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(iii) 

 

ABSTRACT 

 

 

The project entitled �STUDY OF VARIOUS ASPECTS OF APPLICATION OF 

SEGMENTAL CONSTRUCTION TECHNIQUE IN BUILDINGS� developed by Ajay 

Gupta under the guidance of project guide Prof. D. GOLDAR is an attempt to study use of 

modernization in Civil Engineering works by introduction of �Precasting of Elements of a 

Building� along with development of �Fully Automatic Self Raising Launching System for 

Building Construction� to facilitate reduction in construction time and improvement in 

Quality of Construction. 

 

The Project brings out the Goods and Bads of the Application of Segmental Construction 

Technique in Buildings in contrast to Normal Cast-In-Situ Construction. 
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INTRODUCTION 

 

Prefabrication of concrete structures is one of the most remarkable developments in the 

construction process of concrete structures in the last few decades. This prefabrication is 

closely related to the developments in the precasting industry, which in turn is one of the 

most important steps towards mechanization of building industry. 

 

Mechanization of processes have a distinct advantage over manual processing which is 

reflected in the quality of the output. This advantage can be attributed to some of the inherent 

characteristics of mechanization mechanism i.e. 

 

1. Mechanization necessitates establishment of the manufacturing process and a flow 

chart of the sequence of activities to be performed on raw material until the final 

product is produced. 

 

2. The sequence of activities once defined in a manufacturing process induces a control 

over the product quality which can be assessed and rectified as and when required 

along the process sequence. 

 

3. The sequencing reduces the decision making efforts since WHAT NEXT? can be 

foreseen and the solutions can be sought after and defined at various levels of 

malfunctioning of the process machinery/ system in advance. 

 

4. Repetitive behavior of the process in a predefined format allows us to define the 

functions/ activities on the critical path and helps us in economizing by shifting the 

efforts from less critical zones to the zones of high criticality thus saving time and 

wastage of efforts on less critical activities. 

 

5. Over all improvement in quality of product and its production time can be achieved. 

 

6. All of the above lead to economies of scale/ scope. 

 

The need for mechanization of the construction industry has been understood and practiced 

by many in past. The use of segmental construction technique by Delhi Metro Rail 
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Corporation (DMRC) for construction of Mass Rapid Transit System (MRTS) for Delhi 

stands as one of the greatest examples of all times being witnessed by us in India. 

 

SEGMENTAL CONSTRUCTION TECHNIQUE IN BUILDINGS  

 

The topic refers to the precasting of various elements of a building independently in a casting 

yard/ factory with scientifically designed quality control program and joining them on 

requisite site in their respective positions to get a structure incorporating all the necessary 

features for its intended use. 

 

The basic definition of the topic suggests following basic requirements of the construction 

process 

 

1. Design of building elements to be precast as an individual identity. 

 

2. Adequacy of the dimensions and other properties of the precast element when placed 

in harmony with the other elements (cast-in-situ/ precast) in the service stage of the 

structure. 

 

3. Development of a scheme for construction of the precast elements. 

 

4. Development of scheme for transportation of the precast elements to the requisite site 

location. 

 

5. Development of a scheme for lifting, positioning and connecting the precast elements 

with the rest of the structure. 

 

6. Design of a launching systems incorporating all feature for erection of precast 

elements and performing other construction related activities. 
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OBJECTIVES OF RESEARCH PROGRAM 

 

1. To study the various aspects of application of segmental construction techniques in 

buildings. 

 

2. To compare the economy achieved in the design of building elements to be 

constructed by segmental construction technique in contrast to the design of building 

elements to be constructed by cast-in-situ construction technique. 

 

3. To develop a schematic launching system for buildings. 

 

 

SCOPE OF STUDY 

 

1. A general study of the various requirements of a good construction and to perform a 

comparative study of various construction activities in the light of segmental 

construction technique and cast-in-situ construction technique. 

 

2. To study the basic difference in the design procedure of building elements to be 

constructed by segmental construction technique in contrast to the design of building 

elements to be constructed by cast-in-situ construction technique. 

 

3. The design of multistory buildings is a topic of research from various prospects. For 

the research conducted under present thesis, we have confined our study to the design 

of solid slabs / cellular slabs to be constructed by segmental construction technique 

and solid slabs / cellular slabs to be constructed by cast-in-situ construction 

technology and to study the comparison between the two types of construction 

methodology in regards to the design of slabs conducted under the present work. 

 

4. In the development of launching system for buildings present thesis is confined to 

developing a schematic Launching system highlighting its essential components, their 

requirements, their functioning in general and making a drawing showing various 

functions that can be performed with the proposed launching system. 
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ORIGIN OF THE PROBLEM 

 

Before selecting the present topic for research we studied the behavior of beams through a 

number of examples of continuous beams of varying span arrangements and observed some 

strange facts/ phenomenon which compelled us to do a research in this area. These analysis 

were performed in highly crude manner and were not preserved in any form for presenting 

them for any healthy discussion. However the truth behind some of our observations has been 

boosted by the experiences of �Delhi Metro Rail Project�. 

 

The ongoing chapter is an attempt to explain these phenomenons with some simple examples 

and facts available to us: 

 

a. Change in bending moment distribution in beams with change in construction 

technology. 

 

Consider a single span beam of length 5m with following loading conditions 

 

 

 

    A         B (Mid Span)         C 

 

Dead Load of beam = 0.3 t/m2  

Weight of Super Imposed Dead Load on the beam = 0.2 t/m2  

Live Load on beam = 0.2 t/m2  

Width of slab contributing to the loaded width effective for the beam = 4m 

Support condition = Fixed / Built in 

Effective span of the beam = 5m 

 

If the beam is constructed by cast-in-situ construction technique 

 

Bending Moment at Support = 4 x (0.3+0.2+0.2) x 52 /12 = 5.834tm 

Bending Moment at Mid Span = 4 x (0.3+0.2+0.2) x 52 /24 = 2.917tm 
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If the beam is constructed by segmental construction technique 

 

Bending Moment at Support = 0 + 4 x (0.2+0.2) x 52 /12 = 3.333tm 

Bending Moment at Mid Span = 4 x (0.3) x 52 /8 + 4 x (0.2+0.2) x 52 /24 = 5.416tm 

 

OBSERVATIONS:  

  

1. In beam constructed by cast-in-situ construction technology, the bending moment 

distribution is such that the bending moment at support section is much higher than 

the bending moment at mid span section. However in contrast to this, in beam 

constructed by segmental construction technology, the bending moment distribution is 

such that the bending moment at mid span section is much higher than the bending 

moment at support section. 

 

2. In general the nature of bending moment is hogging at support and sagging at mid 

span. Now if the beam supports a slab rigidly connected to it then the Moment 

Resisting Capacity at mid span is much higher than the same at support section, 

because the slab contributing as flange of T beam is effective only in sagging moment 

condition (compression at top face and tension at bottom face). If this statement is 

true than the beam designed to be constructed by segmental technology should have 

smaller dimensions and hence more economical. 

 

3. In general for spans up to 5m the maximum bending moment at any section in the 

beam designed to be constructed by segmental construction technique is smaller than 

the bending moment at any section in the beam designed to be constructed by cast-in-

situ construction technology. However the same is not true for spans larger  than 10m, 

and a transition stage exists between 5m to 10m, i.e. the maximum bending moment 

at any section is nearly same or comparable in the two methods of construction. 

 

4. If the total load transferred to the beam before continuity of the beam is established is 

lower than the total additional loads (including live loads) transferred to the beam 

after the continuity is established then the maximum bending moment developed at 

any section in the beams designed to be constructed by segmental construction 

technique will always be lesser than the same in beam designed to be constructed by 
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cast-in-situ construction technology irrespective of the span length. This statement is 

perfect for single span beams fixed at ends, and generally true for continuous beams 

deviating only marginally in occasional situations. 

 

MATHEMATICAL PROOF TO THE ABOVE STATEMENT 

 

Let us consider the following data: 

 

Dead Load tranferred to the beam before continuty is established = W1 t/m  

Dead Load tranferred to the beam after continuty is established = W2 t/m  

Live Load on beam = W3 t/m  

Support condition = Fixed / Built in 

Effective span of the beam = L (m) 

 

If the beam is constructed by cast-in-situ construction technique 

 

Bending Moment at Support = (W1+W2+W3) x L2 /12  

Bending Moment at Mid Span = (W1+W2+W3) x L2 /24  

Maximum bending moment at any section in the beam = (W1+W2+W3) x L2 /12  

 

If the beam is constructed by segmental construction technique 

 

Bending Moment at Support = 0 + (W2+W3) x L2 /12  

Bending Moment at Mid Span = W1 x L2 /8 + (W2+W3) x L2 /24  

Maximum bending moment at any section in the beam = W1 x L2/8 + (W2+W3) x L2/24  

 

IF  W1 x L2/8 + (W2+W3) x L2/24 < (W1+W2+W3) x L2 /12  

Then 3 x W1 + (W2 + W3) < 2 x (W1 + W2 + W3) 

i.e. 3 x W1 � 2 x W1 < 2 x (W2+W3) � (W2 + W3)  

i.e. W1 < (W2 + W3)  

Which is same as the condition assumed, therefore we can say that design of beams designed 

to be constructed by segmental construction technique will always be economical provided 

the said condition is achieved. 
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b. Better distribution of moment along the span. 

