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Abstract— Self-curing is done in order to fulfill the water requirements of concrete whereas self-compacting concrete is prepared so that 

it can be placed in difficult positions and congested reinforcements. This investigation is aimed to utilize the benefits of both self-curing 

as well as self-compacting. The present investigation involves the use of self-curing agent viz., polyethylene glycol (PEG) of molecular 

weight 4000 (PEG 4000) for dosages ranging between 0.1 to 1% by weight of cement added to mixing water. Two mixes with different w/c 

ratio were considered in the investigation.  

Workability tests i.e. slump flow, T50, V-funnel, J-ring, L-box were conducted on the fresh concrete whereas water retention and 

compressive strength were evaluated to determine the properties of hardened concrete.  

Comparative studies were carried out for water retention and compressive strength for conventional SCC and self-cured SCC.  

The compressive strength of self-cured SCC are comparable with traditional cured specimens at lower w/c ratio whereas does not provide 

satisfactory results at higher w/c ratio.  
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I. INTRODUCTION  

  1. Need for self–curing 
 When the mineral admixtures react completely in a blended cement system, their demand for curing water (external or internal) can be 

much greater than that in a conventional ordinary Portland cement concrete. When this water is not readily available, due to depercolation of 

the capillary porosity, for example, significant autogenous deformation and (early-age) cracking may result. Due to the chemical shrinkage 

occurring during cement hydration, empty pores are created within the cement paste, leading to a reduction in its internal relative humidity and 

also to shrinkage which may cause early-age cracking. This situation is intensified in HPC (compared to conventional concrete) due to its 

generally higher cement content, reduced water/cement (w/ c) ratio and the pozzolanic mineral admixtures (fly ash, silica fume). The empty 

pores created during self-desiccation induce shrinkage stresses and also influence the kinetics of cement hydration process, limiting the final 

degree of hydration. The strength achieved by IC could be more than that possible under saturated curing conditions. Often specially in HPC, it 

is not easily possible to provide curing water from the top surface at the rate required to satisfy the ongoing chemical shrinkage, due to the 

extremely low permeabilities often achieved. 

 

2. Mechanism of internal curing 
    Continuous evaporation of moisture takes place from an exposed surface due to the difference in chemical potentials (free energy) between 

the vapour and liquid phases. The polymers added in the mix mainly form hydrogen bonds with water molecules and reduce the chemical 

potential of the molecules which in turn reduces the vapour pressure, thus reducing the rate of evaporation from the surface. 

 

3. Potential materials for self-curing 

    The following materials can provide internal water reservoirs: 

[1] Lightweight Aggregate (natural and synthetic, expanded shale), 

[2] LWS Sand (Water absorption =17 %) 

[3] LWA 19mm Coarse (Water absorption = 20%) 

[4] Super-absorbent Polymers (SAP) (60-300 mm size) 

[5] SRA (Shrinkage Reducing Admixture) (propylene glycol type i.e. polyethylene-glycol)   

[6] Wood powder 

 

4. Concrete deficiencies that self-curing can address 

    The benefit from self-curing can be expected when 

1. Cracking of concrete provides passageways resulting in deterioration of reinforcing steel, 

2. low early-age strength is a problem, 

3. permeability or durability must be improved, 

4. Need for: reduced construction time, quicker turnaround time in precast plants, lower maintenance cost, greater performance and 

predictability. 

 

5. Self-compacting concrete  

    Self-compacting concrete is basically a concrete which is capable of flowing in to the formwork, without segregation, to fill uniformly and 

completely every corner of it by its own weight without any application of vibration or other energy during placing.There is no standard self-
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compacting concrete. Therefore each self-compacting concrete has to be designed for the particular structure to be constructed. However 

working on the parameter which affects the basic properties of self-compacting concrete such as plastic viscosity, deformability, flowing 

ability and resistance to segregation, self-compacting concrete may be proportioned for almost any type of concrete structure. To establish an 

appropriate mixture proportion for a self-compacting concrete the performance requirements must be defined taking into account the 

structural conditions such as shape, dimensions, reinforcement density and construction conditions. The construction conditions include 

methods of transporting, placing, finishing and curing. The specific requirement of self-compacting concrete is its capacity for self-

compaction, without vibration, in the fresh state. Other performances such as strength and durability should be established as for normal 

concrete. The highly fluid nature of SCC makes it suitable for placing in difficult conditions and in sections with congested reinforcement. 

Use of SCC can also help minimize hearing-related damages on the worksite that are induced by vibration of concrete. Another advantage of 

SCC is that the time required to place large sections is considerably reduced. 

