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Abstract: Autogenous shrinkage of cement pastes both for early and later ages cause cracks in many cases 

because of improper setting. Since early age autogenous shrinkage normally considered as the time of 24 hours 

just after mixing water and without any moisture migration, it is really difficult to measure the early age 

properties. Because in this stage cement paste stands as semi liquid and starts to hardening. However in this 

stage there occurs considerable volume change due to autogenous shrinkage. The aim of this work is to 

investigate this shrinkage of cement paste at constant temperature and humidity for ordinary Portland cement 

and Portland composite cement using treated water with a non destructive technique. Also the performances for 

both cement was investigated using acidic, alkaline & mineral water. The non destructive experimental setup 

has been performed in six special type glass bottle, where three for ordinary Portland cement and rest for 

Portland composite cement maintaining the pH of water 5,7,10 respectively. And it has been investigated that 

besides composition of cement, pH of water also largely influences the shrinkage value in early stage. Also from 

the fineness of cement paste these shrinkage value is compared. It is observed that lowering the pH of water the 

performances of cement paste decreased for both cement. And the Portland composite cement shows greater 

shrinkage than ordinary Portland cement. Also with increasing fineness of cement shrinkage also increased. 

Therefore, this paper provides insight regarding how to interpret early age autogenous shrinkage, how treated 

water play a role, and comparative analysis of shrinkage in the early age. 
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I. Introduction 

Now a day’s immense use of High performance 

concrete due to its stability and durability improve 

the infrastructure quality. Therefore due to its low 

w/c ratio it is more vulnerable and it is not out of risk 

in the upcoming years after its construction.  The 

main problems are their increased tendency to 

undergo early-age cracking. Thus although high 

strength, low water-to-cement ratio cement based 

materials, concrete improves stability and durability, 

in long term consideration may be the vice versa. It is 

more susceptible to early age cracking. From this 

point of view in overall consideration the structure 

will fail in the near future seriously (1, 2, 3, 4, 5, 6). 

After mixing of water with cement with time it 

matures and continues to shrink. Shrinkage crack in 

cement based material mainly due to drying, 

autogenous shrinkage or thermal effects. Reaction 

taking place in the material and shrinkage continues. 

If there sufficient amount of water exists in the media 

to run the hydration process it will be reduced with 

time generally. Early age cracking causes mainly by 

self- desiccation and autogenous shrinkage. The 

shrinkage is the outcome of the chemical collision of 

the mixture. And since the cement paste hydrates 

under sealed conditions there chemical shrinkage 

occurs. When the cement paste get harden empty 

porosity is created within the capillary pore system of 

the cement paste microstructure. The initial pore-size 

distribution of the cement paste makes a great impact 

on early age autogenous also. Cement fineness is also 

another important fact in case of early age 

autogenous shrinkage. Coarse pores are relatively 

beneficial in minimizing early age cracking by 

minimizing capillary pressure (7).  

In that aspect also a lot of admixtures and ingredients 

are used to minimize early age autogenous shrinkage. 

Shrinkage reducing admixtures (SRA) have been 

shown to be an effective technique to reduce the 

potential of early-age cracking occurred just 

immediate after casting (1,8,9,10,11,12,13). It is well 

known that SRA is designated to reduce the surface 

tension of water into pore solution of cement paste. 

Since the internal stresses in the pore solution are 

directly proportional to its surface tension, particle 

size and fineness of cement has an influence to 

mitigate autogenous shrinkage (14).  

Shrinkage of concrete takes places in two several 

stages one of them is early age and another is later 

ages. The early stage is commonly defined as 

immediate 24 hours of casting generally. In this stage 

cement paste is setting and starting to harden. The 

later ages is refers to the cement paste at an age of 24 

hours and beyond. Autogenous shrinkage of cement 

paste is defined as the macroscopic volume change 

occurring with no moisture transferred to the exterior 

surrounding environment. It is a result of chemical 

shrinkage affiliated with the hydration of cement 

particles. The chemical shrinkage is an internal 

volume reduction while the autogenous shrinkage is 

an external volume change. The early-age autogenous 

and chemical shrinkages are not equivalent and 

sometimes autogenous shrinkage would much greater 

than the counterpart (15). However the early resulting 

cracks is internal and microscopic that after 

immediate time of hardening it would not appear. But 
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since the shrinkage undergoes, at later ages may 

merely open the existing cracks and spoil the existing 

condition. The chemical shrinkage can be lowered by 

selecting cements with a low C3A and high C2S 

content. The rate of chemical shrinkage also can be 

lowered by selecting coarser ground or slow reacting 

cements. Autogenous shrinkage in early age has 

several stages given below. 
 

