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Abstract: The durability of dredged marine sand concrete has been studied through testing different properties of
concrete including acid resistance, chloride and sulphur attack, sorptivity and water absorption. Two types of
concrete mix, i.e. M25 and M40 were used. The results showed that the dredged marine sand concrete has more
resistivity to acid, sulphur and chloride attack. Also, it is less porous as compared to concrete containing natural
river sand.
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1. INTRODUCTION

Concrete is the most basic material required for construction of any structure. Sand, which is used as fine aggregate in
manufacturing of concrete is extracted from alluvial rivers or quarries. Due to the increasing construction, the requirement
of concrete is increasing and so is the demand for sand. The sources which are used for extraction of sand are depleting.
To counteract this problem, other sources have been searched for extraction of sand. One of such source is dredged
marine sand.

In this study, three types of concrete mixes i.e. Mix-A which is made with 100% natural river sand, Mix-B which is made
with 50% replacement of natural river sand with dredged marine sand and Mix-C which is made with 100% replacement
of natural river sand with dredged marine sand. Two different concrete grades are considered i.e. M25 and M40. Two
cement types are taken into account i.e. OPC and PPC.

Basic information related to dredged marine sand i.e. the equipment used for dredging the marine sand, specification of
the dredger, practical applications, location of site from where marine sand has been extracted etc. was done. The
aggregates used as a fine aggregate are river sand which is locally available and raw dredged marine sand. The coarse
aggregates which are used in concrete manufacturing are of size 10mm and 20mm, respectively. Sieve analysis and
specific gravity tests are performed for the aggregates. Concrete mix design is done for two concrete grades such as M25
and M40. Casting of plain concrete specimens and RC specimens is done.

Mechanical properties such as compressive strength of plain concrete specimens are measured after 7, 28 and 56 days of
moist curing for all mixes. The durability properties i.e. acid resistance, sulfate resistance after exposure of 3 months,
chloride resistance after exposure of 2 months, water absorption test, sorptivity test and accelerated corrosion test is
performed for all concrete mixes. For acid exposure and sulfate exposure 5% H2SO4 and 5% Na2SO4 is used,
respectively. For chloride exposure 3% NaCl is used during the test. The time required for initiation of cracks in concrete
specimens is measured. Corrosion rate using half-cell potentiometer is measured and current measurement for individual
specimens during the test is determined. UPV test is conducted for concrete specimens after various durability tests.

2. MATERIALS

2.1. Aggregates:
Cement which is used for the casting work is 53 grade OPC. The physical properties of cement are shown in Table 1.
Aggregates are procured locally for the casting work of concrete specimens. The aggregates are tested for their properties
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in accordance with the IS standards. Locally available river sand is used as a fine aggregate for concrete. Also locally
available coarse aggregates of two grades are used in the concrete i.e.10mm and 20 mm. The sieve analysis of the fine
aggregate is performed as per IS 2386 (1963) part-1.[25]

Table 1: Physical properties of cement

Properties Results Specification in IS 12269:1987
achieved for 53 grade OPC

Fineness in m¥kg 351 Min. 225

Soundness by Le chatelier method in mm 0.4 Max. 10
Initial setting time in minutes 35 Min. 30

Final setting time in minutes 240 Max. 600

3 days compressive strength in MPa 28.75 Min. 27

7 days compressive strength in MPa 39.85 Min. 37
28 days compressive strength in MPa 54.47 Min. 53

The sieve analysis results are shown in Table 2 for natural river sand. To determine fineness modulus and zone of the

sand the tests are conducted.

Table 2: Sieve analysis results of natural river sand

Sieve Size Mass % 1mass Cumulative %o | Cumulative %o
retained (grams) retained of mass retained | of passing
4.75 mm 40 4 4 26
2.36 mm 227 227 26.7 73.3
1.18 mm 35 3.5 30.2 69.8
600 pm 144 14.4 44.6 55.4
300 pm 308 30.8 75.4 24.6
150 pm 165 16.5 91.9 8.1
Below 150 um 81 8.1 - 0
Total 1000 100 268.8 -

Test performed for determining the specific gravity for natural river sand. Results of these parameters for natural river

sand are given in Table 3.

Table 3: Results for various parameters of natural river sand

Type of Sand Parameter Result
Natural river sand Fineness modulus 2.68
Natural river sand Zone 2
Natural river sand Specific gravity 2.6

Sieve analysis results for coarse aggregate of 10mm and 20mm are presented in Table 4 and Table 5 respectively.

Table 4: Sieve analysis results for 10 mm aggregate

Sieve Size Mass % mass retained | Cumulative % of | Cumulative %o of
retained (grams) mass retained passing
80 mm 0.0 0.0 0.0 100.0
40 mm 0.0 0.0 0.0 100.0
20 mm 0.0 0.0 0.0 100.0
10 mm 46.0 4.6 4.6 95.4
4.75 mm 875.0 87.5 92.1 7.9
2.36 mm 39.0 3.9 100.0 0.0
1.18 mm 0.0 0.0 100.0 0.0
600 pm 0.0 0.0 100.0 0.0
300 pm 0.0 0.0 100.0 0.0
150 pm 0.0 0.0 100.0 0.0
Below 150 pm 0.0 0.0 - 0.0
Total 1000 100
Fineness modulus = 596.7/100 = 5.967
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Table 5: Sieve analysis results for 20 mm aggregate

