
Cold-Weather Concreting 

 

 بتن ریزی در هوای سرد



 ،آبا نامه آیین
   سرد هواي  

   متوالي روز سه
   (ب) و (الف) شرایط

درجه 5 >  روز شبانه در ا هو متوسط دماي (الف 

درجه 10 > روز نصف از بیشتر براي هوا دماي (ب 
 



ACI 306 Definition 

 Average daily temperature  <5ºC    for    3 
successive days  

 Stays <10ºC    for more than ½ of any 24h 
period 



           CSA A231.1 کانادا

 

   درجه 5 ≤هوا دماي

   یا           

 درجه 5  ≤ دما آمدن پایین احتمال

 ریزي بتن از پس ساعت 24                     
 

 



Concrete Components 

 Cement 

 Water 

 Fine 
Aggregate 

 Coarse 
Aggregate 



Cement Particle 



Early Stage of Hydration 



Hydration 

Ceases at…  -10 ºC 



Effect of 
Freezing on 

Fresh Concrete 

 اگر بتن در 

 ساعات اولیه-

  kg/cm2 35 مقاومتقبل از رسیدن به -

 :یخ بزند    

 .مقاومت اتفاق میافتدکاهش % 50-
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Hydration Stages (25 ºC) 



Setting Times at Different Temperatures 



Final Setting Time of Concrete at Various Temperatures 
 
 
Temperature, °C       Approx. Setting Time, hrs. 
 
20                                            6 
15                                           11 
 5                                           14 
 0                                           Concrete Freezes & doesn’t set 
 
CONCRETE FREEZES! 



Rule of Thumb 

 “every 10°C reduction 

                  times of setting 

                                         double,  

 thus increasing the amount of time that 

the concrete is vulnerable to damage due 

to freezing.” 



A 10 degree drop in concrete temperature 

will DELAY set time by approximately 

         2 – 2 ½ hours 

 

 



Whoops!!! 



-2 ˚C 



Effect of Temperature on  
Strength Development 







 

استفاده از مواد افزودني تندگیر کننده 

استفاده از سیمان هاي تند گیر 

استفاده از مقدار سیمان پرتلند بیشتر 

پوشش دوربند 

بادشکن 

بخاري قابل حمل 

قالب هاي عایق بندي شده 

 پتو و... 
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 HE high-early-strength cement 

 Type I  > Type I I > Pozzolanic Cement 

 

 

Methods to accelerate strength gain: 



Early-Age Strength 



 

 Additional portland cement  

   (60 to 120 kg/m3) 

 

Methods to accelerate strength gain: 









Accelerating Admixtures 

Accelerate the rate of: 

 Hydration (setting) 

 Early-age strength gain 

ASTM C 494 or AASHTO M 194, Type C 

**Calcium Chloride-based accelerators: 

 

**Calcium Nitrate-based accelerators: 
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Calcium chloride accelerators: 

 

Increase: 

  

 Drying shrinkage,  

 Potential reinforcement corrosion, 

 Potential scaling 

 Darken concrete 



Ca(NO3)2 

Calcium nitrate, also called Norgessalpeter, 
is the inorganic compound with the 
formula Ca(NO₃)₂. This colourless salt 
absorbs moisture from the air and is 
commonly found as a tetrahydrate.  
Molar mass: 164.088 g/mol 
 
