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Abstract— In order to meet the performance requirements of concrete for various infrastructure projects, concrete mixtures 
have to be designed and produced using combination of different cementitious materials with water and aggregate and 
chemical admixtures. The active constituent of concrete is cement paste and largely it determines the performance of 
concrete. Admixtures in concrete confer some beneficial effects such as air entrainment, water reduction, plasticity, etc. on 
the cement paste. Also setting time acceleration / retardation can be achieved by the use of admixtures.  Addition of some 
particular admixture may develop undesirable interaction between varying ingredients of concrete. Many times addition of 
admixture beyond certain limit may show incompatibility. The term “incompatibility” has been applied to various types of 
abnormal performance characteristics of concrete in both plastic and hardened stages, including setting and strength gain 
issues, excessive slump losses and increased water demand. Marsh cone test is used to formulate the optimum dose of 
particular admixture to the cement thereby avoiding cement-admixture incompatibility. For high Strength concrete and high 
performance concrete, depending on location i.e. distance of site from the plant, the retention time of the concrete plays 
important role. Because of retention time, the workability of concrete mix is increased as well as other properties like 
flowability, setting time of concrete is enhanced. 
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I. INTRODUCTION 
 
The term compatibility refers to the desired effect on 
performance when a specific combination of cement 
and chemical admixtures is used. The complex 
interaction between cement and chemical admixtures 
in concrete mixtures sometimes leads to 
unpredictable performance of concrete in the field 
which is generally defined as concrete 
incompatibilities. 
Common problems during concreting include flash 
setting; delayed setting, rapid slump loss, improper 
strength gain, inordinate cracking etc arise due to 
incompatibility between cement and chemical 
admixtures. These issues in turn affect the hardened 
properties of concrete, primarily strength and 
durability. Modern concretes i.e. Ready Mix 
Concrete, High Strength Concrete, High Performance 
Concrete; Self Compacting Concrete etc almost 
always possess some additives, either in the mineral 
form or chemical form. The use of chemical 
admixtures has become very common in India. There 
has also been a proliferation in the number of brands 
of cement and in the types of cement available. It is 
very difficult to ensure that an admixture that 
produces all the desired effects with one type of 
cement would do the same with other type cement. 
Users, who are unaware of compatibility issues, 
often, suffer when the supply of cement and/or 
admixture is changed midway through a project.  
In concrete mix design the superplasticizer dosage are 
fixed based on the composition of the paste (cement, 
water and chemical admixtures) with the maximum 
fluidity for a given water/cement ratio and a given 
chemical admixture/cement ratio. The characteristics 
of the fresh paste mostly govern the properties of the 
fresh concrete and this procedure will yield a concrete 

with the desired workability for a given aggregate 
content. The only variable in this process is the 
superplasticizer/cement ratio. 
Admixture manufacturers try to overcome 
compatibility problem by formulating project-specific 
chemicals. Obviously, this is only a short term 
solution. For a more comprehensive approach, the 
optimum dosage of chemical admixture is decided for 
each batch of cement and each admixture. To 
formulate this objective, a test known as “Marsh 
Cone Test” is performed. In this test, for particular 
w/c ratio, cement and admixture dosage, a optimum 
dose of that chemical admixture is found out. At 
optimum dose of admixture, cement-admixture paste 
is the most compatible to each other. 
For high Strength concrete and high performance 
concrete, depending on location i.e. distance of site 
from the plant, the retention time of the concrete 
plays important role. Because of retention time, the 
workability of concrete mix is increased as well as 
other properties like flowability; setting time of 
concrete is enhanced. 
Cement superplasticizer interaction in concrete is a 
complex blend of chemical and physical mechanisms 
that are interdependent. The complicated nature of the 
problem prevents the development of simple 
solutions to address the field related issues of 
application of chemical admixtures. One such 
solution is to perform Marsh Cone Test on Cement 
Admixture sample. 
 
II. MARSH CONE TEST  
 
The Marsh cone test is a workability test used for 
specification and quality control of cement pastes. 
Marsh cone test standard varies from one country to 
another, but its principle is usually the same. The 



International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-3, Issue-3, Jun.-2016 

Compatibility of Chemical Admixture With Cement: Marsh Cone Test 
 

100 

time needed for a certain amount of material to flow 
out of the cone is recorded. This measured flow time 
is linked with the fluidity of the tested material. The 
longer the flow time, the lower is the fluidity. 
 

 
Fig.1.  MARSH CONE TEST 

 
The Marsh cone test is a simple approach to get some 
data about cement pastes behaviour. It is used in 
cement based materials mix design in order to define 
the saturation point, i.e. the dosage beyond which the 
flow time does not decrease appreciably. The cone is 
filled with the fluid material while the nozzle is kept 
closed. When the cone is filled with measured 
quantity of fluid, the nozzle is opened and the fluid is 
allowed to flow freely. The time needed for measured 
quantity of material to flow out is recorded as Marsh 
cone time.  
The saturation point is defined as the chemical 
admixture dosage beyond which the flow ti me dose 
not decrease appreciably. The dose at which the 
Marsh cone time is lowest is called the saturation 
point. The dose is the optimum dose for that brand of 
cement and admixture (plasticizer or superplasticizer) 
for that w/c ratio. 

