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Abstract 

Delayed ettringite formation (DEF) is commonly referred to as heat-induced internal sulfate attack, which affects the 

durability and strength of the concrete like in alkali–silica reaction (ASR). Several researches have been done to 

identify the factors governing DEF and to quantify the effect and also to provide necessary prevention methods. 

However, most of the factors are yet to be investigated and quantified. It is evident that when fly ash is present, the risk 

of formation of delayed ettringite is low but its behavior with different types of cement have not been found out yet. DEF 

is long term deterioration in concrete and for effects of DEF to appear in actual structures may take 2 - 20 years. There 

is no standardized accelerated method of testing cement- aggregate combinations for premature deterioration due to 

DEF but there are test methods proposed by several researchers. This paper presents an evaluation of potential of DEF 

for different cement types available in the local market based on FU’s Method. In this method, expansion of mortar bar 

specimens (25mm × 25mm × 285mm) is monitored after specimens are subjected to specified heating and drying 

cycles. Evaluation of DEF was carried out for Ordinary Portland Cement, Portland Limestone Cement, Fly Ash 

Blended Cement and Triple Blended Cement. It was found that there is a significant effect of cement type on DEF. 

Further it was found that the potential for formation of delayed ettringite is less with partial replacement of OPC with 

supplementary cementitious materials such as fly ash. Furthermore it has been revealed that the risk of formation of 

DEF in fly ash blended cements is less than in Ordinary Portland cement and Portland limestone cement. It was also 

found that the influence of coarse aggregate phase on expansion due to DEF is significant. 
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1. Introduction1 

Heat-induced internal sulfate attack is most often 

referred to as Delayed ettringite formation (DEF).It is a 
recently identified deterioration process which affects the 

durability and strength of concrete like in alkali–silica 

reaction (ASR). 

In cement, there are four major mineral components 

such as C3A, C3S, C2S and C4AF. When water is added to 

cement, the reaction of C3A present in cement immediately 

liberates a large amount of heat and because of that, 

gypsum is added to slow down the reaction. With the 

presence of gypsum, OH- , SO4
2- and alkali in the solution 

tend to form calcium aluminate tri-sulfate hydrate 

(primary ettringite) and later it converts to calcium 

aluminate mono sulfate hydrate as given below. 

 

C3A+3(CaSO4.2H2O) +32H2O 

C3A.3CaSO4.2H2O.32H2O (Ettringite) 

Monosulfate Hydrate 
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This reaction is an expansive reaction. However, in the 

case of ettringite formation in fresh concrete, the volume 

expansion can be accommodated without any detrimental 

effects since the concrete in a fresh state is highly 

deformable. At high temperatures (above 70 0C) primary 

ettringite is not stable. It decomposes into monosulfate and 

SO4
2-. 

In the thermally cured concrete or core of massive 
concrete sections, the temperature may rise more than 

700C.Under this condition, C3S is more activated and 

suppresses the reaction of C3A and after quick reaction 

more C3S2H3(C-S-H) is released (Y.Fu, 1996a). Then 

C3S2H3 known as the C-S-H gel adsorbs the freely 

available sulphate and sulphate coming through the 

decomposition of the primary ettringite to form the phase 

X which acts as an internal sulphate source for DEF. Later, 

adsorbed sulphate by C-S-H releases slowly in moist 

environments and ettringite will form again resulting in 

volume expansion. Since the concrete has hardened at that 

stage, this volume expansion leads cracking of cracking. 

 

2. Literature Review 

Theories behind the Delayed Ettringite Formation 

(DEF), correlations of DEF with other deterioration 

mechanisms, factors affecting DEF, available test methods 

to evaluate the potential for DEF and preventive measures 
to reduce the formation of DEF have been explored in the 

literature review. 
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2.1 What is DEF? 

