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Abstract 

Underwater concreting is a very old subject which has got applications for the construction of bridges, 
harbors and other megastructures across the rivers and has been practiced in several countries from 
centuries ago. All these underwater concretes should possess special characteristic properties such 
as high cohesiveness, less anti-washout of constituent materials and low slump. Among all these, an 
anti-washout property is a major requirement. To measure qualitatively and quantitatively, critical 
evaluation techniques are adopted. In this paper, all the relevant anti-washout test methods are 
discussed in detail with the appropriate test setups and certain mechanical properties are also 
calculated for mortar specimens prepared using natural gums and resins, to analyze the anti-washout 
property. 
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1.INTRODUCTION 

UNDERWATER Concreting dates back to 500 BC and before. These special concretes were made 
using natural pozzolans locally available and adopted for construction of bridges, harbors etc. by then. 
The essential qualities of Underwater Concrete are anti-washout and cohesiveness properties. Once 
the cohesiveness is achieved by incorporation of various pozzolanic materials, the anti-washout 
property will increase and thereby increased compressive strength. In this research cum review 
paper, various combinations are tried with mineral and organic gum and resins to increase cohesive 
property. Subsequently, an anti-washout property will be studied by various methods discussed in the 
various literature. This compilation of different methods will be useful for the researchers during work 
on underwater concrete. Some preliminary works are carried out and anti-washout properties will be 
determined.  

The results of the work carried out so far has been presented and explained. The methods of anti-
washout tests are discussed in detail for the benefit of the researchers working in the fields of 
underwater concrete.    

Abbreviations  

 UWC: Underwater Concrete; AWA: Anti-washout Admixture; FA: Fly ash; MS: Micro Silica; CM, CM1 
and A: Control Mixes; V1, V2, V3, V4: solution with different dosage of Vajram gum; B and C: 
solutions of cellulose powder; VY1, VY2, VY3: solutions with different dosage of Vendayyam gum; A1, 
A2, A3: solution with different dosage of Asafoetida gum- (Ferula assa-foetida) ; K1, K2, K3: solution 
with different dosage of Kadukkai gum (Terminalia chebula); M1, M2, M3: solution with different 
dosage of Murungai gum (Moringa oleifera); MD1, MD2, MD3: solution with different dosage of 
Maida(Litsea glutinosa); N1, N2, N3: solution with different dosage of Neem gum; B1, B2, B3: solution 
with different dosage of Badam Pista gum (Pistacia vera). 
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2.EXPERIMENTAL PROGRAM 
A. Materials 

In this research work, OPC of grade 53 was used. A natural riverbed sand with fineness modulus of 
2.27 was used. Natural gums and resins were used to enhance cohesiveness and thus the anti-
washout property of the mortar. These gums and resins were purchased from the market. Fly ash of 
class ‘F’ obtained from Neyveli Lignite Corporation was used. Micro-silica used was obtained from 
Elkem Minerals, Bombay. 

B. Mortar Mixes 

Nine non-air entrained mortar specimens of 1:3 proportions with water-cement ratio 0.45 were 
prepared for each type of natural gum to evaluate the mechanical properties. All the specimens were 
given different designations on the basis of type and dosage of gum used to cast the specimens. The 
constituent materials were mixed in an open pan thoroughly to avoid any formation of lumps in it. The 
gum solution was added in three parts and mixed thoroughly every time till the time it achieves even 
consistency and enough workability. For control mixes, plain water was used. 

C. Test Methods 

The mix proportions of these mortars are given in Table I. The adopted mixing sequence was similar 
to that described previously. The effect of incorporation of natural gums and resins on the desired 
cohesiveness and anti-washout properties is studied in this research paper. 

Compressive strengths and split tensile strengths of non air-entrained mortars were evaluated after 
28 days curing using 106x53mm cylinders. One specimen from each category was evaluated for dry 
and saturated densities to find out the suitability of mortar in the underwater environment. 
Naturally dried specimens after 28 days curing were put in the oven for 3 hours at 105 degrees 
Centigrade temperature. Prior to this, the exact dimensions of the each cylindrical specimen were 
measured using measuring tape. The dry weight of the specimens was calculated using a digital 
balance. After noting down the weights and the corresponding dry densities of the specimens, the 
same specimens were kept in water for 48 hours at room temperature. The saturated specimens were 
wiped with a cotton cloth to remove the excess water from the outer surface of the specimens and 
measured for weights and the saturated densities were calculated using the data obtained. Water 
absorption percentage was calculated using the dry and saturated densities of every specimen using 
the formula given below. Thus the values obtained for  dry density, saturated density, the water 
absorption, cylindrical compressive strength and split tensile strength is given in Table II. 
 
Water absorption = (saturated weight-dry weight) / dry weight X 100 
 
 
 

Table 1. Mechanical properties of the specimens 

Serial  
No. 

