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ABSTRACT 

This paper is devoted to investigate the effect of internal curing technique on the 

properties of self-compacting concrete (SCC). In this study, SCC is produced by using silica 

fume (SF) as partial replacement by weight of cement with percentage of (5%), sand is partially 

replaced by volume with saturated fine lightweight aggregate (LWA) which is thermostone 

chips as internal curing material in three percentages of (5%, 10% and 15%) for SCC, two 

external curing conditions water and air. The experimental work was divided into three parts: in 

the first part, the workability tests of fresh SCC were conducted. The second part included 

conducting compressive strength test and modulus of rupture test at ages of (7, 28 and 90). The 

third part included the shrinkage test, at ages (7, 14, 21, 28) days. The results show that 

internally cured SCC has the best workability, and the best properties of hardened concrete 

which include (compressive strength and modulus of rupture) then the externally cured SCC 

with both water and air as compared with reference concretes. Also, the hardened properties of 

internally cured SCC with replacement percentage of (10%) by thermostone chips is the best as 

compared with that of percentages (5% and 15%) for both external curing conditions. In general, 

the results of shrinkage test, showed reduction in shrinkage of internally cured SCC as compared 

with reference concrete. 
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 فتات انكتم انخرسانَة انخهوٍة عمالاخهٌ باستتحسَن اداء انخرسانه راتَة انرص بواسطة الانضاج انذ
 

  ً فوزًنذى مهذ . دأ.                                                                                                                        انعوادً   راهَمإبعمار ٍحَي 
صاهعت بغذاد-كل٘ت الٌِذست                                                                         ّصاسة البلذٗاث   

 

 انخلاصة

 خشساًَ راح٘ت الشص. فٖ ُزٍ الذساسَال صائضاى الغشض هي ُزا البحذ ُْ الخحشٕ عي حأر٘ش حقٌ٘ت الوعالضَ الذاخلَ٘ علٔ خ
اساخبذاا الشها  حان ّ% ،  5حن اًخاس الخشسااًت راح٘ات الاشص باساخعواا  بااس ال ال٘تا كلساخبذاا صضئاٖ هاي ّصى ال اوٌج بٌ ابت 

كواادة هعالضات داخل٘ات ّبازسد ً ا   ُاْ فخااث التخا  الخشسااً٘ت الخلْٗات بشكام ًاعن خف٘ف الْصى ّهشبع ّصاف ال طح صضئ٘ا

ق ن العو  الوخخبشٕ فاٖ ُازٍ ، ظشف٘ي للوعالضت الخاسص٘ت ُوا الواء ّالِْاء. كاسخبذاا حضوٖ %(15%،11%،5ُٖ ) حضو٘ت

الذساسَ الٔ رسرت اصضاء اساس٘ت : فٖ الضضء الاّا حن اصشاء الفحْص الوخخبشٗت للخشسااًَ راح٘ات الاشص الطشٗاَ لاٗضااد قابل٘ات 

بأعوااس  للخشساًَ راح٘ات الاشص الوخصالبَ هقاّهت الاًزٌاء ّاء فحْص هقاّهت الاًضغاط الخشغ٘ . أها الق ن الزاًٖ ف٘خضوي اصش

لاْحع هاي اساخعشاض  ( ٗاْم .88، 81، 11، 7( ْٗم. ّالضضء الزالذ ٗخضوي اصاشاء فحاض الاًتوااا باعوااس ) 91،  88، 7)

حصاْا  خلْٗاتالتخا  الخشسااًَ٘ ال اثفخالخشسااًت راح٘ات الاشص الوعالضاَ داخل٘اا بل الطشَٗ ّالوخصلبَ خصائضالًخائش فحْص 

 ّحشاو  )هقاّهات الاًضاغاط ّالخاٖ  الوخصالبَخصاائض ال فاٖ هلحاْظحصاْا حح اي ّكازل  حح ي ّاضح فٖ قابل٘ت الخشاغ٘  