Formula: Ca(NO3)2 
 
 
Density: 2.5 g/cm³ 
 
Soluble in: Water 
 
Appearance: colorless solid; hygroscopic 

https://www.google.com/search?biw=1536&bih=739&q=calcium+nitrate+molar+mass&stick=H4sIAAAAAAAAAOPgE-LUz9U3MC02Mc3T0spOttJPzkjNzSwuKaqEsJITc-KT83ML8kvzUqxy83MSixRyE4uLASatG6U5AAAA&sa=X&ved=0ahUKEwiSrpe3kKDRAhUKthoKHXoNDHIQ6BMIrgEoADAZ
https://www.google.com/search?biw=1536&bih=739&q=calcium+nitrate+formula&stick=H4sIAAAAAAAAAOPgE-LUz9U3MC02Mc3TUs9OttJPzkjNzSwuKaqEsJITc-KT83ML8kvzUqzS8otyS3MSAejIbbQ2AAAA&sa=X&ved=0ahUKEwiSrpe3kKDRAhUKthoKHXoNDHIQ6BMIsQEoADAa
https://www.google.com/search?biw=1536&bih=739&q=calcium+nitrate+formula&stick=H4sIAAAAAAAAAOPgE-LUz9U3MC02Mc3TUs9OttJPzkjNzSwuKaqEsJITc-KT83ML8kvzUqzS8otyS3MSAejIbbQ2AAAA&sa=X&ved=0ahUKEwiSrpe3kKDRAhUKthoKHXoNDHIQ6BMIsQEoADAa
https://www.google.com/search?biw=1536&bih=739&q=calcium+nitrate+melting+point&stick=H4sIAAAAAAAAAOPgE-LUz9U3MC02Mc3T0s1OttJPzkjNzSwuKaqEsJITc-KT83ML8kvzUqxyU3NKMvPSFQryM_NKAHiVeRk8AAAA&sa=X&ved=0ahUKEwiSrpe3kKDRAhUKthoKHXoNDHIQ6BMItAEoADAb
https://www.google.com/search?biw=1536&bih=739&q=calcium+nitrate+density&stick=H4sIAAAAAAAAAOPgE-LUz9U3MC02Mc3TUs9OttJPzkjNzSwuKaqEsJITc-KT83ML8kvzUqxSUvOKM0sqAZP69BM2AAAA&sa=X&ved=0ahUKEwiSrpe3kKDRAhUKthoKHXoNDHIQ6BMItwEoADAc
https://www.google.com/search?biw=1536&bih=739&q=calcium+nitrate+density&stick=H4sIAAAAAAAAAOPgE-LUz9U3MC02Mc3TUs9OttJPzkjNzSwuKaqEsJITc-KT83ML8kvzUqxSUvOKM0sqAZP69BM2AAAA&sa=X&ved=0ahUKEwiSrpe3kKDRAhUKthoKHXoNDHIQ6BMItwEoADAc
https://www.google.com/search?biw=1536&bih=739&q=calcium+nitrate+soluble+in&stick=H4sIAAAAAAAAAOPgE-LUz9U3MC02Mc3T0spOttJPzkjNzSwuKaqEsJITc-KT83ML8kvzUqyK83NKk3JSFTLzAGlK__Y5AAAA&sa=X&ved=0ahUKEwiSrpe3kKDRAhUKthoKHXoNDHIQ6BMIugEoADAd
https://www.google.com/search?biw=1536&bih=739&q=calcium+nitrate+soluble+in&stick=H4sIAAAAAAAAAOPgE-LUz9U3MC02Mc3T0spOttJPzkjNzSwuKaqEsJITc-KT83ML8kvzUqyK83NKk3JSFTLzAGlK__Y5AAAA&sa=X&ved=0ahUKEwiSrpe3kKDRAhUKthoKHXoNDHIQ6BMIugEoADAd
https://www.google.com/search?biw=1536&bih=739&q=Water&stick=H4sIAAAAAAAAAOPgE-LUz9U3MC02Mc1T4gAxLYwt0rS0spOt9JMzUnMzi0uKKiGs5MSc-OT83IL80rwUq-L8nNKknFSFzDwAuC06L0MAAAA&sa=X&ved=0ahUKEwiSrpe3kKDRAhUKthoKHXoNDHIQmxMIuwEoATAd
https://www.google.com/search?biw=1536&bih=739&q=calcium+nitrate+appearance&stick=H4sIAAAAAAAAAOPgE-LUz9U3MC02Mc3T0skot9JPzs_JSU0uyczP00_OSM3NTE7MiU_Ozy3IL81LKbZKLChITSxKzEtOBQBiAZ9-OwAAAA&sa=X&ved=0ahUKEwiSrpe3kKDRAhUKthoKHXoNDHIQ6BMIvgEoADAe
https://www.google.com/search?biw=1536&bih=739&q=calcium+nitrate+appearance&stick=H4sIAAAAAAAAAOPgE-LUz9U3MC02Mc3T0skot9JPzs_JSU0uyczP00_OSM3NTE7MiU_Ozy3IL81LKbZKLChITSxKzEtOBQBiAZ9-OwAAAA&sa=X&ved=0ahUKEwiSrpe3kKDRAhUKthoKHXoNDHIQ6BMIvgEoADAe
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwizrqbXkqDRAhVH1RoKHeW3BAQQjRwIBw&url=https%3A%2F%2Fhydro-gardens.com%2Fproduct%2Fcalcium-nitrate-5lbs-box-cano3x5%2F&psig=AFQjCNG9jzsvXVZRVCEPHqHkYfPyMAUamQ&ust=1483332596682324


Calcium Formate  

Calcium Bromide  

Calcium Nitrate  

Calcium Chloride  



Example of Non-Chloride 
Accelerator Effect on Set Time 

Mix @ (10 °C) Initial Set 
(h:min) 

Difference 
(h:min) 

Plain 13:44 REF 

Accel.  

