of Concrete 

Mix 
Cement 

(kg/m3) 

Sand 

(kg/m3) 

Aggregate 

(kg/m3) 

S.F. 

(kg/m3) 

Pond Ash 

(kg/m3) 

Water 

(kg/m3) 

Admixture 

(kg/m3) 

Fiber 

(kg/m3) 

w/c=0.35 

C0-0 450 902 948 0 0 167 3.4 0 

F0-0 450 902 948 0 0 167 3.4 2.65 

F20-0 360 902 948 90 0 166 3.4 2.65 

F40-0 270 902 948 180 0 166 3.4 2.65 

F0-10 450 812 948 0 90 170 3.4 2.65 

F0-20 450 722 948 0 180 173 3.4 2.65 

F20-10 360 812 948 90 90 170 3.4 2.65 

F20-20 360 722 948 180 180 173 3.4 2.65 

F40-10 270 812 948 90 76 170 3.4 2.65 

F40-20 270 722 948 180 152 173 3.4 2.65 

w/c=0.45 

C0-0 367 919 966 0 0 175 2.75 0 

F0-0 367 919 966 0 0 175 2.75 2.65 

F20-0 294 919 966 73 0 174 2.75 2.65 

F40-0 220 919 966 146 0 174 2.75 2.65 

F0-10 367 874 966 0 92 178 2.75 2.65 

F0-20 367 735 966 0 184 182 2.75 2.65 

F20-10 294 874 966 73 92 178 2.75 2.65 

F20-20 294 735 966 73 184 181 2.75 2.65 

F40-10 220 874 966 146 92 177 2.75 2.65 

F40-20 220 735 966 146 184 181 2.75 2.65 

Table 1: Mix Proportions of Various Mixes

C. Electrical Resistivity Test 

The electrical resistivity method is a non-destructive 

technique to evaluate the chloride permeability and capacity 

of corrosion resistance of concrete. Generally two types of 

methods have been developed for measurements of concrete 

resistivity. They are Surface Electrical Resistivity and Bulk 

electrical Resistivity. In this research surface electrical 

resistivity was measured with the help of Multimeter. The 

cubes were taken from curing tank after 28 days and electrical 

resistivity test was conducted at saturated condition. In this 

test the electric current was supplied to end electrodes and 

voltage was measured from middle two electrodes using volt 

meter as shown in Figure-3. The resistance was measured by 

using equation. 

R = V/I 

Where R = Resistance of concrete cubes, V = 

Measured voltage, I = Measured current 

Resistivity of the concrete was measured from the 

equation. 

 
Where k = Geometrical factor, R = Resistance of 

factor 

Value of K was taken 1.55 from the graph of 

Presuel-Moreno (2013) as shown in Figure-4 [12].  

D. Acid Attack Test 

After the casting of concrete cubes of 150 mm X 150 mm X 

150 mm of various concrete mixtures they had cured for 28 

days in water. Then the specimens were removed from the 

curing tank and allowed to dry for one day. The initial weights 

of concrete cube specimen were taken. After 28 days curing 
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the dry concrete cubes were immersed in the acid water for 

90 days. About 5% of Hydrochloric acid (HCL) was added to 

water in which the concrete cubes were stored.  The pH was 

maintained throughout the period of 90 days. After 90 days 

of immersion, the concrete cubes were taken out of acid 

water.  Then, the specimens were tested for compressive 

strength. The resistance of concrete to acid attack was found 

by the percentage loss of weight of specimen and the 

percentage loss of compressive strength on immersing 

concrete cubes in acid water which is shown in Table-2.  

 
Fig. 2: Casted Concrete Cube 

 
Fig. 3: Electrical Resistivity Test Set up 

III. RESULT AND DISCUSSION 

From Figure-5 it is seen that the slump value of low water 

cement ratio is very less. When the sand replacement material 

increased slump value gradually decreased. This 

phenomenon happened due to water demanding of pond ash. 

High volume of sand absorbed water on its surface; hence the 

slump cone material did not subside with higher percentage. 

The lower value slump indicates the harassment of material. 

Figure-5 indicates the slump value of different mixes of new 

fiber reinforced concrete. As the silica fume increases, the 

lubrication action in between the particles of composite 

accelerates. Replacement 40% silica fume with cement gives 

higher value of slump. 

