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Abstract 

This article reports the evaluation of strength and sorptivity of 

marine concrete using fly ash (FA) and silpozz as a partial 

replacement of Ordinary Portland Cement (OPC). The grade 

of concrete M30 is prepared with w/b ratio of 0.43.  Based on 

several trial mixes, the amount of water reduced by 20% as 

super plasticizer (SP) is used in blended concrete but there is 

no change for the quantity of materials in OPC concrete. The 

studied parameters are compressive strength, flexural strength, 

split tensile strength, bond strength and modulus of elasticity 

as well as water absorption and sorptivity as a part of 

durability study. It concludes that concrete containing10% FA 

and 10%-20% Silpozz with doses of SP showed less than 4% 

deterioration factor (DF) of compressive strength at 365 days. 

The DF of split tensile strength and flexural strength is 0.96% 

and 0.6% at 90 days respectively. The minimum slip is 1mm 

and 1.1mm after 28 days of testing bond strength for NWC 

and SWC sample respectively. The percentage decrease in 

bond strength is also evaluated and found 10.35% for 28 days 

SWC samples. The absorption capacity of concrete decreases 

when the silpozz replacement increases with OPC.  

Keywords: Blended concrete; Deterioration; Fly ash; Silpozz; 

Super plasticizer 

 

INTRODUCTION  

Concrete was considered to be very durable material for a long 

time, with a little or no maintenance until it is exposed to 

severe aggressive environments. Concrete structures are 

constructed in urban and industrial regions which are highly 

polluted, aggressive chemical environments, destructive 

underground water in marine zone and a lot of unreceptive 

conditions where building materials are expected to be non-

durable. The factors affecting durability are the types of 

concrete, depth of cover to reinforcement, site supervision and 

practice as well as severity of exposure conditions. Durability 

of concrete may be improved by utilizing industrial by-

products which are possessing hydraulic and pozzolanic 

properties when replacing with OPC. Nowadays, the emerging 

area is the waste utilization of environmental by product 

materials such as fly ash (FA) and silpozz to improve concrete 

strength and durability in marine environment. In construction 

sectors there is an increasing trend for sustainable 

development and utilization of FA and silpozz as a 

supplementary cementitious material (SCM). FA is generated 

during the combustion of coal for energy production and 

recognized as an environmental pollutant. Silpozz is 

manufactured by burning of agro-waste rice husk in designed 

furnace in between 600° to 700°C. Rice husk is the outer 

covering of rice grains collected during the milling process 

and considered one of the main agricultural residues and 

creates environmental problems after disposal. Silpozz is a 

carbon neutral green product and to be used as a substitute of 

silica fumes or micro silica. The low replacement of silpozz 

with OPC improves the workability, strength and impermeable 

concrete as well as durable concrete against chemical attacks, 

abrasion and corrosion to reinforcement also the increase of 

compressive strength by 10-20%. Because of creating 

environmental problems, the utilization of FA and silpozz is 

very important in the active area of research.  

Some of the researchers have reported the utilization of 

supplementary cementitious materials (SCM) to improve 

concrete properties in marine climate. Jena and Panda [1-3] 

studied the development of compressive strength in blended 

concrete made with silpozz which can be used as an effective 

substitute material of silica fume (SF) to improve the 

durability of marine structures. Panda and Prusty [4] enhanced 

the strength properties using silpozz as a partial replacement of 

OPC. Anwar and Roushdi [5] showed the properties of 

concrete containing PC, FA and SF as blended cements for 

improvements in concrete to resist environmental causes of 

deterioration. Anwar et al. [6] concluded that the combinations 

of 15 to 25% of FA with 5 to 10% SF show satisfactory 

performance in both fresh and hardened concrete. The SF 

improves early age performance of concrete with FA 

continuously refining the properties of hardened concrete as it 

matures and the replacement of 35% of cement quantity with 

25% FA and 10% SF increased the compressive strength by 

20% at 180 days. The results indicated that the concrete 

having blast-furnace slag showed the highest resistance against 

chloride penetration compared to normal PC and sulfate 
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resisting cement. Wegian [7] investigated the strength 

properties including bond strength of concrete mixing and 

curing with sea water and the reduction in strength is directly 

proportional to exposure time due to the formation of the 

crystallization of salts. Shen et al. [8] found that the slip 

corresponding to bond strength decreases with increase in 

compressive strength at early age. Sunil [9] investigated the 

strength reduction factor on plain and cement concrete blended 

with FA were exposed to seawater attack for one year curing 

period. The results of this study showed that pre-cast concrete 

samples were better resistance against sea water than the cast 

in-situ samples. Papadakis et al. [10] mentioned that the rate of 

deterioration of concrete in marine structures is dependent on 

its total porosity of concrete decreases with time due to the 

process of cement hydration and carbonation. Kumar et al. 