 

The absolute maximum bending moment lies at support section in continuous beams 

designed to be constructed by cast-in-situ technology; and the same lies at mid span in the 

beams designed to be constructed by segmental construction technique. Maximum moment at 

mid span is a desirable condition from many considerations such as:  

 

1. Greater Moment resisting capacity of mid span section due to T beam effect as 

explained earlier. 

 

2. Since the absolute maximum bending moment lies at mid span which in turn governs 

the cross-sectional dimensions of the beam, therefore it results in lesser congestion of 

steel at support section. 

 

3. The bending moments due to lateral loads such as wind force and earthquakes is more 

concentrated at support sections; than at mid span sections, therefore by concentrating 

the maximum moment due to basic loads (dead load) at mid span location leaves us 

with a safety margin at support sections for absorbing those unexpected high 

intensities of lateral load phenomenon�s for which a normal cast-in-situ constructed 

structure can not be designed due to many reasons including economy of the structure. 

 

c. Greater reserve strength. 

 

1. The absolute maximum bending moment in continuous beams designed to be 

constructed by cast-in-situ technology lies at support section therefore the yielding of 

concrete at ultimate state of loading starts at support sections. Since the concrete is 

brittle in nature therefore many a times the section fails due to excessive rotation 

demanded by the mechanism leading to collapse much before the formation of three 

hinge mechanism required for collapse of the beam. In contrast to this the absolute 

maximum bending moment in continuous beams designed to be constructed by 

segmental construction technique lies at mid span section, therefore the yielding starts 

at mid span section, so that a single hinge is formed which can not lead to complete 

collapse, therefore segmental construction technique ensures that the structure does 
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not collapse before the complete failure mechanism is formed or collapse load is 

reached. 

 

d. Control of deflections. 

 

The simplest method of controlling deflections is to provide precamber in the structure during 

its casting. Practically it is difficult to provide correct precamber in shuttering arrangement 

during cast-in-situ construction, because the entire arrangement of shuttering is supported on 

staging system consisting of several hundred numbers of pipes or steel trestles, precise 

leveling of these steel trestles is a difficult task in general and in some cases it is absolutely 

impossible due to prevailing site conditions. Besides this the problem gets intensified if the 

structure possesses a two way behavior so that the deflection pattern resembles a dome 

structure which is almost impossible to achieve. It is generally observed that precamber is not 

provided in cast-in-situ construction. 

 

In contrast to the above in segmental construction, the elements of the building/ structure are 

precasted in casting yard where the shuttering rests on a rigid concrete bed at ground level. 

The leveling of shuttering is therefore relatively easier. More so the big elements especially 

the elements having two way behavior are cast in small units each having one way behavior, 

these units are assembled and connected at site to form the two way behaving structure. In 

doing so the problem of providing precamber in a dome like pattern is completely eliminated, 

further reducing the required efforts. 

 

In the light of above fact it can be concluded that by segmental construction technique, 

economy is guaranteed in building elements whose design governs by deflection criteria. 

 

e. Reduced shrinkage and creep effects. 

 

Precasting of structural elements reduces the chances of cracking due to shrinkage and creep 

effects. In general it has been found that the strains developed due to shrinkage and creep 

effects gets accumulated near joints thereby inducing internal tension at the joints so that 

joints fails during real time disastrous loading like wind storms and earthquakes without 

developing the expected resistance.  
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Several literatures justify this belief, study of one such literature is mentioned below: 

 

SP: 25 � 1984 (Handbook on Causes and Prevention of Cracks in Buildings)  

 

Clause 10.7.17 Use of Precast Components: as per this clause �judicious use of precast 

components can help to reduce incidence of cracking in structures since such components are 

pre-shrunk�. 

 

Clause 2.5.4 Measures for Controlling Cracks Due to Shrinkage: as per this clause 

�construction based on use of precast components has a distinct advantage over in-situ 

concrete job since initial shrinkage is made to take place without any restraint prior to 

incorporation of the components in a building, thus obviating subsequent shrinkage�. 

 

Clause 10.7.15 Pace of Construction: as per this clause � in concrete work, it is necessary that 

before construction of any masonry work either over it or by its side, most of drying 

shrinkage, creep and elastic deformation should be allowed to take place so as to avoid cracks 

in masonry or cracks at junction of concrete and masonry. Creep in concrete depends upon 

age of concrete at the time of loading: delayed loading thus reduces creep. Construction 

schedule should therefore be drawn and pace of construction regulated keeping these 

requirements in view and jobs should not be rushed through unnecessarily and unwittingly�. 

 

It can therefore be concluded that, this codal provision restricts the pace of construction to 

allow sufficient time for shrinkage and creep to take place in the building frame, on the 

contrary precasting in casting yard allows shrinkage and creep phenomenon to occur without 

restraint and without transferring any effect on its neighboring elements since they are 

scheduled to be cast at least a month in advance of their actual positioning and connection at 

their final position on site, thus improving the quality of construction without imposing any 

restriction on the pace of construction. 
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Some other facts related to construction activities also suggests more and more use of 

segmental construction technique for construction of RCC structures (Buildings) 

 

f. Better time management and planning opportunities. 

 

In segmental construction any sequence of precasting of structural elements can be planned 

without bothering about the position of the element cast in the actual structure therefore the 

planning of construction activities is much easier and has wide range of flexibility compared 

to the casting schedule planned for any cast-in-situ construction.  

 

g. Faster Construction. 

 

In segmental construction it is possible to plan construction sequence in such a manner that 

the precasting of first floor elements is completed with in the time required for casting of 

foundations so that the elements of first floor are ready to placed at their requisite position in 

the structure, similarly the elements of second floor are cast with in the time required for 

placing the elements of first floor in the structure so that the no time is wasted between 

construction of one floor and its subsequent floor on account of miscellaneous activities like 

fixing of scaffolding, fixing of shuttering over the scaffolding, in-situ casting, and providing 

sufficient time for cast concrete to gain strength good enough to hold its self weight so that 

de-shuttering can be done. 

 

h. Ease in construction. 

 

In a casting yard all the elements are cast at ground level, formwork is supported over firm 

ground generally paved with RCC/ PCC concrete, all the corners of the formwork are 

accessible, the location of casting is nearly same for all the casting activities, the hauling 

distance of concrete produced is kept as small as possible, proper platforms for placing 

vibrators and other equipments/ tools are available. Presence of all these facilities eases the 

process of casting of elements.  

 

In contrast to this in cast-in-situ construction form work is supported over scaffoldings which 

are relatively shaky, as the height of the element to be cast increases (with floor levels) it 

becomes more and more difficult to provide proper platforms for supporting the 
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equipments/tools like vibrators, psychologically also the working labor finds it difficult to 

work at greater heights affecting the quality of work produced, more over the hauling 

distance for concrete increases with increasing height of the building inducing problems in 

regards to the workability of concrete, thus affecting the design of the concrete mix. 

 

i. Improved quality and durability. 

 

The control of quality of concrete is highly improved in casting yard which in turn improves 

the durability of the structure finally constructed. 

 

The improved quality control is achieved due to following major reasons: 

 

1. General reduction in age of cement used for casting, due to continuous cycle of 

concreting. 

2. Possibility of more frequent monitoring of quality of ingredients of concrete, i.e. 

water, course aggregates, fine aggregates etc due to centralization of batching 

plant. 

3. proper mixing of concrete through automatic/semi automatic concrete mixers, and 

use of the same concrete product without tempering it with water or cement slurry 

so that the quality of concrete produced is maintained un till it is finally cast. This 

is possible only if the hauling distance for concrete is kept small. 

4. Placing and compaction of concrete is also improved, because all the activities are 

performed at smaller heights so that handling of equipments is easier. 

5. Better curing of concrete through use of automatic sprinkling systems. 

 

Since all the activities are centralized therefore labor can be more easily trained which in turn 

improves the ratio of skilled labor to the total labor available at site. Improvement in this ratio 

automatically results in greater quality control than the same available at site in in-situ 

construction. 
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j. Reduced cost of construction. 

