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Abstract— This study was carried out to investigate the effect of steam curing condition on the early

and later age strength of mortar, which was added various dosages of Calcium Nitrite-Based accelerator.

The study was performed on the specimens, which were subjected to the three different pre-curing time

and exposed to the two different keeping curing times at the 45 °C steam curing temperature. High early

strength cement was used in this research experiment. From the obtained result, it was observed that

the early (8-hour) strength of specimens exposed to the long keeping curing time (4.5, hour) is higher

than the strength of specimens subjected to the short keeping curing time, (3 hours). Adversely, it is

obtained that by increasing the ages of specimens, the strength gain goes up for the specimens exposed

to short keeping curing time (3 hours), compared to the strength of the specimens exposed to longer

keeping curing time (4.5 hours). Moreover, the obtained result indicates that the higher early and later

ages strength of specimens was observed from the specimens which accompanied the pre-curing cycle of

90 minutes, compared to the strength of specimens, exposed to pre-curing cycle of 30 and 150 minutes.

For all the cases, the result showed that by increasing the dosage of the accelerator admixture, the strength

increased at the early and later ages.

© 2017 The Author(s). Published by TAF Publishing.

I. INTRODUCTION

Up to now the success of precast concrete industry

has been based on the economic advantage, namely, a high-

quality product and speed of construction. Today, however,

there is an additional motive for using precast construction,

with heightened awareness of traf􀅫ic congestion, environ-

mental pollution, natural resource depletion, and accom-

panying social problems. Precast concrete has become an

attractive alternative to in situ construction methods, es-

pecially in large congested urban areas, [1]. Increase in

the usage of the precast concrete element in construction

􀅫ield is coupled with increasing the precast concrete ele-

ment production in precast concrete industry. Thus, re-

cently most of the precast concrete production companies

have increased the rate of production with good perfor-

mance, and enhanced the early strength of precast element

for safer and faster de-moulding. Differentmethods and im-

portant factors such as steam curing, and various acceler-

ator admixtures have been applied, to improve the initial

strength. Effect of curing condition and high steam curing

temperature on the strength development of concrete has

been studied by many researchers. Steam curing technique

has been widely used in precast concrete production. It has

been used to accelerate the strength gained at the early age

because of the hydration rate of cement increased by heat

treatment due to an impact of steam curing temperature,

[2 and 3]. Curing temperature, pre-curing cycle, keeping

curing time in the steam, and humidity, are the most im-
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portant factors for the steam curing conditions that have

been applied to speed up the initial strength, and any of

them has the signi􀅫icant impact on the properties of con-

crete, [4-8]. Because of the lack of information on the ef-

fect of curing condition on the strength development of con-

crete while Calcium Nitrite is present as accelerator admix-

ture, this research has been performed to study the effect

of curing condition: keeping curing time and pre-curing cy-

cle on the strength gain at early and later ages of specimens

that contained various dosages of calcium nitrite-based ac-

celerator. The aim of this study was to determine the opti-

mumpre-curing cycle, and steam curing duration, while the

steam curing temperature chosen was 45°C, for the precast

concrete industry, trying tobring speed to the early strength

gain without harming the later age strength, for promoting

the production rate of the precast concrete element.

II. LITERATURE REVIEW

Elevated temperature increases performance of the

mortar at early ages but decreases at later age, [9]. It is ob-

served that by delaying the steam curing operation by a pe-

riod equal to the setting time of concrete, higher strengths

were obtained in a shorter time, [10]. Keeping curing time

in steam curing methods, effect on the strength gain of con-

crete, Increase in temperature, and total cycle time (which

means higher energy and time consuming) led to higher im-

mediate compressive strength. This could be due to the ac-

celerated hydration reactions and rapid formation of Cal-

cium–Silica–Hydrate (C–S–H gel), [11]. It was con􀅫irmed

that high steam-curing temperature adversely affected con-

crete later-age strength. Itwas concluded, however, that un-

der short curing periods and moderate temperatures, this

adverse effect was primarily due to the lack of supplemen-

tarywet-curing, [12]. For accelerating the strength gain, dif-

ferent types of accelerator admixture have been used, [13,

14, and 15]. Even though the bene􀅫its of using accelera-

tor admixture are obvious, helping the contractor to meet

speci􀅫ied construction schedules. Calcium chloride is one

of the most effective accelerators; it had been widely used

for many decades, and however, due to its tendency to pro-

mote corrosion of steel, it is no longer recommended for use

in steel-reinforced concrete, [16].