[11] investigated the better strength and sorptivity of concrete 

by utilizing the sugarcane bagasse ash and SF as a partial 

replacement of cement. This paper focuses the strength and 

absorption capacity of pre-cast SWC concrete with FA and 

silpozz and the utilization of waste by-product such as FA and 

silpozz which creates environmental problems after disposal. 

 

MATERIALS AND METHODS 

Materials 

In this study OPC 43 grade cement was used. The physical 

properties of OPC as per IS 8112-1989 [12] such as initial 

setting time, final setting time, standard consistency, specific 

gravity and fineness are 165 min, 360 min, 34%, 3.15 and 333 

m2/kg respectively. Coarse aggregates of fineness modulus 

7.0, specific gravity 2.86, impact value 24% and crushing 

value 23.3% was used. Fine aggregates of specific gravity 2.67 

and fineness modulus 3.03 (zone-3) was used. Normal water 

having PH value 6-8, sea water of bay of bangle, Puri beach 

and CERA HYPERPLAST XR-W40 high end super 

plasticizer (SP) was used. The experimental value of coarse 

and fine aggregates is confirming to IS 383-1970 [13]. FA is a 

fine material and possesses good pozzolanic activity. Silpozz 

is an effective mineral admixture and specially mixed in 

marine concrete to improve mechanical and durability 

properties. Physical properties FA and silpozz supplied by the 

supplier is given in Table -1 and chemical composition of 

cementitius materials is presented in Table -2. 

Table 1 

Physical Properties FA and Silpozz 

Physical properties FA Silpozz 

Specific gravity 2.12 2.3 

Bulk Density (gm/cc) 1.2 0.23 

Specific surface, m2/g 33 17 

Particle size (Micron) 34 25 

Color Gray Gray black 

Physical state - Solid Non-hazardous 

Table 2 

Chemical Composition of Cementitius   Materials 

Oxides (%) Cement (OPC) Silpozz  FA 

SiO2 20.99 88.18 58.13 

Al2O3 6.05 1.61 31.00 

Fe2O3 6.01 0.56 4.10 

Carbon - 2.67 - 

CaO 62.74 1.59 0.60 

MgO 1.33 1.63 0.10 

K2O 0.40 1.67 0.90 

Na2O 0.04 - 0.05 

SO3 1.82 - 0.12 

TiO2 .025 - 1.63 

Others  - 2.09 0.011 

Moisture content (%) - 0.79 3.0 

Loss on ignition (%) 1.14 0.04 0.29 

 

METHODOLOGY 

Details of Concrete Mix 

The mix design is targeted for M30 as it is the marine 

exposure condition as per IS 10262-2009 [14]. The obtained 

material ratio was (1:1.44:2.91), water to binder ratio 0.43. 

The control specimen made 0% replacement of FA and silpozz 

with cement and without SP. The blended concrete samples 

made 0% FA and 10%, 20%, 30% and 40% replacement of 

silpozz with cement and doses of SP is added. Another 

blended cement concrete samples also made with 10% 

replacement of FA and 10%, 20%, 30% and 40% replacement 

of silpozz with cement and proper percentage of SP is added. 

Other mixes are FA 20% and silpozz 10%-30% and FA 30% 

with silpozz 10%-20% replaced with OPC. The controlled 

specimen is prepared with 100% OPC without SP and there is 

no change of quantity of materials. As SP is used in blended 

concrete mixes, the amount of water was reduced by 20% 

based upon the several trial mixes in order to maintain the 

slump in between 25-50 mm. Two set of samples (cube, 

cylinder and prism) have been prepared. One set of sample 

cured normal water and the other set of samples have been 

cured in sea water for 7, 28, 90, 180 and 365 days and their 

compressive strength was observed. The split tensile strength 

and flexural strength was studied upto 90 days for both NWC 

and SWC samples and their percentage decrease in strength 

was evaluated. The mix identity MC100F0S0 means OPC 

100%, FA 0% and silpozz 0% without SP. Similarly the mix 

M1C90F0S10 means OPC 90%, FA 0% and silpozz 10% with 

SP 0.2% and so on. The details of concrete mix quantities in 

kg/m3 along with slump value and compaction factor are 

shown in Table -3. The details of mix identity along with their 

percentage of cementitius materials with SP are presented in 

Table -4. 
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Table 3 

Details of Mix Quantity with Slump Value and Compaction Factor (%) 

Mix Identity Cement 

(kg/m3) 

Fine 

Aggregate 

(kg/m3) 

