                                                                                                                            Seminar Report on SLIP FORMING

SLIP FORMING.
INTRODUCTION:-

                                  Civil engineering course put more attention to concrete and reinforcement while almost ignoring the major component like formwork. No attention is paid to economic design of formwork. Formwork costs approximately 10% of the total cost of the construction projects but at the same time sheltering/scaffolding involves major capital investment.
                                   The construction industry today lacks Engineers who can design a good formwork system. There are enough Engineers to do concreting, reinforcement and a structural design but there are not many to improve upon the formwork.The procedures so far has been mainly hit and trial at least for the smaller construction companies. In spite of being such a major capital cost component, no enough research has been done to minimize the cost of formwork.

                                   Ever since man began to building structures he has to cope up with technical limitation, practical problems limit the height of sky crapper and lengths of bridge. To constantly challenge the limits of what we can achieve, new techniques are created and discovered by people in all fields of construction. 
                                         The increasing shortage off skilled carpenters, the cost of timber and economic disadvantages of economic disadvantages of traditional purpose built forms have made the use of SLIP FORMING is necessary. So that revolutionary technique called SLIP FORMIG is in introduced.
                                   Slip forming is technique of construction using mechanized formwork. Slip forming is process of continuous lifting of formwork by a hydraulic system of jacks and pumps

                                   A technique that was first used in America in 1910 gained prominence and technical advance in Europe in 1960. The earlier systems were manually operated and cumbersome. But as time passed it has gained new dimensions. This slip forming technique the unprecedented synthesis of maximum output and minimum input.  
                                           In India since, 1982 SLIPCO CONCTRUCTION (P) LTD LARSEN AND   TURBO has been pioneers in this field.  For LARSEN AND TURBO “NO STRUCTURE IS COMPLICATED BY   SLIP FORMING.

                                           Also one example of ASHOKA GROUP who had constructed a bridge near Pandharpur in 38 days was record .it was just possible due to technique of SLIP FORMING.
What is sliding formwork?

On the basis of construction drawings, we plan the performance of sliding formwork with drawings and slide profiles for openings and embedded items. The moulds, which are 1.1 metres high, are made of wood covered with a 1 mm steel sheet. According to the load and design in question, we fit lifting yokes and hydraulic jacks. The jacks are fitted to scaffolding that is gradually moved as the slide progresses. Lasers are used for vertical checking, while spirit levels are used for horizontal checks. The work platform itself is fitted to beams with a hanging platform mounted below. During operation, all the jacks are controlled by a central unit. Each lift normally raises the slide 20-25 mm. Casting and reinforcement work is normally performed continuously as the sliding formwork works its way up. The intended hardening front is approximately 90 cm, which means that this is located around 20 cm from the bottom edge of the mould. The setting time is regulated by additives (acceleration/retardation) so that it matches the progress of the mould.

The normal slide rate is 2.5-3.5 metres per day, but depending on the construction project, we can produce 7-8 metres per day
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Fig. No 1
Preconditions
As for all projects, success depends on good planning. Choosing  to use sliding formwork for construction early in the planning process means that the project can be prepared for this technique. Important parameters such as concrete quality must be checked. Unintended variations in the concrete quality must be avoided, and efficient, accurate control of the concrete setting time is particularly important. Moreover, reinforcement should be standardised with as few posts as possible, and particular attention must be paid to the distance between the reinforcement bars, bar length and the shape of angles and bows. If required, tensioning cables are fitted simultaneously with the other work, so stringent requirements apply to pre-positioning and preparation. Openings and embedded items must also be adapted to the sliding casting method, as such items must not extend beyond the wall surface of the construction. Normally, such items need to be 15-20 mm thinner than the wall(s) in question. Sliding profiles with the correct contour height and position need to be prepared.
It is just as important to recognise that a sliding operation is a team effort, where the slide is in continuous motion, and where parties other than Interform are involved in casting, reinforcement, positioning of openings, cleaning etc
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Fig No 2
Reinforcement.
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Fig No 3

Finished wall.
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Fig No 4
METHOD OF USE:-
                                               It is characterized by one-meter high forms for the whole cross section or part of it which are lifted in an interrupted continuous sliding process according to the setting time of concrete. The slip forms are firmly connected to the working plat form and avoid expensive erection and dismantling of fixed scaffolds. The lifting of the form is erected uniformly and simultaneously in intervals and continuous single lifting in steps of 2.5 cm by means of hydraulic lifting system.
Benefits:-
The biggest benefit we provide is the rapid installation time. With a slide speed of 2.5-3.5 metres per day, you can be sure of a shorter construction time and, as a result, reduced costs.