Sieve Size Mass 2% mass retained | Cumulative 2 of | Cumulative %o of
retained (grams) mass retained passing

80 mm 0.0 0.0 0.0 100.0

40 mm 0.0 0.0 0.0 100.0
20 mm 660.0 33.0 33.0 67.0
10 mm 1270.0 63.5 96.5 3.5
4.75 mm 70.0 3.5 100.0 0.0
2.36 mm 0.0 0.0 100.0 0.0
1.18 mm 0.0 0.0 100.0 0.0
600 pm 0.0 0.0 100.0 0.0
300 pm 0.0 0.0 100.0 0.0
150 pm 0.0 0.0 100.0 0.0
Below 150 pm 0.0 0.0 - 0.0

Total 2000 100 729.5
Fineness modulus = 729.5/100 = 7.295

2.2. Superplasticizer:

There are two different concrete grades which were considered in the experimental work i.e. M25 and M40. For M40
concrete grade, super plasticizer has been used for achieving required workability of the concrete. FosrocConplast SP 430
was used as an admixture to improve workability of the fresh concrete.

2.3. Marine sand

Physical properties:

The test is performed to determine the fineness modulus and zone of the dredged marine sand. Results are given in Table

6 and Table 7respectively.

Table 6: Sieve analysis results of the dredged marine sand

Sieve Size Mass %% of mass | Cumulative %o [ Cumulative 2o
retained (grams) | retained of mass retained | of passing
4.75 mm 0] 0] 0 100
2.36 mm 44 4.4 4.4 95.6
1.18 mm 121 12.1 16.5 83.5
600 p 276 27.6 44 .1 55.9
300n 516 51.6 95.7 4.3
150n 27 2.7 98.4 1.6
Below 150 16 1.6 - 0
Total 1000 100 259.1 -

Table 7: Results for various parameters for dredged marine sand

Type of Sand Parameter Result
Dredged marine sand Fineness modulus 2.59
Dredged marine sand Zone 2
Dredged marine sand Specific gravity 2.56

Chemical properties:

The chemical properties of marine sand are investigated by two other laboratories and results are presented in Table 3.9

and 3.10 respectively. Sample taken for test=35kg, Moisture condition when received= Surface dry.

Table 8: Chemical analysis results provided by Geo Test house

Research Publish Journals

Sr. no. Test name Test method Test result Specification
requirement
(IS 383-1970)
1 Organic content IS 2386 : Part-2 Not detected -
Cl-6.0
2 Chloride (%) B.S.812: 0.034 Max 0.04%0
P-117
3 Sulfur as SO5 (20) B.S.812: 0.794 Max 0.05%0
P-118
4 Presence of deleterious material IS 2386 : P-2 6.847 Max 5%
(%) Cl-2 & 3
5 Volatile solids IS 3025 : P-18 0.084 -
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Table 9: Results of chemical analysis related with Alkali aggregate reactivity pro- vided by K.C.T. Consultancy Services

No. Alkali aggregate reactivity test Fine aggregate
1 Reduction in alkalinity (milimol / 1) 132.19
2 Silica dissolved from 300 pm size aggregate material 1.78
(milimol / 1)

Table 10: Results of chemical test for deleterious material of marine sand provided by K.C.T. Consultancy Services

No. Test description Results (%0) Requirement as per
IS 383 (%)
1 Coal and Lignite Nil Max 1%
2 Clay lumps Nil Max 1%o
3 Material finer than75 p 1.5 Max 3%
4 Shale 6.60 Max 1%
5 Total %6 of all deleterious material 8.10 Max 5%

3. CONCRETE MIX DESIGN

The concrete mix proportioning using dredged marine sand is not different than the usual mix design of concrete using
natural river sand. All the constituents are same for both the cases i.e. concrete using dredged marine sand and natural
river sand. The mix design is done based on provisions of 1S 10262 (2009).[19]

The wic ratio is selected 0.5 for M25 grade concrete and 0.4 for M40 grade concrete. For the concrete grade M40, the
superplasticizer is added forcasting of concrete. The amount of 0.8% of total mass of cement was taken as a
superplasticizer for M40 grade concrete. No super plasticizer is used for M25 grade concrete. Table 11 presents concrete
mix proportioning for both concrete grades and for all concrete mixes respectively.

Table 11: Concrete mix proportion for all concrete mixes

Grade of w/c ratio Water Cement Fine 20 mm 10 mm
concrete content Content Agporegate aggregate aggregate
(kg/m?) (kg/m?) (kg/m?) (kg/m?) (kg/m?)
M25 0.5 191.8 383.16 630.47 733.15 488.78
NAO 0.4 143.8 359.22 599 88 761.67 507.78
4. TESTING

4.1. Acid resistance test:

The plain concrete specimens are exposed in the acid tank for required ages in months. After completion of exposure, the
specimens are taken out of the acid tank. The required exposure ages considered for plain concrete specimens are 3
months, 6months and 12 months respectively.

The acid which is used for the test is Sulfuric acid (H2SO4) solution having 5% concentration by volume of water. [22]
The solution is stirred every week and pH value of solution is measured after every 15 days. Modification in the pH is
done by adding acid or water in the tank if pH value differs from 1. Fig.1 and 2 show acid tank with concrete specimens
for acid exposure and digital pH measuring device respectively.