Designation  Composition  Observations/ Remarks  

1. CM OPC +SAND + WATER 10 mL extra water 
requirement  

2. CM1,A OPC + SAND +FA + MS + WATER 10 mL extra water 
requirement 

3. V1,V2,V3,V4 OPC + SAND +FA + MS + VAJRAM 
SOLUTIOn 

Endothermic reaction 
when mixed 

4. A1,A2,A3 OPC + SAND +FA + MS + ASAFOETIDA 
SOLUTION  

            - 

5. K1,K2,K3 OPC + SAND +FA + MS + KADUKKAI 
SOLUTION  

Total destruction of 
specimens of high dosage 
after 24 hours drying            

6. VY1,VY2,VY
3 

OPC + SAND +FA + MS + VENDAYYAM 
SOLUTION  

            - 
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7. M1,M2,M3 OPC + SAND +FA + MS + MURUNGAI 
SOLUTION  

           - 

8 N1,N2,N3 OPC + SAND +FA + MS + NEEM 
SOLUTION  

          - 

9 B,C OPC + SAND +FA + MS +CELLULOSE 
POWDER SOLUTION  

          - 

10 B1,B2,B3 OPC + SAND +FA + MS +BADAM PISTA 
SOLUTION  

          - 

11 MD1,MD2,M
D3 

OPC + SAND +FA + MS + MAIDA 
SOLUTION  

          - 

 

 

 

 

 

Figure 1.  Kaddukai gum specimens 

 

 

Figure 2. Broken specimens containing  high dosage kaddukai gum 
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Table2. Mechanical Properties of the specimens 

Serial 
No. 

Designation Cylindrical 
Compressive 
strength 
(N/mm

2
) 

Split 
Tensile 
strength 
(N/mm

2
) 

Dry Density 
(g/cc) 

Saturated 
Density 
(g/cc) 

Water 
Absorption 
%age 

1 CM 2.939 0.33 1.9929 2.1592 8.347 

2 CM1 3.548 0.38 2.0075 2.1174 5.478 

3 V1 4.012 0.51 1.9982 2.1265 6.419 

4 V2 1.476 0.15 1.9181 2.0787 8.371 

5 V3 1.55  1.9323 2.092 8.263 

6 V4 0.530 0.03 1.9223 2.093 8.894 

7 A 2.536 0.26 1.8981 2.0912 10.179 

8 B 12.776 1.53 2.1134 2.255 6.703 

9 C 0 0 1.9380 2.1369 10.261 

10 VY1 8.251 0.79 2.1379 2.2357 4.577 

11 VY2 8.7 0.90 2.177 2.2934 5.333 

12 VY3 6.359 0.71 2.1559 2.2602 4.836 

13 A1 7.229 0.69 2.0957 2.2211 5.987 

14 A2 14.853 1.51 2.2085 2.3173 4.923 

15 A3 7.955 0.80 2.2153 2.3290 5.133 

16 KI 18.395 2.01 2.13304 2.2246 4.2935 

17 K2 9.197 0.93 2.2604 2.3562 4.238 

18 K3 X X X X X 

19 M1 2.510 0.22 2.0301 2.1442 5.6218 

20 M2 3.550 0.30 1.9998 2.1411 7.0595 

21 M3 4.020 0.41 2.0384 2.1922 7.545 

22 MD1 3.861 0.45 1.9944 2.1369 7.139 

23 MD2 4.769 0.41 2.0589 2.1888 6.305 

24 MD3 9.405 1.09 2.1468 2.2588 5.216 

25 NI 4.507 0.44 2.2368 2.3512 5.112 

26 N2 5.816 0.62 2.0141 2.1349 6.002 

27 N3 8.935 0.90 2.1813 2.2823 4.629 

28 B1 10.825 1.11 2.0010 2.1001 4.9525 

29 B2 3.255 0.20 2.0826 2.2157 6.387 

30 B3 0 0 2.0073 2.1555 7.379 

 

3. TESTS TO BE CONDUCTED AND THEIR SETUPS 
Some of the testing methods which can be used to evaluate the quality of underwater concrete are: 
  
CRD C61 test 
This test uses a small basket with small diameter holes (3mm) and the basket full of concrete is 
immersed in water three times. It is possible to find washout resistance due to the aggregates in the 
mix by blocking the holes of the basket, using this method. The test was later modified to use a larger 
basket with a larger diameter of holes (20mm). The number of immersions was increased from three 
to five. This test is also called Plunge test. This test measures the mass loss of concrete by washout 
in water [1]. Refer to Fig 3. 
 