 A sliding casting process is continuous, so there will be no casting joins. This is a great benefit, particularly in the case of watertight constructions

The system has been developed over 40 years and can therefore handle complex constructions with the highest levels of confidence

Such constructions may involve openings of various sizes, embedded items, reinforcements, jumps, conical shapes, continuous reduction of wall thickness, and so on.

 Sliding formwork is a safe construction method that does not require major crane lifts and the associated risks. It also means that the system is largely unaffected by the weather, and sliding casting can continue even in high winds.
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   Fig No. 5
IN CONSTRUCTOIN THE TECHNIIQUE OF SLIP FORMING IS USED IN OF FOLLOWING STRUCTURE:-                 
1. CHIMNEY.
2. SILOS. 

3. TOWERS.
4. LIFT CORE SHAFTS.
5. PIERS.
6. OIL TANKS.
7. IN FRAMED STRUCTURE ALSO.

      8.    WALL- ONE & TWO SIDED
      9.   CAST DAM
   10.   WIND TUNNEL
COMPONENTS OF SLIPFORMING ARE:-
1. CENTER POINT.
2. STARTER / KICKER.
3. FORM. 
4. YOKES.
5. NORMAL BRACKETS.
6. CENTRAL CONTROL SYSTEM.
7. JACK HOLDER. 

8. YOKE LEG CLSMP.
9. PANEL CLAMP.
10. WALER CLEAT PLATES. 

11. WORKING PLATFORM.
12. LIFTING EQUIPMENT. 

13. PUMP.
14. JACK.
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Fig No 6
ADVANTAGES OF SLIPFORMING:-
1. Simple and versatile. 

2. Takes you to any height. 

3. Copes with every wall structure.
4. The system can be erected using unskilled labors. 

5. This helps in quick and easy assembling and dismantling.
6. It has a dominant influence on the appearance and accuracy of finished concrete.

7. There is minimum consumption of timber and steel in the formwork.
8. It gives a monolithic structure without vertical and horizontal construction joints.
Thus better Slip form work means;
· Faster construction.
· Economical construction.
· Quality construction.
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Fig No 7
Finance and time consumption:-
A standard slide speed is 2.5-3.5 metres per day, depending on the complexity of the construction. For simpler constructions, the speed can reach as much as 7-8 metres per day. Naturally, this saves a lot of time. Sliding formwork is normally performed in round-the-clock shifts, but if necessary or desirable, night shifts can be dropped. The short construction time will result in reduced costs for crane hire, labour, mixing stations, project duration, etc. At the same time, the subsequent work can be started earlier.

Examples
Lift shaft/stairwell with openings
Height: 40 metres
Wall length: 60 metres
Total area: 4800 m2
Round-the-clock operation

A normal timeframe for sliding casting – installation, operation, dismantling – will be around 30 days. Completing the same construction with climbing casting would take around 70 days.
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Fig No 8
CHAPTER NO. 2
EQUIPMENTS REQUIRED FOR

SLIPFORM WORK.
1. CENTER POINT:-

                                        To start structure we must clearly take the center point of the structure and preferably the center point must be at a slight elevation so that it does not get submerged in curing water at later stages.
USES: - Center point helps us to maintain the symmetry of structure from the base itself.