Figure 1: Tank of acid solution with concrete specimen
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Figure 2: Digital pH measuring device

All the specimens are weighed before keeping them into the acid tank. After removing from the tank of acid solution after
completion of exposure, respective specimens are wiped clean and weighed. This weight is considered as a final weight of
concrete specimens in kg. Change in mass of concrete specimens after completion of exposure of corresponding age is
evaluated. For evaluating the change in compression strength of concrete specimen after completion of exposure age in
acid, the specimens are kept in saturated surface dry (SSD) condition.

Details of acid exposure test parameters are given in Table 12. The concrete specimen size is 150mmX150mmX150mm
for this test.

Table 12: Details of acid resistance test

Parameters to study Unit Acid solution Exposure age in Total no. of
concentration months concrete cubes
Change in MPa 5% 3,6and 12 108
compressive strength
Change in mass kg 5% 3.6 and 12

4.2. Sulphate Resistance test:

All the plain concrete specimens are exposed to the sulfate attack for required time duration. After completion of exposure
at designated ages, the concrete specimens are taken out of the tank of sulfate solution. The time duration for sulfate
exposure, selected for plain concrete specimens is 3 months, 6 months and 12 months respectively.

Sodium sulfate (Na2S04) is used to prepare sulfate solution having 5% concentration by total mass of water. [21] The
sodium sulfate powder of required quantity is added to water to make the sulfate solution. The sulfate solution is stirred
every week and pH value of is measured after interval of 15 days and modification in the pH is done by adding sodium
sulfate powder or water in the tank if pH value differs from1.

The concrete specimens are weighed prior to keeping them in the sulfate solution. After removing them out from the tank
after completion of exposure, respective specimens are wiped clean and weighed. This is considered as a final weight of
concrete specimens in kg. Change in mass of specimens after completion of respective exposure is determined. For
evaluating the change in compressive strength of concrete specimens after completion of designated duration in sulfate
solution, the specimens are considered saturated surface dry (SSD) condition. Details of sulfate exposure test parameters
are given in Table 13. The concrete specimen size is 150 mm X 150mmX 150 mm for this test. They are studied and
comparison between all concrete mixes is to be evaluated after completion of exposure in sulfate solution at
corresponding time duration.

Table 13: Details of sulfate resistance test

Parameters to study Unit Sulfate solution Exposure ages in Total no. of
concentration months concrete cubes
Change in MPa 5% 3.6 and 12 108
compressive strength
Change in mass kg 5% 3,6 and 12
Pulse velocity by m/s 5% 3.6 and 12
UPV test
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4.3. Chloride resistance test:

All the plain concrete specimens are exposed to the chloride attack for required time duration. After completion of the
exposure at designated age, the concrete specimens are taken out of the tank of chloride solution. The time duration for
chloride exposure selected for plain concrete specimens is 2months.

Sodium chloride (NaCl) is used to prepare chloride solution having 3% concentration by total mass of water. The sodium
chloride powder of required quantity is added to water to make chloride solution. The solution is stirred every week and
pH value is measured after interval of 15 days and modification in the pH is done by adding sodium chloride powder or
water in the tank if pH value differs from 1.

Details of chloride exposure test parameters are given in Table 14. The concrete specimen size which was decided is
150mmX150mmX150mm for this test. They are studied and comparison between all concrete mixes is to be evaluated
after completion of exposure in chloride solution at corresponding time duration.

Table 14: Details of chloride resistance test

Parameters to study Unit Chloride solution | Exposure ages in Total no. of
concentration months concrete cubes
Change in MPa 3% 2 36
compressive strength
Change in mass kg 3% 2
Pulse velocity by m/'s 3% 2
UPV test

4.4. Sorptivity test:

Sorptivity is defined as a measure of the capacity of the medium to absorb or desorbs liquid by capillarity. Hall (1989)
[23] had given the definition of sorptivity that sorptivity is a quantity that measures the unsaturated flow of fluids in to the
concrete. In simple words sorptivity is defined as the cumulative water absorption per unit area of inflow surface per
square root of elapsed time.

For performing this test first of all concrete specimens are cured for 28 days. The concrete specimens are put into the oven
for 7 days at 50C temperature. The specimens are taken out of the oven and weighed. This phenomenon is considered as
weight of oven dried cubes in kg. The concrete specimens are sealed using electrician’s tape or any appropriate sealing
material such as mixture of wax and resin with appropriate proportion. The mixture of wax and resin is taken as a sealing
material. The proportion of wax and resin is considered as 60% resin and 40% wax. Both the materials are available in
solid form. It is essential to convert them in liquid form.

All four sides of concrete specimens are sealed using this mixture up to the height of 15mm to 20mm as height of
immersion in water for performing the test is 15-20mm. The initial weight of concrete specimens is measured and is
considered as weight of sealed cubes at time equal to 0 seconds. The time intervals considered for the test are 1, 2, 3, 4, 5,
9, 12, 16, 20 and 25 minutes, respectively. A bunch of filter papers of approximate thickness of 7 mm to 10 mm is put on
to the shallow tray and water is poured up to a height such that after keeping the cube on it, 5-10mm concrete surface
comes in the contact to water.

