PRACTICAL # 6

Standard Test Method for time of setting of Hydraulic cement by Vicat Needle

Theory:
· Hydraulic cement refers to a material which hardens under water.

· Portland cement is obtained by mixing together limestone, silica, alumina and iron oxide bearing materials, burning them at a clinkering temperature and grinding the resulting clinker.
· Four compounds are regarded as the major constituents of cement

	Name of compound 
	Oxide composition
	Abbrevation

	Tricalcium silicate
	3CaO.SiO2
	C3S

	Dicalcium silicate
	2CaO.SiO2
	C2S

	Tricalcium aluminate
	3CaO.Al2O3
	C3A

	Tetracalcium alumino ferrite
	4CaO.Al2O3.Fe2O3
	C4AF


· When water is added to cement, hydration of cement takes place. In the presence of water, the silicates and aluminates of Portland cement form hydrates which produce hardened cement paste. The hydration of C3S produces calcium silicate hydrate (C3S2H3) and calcium hydroxide Ca(OH)2. C2S behaves similarly but produces less lime.
· The hydration of cement compounds is exothermic, and the quantity of heat per gram of unhydrated cement, evolved upon complete hydration at a given temperature, is defined as the heat of hydration. For Portland cements, about one half of the total heat is liberated between 1 and 3 days, about three- quarters in 7 days and nearly 90% in 6 months. The heat of hydration depends on the chemical composition of the cement and is approximately equal to the sum of the heats of hydration of the individual pure compounds when their respective proportions by mass are hydrated separately, typical values are given in table
	Compound 
	Heat of hydration ( J/g)

	C3S
	502

	C2S
	260

	C3A
	867

	C4AF
	419


     The table shows that by reducing the proportions of C3A and C3S, the heat of 

      hydration of cement can be reduced.
· Setting refers to a change from a fluid to a rigid state. Setting is mainly caused by a selective hydration of C3A and C3S and is accompanied by temperature rises in the cement paste. Setting time is the term used to describe the stiffening of cement 
      paste.

· Initial set corresponds to rapid rise and final set corresponds to the peak temperature. According to ASTM Standards initial setting time of ordinary Portland cement is 1 hour and final setting time of ordinary Portland cement is as maximum as 10 hours.
· Initial and final sets should be distinguished from false set which sometimes occurs within few minutes of mixing with water. No heat is evolved in a false set and the concrete can be remixed without adding water.
· Flash set:
The reaction of pure C3A with water is very rapid and would lead to a flash set, which is prevented by the addition of gypsum to the cement clinker.

· Difference b/w setting and hardening:
When cement is mixed with water to form a soft paste, it gradually stiffens until it becomes solid. This process is known as setting and hardening. The cement is said to have set when it has gained sufficient rigidity to support an arbitrarily defined pressure, after which it continues for a long time to harden i.e. to gain further strength. 
Apparatus:

Vicat Apparatus, Balance, Plane non-absorptive plate, Flat trowel, Conical ring

Procedure:

Take 650 g of cement and make cement paste of standard consistence by mixing water between 26 to 33 % by mass of dry cement. Form the cement paste into a ball and toss six times from one hand to other, maintaining the hands about 6in apart. Press the ball, resting in the palm of the hand, into the larger end of the conical ring, held in the other hand, completely filling the ring with paste. Remove the excess at the larger end by a single movement of the palm of the hand. Place the ring on its larger end onto the non-absorptive plate and slice off the excess paste at the smaller end at the top of the ring with the help of flat trowel. First find the consistency of the cement paste. For this purpose center the paste confined in conical ring under 10 mm dia plunger. Set the movable indicator to upper zero mark of the scale, or take an initial reading and release the rod immediately. The paste shall be of normal consistency when the rod settles to a point 10mm below the original surface in 30 sec after being released. Make trial pastes with varying percentage of water until the normal consistency is obtained. Make each trial with fresh cement. After making the paste of normal consistency, find initial and final setting time of cement paste. Center the paste confined in conical ring under 1mm needle. Determine the penetration of the 1mm needle at this time and every 15 min thereafter until a penetration of 25mm or less is obtained. The time between the initial contact of cement and water and the penetration of 25mm is the initial setting time. The final setting time is recorded when the 1 mm needle does not produce any mark on the specimen surface or when the needle does not visibly sink into the paste.