للخشسااًَ راح٘ات  الوخصالبَخصاائض كواا اى ال هقاسًات بالخشسااًَ الوشصع٘ات. فٖ كس ظشفٖ الوعالضَ الخاسصَ٘ هقاّهت الاًزٌاء(

. ّبشات  %( ُاٖ الافضا  ق٘اساا بٌ ا  الاساخبذاا الاخاش11ٓبٌ ابت اساخبذاا ) خلْٗاتالتخ  الخشساًَ٘ ال فخاثاا الشص باسخعو

 .داخل٘ا فٖ اًتواا الخشساًَ راح٘ت الشص الوعالضَّاضح عام بٌ٘ج الٌخائش حصْا ًقصاى 

 ،  باس ال ل٘تا.ْٗتخلالتخ  الخشساًَ٘ ال فخاثالخشساًَ راح٘ت الشص، الوعالضَ الذاخلَ٘،  كهمات رئَسَه:
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1. INTRODUCTION 

Self compacting concrete is characterized by high resistance to segregation that can be cast 

without compaction or vibration. It flows like honey, deaerates, self-compacts and has nearly a 

horizontal concrete level after placing, Holm, and Bremner, 2000.   

The term internal curing means “supplying water throughout a freshly placed cementitious 

mixture using reservoirs, via pre-wetted lightweight aggregates, that readily release water as 

needed for hydration or to replace moisture lost through evaporation or self-desiccation” 

according to the definition provided in American Concrete Institute. Also, the hydration of 

cement continues because of the availability of internal water that is not part of the mixing 

water, refers to internal curing technique, ACI 213-03R, 2003. 

The concept of SCC was first proposed by Professor Hajime Okamura, in 1986 in Japan as a 

solution to concrete's concerns. There are many advantages of using SCC, these include, 

Bouzoubaa, and Lachemi, 2001. Horta, 2005. 

 No need for vibration. 

 Reducing the construction time and labor cost. 

 Reducing the noise pollution. 

 Improving the filling capacity of highly congested structural member. 

 Facilitating and ensuring good structural performance. 

The use of SCC is spreading world wide because of its very attractive properties in the fresh 

state as well as after hardening. The use of SCC leads to reduce the technical costs of in situ 

concrete constructions and eliminate some of the potential human error. It replaces the manual 

compaction of fresh concrete with a modern semi-automatic placing technology that way 

improve health and safety on and around the construction site, Selvamony, et al., 2010. 

It is possible to get benefit from the internal curing instead of traditional external curing. 

Internal curing has a significant contribution in shrinkage reduction and enhancing concrete 

performance as well as environmental friendly, Munaz, et al., 2011. 

By replacing a portion of the normal weight aggregates with pre-wetted lightweight 

aggregates (LWA), additional internal curing water is provided to the concrete mixture. During 

the hydration of the cement paste within the concrete mixture, this internal curing water will be 

drawn from the LWA into the hydrating paste, maintaining a high degree of saturation (water-

filled pores) in the cement paste and avoiding or at least reducing shrinkage stresses and their 

accompanying autogenous deformations, Cusson, and Hoogeveen, 2005. Bentz, 2007.  

The main properties of lightweight aggregate (LWA) are its high porosity, high 

absorption, low specific gravity and cellular structure [Muhsen 1996] and [Dhaher 2001]. These 

properties make LWA a suitable material for internal curing technique, Lura, et al., 2004. 
 

2. EXPERIMENTAL WORK 

  

2.1 Materials 

Tasluga Ordinary Portland Cement complied with the Iraqi specification, IQS No.5, 

1984 was used. The coarse aggregate was brought from Al-Nibaii quarry with a nominal size of 

(14) mm. Al-Ekhaider natural sand is used as fine aggregate in concrete mixes. Tables 1 and 2 

show the sieve analysis and properties for the sand used throughout this work. The grading and 

properties of the used sand and coarse aggregate satisfies the requirements of the Iraqi 

specification, IQS No.45, 1984. 

