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Abstract 

Mass concrete requires a different approach in design, production, transporting, placing 
and curing compared to the traditional concrete. In recent years, due to increasing of 
investments on such large scale structures, investors and engineers require extra precautions 
for handling of mass concrete.   

In general, it is required to keep the temperature differences between the core and the 
surfaces as low as possible in mass concrete to prevent thermal cracks. QA/QC activities 
focus on not only to achieve the design compressive strength class, but rather more 
importantly, to keep the fresh concrete temperature and heat development at lower levels. 
Thus, besides the properties of constituent materials and mixture design, concrete production 
operations and curing are also of great importance for the control of in-situ temperature 
development and differentials.  

In this study, concrete mixtures were prepared by using ordinary Portland cement, ground 
granulated blast furnace slag and fly ash in the binder phase. 14 cubic structures (with 150 cm 
edge) were built up with different insulation conditions, and internal and surface temperatures 
were measured. Fresh and hardened concrete properties were also tested. It was found that 
mineral admixture type, content and initial concrete temperature have great influence on the 
maximum core temperature. Additionally, insulation property is one of the most important 
factors to lower the temperature differential within the structure. 
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1. INTRODUCTION 
Thermal cracks occur especially when concrete is of young in age and when the volumetric 

instability is at its highest. With the increase in thermal strains and autogeneous shrinkage 
strains, the stresses develop above the tensile strength capacity of concrete, and thus, cracks 
occur, depending on restraining conditions. These cracks, in turn, widen due to external loads, 
and increase the risk of permeability against aggressive ions and humidity. It may be possible 
to prevent damages arising from freeze-thaw action, chloride and sulphate attacks, if early age 
cracks can be kept under control [1].  

Maximum temperature, achieved at the core of the structure, is one of the most important 
factors that cause temperature differentials and thermal cracking. Fresh concrete temperature 
and hydration heat are important factors which affect the time and degree of maximum 
temperature. TS 13515 states that for mass concrete structures, fresh concrete temperature 
should be kept in between 10oC - 30oC, where the limit is stretched up to 35oC for 
conventional structures [2]. Many specifications limit the maximum fresh concrete 
temperature with 20oC. Cooling of concrete constituents, using mineral admixtures and 
adjusting production time of concrete are among the methods to keep fresh concrete 
temperature under control.  

Heat development during cement hydration depends mostly on mixture design parameters.  
Keeping low cement content, using high content of mineral admixtures or low-heat cement is 
advisable most of the time. Post cooling is also an important application which helps control 
over the heat development. TS 13515 limits the max. temperature in the structure with 65oC. 

Much research can be found on how to control the fresh concrete temperature and/or 
maximum temperature at the core of the structure. However, literature on controlling the 
temperature differential is limited. This research investigates the effects of protection and 
curing activities during post production on the temperature differentials. By focusing on these 
activities, it was possible to train and increase the experience of all related parties involved in 
construction. Concrete mixtures were prepared by using ordinary Portland cement, ground 
granulated blast furnace slag and fly ash in the binder phase. 14 cubic structures (with 150 cm 
edge) were built up with different insulation properties, and internal and surface temperatures 
were measured. Fresh and hardened concrete properties were also tested. 

2.  EXPERIMENTAL STUDY 
2.1 Materials 

Chemical and physical properties of the fly ash (FA) and ground granulated blast furnace 
slag (GGBFS) are given in Table 1. 
 
Table 1: Chemical and physical properties of FA and GGBFS 

 
CEM I 42,5 R was used and its properties are presented in Table 2. 

 SiO2 

(%) 
Al2O3 

(%) 
Fe2O3 

(%) 
CaO 

(%) 
SO3 

(%) 
L.O.I 
(%) 

Free 
CaO 
(%) 

Spec.  
Grav. 