Delayed ettringite formation (DEF) is the result of an 

alteration of the early chemical reactions during hydration 

when concrete is subjected to high temperatures at the 

early stage. The early high temperatures affect the 

solubility and chemical composition of the reaction 

products and set the stage for the possibility of ettringite 

formation in the concrete at a later stage. Premature 

deterioration of steam-cured or massive concrete elements 

has been attributed to the delayed formation of ettringite 

(DEF) after the concrete has hardened and been exposed 

for several years to moist conditions (Y.Fu, 1996a). The 
first reaction to occur, when concrete is cured under 

ambient conditions, is associated with tricalcium 

aluminate (C3A) and its reaction with sulfates in the pore 

solution to form ettringite (C3A.3CaSO4.2H2O.32H2O). In 

heat-cured concrete or massive concrete sections, the 

sulfate, instead of reacting with the aluminate phase, is 

thought to be adsorbed by the hydrating tricalcium silicate 

(C3S) to form the so-called Phase X (Kalousek and Adams 

(1951)). In heat-cured concretes/mortars, the hydration of 

C3S is accelerated. Hence phase X is predominant and it 

behaves as internal source of SO4
2-. However, with time, it 

releases the trapped sulphate and causes re-precipitation of 

ettringite at a later stage which is called DEF. Delayed 

ettringite formation has recently been recognized to be 

harmful resulting in cracking of the concrete products. 

Based on the conclusions of RILEM workshop (2003), the 

conditions necessary for the appearance of DEF are, 

 An excessive rise of temperature during the 

casting of the concrete, related to the high heat of 

hydration of large masses of concrete or due to 

the steam curing of concrete, especially in the 

case of precast products. 

 The presence of sulfates, essentially coming from 
the cement (added as set retarder or present inside 

the particles of clinker) and, to a lesser extent, 

from the aggregate or the mixing of water. 

 A moist environment. 

Preventing any of these three conditions from being a 

reality is sufficient to prevent deterioration and is often the 

emphasis of prevention strategies. 

2.2Theories behind the Expansion 

2.2.1Crystal growth theory 

As identified earlier in the literature survey, it has been 

suggested that C-S-H gel will adsorb sulphate fast at high 
temperatures resulting in quick depletion of the gypsum 

phase in the Portland cement-water system (Y.Fu, 

1996a).Further exploration about this trapping theory, by 

Scrivener et al. (1995) have been verified by using a 

SEM/EDS system to monitor the sulfate and ettringite 

levels prior to and after the heat cycle in the pore solution 

and within the C-S-H gel. Sulphate adsorbed at high 

temperature is desorbed more slowly than that adsorbed at 

normal temperatures. Slower release of sulphate from an 

internal sulphate source may be a critical condition for 

DEF in high temperature cured Portland cement paste. 

Nucleation of a crystal requires less surface energy in a 
crack than in the cement paste matrix. Most of the times 

Sulphate ions, after release from C-S-H gel, will diffuse 
into the nearest micro-cracks at the interface of the 

aggregate and cement paste and then react with calcium 

aluminate monosulphate hydrate (AFm) in the crack and 

crystallize ettringite which process is known as the Crystal 

Growth Theory. Growth of ettringite crystals opens the 

crack and damages the cement products.  

2.2.2 Uniform paste expansion theory 

Conversion of monosulphate uniformly distributed in 

paste phase to ettringite happens in paste phase. Hence 

expansion is taking place uniformly and in an isotropic 

manner in the cement paste. 
 

2.3 Factors Affecting DEF 

Several researchers have done studies to identify the 

factors affecting DEF. Research by Grabowski et al. 

(1992) and Fu (1996a) reported that expansion of mortar 

bars due to delayed ettringite formation was influenced by 

the composition of the cement and also possibly by the 

type of aggregate used. Moreover, it has been revealed that 

ASTM Type III cement is more susceptible to DEF. Fu 

(1996a) showed that no ettringite was present initially in 

mortar after heat curing, but that it formed subsequently 
when the mortar were exposed to moisture. 

