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Abstract: This research was carried out to consider the effect of different curing methods on the performance of concrete for grade 25 of normal concrete. The objective of this research was to determine the effect of different curing methods on the performance of concrete. This study considers the effect of five curing methods (air curing (B1), water submerged curing (B3), spraying curing (B2), burlap curing (B4) and moist sand curing (B5)) were used to evaluate the strength, carbonation, length change, absorption, and sorptivity of concrete on 3rd , 7th, 14th , 28th and 56th days at hot air temperature (18-390C) and medium air temperature (11.2-32.70C). A total number of 210 cube and 30 prisms samples cast for all curing methods. The result indicated that water submerged curing was the highest strength of concrete followed by the close burlap, spraying and moist sand curing methods of concrete. The air curing were the lowest strength of concrete; and carbonated concrete in hot and medium air temperature.  The concluded weak positive correlation between the strength and the density of concrete. The strength strong negative correlation with length change, water sorptivity and water absorption of concrete at a hot and medium air temperature. Finally, the water submerged and moist sand curing techniques were the appropriate techniques for off-site construction of concrete structures; and the burlap & spraying curing were suitable for off-site and on-site construction concrete structure members in hot and medium environmental conditions.
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1. Introduction 
The need for suitable curing widely recognized as one of the essential step to achieve the optimum mechanical performance and durability of concrete structures and improper curing is affect strength of the concrete and developed porosity and permeability   [1]. A Proper curing condition greatly contributes to reduce the porosity and drying shrinkage of concrete and to achieve greater strength and more resistance to physical or chemical attacks in aggressive environments. As a result, a suitable curing types such as water submerged, spraying water, covering with wet burlap and plastic sheet material is essential us order to produces strong and durable of concrete [2] &[3]. Adequate curing will facilitate the optimal development of the surface zone of fresh, newly cast concrete into strong, impermeable, crack-free and durable-hardened concrete. The objective is to keep the concrete saturated, or as near saturated as possible, for sufficient time for the original water-filled space to become filled to the desired extent by cement hydration products [4]. 
Proper curing maintains a suitable warm and moist environment for the development of hydration products, and thus reduces the porosity in hydrated cement paste and increases the density of microstructure in concrete. Properly cured concrete can have significantly superior properties compared to concrete left to set after finishing. Improperly cured concrete can be subjected to plastic shrinkage cracking and drying shrinkage among other undesired side effect. Concrete properties and durability are significantly influenced by curing since it greatly affect the hydration of cement[5].
The highest compressive strength of concrete at all ages was produced by water submerged curing. Spraying or fogging curing method produced compressive strength close to water submerged curing. The development of higher compressive strength in water submerged curing and spraying or fogging method of curing is ability to adequate moisture and appropriate vapor pressure of the maintained to continue the hydration of cement. Plastic sheeting method of curing produced the lowest compressive strength of concrete in all ages. The early drying of concrete stopped the cement hydration before the pores or permeable were blocked by adequate calcium silicate hydrate[6]. The water Sorptivity is the water intake through the pores by suction. Sorptivity test measures the rate of water sorption through the capillary. The higher the sorptivity means the higher the amount of water absorbed, hence the higher the entrance of deteriorative substances carried by water into the concrete[7].The effect of curing conditions on carbonation depth is evaluated using a phenolphthalein indicator solution. Concrete has larger pores and more interconnected channels and such a concrete permits a greater CO2 diffusion, which in turn increases the rate of carbonation[8] The increase in curing temperature faster the chemical reaction of hydration.it is affects the early strength of concrete. The rapid initial rate of hydration at higher temperature retards the subsequent hydration and produces a non- uniform distribution of the products of hydration within the paste. This is due to the fact that at the high initial rate of hydration, there is inadequate time available for the products of hydration away from the cement particle and for a uniform precipitation of the products of hydration space[9].  
2. Materials and methods
2.1. Materials
In this study commercially available Ordinary Portland Cement CEM I/ 42.5R grade from the Dangote brand is used. The river sand used in the overall study.  It purchased from the supplier locally available at Agip. A coarse aggregate used in this study was purchased from locally available crushed aggregate maximum size (37.5mm) was used in the overall study that comes from the quarry site. Physical property coarse aggregate and fine aggregate could be included silt content, sieve analysis, moisture content, absorption, specific gravity, unit weight, impact value, and loss angles abrasion of the  aggregate conducted.
Table 2.1. Property of aggregate
	Description 
	Fine aggregate 
	Coarse aggregate 
	     Remark 

	Maximum size 
	4.75mm
	37.5mm
	

	Silt content
	3.6%
	
	