React. 
CaO 
(%) 

45µ 
residue 

(%) 

28 Day 
Act. 
(%) 

FA 55.97 19.44 10.49 3.54 0.38 1.52 0.06 2.32 2.23 25.0 79.7 
GGBFS 41.91 10.96 0.59 36.91 0.29 0.00 - 2.89 - 0.8 84.5 
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Table 2: Chemical and physical properties of cements 

 Phase 1* Phase 2* Phase 3* 

SiO2 (%) 18.45 18.78 18.64 
Al2O3 (%) 5.63 5.51 5.44 
Fe2O3 (%) 3.01 3.16 2.95 
CaO (%) 63.30 63.28 63.28 
SO3 (%) 2.96 2.63 2.60 
Na2O (%) 0.32 0.28 0.31 
K2O (%) 0.63 0.52 0.61 
Loss on Ignition (%) 3.40 3.66 3.87 
45 μ residue (%) 9.0 8.4 7.8 
Blaine (cm2/g) 3420 3650 3820 

Compressive 
Strength (MPa) 

2 days 24.0 29.3 25.2 
7 days 47.0 54.1 45.4 
28 days 58.3 61.5 53.0 

*Refer to 2.3 
 

Crushed lime stones obtained from a single source were used. Phosphonated 
polycarboxylate based super plasticizer admixture (confirms to TS EN 934-2) was used in the 
concrete production. 
 
2.2 Mixture designs 

All mixtures contained 400 kg/m3 of cementitious material in the binder phase. The activity 
index of fly ash and GGBFS were taken as 0.4 and 0.8, respectively, for calculation of water-
to-binder ratio. Mixture proportions are presented in Table 3. 

Table 3: Mixture proportions (kg/m3) 

Code Cement 
Fly 
Ash GGBFS 

Super 
Plast. Water w/b Sand 5/12 12/22 

C100-GBFS300-40 100 0 300 3.60 136 0,40 1135 324 440 
C100-GBFS300-45 100 0 300 2.40 153 0,45 1100 316 428 
C150-GBFS250-40 150 0 250 4.40 140 0,40 1131 323 438 
C150-GBFS250-45 150 0 250 2.80 158 0,45 1101 314 427 
C300-FA100-45 300 100 0 5.20 153 0,45 1089 312 424 
C200-FA200-50 200 200 0 5.20 140 0,50 1081 306 414 
C150-FA250-50 150 250 0 7.20 125 0,50 1087 312 423 

 
Generally high cementitious content and low water-to-binder ratio are preferred for 

durability of mass concrete. Considering the workability, strength and durability 
requirements, a cementitious content of 400 kg/m3 was selected. Considering TS EN 206 and 
TS 13515 maximum water-to-binder ratios of 0,40 - 0.45 were selected. However, due to low 
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activity index of fly ash, and resulting high viscosity concrete, water-to-binder ratio was 
selected as 0,50.  

2.3 Research method 
In order for effective use of data loggers, form-work and space, the experimental work was 

completed in 3 phases. 14 cubic structures of  1,5x1,5x1,5 m. with different insulation were 
cast. Due to mobilation issues and temperature measurement period, each phase was started 2 
weeks after the preceeding phase. Seperate silos were reserved for fly ash and GGBFS in the 
plant. Aggregates were used from the same stock, reserved and kept under protection until the 
castings were finished. Cement used in the daily production was used during casting of cubic 
structures. Although sampling was made from new cement shipment before each production 
(Table 1), it was not possible to separate the new shipment from the existing cement in the 
silo. All castings were performed on Sundays, so that the regular production activities could 
continue during other working days without interruption. The plant was reserved for testing 
activities during all day. Prior to each production phase, all bunkers were emptied, cleaned 
and aggregates from the special stock were loaded. Superplasticizer was used from the IBC 
tank for all phases. Slump and temperature of the fresh concrete were recorded. Compressive 
and tensile strength development, and heat development of the hardening concrete were 
measured. 

For each phase, several meters of thermocouples and 11 data loggers with 4 channels were 
used. The temperature was measured at 5, 40 and 75 cm (core) away from the edges in 8 
locations within the cubic structure. The measurement locations are presented in Figure 1. 
 