@ 1300 mL/100 kg 
cement 

7:11 - 6:33 

Accel.  

@ 2600 mL/100 kg 
cement 

6:05 - 7:39 



 کیلو گرم سیمان تیپ دو صوفیان 350بتن با عیار 
 (  15*15*15متوسط مقاومتهای فشاری دو آزمونه مکعبی )

 پودر% 3

 نیترات کلسیم  

 (کیلوگرم 10.5)

kg/cm2 

   پودر% 1

 نیترات کلسیم 

 (کیلوگرم 3.5)

kg/cm2 

 

 کنترل

 
kg/cm2 

243 206 166 

 پلاستیکی روکش

 آزمایشگاه محیط

 روزه هفت 95/10/11 الی 95/10/4

51 32 ---- 

 پلاستیکی روکش

   -16 و -1 بین بیرون سرد هوای

 روزه هفت 95/10/11 الی 95/10/4

 

79% 85% 100% 
   روزه 7 مقاومت کاهش

 سرد هوای اثر در  



Non-Chloride Accelerator Caution 

 “… the concrete producer should account 
for the water contained in the 
(accelerator).  Each Liter of (accelerator)  
added to a concrete mix will contribute 
0.78 kg of water to that mix.” 

Quote from typical accelerator literature 



Admixtures 

 Protect from 
freezing 

 Agitate if 
necessary 
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Air Entrainment for Safety 
Concrete considered to ultimately be 

“unexposed” may well be exposed during 
construction.  



Air-Entrained Concrete 

Air-Void System 



Relationship 

Between 

Temperature, 

Slump and Air 

Content 



Heating Materials  Water 



  



Heating Mix 
Water 

40 



Heating Materials  Aggregates 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi1lI3VuKDRAhVBVhQKHdfWCJAQjRwIBw&url=http%3A%2F%2Fwww.dwconstructionmachine.com%2Fen%2FProducts%2FConcrete_Batching_Plant%2F27.html&psig=AFQjCNFISNBu9K0x0n9JCOuy5a5PvRrOSw&ust=1483342784533232
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjk0fL7uaDRAhVBmBQKHfoOBxEQjRwIBw&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DBio8VDeX2CE&bvm=bv.142059868,d.d24&psig=AFQjCNFISNBu9K0x0n9JCOuy5a5PvRrOSw&ust=1483342784533232


  



  



Effect of Temperature of Materials 
on Concrete Temperatures 

0.22(TaMa + TcMc) + TwMw + TwaMwa-80Mi 

0.22(Ma + Mc) + Mw + Mwa+Mi 

  

 

 

T = 

T = temperature of the freshly mixed concrete, °C 

Ta, Tc, Tw, and Twa = temperature in °C of aggregates, 

cement, added mixing water, and free water on aggregates, 

respectively 

Ma, Mc, Mw, and Mwa  = mass, kg, of aggregates, cementing 

materials, added mixing water, and free water on 

aggregates, respectively 



Effect of Temperature of Materials 
on Concrete Temperatures 

0.22(TaMa + TcMc) + TwMw + TwaMwa 

0.22(Ma + Mc) + Mw + Mwa  

 

 

T = 

Ta =2 °C        Ma= 1730 kg/m3
 دما و جرم سنگدانه ها                          

Tc =5 °C        Mc=   325 kg/m3
 دما و جرم سیمان                                 

Tw =5 °C        Mw=  170 kg/m3
 دما و جرم آب اختلاط                           

Twa=2 °C       Mwa=   50  kg/m3        دما و جرم آب سطحی سنگدانه ها
            

  