4.5. Water absorption test:

This test is done to know the relative porosity or permeability characteristics of the concrete. The test is carried out after
28 days of moist curing. The concrete specimens used for this test are 150 mm X 150 mm X 150 mm size cubes. The
percentage absorption [6] is calculated using Eq. below.

Absorption (%) = (w2 -wl)/wl 100
Where, wl=weight of concrete specimen after complete drying at 105C
w2= final weight of surface dry concrete specimen after immersion in water at least 24 hours
The concrete specimens are first dried for 24 hours at 105C in oven. The concrete specimens are removed from the oven

and weighed which is considered as initial weight wl. They are immersed in water again for 24 hours.
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Table 15: Details of water absorption test

Parameters to study Unit Period in oven Duration of No. of
for complete immersion in concrete cubes
dry water tank
Change in mass kg 24 hours 24 hours 36

4.6. Accelerated corrosion test:

This experiment is related with the RC specimens. Impressed current technique (ICT) is used for conducting the
accelerated corrosion test.[7] For the test RC specimens are cast using one HYSD bar of 8 mm diameter to serve as anode.
One stainless steel bar of same diameter is inserted in the concrete at the time of casting to serve as cathode for proper
circuitry. Specimens are of 150 mm diameter and 300 mm height. Fig 3 shows such type of specimens. Average result of
three specimens is to be taken as a final result.

Figure 3: Specimens for accelerated corrosion test

To protect any structure from adverse effects of corrosion, study of initiation of corrosion in structure is very essential. It
is obvious that corrosion is a natural process and takes years to occur in RC structures. Therefore, investigation related to
corrosion in limited time duration is conducted to fulfill following objectives.

To induce corrosion in reinforcement of concrete cylinders
To evaluate rate of corrosion with the help of half-cell potentiometer and compare results for all concrete mixes
To observe time period for initiation of crack in concrete

Fig4. Shows the test set up for accelerated corrosion test. In the test HYSD bar is connected with positive terminal which
serves as an anode and stainless steel bar is to be connected with negative terminal which serves as a cathode.

For the test, concrete specimens are to be immersed in the water having 5% NaCl concentration. The water level is
adjusted in such a way that approximately 2/3 of height of the specimens come in contact with water. Fig 5 and 6 shows
the concrete specimen kept for ACT in tank of NaCl solution and rectifier which is used for DC power supply,
respectively. 9 concrete specimens are put in parallel connection for the test. The voltage is set constant throughout the
test i.e. 30V. Current is measured every day separately for all the specimens in ampere. 12 concrete specimens can also be
put in parallel connection for this testat 30 V.

8 mm Dia. HYSD bars

e

Specimen

DC Power Supply | - > /
_,)"’/ 1 | 1 |
8 mm 55 bars : : : : é_—*’__—__—" Tank
1 | 1 |
1 1 1 1
1 1 1 1 | Water with 5 % NaCl
" " <] solution
1 1 1 1
1 1 1 Il 'l

Figure 4: ACT test setup
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Figure 5: Specimens in tank of NaCl solution for ACT before starting of test

Figure 6: Rectifier for DC power supply

On observation basis the corrosion in the reinforcement is detected after completion of 1 to 2 weeks.UPV test is used as
non-destructive test. Corrosion rate in the reinforcement is measured using half-cell potentiometer before starting of test
and after completion of the test in mV.

5. RESULTS

5.1. Acid exposure:

The plain concrete specimens are exposed in the tank with acid solution for designated age in terms of months. After
completion of the exposure, the concrete specimens are taken out of the tank. The pH value of the acid solution is
measured which is maintained having value between 0.80 and 0.87.

The specimens are taken out of the tank after 3 months of exposure. The evaluation of change in mass and change in
compressive strength is conducted for all concrete mixes. The results of change in compressive strength are presented in
Table 16. Graphical representation of results is shown in Fig 7. The results of change in mass of the concrete specimens
are shown in Table 17. The graphical representation related to the same is shown in Fig 8.

Table 16: Acid resistance test for concrete mixes

Compressi | Compressive
we stremn stren; after . .
Gi;)af{j © Cement Mz ager 2%111 3 rngoﬂr:ths fi‘;ig;;‘?;
concrete type cu?‘lyrfg EPEE{!?;';E strength (26)
(IPa)
DIix A 354 2533 39.75
M2 S oPC Mix B 413 34 .67 19.12
Mix C 43.26 38.96 11.03
Mz A 329 2644 24.43
2S5 PPC MMix B 329 29.33 1217
Mix C 33.19 29 48 1258
Mz A 48.74 36.22 34.56
M40 oPC Mix B 54.07 45.33 1228
Mix O 54 52 46.52 1719
Mliz A 4296 38.22 1240
M4 O PPC Mix B 43.11 40.15 7372
Mix C 47 .4 42.82 10.69
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Figure 7: % change in compressive strength of concrete mixes for acid exposureof3months

The results indicate that the compressive strength of M25 grade concrete with OPC for Mix-C has less percent age
reduction as compared to that for Mix-A and Mix-B, respectively. 40% reduction in compressive strength is observed for
concrete Mix-A. On the other hand 19% and 12% reduction in compressive strength is observed in Mix-B and Mix-C,
respectively. 24% reduction in compressive strength is observed for concrete Mix-A, whereas 12% reduction in
compressive strength is observed for Mix-B and Mix-C, respectively for M25 grade PPC based concrete.