MATERIAL: - Normally cast iron in the form of plus symbol.
2. STARTER / KICKER:-
                                                     Generally 100 mm to 150 mm deep concreter starter is cast to the desired shape and dimensions to which the slipping is to be carried out. Preferably the starter must be cast immediately with raft casting so as to reduce the joint and create good between them. The starter must be checked for the accuracy of the structure to be raised with respect to the center point.
                                                      All reinforcement bars must be inside the starter, normally some pipe sleeves are kept at convenient distances to allow the cuing water inside to go out at the starter level otherwise, at later stages lot of water gets accumulated inside which creates a problem with plumb readings and other operations. The slipform shuttering will take the shape of the starter.
USE: - The starter gives slipform a good 4’’ to 6’’ lift permission before the fresh laid concrete is exposed.                                                  

MATERIAL: - Concrete is used as material for starter.
3. THE FORM:- 
                                The form consist of steel plate with  50x50x5 angle or according to design in contest to structure of effective height 1.0 m to enable them to take the shape of structure with the help of steel wale ISMC 100. Shutter plates are bolted to each other and walers are attached to these with panel clamps (approx. 4 to 6 per shutter). There are fixed slots in the angle of panels for connecting the walers with clear plates at top and bottom pf the waler. It means that each waler will have 2 cleats and stiffness.

USE: - The form act as supports for concreting the structure.
MATERIAL:- Steel plates with 50x50x5 angle or designed angle                                                                                             with Reference structure       

IMPORTANT POINTS TO BE NOTED WHILE

FIXING SHUTTERS.
1) Horizontal and vertical reinforcement must be completed before    starting the shutter fixing.
2) The desired slope of 3-5 mm in each shutter is kept so that shutter can slide minimum friction.
3) At top 10cm is always free board and no concreting should be done to avoid bulging to shutters.

4. YOKE:-
                      Yokes represent an inflexible steel construction which        consists of vertical legs and horizontal beams (yoke channels).
                       In case of chimneys the spoke wheel is in shape to two control beams and connections to the star beams are through beams welded to the center ring. The hollow of the ring provides for moving of buckets and passenger lift where as ring also function as spoke connecting different yoke legs through star beams.                 
5. JACK HOLDER:-
                             A jack holder acts as a lifer of the head beam (yoke beam), the jack is enclose in these to jack holders which are resting on the yoke beam. It is also as a base plate when the jack moves up on the jack holder which in turn lifts the head beam. Head beams which are connected with yoke legs, lift the yoke legs. Yoke are further connected yoke legs clamps. Panel clamps are attached to the shutters & the shutters get slip formed (lifted). It is like a reverse U-frame from where the shuttering plates are hanging. For inclined / tapering structures these jack holders are made up with bearings with provision for lifting and inclination.

6. YOKE LEG CLAMP (UPPER & LOWER):-
                              These clamps tie the yoke legs with upper & lower walers important connection joints clips through which the slip forms lifting proceed.                  
7. PANEL CLAMPS:-
                          Walers & shutters are connected through these panel clamps. The shuttering plates slots for these panel clamps. For these clamps at waler points & these connection help the water to transmit the lifting from yoke to shutter plates uniformly.

8. WALER CLEAT PLATES:-
                           These connect waler with each other.Waler have similar holes at the ends. Cheat plates at top & bottom (two at each joint) help in flexible joints of waler all round the structure.
9. WORKING PLATFORM:-
                                  The main working platform is on the height of the slip form upper corner & lay very tightly. These scaffold planks must upper corner & laid very tightly .these scaffold planks must be in width at least 18 cm & can be free spanned up to 2.00 m. they must be secured sufficiently against tipping up in a way that nail length of three times the planks are for pin span below 2.00 m but at larger spans lie on supporting beams made timber.

10. HANGING scaffo
                                Below the slip form a hanging scaffold will be attached which consists of steel hanging scaffold frames respectively wires 10 mm thick and planking 50 mm thick connecting two hanging scaffolds. Recently angle form of 150 x 80 x 6 has evolved to replace wire system because it has very shaky and mason and labour working on it used to fill unsafe.
                                  Hanging scaffolds are measured for maximum Dead load of200 kg/m2 and they serve for supervision and after treatment of concrete surface by means of felt board, brush etc.

11. PUMP EQUIPMENT :- (HYDRAULIC PUMP)
        The pump equipment consists of the following main parts:-
       1) Electric Motor.
       2) Oil Pump.

       3) Oil Tank. 
       4) Automatic Return Valve.

       5) Oil Cleaner.

       6) Gauge.