 

In segmental construction the sizes of building elements are fixed in such manner so as to 

allow multiple uses of shuttering/ formwork. It results in reduction in cost of shuttering, more 

over since the handling of form work is controlled in a much better way it improves the 

reusability of the formwork by many folds. 

 

The following data collected in this regards clearly proves this fact: 

 

Project Name: Construction of Elevated Viaduct From km 8.0 to 14.3 on Barakhamba Road - 

Cannaught Place � Dwarka Section (Line No. 3) (DMRC Phase-I)  

Contractor: Persys � Punj Lloyd JV  

Total Length of Viaduct: 6300 m  

Total Number of Spans: 252 Nos. 

Number of Pier Segments: @ 2 segments per span = 504 Nos. 

Number of Intermediate segments: 1702 Nos. 

Number of Pier segments Moulds/ shuttering = 6Nos. 

Number of repetitions per mould = 504/6 = 84 times 

Number of Intermediate segments Moulds/ shuttering = 10Nos. 

Number of repetitions per mould = 1702/10 = 170.2 times 

 

These moulds/ shutters still exist in good condition and ready for casting of another set of 

same number of segments again if required. 

 

Cost comparison of shuttering in segmental/ cast-in-situ construction 

 

Segmental construction adopted in the project 

 

Transverse Width of the segments = 10.75m 

Area of Shuttering = 14.75m2/m (approx)  

Weight of Shuttering = 150kg/m2  

Cost of Fabrication = Rs 75 per kg 

Cost of Shuttering = 75 x 150 = Rs 11250 per m2  
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Cost of 6 moulds of Pier Segment   = 6 x 14.75 x 2m (length) x 11250  

= Rs 19.92 Lakhs 

Cost of 2 side bulkheads for each mould  = 2 x 0.75 x 19.92 = Rs 29.88 Lakhs  

(Almost equal to 0.75 times the normal shutter per Bulkhead) 

Cost of 10 moulds of Intermediate Segment  = 10 x 14.75 x 3m (length) x 11250  

= Rs 49.79 Lakhs 

Cost of 1 side bulkheads for each mould  = 0.75 x 49.79 = Rs 37.34 Lakhs  

(Almost equal to 0.75 times the normal shutter per Bulkhead) 

 

Total cost of Shuttering moulds   = Rs 136.93 Lakhs 

 

Equivalent cost of shuttering in case of cast-in-situ construction 

 

Reusability of Shuttering in in-situ construction = 30 to 50 times depending upon handling 

facilities 

 

Assuming 40 times reusability of the shuttering on an average 

 

Total area of Shuttering required = 14.75 x 6300/40 = 2323 m2   

Total cost of Shuttering = 2323 x 11250 = Rs 261.33 Lakhs 

 

Saving in cost = 261.33 � 136.93 = Rs 124.40 Lakhs  

+ Shuttering Moulds still available in good shape and 

condition for casting of similar Numbers again 

+ Time.  

% saving = (124.40/261.33) x 100 = 47.60%  

 

Cost comparison of scaffolding segmental/ cast-in-situ construction 

 

Cast-in-situ construction 

 

Total Plan area of scaffolding = (10.75+3) x 6300 = 86625 m2   

Cost of Scaffolding for 10m average height = Rs 4000 to Rs 6000 per m2   

Assuming cost of scaffolding = Rs 5000 per m2   
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Reusability of scaffolding = 10 times  

Total cost of scaffolding = (86625/10) x 5000 = Rs 433.10 lakhs  

 

Segmental construction adopted in the project 

 

Total number of Launching girders used = 4 Nos. 

Weight of each Launching girder = 225 tonne 

Total cost of Launching girder = 225 x 4 x 75000 = Rs 675 lakhs  

 

The cost of scaffolding is little less than cost of Launching girders but after the project the 

scaffoldings are not usable or lost, on the contrary the Launching girders have been modified 

with an addition of another 50 tonnes (total for 4 launching girders) and are in use at present 

therefore average cost of launching girder for the project can be taken as 675/2 = Rs 337.5 

lakhs (50% of original cost) 

 

Saving in cost = 433.10 � 337.5 = Rs 96.25 Lakhs  

+ Launching girder still available in good shape and 

condition for use in another project 

+ Time.  

 

% saving = (96.25/337.5) x 100 = 28.51%  

 

The % saving in cost increases with number of reusability of both Shuttering Moulds and 

Launching girder.  

 

Saving is also achieved in cost of concrete since transportation of concrete is not required. 

In the similar manner savings are achieved in almost all activities related to concreting. 

 

The only additional activity increasing the cost of construction is involved in transportation 

of the precast segments from the casting yard to the site which can be controlled by proper 

planning of casting yard near the site location. 
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Basic difference in the design procedure of building elements to be constructed by 

segmental construction technique in contrast to the design of building elements to be 

constructed by cast-in-situ construction technique. 

 

In in-situ construction the various elements of a building are monolithically connected to 

each other unless they are intentionally designed to be connected through special connectors 

or bearings. For monolithically connected elements framing together to form the complete 

structure, the structure can be analyzed using commonly used elastic methods of analysis like 

slope-deflection method, moment distribution method, matrix method of analysis etc, the 

computer based software�s like STAAD, NISA-CIVIL, STRUDL, S-CAAD, RM-2000, 

ANSYS etc. may be used as quick and convenient tools of analysis. The entire analysis can 

be done as a single stage construction. 

 

In segmental construction the structure passes through various stages in which certain 

elements of the building exist as monolithically connected to each other and several elements 

exist as simply resting over the remaining structure and behave as simply supported. Theses 

simply supported precast elements are then connected to the rest of the structure though 

various techniques viz. 

• Connection through in-situ concreting at the joints. 

• Connection by welding of dowel bars left projected in the precast elements and 

covering the joint with cement mortar or prepackaged non shrink concrete. 

• Connection by prestressing the precast elements using high tension cable strands 

passing through duct holes left in the precast elements during concreting. 

• Connection by bolting of base plates anchored at the ends of precast element during 

precasting. 

 

In all the cases the elements which are precast behave as simply supported for Dead Weight 

of the structural concrete before continuity of the element is established with the rest of the 

structure and behave as continuous members for other loads including live loads after the 

continuity is established with the rest of the structure. 

 

The segmental construction technique therefore demands a two step design procedure i.e. 

design for simply supported condition before continuity is established and as continuous 
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structure after continuity is established. As an example design procedure mentioned in IS 

14215 -1994 has been iterated below. 

 

IS 14215-1994 

 
Indian Standard-DESIGN AND CONSTRUCTION OF ROOFS AND FLOORS WITH 

PRECAST REINFORCED CONCRETE CHANNEL UNITS- CODE OF PRACTICE  

 

Clause 4: Structural design 

4.1 

The Channel units shall have adequate strength and stability in accordance with IS 456: 1978 

during the following stages: 

i) De moulding 

ii) Handling, stacking, transporting and placing; and 

iii) Final stage with all designs dead and imposed loads acting on the floor/roof. 

 

4.3 Design stage I ( Just after Placing of In-situ Concrete) 

 

4.3.1 At the time of laying the units, the load comprises the self-weight of the channel units, 

the weight of in- situ concrete in the joint between the two units and also the 

incidental live load, likely to act on the structure at this stage. In absence of more 

accurate information, incidental load may be taken as half the imposed load likely to 

act on the structure at final stage as recommended in IS 875(Part 2): 1987. 

 

4.3.2 Effective section: At this stage of loading, as in in-situ concrete has not attained any 

strength to ensure monolithicity, the effective width of channel unit shall be taken as 

width of flange portion only. 

 

4.4 Design stage 2 (With full design load) 

 

4.4.1 Loads: At this stage, the loads acting on the structure shall comprise dead load and 

full imposed load as per IS 875(Part 2): 1987. This shall be maximum load likely to 

act on the structure during its lifetime. For calculating the limit state of collapse at the 
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critical section, a combined load factor of at least 1.5 shall be applied for calculating 

the limit state of collapse load. 

 

4.4.2 Effective section:  As the In- Situ concrete has attained strength at this stage , an 

effective width equal to the nominal width of the unit shall be taken for calculating 

the strength of section. 

 

4.5 Design Bending Moment and Shear Force 

 

When the floors /roofs consist of three or more continuous and approximately equal 

spans, the value of bending moment and shear force coefficients given in IS:456-1978 

may be used. These coefficients shall be used for imposed live load as well as dead 

load of finishing but not for dead weight of units (incliding that of in-situ concrete) 

shall be added. 