	Moisture content 
	0.57
	0.99%
	

	Water absorption 
	0.93%
	1.01%
	

	Loose unit weight 
	1595.8kgm3
	1435.06kg/m3
	

	Compacted unit weight
	1746.9kg/m3
	1571.93kg/m3
	

	Specific gravity SSD 
	2.75
	2.82
	

	Specific gravity dry
	2.7
	2.85
	

	Apparent specific gravity
	2.78
	2.9
	

	Aggregate impact value
	-
	17.3%
	

	Aggregate abrasion value 
	-
	19.87%
	

	Fineness modulus 
	2.7
	7.31
	


2.2. Mix design and procedure 
Concrete can be composed of separate ingredients: cement, coarse aggregates, fine aggregates, and water. The mix design procedure for grade C-25 non-air entrained normal strength concrete was done according to (ACI 211.1-91, 1991).  This grade of the strength of concrete 25N/mm2 is the most commonly used grade of concrete in the building construction industry. This makes the selection of grade C-25 for consideration in the research work. Batching by used weight measurement.
2.3. Preparation of Test Specimens and Casting
A mix ratio of 1:2.08:3.10 was use concrete for this study. The casting of all specimens was carried out under different ambient conditions high and medium air temperature and low relative humidity and medium relative humidity. The steel cube molds (150mm*150mm*150mm) are 210 samples and prisms timber molds (75*75*300mm) are 30 samples for totally specimens are 240 and the test samples or molds were cleaned thoroughly and the internal faces oiled because to prevent adhesion of hardened concrete with interior surfaces of moulds. The mixed concrete was placed into the mold in three layers. Each layer of concrete was compacted or vibrated by an electrical table vibrator until full compaction without segregation was achieved.
2.4. Workability fresh concrete test
2.4.1. [bookmark: _Toc83265711][bookmark: _Toc83266267][bookmark: _Toc85718822]Slump test 
The slump test is estimated the workability of fresh concrete in the laboratory and in construction field practice. The purpose of this test is to show improperly mixed concrete and to ensure uniformly different loads of hardened concrete under actual conditions. The specification of cone side to side surface with the bottom 200mm in diameter, the top 100mm in diameter and height 300mm. Tamper specification straight steel rod 16 mm in diameter and 600mm in length, the tamping end of both ends the same diameter according to ASTM C143-C143M.  Cleaned cone free from dry and hardened concrete stood it on the base plate, which must also be clean and stand with my feet on the foot rests. Used the scoop filled the cone to about one-third (1/3) of its height and rodded each layer of concrete 25 times used the tamping rod. Removed surplus concrete from the cone, the top surface of concrete used steel float and base plate clean keep my feet still foot rest. Be carefully raised or lifted cone straight up from the concrete. Empty cone inverted slumped concrete and measured slump of concrete by used ruler according to ASTM C 143.
[image: C:\Users\pc1\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_20210201_191418_3.jpg]
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Figure 2.1. Concrete slump test
2.4.2 [bookmark: _Toc83265712][bookmark: _Toc83266268][bookmark: _Toc85718823] Compact factor test 
 This test is used to estimate the workability of fresh concrete. The compacting factor test was used in laboratory and construction field practice. Compacting factor equipment was cleaned and free of hardened concrete, weighed the cylinder empty, and filled the top hopper with concrete. Opened the first hopper concrete to fall into the second hopper and concrete floats from the top or second hopper fall into the cylinder, removed some surplus concrete from the cylinder, smooth by hand trowel and weighted partially compacting concrete.  Rejected partially compacted concrete from the cylinder, re-filled concrete with three layers and rodded each layer 25 times by metallic tamping rod, and obtained fully compaction. The smoothed top surface of the concrete cylinder by hand trowel and final and full weighted fully compacted fresh concrete  
        Equation … (2.1.)
    