Coarse 

Aggregate 

(kg/m3) 

FA 

(kg/m3) 

Silpozz 

(kg/m3) 

Water SP 

(kg/m3) 

Slump 

(mm) 

Compaction 

Factor (%) 

MC100F0S0 434.32 624.77 1264.97 0 0 186.76 - 35 82.60 

M1C90F0S10 390.88 624.77 1264.97 0 43.44 149.40 0.781 34 85.50 

M1C80F0S20 347.45 624.77 1264.97 0 86.86 149.40 1.005 38 90.00 

M1C70F0S30 304.00 624.77 1264.97 0 130.33 149.40 1.229 40 92.00 

M1C60F0S40 260.60 624.77 1264.97 0 173.72 149.40 1.564 41 94.00 

M1C80F10S10 347.45 624.77 1264.97 43.44 43.44 149.40 0.781 37 86.20 

M1C70F10S20 304.00 624.77 1264.97 43.44 86.86 149.40 1.005 42 96.20 

M1C60F10S30 260.60 624.77 1264.97 43.43 130.33 149.40 1.229 40 92.20 

M1C50F10S40 217.16 624.77 1264.97 43.44 173.72 149.40 1.564 41 94.20 

M1C70F20S10 304.00 624.77 1264.97 86.86 43.44 149.40 0.781 37 86.00 

M1C60F20S20 260.60 624.77 1264.97 86.86 86.86 149.40 1.005 38 90.40 

M1C50F20S30 217.16 624.77 1264.97 86.86 130.33 149.40 1.229 41 92.20 

M1C60F30S10 260.60 624.77 1264.97 130.33 43.44 149.40 0.800 34 86.50 

M1C50F30S20 217.16 624.77 1264.97 130.33 86.86 149.40 1.005 38 92.40 

 

Table 4 

Details of Cementitious Materials with SP 

Mix Identity Cement (%) FA (%) Silpozz (%) SP (%) 

MC100F0S0 100 0 0 - 

M1C90F0S10 90 0 10 0.20 

M1C80F0S20 80 0 20 0.29 

M1C70F0S30 70 0 30 0.40 

M1C60F0S40 60 0 40 0.60 

M1C80F10S10 80 10 10 0.22 

M1C70F10S20 70 10 20 0.33 

M1C60F10S30 60 10 30 0.47 

M1C50F10S40 50 10 40 0.72 

M1C70F20S10 70 20 10 0.25 

M1C60F20S20 60 20 20 0.38 

M1C50F20S30 50 20 30 0.56 

M1C60F30S10 60 30 10 0.30 

M1C50F30S20 50 30 20 0.46 
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A. Mineralogical Characterization of the FA and silpozz 

The mineralogical characterizations of the FA and silpozz 

samples were carried out by X-Ray Diffraction (XRD) study 

by using a Cu target X- Ray diffractometer. The different 

mineral phases were identified by comparing the d-spacing 

which is given in ASTM data cards and shown in Fig. 1 and 

Fig. 2 respectively. Although the FA samples are composed of 

glassy material, several peaks were observed and the minerals 

are identified quartz low, hematite or iron oxide. Phase 

analysis of silpozz by XRD indicates the presence of quartz 

low and silicon dioxide. Silpozz contains amorphous silica 

which is produced from rice husk burning in a controlled 

temperature below 700°C. This ash produced is amorphous in 

nature. Due to amorphous in nature, small peaks were 

observed and the minerals are quartz low and silicon dioxide. 

The amorphous state transforms to crystalline state when the 

ash is exposed to high elevated temperatures of above 850°C.  

 

Figure 1: X-ray diffraction of fly ash 

 

 

Figure 2: X-ray diffraction of Silpozz 

 

EXPERIMENTAL DETAILS 

A. Fresh Concrete Tests 

The fresh concrete test was conducted to know the workability 

of concrete. Slump test and compaction factor test was 

conducted and presented in Table -3. The slump values were 

remaining between 25-50 mm. As replacement of silpozz 

increases, the slump value decreases. In order to maintain the 

slump, the doses of SP were added. 