 

 Principles of SCC mixture design 
    Small sized and limited coarse aggregate reduce internal stresses causing blockage. HRWRs increase the paste flow, VMAs increase paste 

viscosity to reduce segregation and mineral admixtures lower the heat of hydration and enhance the stability. 

 

 Need of Study 
    A very limited work is reported from this area having the benefits of both self-curing as well as self-compaction. The future for this type 

of concrete is very bright due to scarcity of skilled man power, non-mechanization of construction industry, abundant availability of 

construction materials available at very low cost. The properties of this type of concrete, if found satisfactory would be a great step in 

concrete technology compiling the advantages of both internal curing as well as self-consolidation. 

 

II.  LITERATURE REVIEW  

        This chapter includes the literature review that has been carried out in order to understand the concept behind the topic and accordingly 

plan the experimental programmer for further research in the same field. 

 

1. Self-Curing Concrete  
    Dhir et al. [1] focused on achieving optimum cure of concrete without the need for applying external curing methods. The chemical 

ability to reduce evaporation from solution and to improve water retention in OPC was measured by weight loss. Initial surface absorption 

and compressive strength tests were made to determine surface permeability and strength development. The scanning electron microscope 

was used to determine the influence of admixtures on cement paste microstructure. 

Conclusion  

 It is possible to improve water retention in cement paste by means of a chemical addition to the mix.  

 Improved water retention does not always lead to a proportionate increase in degree of cement hydration and hence better concrete  

    properties, although in many cases it does.  

 A number of chemicals improved concrete surface characteristics. It appears that the presence of the chemical is enhancing 

hydration  

    beyond that achieved by water retention. 

    Liang et al. [2] observed that a combination of wax preferably paraffin wax and glycol preferably polyethylene glycol(PEG),when added 

to concrete enables internal curing which in many respects is equal to or superior to traditional forms of curing concrete. The internal curing 

compound used has 10%PEG, 57%paraffin wax, 33% water (comp. 2).  

The curing compound was tested for the following parameters  

 Evaporation rate  

 Porosity 

 Shrinkage 

 Weight loss 

 Compressive strength  

The test results were compared with two other curing compounds, membrane curing and no curing condition.  

The curing compounds used were  

Compound 1- Water, wax emulsion & high MW polyethylene oxide  

Compound 2- Water, paraffin wax, PEG (current invention)  

Compound 3- Water based polyethers  

The following conclusion has been reached  

 Internal curing composition 2 exhibits moisture retention characteristics similar to those of the solvent borne resin membrane  and 

performs better than 3 day water curing.  

 Internal curing composition 1 & 2 give compressive strength similar to those of the solvent borne resin membrane, however 

composition 3 shows a significantly lower strength at higher dosages.  

 Porosity and absorption values of internal curing compound are comparable with solvent borne resin membrane and 3 day water 

curing. 

 

2. Self-Compacting Concrete  
    Nan-su et al. [3] proposed a new mix design method for self-compacting concrete (SCC). First, the amount of aggregates required is 

determined, and the paste of binders is then filled into the voids of aggregates to ensure that the concrete thus obtained has flowability, self-

compacting ability and other desired SCC properties. The amount of aggregates, binders and mixing water, as well as type and dosage of 

superplasticizer (SP) to be used are the major factors influencing the properties of SCC. Slump flow, V-funnel, L-flow, U-box and 

compressive strength tests were carried out to examine the performance of SCC, and the results indicate that the proposed method could 

produce successfully SCC of high quality. 

Conclusions  

 The aggregate PF determines the aggregate content and influences the strength, flowability and self-compacting ability.  
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 SCC designed and produced with the proposed mix design method contains more sand but less coarse aggregates, thus the passing 

ability through gaps of reinforcement can be enhanced. 

    Bingol et al. [4] studied the effect of air curing, water curing and steam curing on the compressive strength of Self Compacting Concrete 

(SCC). For the study, SCC is produced with using silica fume (SF) instead of cement by weight, by the ratios of 5%, 10% and 15%, and fly 

ash (FA) with the ratios of 25%, 40% and 55%.  

Conclusions derived from the experiment were:  

 The increase in the replacement percentage of SF resulted in increases in compressive strength; while the increase of FA content 

affected the compressive strength inversely. SCC mixes with 15% SF replacement of cement content provided the highest 

compressive strength.  

 The highest compressive strength values were obtained from standard cured specimens (cured in water for 28 days). The increase in 

the water curing duration resulted in increases in compressive strength. Air curing caused compressive strength decreases and the 

lowest strength values are obtained from air cured specimens for all groups. 

 Both SF and FA replacement groups gained more strength according to control group without any mineral admixture, at steam 

curing applications. 

 

III. CONCLUSIONS  

 Use of PEG as a self-curing agent resulted in better hydration of concrete.  