                       The pump is of the plunger type and provided with eight small plungers which is directly driven by a vertical motor with the help of pump axle placed above the pump. The pump bottom is submerged in the oil tank. When the pump is running, oil is sucked directly from the oil tank up through the pump and pressed out to the automatic return valve and the gauge and from there into the oil piping to the hydraulic jacks.For regulating the oil pressure the jump is provided with a pressure regulating valve.
                      The oil cleaner has the function to prevent impurities from entering the pump. It is mounted on inlet oil piping close to automatic return valve.

       
            The automatic return valve is provided with two connecting coupling, one for outlet oil and another for inlet oil. When pump is started, a hydraulic pressure immediately arises which at the first moment is higher within the valve than in the oil piping owing to the constricted outlet from the valve. 

  

 On that account the piston point is pressed against the valve seat. The valve remains closed also after the oil pressure being transmitted and equalized in the total oil pope system because of the fact that the piston pressure area is larger at the outlet side than at the inlet side when the pump is stopped, the oil is prevented by the ball back valve to influence the piston pressure area.                                        

IF  FOR  ANY  REASON  THE  PUMP IS NOT FUNCTIONING  PROPERLY  CHECK  THE FOLLOWINGS:-

 If the pump does not start:-

1. Check if you have electric supply.

2. Check if the assembly is proper.

3. Is the impulse timer clock running? If not, the high pressure switch may be hung.Knock a little on it and check again.

PRECAUTIONS:-
1. If the required oil with comparable quality can not be found at the job site, any motor of good quality oil can be used.

2. Do not use heavy duty oil.

3. If sufficient pressure is not achieved some quantity of duty oil may be mixed with the thin oil to get desired viscosity.

CHAPTER NO. 3
TECHONOLOGY OF CONCRETE FOR SLIPFORMED STRUCTURES.
RAW MATERIALS:-  
CEMENT:-

                        Ordinary Portland Cement conforming to IS 269 or an equivalent standard is suitable for all slip forming work through the use of a rapid hardening of slow setting cement is some special slip form works is not ruled out.

                        One very important criteria for the cement in slip form work is it’s initial and final setting time on which the sliding speed and early age characteristics of the concrete depend on a large extent it is very important and very essential to ensure that variations in the setting times of the cement used are within narrow limits in order that the mixed design and sliding speed can be planned properly.
COURSE AGGREGATES:-

                       Another very important aspect of slip forming is the frictional resistance between the concrete and the moving formwork.

 Among other factors, the correct shape and grading of fine particles will ensure the least possible friction between the forms and the concrete. The ideal course aggregate is rounded in shape and, hence, natural gravel would preferred.

                      The maximum size of aggregate generally depends on the cover and on the spacing of reinforcement, and it will also depend to some extend on the method of transportation, i.e. by crane or by pumping. As a general rule, one can assume that restriction of the except for thin section. 
          

   Another important aspect of the course aggregates is their water absorption. Some aggregate, such as lime stone or sand stone, tend to observe a substantial quantity of water.

           Generally it is better to avoid such aggregates since water absorption  may tend to make the mix very stiff and prevents the formation of usual thin film of mortar or such cases, friction is high and hence, detrimental the movement of forms, resulting in an inferior surface of the concrete.
  The presence of clay, silt and dust in excessive quantities in aggregate will also increase water demand, which if not provided for will results in reduced workability.

FINE AGGREGATES:-
                                      As a general rule, natural sand is chosen as a fine aggregate. Too fine sand may result in thin film of mortar at the interface of the form and the concrete surface. This will have the tendency to take of during the subsequence finishing operation and will result in surface blemishes. To course a grading will tend to give a very rough surface and finishing of the surface becomes extremely difficult. 
ADMIXTURES:-

1. Retards delay the setting of cement and hardening of concrete and are particularly useful in warm weather. They also assist in making of the deficiencies in fine aggregate greadings.

2. Plasticizers increase work ability and are available in normal, accelerating and retarding grades.  

SPECIFIC REQUREMENT OF CONCRETE:-
                     The following aspects have to be taken in to account while designing the mix for slip formed work.
1. The concrete at the time deshuttering is in a semi plastic state as it leaves the forms at leaves the forms a very early age (4 to8 hrs) and requires a wet surface to permit a good surface finish.
2. The concrete should attain  sufficient strength at 4to 8 hrs to withstand the vertical load of  the concrete column above and the horizontal forces induced by wind and other loading  on slip form shuttering .