For M40 grade concrete with OPC for Mix-A indicate higher percentage of reduction in compressive strength of 35%.
15% of strength reduction in compressive strength is observed in concrete Mix-B and Mix-C after 3 months of exposure
in acid solution. The concrete made with PPC of M40 grade show 13% reduction in compressive strength for concrete
Mix-A. In case of Mix-C and Mix-B, 10% and 7% reduction in compressive strength is observed respectively.

The compressive strength of concrete specimens for all mixes after 28 days is compared with corresponding compressive
strength for the mixes after completion of 3 months acid exposure.

Table 17: Change in weight of concrete mixes for acid resistance test

Grade Cement . Initial Final Weight . duc.tion
of NIz . t (k=) (k) in weight
concrete type weigh (%)
DIim A 8.56 217 4. 70
M2 S5 oPpC Mix B 8. 72 239 4 01
Mix C 887 B.55 3.74
ML A 8.53 816 4.57
M2 S PPC Mix B 875 243 3.79
Mix 8.80 8.50 3.48
DIim A 8.52 216 4. .40
D40 oPpC Mix B 8. 82 249 3. 96
Mix C 8_88 B.55 3.89
ML A 8. 74 839 4,08
DI O PPC Mix B 8. 689 8237 3.82
MIix 8.94 8.62 3.71
5
a5 |
4 4
# 35 |
2 s
g m Mis-A
= 2.5 -
= m Mix-B
g
- e o Mix-C
B 15 A
=
1
0.5
o

M25-0PC M25-PPC MA0-0PC Ma0-PPC

Figure 8: Reduction in weight of concrete specimens after acid exposure of 3 months
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The results of reduction in weight after completion of acid exposure of 3 months duration are shown in Fig 8. The results
show that the percentage reduction in concrete Mix-C and Mix-B is less as compared to that of Mix-A.

The test results for acid exposure show that concrete Mix-C is superior against acid attack as compared to Mix-A and
Mix-B, respectively.

5.2. Sulphate exposure:

The plain concrete specimens are exposed in the tank with sulfate solution for designated age in terms of months. After
completion of the exposure, the concrete specimens are taken out of the tank. The pH value of the sulfate solution is
measured which is maintained having value between 8 and 9.

The specimens are taken out of the tank after 3 months of exposure. The evaluation of change in mass and change in
compressive strength is conducted for all concrete mixes. The results of change in compressive strength are presented in
Table 18. Graphical representation of results is shown in Fig9. The results of change in mass of concrete specimens are
shown in Table 19. The graphical representation related to the same is shown in Fig 10. For exploring the quality of
specimens UPV test was performed for all specimens before and after completion of exposure of 3 months. The results
are presented in Table 20.

Table 18: Sulfate resistance test for concrete mixes

Compressive Compressive
Grade strength strength Red.l.l.cnon
Cement i after 3 in
of DT after 28 days .
tvpe : - months compressive
concrete curing N o
(MPa) exposure strength (%)
(MIPa)
DX A 35 4 3422 3 44
M2 S oPC Mix B 41.3 403 248
MIix C 43 26 42 22 246
Doliz A 329 3125 528
MZ2S PPC Mix B 329 31.8 3.45
Mix C 33.19 32.89 0.1
Dz A 48.74 46.22 545
L% 0] oPpC Mix B 54 .07 53 201
Mix C 54 .52 53 .48 1.94
N A 42 96 4074 5. 44
40 PPC Nix B 4311 42 22 210
Mix C 47 .4 47T.26 029
&
5
4
Reduction in u Mi-A
i 3
Compressive = M
strength (%)
2 Mic-C
1
0
M25-0PC M25-PPC M40-0PC M40-PPC

Figure 9: % change in compressive strength of concrete mixes for sulfate exposure of 3months

Table 19: Change in weight of all concrete mixes for sulfate resistance test

Grade | o _ Initial Final chﬁase
of type DIi=c weight WWeight weight
concrete - (ko) =5 (25
Doliz A 8. 53 8B a7 1.80
M2 S OoOPC NIix B |8.51 8.5 o277
MIiz 8.77 B.79 o022
Delizs S 8.43 B.54 1.33
M2 S PrPRC Mix B 8. 74 8.77 o0.34
Melizs 8. 76 877 O.11
DIiss A 8.50 854 oO.50
NI O OoOPC MIiz B 8.81 8.83 o177
DIz 8.59 5.62 0.3
Doliz A 8. 53 8B a7 1.5
DI O PP NIix B |75 877 o226
Dliz 8 85 887 o222
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Figure 10: Increase in weight of specimens after 3 months of sulfate exposure

Table 20: Average UPV results for sulfate exposure for all concrete mixes

Initial Final

Grade of | Cement MIix reading | reading
concrete tyvpe (mss) (rs)
Mliz A 4770 4746
M2ZS oPC Mix B 4663 4646
Mix O 4860 4843
Dl A 4666 4646
M2ZS PPC Mix B 4783 4766
Mz 4776 4760
Dz A 4793 4776
NI O oPC Mix B 4810 4793
Dz O 4990 4873
DIz A 4863 4846
M40 PPC Mix B 4730 4713
iz C 4843 4826

The reduction in compressive strength in percentage is from 1% to 5% for all concrete mixes. For M25 grade of concrete
with OPC show almost same values of compressive strength reduction for all three concrete mixes. In case of M25 grade
concrete with PPC, % reduction in compressive strength is less in Mix-C as compared to that of Mix-B and Mix-A.