 

4.6 In � Situ concrete, which brings monolithic connection and continuity between pre 

cast units, shall be designed in accordance with IS 3935:1966. 

 

4.7 When Pre cast units are used for the construction of buildings in high seismic zones 

the floor and roof shall be strengthened in accordance with 9 of IS 4326: 1993. 

 

5.0 STORAGE, TRANSPORTATION AND ERECTION OF PRE CAST 

ELEMENTS     

 

5.1 Handling and transportation of units: The pre cast units shall be handled by placing 

slings placed at about 1/5 of span from ends. Care shall be taken to see that no support 

is placed at the center of the span and the main reinforcement is always at the bottom 

of the stacked units, that is trough shall be facing downwards.  
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Literature Review 

 

IS 14215: 1994 

 

Indian Standard � DESIGN AND CONSTRUCTION OF FLOORS AND ROOFS WITH 

PRECAST REINFORCED CONCRETE CHANNEL UNITS � CODE OF PRACTICE 

 

The code includes Eight Design Tables as mentioned below: 

 

Table 1 �Design Table for 300mm Wide Channel Units Simply Supported� 

The Design Table covers Effective Span Range from 2.10m to 4.50m 

 

Table 2 �Design Table for 300mm Wide Channel Units Continuous over Two Equal Spans� 

The Design Table covers Effective Span Range from 2.10m to 4.50m 

 

Table 3 �Design Table for 300mm Wide Channel Units Continuous over Three Equal Spans, 

Residential building� 

The Design Table covers Effective Span Range from 2.10m to 4.50m 

 

Table 4 �Design Table for 600mm Wide Channel Units Simply Supported, Residential  

 Building� 

The Design Table covers Effective Span Range from 2.10m to 4.50m 

 

Table 5 �Design Table for 600mm Wide Channel Units Continuous over Two Equal Spans, 

Residential building� 

The Design Table covers Effective Span Range from 2.10m to 4.50m 

 

Table 6 �Design Table for 600mm Wide Channel Units Continuous over Three Equal Spans, 

Residential building� 

The Design Table covers Effective Span Range from 2.10m to 4.50m 

 

Table 7 Limit State Moment of Resistance and Shear Capacity of 300mm wide Channel Units 

 

Table 8 Limit State Moment of Resistance and Shear Capacity of 600mm wide Channel Units 
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GENERAL FINDINGS 

 

The design tables referred in the code are valid for an effective Span Range of 2.10m to 

4.50m, for larger spans the general design procedure mentioned in the code has to be 

followed. 

 

This IS code does not provide any reference for deflection check however it does recommend 

use of provisions given in IS 456 for checks not included in this code of practice. 

 

The arrangement of channels shown in this code indicates design of slabs as one way 

behavior, however concrete topping may be provided with reinforcement in longer direction 

to cater for two way behavior of slabs. 

 

The stiffness of slab is much higher in effective span direction (shorter span) than in longer 

span direction therefore the coefficients for design of slabs spanning in two directions given 

in IS 456 are no longer valid, rather the bending moment coefficients for continuous beams 

given in IS 456 are referred in this code (which are much higher than the coefficients for two 

way spanning slab system).  

 

IS 6061 (part I) � 1971 

Indian Standard � CODE OF PRACTICE FOR CONSTRUCTION OF FLOOR AND ROOF 

WITH CONSTRUCTION OF FLOOR AND ROOF WITH JOISTS AND FILLER BLOCKS  

PART I: WITH HOLLOW CONCRETE FILLER BLOCKS 

 

IS 6061 (Part II) � 1981 

Indian Standard � CODE OF PRACTICE FOR CONSTRUCTION OF FLOOR AND ROOF 

WITH CONSTRUCTION OF FLOOR AND ROOF WITH JOISTS AND FILLER BLOCKS  

PART II: WITH HOLLOW CLAY FILLER BLOCKS 

 

IS 6061 (Part III) � 1981 

Indian Standard � CODE OF PRACTICE FOR CONSTRUCTION OF FLOOR AND ROOF 

WITH CONSTRUCTION OF FLOOR AND ROOF WITH JOISTS AND FILLER BLOCKS  
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PART III: WITH PRECAST HOLLOW CLAY BLOCK JOISTS AND HOLLOW CLAY 

FILLER BLOCKS 

 

IS 6061 (Part IV) � 1981 

Indian Standard � CODE OF PRACTICE FOR CONSTRUCTION OF FLOOR AND ROOF 

WITH CONSTRUCTION OF FLOOR AND ROOF WITH JOISTS AND FILLER BLOCKS  

PART IV: WITH PRECAST HOLLOW CLAY BLOCK AND SLAB PANELS 

 

GENERAL FINDINGS 

 

IS 6061 (PART I) and IS 6061 (PART II) recommends maximum effective span of 6.0m, 

however IS 6061 (PART III) and IS 6061 (Part IV) recommends only a general design 

procedure. 

 

All these codes does not provide any reference for deflection check however it does 

recommend use of provisions given in IS 456 for checks not included in these codes of 

practice. 

 

In Structural arrangement suggested by IS 6061 (PART I) and IS 6061 (PART II) the 

stiffness of slab is much higher in effective span direction (shorter span) than in longer span 

direction therefore the coefficients for design of slabs spanning in two directions given in IS 

456 are no longer valid, and analysis as per T Girder with Slab is required. The bending 

moment coefficients for such a system are much higher in effective span direction than in 

other direction.  

 

In Structural arrangement suggested IS 6061 (PART III) and IS 6061 (PART IV) bending 

moment coefficients are recommended for direct design of the slab. The coefficient 

mentioned in the code are close to the bending moment coefficients mentioned in IS 456 for 

design of continuous beams, again the coefficients are much higher than corresponding 

values recommended in IS 456 for two way spanning slabs. 

 

 

 

 



 - 26 - 

IS 13990: 1994 

 

Indian Standard � PRECAST REINFORCED CONCRETE PLANKS AND JOISTS FOR 

ROOFING AND FLOORING � SPECIFICATION. 

 

GENERAL FINDINGS 

This standard lays down the requirements for precast reinforced concrete planks and joist 

used for construction of roofs and floors. The plank lengths up to 1.50m long only are 

covered under this Indian standard specification. 

 

IS14142: 1994 

 

Indian Standard � DESIGN AND CONSTRUCTION OF FLOORS AND ROOFS WITH 

PREFABRICATED BRICK PANEL � CODE OF PRACTICE 

 

This standard lays down recommendations of floor and roof with prefabricated brick panels 

(concrete brick panels of maximum length 1.1m for grade of concrete less than M-40 and 

maximum length 1.2m for grade of concrete more than M-40) 

 

As per this code joists shall be designed as continuous beam, it may be designed either as 

simply supported or continuous T-Beam in accordance with IS 456. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 - 27 - 

Scope of Study for present work 

 

In general the available standards deal with maximum effective span up to 4.50m and in one 

case up to 6.0m only. The design procedure recommends design of slab units as continuous 

beams i.e. in general the two way behavior of slab is superceded with one way continuous 

beam effect which is more appropriate for the arrangements suggested there in. However in 

all these cases the bending moment coefficients are much higher than a normal RCC slab. 

 

In present study two types of slab systems have been included viz. 

 

Type 1: Solid slab: (continuation of work started in Minor Thesis)  

 

1. Reinforced concrete beams designed to span in one direction as simply supported for 

dead weight of the slab, over which structural concrete topping shall be provided with 

reinforcement for full continuity in both directions so that the slab behave as two way 

bending structure for loads transferred after continuity is achieved.  

 

2. Span Range considered for analysis is 7.00m to 11.00m.  

 

3. Deflection check has been considered as per Annexure C of IS 456: 2000. 

 

4. Effect of concentrated loads placed at mid span of the slab has been analyzed using 

bending moment coefficients recommended by Pigeaud�s curves and its supporting 

methodology for which the book titled �REINFORCED CONCRETE DESIGNER�S 

HANDBOOK� TENTH EDITION authored by: CHARLES E. REYNOLDS AND 

JAMES C. STEEDMAN has been referred. 

 

The design has been conducted for in-situ construction methodology and segmental 

construction technique separately and the results of the two are compared. 
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Type 2: Cellular slab: (New addition in Major Thesis)  

 

1. Prestressed concrete cell beams/ similar to box girders designed to span in one 

direction as simply supported for dead weight of the slab, over which structural 

concrete topping shall be provided with reinforcement for full continuity in both 

directions so that the slab behave as two way bending structure for loads transferred 

after continuity is achieved.  