 

          

 
 

After cement mixing with water the autogenous 

deformation parallel the chemical shrinkage. And it 

runs through until the point when there is some 

stiffening. In this mean time a skeleton formation 

notices (15). The early age autogenous shrinkage 

occurs physically due to at least the volume reduction 

resulting from the hydration of cement and water, 

which consumes less space than the initial products. 

Cement paste cracked earliest and had the greatest 

crack width in future (16). Since both self-desiccation 

and autogenous deformation depend on the chemical 

composition of the cement, the fineness, and particle 

size they would be the controlling parameter. Also the 

pore size distribution of the cement paste would have 

great influence (17). The autogenous stresses 

responsible for the shrinkage are controlled by the 

size of the pores that are being emptied during self-

desiccation. autogenous shrinkage could be estimated 

form chemical and mineral composition of cement 

that means it has a good relation with fineness and 

composition. The autogenous shrinkage greatly 

depends on the chemical composition and degree of 

hydration of C3A and C4AF. Also the Finer grain of 

cement leads to greater shrinkage starting at an earlier 

age (18). The cement grains are more fined more 

susceptible to undergo early-age cracking. 

A lot of research previously performed based on 

early age autogenous shrinkage. This research has 

established some concepts. Some of the research 

related to only the determination of shrinkage both 

early and later ages. Some of researches related to 

performances of several cement based materials, 

concrete and also their comparative performances. 

Some of the research investigated the mitigation 

techniques and use of different admixtures. Some are 

also evaluate the quantity of shrinkage in variable 

temperature. Also the addition and replacement of 

several fine and coarse aggregate are analyzed in case 

of early age autogenous shrinkage (1-18). 

Therefore the main aim of this research is to 

determine the early age autogenous shrinkage of 

cement paste with water of pH 5, 7 and 10. Also how 

the early age autogenous shrinkage related with the 

fineness of cement investigated. This test method is 

based on the Le chatelier’s principle and performed at 

an autogenous condition. 

II. Experimental details 

A. Materials 

The experimental program consisted of conducting 

early age autogenous shrinkage of cement paste on 

two different types      of cement at a temperature of 

22±1ºc and humidity 70 percent and treated water of  

(pH=5,7,10). Two sample for each pH. 

 
TABLE I.  Chemical Composition of Cement 

 

Compound OPC PCC 

CaO 65.317% 49.074% 

Gypsum 0-5% 0-5% 

SiO2 22.692% 29.268% 

 

Dilute sulfuric acid (extra pure) used to make pH of 

water 5, whose molarity M=98.08 g/mol NaOH used 

to make pH of water 10. 
 

TABLE II.  Fineness of Cement  

(Blaine Air Permeability) 
 

Ordinary Portland cement    3733 cm
2
/gm                                      

Portland composite cement 3998 cm
2
/gm 

 

B. Apparatus & Specimen  

An air tight chamber usually glass bottle used to 

determine early age autogenous shrinkage of cement 

paste. This technique based on La chatelier’s 

principle. When the glass bottle keeps under air tight 

condition the capillary pressure developed inside the 

glass bottle. The glass bottle is making air tight by a 

rubber cork with capillary tube finely griped with the 

head.   

 
Figure 1.   Glass bottle with capillary tube and 

rubber cork 
 

Both the OPC and PCC have taken an amount of 

200gm with w/c ratio of 0.37. The temperature of the 

surrounding environment kept constant of 22±1ºc and 

humidity 70 percent with treated water (pH=5, 7, 10). 
 

C. Experimental Procedure 

At first both the OPC and PCC were sieved by a 

≠200 sieve before it was placed in an oven at a 

temperature of 105
◦
c for 2 hours. At first performed 

XRF analysis for chemical composition of both the 

OPC and PCC. Later with Blaine Air Permeability 

apparatus the fineness of the both OPC and PCC 

measured. 