 

B. Hardened Concrete Tests 

The hardened concrete properties such as compressive 

strength, split tensile strength and flexural strength and 

modulus of elasticity was determined as per IS 516-1959 

[15].The test specimens were cast in steel mould with proper 

compaction and demoulded after 24 hours. The specimens 

such as cubes of size (150 x 150 x 150) mm for compressive 

strength, prism (100 x 100 x 500) mm for flexural strength and 

cylinder (100 mm diameter x 200 mm height) for split tensile 

strength were cured till the day of testing under water at 

normal temperature and humidity conditions. For modulus of 

elasticity cylinders of size 150 mm diameter x 300 mm height 

were casted and tested after 28 days of curing. The specimen 

size for pull out test is 150 mm x 150 mm x 150 mm with a 

reinforcing tor bar of 12 mm diameter. Total length of the bar 

is 120 mm with a bond length of 60 mm confirming to IS 

2770-1(1967) [15]. The compressive strength for hardened 

concrete specimens was tested after 7, 28, 90, 180 and 365 

days of fresh water and sea water curing. The flexural strength 

and split tensile strength of the concrete specimens were tested 

after 7, 28 and 90 days. The modulus of elasticity and bond 

strength tests were conducted after 28 days of curing 

condition. Casting of samples such as cubes, prisms, cylinders 

and bond samples are shown in Figs. 3- 6. 

 

Figure 3: Casting of cubes  

 

Figure 4: Casting of prisms 
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C. Compressive Strength 

Compressive strength is the capacity of a material or structure 

to withstand axially directed pushing forces. When the limit of 

compressive strength is reached, materials are crushed. The 

test on cubes was carried out using the compressive testing 

machine. The compressive strength was computed by using 

the expression Fc = P/B2 for cubes. The test setup for 

compressive strength of cubes is shown in Fig. 7. Where, Fc = 

Compressive strength in MPa, P = Maximum applied load in 

kN, B = Size of the cubes specimen in mm. The average 

compressive strength was reported by taking the test results of 

at least three samples. 

 

Figure 5:  Casting of cylinders 

 

 

Figure 6:  Casting of bond samples 

 

D. Flexural Strength 

Flexural strength is the strength of beam or slab in bending. 

The bed of machine should be provided with two steel rollers 

of 38 mm diameter on which the specimen is supported. 

Rollers are placed at a centre-to-centre distance of 60 cm for 

the 15 cm specimen and at 40 cm for the 10 cm specimen. All 

the specimens were failed within the middle third of the prism. 

So, Flexural strength was computed using the expression, Fb = 

PL/ BD2, where, Fb = Flexural strength in MPa, P = Maximum 

applied load kN, L = Span length, B = Width of the specimen 

in mm, D = Depth of the specimen in mm. The flexural 

strength test setup is shown in Fig. 8. 

E. Split Tensile Strength 

A method of determining the tensile strength of concrete using 

a cylinder which splits across the vertical diameter is called the 

split tensile strength test. The split tensile strength was   

computed by the expression, F = 2P/πLD. Where, F = Split 

tensile strength in MPa, P = Maximum compressive load on 

the cylinder, L = Length of the cylinder in mm, D = Diameter 

of the cylinder in mm. The test setup for split tensile strength 

of cylinders is shown in Fig. 9. 

 

Figure 7: Compressive test setup for cubes 

 

Figure 8: Flexural test setup for prisms 

 

Figure 9:  Split tensile test setup for cylinders 
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F. Modolus of Elasticity 

Modulus of elasticity is otherwise known as young’s modulus 

of elasticity which is the function of concrete which reveals its 

elastic nature mainly of aggregate and cement paste in proper 

relative ratio. It is relatively constant with keeping its stress at 

a low point because it develops a crack in concrete paste at a 

level of higher stress. Modulus of elasticity of concrete ranges 

from 30 to 50 GPa. In this test strain in longitudinal direction 

is measured using a sensor device connected oppositely that 

measures any kind of deformation. Sensor gauge such as meter 

gauge of 0.001 least count are used for longitudinal strain and 

lateral stress calculation. On installing pressure from the top a 

cracks develops longitudinally (along y-axis) then the meter 

gauge from both side or from the lateral directions are 

removed and thus strain is measured till the load reaches its 

maximum point. Hence, the stress strain graph is finally 

recorded/plotted. The test setup is shown in Fig. 10. 

 

 

Figure 10:  Modulus of elasticity test setup 

 

 

Figure 11:  Bond test setup 

 

G. Bond Strength 

The specimen size for pull out test is 150 mm x 150 mm x 150 

mm with a reinforcing tor bar of 12 mm diameter. Total length 

of the bar is 120 mm with a bond length of 60 mm confirming 

to IS 2770-1(1967) [16]. For all specimens the load rate was 

0.1 kN/s. The types of failure were identified for each test by 

recording the bond strength slip results measured at the free 

end with a dial micrometer an accuracy of 0.0025 mm. The 

ultimate bond strength was calculated from   τ b = Fmax/ πΦL, 

Where τ b is the bond strength, Fmax is the maximum pull out 

force, Φ is the diameter of the tor bar and L is the bond length. 