Thermostone chips is used as a lightweight aggregate in this study to be the internal 

curing material. Thermostone was from Karbala thermoston Factory as waste and broken into 
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smaller size particles. Then, the crushed thermostone is washed with water afterward dried by 

spread in air. The crushed particles are sieved and partially replaced by volume with the same 

size of sand with a certain percentage to have the same grading as the used sand which satisfies 

the grading requirements of the Iraqi specification, IQS No.45, 1984. Later, the thermostone 

aggregate is soaked in water for (24) hours to bring the aggregate particles to saturated 

condition. Table 3 shows the physical properties of the used crushed thermostone aggregate.  

Glenium 51 (G51) is used in this research as chemical admixture and complies with 

ASTM C 494-05, 2005 type F.  

Silica fume is used as a highly pozzolanic mineral admixture. The fineness
 
(Blaine 

specific surface) of SF is (23000 m
2
/kg). The chemical analysis of SF which is used in this 

research conforms to the chemical requirements of ASTM C 618-03, 2003
 
as shown in Table 4. 

 

2.2 Mix Design and Proportions 

The mix design method of the used SCC in this study is according to ERMCO, 2005. 

The proportions of materials were modified after obtaining a satisfactory self-compactability by 

evaluating through fresh concrete tests. The mix proportions of the SCC which was used 

throughout this research are shown in Table 5. 

2.3 Tests of Fresh Concrete 

Slump flow test, T50cm test, V- funnel test and L-box test were used for workability 

properties of SCC according to the European Federation Guidelines ERMCO, 2005. 

 

2.4 Tests of Hardened Concrete 

Tests of hardened concrete in this research are shown below: 

 Compressive strength test was conducted according to the British Standard, BS1881 

part 116, 1985. Three cubes (100*100*100) mm were tested for each mix at each age of 

(7, 28 and 90) days for determination of compressive strength using two sets of mixes 

for SCC, one of these sets is cured in water and the other is cured in air. 

 Modulus of rupture test was performed on two (100x100x400) mm prisms according to 

ASTM C 293-02, 2002, with span of (300) mm at age of (7, 28 and 90) days. The 

average of two prism specimens of each mix was adopted. 

 Shrinkage test was conducted according to ASTM C 490-00, 2000. A micrometer dial 

gauge with (0.001) mm reading accuracy was used in this test. Pins were fixed on prisms 

(100x100x400) mm after casting the specimens. The shrinkage test was conducted by 

using two sets of prisms specimens for SCC, the first set was cured for 7 days in water, 

after that it was taken out from water tank and left in air (laboratory conditions) for 21 

days, the second set was cured in air along test period for 28 days. The changes in length 

were calculated at age of (7, 14, 21 and 28) days. 

 

3. RESULTS AND DISCUSSION 

 

3.1 Test Results of Fresh Concrete 
The results of the slump flow test, V- funnel test and L-box test are shown in Table 6. 

These results indicate that in general, the workability of fresh SCC was improved with 

increasing thermostone chips as partial sand replacement percentage when it is compared with 

reference concrete mix. This is due to the pre-wetted fine lightweight aggregate (LWA) which 

provides a set of water-filled reservoirs within the concrete as additional moisture and in turn 

improves the workability of fresh SCC, Friggle, and Reeves, 2008. Villareal, 2008. These 
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results are within the acceptable criteria EFNARC, 2002 for SCC and indicate also satisfactory 

deformability and filling ability without any segregation, bleeding and blocking. 
 

3.2 Test Results of Hardened Concrete 

The results of the properties of hardened concrete which include (compressive strength, 

modulus of rupture and shrinkage) of SCC are shown in Tables 7 to 12, and represented in Fig. 

1 to Fig. 6. From these results, it can be seen that internally cured SCC by using pre-wetted 

thermostone chips as fine aggregate has better properties then that of externally cured SCC for 

both water and air curing as compared with reference concrete mix, as a result of internal curing 

technique. The highest increasing of compressive strength reaches 27.63% and 21.89% for SCC 

internally cured with thermostone chips as partial sand replacement with percentage of (10%) 

and cured in water and air respectively.  

In general, the results of shrinkage test shows a reduction in shrinkage of internally cured 

SCC with thermostone chips as compared with reference concrete mix.  