3. After leaving the shuttering and being finished the design strength at 28 days.

4. The concrete should have sufficient workability to enable placing in the form and compaction easily.
5. The mix should not be harsh and made with aggregates containing enough fine particles and having a continuous grading in order to reduce the friction between the forms and concrete.

6. The concrete should be easily amenable to the mode of transportation i.e. crane, hoist, pump, etc.

7. The concrete should not bleed excessively or segregate.

8. The concrete should give a uniform color and finish on the surface as it leaves the forms.

9. The stiffening time of concrete should be compatible with the planned speed of slipforming.

CHAPTER NO 4
COLD WEATHER CONCRETING.
                                Cold weather is defined as a time span of more than three consecutive days during which the average daily temperature remains below 5ْ C When the temperature remains consistently above 10ْْ C for more than 12 hours during any 24-hr period, the requirements for cold weather concreting are no longer applicable.


The adverse effect of low temperature is as follows.

1. Delayed setting and retardation in development of concrete strength.

2. Increase in the period of hardening and delay in removing of formwork

3. Reduced initial strength.

4. Freezing at early stages.

5. Thermal shocks.

6. Loss of concrete strength up to 50%


For cold weather concreting it is recommended to use. Rapid hardening Portland cement be used, which because of its higher tri-calcium silicate content will also generate higher heat of evaluation at critical early stages. The early high strength thus obtained will permit a shorter period of protection and quicked turn around of formwork and scaffolding.

It must be ensured that the aggregates are free of ice, Snow and frozen lumps and they are protected against frost.

Both the aggregates and water may have to be heated so that the resultant concrete as placed has a minimum temperature as laid down in the standards.


The initial temperature of concrete as placed should never be less than 50ْC.


To minimize fluctuations in temperatures and slump of concrete from one batch to another, the mixing water should be supplied at a uniform controlled temperature and in an adequate quantity. The slump should not exceed 100mm to minimize bleeding and accelerate setting.

CHAPTER NO. 5

HOT WEATHER CONCREATING.

Hot weather can be defined as combination of high air temperature, low relative humidity and wind velocity tending to impair the quality of fresh or hardened concrete


Some of the problems that can be faced in hot weather concreting are follows:-

1. Difficulty in control of entrained of air

2. Rapid evaporation of mixing water 

3. Rapid slump loss

4. Accelerated set.

5. Reduced strength

6. Increased permeability 

7. Greater dimensional changed on cooling have hardened concrete.

                                          Proper attention should be paid to mixing as the process of mixing provides heat to mix. The effect of mixer surface to the sun should be minimized by painting and light colors and continuously spraying with cold water.

                                        The period between mixing and delivering should be kept as small as possible as cement hydration, temperature loss, aggregate and grinding and loss of air all increases with passage of time. Preparations must be made to transport, place, consolidate and finish the concrete at the fastest possible rate. Increases of prevailing aried wind temporary windbreaks must be provided to reduce the heat. 
                                       The sub grade should be moist but free of standing water and soft sports at the temperature of concreting. For best overall results the temperature of concreter should not exceed 32deg Celsius and should be kept uniform under extreme circumstances, concreting may be carried out only at the late afternoon and evening.
CHAPTER NO. 6
PLACING OF CONCRETE AND CURING.
                                                     Usually concrete is taken to the top of the platform of a rope hoist and discharged into a chute. The concrete is received in a wheel barrow at the platform and taken round for distribution into the wall portion. Concrete is vibrated using          poker / needle vibrator. The rate of placing is adjusted in such a way that the layer of concrete is place before the layer bellow has set to a considerable degree.
                              Curing is carried out by pumping water from the bottom by high lift pumps. The water is spread to the inner and outer surfaces of concrete through perforated hose pipes. Alternatively, curing compound can also be used.
                                                         The time for curing is given by  N= 75 / (t+10). Where N is no. of days and t is the concrete in forms there are important measures to think.

1. The concrete between working deck level and lower part of hanging deck must be protected from sun shine with the help of wet gunny bags.

2. Water used for curing shall be clear and free form injurious amounts oil, acids, salts, alkalis, organic materials or other substances that may be deleterious to concrete or steel.


CHAPTER NO 7

CHECK LIST BEFORE SLIPPING.
1. Spares:  Hydraulic Pump: - one no.