The bond strength setup is shown in Fig.11. 

 

DURABILITY TESTS 

Durability tests such as water absorption and sorptivity are 

done confirming to ASTM C 1585 – 04 [17].The samples are 

cured 28 days in normal water and 28 days in sea water for 

pre-cast concrete samples. The test procedures are described 

below for both water absorption and sorptivity test. 

 

A. Water Absorption Test 

The 100 mm diameter and 50 mm height cylinder were 

immersed in water for 28 days after casting. Then the 

specimens were oven dried for 24 hrs. at 110ºC temperature. 

The weights were noted as the dry weight of cylinder. Then 

the specimen was kept in hot water at 85ºC for 3.5 hrs. Water 

absorption in percentage = (w2-w1)/ w1 ×100 where, w1 = Oven 

dry weight of cylinder in kilograms. w2 = Wet weight after 3.5 

hours in kilograms. The average absorption of test samples 

shall not be greater than 5% with no individual unit greater 

than 7%. 

 

B. Sorptivity Test 

Sorptivity can be determined by the measurement of the 

capillary rise absorption rate on reasonably homogeneous 

material. After casting the cylinders were immersed in water 

for 28 days. The size of the specimen is 100 mm diameter and 

50 mm height. Then the specimens were dried in oven at 

110ºC. Water level was less than 5 mm of the base specimen. 

The flow from peripheral surface was prevented by sealing 

properly with non-absorbent coating. Surface water on the 

specimen was wiped off with a dampened tissue and each 

weighting operation was completed within 30 sec. 

S = I/√t Whereas S = Sorptivity in 10-4 mm/min 0.5, t = time in 

minute. I = (w2-w1)/Ad, whereas w2 = Weight of specimen 

after 30 minute capillary suction of water in kg. w1 = Oven dry 

weight in kg. A = Surface area of specimen through which 

water penetrated. d = Density of water. Water absorption and 

sorptivity test figures are shown in Figs. 12-15. 
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Figure 12: Samples for sorption test 

 

 

Figure 13: Samples kept in oven 

 

 

Figure 14: Samples kept in hot water bath 

 

 

Figure 15: Samples for sorptivity test 

RESULTS AND DISCUSSIONS 

A. Properties of Fresh Concrete 

The workability of fresh concrete was measured by slump 

value and compaction factor.The dose of SP was added only to 

maintain the slump in between 25-50 mm and the 

experimented slump ranged from 34 to 42 mm was observed. 

The compaction factor ranges from 86.20 to 96.20% which 

shows moderate workable concrete. 

 

B. Properties of Hardened Concrete 

The hardened concrete properties such as compressive 

strength, split tensile strength, flexural strength and modulus 

of elasticity was determined as per IS 516-1959 [15]. The 

properties of hardened concrete is evaluated by their 

compressive strength upto 365 days curing period. The 

flexural strength and  split tensile strength  is evaluated upto 

90 days of NWC and SWC. Modulus of elasticity and bond 

strength was tested after 28 days of SWC samples. The 

decrease in strength depends upon the time of exposure, 

quality of materials, concentration of CO2, diffusion rate of 

chloride into concrete samples and other harmful constituents 

present in the sea water. The sulphate attack in marine 

environment gives rise to ettringite, gypsum, brucite and 

sometimes it is associated with calcite formation which starts 

rapid deterioration of concrete. 

 

C. Compressive Strength 

Compressive strength versus age in days are shown in Figs. 

16-17 for both NWC and SWC samples respectively. It is 

observed from Fig. 16 that the first phase mix having zero FA 

and 10-40% silpozz replacement with OPC, the zero FA with 

20% silpozz replacement sample gives higher compressive 

strength as compared to normal mix. From second phase mix 

having 10% FA and 10-40% silpozz replaced with OPC, the 

samples M1C80F10S10 and M1C70F10S20 shows higher 

strength as compared to normal mix. Again from third and 

fourth phase mix having 20% FA with 10-30% silpozz 

replacement and 30% FA with 10-20% silpozz replacement 

with OPC, the sample 20% FA and 10% silpozz replacement 

gives better strength as compared to normal mix. Among the 

four mix series, the mix M1C80F0S20 shows higher 

compressive strength 47.2 MPa, 58.25 MPa, 67.8 MPa,71.4 

MPa and 73.5 MPa at 7, 28, 90, 180 and 365 days of curing in 

normal water respectively. The second higher strength goes to 

the mix M1C70F10S20 at all ages as compared to other mixes. 