                       Where: - W1=weight of empty cylinder
                                      W2= weight of partially compacted concrete.
                                       W3= weight of fully compacted concrete
2.4.3. [bookmark: _Toc83265713][bookmark: _Toc83266269][bookmark: _Toc85718824]Flow table test 
The flow table test was to determine the fluidity or plasticity of concrete where the maximum nominal size of the aggregate does not exceed 38mm in according IS 1199, 1959. Flow table test is an alternative test for the workability of concrete. It is carried out by lifting and dropping a table with a measured amount of concrete specimen placed on its center and measuring its spread along four symmetric diameters of the table. Cleaned flow table, a cone and rejected the excess water hold the mold in place.  Cone Put centered on the table, and filled in two layers half volume of the cone and rodded each layer with 25times by wood tamping rod. Cleaned top surface of a cone with hand trowel so, that cone was filled. Rejected excess concrete flowed on the flow table and removed cone or mold from the concrete by upward pull. Then flow table should be lifted and dropped 12.5mm height 15times in 15 seconds continuously at a uniform rate. After that diameter of spread concrete should be an average of six directional axes measured. The flow of the concrete shall be recorded as a percent increase in diameter of the spread concrete over the base diameter of the molded concrete according to IS 1199, 1959.
      Equation … (2.2.)
2.5. [bookmark: _Toc83265714][bookmark: _Toc83266270][bookmark: _Toc85718825] Methods of concrete Curing
[bookmark: _Toc85718826][bookmark: _Toc83265715][bookmark: _Toc83266271] Water submerged curing 
This method involves the full submersion (immersion) of the concrete cube specimens in water. The water submerged curing is more suitable for precast concrete and better achieved of compressive strength of concrete investigated from different research according on (ACI 308R-01, 2008).
[bookmark: _Toc83265716][bookmark: _Toc83266272][bookmark: _Toc85718827]Spraying curing	
 This technique is involving the spraying of water on the concrete cube specimens and the most common curing techniques in the construction industry. The Concrete samples cured twice a day (morning and evening) for spraying curing concrete techniques. The fogging curing condition is important for precast concrete and on-field construction concrete according to (ACI 308R-01, 2008).
[bookmark: _Toc83265717][bookmark: _Toc83266273][bookmark: _Toc85718828] Burlap curing	
This involves covering the concrete cube specimens with wet burlap, which is, keep wet retains for concrete specimens. Concrete specimen cured twice a day (morning and evening) for methods of concrete curing. These curing techniques are appropriate for precast concrete and construction field concrete according to (ACI 308R-01, 2008).
[bookmark: _Toc83265718][bookmark: _Toc83266274][bookmark: _Toc85718829]Moist sand curing 
This technique is covering the concrete cube a specimen with wet sand, which keeps moisture, retains concrete samples. The samples cured twice a day (morning and evening) for these concrete curing methods. The moist sand curing method is useful for precast concrete production according to (ACI 308R-01, 2008).
[bookmark: _Toc83265719][bookmark: _Toc83266275][bookmark: _Toc85718830] Air curing 
 This method is active curing for twenty-four hours in immersion in water after twenty-four hours by just exposing the specimens to ambient air in the Laboratory. 
2.6. Hardened concrete test 
[bookmark: _Toc83265721][bookmark: _Toc83266277][bookmark: _Toc85718832]Compressive strength test 
[image: C:\Users\pc1\AppData\Local\Microsoft\Windows\INetCache\Content.Word\photo_2021-07-06_15-34-28.jpg]Compressive strength concrete test conducted at 3, 7, 14 and 28 days after casting in according to ASTM C39. Compressive strength of concrete tests was the dimension of 150mm x 150mm x150mm cubes with compressive strength of concrete testing machine carried out 2000KN capacity. The samples after elimination from the different curing conditions were cleaned and before testing of specimens can be dried for day three dried 3 hours, for day seven dried for six hours and for day 28 dried 20 hours according to ASTM C39. The surface of the testing machine is cleaned. 



[bookmark: _Toc83762744]
Figure 2.2.Compressive strength of concrete test
      Equation ---2.3.
[bookmark: _Toc83265723][bookmark: _Toc83266279][bookmark: _Toc85718834] Sorptivity test 
This technique used to determine the sorptivity of water by measured the increase in the mass samples from absorption of water and absorbed only one face of the concrete sample by capillary suction contact with water. Water sorptivity test was used 150mm*150mm*150mm cubes of concrete. The samples were dried for three days in an oven-dry at 50oc degree Celsius and cooled for two hours. The initial mass samples taken and at time, zero-minute sample was immersed to depth of 3mm in the water (ASTM 1585). At taken times (60sec, 5min ,10min, 20min, 30min, 1hr,2hrs,3hrs,4hrs,5hrs and 6hrs) the specimen was rejected from water immersed, the stopped watch, excessive water removed by cloth bottom side of the samples and the specimen weighted. Then after immersed sample into the water and the stopped watch started again. 

                    Where: -
                                  S= Water sorptivity,   I= Cumulative of absorption, T =Elapsed time in minute

                         Where: -
          A = Surface of the area of the specimen, D = Density of water,    ∆W= Change in weight
       W1 = Oven-dried weight of cube specimen, W2 = Weight of cube specimen after the weighed time interval
[bookmark: _Toc83265724][bookmark: _Toc83266280][bookmark: _Toc85718835]Water Absorption Test
The water absorption test in concrete carried out as per the procedure given in ASTM C642. The cube samples of size 150 mm x 150 mm x 150 mm were casted and cured for 28 days. After the curing period, the cubes were taken out, surface dried and tested for water absorption. First, the test specimens were dried by placing them in an oven at a temperature of 1100C for 24 hours and the dry weight was measured. Then the oven-dried specimens were immersed in water and measurements of weight of the samples at 24 hours’ intervals indicate constant weight.  The water absorption value of concrete was calculated as per the below equation.
Equation ………………………………2.6.
Where, WA = Water Absorption in concrete in percentages, WSSD = Saturated weight of the specimen, WD = Dry weight of the specimens
[bookmark: _Toc83265725][bookmark: _Toc83266281][bookmark: _Toc85718836] Shrinkage test 
The shrinkage test for determining linear shrinkage or length change of concrete in laboratory and construction field practices. Thirty specimens of size of 150mm*150mm*150mm steel cubes of concrete specimens were cast to the determination of length change or free shrinkage of concrete. Concrete Sample of oven-dried at temperature 50oC for 44hours and it was cooling for 4hours and measured length change of concrete attained, when the difference between consecutive lengths read, is less than 0.01 mm for a 15 cm specimen, and specimen sizes are larger for a higher value. Length change measurement has been take in different sides samples; the length of the specimens should be measure. Shrinkage was estimated difference between original measurement of specimen and dry measurement of the specimens expressed percentage according to (IS 1199, 1991). 
           