         Jacks and hoses: - 10-15 %

2. Generator or standby power arrangement for concrete power supply.

3. Extra pump for curing.

4. Fire fighting cylinder or sand buckets.

5. First aid box at deck level

6. Day night electricians, Mechanics / miner / vibrator operations. Concreting gang, finishing gang and reinforcement gang.  

7. Welding machine/ gas cutting at deck level.

8. Protection drawings.

9. A walkie-talkie i.e. between deck and ground level.

10. Full length up cable required for complete height and lifting arrangements at deck level and tower/hoist.    

11. A warning light at top of tower.

12. Check for bending of reinforcement for at least 2/3 m height and stacking properly near the structure to be slip forming
13. All inserts, plates shall be kept cut and ready marked. 

14. Emergency vehicle to be available around the clock near the site to meet any accident that may happen.

15. Plump bobs to be kept ready along with piano wires for plumb checking 

16. Standby motor for winch, mixer etc.

17. Safety belts for all workers near the concrete bucket and helmets for all workers on the deck and below deck.

18. Hessian cloth for protecting the press concrete from sunrays.

19. Arrangement for shutters cleaning and removal and wastes from deck. 

20. Railing / safety nets for hanging deck.

CHAPTER NO:-8

A CASE STUDY.
A Mumbai – Pune express way project.

introduction:-

 

             Mumbai is the commercial capital of India and is growing significantly in size and population. So also Pune, the cultural capital of Maharashtra is growing into a major industrial and commercial centre. Hence, the importance of Mumbai - Pune road has increased tremendously. The traffic on this highway was 60755 PCU in 1997 and is projected to be more than  1, 00,000 PCU by the year 2004, requiring a ten lane corridor between Mumbai and Pune.

                                 Due to the increase in the traffic every year resulting in jams, accidents, increase in travel time, has made it necessary to build a new and independent expressway. At present 400 persons are killed due to accidents on the existing Mumbai - Pune National Highway each year. The Government of Maharashtra entrusted the work of the construction of the Mumbai - Pune Expressway to MSRDC in March 1997 on Build - Operate & Transfer (BOT) basis with permission to collect toll for 30 years. 

Total project cost including escalation is Rs. 1630 Crores.

PRESENTSTATUS:-
The expressway is opened to traffic in the portion from Kon to Aadoshi Section 'A' & 'B' on 1st May 2000. Section 'C' (Kusgaon to Ozarde) and Section 'D', in part (Ozarde to Somatnephata) is opened to traffic from 27th July 2000 and (Somatnephata to Kiwale) is opened to traffic from 10th June 2000 and traffic is plying smoothly on expressway since then. Panvel Bypass Package I & II (total length 9.750 kms) has been completed and the Expressway is now opened for full length of 95 km from 1st March 2002. The average number of vehicles plying on the expressway per day is about 12,000.

Present toll rates for 95 kms. of the Expressway w.e.f. from 1/4/2002:-  

	SR. NO.
	Type of Vehicle.

	Toll Rates.

	01.
	Car.

	100.00/-

	02.
	Light vehicles & mini buses.
	155.00/-

	03.
	Trucks.

	215.00/-

	04.
	Buses.


	295.00/-

	05.
	3 Axle vehicles.
	510.00/-

	06.
	Multi axle vehicles.
	680.00/-


(Rates in Rupees.)                        

TUNNELS: - 
Expressway has four lane wide tunnels at 5 locations with total length of 6000 meters. There are separate tunnels for traffic in both the directions and the cost of the tunnels is about Rs. 200 crores. The tunnels on this expressway have been provided with modern facilities of ventilation, lighting and fire fighting vehicles and would rank amongst the best in the world. This work was entrusted  to Konkan Railway Corporation Ltd. on 8th December 1997. All tunnels are completed. 
	SR. NO.
	Tunnel.
	Status.

	01.
	Bhatan.

	Completed.

	02.
	Madap.

	Completed.

	03.
	Kamshet – I.
	Completed.

	04.
	Kamshet – II.


	Completed.

	05.
	Khandala.

	Completed.