The mechanism of reduction of shrinkage by internal curing technique can be explained 

as follows, internal curing is a curing system that supplies water from pre-saturated porous 

LWA which has absorbed a huge amount of water when soaked in it. The pores of the cement 

paste absorb the water from the LWA by capillary suction as a result of the difference in water 

pressure in pores between LWA and cement hydrates, then an internal curing water leads to 

increase the final degree of hydration and decrease the unhydrated cement content and the 

capillary porosity by increase in the gel hydration products which cause increase in the 

crystallization pressure and reduce the shrinkage of concrete. The increased strength may be 

attributed to the increase in the degree of cement hydration as a result of internal curing water 

which leads to increase the hydration products, improve the interfacial transition zone by filling 

internal voids of concrete, reduction of shrinkage induce micro cracking and decrease the 

porosity of SCC. This complies with studies carried out by, Lura, 2003. Cusson, et al., 2010. 

Al-Awadi, 2013. 

  

4. CONCLUSION 

Depending on the results of this investigation, the following conclusions can be drawn: 

 The internal curing technique may be achieved by using thermostone chips as partial sand 

replacement by volume as internal curing material. 

 Improving the workability and the properties of the hardened concrete such as (compressive 

strength and modulus of rupture) may be achieved by internally curing SCC by using 

thermostone chips as partial sand replacement as compared with reference concrete. 

 The SCC mixes are internally cured with thermostone chips as fine aggregate and externally 

cured in both water and air exhibit very low shrinkage as compared with reference concrete. 

 It is useful to employ internal curing instead of traditional external curing due to its ease to 

use and its a significant contribution to shrinkage reduction, enhancing durability, 

sustainability and hence improving overall SCC performance.  
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List of Abbreviations and Symbols 

IQS= Iraqi specification.  

LWA= lightweight aggregate.  

SCC= self-compacting concrete.  

SF= silica fume.  

T50cm= slump flow time at diameter 50cm .  

TV= flow time of v-funnel test.  

TV5min= flow time of v-funnel test after 5min. of filling.  

 

 

Table 1. Sieve analysis of sand and thermostone chips. 

Sieve size (mm) Percent passing 

(%) 

I.Q.S.45: 1984 Limits 

Zone (2) 

10 100 100 

4.75 99.8 90 - 100 

2.36 84.4 75 - 100 

1.18 65.6 55 - 90 

0.60 41.8 35 - 59 

0.30 11 8 - 30 

0.15 2.2 0 - 10 

Fineness modulus = 2.95 

 

Table 2. Physical and chemical properties of sand. 

Property Test result I.Q.S.45: 1984 Limits 

Apparent specific gravity 2.55 ------ 

Absorption, % 2.95 ------ 

Bulk density (kg/m
3
) 1710 ------ 

Sulphate content (SO3)  0.19% 0.50% (max) 
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Table 3. Physical properties of thermostone chips. 

Property Test result 

Shape Crushed 

Apparent specific gravity 1.14 

Bulk density (kg/m
3
) 675 

Absorption, % 48 

 

Table 4. Chemical composition of SF (with fineness is 23000 m
2
/kg) and the chemical 

requirements of ASTM C 618-03. 

Oxide composition Oxide content % Chemical  requirements of  ASTM C 

618-03 class (N) 

SiO2 91.39 (SiO2) plus (Al2O3) plus (Fe2O3), 

min, = 70.0% Al2O3 2.90 

 Fe2O3  0.30 

 SO3  Nil (SO3), max, = 4.0% 

 L.O.I 3.35 L.O.I, max, = 10.0% 

CaO Nil ------- 

 MgO 2.02 ------- 

 

Table 5. Mix proportions of SCC mixes*. 

Thermostone Chips kg/m
3
 Sand kg/m

3
 Index of Mixes 

15% 10% 5% 

--- --- --- 825 Mix-R 

--- --- 16.3 783.75 Mix-T5% 

--- 32.6 --- 742.5 Mix-T10% 

48.9 --- --- 701.25 Mix-T15% 

     *Water (kg/m
3
) = 185 

       Glenium 51 (liter per 100kg of  cementitious materials) = 1.1 

 

Table 6. The results of the slump flow test, V- funnel test and L-box test. 
 