For M40 grade concrete made with OPC and PPC both for Mix-A and Mix-B show more reduction in strength as
compared to Mix-C.

The compressive strength of concrete specimens for all mixes after 28 days is compared with corresponding compressive
strength for the mixes after completion of 3 months sulfate exposure.

The chemical consequences of sulfate attack on concrete components are the formation of ettringite (calcium aluminate
trisulfate 32 hydrate, CaOAI2033CaS0432H20) and gypsum (calcium sulfate dihydrate, CaSO42H20). The formation
of ettringite can result in an increase in solid volume, leading to expansion and cracking. The formation of gypsum can
lead to softening and loss of concrete strength. [16] Both increase in weight and loss in compressive strength of concrete
are observed from previous results shown in Table 18 and 19, respectively.

The test results for sulfate exposure show that Mix-C performs better as compared to that of Mix-B and Mix-A.
5.3. Chloride exposure:

The plain concrete specimens are exposed in the tank with chloride solution for designated age in terms of months. After
completion of the exposure, the concrete specimens are taken out of the tank. The pH value of the chloride solution is
measured which is maintained having value between 9 and 9.8.

The specimens are taken out of the tank after 2 months of exposure. The evaluation of change in mass and change in
compressive strength is conducted for all concrete mixes. The results of change in compressive strength are presented in
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Table 21. Graphical representation of results is presented in Fig 11. The results of change in mass of the concrete
specimens are shown in Table 22. The graphical representation related to the same is shown in Figl2. For exploring the
quality of specimens UPV test was performed for all specimens before and after exposure. The results are shown in Table
23.

Table 21: Chloride resistance test for concrete mixes

Compressive Compressive
P strength Reduction
Grade strength .
Cement . after 3 in
of Mix | after 28 days .
type ) ! months compressive
concrete curing N 0
(MPa) exposure | strength (%0)
(MPa)
Mix A 354 3511 0.82
M25 OPC |MixB 41.3 3881 6.41
Mix C 43 26 38 455 12 49
Mix A 329 3289 0.03
M25 PPC Mix B 329 31.26 5.24
Mix C 33.19 29 14.44
Mix A 48.74 48.29 093
M40 OPC Mix B 54.07 48 12.64
Mix C 54 .52 42 .6 2798
Mix A 42 96 42 37 1.39
M40 PPC Mix B 4311 41.19 4.66
Mix C 474 389 21.85
30
25
20 -
F{Educ:tiunl in u M-t
compressive 15 | .
strength (%) u Mix-B
10 Mix-C
5 u i
0 L
M25-0PC M25-PRC M40-0OPC MAD-PRC

Figure 11: % change in compressive strength of concrete mixes for chloride exposure of 2months

M25 grade with OPC for Mix-C shows more reduction in strength of 13% as compared to Mix-A. For PPC Mix-C, the
results show 12% of reduction in compressive strength which is more as compared to Mix-B and Mix-A. For PPC, the
reduction in compressive strength is 14% in case of Mix-C which is more as compared to Mix-A.

For M40 grade concrete made with OPC and PPC both for Mix-C show more reduction in compressive strength as
compared to Mix-A. The percentage reduction in compressive strength is 21.85% for Mix-C with OPC and 28% for Mix-
C with PPC respectively. The percentage reduction in compressive strength is 12.64% for Mix-B with OPC and 4.66% for
Mix-B with PPC respectively.

The compressive strength of concrete specimens for all mixes after 28 days is compared with corresponding compressive
strength for the mixes after completion of 2 months chloride exposure.

The results of compressive strength of concrete specimens made with DMS indicate that the concrete have less
resistance against the chloride attack for the exposure age of 2 months. Therefore, further investigation is required to be
made with respect to chloride resistance test for concrete made with DMS.
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Table 22: Change in weight of all concrete mixes for chloride resistance test

Grade Cerment Initial Final mcrease
of type Mix | weight | Weight | 1% ht
concrete - (kgd (kg (%a)
M A 867 8.78 1.22
MNM2S oPpC Mix B 8.64 8.69 0.5
Mix C 863 867 050
Mix A 848 859 129
NM2S PRPC Mix B 871 8 81 1.14
Nix C 876 8.82 0.68
NIAx A 866 8.73 042
NIAO oOPC Mix B 874 879 .49
Mix C 873 .80 0_80
MAX A g.46 861 1.76
NI O PPC Mix B 8.55 260 0.58
Mix C 8.83 8.88 0.60
2
18
16
)
= 14
g
E 17
% L m Mix-4
E B M-
o
508 - Mix-C
g
g 06 - —
&
04 -
02 - —

M25-0PC

M25-PPC

M&0-0PC

M&0-FPC

Figure 12: Increase in weight of specimens after 2 months of exposure in NaCl solution

Where concrete structures are placed on reclaimed coastal areas with foundations below saline ground water level,
capillary suction and evaporation may cause super-saturation and crystallization in the concrete above ground. This can
result in chemical sulfate attack, physical salt attack, or both. In addition, aggravated corrosion of embedded steel can be
induced by the chloride in sea water. [16] This phenomena may be applied in chloride attack, which would increase the
weight of concrete after completion of exposure duration.