The sample M1C50F30S20 contributes the lowest 

compressive strength compared to other mixes including 

control mix. The increasing trend of compressive strength is 

observed when the period of curing in normal water is 

extended but the higher is the replacement of OPC, the lower 

is the compressive strength observed. The compressive 
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strength of SWC samples are shown in Fig. 17 from which it is 

observed that the mix M1C80F0S20 contributes higher  

strength among all mixes including controll mix at all ages. 

But compared to NWC samples, the decrease in compressive 

strength is 0.1%, 0.25%, 2%, 4.76% and 4.8% after 7, 28, 90, 

180 and 365 days cured in sea water respectively. From this it 

is studied that the deterioration factor (DF) increases as the 

exposure condition increases. The minimum DF for the SWC 

mix M1C70F10S20 is 0.11% and 4.2% at age of 7 and 365 

days as compared to NWC respectively. The maximum DF is 

limited to 10.6% at 365 days of exposure in sea water when 

compared to controll specimen. The percentage decrease in 

compressive strength of sample having 0% FA and 20% 

silpozz replaced with OPC is 2% after 3 months of exposure 

and 4.8% after 12 months as compared to conventional 

concrete. From the above study, concrete works better in sea 

water with FA and silpozz having proper doses of SP. The 

percentage decrease in compressive strength for conventional 

concrete is 7% at 365 days of SWC curing compared with 

NWC samples. It is observed that the rate of deterioration is 

more in between 28 to 90 days and slowly reduces to 2% from 

90 to 365 days. The silpozz based concrete without FA 

performed better in normal water at all ages but the blended 

sample containing 10% FA and 20% silpozz performed better 

in sea water in long-term basis at least for a period of one year 

which is experimented from this study. The sodium chloride 

and some amount of CO2  present in sea water reacts with 

Ca(OH)2 and the formation of hydrochloric acid and CaCO3 

may reduce the strength gain in sea water. But FA and silpozz 

with proper doses of SP restricted the intrusion of chloride and 

CO2, thus decrease in strength is minimizing.  

 

 

Figure 16:  Compressive strength vs. Age in days (NWC 

samples) 

 

 

Figure 17:  Compressive strength vs. Age in days (SWC 

samples) 

 

The percentage reduction in strength is seems to be very small 

for one year but the costal structures are vulnerable for long-

term exposure conditions. Therefore it may be recommended 

that the resistance against concrete deterioration in marine 

environment is significantly enhanced by using FA and micro 

silica present in silpozz with proper doses of high end SP. The 

percentage reduction in compressive strength is increasing in 

age of concrete for SWC samples after 28 days of NWC and 

the sea water attack will be less in precast samples since the 

porosity of concrete reduces with the age of hardening of 

concrete reported by Sunil (2000) [9]. 

 

D.  Flexural Strength 

Flexural strength versus age in days is shown in Figs. 18-19 

for both NWC and SWC samples respectively. It is observed 

from Fig. 18 that the mix M1C70F10S20 gives higher flexural 

strength such as 5.4 MPa, 7.6 MPa and 8.4 MPa at 7, 28, and 

90 days curing period as compared with other mixes including 

control mix respectively. It is studied from Fig. 19 that the 

above mentioned mix gives the flexural strength of 5.38 MPa, 

7.55 MPa and 8.32 MPa after 7, 28 and 90 days exposure to 

sea water respectively. After comparing between NWC and 

SWC samples, the minimum percentage decrease in flexural 

strength is 0.37%, 0.67% and 1% at 7, 28 and 90 days age for 

10% FA and 20% silpozz replaced with OPC respectively. 

Again the percentage decrease in flexural strength is 2% at 90 

days, 1.4% at 28 days and 0.8% at 7 days for 10% FA and 

30% silpozz replaced with OPC.  
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Figure 18:  Flexural strength vs. Age in days (NWC samples) 

 

 

Figure 19:  Flexural strength vs. Age in days (SWC samples) 

 

The decrease in strength of sample containing 10% FA and 

30% silpozz is 0.8% at 7 days which is almost al equal to the 

other samples except M1C70F10S20 but the percentage 

decrease in flexural strength increases upto 2% at 90 days 

which is the highest value in this study. As silpozz was 

replaced by 30% with OPC as a result of which early strength 

gains may be the reason of increasing the strength at 7 days 

age. The percentage decrease in flexural strength for the 

sample having 0% FA and 20% silpozz is 0.86%, 0.94% and 

1.22% at 7, 28 and 90 days age respectively. It is observed 

from flexural strength results that the combined effect of FA 

and silpozz works better upto 30% replacement of OPC and 

more than that the DF increases. The rate of decrease in 

strength is directly proportional to the exposure conditions. 

 

E. Split Tensile Strength 

The split tensile strength versus age in days is shown in Figs. 