Stream test 
This is a simple test in which a visual assessment of the degree of washout resistance is made. The 
test procedure involves a setup shown in Fig 4. The test uses a 2m long, 100mm diameter semi- 
spherical pipe, set at a slope of 18 degree to the horizontal. A sample of test concrete is placed at 
300mm from the raised end of the channel. Water is then poured down the pipe and over the concrete 
sample. The amount of washout is determined visually.     
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Drop test 
The basic equipment constitutes graduated cylinder filled with water. A small quantity of concrete 
(400-500g) is dropped through the water in the cylinder. The resultant turbidity of the water is visually 
assessed to determine the degree of washout. The degree of turbidity can be measured using 
turbidity meter [2]. 
  
pH factor test 
This procedure involves a beaker filled with water. A fresh concrete sample of an appropriate size is 
divided into several parts and then dropped into the beaker. It is allowed to settle and is observed 
after three minutes, and a unit volume of the supernatant solution (the water solution above, when 
the concrete has precipitated at the bottom) is decanted into another beaker. The pH factor of the 
solution is determined and recorded. The higher the pH of the decanted solution, the higher is the 
washout loss [3].  
 
Spray test 
This test apparatus determines quantitative results of the resistant to washout of a concrete. 
A mould filled with a sample of 1kg of fresh concrete is placed on a base plate. The base plate is 
shown in Fig 5. The mould is removed and the base plate with the sample is placed on a frame 
suspended from an electronic balance. A computer is connected to the balance and is set in such a 
way that it automatically switches on the recording of the washout process when there is an increase 
of the pressure on the base plate by the water spray. The recording begins automatically when the 
tap on the pipe connecting the water tank with the spray head is opened and water from the spray 
head washes out the sample for four minutes. A constant head is maintained in the water tank in 
order to keep the same pressure throughout the test. The measurement recorded directly from the 
balance every two seconds is the mass of the sample resting  on the base plate and mass due to 
pressure and volume of the water poured onto the sample. The net amount of the material lost is 
obtained as the effect of the pressure and mass of the poured water is subtracted from the direct 
measurement from the balance. An expression of the washout is provided  as a percentage of the 
mass lost compared to that of the original mass [2]. Refer to Fig 5. 
 
Standard test method for abrasion resistance of concrete 
This test method intends to simulate the effect of suspended and transported swirling objects in the 
water, which causes abrasion to concrete and causes potholes and destruction to concrete. The 
apparatus of the test includes: a rotating device, test container, agitation paddle, abrasive charges, 
scales, water tank and scaling blocks. The detailed definition of these terms can be seen in ASTM 
standard C1138M-12 
In the procedure, the specimen is placed in the test container with the seating blocks in place and 
water tight environment is maintained. The specimen is positioned in such a way that the center of the 
specimen coincides with the drill shaft. The bottom of the agitation paddle is kept at some specific 
height above the surface of the specimen. The abrasive charges are placed on the surface of the 
specimen and water is added above the surface of the specimen. The paddle rotates at the required 
speed with the paddle immersed. The standard test consists of six 12-hour periods. 
The magnitude of abrasion is measured by the formula: 
            

                VLt = Vi - Vt 

                     Vt = (Wair –Wwater)/Gw 

                     ADAt = VLt/A 
 
Where,   
VLt = volume of material lost by abrasion at the end of the test increment in question, m

3
 

Vi = volume of specimen before testing, m
3
, and 

Vt = volume of the specimen at the end of the test increment in question, m
3
 

Wair = mass of the specimen in air at the desired time, m
3
 

Wwater= apparent mass of the specimen in water at the desired time, Kg 
Gw = unit weight of water, Kg/m

3
 

A = area of top of specimen, m
2
 

ADAt = average depth of abrasion at the end of the test increment in question, m 
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Bench scale underwater grout layer tests 
This test is appropriate for grouts and mortars. The procedure involves placing of 4L of water into a 
4’’X10’’X20’’ test box. A batch of 4800g of grout mixture using concentrated stimulant (or the mortar 
with admixture content in it) was prepared. The grout mixture was transferred into a 2.5’’ diameter 
smooth, straight clear plastic injection pipe. The grout was then placed underwater by slowly 
removing the capping plate and injecting the grout through the injection pipe. The lower end of the 
pipe should be kept at the lowest point in the test box or buried in the fresh grout to water dilution. A 
very low slump grout results in little or no flow characteristics. The slump flow is influenced by the 
AWA concentration and the binder content, by the water-cementitious material ratio and by water 
reducer concentrations.   
 

 
Figure 3. Test Setup for CRD C61 test 

 

 
Figure  4. Test Setup to conduct Stream test 

 
 
 

 
 

Figure  5. Test Setup for Spray test 
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4.RESULTS AND DISCUSSIONS 
 
The mechanical properties of all the specimens used for evaluating the effects of natural gums on 
mechanical properties are summarized in table 2. The values for cylindrical compressive strength, 
split tensile strength, dry density, saturated density and the corresponding water absorption 
percentage is shown. As per the data, kadukkai gum, asafoetida gum, and cellulose powder has 
given the best results as an AWA. The increased strengths and lesser water absorption makes them 
good AWAs which can be used in Underwater mortars.  
All the natural gums have different chemical compositions. The cylinder compressive strength showed 
some improvement in few concentrations. When the concentrations of the gums in solution was 
increased, reduction in strength was observed.  
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