Surface Electrical Resistivity Test (ER) was carried 

with the help of multimeter and analyzed the results as per 

Presuel-Moreno (2013). Data was generated on for all 20 

different mixes of fiber and non fiber reinforced concrete of 

both water cement ratios (0.35 and 0.45) at the age of 28 days.  

ER value of all mixes at age 28 days curing is more than 20 

kΩ cm, which indicates that the chloride permeability is very 

low. From Figure-6 it is seen that when glass fiber of 0.1% of 

volume of fraction was introduced in plane concrete, 

electrical resistivity was increased 7.5 kΩ cm than control 

concrete which is more than 20 kΩ cm at 28 days curing 

indicating good capacity of resistance against corrosion. 

When cement is replaced with silica fume by 40% by weight, 

ER value increased for w/c=0.35 and w/c=0.45 was 16.5 

kΩcm and 12 kΩcm respectively over control concrete. But 

when 10% sand is replaced with pond ash by weight ER value 

increases 5%, but when sand replacement increases 20% ER 

value decreases 12% for both water cement ratios. Hence 

from durability and workability point of view 20% 

replacement of sand with pond ash may not be recommended. 

For both replacement of silica fume and pond ash with 

cement and sand simultaneously mix F40-20 shows better 

durability than other mixes of non fiber and fiber reinforced 

concrete. Hence it is concluded that the higher replacement 

of cement with silica fume shows more durability than higher 

replacement of sand with pond ash. This is due to fined 

spherical nature of silica fume acts like ball bearing improves 

the packing density of concrete. Maximum ER for concrete 

with and without fiber was observed with 40% replacement 

of cement with silica fume. Though a drop in ER was 

observed with pond ash same was higher than control for 

silica fume and pond ash combination. 

From Figure-7 it is seen that the addition of glass 

fiber resist the both weight loss and strength loss of concrete. 

When 0.1% of volume of fraction of glass fiber was 

introduced in concrete then percentage loss of weight and 

strength was 0.8 and 9 respectively for w/c =0.35 and 

percentage loss of weight and strength was 1.1 and 12 

respectively for w/c=0.45. Both silica fume and pond ash 

accelerated the attack of acid in concrete but introduction of 

fiber decreased the acid attack to concrete. Again we can 

conclude loss of weight and loss of strength is less due to sand 

replacement with pond ash than cement replacement with 

silica fume. The maximum weight loss and strength loss was 

seen for mix F40-20 for both water cement ratios. Hence it is 

concluded that supplementary cementiotious materials have 

poor resistance against acid attack of 90 days curing.  

 
Fig. 4: Geometry cell constant for 15 cm×15 cm Cube 

[Presuel-Moreno (2013)] 

 
Fig. 5: Slump Height of Different Mixes 

 
Fig. 6: Electrical Resistivity of Different Mixes of Concrete 
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Fig. 7: Weight Loss due to Acid Attack of Different Mixes 

of Concrete 

 
Fig. 8: Strength Loss due to Acid Attack of Different Mixes 

of Concrete 

IV. CONCLUSION 

The following points are concluded in our research project 

1) Use of silica fume in concrete increases its workability 

but use of pond ash decreases the workability of 

concrete. 

2) The surface area of glass fiber is more. Therefore it also 

absorbs more water on its surface than other fiber, which 

hampers on workability. So Glass Fiber Reinforced 

Concrete will act as best in lower volume of fraction of 

glass fiber. 

3) When cement is replaced with silica fume up to 40% in 

concrete by weight the electrical resistivity increases 

33%, resistance against acid attack decreases 14%, at this 

replacement. Hence durability increases at high volume 

silica fume concrete. 

4) The electrical resistivity test result showed higher values 

for F40-10 mix. Hence 40% cement replacement with 

silica fume and 10% sand replacement with pond ash 

along with 0.1% glass fiber is highly recommended for 

durable concrete. 

5) It is noticed that silica fume, pond ash and fiber helps to 

increase the durability of concrete by reducing the effect 

of acid attack. 

6) The introduction of 0.1% glass fiber of total volume 

decreases the acid attack and improves the electrical 

resistivity. 
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