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Abstract 

BS8007 provides a method to prevent early thermal cracking in concrete water retaining 

structures based on the temperature fall between hydration peak and ambient temperature (Ti) 

and the temperature variation due to seasonal variation (T2 ) . Though Sri Lankan designers use 

the Ti values given in Table A.2 of BS8007 in this methodology, these are not relevant to Sri 

Lankan climatic conditions and other concreting practices. Experimental investigation on Tj 

value for wall panels with 12mm plywood formwork and concrete mix with cement content of 

400Kg/m 3 has been completed recently. This study presents the field investigations carried out at 

19 water retaining structures at 11 sites. Thickness of concrete section, cement content, W/C 

ratio, type of cement, type of formwork, thickness of the formwork, concrete grade, quantity of 

ice were variables considered in this investigation. Ti values were measured at every 10 minutes 

interval for 3 days at these sites. It was found that Ti values observed in actual Sri Lankan field 

conditions were less than the corresponding value given in BS8007 and fairly close to the values 

proposed in the experimental investigation carried out at University of Moratuwa. It is also noted 

that use of ice to reduce the temperature of fresh concrete is not much helpful to reduce the 

maximum temperature rise due to heat of hydration. Measurement of temperature variation 

inside the concrete sections due to seasonal variation was carried out 10 and 40 days after 

concreting to understand the effect of seasonal temperature variation on internal temperature 

variation of concrete sections. Recommendation has been made on T 2 values based on analysis 

of monthly temperature data of 14 cities for last 17 years. 

Keywords: Heat of hydration, Field investigations, Water retaining structures 

Temperature variation due to seasonal variation 



Acknowledgement 
- n -

Completing this research project would not have been an easy task for me without the support of 

lot of individuals whom I am not in a position to thank individually. 

First of all I should thank Mr. M. Wickramage, the General Manager of National Water Supply 

and Drainage Board, for giving me the concept and showing me the importance of this research 

project and also for greatly influencing me to carryout the study. Dr. S.M.A. Nanayakkara was 

my supervisor who moulded the research study, corrected all my writings, discussed and made a 

substantial contribution to complete this research in time. I owe to him a big thank you. 

I am grateful to the Vice Chancellor, Dean of the faculty of Engineering and Head of the 

Department of Civil Engineering for the permission granted for study. My sincere thanks goes 

to the panel of Senior Lecturers and Professors who enlighting me on the new developments of 

structural engineering, and to name few who consistently encourage me are Prof. W.P.S.Dias, 

Prof. M.R.T. Jayasinghe, and my course coordinator Dr.Mrs.M.T.P. Hettiarachchi. I would not 

have been in the position to even start the study without the contribution made by Mr. 

K.S.K.Ranasinghe, Chief Engineer of NORAD Funded Project of National Water Supply and 

Drainage Board, by purchasing the vital equipment to measure temperature variation. I 

acknowledge with thanks Mr.Sumith Perera, the Project Director of Greater Galle Project, for 

arranging and encouraging me to start the measurements from Greater Galle water supply 

project. There is one person without whom I would not have been in a position to carry out the 

study; Mr. E.R.S. Udayakumara who did all the field measurements, prepared graphs etc. Thank 

you for your dedication commitment and contribution. 

I should thank my wife and two daughters for bearing with me and supporting me to do this 

research study during weekends nights and sacrificing limited time available for family get-

togethers. 

My thanks also go to all the field engineers and contractors at 17 construction sites who were 

involved during temperature measurement. I am sure the data collected is very valuable for 

designing and construction of water retaining structures in Sri Lanka. I hand over this equipment 

and present the study to the National Water Supply and Drainage Board where I was blessed to 

work since 1976. 

Eng. S.K.H. Perera 

December 2004 



I 

m 

Contents 

Abstract 

Acknowledgement 

page no. 

I 

II 

1.0 Introduction. 

1.1 General 

1.2 Cracking of concrete in water retaining structures 

1.3 Cracks developed at immature state of concrete 

1.4 BS code recommendation in dealing with above situations 

1.5 Purpose of the research study 

1.6 Objective of the research 

1 

1 

2 

2 

3 

4 

2.0 Literature Survey 

2.1 Concreting practices in the field to reduce the temperature rise 
at mature state 

2.2 Practices recommended by Australian code of practice (AS3735) 

2.3 Earlier investigation of temperature variation 

O 

3.0 Field Investigations 

3.1 Equipment to measure temperature rise in concrete structures 

3.2 Use of multichannel data logger 

3.3 Field measurements 

10 

11 

11 



- IV 

4.0 Observations and Analysis of data 

4.1 Temperatures fall between hydration peak and ambient - Tl 13 

4.2 Analysis of observed Tl values 14 

5.0 Seasonal temperature variations 19 

6.0 Recommendations and Conclusions 21 

References 22 



% 

- V -

List of tables 

Table - 1.1 Type of cracking 1 

Table - 1.2 Good practices for preventing or controlling the cracks 2 

Table -2.1 The field observations of temperature reductions 5 

Table -2.2 Limiting mean crack widths (b m ) (from Table C3.1 Australian code) 7 

Table - 2 . 3 Deformed bars-percentage for fully restrained in-situ concrete 7 

Table - 2 . 4 Recommended values of T] 9 

Table - 2 . 5 T2 values for different cities 9 

Table - 3 . 1 Parameter values affected to the temperature rise 12 

Table - 4 . 1 Temperature variation in vertical line at various depths 14 

Table - 4 . 2 T| values found from research 14 

Table - 4 . 3 Time taken to reach the peak temperature 17 

Table - 4 . 4 Observation Ti values of field conditions and experimental conditions 18 

Table - 4 . 5 Recommended Ti values of field conditions and experimental conditions 18 

Table - 5 . 1 T2 values of 13 cities over 18 years period 20 

Table - 6 . 1 Recommended values for Ti for concreting conditions in Sri Lanka 21 

Table - 6 . 2 Recommended values for T2 in Sri Lanka 21 



- V I -

List of figures 

Figure -2.1 Graph for Comparisons of codes 8 
(Amount of steel to prevent cracking due to falling 
of temperature between hydration peak and ambient) 

Figure -3.1 Placing of multichannel data logger 11 

Figure - 4.1 Typical graph on the field measurements 13 

9 Figure - 4.2 Graph for Ti values with the thickness of the section 15 

Figure - 4.3 Graph for Ti values with ice quantity 15 

Figure - 4.4 Graph showing variation of Ti with wall thickness for BS8007 16 
experimental values, field values 

Figure -5.1 Graph for seasonal temperature variation 10 days after concreting 19 

Figure - 5.2 Graph for seasonal temperature variation 40 days after concreting 20 

• 

• 



• I 

- V I I -

Annexes 

Annex - 1 . 1 Reinforcement to control cracking due to temperature rise 23 
due to heat of hydration and due to flexure 

Annex - 2 . 1 Estimating concrete (freshly mixed) temperature 27 

Annex - 2.2 Calculation concrete temperature by reduction of aggregate 28 
temperature 

Annex - 2.3 Cost of ice for 1 m3 of concrete 28 

Annex - 3 . 1 Details of projects and sites 29 

Annex - 3.2 Results of Field Investigations 47 

Annex -5 .0 Seasonal temperature variation measurements 88 



- VIII -

List of photographs 

1. Data Logger 117 

2. Thermocouple and Data cable 117 

3. Placing the Thermocouples inside the wall 118 

4. Arrangement of the Thermocouples inside the wall 118 