 
 
 
 
 
 
 
 

                         
 
 
                  
           Side view                                                 Top view 

Figure 1 : Temperature measurement locations (distances are given in cm.) 
 

Temperature increase, due to heat of hydration of the concrete blocks, were measured in       
6-hour periods by thermocouples. Air temperature was measured at 4 different locations, and 
average was used in the analysis. Temperature development at the surfaces (top, bottom and 
sides), at the core, and at a location between them (O1, O2) were measured. Analysis, with 
graphs, was only made on selected locations, due to high correlation among similar 
measurement points. Attention was paid on comparison of measurement locations with 
different thermal insulation.  
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3. RESULTS AND DISCUSSION 
Fresh and hardened concrete properties are presented in Table 4 and Table 5. The flow 

value was measured and recorded when it was 40 cm or above. Slump was measured at the 
plant (t=0 min), before pumping (t=30 min) and after pumping (t=60 min). Increase in the 
workability of concrete in time can be attributed to the superplasticizer properties. Mixtures 
with fly ash presented high viscosity and pumping difficulties.  

6 cubes of 150 mm edge length were sampled to get compressive and splitting tensile 
strength (Figure 2). All concrete mixtures provided the C40/50 compressive strength class.  
 
Table 4: Fresh concrete properties 

Phase 
No 

Cast. 
No Code Air  

(oC) 
Concrete  

(oC) 

Slump/Flow (cm/cm) 
t=0  
min 

t=30  
min 

t= 60  
min 

1 

1 C100-GBFS300-40  27 31 22/40 22/40 24/45 
2 C100-GBFS300-45  30 32 22/- 23/40 23/40 
3 C150-GBFS250-40  33 32 24/45 24/45 25/60 
4 C150-GBFS250-45 30 33 22/- 22/- 25/50 

2 

5 C100-GBFS300-40  18 23 20/- 23/40 24/45 
6 C100-GBFS300-40   17 23 15/- 22/- 23/45 
7 C100-GBFS300-40   16 23 19/- 24/45 25/50 
8 C300-FA100-45     16 25 23/- 23/- 25/45 
9 C150-FA250-50 16 24 24/45 25/60 25/65 

3 

10 C150-GBFS250-40   13 20 16/- 20/- 22/- 
11 C100-GBFS300-40    13 21 10/- 19/- 22/- 
12 C300-FA100-45    13 21 14/- 22/- 23/- 
13 C200-FA200-50    13 22 19/- 23/40 25/50 
14 C100-GBFS300-40   13 21 10/- 20/- 22/40 

 

 

 

 

 

 

Figure 2: Sampling 
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Table 5: Compressive and splitting tensile strength development 

Ph
as

e 
N

o 

C
as

tin
g 

N
o 

Design Code 

Compressive Strength 
(MPa) 

 Splitting Tensile Strength 
(MPa) 

24 h. 28  
day 

56  
day 

91 
day 24 h. 28  

day 
56  
day 

91 
day 

1 

1 C100-GBFS300-40  7.6 55.5 65.0 66.3 0.5 4.6 4.8 4.6 
2 C100-GBFS300-45  5.4 49.0 52.7 54.0 0.4 4.2 4.5 4.9 
3 C150-GBFS250-40  8.4 64.6 67.9 72.8 0.5 4.7 5.5 5.7 
4 C150-GBFS250-45 7.4 55.5 60.4 65.4 0.6 4.5 5.1 5.3 

2 

5 C100-GBFS300-40  3.0 51.5 60.1 64.5 0.2 4.1 5.0 5.0 
6 C100-GBFS300-40   3.5 53.8 61.6 63.5 0.2 4.1 4.9 4.9 
7 C100-GBFS300-40   - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 
8 C300-FA100-45     11.2 57.0 60.0 65.5 1.1 4.0 5.1 5.2 
9 C150-FA250-50 0.0 51.9 59.0 62.4 0.0 4.2 4.8 4.8 

3 

10 C150-GBFS250-40   6.2 67.6 75.0 79.1 0.4 5.1 4.7 4.5 
11 C100-GBFS300-40    3.5 56.4 64.5 65.2 0.2 4.6 5.2 4.4 
12 C300-FA100-45    11.3 50.6 60.6 64.0 1.0 4.6 4.3 4.4 
13 C200-FA200-50    4.6 50.8 59.8 66.8 0.1 4.5 4.3 3.9 
14 C100-GBFS300-40   - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 

(1) Sampling for this mixture was made previously. 
 