 It can give strength on par with concrete with conventional curing methods.  

 Good workability can be achieved with the use of PEG.  

 Lower water loss and increased relative humidity can be expected.  

 Lower water permeability and sorptivity achieved.  

 Reduces self dessication, autogenous shrinkage and chemical shrinkage to a maximum extent.  

 Overall better performance of concrete.  

 Lower workability observed in case of Polyacrylamide (PAM) due to the formation of gelatinous structure.  

 Lower dosage of PEG more efficient than higher dosage.  

 Lower molecular weight PEG more effective than higher molecular weight PEG.  

 SCC with silica fume performs satisfactory than SCC with Fly Ash from strength point of view.  

 SCC requires initial water curing to achieve desirable properties. 

 

 Research Significance  
    from the literature review carried out on different materials i.e. Light weight aggregate (LWA) and Super absorbent polymers (SAP) it    

        Can be concluded that use of these potential materials tend to decrease the mechanical properties of concrete.  

    cy in  

         relation to mechanical properties.  

    vestigation carried out in the institution the dosage has been reduced to 0 to 1% to make the concrete more   

        efficient. 

 

IV.  SCOPE AND OBJECTIVE OF INVESTIGATION 

 The objective of the investigation is to use the water soluble polymeric glycol, selected from a group consisting of polyethylene 

glycol (PEG) of average molecular weight (M.W) from 200 to 10000 as self-curing agent and to decide the optimum dosage for 

different curing conditions under arid atmospheric conditions. 

 The objective is to study the compressive strength and water retention by varying the percentage of PEG from 0% to 1% by 

weight of cement for self-compacting concrete and compare it with conventional SCC. Concrete weight loss with time was 

evaluated to determine the water retention capacity. Slump flow test, J ring test, L box test and V-Funnel test were carried out 

on the fresh concrete to evaluate the workability of concrete. 

 Two mixes of self-compacting concrete were considered for the study. Polyethylene glycol (PEG) of molecular weight 4000 

was used as a self-curing agent in concrete. The concrete mix with and without Self curing agent were subjected to different 

types of curing i.e. conventional and indoor curing to study the above mention parameters. 

 Other objectives were to compare the effect Polyethylene glycol (PEG) on other grades of SCC and to find out the optimum 

dosage for each grade. 

 

Experimental programme 

     The experimental program is designed to investigate the strength of self-curing self-compacting concrete by adding poly ethylene glycol 

PEG4000 @ 0.1%, 0.5% and 1% by weight of cement to the concrete. The experimental program is aimed to study the workability, 

compressive strength and water retention capacity. The slump flow test, J ring test, U box test, L box and V-Funnel test were conducted for 

all mixes to kNow the fresh property of concrete. Compressive strength test was conducted at 7 and 28 days. The cubes were weighed for 3, 

7,14,21,28 and 56 days from the date of demoulding to investigate the water retention capacity. In this investigation the maximum dosage of 

self-curing agent was restricted to 1% and minimum dosage to 0.1%. Two different mixes with 28 days cube compressive strengths of 

concrete were aimed i.e. 70MPa & 50MPa. A total of 90 cubes were cast for the experimental programme. 

 

 Nomenclature for specimen 

    MIX A - 28 days cube compressive strength of about 70 MPa 

    MIX C - 28 days cube compressive strength of about 50 MPa 

    O - Ordinary Portland cement (OPC) 

    PEG - Polyethylene Glycol 

    H - PEG 4000(Higher Molecular Weight) 

    I - Indoor Curing 
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    W - Wet/Conventional Curing 

    SP - Superplasticizer 

    S.C.A - Self-Curing Agent 

    SCC - Self-Compacting Concrete 

i. For example sample with name AOW represents SCC Mix A with PEG 4000 and dosage of 0% by weight of cement subjected to wet  

   curing. 

ii. Sample AOI represents SCC Mix A with PEG 4000 and dosage of 0% by weight of cement subjected to indoor curing. 

     Sample AH1 represents SCC Mix A with PEG 4000 and dosage of 1% by weight of cement subjected to indoor curing. 