          Where ∆ L= Length change of specimen, L1=initial length after ending curing of specimen, L2= dry length after oven-dry of specimen
[bookmark: _Toc83265726][bookmark: _Toc83266282][bookmark: _Toc85718837] Carbonation test	
The depth of carbonation concrete was determined using the phenolphthalein test method. This test is the simplest test to the determine carbonation of concrete.  The phenolphthalein test method is based on the color change of the solution of the acid-base indicator on the surface of concrete and reinforced concrete. 30 specimen of size of 75mm*75mm*300mm timber prisms were cast to the determination of concrete carbonation according to ASTM C 192/C 192M-98. The samples split by a universal machine test after that sprayed phenolphthalein solution. The PH indicator solution shall be one percent (1%) phenolphthalein solution in seventy percent (70%) ethanol and thirty percent 30% in distilled water. This is prepared by dissolving one gram or one percent (1%) of phenolphthalein powder in a 100 milliliter solution of 70 milliliter ethanol and 30 ml of distilled water according to [13].
[bookmark: _Toc83762746][image: C:\Users\user\Desktop\photo_2021-08-08_04-57-03.jpg]
Figure 2.3.  Carbonation of concrete test
3. Results and discussion 
Environmental conditions or weather conditions  
The relative humidity and air temperature were when considering concrete curing. It was recorded meteorological data daily ambient or air-temperature and relative humidity and presented daily temperature, daily rainfall, and daily relative humidity during curing period. It indicated temperature recorded in hot air temperature range 180C- 390C, relative humidity range 31- 49%; and medium air temperature range 11.20C- 32.70C, relative range 34.96-85.2% on the environmental or weather conditions. 
Particle size distribution of aggregate 
Figure 4.3.1. Indicated the result of sieve analysis of natural sand and coarse aggregate and determine the particle size distribution of sand and coarse aggregate.it observed well graded the aggregate; this means increased bonding aggregate with cement paste and significances of the strength of concrete.


[bookmark: _Toc83782232]                          Figure 3.1.Particle distribution curve sand and coarse aggregate
[bookmark: _Toc83265739][bookmark: _Toc83266295][bookmark: _Toc85718849]According to the requirement of the Ethiopian standard (ES. C. D3. 201) the fineness modulus shall not be less than 2.0 and more than 3.5. The fineness modulus of the fine aggregate result was 2.7 intervals between 2.3 and 3.5. The fineness modulus of coarse aggregate was not specifies in the Ethiopian standards. On the other hand, Cords of engineers (CRD-S C 104) methods of calculation the fineness modulus of coarse aggregate range 5.5 to 8.5 cited from[14] .   It indicated the result of fineness modulus of coarse aggregate was 7.31 fall in the range between 5.5 and 8.5.
   Effect of different curing methods on strength of concrete


