
Material Quality control and production

**Concrete proportioning and placement**

 Essential components of concrete are portland cement, aggregate, and water.  

Admixtures/additives are usually added to impart certain specific properties to the 

concrete mix.  A unit weight of 150 lbs/cf is usually assumed for designed purposes.  

Also the 28day compressive strength for normal concrete ranges from 2000-4000 psi 

with a slump of 1-3 inches.    

 Cement: There are five types of Cement as classified by ASTM, Type I-V;

 Type I: Normal, used for general purposes

 Type II:  Modified better resistance to alkali attack and produces less heat of 

hydration than Type I.

 Type III:  High Early Strength  provides 190% of Type I strength after 1 day of 

curing.

 Type IV:  Produces only 40% to 60% of the heat hydration than Type I.

 Type V:  Provides highest resistance to alkali attack, 7 day strength is only 75% 

of normal cement.  Use this when the concrete is in contact with soil or water is 

very high in sulfate.

There are other characteristics for special cement according to ASTM;

 Type IA, IIA, IIIA: Same as Type I, II, III except with the addition of an air 

entrainment agent.

 Type IS:  Same as Type I except produced from a mixture of blast furnace slug.

 Type IP:  Same as Type I except contains Pozzolan.

Aggregates: Use to reduce cost of the mix and to reduce shrinkage.  It makes up 60–

75%  of the concrete volume.

Water: Need to provide moisture required for hydration of the cement to take place.  

Hydration is the chemical reaction between cement and water which produces hardened 

cement.
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 Water/Cement Ratio:

 The strength, water tightness, durability and wear resistance of the concrete are 

related to the Water/Cement Ratio of the concrete mix design.

 The lower the Water/Cement Ratio the greater the strength/durability 

 Usually the Water/Cement Ratio is between .40 - .60 by weight

 Seawater can be used but strength is 10-20% lower than normal.

 How to do a Mix Design:

 Typical a Mix is about 10-15% cement, 60-75% aggregate and 15-20 water.  

Entrained air in many concrete mixes my also take up another 5-8 %. 

 The goal of the Mix Design is selecting the most economical concrete mix that 

meets the requirements of the hardened concrete while providing acceptable 

workability.  This is accomplished by using the highest ratio of aggregate to cement 

while providing acceptable workability at the required water/cement ratio.  Follow 

these steps;

 Step 1: Select a Water/Cement ratio that satisfies requirements for concrete 

strength, durability, and water tightness.  
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 Step 2:  Select the workability or slump required.

 Step 3:  Mix a trial batch: 

A number of different methods have been used to proportion concrete ingredients 

including 1. Void Ratio, 2. Fineness modulus, 3. Surface Area of aggregate, 4. 

Cement content, also just plain 5. Arbitrary assignment(1:2:3).  However, the best 

approach is to use past experience combined with reliable test data with established 

relationships between the strength of concrete and w/c ratio for the material being 

used.  

 During the PE test, they will give you the mix design.  You will just have to 

figure out a few things about it.  Which I will go over next:  
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 Trick of Trade #1: Some formulas you should know:

 Water/Cement Ratio = Weight of Water (lbs) / Weight of Cement (lbs)

 Air Content (%) = Volume of Air (cf) / Total Volume of Concrete (cf)

 Volume of material (cf) =   ____Weight of material (lbs)______

( 62.4 ) x specific gravity of material

 If you know the density of the material then, V =  __Weight of material (lbs)___

density of material (lbs/cf)

 Trick of Trade #2: Some things you should know:

 Bag/sack of cement = 94 lbs

 One gallon of water  = 8.34 lbs

 Density  = Weight(lbs)/Volume(cf)

 Specific gravity = Density of material/Density of water

 Density of Water = 62.4 lbs/cf or 1000 kg/cubic meter

 Total Volume of Concrete = Vol(cement) + Vol(sand) + Vol(Aggregates) + 

Vol(water) + Vol(air)

 1 liter = 1 kg

 A mix design written as 1: 2: 2.5 and is stated by weight, means 1 lbs of cement has 

to be mixed with 2 lbs of sand and 2.5 lbs of coarse aggregates