 

2.3.1 Effect of temperature 

Two necessary conditions indicated by Taylor et al. (2001) 

for DEF were; 

 Internal temperature must have exceeded 70° C 

during curing 

 Availability of sufficient moisture 

There are two reactants of DEF mainly affected by the 

initial curing temperature. They are; formation of 

monosulphate and adsorption of sulphate into the C-S-H 

gel. Older et al. (1987) reported that when concrete is 
subjected to heat curing, sulfate instead of reacting with 

the aluminate phase, is adsorbed by the C-S-H gel to form 

the so-called Phase X which causes slow sulphate release 

in hardened concrete to form DEF. 

In the studies of Mchedlov-Petroyans(1985 cited by Fu 

1996a) suggested that ettringite is stable in cement paste 

up to 70°C and Ab-EI-Enein et al. (1984 cited by Fu 

1996a) reported that water molecules of Sulphoaluminates 

are rearranged at different temperatures. Based on the 

research carried out by Kalousek(1941)monosuphate is 

reported to be the stable phase in temperatures greater than 
70° C and later Kelhemand Adams (1990 cited byCeesay 

2007) confirmed that and also they revealed that 

monosulphate later transform into ettringite . 

However, some researchers have shown some 

controversial results about the limiting temperature of 

ettringite- monosulphate transformation, Mehta (1972 

cited by Fu 1996a) indicated that ettringite can be found in 

cement paste subjected to 65° C drying condition and 

decomposition starts when drying occurs at 93° C. He also 

mentioned that under moist condition that would occur at 

149° C. 
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2.3.2Effect of cement type and composition 

Experimental investigation by Fu and Beaudoin(1996b) 

has revealed that type of cement and the composition of 

the cements effect DEF. Further, they have revealed that 

Type III Portland cement is most susceptible to DEF and 

identified that C3A and SO3 in the form of calcium sulfate 

in Type III cements are more than in Type I cements. The 

maximum SO3 content in the Type I or V cement is, 

however, generally less than 3.5%. The fineness of the 

Type III cement can be up to 7000 cm2/g, i.e. about three 

times that of the other cements. Type III cement with 
fineness of 4000-5000 cm2/g is normally produced. High 

temperature curing makes it possible for Type III cement 

to hydrate and form more C-S-H gel quickly during the 

critical heat-curing period. The same thing has been done 

by Famy(1999 cited by Famy 2001) and by 

Ramlochan(2003 cited by Ceesay 2007) also and  they 

revealed that Type III cement provides higher heat owing 

to the higher Blaine fineness and high sulfate and C3A 

contents, which tend to promote incongruous dissolution 

of ettringite and subsequent trapping of sulfates and 

aluminates by early C-S-H products. Kelham (1996 cited 
by Fu 1996b) also has done experiments for the different 

cement types with different aggregate types and concluded 

that cement composition and type has direct influence to 

DEF. 

 

2.3.3Effect of aggregate type and composition 

Grattan-Bellew et al. (1998) have evaluated the effect of 

aggregate particle size and composition on expansion due 

to DEF. For the evaluation, heat curing mortar bars made 

with basalt, dolostone, granite, limestone, siliceous 

limestone, and pure crystalline quartz were used. Only 

mortar bars made with quartz aggregate showed 
significant expansion and they concluded that expansion is 

inversely proportional to the particle size of the quartz 

aggregate and rate of expansion is related to the surface 

area of the aggregate. Through the observations, they have 

concluded that ettringite at the paste aggregate interfaces is 

a good indication that the aggregate surface has a 

significant role in the deterioration process. It is therefore 

not too surprising that expansion is proportional to the 

surface area of the aggregate, as was observed in this 

investigation. Grabowski et al. (1992) and Fu (1996b) 

reported that expansion of mortar bars due to delayed 
ettringite formation was influenced by the composition of 

the cement and also possibly by the type of aggregate 

used. 