III. EXPERIMENTAL STUDY

Experimental study was carried out on the mortars

containing three different dosages, 0%, 2%, and 4% of Cal-

cium Nitrite-based accelerator concentrated 45% weight.

The general formula of this accelerator is given in Table

1. High early strength cement was used in this study. The

physical properties and chemical analyses are shown in

Table 2 and Table 3. Fine aggregate used in this study is

river sand from Kanagawa density 2.69g/cm3. (Saturated

surface - dry condition). The water binder ratio was 30%.

Abbreviations and acronyms of materials which have been

used for this study are illustrated in Table 4.

A. Curing Method

The steam temperature, steam curing duration, pre-

curing time, and ambient temperature, are shown in 􀅫igure

1and 􀅫igure 2. In this study to investigate the in􀅫luence of

pre-curing time and keeping curing time on the strength

of specimens at different ages while steam temperature

was 45°C, and ambient temperature was 20°C, there have

been two patterns of steam curing: pattern 1 and pattern

2 in which keeping curing on the steam temperature was

3 hours and 4.5 hours respectively. At the end of steam

curing, the specimens were exposed to the air curing at am-

bient temperature 20°C, and humidity was over 95%, for

28 days.

TABLE 1

PROPERTIES OF (CALCIUM NITRITE BASED ACCELERATOR)

Description Total Concentration Speci􀅫ic Gravity

Amount 45.1% 1.43

B. Compressive Test

In the compressive strength test, for each series of

mixing considered for the dosages of accelerator 0%, 2%,

and 4%, and considering the duration of steam curing pat-

tern 1 and pattern 2, for each period of pre-curing cycle,

9 specimens were casted and exposed to the steam curing

according to the curing methods explained above. At the

end of steam curing, the specimens were de-moulded.

TABLE 2

PHYSICAL PROPERTIES OF HIGH EARLY STRENGTH CEMENT)

Description Speci􀅫ic Surface (cm2/g) Density (g/3)

Amount 4650 3.14

Among the 9 specimens, three specimens were

crushed for each step of the crashing time, for early age (8,

hour), and later ages (7 and 28 days). The reference speci-

mens were casted and continuously cured at 22C° and 95%
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relative humidity until they were tested in compression at

ages 8 hours, 7 and 28 days.

TABLE 3

CHEMICAL COMPOSITION OF HIGH EARLY STRENGTH CEMENT

Description Mgo SO3 CL-I Ignition Loss

Amount (%) 1.55 3.12 0.006 1.16

TABLE 4

ABBREVIATIONS AND ACRONYMS OF MATERIAL WHICH HAS

BEEN USED FOR THIS STUDY

Materials Acronym Properties

Cement H High early

strength Cement,

Density3.14g/cm3

Fine Aggre-

gate

S River Sand from

Kanagawa density

2.69g/cm3. (Satu-

rated surface-dry

condition)

Admixture CN Accelerator (Cal-

cium Nitrite based

concentrate 45%

weight)

SP 8000SS(BASF)

Fig. 1 . Curing condition for pattern 1

Fig. 2 . Curing condition for pattern 2

IV. RESULT AND DISCUSSION

A. Effect of Accelerator Admixture and Steam Tempera-

ture on the Compressive Strength at Early and later Ages

From the obtained result, it is determined that Cal-

cium Nitrite accelerator admixture has a signi􀅫icant effect

on the strength gain of mortar in the different regime of

steam curing. It is obtained that by increasing the dosage of

accelerator admixture, the compressive strength increased

at different ages. From the result, it is also obtained that the

high early and later age compressive strengthwas found for

specimens made with 4% CN accelerator admixture.