Temperature developments are stated in Table 6. 
Phase 1 : Results of Mixtures 1 and 2 indicate that regardless of w/b ratio, the max. 

temperature in the structrue is the same when the fresh concrete temperatures, cement 
contents and insulation properties are similar. Since all faces of the structures were insulated, 
the temperature differentials were minimal. Same observations can be made for Mixtures 3 
and 4.  

All Mixtures 1, 2, 3 and 4 presented a very slow cooling period due to effective insulation. 
The cooling rates of these mixtures are in between 0.05 oC/h - 0.07 oC/h. 

Phase 2 : When the mixtures No 5 and No 1 are compared, it can be concluded that 
decrease of fresh concrete temperature can reduce the maximum temperature up to 20oC. 
Another reason for this decrease is that mixture No.5 was totally uninsulated. 

When mixtures No 6 and No 7 are compared, it can be observed that the temperature 
recordings are very similar, therefore 10 cm EPS and 3 cm XPS insulations present the same 
performance. 

When mixtures No 5, 6, 7 are compared; it can be seen that maximum temperature 
differentials are similar. This indicates that in order to keep the maximum temperature 
differential at low values, the insulation should be made all over the structural members. 

The maximum difference between concrete cover depth and air temperature occured in mix  
No 5 (Y1-AIR). This is a result of the insulation effect of formwork. For mixtures No 6-10 
the maximum difference between concrete cover depth and air temperature occured between 
U-AIR, since the sides were insulated. 
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Table 6: Temperature developments  

*Top of these concretes were covered with plastic sheet to prevent evaporation 
 

For mix No 5 internal temperature difference is measured 12.6oC (M1-U), where the 
temperature difference between (Y1-AIR) is 20.7 oC. This indicates that when there is no 
insulation the cracking risk increases due to temperature difference between concrete cover 
depth and air. 

Although mix No 8 has the highest cement content (150 kg/m3 higher than No.3 and 4), the 
maximum temperature did not rise significantly compared to mixes with high  fresh concrete 
temperature, No 3 and 4. It is also important to note that mixture No 8 did not have the 
insulation at the top and bottom. For this case temperature difference between concrete cover 
and air is the highest (28,9 oC). This implies that conventional concrete mixtures have 
potentially higher cracking risk if they are not insulated. 

Mixtures No 6 and 8 have similar insulations and fresh concrete temperatures. However, 
an increase in the cement content of 200kg/m3 increase the maximum temperature up to 20oC 
(40.5oC - 59.2oC) 

Phase 3: For mix No 10 due to low fresh concrete temperature and no insulation at the top 
and bottom surfaces, maximum temperature decreased up to 19oC compared to mix No 3. 
Although the maximum temperature was lower, temperature differentials were higher. This 
indicates the importance the insulation at the top surface. 
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Y
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1 

1 C100-GBFS300-40 Yes Yes Yes 10 EPS 31 57.2 3.2 - - - 
2 C100-GBFS300-45 Yes Yes Yes 10 EPS 32 57.3 3.3 - - - 
3 C150-GBFS250-40 Yes Yes Yes 10 EPS 32 65.4 4.5 - - - 
4 C150-GBFS250-45 Yes Yes Yes 10 EPS 33 67.1 4.1 - - - 