Index of 

Mixes 

Slump flow V-Funnel L-Box 

D (mm) T50cm 

(sec) 

TV (sec) TV5min 

(sec) 

Blocking 

Ratio 

(H2/H1) 

T40cm 

(sec) 

Mix-R 698 4.5 12 13.5 0.82 5 

Mix-T5% 706 4.4 11.7 13 0.83 4.8 

Mix-T10% 715 4.2 10.5 12 0.84 4.5 

Mix-T15% 723 4 9.5 11.2 0.85 4.2 

 

. 
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Table 7. Test results of compressive strength of SCC internally cured with thermostone chips 

and externally cured with water 

 

 

 

Table 8. Test results of compressive strength of SCC internally cured with thermostone chips 

and externally cured with air. 

 

 

 

Table 9. Test results of modulus of rupture of SCC internally cured with thermostone chips and 

externally cured with water. 

 

 

 

 

 

Mixes Compressive strength (MPa) 

7 days 28 days 90 days 

Mix-R 43.65 45.87 52.76 

Mix-T5% 48.42 52.58 63.65 

Mix-T10% 50.14 56.64 67.34 

Mix-T15% 46.31 50.84 58.63 

Mixes Compressive strength (MPa) 

7 days 28 days 90 days 

Mix-R 40.84 42.96 48.43 

Mix-T5% 43.69 48.04 55.90 

Mix-T10% 45.73 51.14 59.03 

Mix-T15% 42.68 45.59 52.92 

Mixes Modulus of rupture (MPa) 

7 days 28 days 90 days 

Mix-R 6.06 6.32 6.95 

Mix-T5% 6.35 6.86 7.68 

Mix-T10% 6.78 7.19 7.98 

Mix-T15% 6.24 6.58 7.34 
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Table 10. Test results of modulus of rupture of SCC internally cured with thermostone chips 

and externally cured with air. 

 

 

Table 11. Test results of volume change of SCC internally cured with thermostone chips and 

externally cured with water for 7 days and with air until 21 days. 

 

 

 

 

 

 

 

 

 

Table 12. Test results of volume change of SCC internally cured with thermostone chips and 

externally cured with air until 28 days. 

 

 

 

 

 

 

 

 

 

Mixes Modulus of rupture (MPa) 

7 days 28 days 90 days 

Mix-R 5.74 5.98 6.65 

Mix-T5% 6.06 6.40 7.18 

Mix-T10% 6.29 6.65 7.44 

Mix-T15% 5.90 6.24 6.91 

Mixes Shrinkage × 10
-6

 

Water curing Air curing 

4 days 7 days 14 days 21 days 28 days 

Mix-R +30 +35 -60 -165 -215 

Mix-T5% +35 +45 -40 -55 -80 

Mix-T10% +40 +50 -30 -40 -50 

Mix-T15% +45 +60 -20 -30 -35 

Mixes Shrinkage × 10
-6

 

Air curing 

4 days 7 days 14 days 21 days 28 days 

Mix-R -130 -215 -245 -265 -285 

Mix-T5% -40 -70 -85 -100 -110 

Mix-T10% -30 -50 -70 -75 -85 

Mix-T15% -25 -40 -55 -65 -70 
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Figure 1. Compressive strength development of SCC internally cured with thermostone chips 

and externally cured with water. 

 

 

 

Figure 2. Compressive strength development of SCC internally cured with thermostone chips 

and externally cured with air. 
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Figure 3. Modulus of rupture development of SCC internally cured with thermostone chips and 

externally cured with water. 

 

 
 

 

 
 

Figure 4. Modulus of rupture development of SCC internally cured with thermostone chips and 

externally cured with air. 
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Figure 5. Volume change development of SCC internally cured with thermostone chips and 

externally cured with water for 7 days and with air until 21 days. 

 

 

 

Figure 6. Volume change development of SCC internally cured with thermostone chips and 

externally cured with air until 28 days. 
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