 

 

 

 

 

 

2.3.4Effect of pre-existing micro-cracking 
Through the Studies by Gilles (2007 cited by Ceesay 

2007), the influence of pre-existing micro-cracking, 

wetting/drying cycles and the type of sulfated addition on 

DEF in steam cured mortars have been evaluated. 

Specimens were prepared using Ordinary Portland cement. 

Two types of sulfate addition were used as calcium sulfate 

(CaSO4) or sodium sulfate (Na2SO4). The result confirmed 

that no expansion was observed in any of the mixtures 

cured at room temperature. Moreover, no expansion was 

observed after 800 days for the reference mortar or for the 

mortar containing calcium sulfate but all the specimens of 
heat-cured mortars containing sodium sulfate expanded 

markedly after about 50 days whatever the supplementary 

treatments applied (thermal shrinkage or wetting/drying 

cycles). It was further concluded that supplementary 

treatments intended to cause preliminary micro-cracking 

of the specimens did not promote expansion but 

contributed to a slight acceleration of the reaction. 

Moreover, it was concluded that they do not modify the 

ultimate value of the expansion. According to studies by 

Sylla (1988 cited by Fu 1996a) and Fu et al. (1996b), 

ettringite is thought to form in micro-cracks resulting from 
the heat treatment of the fresh concrete. 

 

2.4 Fu Method 

Fu (1996a) developed a test method for “stability of 

Portland cement mortars with moist-cured at high 

temperatures,” which was proposed as an ASTM test. The 

mortar bars are prepared using silica sand and Portland 

cement, with a cement/sand ratio of 0.36 and a w/c of 

0.48.The specimens are cured for 1 h in a fog room at 

23°C. The moulds containing the mortar bars are then 

heated at 95°C for 12 h and cooled to ambient temperature 

over a period of 4 h. The mortar bars are then demoulded 
and stored in water for 6 h at 23°C before taking the zero 

length reading. The samples are then stored in lime water 

at 23°C, and the length is monitored for 56 days. This 

method appears to be the most practical of the methods 

proposed. However, it has not yet been demonstrated that 

cements causing expansion in the accelerated test would in 

fact cause deleterious expansion in incorrectly steam-cured 

field concrete. 

3. Methodology 

Based on the literature survey, the methodology shown in 

Figure 1 was adopted in order to study the effect of 

Cement type and aggregate phase on expansion due to 

DEF. 

3.1 Selection of Accelerated Test Method 

In the literature review, it has been observed that there 

are different test methods. The selection of a suitable test 

method for this experimental investigation was based on 

the following requirements. 
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Measurement of the expansion 

Thermal Cycling according to Fu Method 

Heat Curing and measurement of the initial 
reading according to Fu Method 

Development of the test Matrix 

Selection of material proportions and mixing 
method 

Selection of Materials 

Selection of the accelerated test method  

 Results should be shown within limited time 

frame 

 Experiment procedure should be compatible with 

the field condition 

 Clear expansion should be shown which can be 

easily seen and quantified 

 Practicability and adoptability under the available 

lab facilities 

 

Each and every test methods stated in the literature review 
have considered based on this selection criteria. From the 

preliminary analysis Fu (1996a) and Kelham (1995) 

methods have been selected as the final evaluation. Based 

on the test regime it has been identified that Fu methods 

has some advantages over the Kelham method as follows. 

 

 Short pre-curing time 

A short pre-storage period prevents complete 

consumption of the sulphate and creates the 

background to trap the available sulphates into 

the C-S-H phase. 

 

 

 Quick ramping period 
The remaining sulphate, or sulphate from 

decomposition of the calcium sulphoaluminate 

hydrates will be rapidly adsorbed by C-S-H gel 

forming "phase X" in the cement product when 

high temperature moist-curing follows. 