T = temperature of the freshly mixed concrete=3  °C 



Effect of Temperature of Materials 
on Concrete Temperatures 

Ta =0 °C        Ma= 1730 kg/m3
                  یخزدهدما و جرم سنگدانه های   

Tc =5 °C        Mc=   325 kg/m3
 دما و جرم سیمان                                 

Tw =5 °C        Mw=  170 kg/m3
 دما و جرم آب اختلاط                           

Twa=0 °C       Mwa=Mi=50 kg/m3  سنگدانه ها  یخزدهدما و جرم آب سطحی  

  

T = temperature of the freshly mixed concrete= - 4  °C 

0.22(TaMa + TcMc) + TwMw + TwaMwa-80Mi 

0.22(Ma + Mc) + Mw + Mwa+Mi 

  

 

 

T = 



Effect of Temperature of Materials 
on Concrete Temperatures 

0.22(TaMa + TcMc) + TwMw + TwaMwa 

0.22(Ma + Mc) + Mw + Mwa  

 

 

T = 

Ta =2 °C        Ma= 1730 kg/m3
 دما و جرم سنگدانه ها                          

Tc =5 °C        Mc=   325 kg/m3
 دما و جرم سیمان                                 

Tw =70 °C        Mw=  170 kg/m3
آب اختلاط                          و جرم دما    

Twa=2 °C       Mwa=   50  kg/m3              دما و جرم آب سطحی سنگدانه ها
       

  

T = temperature of the freshly mixed concrete=20  °C 



Effect of Temperature of Materials 
on Concrete Temperatures 

0.22(TaMa + TcMc) + TwMw + TwaMwa 

0.22(Ma + Mc) + Mw + Mwa  

 

 

T = 

Ta =10 °C        Ma= 1730 kg/m3
سنگدانه ها                        و جرم دما     

Tc =5 °C        Mc=   325 kg/m3
 دما و جرم سیمان                                 

Tw =5 °C        Mw=  170 kg/m3
 دما و جرم آب اختلاط                           

Twa=10 °C       Mwa=   50  kg/m3 آب سطحی سنگدانه هاو جرم  دما            
       

  

T = temperature of the freshly mixed concrete=8  °C 



Effect of Temperature of Materials 
on Concrete Temperatures 

0.22(TaMa + TcMc) + TwMw + TwaMwa 

0.22(Ma + Mc) + Mw + Mwa  

 

 

T = 

Ta =10 °C        Ma= 1730 kg/m3
سنگدانه ها                        و جرم دما     

Tc =5 °C        Mc=   325 kg/m3
 دما و جرم سیمان                                 

Tw =70 °C        Mw=  170 kg/m3
آب اختلاط                          و جرم  دما   

Twa=10 °C       Mwa=   50  kg/m3 آب سطحی سنگدانه هاو جرم  دما            
       

  

T = temperature of the freshly mixed concrete=25  °C 



 ta = -7 ˚C = دمای هوا

 tr = 10 ˚C = دمای بتن در کامیون مخلوط کن

 Td = 0.25x[10-(-7)]=4.25 ˚C = افت دمای بتن

 بعد از یک ساعت حمل در کامیون
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Cold-Weather 

Concreting 

Checking Fresh Concrete 
Temperatures 



Cold-Weather 

Concreting 

Checking 

 Hardened  
Concrete  

Temperatures 



Recommended Concrete Temperatures—
Air-Entrained Concrete (ACI 306) 

Line Condition 

Thickness of sections, mm 

Less than        
300 300 to 900    

1 
Minimum 
temperature of 
fresh concrete 
as mixed for 
weather 
indicated. 

Above            
-1°C 

16°C 13°C 

2 -18°C to -1°C 18°C 16°C 

3 Below -18°C 21°C 18°C 

4 
Minimum temperature of fresh 
concrete as placed and 
maintained. 

13°C 10°C 





Surface Temperature Limitations 
(ACI 306) 

 Above freezing (at least 2°C) 

 No more than 11 °C higher than minimum 

placement temp. 

Rapid moisture loss can occur from surfaces 
exposed to cold weather because of the low 
absolute humidity of the cold air (ACI 302.1R). 



Cold-Weather 

Concreting 

Permissible Concrete Temperatures 
at Placing 

Thickness 

of Section, m 

 Temperature, °C 

Minimum Maximum 

    Less than      0.3 

پی-ستون-سقف       0.3-1 

پی گسترده            1-2 

    More than     2 

10 

10 

   5 

   5 

35 

30 

25 

20 

CSA A23.1 
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Cold-Weather 

Concreting 

Max. Permissible Temp. Differential 
Between Concrete Surface and Ambient 

Air — Wind up to 25 km/hr. 