 

Materials used 

The different materials used in this investigation are: 

1. Cement 

2. Fine aggregate 

3. Coarse aggregate. 

4. Polyethylene Glycol(PEG-4000) 

5. Polycarboxylate Ether (superplasticizer) 

6. Fly Ash 

7. Silica Fume 

8. Water 

 

Mix design by Nan-Su Method 

      The principal consideration of the proposed method is to fill the paste of binders into voids of the aggregate framework piled loosely. The 

loose unit weight of the aggregate is according to the shoveling procedure of ASTM C29, except discharging the aggregate at a height of 30 

cm above to the top of the measure. Usually, the volume ratio of aggregate is about 52–58%, in other words, the void in the loose aggregate 

is about 42–48% according to ASTM C29. The strength of SCC is provided by the aggregate binding by the paste at hardened state, while 

the workability of SCC is provided by the binding paste at fresh state. Therefore, the contents of coarse and fine aggregates, binders, mixing 

water and SP will be the main factors influencing the properties of SCC. With the proposed method, all we need to do is to select the 

qualified materials, do the calculations, conduct mixing tests and make some adjustments, and SCC with good flowability and segregation 

resistance can be obtained with self-compacting ability as specified by the JSCE. The procedures of the proposed mix design method can be 

summarized in the following steps. 

 

Conclusions 

After analyzing the results obtained from the experimental programme, the following conclusions could be made regarding the use of PEG-

4000 in case of self-compacting concrete with low as well as high w/c ratios 

  

1.  For Water Retention 
 Increasing the percentage dosage of PEG-4000 increases the weight loss for lower w/c ratio. Thus lower dosage showing better 

water retention for lower w/c ratio.
 

 Increasing the percentage dosage of PEG-4000 decreases the weight loss for higher w/c ratio. Thus for higher w/c ratio higher 

dosage shows better water retention.
 

 Weight loss is more in initial ages compared to later ages for both the grades of concrete. However the loss is more in initial ages 

for lower grade compared to higher grade. This may be attributed to better sealing of lower w/c ratio in higher grade of concrete.
 

 With increase in age of curing, there is general increase in the weight loss. However the loss is more at lower grade as compared to 

high grade.
 

 Water retention of SCC with low w/c ratio improves with the addition of PEG-4000 and the optimum dosage is found to be 0.1%
 

 Water retention of SCC with high w/c ratio improves only at high dosage of PEG-4000. Thus the optimum dosage for high w/c 

ratio is found to be 1%
 

 

2. For Compressive Strength 
 Compressive strength of SCC with lower w/c ratio improves with the addition of PEG-4000 and is almost equivalent to wet curing. 

Thus PEG-4000 inclusion proves to be beneficial. The optimum PEG dosage at lower w/c ratio was found to be 0.1%.
 

 Compressive strength of SCC with high w/c ratio does not show favourable results and were observed to be less than indoor curing 

for all the dosages. Thus addition of PEG-4000 for high w/c ratio is insignificant
 

 

V. COMPARATIVE STUDY OF TEST RESULTS 

       In this chapter with reference to the similar work carried on PEG-4000 for 28 days cube compressive strength of about 60MPa i.e. Mix 

B, the comparison has been made for water retention and compressive strength so that addition of PEG-4000 can be analyzed. 

 

1. Water retention 

    The average weight loss for all the mixes i.e. Mix A, Mix B, Mix C are given in Tables 7.1, 7.2, 7.3 respectively at the ages of 3, 7, 14, 

21, 28, 56 days. The w/c ratios used for Mix A, Mix B, Mix C are 0.38, 0.45 and 0.52 respectively. 

The conclusions that can be drawn in terms of water retention are: 

 Increasing the percentage dosage of PEG-4000 increases the weight loss for lower w/c ratio i.e. Mix A. whereas increasing the 

percentage dosage of PEG-4000 decreases the weight loss for higher w/c ratio i.e. Mix B and Mix C. 

 For lower w/c ratio lower dosage of PEG-4000 gives better water retention whereas for higher w/c ratios higher dosage shows 

better water retention. 

 Weight loss is more in initial ages compared to later ages for all the grades of concrete. However the loss is more in initial ages for 

lower grades compared to higher grade. This may be attributed to better sealing of lower w/c ratio in higher grade of concrete. 
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2. Compressive Strength 

    The compressive strength values at the age of 7 and 28 days for all the mixes i.e. Mix A, Mix B, Mix C are shown in Table 7.4 and the 

results are plotted in figure 7.4, 7.5, 7.6 

The conclusions arrived are: 
 Compressive strength of SCC with lower w/c ratio (Mix A) improves with the addition of PEG-4000 and is almost equivalent to wet 

curing. Thus PEG-4000 inclusion proves to be beneficial. The optimum PEG dosage at lower w/c ratio was found to be 0.1% for 

Mix A.
 

 Compressive strength of SCC with high w/c ratio (Mix B) improves with the addition of PEG-4000 and is higher than indoor curing 

at all dosages of PEG-4000. The optimum dosage was found to be 1%.
 

 Compressive strength of SCC with high w/c ratio (Mix C) does not show favourable results and were observed to be less than 

indoor curing for all the dosages. Thus addition of PEG-4000 for high w/c ratio is insignificant.
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