TABLE 5

VARIATION IN STRENGTH BASED CN ACCELERATOR AND

STRENGTH OF CONTROL SPECIMEN

CN (%) Pre-Curing Cure Duration Compressive Strength (N/mm2)

8(hr) 7(days) 28(days)

0 90(min) 3(hr) 29.07 85 91

4 90(min) 3(hr) 56.71 101.67 108.54

Control Water Curing 3.45 95.25 109

0 90(min) 4.5(hr) 40.02 89.15 94.79

4 90(min) 4.5(hr) 65.33 98.97 103.33

Moreover, the compared result between speci-

mens made with 0% accelerator and exposed to steam cur-

ing and specimens exposed to water curing showed that

the early strength of specimens exposed to steam curing is

higher than the strength of specimens cured in water, and

the later ages strength was higher for the specimens cured

in water; it is due to negative effect of steam temperature

on the later ages strength. From the obtained result, it is

also determined that by adding 4% CN accelerator admix-
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ture, the early strength is higher, and later age strength is

almost same as the later age strength of control specimens

(Table 5 and Figure 3).

Fig. 3 . Variation in compressive strength based accelerator

dosage and compressive strength of control specimens

B. Effect of Keeping Curing Time on the Strength Gain at

Different Ages

The experimental result indicated that the early com-

pressive strength for specimens produced with CN acceler-

ator and exposed to the longer duration in steam curing

(pattern 2), was higher than the compressive strength of

specimens exposed to the shorter duration in steam cur-

ing (pattern 1), but at later ages of 7 days and 28 days,

compressive strength of specimens exposed to the short

keeping curing time pattern 1 was slightly higher than the

strength of specimens traveled in longer keeping curing

time pattern 2. It is probably due to the effect of duration

of heat treatment on the rate of hydration based on longer

steam curing.

The compressive strength result for early and later

ages of specimens made with 4% and exposed in pattern

1 and 2, is illustrated in Table 6 and Figure 4. Moreover,

from the result in Figure 4 and Table 6, it is obtained that

the compressive strength of specimens for early and later

ages is higher for the specimens conducted in longer keep-

ing steam curingwhile no accelerator admixturewas added

in these specimens. It means that if no accelerator admix-

ture is added, the higher strength at different ages will be

obtained for the specimens exposed to the long duration in

steam curing.

TABLE 6

VARIATION IN COMPRESSIVE STRENGTH AT DIFFERENT AGES

FOR SPECIMEN EXPOSED TO THE PATTERN 1 AND 2

CN (%) Pre-Curing Cure Duration Compressive Strength (N/mm2)

8(hr) 7(days) 28(days)

0 90(min) 3(hr) 29.07 85 91

4 90(min) 3(hr) 56.71 101.67 108.54

0 90(min) 4.5(hr) 40.02 89.15 94.79

4 90(min) 4.5(hr) 65.33 98.97 103.33

Fig. 4 . Variation in compressive strength at early age 8 hours

and later age 28 days based pre-curing period for

specimens exposed to the steam curring pattern 2

C. Effect of Pre-Curing Cycle on the Early and Later Ages

Strength Gain

Some precast concrete plants make energy-saving

and reduce the production time. They expose the precast

concrete element in steam curing treatment immediately

after casting the concrete in mould. In this study, the pre-

curing cycles were selected (30, 90, and 150) minutes, to

􀅫ind out the optimum pre-curing cycle. According to the

result from this study, among three pre-curing periods, it

is obtained that the short pre-curing cycle (30 minutes)

causes slightly lower compressive strength for early and

later ages. It can be explained that if the steam curing ap-

plication starts before the sitting time of the concrete, the

surface of mortar specimens hardens earlier while the in-

ner is still plastic. As the internal temperature due to steam

application and heat of hydration increases, the inner fresh

concrete will try to expand [17]. Moreover, during the heat

treatment, the difference in the thermal expansion coef􀅫i-

cient of the concrete ingredients can lead to micro-cracking
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and porosity [18]. But the result indicated that the early

strength of specimens exposed to the 90minutes pre-curing

cycle was approximately same as the strength result for

specimens conducted to the longer pre-curing cycle of 150

minutes. Table 7 and Figure 5 show the effect of pre-curing

cycle on the strength gain for specimens at the ages of 8

hours and 28 days, which were conducted in steam curing

pattern 2.