 

 Extreme drying cycle 

The thermal drying pre-treatment simulates the 

weathering process that creates microcracks in 

the cement products after high temperature 

curing. This treatment is mainly a crack-making 
process rather than a phase-changing process. 

 

Due to these reasons and practicality, Fu’s method has 

been adopted for this experimental investigation. However 

certain modifications have been done to temperature of 

original Fu’s method as shown in Figure 2.   

 

3.2 Selection of Materials 

3.2.1 Cement 

Following cement types which were supplied by the 

Holcim Lanka (Pvt) Ltd were used.  

 Ordinary Portland Cement (OPC) 

 Fly ash blended Cement 

 Portland Limestone Cement 

 Triple Blended cement. (Mix of Fly Ash Blended 

Cement (50%) and Limestone Cement (50%)) 

Cements from the same batch were used for the entire 

experimental investigation. The chemical composition of 

each cement type is given in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

3.2.2 Fine aggregate 

In all the mixes, normal river sand graded according to the 

ASTM C 1260 as shown in Table 2 was used. All the fine 

aggregates graded were washed carefully and then oven 

dried separately for 24 hours prior to the mixing to avoid 

having different moisture contents in the aggregates. 

 

 

 

 

Figure 1 Schematic representation of methodology 

adopted 

Figure 2Adopted modified Fu's method for ambient temperature conditions 
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3.2.3 Coarse aggregate 
Crushed aggregates were used as coarse aggregates. The 

coarse aggregates were washed and sieved using 12.5mm 

sieve and 8.5mm sieves and aggregates passing through 

12.5mm sieve and retained on 8.5 mm sieve were taken. 

Then it was oven dried for 24 hours at 110°C and stored in 

polythene bags to use when preparing test specimens. 

 

 

Table 2 Recommended grading for fine aggregates as in 

ASTM C1260 

3.2.4 Mix proportions and mixing method 

The mix proportion used in this research was identical to 

those used in ASTM C 1260.The water-to-cementitious 

material ratio was fixed at 0.47 and the cement-to-

aggregate ratio remained constant at 1:2.25 for all the 

tests. The mortars were mixed according to ASTM C 305. 

Five mortar bars 25mm × 25mm × 285mm were made 

from each mix. The quantities of materials used to prepare 

5 mortar bars were 925 g cement, 2075 g graded fine 

aggregate, and 435 ml water. 

3.2.4.1Procedure for mixing cement paste 

Materials were introduced into the bowl and mixed in 

the following manner: 

All the mixing water was placed in the bowl and then 

the cement added to the water and allowed 30 seconds for 

the absorption of the water. Then mix was mixed at slow 

speed 140 r/min for 30 seconds and the mixing stopped for 

15 seconds and during this time any paste that may have 

collected on the side of the bowl scraped down into the 

batch. Then again mixing was started at medium speed 

285r/min and mixed for 60 seconds. 

3.2.4.2Procedure for mixing mortars 

Materials were introduced into the bowl and mixed in 

the following manner: 

All the mixing water was placed in the bowl and then the 

cement added to the water and 30 seconds allowed for the 

absorption of the water. Then entire quantity of sand was 

added slowly over a 30 seconds period while mixing at 

slow speed. After that mixing was stopped and the rotating 

speed changed to 285r/min and again mixed for 30 
seconds. Then mixing was stopped and the mortar allowed 

to stand for 90 seconds. During the first 15 seconds of this 

interval any mortar that may have collected on the side of 

the bowl was quickly scraped down into the batch and then 

bowl was covered with the lid for the remainder  

 

 

of this interval. Finally mixing was finished after 60 

seconds at medium speed mixing. 

3.2.3Test matrix development 
To test the effect of cement type on DEF, following test 

procedure (Table 3) has been developed. A total of four 

cement types were used in the present studies which were 

supplied by the cement manufacture Holcim Lanka (Pvt) 

Ltd. For each cement type, one specimen was prepared as 

a control specimen which was subjected to only curing at 

the ambient conditions whilst other three or four 

specimens were subjected to standard heat curing and 

thermal cycle respectively proposed by Fu (Figure 2). 