The results of the UPV test for all concrete mixes show that pulse velocity is not decreased with higher percentage after

completion of 2 months chloride exposure.

Table 23: UPV results for chloride exposure for all concrete mixes

Grade of | Cement . Initi.al Finla_l
concrete type MIix rea_d.._lng rea_d.._lng
(m/s) (m/s)
MIix A 47233 4680
MI2ZS oPpC Mix B 48567 4830
Mix C 4860 4840
MIix A 4640 4600
MZS PPC Mix B 5180 51433
Mix C 4950 4920
NIz A 48667 4813 .3
NIA O opC Mix B 4810 A4TTO0
Mix C 49267 4903 .3
MIix A 46467 45867
MO rPC Mix B 49567 49167
Mix C 48433 48267
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5.4. Accelerated corrosion test:

It is observed that within 10-15 hours of starting the power supply, the initiation of corrosion starts in the reinforcement
bars for the concrete cylinder. Water with NaCl in tank also starts exhibiting the change in color due to rust formation.

Current readings for the RC specimens are taken on regular basis and variation in current is observed throughout the test.
The graphical representation of the current readings for all specimens of Mix-A, Mix-B and Mix-C is shown in Figl13, 14

and 15, respectively.

Currentreadings for Mix-A (ampere)

Time (hrs)

14
12 _
1 W
%u.a — —4— W25 OPC
£ 06 —8—M25 PPC
“ oz —a— W40 OPC
02 —<— V140 PPC
0
o 50 100 150 200 250
Time (hrs)
Figurel3: Current measurement of concrete Mix-A
Currentreadings for Mix-C (ampere)
14
12
1 - » ./. /(
% 08 %{X —4— 25 OPC
£ 0s —m—M25 PPC
02 —4— M40 OPC
o2 —— 140 PPC
0
0 100 200 300 400 500
Time (hrs)
Figure 14: Current measurement of concrete Mix-B
Currentreadings for Mix-C (ampere)
14
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Figure 15: Current measurement of concrete Mix-C
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The results of current measured for the ACT for all mixes indicate that at the beginning of the test the current goes down
after that again it starts increasing. When the volume of the reinforcement starts increasing and cracks are initiated, the
current starts increasing again and indicate further widening of cracks in to the concrete specimen on the side where
HYSD bar in embedded.

Half-cell potentiometer test is also performed to check and measure the rate of corrosion in the embedded reinforcements
for all concrete mixes. Fig 16, 17 and 18 show the results of Half-cell potentiometer test on specimens before and after the
ACT for Mix-A, Mix-B and Mix-C, respectively.

Half cell potentiometer readings for
Mix-A
0 -
-100 A
5 -200 -
E m Initid readings
£ -300
M = Find readings
S -400
-500
-600

Figure 16: Results of half-cell potentiometer for concrete Mix-A

Half cell potentiometer readings for
Mix-B
0 -
100 |
=200
-
E 300 - m Initial readings
E -400 M Fina readings
S -500
-600
-700

Figure 17: Results of half-cell potentiometer for concrete Mix-B

Half cell potentiometer readings for
Mix-C
0 -
=100 4
Er -200 m Initia readings
E 300 W Fing readings
-400
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Figure 18: Results of half-cell potentiometer for concrete Mix-C
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Readings of the half-cell potentiometer are negative and in mV unit. The higher the reading on negative side, the

possibility of corrosion in the embedded bars is more. The reading more negative-350mV indicated more possibility of
active corrosion in the embedded bars.[26]

The results of half-cell potentiometer test show that values for the RC specimens before starting the test, are not beyond
negative-350mV which indicate less possibility of corrosion in reinforcement bar in concrete specimen. After completion
of test due to development of crack in specimen the reading of half-cell potentiometer less than negative-350mV For
concrete Mix-C and Mix-B, it is observed that the percentage difference of half-cell potential reading is less as compared
to that of Mix-A. This shows that the concrete Mix-C and Mix-B have more resistance against the corrosion as compared
to that of Mix-A.

The time taken for initiating the cracks in the RC specimens is to be measured. Fig19, 20 and 21 show the time period
required for initiation of cracks in the specimens for Mix-A, Mix-B and Mix-C respectively

Time required for crack initiation for Mix-A
180
160
140
120
£ 100 -
o
E 80 -
=
m -
ap
20 -
0 -
M25-0PC M25-PRC M40-0PC M40-PEC

Figure 19: Time required for crack initiation for Mix-A

Time required for crack initiation for Mix-B
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Figure 20: Time required for crack initiation forMix-B

Time required for crack initiation for Mix-C
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Figure 21: Time required for crack initiation forMix-C
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The results have clearly demonstrated that concrete Mix-C consumes more time for crack development as compared to
that of concrete Mix-B and Mix-A, respectively for all concrete mixes.

UPV test is done on all the cylinders before commencing of the test and after completion of test. Fig 22 and 23 indicate
the results of UPV test on RC specimens for ACT for concrete of both grades.