[bookmark: _Toc83782984]Figure 3.2. Summary compressive strength of the concrete chart
In figure, 3.2. Indicated in all concrete curing of the compressive strength of concrete increased with ages of concrete at cured medium and hot air temperature. Figure 3.2 shows the air curing with compressive strength of concrete 16.51N/mm2 at 3 days. On day 3 the air curing achieved the highest compressive strength of concrete than other curing methods because immersed in water for 24 hours- maintained hydration reaction cement.   It observed the water submerged concrete curing obtained compressive strength was 36.46N/mm2 the highest compressive strength of concrete and Air concrete curing obtained compressive strength of concrete was 24.36N/mm2the lowest compressive strength of concrete at cured medium air temperature on 28 day same result was obtained [4].  Figure 3.3. indicated that the cured at hot air temperature, the water submerged curing recorded 35.07N/mm2 highest compressive strength of concrete, and the air curing recorded 23.74N/mm2 strength of  concrete. The water-submerged method provides the higher result in terms of concrete strength compared with burlap, moist sand, and water spraying methods. In addition, the percentage of decreases in the compression strength of concrete may change depending on air temperature and relative humidity  [28]and [2]. 
The water- submerged curing techniques are suitable for only off-site construction similar to [15]. The burlap and spraying curing methods were suitable or appropriate on-site and off-site construction at a hot and medium air temperature  similar results to found [15]. The result indicated all curing methods of concrete in later age the increase temperature a drop the compressive strength of concrete. The increase in air temperature speed up the cement chemical reaction of hydration. [16].
In the air curing, the compressive strength of concrete increases with ages, this was similar to the results obtained by [17]. The result indicated the strength of concrete specimens at hot air temperature was less than the compressive strength of specimens at medium air temperature at cured age 3rd, 7th, 14th and 28thdays. The main reason temperature increases with increases amount of water evaporation, low relative humidity, it occur insufficient moisture of hydrated, and increases porosity and void on concrete so, lesser strength of concrete. Generally, the moisture simply moved out of the samples with time and make happen a shortage of free water required for cement hydration because improper curing.
In figure 3.3. Indicated in spraying curing, the strength of concrete specimens at a hot air temperature was less than the compressive strength of specimens at medium air temperature at cured ages 14th and 28thdays. Because a faster rate of hydration of cement results in hydration products with an extra irregular structure and greater porosity, which negatively affect compressive strength of concrete after a longer curing period [18], [19] &[20]. The compressive strength of concrete specimens cured at hot air temperature is more than concrete specimens cured medium air temperature on ages 3rd and 7thdays. The reason in early ages increases the strength of concrete faster hydration reaction of cement because of a high temperature. Therefore, adequate moisture and appropriate vapor pressure, which kept continuing the hydration reaction of cement. This proper curing is minimized the moisture movement from the concrete samples the most important to the enhanced degree of cement hydration reaction. 
It figure 3.3. Indicated in water submerged curing, the strength of concrete specimens at hot air temperature was more than the compressive strength of specimens at medium air temperature at cured ages 3rd, 7th and 14th days. The reason improvement of C-S-H gels encouraged by non-stop hydration reaction of cement paste in the water cured samples give rise to in the strength escalations [21]. The compressive strength of concrete specimens cured at hot air temperature reduced concrete specimens cured at medium air temperature on ages 28th days. The reason in later ages decrease strength of concrete occur decrease hydration reaction of cement because temperature increase. Finally, this due to develop pore structure and lesser porosity resulting from higher degree of cement hydration without any loss of moisture from the concrete samples. This method was continuously of hydration reaction of cement in concrete with obtained moisture from proper curing to similar to[15]. The development of C–S–H gels revealing indicator-alike structures at the early ages postponements the later hydration process owing to the drop in compressive strength at the later age due to more porous [22]&[23].
On figure 3.3. Indicated in burlap curing, the strength of concrete specimens at hot air temperature was greater than the compressive strength of specimens at medium air temperature at cured ages 3rd and 7thdays. The reason in early ages increases the strength of concrete faster hydration reaction of cement because increase the temperature. The early cement hydration reaction should be given to the great rates of heat evolution that take place. This increase mainly affected by the C3S and C3A, which are considered by greatly exothermic reactions[24]. The compressive strength of concrete specimens cured at hot/high air temperature reduces concrete specimens cured at medium air temperature on ages 14th and 28thdays. Conversely, the increase  temperature, the action of temperature and hydration heat, the water in the concrete samples has evaporated in the form of gas, which forms pores or voids, and affects the occurrence of hydration reactions and gain less strength of concrete[25]&[22].
Figure 3.3. Indicated in moist sand curing, the strength of concrete specimens at hot air temperature was greater than the compressive strength of specimens at medium air temperature cured ages 3rd, 7th and 14thdays.  It occurs sufficient moisture of hydration reaction of cement paste at early age of concrete with increasing temperature. The compressive strength of concrete specimens cured at hot air temperature reduces concrete specimens cured at medium air temperature on age 28thdays. The reason will produce a high non-uniform distribution of the hydrated products in the cement paste. The non-consistency causes a drop of strength at long-terms curing periods [26]. This method was appropriated for off-site construction concrete structural members but not suitable finishing of concrete. In this technique negative impact discoloration of the concrete surface and concrete surface impaired by the color of the sand grains. 
In general, all curing methods and air curing 3rd day, except the control (air curing 7, 14 and 28 days); the compressive strength of concrete result has achieved the minimum compressive strength requirement cured at medium and hot air temperature. A minimum of 40%, 65%, 90%, and 99% of the expected strength of concrete must be reached at the ages of 3rd, 7th, 14th, and 28th day as per BS 123-90 [26]..
3.2. [bookmark: _Toc83265741][bookmark: _Toc83266297][bookmark: _Toc85718851]Effect of curing methods on Water absorption of concrete
[bookmark: _Toc83265742][bookmark: _Toc83266298][bookmark: _Toc85718852]
[bookmark: _Toc83783516]Figure 3.3 effect of curing methods on water absorption of concrete
Figure 3.4. Indicated, the air concrete curing recorded the highest result of water absorption of concrete in medium and hot air temperature. The main reasons air curing was insufficient degree of hydration and obstructed calcium silicate hydrate by the loss of moisture and may occur shrinkage cracks resulting early drying of concrete[3]. The spraying concrete curing was second the highest result of water absorption, and burlap curing and moist sand curing were 3rd and 4th ranked of water absorbed by the concrete. Water submerged curing recorded the lowest result of water absorption of concrete cured at a medium and hot temperature, which indicated a suitable rate and degree of hydration process and appropriate calcium silicate hydrate similar result were obtained [27].   It saw concrete samples cured at medium air temperature had lower water absorption than specimens cured at hot air temperature. This indicated the water absorption increases with increase the air temperature similar to  [20], Because temperature is the speed of hydration reaction of cement paste, occur loss of moisture, this means increased the water absorption of concrete. Therefore, all curing conditions expect air curing where proper curing is designated, appropriate rate, hydration process, and suitable C-S-H, which mean increased strength of concrete.
4.8. Effect of curing methods on shrinkage of concrete