 

2. Span considered for analysis is 30.00m x 20.00m.  

 

3. For continuity effects grid floor analysis has been adopted 

 

4. Deflection check has been considered as per Annexure C of IS 456: 2000. 

 

5. Effect of concentrated loads is not considered. 

 

The design has been conducted for in-situ construction methodology as RCC Cellar Slab/ 

Grid Floor and for segmental construction technique as Prestressed concrete beam simply 

supported in direction of effective span and full continuity at supports in shorter span as well 

as longer span direction provided by un-tensioned Reinforcement. The two analyses have 

been performed separately and the results of the two are compared. 

 

For detailed description of design methodology refer annexure attached at the end of this 

report. 
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CONCLUSION  

(FOR SOLID SLAB TYPE SYSTEM) 

 

The analysis results indicate that the design of slabs is primarily governed by deflection 

criteria. The result shows reduction in slab thicknesses due to precasting of the slab element 

in comparison to the required slab thickness in cast-in-situ construction methodology. 

 

The reduction in slab thickness as percentage of the slab thickness required for design of slab 

element to be cast-in �situ lies in the range of 10% to 26% when M-25 Grade of concrete is 

used along with Fe-415 HYSD reinforcement. 

 

The reduction in slab thicknesses tends to increase with increase in Grade of Concrete 

primarily due to enhancement in Modulus of elasticity which helps in controlling the 

deflections. 

 

The percentage reduction in slab thicknesses as compared to the Cast-in-situ construction 

when M-40 Grade of concrete is used along with Fe-415 HYSD reinforcement lies in the 

range of 20% to 34.5%. 

 

From the analysis it is quite clear that where ever the design of structural elements is 

governed by deflection criteria, the segmental construction method has tremendous potential 

in providing economy in the design of such elements. 

 

Since 10% to 34.5% economy is achieved in the design of slabs which contribute to 60% to 

70% of the total structural dead weight of the building therefore almost 10% to 24% 

economy is achieved in the structural part of the building due to slab elements only 

further this reduction in weights will reduce the forces on the beams and columns giving 

more economy to the design. Above all reduction in average weights by 20% means that 

20% more stories can be constructed over the same foundations and the ground, thus 

giving an option for achieving new heights in building construction. 
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CONCLUSION 

(For cellular slab type system) 

 

The analysis results indicate that although the design of cast-in-situ RCC cellular slabs still 

governs by deflection criteria, but the difference in the over all structural height of the slab is 

not much. This is because of the fact that the section in cellular structure is optimized to 

maximum extent by concentrating the concrete and steel reinforcement at the most desired 

locations thereby reducing the weight of the slab system which is normally contributing 

heavily towards deflection. 

 

The design of cellular slab to be constructed by segmental construction technique, has been 

done as prestressed concrete beam simply supported in direction of effective span and full 

continuity at supports and in shorter span as well as longer span direction provided by un-

tensioned Reinforcement. 

 

The reduction in slab thickness achieved is due to the effect of prestressing otherwise the 

greater thickness of web demanded by the system of segmental construction for achieving 

continuity in both the directions may result in increase in over all weight of the slab. 

 

The two system when compared shows nearly same average structural depth of the slab. 

However the use of prestressing does result in reduction in total reinforcement required.  

 

The result of RCC cellular slab indicates that the thickness of web/ cross ribs governs by the 

crieteria of maximum shear stress therefore it is bound to increase with increase in span or 

intensity of live loads, however in prestressed system adopted in segmental construction the 

additional shear can be taken care off by controlling prestressing force and profiling the post 

tensioned cable in better manner therefore the system of segmental construction appear to 

have greater potential of savings in concrete for higher span lengths and higher live load 

intensities. 
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Above all reduction in over all height of the slab from 800mm in RCC cellular cast �in-

situ to 520mm in PSC cellular segmental construction has a distinct advantage in 

reducing the total height of the building, which is important for tall buildings. 

 

Note: The savings in regards to shuttering and scaffolding in segmental construction 

will continue to provide an edge to segmental construction over cast-in-situ construction 

method. 
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DEVELOPING A LAUNCHING SYSTEM FOR ERECTION OF PRECAST 

ELEMENTS OF A BUILDING 

 
The use of Launching Systems in construction of structures is not new to the world; however 

the use of Launching Systems is confined to specific structures in general. The use of 

Launching systems in buildings is a rare experience. This section highlights the use of 

Launching systems, and discusses features of good Launching Systems already in use. 

 
This section also discusses the requirements of a good Launching System to be used 

specifically in buildings, and finally gives a schematic Launching System satisfying the basic 

requirements. At the very end of the project a discussion on constraints and other 

requirements of the successful segmental construction technique with use of launching 

systems deriving support from already erected structure leaves us with a number of un 

answered questions for us explore in future before realizing the dream of frequent use of the  

technique in reality. 

 
What are Launching Systems? 

 
Launching Systems are machines developed for handling the precast elements of a structure. 

 
The launching systems can be broadly classified into three categories. 

 
a. Launching Systems deriving their support from the Ground. 

b. Launching Systems deriving their support from the already erected structure. 

c. Launching Systems deriving their support partly from the ground and partly from the 

already erected structures. 

 
All the types of Launching Systems have been successfully used in construction industry. 

 
The kinematics of different launching systems differs from each other so much so that the 

technical requirement and criteria�s governing their design are altogether different. One can 

still visualize a fact that the final goal in each case is the same i.e. providing a technology that 

helps in erection of precast elements for the construction of the desired structure. These 

systems also helps in construction of cast in situ elements which can be placed segment by 

segment or casting of the entire structure in single stage as per the requirements of the design, 

in such a case the entire shuttering may be mounted over the launching system and the 
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casting may be done and kept in place till the desired strength is achieved. The cantilever 

construction equipments used in construction of Cantilever type bridges built over rivers and 

marines is a perfect example of such launching systems. 

 

 
 
As shown above the entire shuttering for the concrete element to be cast is mounted over a 

launching system popularly known as Form Traveler. The Same system with some minor 

modifications can be used for lifting of precast concrete elements, in both the cases the design 

philosophy need consideration for the additional weight of the launching system which is 

mounted over the structure to be constructed. 

 

 
Source of Information: fib Symposium 2004 on �Segmental Construction in Concrete� 

Organized by: The Institution of Engineers (India) Held on 26 November, 2004 at New 

Delhi, India. 

The photographs shown above provide a view of the construction of Byker Viaduct in U.K (it 

is the first segmental viaduct constructed in U.K.). In this project precast segments are lifted 
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using a Cantilever type Launching system, these segments are brought over rails passing 

through the pier base where space has been specifically provided for delivery of segments. 

The project provides a perfect example of planning where the shape of the permanent 

structure is modified to facilitate the construction methodology required to suit the 

project site conditions. 

 
 

 
 
The above Photograph shows the form traveler designed by VSL (Prestressing) for  

 

Source of Information: fib Symposium 2004 on �Segmental Construction in Concrete� 

Organized by: The Institution of Engineers (India) Held on 26 November, 2004 at New 

Delhi, India. 

construction of �Bras de la Plain Bridge on the Island of Revnion in the Indian Ocean 

(France)�. The bridge structure is 280-m long pan embedded in counter weight abutments. 

Form Traveler holding the Shuttering for  
Cast-in-situ Segmental Construction of the Bridge 

Arial View of the Site for Bridge Construction  
(Showing Intermediate Stage of Bridge Construction) 
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The arial view of the site clearly indicates that the erection of Shuttering over staging is not at 

all possible because of presence of flowing water and the frightening depth of the steep cut 

valley. The advent of segmental construction technique and launching systems is a gift of 

science and technology that has made such dream projects a reality now. 

 

 
 

The photograph shows construction of 14.6KM Stretch of Span-By-Span Construction of 
D.M.R.C. Line-3 Project using Launching System exclusively designed for construction of 
elevated Viaduct using �Precast Segmental Construction Technique� by Arch 
Consultancy Services (P) Ltd. This viaduct is now operational and stands as a record in the 
history as one of the fastest executed project in the world. 
 
The examples of use of Launching systems in construction presented so far belongs to 
�Category b� i.e. these Launching Systems derive their support from the already 
erected structure. 
 
 
 
 
Source of Information: Practical involvement in the DMRC line-3 Project as a member 
of Design Team for the Design and Planning of Launching System for Line-3 Project. 
The �Category c� i.e. Launching Systems deriving their support partly from the ground and 

partly from the already erected structures also enjoy much use in construction of bridges. 

Launching System for Line 3 of D.M.R.C.
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The above photograph shows the Truss type Launching system deployed for construction of 

Flyover at Anand Rao Circle in Bangalore. The Front leg of the Launcher rests on rails laid 

on the ground and the rear leg rests over the already erected structure. 