Moreover test matrix has been developed to evaluate 

effect of micro-cracks (Table 4), aggregate phase (Table 
5) on DEF and for that Ordinary Portland Cement (OPC) 

was used. 

3.4 Curing 

The curing cycle followed was that proposed by Fu. 

After filling the molds with cement mortars, they were 

subjected to water curing at room temperature for 1 hour. 

The moulds were then sealed and placed in a water bath. A 

high rate of heating was used so that the temperature rose 

to 95°C in 1 hour. The samples were maintained at 95°C 

for 12 hours, then heating was stopped and water bath 

allowed to cool for 4 hours. The mortar bars were then 

demoded and placed in lime water at room temperature for 
6 hours prior to measuring the initial lengths. 

3.5 Thermal Cycling 

Following the initial length measurement, the samples 

were placed in an oven at 85°C for 24 hour. After cooling, 

the samples were immersed for 24 hours in lime water. 

This constitutes one thermal cycle.  To steady the effect of 

heat cycle two samples sets were subjected to a total of 2 

and 3 thermal cycles respectively. Length change was 

monitored at least every other day. 

 

 

 

 

 

 

 

Cement type LOI SiO2 Al2O3 Fe2O3 CaO MgO SO3 K20 Na2O Cl
-
   

Portland limestone cement 5.58 21.43 5.83 3.39 60.16 1.14 2.22 0.20 0.00 0.019   

Ordinary Portland cement  3.05 20.85 4.95 3.37 64.28 0.85 2.42 0.19 0.00 0.018   

Fly ash blended cement 0.99 29.89 12.27 4.77 48.69 0.91 2.17 0.27 0.00 0.013   

Fine Aggregate Sieve Size Mass % 

Passing Retained on 

4.75 mm (No.4) 2.36 mm(No.8) 10 

2.36 mm(No.8) 1.18 mm (No.16) 25 

1.18 mm (No.16) 600 m (No.30) 25 

600 m (No.30) 300 m (No.50) 25 

300 m (No.50) 150 m (No.100) 15 

Table 1 Cement composition 
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Table 3 Test Matrix for the experiment investigation to 

check the effect of cement type 

 

Table 4 Test matrix for the experiment investigation to 

check the effect of heat treatment 

 

 

Table 5 Test matrix for the experiment investigation to 

check effect of aggregate phase 

 

 

 

 

4. Results 

4.1Effect of Type of Cement 

Average expansion of specimens has been calculated 

based on corrected expansion values. Figure 3 shows the 

variation of expansion with different cement types. 

 

 

Figure 3 Expansions of specimens with different types of 

cement 

4.2 Effect of Micro-Cracks 

Results obtained from three different heat cycles are 

shown in Figure 4. We can clearly see there is a slight 

acceleration of expansions of mortar bars with the increase 

of number of heat cycles (i.e. Heat treatment 1, Heat 

treatment 2, Heat Treatment 3). 

 
Figure 4 Expansions of specimens with number of heat 

cycles 

 
4.3 Effect of Aggregate Phase 

The heat cured average specimen with fine aggregates 

(OPC) has shown a significant expansion compared to the 

control sample and maximum expansion of specimens was 

0.03%. After 100 day, the samples have undergone a 

contraction. It can be seen from Figure 5, that cement 

paste sample (CP) has undergone maximum expansion of 

0.019%. 

The mortar bars have undergone a greater expansion than 
the cement paste. The maximum expansion of 0.03% was 

observed in the sample with 100% coarse aggregate (CH-

100%) within 20 days and the sample with fine aggregate 

only took 98 days to show the same expansion. 
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50% 

50% fine 

50% CA 
1 3 1 

Coarse 

aggregate 

100% 

100% 
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1 3 1 

Cement Type  : Ordinary Portland Cement 
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5. Discussion 

5.1 Effect of Type of Cement 

During the initial thermal cycle, samples have undergone a 

contraction and it was due to evaporation of water during 

the heat cycle. After that, samples showed expansion. 