[bookmark: _Toc83783598]Figure 3.5. Effect of curing methods on shrinkage of concrete
Figure 3.4. Shows the results of the air curing gave the highest result of concrete dry shrinkage in hot and medium air temperature respectively. The moist sand, Spraying, burlap curing were 2nd,3rd and 4th ranked of concrete shrinkage and the lowest result was recorded in water-submerged curing which meant specimen cured at medium air temperature. The spraying, moist sand & burlap curing were record second, third and fourth rank of length change of concrete cured at hot air temperature. The water submerged curing was documented the lowest length change of concrete cured at hot air temperature similar result obtained[5].  Therefore, inadequate curing condition of the concrete increases the length change of the concrete or dry shrinkage development.  The length change result of  all curing methods expect air curing fall in the  limit range from 400-600 micro strain [28].
Figure 3.4. Indicated in all curing methods concrete specimens were cure at medium air temperature were less dry shrinkage or length change of concrete than concrete specimens cured at hot air temperature. The reasons high temperature is increases shrinkage of concrete because a lower relative humidity and great amount evaporation rate of moisture. Hot temperature increases the early drying shrinkage deformation of concrete[29]. Summarized above observation, the appropriate concrete curing is achieved, effective controlling dry shrinkage development in concrete, and produces a better quality of concrete structures
3.3. Effect of different curing methods on water sorptivity
The water sorptivity indicated by the rate of absorption of water into the concrete through capillaries of pores. In the below figures, the water sorptivity results were recorded for different curing conditions at 56 days.

	a                                                                  b
	
	c	d

	e	f

g
Figure 3.6. Effect of the curing methods on water sorptivity
The cumulative water content air curing in figure 3.5. (a) showed rapid incremental from start-up to 1mini, 30min to 60min and 240min to 300min; and a slight increase of the cumulative water content from 10min to 20 min at medium air temperature. It observed the cumulative water content the air curing speed up from start to one minute and 1min to 5min; and cumulative water content slowly increase fom 5hr to 6hr at the hot air temperature.  
Figure 3.5..(b&c) indicated the water submerged curing and spraying or fogging curing were slow increasing the cumulative water content from 5min to 10 min and 5hr to 6hr and rapid increased start up to 1min at the hot air temperature respectively. It saw the water submerged and spraying curing were slight increases of the cumulative water content through time at the medium air temperature. It is observed in figure 3.5.(d &e)  the - burlap curing and moist sand curing were rapidly increasing the cumulative water content from time 30min to 60min  and slowly increase of absorption capillary suction with time at medium air temperature. The burlap curing and moist sand curing were faster the cumulative water content from start –up to 1min and sightly increases cumulative water content from 4hr to 5hr and 5hr to 6hr at hot air temperature  similar result were reported by [30].
Figure 3.5.(f & g) indicated the air curing techniques was the highest water sorptivity on concrete and the water submerged concrete curing was the lowest water sorptivity of concrete cured at medium and  hot air temperature  same result were obtained [31] and [21]. The spraying, moist sand and burlap curing were the second, third and fourth rank of water sorptivity of concrete at medium and hot air temperature.  Therefore, air-curing concrete was incomplete hydration of cement because improper curing which indicated loss of moisture in the concrete, lower the strength of concrete development.  It is observed all curing methods cured at hot air temperature had greater the water sorptivity than those cured at medium air temperature. The reason in high air temperature the hydration reaction was too high and the water sorptivity is high, which, indicated the greater early the strength of concrete developed, but less later the strength and the durability of concrete. The water sorptivity was increases with increase temperature similar to ideas [32], [33] &[16].Increased water sorption of concrete decreased compressive strength of concrete and durability of concrete, which reduced quality of performance of concrete.
3.4. Effect of different curing methods on carbonation of concrete.
It observed that carbonation concrete results were recorded only in-air curing techniques and in the others, four curing concrete methods no carbonation depth occur.  Carbonation depth of air curing in 56th day 1.967mm and 2.213mm in medium and hot air temperature respectively. This means increased carbonation depth of concrete with decreased the strength of concrete because improper curing. This indicated, not all methods of curing concrete were affected by local environmental conditions except air curing. Figure 2.3 in shown the concrete samples subjected to carbonation test. Additional, the rise in curing period helps greater percentage of hydration reaction of cement resulting in larger concentration of CH, as a result most important to minor carbonation. The carbonation of concrete causes reinforcement corrosion in the concrete structure. The result indicated the carbonation rate of concrete increases temperature is rising the reason for this area the amount is high CO2 from coal. To prevent this carbonation from concrete by anti-carbonation coating like an epoxy coating, etc. and it used for existing and new concrete structures of the building. 
3.5. Correlation between strength and density of concrete.
In figure 3.6 Correlation ship observed for the compressive strength and density of concrete. To evaluate the relationship between the compressive strength and the density of concrete data was used Pearson’s correlation. The rank assigned to each member of the compressive strength and the density of concretes are from the highest to the lowest of value.  The same rank has be assigned to each of the equal values, which is the average of their positions in the ascending order of the values.  Figure 3.7 (a) shown for the compressive strength of concrete increase with a slight increase of density. The correlation value was 0.072, which indicated a very low positive correlation between the compressive strength of concrete and the density of concrete samples at medium air temperature. Figure 3.7. (b) Indicated a low positive correlation between the compressive strength and the density of concrete. The correlation value was 0.1334, indicated a slight direct proportion of the density and the strength of concrete at a hot air temperature. The density of concrete has a positive effect of the compressive strength of concrete.  The correlation result fall 0 to 0.5, it indicated weak positive correlation between the compressive strength of concrete and the density of concrete specimens. This result approximately 0.072 & 0.1334 value implies that there exists a weak positive correlation between the densities and compressive strengths of the concrete specimens. This result is similar to the results obtained by ([34] in which the coefficient of correlation obtained was + 0.278, which is below 0.5.