Results of UPV test shows that quality of the specimens after completion of test is decreased as expected and as cracks are
developing in the concrete due to increase in volume of embedded bar within the specimens. Higher percentage decrease
is found in case of Mix-A as compared to Mix-B and Mix-C. The percentage reduction in velocity is found nearly 18% to

23% in Mix-A.

UPV results for M25 grade specimens

m Initid readings
m Fina readings

Figure 22: UPV results for M25 grade RC specimens

Puke velocity (m/5)

£ ¢

g

.5

.5

S8 F s

UPV results for M40 grade specimens

m Initia readings
m Find readings

& o o &
o 5
03"(’9 S &

5.5. Sorptivity test:

Figure 23: UPV results for M40 grade RC specimens

Table 24: Sorptivity test for concrete mixes

Concrete mix Grade of Cement tyvpe Sorptivity (S)
concrete (mmmy/min®-3)
MAix-A MZS oPC 0.086
MN2ZS5 pPPC 0.108
M40 oPC 0.076
NAO PPC 0.087
Mix-B MZ2ZS opC 0.072
M2ZS PPC 0.091
M40 oPC 0.074
N4O pPPC 0.082
Mix-C MN2ZS5 OPrPC 0.068
MZS PPC 0.078
M40 OPC 0.074
N4 O PPC 0.080
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Figs24, 25 and Fig 26 show graphical representation of sorptivity test results for concrete mixes Mix-A, Mix-B and Mix-
C, respectively. The orange line in graphs shows actual behavior and black line indicates best fit curve i.e. linear graph for
corresponding concrete mixes, respectively.
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Sorptivity test results for M25 grade
concrete using PPC for Mix-A

0.7

06 /"

mmiof Q5

water 0.4 /

Jmm? of 03 / »

area 0'2 Fi Somptivity
0:1 Linear [Sorptivity)
4]

1] 5 10

Time in (min)®3

Sorptivity test results for M40 grade
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Figure 24: Sorptivity

test result for Mix-A

Sorptivity test results for M25 grade
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Figure 25: Sorptivity test result for Mix-B
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Sorptivity test results for M25 grade
concrete using OPC for Mix-C
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Figure 26: Sorptivity test result for Mix-C

After studying the behavior of all mixes related with sorptivity of the concrete, concrete made with 100% dredged marine
sand i.e. Mix-C shows better results as compared to other two mixes i.e. Mix-A and Mix-B, respectively. Concrete Mix-C
shows less water absorption due to capillary action as compared to that of Mix-A and Mix-B. This is due to the fine
particles available in DMS and which makes the concrete less porous as compared to the control concrete.

5.6. Water absorption test:

Table 25: Water absorption test results for all concrete mixes

Concrete Grade Cement Initial Final Vvate.r
i of P— wt. wy [ wt. w2 | absorption
concrete yp (kg) (kg (%)
M2 S OPC 8.607| B.725 1.67
, M25 PPC 8305| B.469 1.87
MWIim-A
M40 OPC 8.685| B8.794 1.25
MAD PPC 8514 | 8624 1.29
M2 S OPC 8.537| 8.673 1.6
, M2 5 PPC §.502| 8.624 1.41
MNix-B
M40 OPC 8.650| 8.720 0.81
MAD PPC 8627| 8716 1.02
M2 S OPC 8.509| 8.627 1.24
, M25 PPC 8.345| 8.486 1.35
Mix-C
M40 OPC 8.649| 8.730 0.72
MAD PPC 8.515| 8.599 0.98

Fig 27 shows the graphical representation of water absorption test of all concrete mixes. The results indicate that concrete
Mix-C shows less water absorption as compared to that of Mix-A and Mix-B, respectively for both concrete grade M25

and M40 made using OPC and PPC both.
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Figure 27: Water absorption test results for all concrete mixes

The concrete made with DMS showing slightly less percentage of water absorption as compared to that with river sand
because of the presence of finer particles in DMS, which makes concrete less permeable which reduces the porosity of the
concrete.

6. CONCLUSION

Reduction in compressive strength and weight after completion of acid and sulfate exposure for Mix-B and Mix-C are less
as compared to that of concrete Mix-A for 3 months of exposure, which indicates that concrete made using DMS
performed satisfactorily as compared to that with natural river sand.

Reduction in compressive strength is observed higher in case of concrete Mix-B and Mix-C as compared to that of
concrete Mix-A for chloride exposure of 2 months, which indicates that concrete made with DMS has less resistance
against chlorides. Further investigation are required to be made for the chloride resistance of concrete with DMS.

Corrosion rate determination using half-cell potentiometer is observed in embedded reinforcement for concrete Mix-C and
Mix-B, which is less as compared to that of Mix-A after completion of accelerated corrosion test.

Time required for crack initiation in specimens of Mix-A is less as compared to specimens of Mix-B and Mix-C which
indicate better resistance against corrosion for concrete made using dredged marine sand.

The sorptivity for the specimens of Mix-C found less as compared to concrete Mix-B and Mix-A.
Water absorption is found less in case of concrete specimens of Mix-C as compared to concrete Mix-B and Mix-A.
For the tests and duration attempted in present investigation, it allows the successful use of dredged marine sand in
concrete construction activities.
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