 

The �Category a� i.e. Launching Systems deriving their support from the Ground are the 

most primitive form of Launching Systems. This type of Launching Systems is generally 

found not suitable in complex projects where the structure posses sharp changes in vertical 

and horizontal gradients. Truly speaking at places where the structure is surrounded by water 

body like river, marine or a pond, the possibility of deriving support from ground becomes a 

difficult task. 

 
 

The technology used in simple material handling equipment as shown below is another 

example of launching system deriving their support from the ground. 

Erection of Box Girder Segments �
Flyover at Anand Rao Circle,

Launching System deriving support from Ground
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The launching systems shown above are mostly concerned with construction of bridges. 

 

 

 

 

 

 

 

 

 

 

 

Source of Information: Web sites on cranes (Internet info media). 

Material Handling Equipments used in plants are primitive form of Launching 
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The use of specifically designed launching systems in buildings is a rare chance. However 

Tower cranes are general material handling machines that are ere extensively used for the 

construction of Buildings. 

 

Tower cranes are assembled on ground. They are available in wide variety and range 

 

 
 

The photographs shown above give general information on lifting capacities of two different 

brands of tower cranes. The photograph of POTAIN (Left Side) shows that the optimum 

lifting capacity decreases with increase in height and horizontal range. As an example at a 

height 42.9m and horizontal radius of 13.1m the lifting capacity is 8000Kg, which reduces to 

1500Kg with same height and horizontal radius of 50.0m. In precasting the weight of precast 

units is generally in the range of 10tonnes to 100tonnes or more for small sub element to 

elements precasted as single unit such as a large wall panel or a roof slab or in some cases 

one complete room etc. the horizontal range of 13.1m which gives largest capacity is too 

small for the machine to operate from a singe point and therefore require frequent shifting. 

 

The photograph of K-10000 (Right Side) gives a higher capacity of 120tonne at a horizontal 

radius of 82mand a height of 12m. The crane rotates about a cylinder of 12m diameter 

provided at its base. Although the crane satisfies our requirements but it is highly costly 

affair. The 12m dia of its rotating base is good enough to tell about its structural dimensions. 

Source of Information: Web sites on cranes (Internet info media). 
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The following pages give a schematic Launching System Developed as a part of this 

thesis. 

 
The Launching System has following Basis Features which have been inculcated to cater for 

the requirements of segmental construction in buildings. Although the system might come up 

with its own limitations before it actually comes in practice, but at present we have tried to 

introduce all the features required for a successful Launching System. 

 
Basic features of the Launching System developed for segmental construction of a building: 

 
a. The launching system consists of a number of supporting steel columns which holds a 

supporting beam in longitudinal (Longer dimension of the building) direction. A 

mobile gantry girder runs over the supporting beam, and the gantry girder is provided 

with an electrically operated movable lifting hoist. 

 
b. The Launching System provides accessibility to practically every possible location 

covered with in its longitudinal supporting beam. 

 
c. The Supporting Steel Columns are Telescopic legs which provide flexibility of 

adjustments in operating height of the Launching System. 

 
d. The entire Launching System is mounted over steel Brackets mounted over the 

building to be constructed so that the Height of the System required reduces to a range 

of 3.0m to 7.0m approximately. The ability to work at any height of the building 

without increasing the overall height of the Launching System makes it more efficient 

and economical. 

 
e. The Visibility of all the parts of the Launching System through naked eyes from one 

location (possible only due to its small height) reduces the chances of accidents and 

hence improves operational safety in a big manner. 

 
f. I envisage that all the functions of the Launching System can be automated using 

electronic modules which will add a sense of modernization making it one of the most 

versatile machines for building construction in future. 

 
With the features discussed above, the Machine can be technically called a �Fully Automatic 

Self Raising Launching System for Building Construction�.  
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Annexure 1 

 

Recommended design procedures and structural checks, construction related provisions as 

recommended by present Indian Standards (only those Standards which are studied under 

present work have been included) 

 

IS 13990-1994 

Indian Standard-PRECAST REINFORCED CONCRETE PLANKS AND JOISTS FOR 

ROOFING AND FLOORING- SPECIFICATION  

 

Clause 5: Design 

5.1 The Planks shall be designed as simply supported for self weight including in-situ 

concrete over haunches, and as a continuous slab for a load comprising live load, self weight 

and dead load of floor finish and/or water proofing treatment .The design shall be in 

accordance with the limit state method of IS 456:1978. 

 

5.2 Reinforcement 

 

i. Reinforcement for the planks shall comprise three equally spaced bars of required 

diameter along the length of planks as main reinforcement. Distribution reinforcement 

shall be equal to or more than the minimum recommended for slabs in IS 456:1978. 

The main reinforcement shall also fulfill the requirement of maximum permissible 

spacing given in IS 456: 1978. 

 

ii. Reinforcement for planks for roofs and floors of residential buildings for spacing of 

joists at 1.5 m, shall comprise of 3 bars of 6 mm of mild steel grade I conforming to 

IS 432(Part 1): 1982 as main reinforcement and 6 mm dia bars, of mild steel grade I 

conforming to IS 432(Part 1): 1982, at 200 mm c/c as transverse reinforcement. In the 

absence of detailed design same reinforcement may be used for spacing of joist 

smaller than 1.5m. 

 

iii. Reinforcement for RCC joist shall be provided as per design (see IS13994: 1994) 
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(Scanned from the Code for reference) 
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Clause 6: CASTING AND CURING OF PRE CAST ELEMENTS    

 

6.1 Pre cast RC Planks 

 

6.1.1 Moulds: Moulds may be made from well-seasoned good quality timber or an 

equivalent wood substitute. However, in case of mass production, steel, plastic or FRP 

mould may be used with advantage .Any material used for making moulds shall be 

rigid, non absorbent and non corrodible and shall maintain the dimensions within the 

specified limits. Typical sketches of moulds are available in the code referred. Some 

of those are shown below (scanned from the code). 

 

6.1.2 Casting:  Inner sides of mould shall be applied with a suitable bond release agent and 

it shall be kept on a smooth concrete platform coated with the bond release agent. 

Alternatively wrinkle free old newspaper may be used over the concrete platform. 

Reinforcement cage shall be placed inside the mould in such a way as to provide a 

cover of 15 mm. Concrete with well-graded aggregate of maximum size 10 mm shall 

be poured to a depth such that after compaction with a plate vibrator, shall become 30 

mm. The upper side of the longitudinal members of the mould and the two tapering 

members shall be then placed over the mould. Concrete shall then be poured in 

middle and the sides and then compacted with plate vibrator. Concrete shall be 

finished level with the mould and the top surface shall be made rough by trowel 

markings. After about half an hour of casting, the two tapering members may be lifted 

off. The mould may be stripped off in about two hours (depending on weather). About 

24 to 30 hours after casting (depending upon the weather), the cast unit shall be first 

slid by push and then tilted through right angles on long edge. It shall then be 

transported in vertical position for curing. 
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(Scanned from the Code for reference) 
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IS 14215-1994 

 
Indian Standard-DESIGN AND CONSTRUCTION OF ROOFS AND FLOORS WITH 

PRECAST REINFORCED CONCRETE CHANNEL UNITS- CODE OF PRACTICE  

 

Clause 4: Structural design 

 
4.1 The Channel units shall have adequate strength and stability in accordance with IS 

456: 1978 during the following stages: 

 

a. De moulding 

b. Handling, stacking, transporting and placing; and 

c. Final stage with all designs dead and imposed loads acting on the floor/roof. 

 

4.2 The units shall be designed either simply supported or continuous depending upon 

actual end conditions. Main reinforcements shall be either designed or shall be taken 

directly from tables 1 to 8 for residential loads. 

 

4.3  Design stage I (Just after Placing of In-situ Concrete) 

 

4.3.1 At the time of laying the units, the load comprises the self-weight of the channel units, 

the weight of in- situ concrete in the joint between the two units and also the 

incidental live load, likely to act on the structure at this stage. In absence of more 

accurate information, incidental load may be taken as half the imposed load likely to 

act on the structure at final stage as recommended in IS 875(Part 2): 1987. 

 

4.3.2 Effective section: At this stage of loading, as in In-situ concrete has not attained any 

strength to ensure monolithicity, the effective width of channel unit shall be taken as 

width of flange portion only. 

 

4.4 Design stage 2 (With full design load) 

 

4.4.1 Loads: At this stage, the loads acting on the structure shall comprise dead load and 

full imposed load as per IS 875(Part 2): 1987. This shall be maximum load likely to 
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act on the structure during its lifetime. For calculating the limit state of collapse at the 

critical section, a combined load factor of at least 1.5 shall be applied for calculating 

the limit state of collapse load. 