Figure 3.6. Correlation between compressive strength and density of concrete

3.6. Correlation between strength and water absorption of concrete 
The correlation observed in the compressive strength and the water absorption of concrete at a medium & hot air temperatures. The Pearson’s correlation used to estimate the linear relation between the compressive strength of concrete and the water absorption of concrete.   In figure 3.8(a) Indicated linear correlation of strength and water absorption was negative   -0.851 this shown that the compressive strength of concrete increase also decreases water absorption of concrete.  In figure 3.8 (b) Shown the compressive strength of concrete and the water absorption were strongly negative -0.97011 correlation at a hot air temperature. Its designated water absorption was influencing the compressive of the strength of concrete. If water absorption rise in the concrete while decreasing the strength of concrete [35]. The  a negative relationship this is due to the strong negative R value V [28] indicated that, the value of the Pearson’s correlation coefficient (R) ranges between 1 and -1 that is, (-1 ≤ R ≤ 1). 

[bookmark: _Toc83783915]Figure 3.7. Correlation between compressive strength and absorption of concrete
3.7. [bookmark: _Toc83265748][bookmark: _Toc83266304][bookmark: _Toc85718857] Correlation between strength and water sorptivity of concrete
In figure 3.9 Observed Correlations b/n the compressive strength and water sorptivity of concrete at medium and hot air temperature. The Pearson’s correlation used to estimate the linear relationship between the compressive strength of concrete and the water sorptivity of concrete.  Figure 3.9. (a) The correlation between of the strength of concrete and the water sorptivity of concrete were strong negative (-0.991), at a medium air temperature. Figure 3.9. (b) Shown a strong inversely or negative (-0.999) correlation between the compressive strength and the water sorptivity of concrete at hot air temperature. This shows the compressive strength of concrete increases also decreases water sorptivity. Water sorptivity had a negative effect on the compressive strength of concrete. This means water sorptivity is affected the strength and durability of concrete [35]&[31]. The  a negative relationship this is due to the strong negative R value[28], indicated that, the value of the Pearson’s correlation coefficient (R) ranges between 1 and -1 that is, (-1 ≤ R ≤ 1). 


[bookmark: _Toc83784075]Figure 3.8. Correlation between compressive strength and water sorptivity of concrete
3.8. [bookmark: _Toc83265749][bookmark: _Toc83266305][bookmark: _Toc85718858]Correlation between strength and shrinkage of concrete	
Correlations observed between the compressive strength and length change of concrete at medium and hot air temperatures in figure 3.10. The Pearson’s correlation used to estimate the linear relationship between compressive strength of concrete and length change of concrete.  In figure 3.10.  (a) indicated linear correlation of strength and length change were strong negative (-0.994); this  showed that compressive strength of concrete increased also decreased shrinkage, which means dry shrinkage was a great influence the compressive strength on the concrete.  In figure, 3.10. (b) Shows the correlation between compressive strength of concrete and dry shrinkage/length change of concrete at hot air temperature. It was observed perfect negative (-1) correlation between dry shrinkage of concrete and strength of concrete. The dry shrinkage was negatively affected the strength and durability of concrete.  The  a negative relationship this is due to the strong negative R value [28]  indicated that, the value of the Pearson’s correlation coefficient (R) ranges between 1 and -1 that is, (-1 ≤ R ≤ 1). 