2 

5 C100-GBFS300-40 No No* No - - 23 37.2 12.6 - - 20.7 
6 C100-GBFS300-40 No No* Yes 3 XPS 23 40.5 14.4 - 16.9 - 
7 C100-GBFS300-40 No No* Yes 10 EPS 23 41.8 14.5 - 18.0 - 
8 C300-FA100-45 No No* Yes 3 XPS 25 59.2 22.7 - 28.9 - 
9 C150-FA250-50 No  No*  Yes 3 XPS 24 46.3 15.1 - 21.5 - 

3 

10 C150-GBFS250-40 No No* Yes 10 EPS 20 46.2 15.7 - 18.7 - 
11 C100-GBFS300-40 Yes Yes Yes 10 EPS 21 46.7 3.4 - - - 
12 C300-FA100-45 Yes Yes Yes 10 EPS 21 66.3 8.2 - - - 
13 C200-FA200-50 No Yes Yes 3 XPS 22 53.3 4.6 14 - - 
14 C100-GBFS300-40 No Yes Yes 3 XPS 21 43.4 4.5 10 - - 
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When mixes No 1 and 11 are compared the effect of fresh concrete temperature on 
maximum temperature can be observed. When fresh concrete temperature is 10oC lower, the 
maximum concrete temperature is also 10oC lower. It is observed that temperature 
differentials depend on insulation properties, rather than fresh concrete temperature. 

When mixtures No 12 and 8 are compared it is seen that an effective insulation can reduce 
the temperature loss at the core and therefore increase the maximum temperature up to 7oC. 
Although the maximum temperature of mix No 12 higher than No.8 the temperature 
differential is lower due to effective insulation. 

When mix No 11 and 12 are compared, it is observed that higher cement content increase 
the maximum temperature up to 20oC, when fresh concrete temperature and insulation were 
the same. The cooling period of these mixtures were long, 0.05 oC/hr and 0.08 oC/hr, 
respectively. 

When mix No 7 and 14 are compared, maximum temperatures are similar although the 
insulation properties are different, fresh concrete temperatures are similar. When the top 
surface is insulated the temperature difference decreased up to 10oC (from 14.5 oC to 4.5 oC). 

4. CONCLUSIONS 
Generally the top surface of the mass foundation concretes are not insulated and the sides 

are insulated with low heat conductivity materials. The curing sheets applied at the top 
surface, to prevent evaporation, are in effective in terms of heat insulation. On the other hand 
in many projects only the maximum temperature is limited and no precautions are taken to 
reduce temperature differences, even at the side surfaces. This study presented the importance 
of heat insulation to limit the temperature differences. 

- Generally for mass concrete the maximum temperatures are achieved at 48 hours, 
depending on structural dimensions, concrete constituents and fresh concrete 
temperatures. 

- The occurrence time of maximum temperature difference may not be the same as 
maximum temperature. 

- Maximum temperature depends on cement contents and fresh concrete temperature, 
rather than insulation properties. 

- Heat insulation provides a longer cooling period and lower temperature differences. 
Insulation on all surfaces of the structure is very effective in lowering temperature 
differences and keeping constant cooling rates. If no insulation is performed maximum 
temperature may decrease.  

- For temperature differences in concrete, the ground temperature should also be taken 
into account as much as side and top surfaces. 

- The top surfaces can be insulated EPS, XPS or any other material with low heat 
conductivity. By the way, 10 cm EPS and 3 cm XPS insulations present the same 
performance. 

- With cement contents of 100-150 kg/m3 in slag concrete, it is possible to keep the 
maximum temperatures below 65oC and achieve C40/50 in 28 days and C50/60 in 56 
days. 

- Due to low activity index of fly-ash, the total water volume in the concrete is decreased 
and the viscosity of fresh concrete is increased considerably. Therefore a water to 
cement ratio of above 0,50 is needed. With 200kg/m3 of fly-ash, with a fresh concrete 
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temperature of 20oC, heat development can be controlled in mass concrete provided that 
insulation is applied on the structure. It is possible to achieve C40/50 in 28 days and 
C50/60 in 56 days. 
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