 

4.4.2 Effective section:  As the In- Situ concrete has attained strength at this stage , an 

effective width equal to the nominal width of the unit shall be taken for calculating 

the strength of section. 

 

 
 

(Scanned from the Code for reference) 
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(Scanned from the Code for reference) 
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4.5 Design Bending Moment and Shear force:  

 

When the floors/roofs consist of three or more continuous and approximately equal spans, the 

values of bending moment and shear force coefficients given in IS 456: 1978 may be used. 

These coefficients shall be used for imposed live load as well as dead load of finishing but 

not for dead weights of units (including that of In-situ concrete). To the bending moment and 

shear forces so found out, simply supported moment and shear force due to dead weight of 

units (including that of In-situ concrete) shall be added. 

 

4.6 In � Situ concrete, which brings monolithic connection and continuity between pre 

cast units, shall be designed in accordance with IS 3935:1966. 

 

4.7 When Pre cast units are used for the construction of buildings in high seismic zones 

the floor and roof shall be strengthened in accordance with 9 of IS 4326: 1993. 

 

5.0 STORAGE, TRANSPORTATION AND ERECTION OF PRE CAST ELEMENTS  

   

5.1 Handling and transportation of units: The pre cast units shall be handled by placing 

slings placed at about 1/5 of span from ends. Care shall be taken to see that no support 

is placed at the center of the span and the main reinforcement is always at the bottom 

of the stacked units, that is trough shall be facing downwards. 

 

5.2 Transportation: The unit shall be lifted either manually, or preferably with the help of 

a chain pulley block or mechanically with a hoist and placed side by side across the 

span to be covered. 

 

5.3 Placing and aligning: The top surface of the wall or beam support shall be leveled so 

as to provide uniform bearing to the webs of the channel units. While placing the 

units, care shall be taken not to drag the units or apply load eccentrically, which may 

damage the unit. The units are to be placed should be leveled with 6 mm thick plaster 

(1 cement: 3 fine sand) finished with a floating coat of neat cement plaster and a thick 

coat of lime wash or Kraft paper. This is necessary to allow free movement of the roof 

over the walls/ beams so as to avoid development of thermal stress.    
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IS 13994-1994 

 
Indian Standard-DESIGN AND CONSTRUCTION OF FLOOR AND ROOF WITH 

PRECAST REINFORCED CONCRETE PLANKS AND JOISTS- CODE OF 

PRACTICE  

 

Clause 4: Design requirements 

 

4.1 Loads 

The design load on various components of the flooring/roofing shall comprise self weight , 

imposed load in accordance with IS 875 ( Part 2):1987 and dead load due to floor finish in 

case of intermediate floors and dead load due to roof treatment in case of roofs in accordance 

with IS875( Part 1) : 1987. 

 

4.2 Structural design of Roof/floor  

 

4.2.1 Pre cast RC Planks: The plank shall be designed as simply supported for self weight 

including in- situ concrete over haunches, and as a continuous slab for a load 

comprising live load, self weight and dead load of floor finish and/or water proofing 

treatment. The design shall be in accordance with the limit state method of IS 

456:1978 

 

4.2.2 Partially pre cast joists 

 

4.2.2.1 The joists shall be designed as simply supported or continuous T- beam with 60 mm 

flange thickness (equal to full thickness of flange with In- situ concrete) depending 

upon whether joists are having single span or continuous over adjacent span. 

Reinforcement shall be determined in accordance with IS 456: 1978 for the required 

spacing and span of the joists. 
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(Scanned from the Code for reference) 

 

 

 

 



 - 94 - 

 

4.2.2.2 For large spans requiring high moment of resistance, either the depth of joist can be 

increased, or if the depth cannot be increased due to headroom requirements, the joist 

shall be designed as doubly reinforced beam at the support. In the latter case, the 

bottom reinforcement of the joist shall be kept projecting out by about 20 mm and the 

bottom reinforcements of joists covering adjacent spans shall be welded together for 

continuity. The top reinforcement to resist negative moment shall also be provided in 

the joists upto a distance from supports as specified in Is 456: 1978. This shall be 

embedded in In-situ concrete. The moments and shears at various sections shall be 

determined either theoretically or the coefficients given in IS 456: 1978 may be used, 

wherever applicable. Moment of resistance of T- beam with different reinforcement 

based on limit state methods is given in table 1 for reference. 

 

4.2.3 Cover to reinforcement: A minimum clear cover of 15 mm for planks and 25 mm for 

joists shall be provided. 

 

4.3 When the pre cast units are used for construction of buildings in high seismic zones, 

the roofs/ floors shall be strengthened in accordance with the provision of IS 4326: 

1993.  

 

IS 14201-1994 

 
Indian Standard-PRECAST REINFORCED CONCRETE CHANNEL UNITS FOR 

CONSTRUCTION OF FLOORS AND ROOFS- SPECIFICATION  

 

This standard covers the requirements for the pre cast reinforced concrete channel units 

having a length up to 4.5 m used for construction of roofs and floors. In general, this standard 

lays down dimensional specifications of pre cast reinforced concrete channel units.                                          

 
(Scanned from the Code for reference) 
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Annexure 2 

STUDY OF COMPARISON OF DESIGN OF ROOF SLABS CONSTRUCTED 

BY IN-SITU CONSTRUCTION AND ROOF SLABS CONSTRUCTED BY 

SEGMENTAL CONSTRUCTION TECHNIQUE 

 

To study the comparison we have developed small software in EXCEL SPEARDSHEET 

(CALCULATION TOOL OF MS OFFICE A WINDOWS BASED SOFTWARE) 

 

KEY ASPECT CONSIDERED FOR DEVELOPMENT OF THE SOFTWARE 

 

• Analysis of slabs for uniformly distributed loads (structural dead load, floor finishing 

and live load) for in-situ construction of slab i.e. slab considered to be monolithically 

cast with the beams as support using bending moment coefficients given in     

ANNEX D of INDIAN STANDARD CODE OF PRACTICE FOR PLAIN AND 

REINFORCED CONCRETE IS 456 : 2000. The software has facility for considering 

all the support conditions as mentioned in the code IS 456: 2000 

 

• Analysis of slabs for concentrated loads such as due to partition walls, other type of 

concentrated loads can also be considered. For analysis Pigeaud�s curves has been 

used.  

 

• For computerized use of Pigeaud�s curves the curves as given in various references 

are superimposed over graphs of same scale printed on transparencies and having a 

finer grid using the facility of photocopying available these days. The values of 

bending moment coefficients for different values of ratio of U/Lx and ratio of V/Ly 

[ratio of loaded length i.e. contact length of the concentrated load + additional length 

available due to dispersion of load at 45 degrees through the effective slab thickness 

to the span length along the direction of loaded length] are read from these curves. 

Fourteen tables of values are thus generated each corresponding to a different value of 

Ly/Lx curve. 

 

 Tables corresponding to Ly/Lx equal to 1.00, 1.25, 1.41, 1.67, 2.00 and 2.50 have 

been taken from Table 54, Table 55 and Table 56 of  the book titled �REINFORCED 
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CONCRETE DESIGNER�S HANDBOOK� TENTH EDITION authored by: 

CHARLES E. REYNOLDS AND JAMES C. STEEDMAN. 

 

  Table corresponding to Ly/Lx equal to 1.11 has been taken from chapter 12 �design of 

two way slabs� of the book titled �LIMIT STATE DESIGN OF REINFORCED 

CONCRETE� THIRD PRINT authored by: P. C. VARGHESE. 

 

 The values so obtained from these curves are connected with the help of programming 

tools and values lying any where in the range of Ly/Lx greater than or equal to 1.00 

and less than or equal to 2.50 are obtained by linearly interpolating values between 

the nearest values available in the tables. 

 

• The partial safety factors for loads to be used in the analysis are separately mentioned 

in the software and can be changed if a more stringent approach with higher factor of 

safety is demanded by the code in future. 

 

• The software shows a line �Construction Methodology (Write 1 for cast-in-situ 

construction and 2 for precast segmental construction)�. If 1 is inserted then the 

software applies entire partial safety factor for loads and calculates the bending 

moment for dead load + Floor load + Live load, otherwise if 2 is inserted then the 

software calculates the bending moment due to one times the Dead load (structural 

weight of slab) for simply supported condition spanning along direction of effective 

span and marks it as Design Bending Moments (due to Loads before continuity of the 

structure is established) and calculates Design Bending Moments (due to Loads after 

continuity of the structure is established) for  

 

 (1.5-1.0) x Dead load + 1.5 x Floor load + 1.5 x Live load 

 

 considering the structure to be continuous in all respects (i.e. same as analyzed in the 

case of cast-in-situ construction). The Bending Moments due to concentrated loads 

(partition walls) is analyzed using Pigeaud�s curves and is same in both type of 

construction methodologies as the slab is made continuous by in situ concreting 

before erection of partition walls. 
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• The software includes provisions for eccentrically placed concentrated loads and span 

ratio adjustments for various support conditions as per Pigeaud�s method of analysis. 