[bookmark: _Toc83783988]
Figure 3.9. Correlation between compressive strength and shrinkage of concrete
4. Conclusions 
The effect of different curing methods on the performance of concrete studied through experimental work on concrete cube samples. The following conclusions drawn based on the results obtained from the tests and discussion of the findings.
The air concrete curing conclude higher water sorptivity, length change, absorption and lower compressive strength of concrete than other curing methods while the  water submerged curing was lower length change, water sorptivity, water sorption and higher compressive strength of concrete. The burlap, moist sand curing and spraying were close to the water submerged curing.   It conclude carbonation depth occur only in the air concrete curing because improper curing was factor of the developed carbonation in the concrete. The burlap and spraying curing methods were conclude applicable on-site and off-site construction at a hot and medium weather conditions. The water submerged and moist sand curing were conclude suitable off-site construction at a hot and medium temperature.
The compressive strength of concrete and density of concrete were very weak positive linear correlation. The strong negative correlation between the strength of concrete with the length change, absorption and the water sorptivity of concrete. 
The concluded all curing methods of concrete in later age the increase temperature a drop the compressive strength of concrete. The increase in air temperature speed up the cement chemical reaction of hydration[16].
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B1	0	7.745966692414834	17.320508075688775	24.494897427831781	34.641016151377549	42.426406871192853	60	84.852813742385706	103.92304845413264	120	134.16407864998737	146.9693845669907	0	0.2505	0.14460000000000001	0.10639999999999999	7.8700000000000006E-2	6.6000000000000003E-2	4.8599999999999997E-2	3.5299999999999998E-2	2.98E-2	2.6700000000000002E-2	2.4400000000000002E-2	2.2499999999999999E-2	B2	0	7.745966692414834	17.320508075688775	24.494897427831781	34.641016151377549	42.426406871192853	60	84.852813742385706	103.92304845413264	120	134.16407864998737	146.9693845669907	0	7.46E-2	3.85E-2	2.9000000000000001E-2	2.2200000000000001E-2	2.1000000000000001E-2	1.5599999999999999E-2	1.17E-2	1.04E-2	9.2999999999999992E-3	8.6999999999999994E-3	8.0999999999999996E-3	B3	0	7.745966692414834	17.320508075688775	24.494897427831781	34.641016151377549	42.426406871192853	60	84.852813742385706	103.92304845413264	120	134.16407864998737	146.9693845669907	0	4.3999999999999997E-2	3.0800000000000001E-2	2.24E-2	1.6299999999999999E-2	1.4999999999999999E-2	1.11E-2	8.2000000000000007E-3	6.7999999999999996E-3	6.3E-3	5.5999999999999999E-3	5.3E-3	B4	0	7.745966692414834	17.320508075688775	24.494897427831781	34.641016151377549	42.426406871192853	60	84.852813742385706	103.92304845413264	120	134.16407864998737	146.9693845669907	0	7.8399999999999997E-2	3.85E-2	2.7799999999999998E-2	2.0500000000000001E-2	1.78E-2	1.3100000000000001E-2	9.7999999999999997E-3	8.3000000000000001E-3	7.4999999999999997E-3	6.7999999999999996E-3	6.4000000000000003E-3	B5	0	7.745966692414834	17.320508075688775	24.494897427831781	34.641016151377549	42.426406871192853	60	84.852813742385706	103.92304845413264	120	134.16407864998737	146.9693845669907	0	5.5500000000000001E-2	4.53E-2	3.27E-2	2.4799999999999999E-2	2.1600000000000001E-2	1.6E-2	1.1900000000000001E-2	0.01	9.1000000000000004E-3	8.6E-3	8.0999999999999996E-3	Sorptiivity in  mm/sec1/2


Time sec1/2




Hot air temperaturre	
25.5	35	33	19	21	27	29	31	7	15	5	13	9	25	1	13	3	23	11	17	33.5	27	25	19	33	23	15	7	29	17	9	1	31	21	11	3	35	21.5	13	5	Medium air temperature	
31	37	35	21	23	25	27	27	9	17	5	13	11	33	3	15	1	29	7	19	29	27	19	17	33	23	13	5	35	23	9	1	31	21	11	3	37	25	15	7	Density


Compressive strength N/mm2





Medium air temperature	
4.3155000000000001	3.1160000000000001	1.108614	1.6653133	2.4205000000000001	24.36	34.99	36.46	35.25	34.520000000000003	Hot air temperature	
4.6500000000000004	2.9649999999999999	2.22986	2.82	2.93	23.74	34.118000000000002	35.07	34.799999999999997	34.17	Absorption %


Compressive strength N/mm2




Medium air tempertaure	
0.35909999999999997	9.9599999999999994E-2	8.7300000000000003E-2	9.6199999999999994E-2	9.6799999999999997E-2	24.36	34.99	36.46	35.25	34.17	Hot air temperature	
0.83350000000000002	0.24909999999999999	0.17180000000000001	0.2349	0.24360000000000001	23.74	34.118000000000002	35.07	34.799999999999997	34.520000000000003	Water  sorptivity


Compressive strength 
N/mm2




Medium air temperature	
0.19059999999999999	1.21E-2	4.7000000000000002E-3	1.18E-2	1.9E-2	24.36	34.99	36.46	35.25	34.17	Hot air temperature	
0.22589999999999999	2.0899999999999998E-2	6.7000000000000002E-3	1.6799999999999999E-2	1.9400000000000001E-2	23.74	34.118000000000002	35.07	34.799999999999997	34.520000000000003	Length change 


Compressive strength N/mm2
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