Thickness 

of 

concrete, 

m 

Max. permissible temp. 

differential, °C 

L to H ratio of structure 

0 3 5 7 20 or 

more 

0.3 

0.6 

0.9 

1.2 

1.5 

29 

22 

18 

17 

16 

22 

18 

16 

15 

14 

19 

16 

15 

14 

13 

17 

15 

14 

13 

13 

12 

12 

12 

12 

12 



 



 



Recommended Duration of 
Temperature 
Air-entrained concrete 

Service category 

Protection from early-age 

freezing 

For safe stripping 

strength 

Convent. 

concrete, 

days 

High-early 

strength 

concrete, 

days 

Convent. 

concrete, 

days 

High-early-

strength 

concrete, 

days 

No load, not exposed, 

favorable moist-curing 
2 1 2 1 

No load, exposed, but 

later has favorable 

moist-curing 
3 2 

3 2 

Partial load, exposed  6 4 

Fully  stressed, exposed See next slide 



Recommended Duration of 
Temperature 

Fully stressed, exposed, air-entrained concrete 

Required 

percentage of 

standard-cured 

28-day 

strength 

Days at 10°C (50°F) Days at 21°C (70°F) 

Type of portland cement Type of portland cement 

I or GU II or MS III or HE I or GU II or MS III or HE 

50   6   9   3   4   6   3 

65 11 14   5   8 10   4 

85 21 28 16 16 18 12 

95 29 35 26 23 24 20 



Cold-Weather 

Concreting 

Insulating Concrete Forms 
(ICF) 

61 



Cold-Weather 

Concreting 

Insulated Column Forms 

High-density 
plywood 

Rigid 
polystyrene 

Rough 
plywood 



 



Protect from Thermal Shock 



Inch-Pound 

Evaporation of 
Surface Moisture 
from Concrete 

38 ˚C 

5 ˚C 



Retaining Heat of Hydration 
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Cold-Weather 

Concreting 

Insulating Blankets 

Thermal resistance of 

mineral fibre blanket                        

(50 to 70-mm thick)  

1.2  

(m2 ·°C)/W 



Cold-Weather 

Concreting 

Thermal Resistance (R) for  
10-mm  Thickness of Material 

Board and Slabs 
Density 

kg/m3 
(m2 . °C)/W 

   Expanded polyurethane 24 0.438 

   Expanded polystyrene 29 0.277 

   Mineral fiberboard 256 - 272 0.204 

   Plywood 545 0.087 

Loose fill 

   Wood fiber, soft woods 32 - 56 0.231 

   Vermiculite 112 - 131 0.148 
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Enclosures 

 Wood 

 Canvas 

 Tarpaulins 

 Polyethylene 
Film 





  



  



  



  



  



  



Direct-Fired 
Heater 
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Indirect-Fired Heater 





Cooling After Protection 

Section size, minimum dimensions, mm 

Less than 

300 
300 to 900 900 to 1800 

Over 

1800 

28°C 22°C 17°C 11°C 

Maximum Temperature Drop in 24 Hours 



Maturity Concept 
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Maturity Concept 



Maturity Concept 



  



Hydronic Systems 

85 



Hydronic Systems 



  

Hydronic Systems 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjG8pr6uKDRAhUJthQKHfPADhwQjRwIBw&url=http%3A%2F%2Fwww.policrete.com.au%2Fcategory%2Fheating-polished-concrete%2F&bvm=bv.142059868,d.d24&psig=AFQjCNETrD-nDe8smvr9YKwO8JafVBqvCw&ust=1483342848267711


  

Hydronic Systems 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwi-lJa7uaDRAhUGuxQKHdsIBjsQjRwIBw&url=http%3A%2F%2Ftruecretestl.com%2Fflatwork%2Fconcrete-floors%2F&bvm=bv.142059868,d.d24&psig=AFQjCNE5rwa70Y7lIBJmqiIR7qBdO0_ycw&ust=1483342924501499


 

Curing Concrete in Cold Weather Using Cable Heaters. 



  

90 



  



  



  



 با تشکر 

  



Effect of Casting 
Temperature on Slump 



Relationship 

Between 

Temperature, 

Slump and Air 

Content 