Results show a clear difference between expansion of 

control samples and the expansion of specimens subjected 

to heat curing. Control specimens show consistent 
expansion but specimens subjected to heat curing show a 

considerable expansion with respect to the control 

specimen. 

Figure 3 shows the expansion of mortar specimens with 

different types of cement with time. When we closely 

observe Figure 3, it can be clearly identified that the 

delayed ettringite formation depends on the type and 

composition of the cement. Ordinary Portland cement 

shows higher expansion than other cement types and is 

closely followed by Portland Limestone Cement. Further 

we can observe that the expansion due to formation of 
delayed ettringite is less with the partial replacement of 

cement with the supplementary cementitious materials 

such as fly ash. According to the theory behind the 

formation of delayed ettringite we know that the formation 

of C-S-H phase is required for DEF. Normally OPC 

generates a greater amount of C-S-H than other cements 

and provides more possibilities to trap sulfates and 

aluminates into    C-S-H solution which are released to 

form ettringite at the later stage.  

Moreover all the results show some contraction after the 

initial reading. In the experimental procedure, initial 

reading was taken 24hrs after casting mortar bars and then 
all the samples were subjected to high temperature drying 

at the heat cycle. Due to that drying process all the 

samples show initial contraction and the degree of 

contraction depends on thermal characteristics of materials 

that were used in the mix. After 90 to 100 days, all the 

specimens have shown a contraction in an unexpected 

manner and up to now the reason for that is not identified. 

5.2 Effect of Micro Cracks 

The impact of the heat cycles is probably created and 

increased the size of micro cracks in the mortar bars. To 

test the effect of the micro cracking, mortar bars prepared 

from the same mix were subject to three different heating 
cycles. Figure 4 shows expansion of specimens for the 

three cases. It can be seen that the mortar bar subjected to 

three consecutive heat cycles has undergone significant 

expansions due to more micro cracks as a result of heating 

cycles. In each case, the number of drying cycle 

influenced the expansion behaviour. Even though the 

expansion at an early stage is the same for the three cases, 

there was a clear difference in the later part of the test. The 

unstable propagation of pre-existing cracks requires less 

energy than the creation of new cracks. The energy 

required for mortar expansion is, therefore, generated 
more rapidly when the specimens  have been subjected to 

more heating cycles, which has an impact on the kinetics 

of expansion as seen in the test results. 

 

5.3Effect of Aggregate Phase 

All the heat cured samples other than cement paste 

samples have shown a greater expansion than the control 

sample. Figure 5 shows expansion of mortar bars with the 

different proportions of aggregate. It shows that the 

expansion and the expansion rate increases with the 

increase of the particle size. Expansion profile of cement 
paste shows the lowest expansions of all the specimens. In 

cement paste, there is no involvement of interface between 

cement paste and aggregate. Hence there is no contribution 

of crystal growth presence at the interface of aggregate 

and cement paste. Any expansion in cement paste can be 

only due to expansion in paste phase due to formation of 

ettringite within the cement paste. This clearly shows the 

role of aggregate in expansion of concrete due to DEF. 

6. Conclusions 

 There is a significant effect of cement type on 

DEF. 

 According to the test results, it can be concluded 

that the risk of DEF in Fly ash blended cement is 

less than OPC and Portland limestone cement. 

 Micro cracks formed as a result of heating and 

drying cycles accelerate the expansion due to 

delayed ettringite formation. 

 Both Cement paste and aggregate phase 
contribute to expansion due toDEF. 

 Influence of coarse aggregate phase on expansion 

due to DEF is significant. 
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