20-21 for both NWC and  SWC samples respectively. It is 

observed from the Fig. 20 that the sample M1C70F10S20 

shows the maximum split tensile strength as compared to other 

mixes including control specimen and some of the 

intermediate samples having almost equal split tensile strength 

at the age of 28 and 90 days. It observed from Fig.  21 that the 

mix M1C70F10S20 and M1C80F10S10 posesses maximum 

strength among all mixes. Control mix performs the lowest 

strength in SWC condition. After comparing between NWC 

and SWC mixes, the sample containing 10% FA and 20% 

silpozz showing 0.54%, 0.64% and 0.78% decrease in tensile 

strength at 7, 28 and 90 days age which is the minimum value 

as compared to the control specimen. After comparison, the 

maximum value of percentage decrease in tensile strength is 

1.65% for 10% FA and 30% silpozz sample at 90 days age and 

it is equal to the value of control specimen for same curing 

periods.  

 

 

Figure 20: Split tensile strength vs. Age in days (NWC 

samples) 

 

 

Figure 21: Split tensile strength vs. Age in days (SWC 

samples) 

 

The percentage decrease in tensile strength is same for 

M1C80F0S20 and M1C70F10S20 sample at 90 days age. The 

percentage decrease in tensile strength for the sample having 

10% FA and 10% silpozz replaced with OPC is 0.54%, 0.65% 

and 1.01% at 7, 28 and 90 dyas of exposure in sea water 

respectively. The combained effectof FA and silpozz replaced 

with OPC upto 30% performed better DF as compared to 

control specimen upto 90 days. The deterioration of concrete 

increases as the percentage of replacement of cement increases 

more than 30%. The addition of SP plays an important role to 

decrease the deterioration of concrete in sea water. 
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F.  Modulus of Elasticity 

The modulus of elasticity (MPa) versus types of mix is 

shown Fig. 22. It is observed from Fig. 22 that the zero FA 

series and 10-40% silpozz replaced with OPC, the modulus 

of elasticity slightly increases as silpozz replacement 

increases. There is no change in the value modulus of 

elasticity is upto 20% silpozz replacement with zero FA. The 

10% FA and 10-40% silpozz replaced with OPC series, the 

sample containing 10% FA and 20% silpozz showing highest 

value of elasticity among all mixes including control 

specimen. It is the result of the highest compressive strength 

attained for the above mentioned sample in SWC condition. 

After replacing 30% FA with silpozz based samples, the 

modulus of elasticity decreases slightly as compared to 

control mix. Therefore modulus of elasticity remains more as 

compared to other mixes including control mix. If the 

replacement level of FA and silpozz exceeds 40% with OPC, 

the modulus of elasticity decreases as compared to control 

mix. 

 

 

Figure 22:  Modulus of Elasticity vs. Types of mix. 

 

G.  Bond Strength 

The bond strength versus types of mix is shown in Fig. 23. It 

observed from Fig. 23 that the bond strength is decreasing for 

all SWC mixes as compared to NWC mix including control 

specimen. The zero FA series with 10-40% silpozz 

replacement, the bond strength stands better for 0% FA and 

20% silpozz replaced with OPC and from 10% FA and 10-

30% silpozz replacement series, the bond strength stands 

better for 10% FA and 20% silpozz replaced with OPC. The 

remaining samples have less bond strength as compared to 

control sample. The mixes M1C70F10S20 and M1C80F0S20 

give maximum bond strength in this study. The lowest value 

of DF is obtained 10.35% for sample of 10% FA and 20% 

silpozz replaced with OPC cured in sea water. The highest 

value of DF is 14.11% for control specimen at 28 days of 

curing in sea water. It indicates that the performance of 

blended concrete showing better resistance in sea water than 

normal OPC concrete.  

 

 

Figure 23:  Bond strength vs. Types of mix (NWC and SWC) 

 

H.  Water Absorption 

The graphical plot between water absorption and concrete 

mixes is shown in Fig. 24. It is observed from Fig. 24 that the 

water absorption capacity for conventional concrete is 2.6% 

and 2.08% both in NWC and SWC pre-cast samples 

respectively. It is also observed that SWC pre-cast blended 

concrete samples have less absorption capacity as compared to 

NWC samples. It is clear from the observations that the pre-

cast samples have already cured in normal water for 28 days 

and then they have been cured in sea water for next 28 days. 