TABLE 7

VARIATION IN COMPRESSIVE STRENGTH AT EARLY AGE 8

HOURS AND LATER AGE 28 DAYS BASED PRE-CURING

PERIOD FOR SPECIMENS EXPOSED TO THE STEAM

CURING PATTERN 2

CN (%) Pre-Curing Cure Duration Compressive Strength (N/mm2)

8(hr) 28(days)

0 30 4.5 32.36 86.46

2 30 4.5 53.12 94

4 30 4.5 63.54 102.79

0 90 4.5 40.02 94.79

2 90 4.5 56.95 99.38

4 90 4.5 65.33 103.33

0 150 4.5 38.71 93.33

2 150 4.5 57.66 96

4 150 4.5 68.08 102.79

Fig. 5 . Variation in compressive strength at early age 8 hours

and later age 28 days based pre-curing period for

specimens exposed to the steam curring pattern 2

Table 8 and Figure 6 illustrated the result of the

effect of the pre-curing cycle (30, 90, and 150) minutes, on

the compressive strength gain for specimens at ages of 8

hours and 28 days, exposed to the steam curing pattern 1.

The obtained result has shown that the high compressive

strength at different ages, 8 hours and 28 days was found

for the specimens exposed to the pre-curing cycle of 90min-

utes compared to the result which was obtained with pre-

curing cycles of 30 minutes and 150 minutes. Thus, among

thementioned three pre-curing cycles, it is obtained that 90

minutes’ pre-curing cycle is the optimum pre-curing cycle,

for all the cases with and without using CN accelerator ad-

mixture.

TABLE 8

VARIATION IN COMPRESSIVE STRENGTH AT EARLY AGE 8

HOURS AND LATER AGE 28 DAYS BASED PRE-CURING

PERIOD FOR SPECIMENS EXPOSED TO THE STEAM

CURING PATTERN 1

CN (%) Pre-Curing Cure Duration Compressive Strength (N/mm2)

0 30 3 16.32 77.9

2 30 3 29.07 96.67

4 30 3 29.91 103.54

0 90 3 29.07 91

2 90 3 49.22 103

4 90 3 56.71 108.54

0 150 3 29.91 90

2 150 3 49.56 101.38

4 150 3 56.77 103.73

Fig. 6 . Variation in compressive strength at early age 8 hours

and later age 28 days based pre-curing period for

specimens exposed to the steam curring pattern 1

V. CONCLUSION

Effect of steamcuring condition on the strength gain ofmor-

tar containing Calcium Nitrite-based accelerator admixture

has been successfully studied. From the result of the study

presented earlier, the following conclusions are offered:

Calcium Nitrite accelerator increases the strength

gain ofmortar at different ages; higher strength at early and

later age obtained for specimens produced with 4% accel-

erator. So the optimum dosage was found to be 4%.
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High early strength was obtained for the specimens

exposed to the longer steamcuringduration (4.5 hours) and

the later age strength was found to be higher for specimens

exposed to the shorter steam curing (3 hours).

High compressive strength was obtained when the

specimenswere subjected to steam curing after 90minutes’

pre-curing cycle. So the optimum pre-curing period is 90

minutes.

The result of study suggests that CN could be used as

hardening accelerator while the rate of steam temperature

is low. It is recommended to investigate the in􀅫luence of Cal-

ciumNitrite as accelerator admixture on themicrostructure

of concrete, in future study.
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