	06.
	Aadoshi only for Mumbai bound traffic.
	Completed.


MODERNMACHINERY:- 
                                                   In order to complete the work on time and of high quality, modern machinery has been used. The cost of this machinery alone would be about Rs. 300 crores. Some of the machines used are as follows:- 
· Slip form paver for laying concrete roads

     This machine can lay concrete road of 4 meters 

     Wide and 35 cm thick at the rate of 1 meter per

     minute. 

·  Large Size Crusher

     Crushers having large capacity of breaking

     metal at rate of 40 to 50 trucks per hour are

     in operation. 

·   Sand Manufacturing Machine

       As river sand in huge quantities required was

       not available, artificial sand manufacturing

       machines have been used. 

·   Concrete Batching Plants

       Concrete batching plants having capacity of 60 to 120 meters, 

        3 per hour are in operation                  

·   Concrete transit mixers and Heavy Dumper

       For transportation of concrete from batching plant to laying

        Site, transit mixers and heavy dumpers are used                                          

·  Wagon Drills

      For blasting of rocks wagon drills which can bore holes upto            

      10 meters depth are used.

· Apart from above machinery large number of Vibratory Rollers, Spreaders, Graders, Dumpers etc. are used for earthwork.

PLANTATION OF TREES:-
                                             In order to save trees, which are coming in the carriage of the expressway, they we have transplanted them at other locations within the right of way. About 500 such trees have been transplanted along the expressway. 

It is proposed to plant 70,000 trees along alignment. 

FACILITIES ON EXPRESSWAY:-

                                    The police provided for this purpose will do the traffic control on this expressway. Ambulances, fire fighting vehicles, cranes, etc. will be provided at every 2 kms so that during emergency contact can be established with control room.

It is proposed to have wayside amenities like hotels, motels, restaurants, petrol pumps, toilets and telephone facilities at different locations. The expressway will have fencing on both the sides so as to prevent cattle and pedestrian traffic from crossing over. However, subways have been provided at a distance of about 300 - 500 meters for the locals
ALIGNMENT OF EXPRESSWAY :-
The expressway passes through the Sahyadri ranges with natural scenic beauty. In order to provide easy facilities for entering or exiting the expressway 5 interchanges are being provided at Kon, Chowk, Khalapur, Kusgoan and Talegoan. 

SALIENT FEATURES OF EXPRESSWAY:- 
India's first access controlled expressway having six lane concrete pavements. 

1. India's first six lane access control expressway. 

2. Speedy completion of work. 

3. Use of modern technology & machineries. 

4. Construction of expressway is done as per international standard. 

5. For safety of traffic compound wall / fencing is proposed on both side of expressway.  

6. Underpass / Overpass has been provided for the state highway and other road crossings. 

7. Ban on two wheelers, three wheelers and tractors vehicles. 

8. Provision of subways for villagers at every 300 to 500 meters distance. 

9. Project is on Build - Operate - Transfer (BOT) basis. 

10. Government has given guarantee for raising of funds from financial institutions. 

11. To cater to traffic of Kalyan, NH17, Pen, Ahmednagar, Chakan, etc., five interchanges have been proposed. 

12. Cranes are provided to lift and remove accident vehicles. 

13. Provision of Petrol pumps / motels / workshops etc. 

14. Provision for 7000 trees plantation on both sides of expressway. 

15. Five tunnels of international standards. 

BENEFITS:-

1. Reduction in accidents. 

2. Savings in travel time. 

3. Saving in fuel consumption by vehicles. 

4. Fast crossing of Khandala Ghat. 

5. Economic development through speedy traffic. 

6. Reduction in pollution.

CHAPTER NO .9

CONCLUSION.
                                        With the invention of slip forming technique and due to speedier completion of work by the technique, there are substantial savings in cost in terms of wages and interest .This technique has no comprises against quality control and Homogeneity of structure.

                                        The cost saving will not appear automatically just because slip forming has been used .This technique has a lot of scope for improvement .But it can be adapted for tall framed structure. For slip forming work ordinary concrete of equally M20 &M25, rarely M30. Generally Portland cement is used for concreting. Fast setting cement in special cases work during winter and slip form progress is chosen. After dismantling the slip form components it can be used for span more than 25 years.

Thus slip form system involves:-

· Quality construction.
· Economical construction.
· Speedier construction.
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