Therefore absorption capacity decreases for hardened matured 

stage. When the replacement percentage of silpozz increases, 

the absorption capacity decreases. When FA is replaced, again 

absorption capacity increases and after replacing silpozz, it 

counteracts the absorption capacity and reduces the rate of 

absorption. The lowest value of water absorption is 1.75% for 

sample M1C60F0S40 and highest value is 2.52% for sample 

M1C60F30S10. After replacing FA, the absorption capacity 

increases for both in NWC and SWC pre-cast samples. Silpozz 

based samples have higher resistivity then the composite 

samples having FA and silpozz. The absorption capacity 

depends on the porosity of concrete, particle size of FA and 

silpozz and their inner structural mechanism of concrete. The 

dense and compact structured concrete may gives less 

absorption capacity. 
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Figure 24:  Water absorption verses Concrete mix 

 

I.  Sorptivity 

The comparison results of the sorptivity test between NWC 

and SWC pre-cast samples have shown in Fig. 25. It is 

observed from Fig. 25 that the conventional concrete has the 

highest sorptivity value among all mixes both in NWC and 

SWC pre-cast samples. The samples M1C70F10S20 and 

M1C60F10S30 have same sorptivity value for both in NWC 

and SWC. The value of sorptivity decreases by the partial 

replacement of silpozz and the value increases after partial 

replacement of FA. The result obtained from the silpozz based 

SWC samples is less than the NWC composite samples 

partially replaced with FA and silpozz.  

 

 

Figure 25:  Sorptivity verses Concrete mix 

 

In normal water curing, a significant amount of calcium 

hydroxide migrates from specimens pores into surrounding 

water resulted less dense matrix hence sorptivity is more but in 

pre-cast samples which have already cured in normal water for 

28 days and become hardened stage provides dense matrix.  

Then after the pre-cast samples were cured in sea water for 28 

days and taken for testing which gives less sorptivity. In case 

of higher water-cement ratio with 20% silpozz replacement, 

upon evaporation leaves voids spaces in concrete specimen 

leads to higher absorption but in lower water-cement ratio, 

doses of SP enhances the liquidity of silpozz concrete mixes 

and optimize the compaction results high impermeable 

concrete and less absorption [18] which compiles in this study. 

 

CONCLUSIONS  

The following concluding remarks may be drawn from the 

present study: 

 It is observed from all the four phase mixes that the 

combined mix containing 10% FA and 10-20% 

silpozz replaced with OPC possesses the highest 

compressive strength among the above mentioned 

mixes including control specimen. It is also studied 

that there is decrease trend in compressive strength 

when the replacement level of FA and silpozz 

exceeds 30% with OPC. 

 The same trend is found for split tensile strength and 

flexural strength. If replacement level of FA and 

silpozz exceeds 30% with OPC, the strength starts 

decreasing. But the mix 10% FA and 10-20% silpozz 

replaced with OPC stands better in SWC conditions. 

The percentage decrease in flexural strength for SWC 

sample M1C80F0S20 and M1C70F10S20 was found 

1.22% and 1% at 90 days respectively. It seems to be 

negligible but in long term, this may leads the 

vulnerability for coastal structures. 

 The higher value of young modulus of elasticity is 

found for the mix M1C70F10S20 because of higher 

compressive strength. If replacement level of FA and 

silpozz exceeds 40% with OPC, the modulus of 

elasticity slightly decreases. 

 The bond strength of NWC samples is observed more 

than the SWC samples for all the mixes. But the DF 

of bond strength is more in control sample than the 

combined mix containing 10% FA and 10-20% 

silopzz replaced with OPC at 28 days of curing. 

 It is studied from this work that there is a decrease 

trend in mechanical properties for SWC samples as 

compared with NWC samples at all ages of curing. 

But the rate of deterioration of concrete is more upto 

90 days and then after the rate of deterioration 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 16 (2017) pp. 5768-5780 

© Research India Publications.  http://www.ripublication.com 

5779 

decreases upto 365 days. 

 The SWC pre-cast samples have better performance 

against water absorption. When the replacement 

percentage of silpozz increases, the absorption 

capacity decreases. After replacing FA the absorption 

capacity increases for both in NWC and SWC pre-

cast samples. 

 The SWC pre-cast samples are showing lower 

sorptivity value than the NWC samples after 28 days 

of curing. The conventional concrete has the highest 

sorptivity value among all mixes both in NWC and 

SWC pre-cast samples. The samples M1C70F10S20 

and M1C60F10S30 have same sorptivity value for 

both in NWC and SWC pre-cast samples. 

 The addition of SCM such as FA and silpozz with SP 

enhances the homogeneity of cement paste and 

densifies the microstructure of the cement 

considerably as well as improves the mechanical 

properties of marine concrete. 

 Finally it is concluded that among all the mixes, the 

samples of 10% FA and 10-20% silpozz replaced 

with OPC and proper doses of SP improves better in 

marine exposure conditions. 
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