  
III. CEMENT PROPERTIES 
 

Table 1. Cement Properties 

 

 
 

 
IV. ADMIXTURE PROPERTIES 

 
Table 2. Admixture Properties 

 
 

V. METODOLOGY 
 

1. Observations for 0 minutes, 15 minutes and 60 
minutes retention period are taken.  

2. For first test, water cement ratio is kept as 0.55 
and Auramix 300 admixture dose of 0.2% is 
administered. Temperature is noted down.  

3. Mix the measured quantity of Ambuja Cement, 
water and Auramix 300 admixture thoroughly 
in a mechanical mixer for two minutes. While 
mixing, first put the water in mixing bowl and 
then add 2 Kg of cement to this water. Stirre 
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for 1 minute and then add Auramix 300 
admixture dose and stirring operation is 
continued for next one minutes. Thus slurry is 
formed. 

4. Pour one liter slurry into marsh cone duly 
closing the aperture with a finger. 

5. Start the stop watch and simultaneously 
remove the finger. Note the time taken for 
emptying the Marsh Cone. This time is called 
the “Marsh Cone Time”.  

6. Repeat the test for 15 minutes and 60 minutes 
retention period for same mix and duly noting 
Marsh Cone time. The mixture of cement and 
admixture should be kept stirred throughout 
the test. 

7. Repeat the test for different plasticizer dosage 
i.e. 0.2% to 2.0% (AS per IS 456: 2000). 

8. A typical graph of Marsh Cone Time in 
Seconds vs Admixture/Cement dosage in 
percentage is drawn and optimum dose is 
ascertained. This point is known as “Saturation 
Point” 

9. For Ambuja Cement and Auramix 300 
admixture, different w/c ratio i.e. 0.25, 0.30, 
0.35, 0.40, 0.45, 0.50, 0.55 the whole 
procedure is repeated and for each 
combination of cement, water and plasticizer, 
saturation point is obtained. 

10. Repeat step 2 to 9 for the Ambuja Cement and 
Conplast Sp 440 admixture. 

 
 

IV. OBSERVATION 
 
Sample observations is taken as per table 3. 

Table 3. Observations of Marsh Cone Test  

 
 

VII. ANALYSIS 
 
Sample analysis is taken as per graph 1. 

 
Graph 1. Analysis of Marsh Cone Test results 
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VIII. RESULTS 
 
Following Table 4 shows Abstract of Saturation points based on Marsh Cone Test Results for different w/c ratio 
in respect of Ambuja Cement with Auramix 300 and Conplast SP 440 admixture 
 

Table 4.  Results of Marsh Cone Test 

 
 
IX. RECOMMENDATION 
 
For both the admixture, optimum dose of admixture of Ambuja cement is different for different w/c ratio. It is 
therefore recommended to limit the admixture dosage for different w/c ratio as given in following table 5. 

 
Table 5.  Recommended admixture dose 

 
 
X. COST ANALYSIS 
 
Cost./ kg for Auramix -300 and Conplast SP 440 admixture are Rs 65.00/- and Rs. 31.20/-  only. Based upon 
these cost, analysis is given as shown in table 6. 

 
Table 6. Cost Analysis of Auramix -300 and Conplast SP 440 admixture 
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CONCLUSIONS 
 
1. Optimum dose of chemical admixture varies with 

the type of the chemical admixtures as well as 
type of cement and w/c ratio. 

2. As w/c ratio decreases, the optimum dose of 
admixture expressed as percentage of cement in 
concrete mix increases. 

3. Mostly optimum admixture dose expressed as 
percentage of cement in concrete mix decreases 
with increase in retention time. 

4. The reaction between Ambuja cement PPC with 
Conplast SP 440 is less time consuming as 
compared to the reaction between Ambuja cement 
PPC and Auramix 300 admixtures, for 0 minutes 
retention.   

5. For 15 minutes retention as well as 60 minutes 
retention, the reaction between Ambuja cement 
PPC with Conplast SP 440 is similar in behaviour 
as compared to the reaction between Ambuja 
cement PPC and Auramix 300 admixtures.  

6. For Ambuja Cement PPC, Conplast SP 440 is 
more reactive than Auramix 300. 

7. For Ambuja cement, for every w/c ratio as well as 
every retention time taken, Conplast SP 440 is 
more compatible than Auramix 300. 

8. Regarding cost analysis, Conplast SP 440 is 
economical than Auramix 300. 
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