Liquid Skeleton 

formation 
Hardening 
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The cement was then mixed with the water and then 

manually inserted into the glass bottle in such a 

manner that the top surface of the cement paste inside 

the bottle almost parallel (19). The temperature of the 

surrounding atmosphere was kept constant by air 

conditioner. The bottles were about 22cm height with 

8 cm diameter. After inserting the cement paste 

inside the bottle then glass bottle kept in a cautious 

manner. After filling with 200 gm cement paste the 

blank portion of the bottle were filled with water. 

After that the cork was placed properly, due to 

capillary pressure some water rise up in the capillary 

tube. However with time when hydration starts to 

occur the cement paste getting shrunk and the water 

level in the capillary tube lowered. And this lowering 

water indicates the volumetric shrinkage, which is 

early age shrinkage at autogenous condition. If the 

water level out of reach of capillary tube, water 

inserted manually into the capillary tube such that 

process will not hamper. Six glass bottles for two 

different brand cement with varying pH kept side by 

side to each other (20). Therefore, after the set up 

was completed continuous data was taken with a 

regular interval of time (21). The readings from the 

tube collected manually over a period of 72 hours 

with some differential interval. Because immediate 

after mixing water before going to harden maximum 

shrinkage occur. For this reason initially reading 

were taken at an interval of 5 min., then after some 

period 10 min. interval. After going to harden state 

interval extend to 30 min. and after one day it is 3 

hours. 

 

III. Results & Discussions 

Depending upon the experimental value both the 

cement paste (OPC and PCC) has an increase nature 

in early age autogenous shrinkage. Therefore they 

differ with the type of water. Also they have a change 

with the fineness of the cement paste. This research 

based on early age, considered generally 24 hours 

after the mixing of water with the cement. The early 

age autogenous shrinkage mainly well increased in 

between the two fourth period of the experiment at 

early age. At first in case of OPC the early age 

autogenous shrinkage increased in a good behavior. 

But the paste which is exposed to water of pH 5 

undergoes much shrinkage than the other treated 

water. Since the main minerals of cement clinker are 

tricalcium silicate (C3S), dicalcium silicate (C2S), 

tricalcium aluminate (CA) and triclacium alumino, 

ferrice (C4AF) are all basic type; it is more 

susceptible to react with the water of acidic nature. 

When chemical reaction occur greater the shrinkage 

would be greater. 

 
Figure 2.   Volumetric autogenous shrinkage curve 

for ordinary Portland cement 

But in case of water of pH 10 shrinkage is lesser 

extent than the previous. Because cement ingredients 

itself is basic type and with the basic type media it 

would decelerate the chemical reaction. And also the 

shrinkage occurs with lesser extent. From Figure 2 

early age autogenous shrinkage of ordinary Portland 

cement increased for all the treated water. But in case 

of the water of pH 5 it is well increased than the other 

two. However early age autogenous shrinkage with 

water of pH 7 larger with silly extent than water of 

pH 10. 

 
Figure 3.  Variation of autogenous shrinkage for 

ordinary Portland cement 

 

Figure 3 indicates the differential early age 

autogenous shrinkage of ordinary Portland cement 

also shows that using water of pH 5 there is greater 

shrinkage. Also in case of Portland composite cement 

paste shows the same behavior as ordinary Portland 

cement. But in that case it shows greater shrinkage 

than ordinary Portland cement due to greater 

fineness. For Portland composite cement Figure 4 

and 5 shows early age autogenous shrinkage.   

 
Figure 4.   Variation of autogenous shrinkage for 

Portland composite cement 
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From Figure 4 it is well understand that early age 

autogenous shrinkage increase with lowering pH and 

increasing fineness value. 

 

 
Figure 5.  Variation of autogenous shrinkage for 

Portland composite cement 

 

IV. Conclusions 

After performing some sophisticated test and 

laboratory work the following conclusion can be 

drawn based on the result.   

1. Increasing the pH of water used for mixing, early 

age autogenous shrinkage decrease 

consequently due to the chemical properties of 

cement and chemical reaction between cement 

and water. 

2. More fine the cement particle exhibits more early 

age autogenous shrinkage. 
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