Reference for these provisions has been taken from Table 56 of the book titled 

�REINFORCED CONCRETE DESIGNER�S HANDBOOK� TENTH EDITION 

authored by: CHARLES E. REYNOLDS AND JAMES C. STEEDMAN. 

 

• The software also considers check for deflection using span empirical relation with 

span depth ratio, suggested by IS 456: 2000 clause 23.2.1. The software also includes 

the modification factor to span depth ratio due to other factors viz. tension 

reinforcement, compression reinforcement, ratio of web width to flange width. 

Reference has been taken from clause 22.2.1 page 55 of sp: 24-1983 for the empirical 

formula for modification factor due to tension reinforcement for direct use in the 

software. 

 

Note:  modification factors due to compression reinforcement, ratio of web width to flange 

width has been ignored and unity (1) has been inserted for these, however provision 

for these modification factors has been kept in the software. 

 

• The check for deflection using empirical relation with span depth ratio, suggested by 

IS 456: 2000 clause 23.2.1 is applicable to in-situ construction only. In case of 

segmental construction it is assumed that the slab shall be divided into number of 

beams spanning along effective span of the slab. These precast elements will be 

provided with precamber against structural weight of the slab so that the top surface 

of the slab will be perfectly horizontal after achieving continuity through application 

of in-situ concreting. Therefore the slab will deflect for  

 (1.5-1.0) x Dead load + 1.5 x Floor load + 1.5 x Live load + concentrated load if any. 

The software also includes the calculation of deflection due to long term effects like 

shrinkage and creep. 

 

Reference for these calculations has been taken from ANNEX C of INDIAN 

STANDARD CODE OF PRACTICE FOR PLAIN AND REINFORCED 

CONCRETE IS 456: 2000. 
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For the calculation of basic value of deflection before cracking of concrete section 

ELEMENT ANALYSIS TOOL OF STAAD III has been used. The software 

automatically generates the input file for STAAD III by dividing the entire slab into 

100 elements i.e. a grid of 10 x10 elements, these elements are considered as fixed at 

joints along the slab edges. The software generates the loading positions and load 

intensity in the required format of STAAD III. This input file can be simply copied 

from EXCEL SPREADSHEET and paste in the STAAD input file. The deflections so 

obtained are fed back into the EXCEL SPREADSHEET for calculation of modified 

short tem and long term deflection using the concept of effective moment of inertia of 

the cracked section as guided by ANNEX C of INDIAN STANDARD CODE OF 

PRACTICE FOR PLAIN AND REINFORCED CONCRETE IS 456: 2000. 

 

Note: the deflections are calculated for full Dead Load taken as acting on continuous 

structure and later a camber already provided in the slab corresponding to one times 

the dead load is deducted to give the actual deflection under segmental construction 

technique. 

 

• The software provides comparison of the deflections obtained and the permissible 

values as per clause 23.2.a and 23.2.b of IS 456: 2000. With two or three iterations 

depth required for satisfying deflection criteria can be obtained. 

 

Note: the deflections check with actual calculation of effective moment of inertia of the 

cracked section can be used for in-situ construction method also by putting precamber 

values to zero. However we have not considered it here. 
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DEVELOPING A CONVENIENT TOOL FOR QUICK AND REASONABLY 

ACCURATE ANALYSIS 

 

The following pages give an insight of how the software works and the basic inputs required? 

 

Step 1: The SOFTWARE requires the inputs for which the slab element is to be designed 

The inputs are either colored in blue color or bold font is used to differentiate the 

input data from the normal data getting generated through internal formulas. 

 

Step 2: Assume suitable depth for first trial 

 

Step 3: Define construction methodology 

 Write 1 for cast-in-situ construction and 2 for precast segmental construction 

 

Step 4: In the first part of design, slab is analyzed for uniformly distributed loads using 

coefficients of bending moment as mentioned in ANNEX D of INDIAN 

STANDARD CODE OF PRACTICE FOR PLAIN AND REINFORCED 

CONCRETE IS 456: 2000. 

  

 In the column marked Span type use following numerals to represent the edge 

conditions: 

 

 101    internal panels 

 102    one short edge discontinuous 

 103    one long edge discontinuous 

 104    two adjacent edges discontinuous 

 105    two short edges discontinuous 

 106    two long edges discontinuous 

 107    three edges discontinuous (one long edge continuous) 

 108    three edges discontinuous (one short edge continuous) 

 109    four edges discontinuous 
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Step 5: After marking span type use following numerals to represent the edge type in shorter 

and longer span directions: 

 

 1    continuous edge 

 2    discontinuous edge 

 

 As per Clause D-1.6 (ANNEX D OF IS:456 2000) at a discontinuous edge, negative 

moment may arise depending upon the degree of fixity at the edge of the slab, 

therefore 50% of the reinforcement provided at mid span should extend 0.1 L into the 

span. In the present SOFTWARE 50% of the moment at mid span is considered to be 

effective at the discontinuous edge so that the codal provision of extending 50% 

reinforcement is automatically taken care off while calculating the final 

reinforcement. 

 

Step 6: In the second part of the design the SOFTWARE deal with analysis of slab for 

concentrated loads using Pigeaud�s curves 

 

Total Load refers to the concentrated load including partial 

factor of safety for Loads. 

aLx  refers to the length of concentrated load along 

the direction of shorter/ effective span. 

aLy  refers to the length of concentrated load along 

the direction of longer span. 

XCG  refers to the Distance of the CG of the 

concentrated load along the direction of shorter/ 

effective span. 

YCG  refers to the Distance of the CG of the 

concentrated load along the direction of longer 

span. 

 

The distances XCG and YCG should be the perpendicular from the nearest edge i.e. the 

shorter distance. 
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Load Type refers to the position of the concentrated load 

with respect to the CG of the Slab Panel. 

 

Load Type 1 refers to concentrated load concentric with the 

slab CG in both Lx and Ly directions. 

Load Type 2 refers to concentrated load concentric with the 

slab CG in both Lx directions and eccentric in 

Ly direction. 

Load Type 3 refers to concentrated load concentric with the 

slab CG in both Ly directions and eccentric in 

Lx direction. 

Load Type 4 refers to concentrated load eccentric with the 

slab CG in both Lx and Ly directions. 

 

The loads which can not be defined by any of the above load type can be divided into 

several fragments so that each fragment can be individually defined by one of the 

above types. 

The SOFTWARE includes facility for considering five concentrated loads or load 

fragments. The no. of concentrated loads can be increased further if required. 

 

Step 7: In certain cases the load can be defined by proper load type, but it changes after the 

effect of dispersion through the effective depth of the slab is considered. To take care 

of this the effect of the dispersion through the effective slab thickness can be ignored 

making the analysis result a bit more conservative. 

 

The SOFTWARE asks to enter 1 for effect of dispersion to be considered and 2 for 

effect of dispersion to be ignored. 
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Step 8: In the analysis for concentrated loads the Pigeaud�s method suggest modification in 

Ly/Lx ratio depending upon the edge conditions of the Slab Panel by multiplying it by 

a factor K1. 

  

 In the column marked Span type use following numerals to represent the edge 

conditions: 

 

 101  internal panels  ------------------------------------------- K1 = 1 

 102  one short edge discontinuous  ------------------------- K1 = 9/8 

 103  one long edge discontinuous  ------------------------- K1 = 7/8 

 104  two adjacent edges discontinuous ------------------------- K1 = 1 

 105  two short edges discontinuous ------------------------- K1 = 4/3 

 106  two long edges discontinuous  ------------------------- K1 = 3/4 

 107  three edges discontinuous (one long edge continuous) -----  K1 = 6/5 

 108  three edges discontinuous (one short edge continuous) ----  K1 = 5/6 

 109  four edges discontinuous ---------------------------------- K1 = 1 

 

Step 9: After marking span type use following numerals to represent the edge type in shorter 

and longer span directions for calculation of mid span moment, according to the edge 

type the actual moment is obtained by multiplying calculated moment by a factor F: 

 

 1  edge of interior panel  --------------------------------- F = 0.70 

 2  edge of end panel.  --------------------------------- F = 0.85 

 

 Similarly use following numerals to represent edge type in shorter and longer 

directions for calculation of support moment, according to the edge type the actual 

moment is obtained by multiplying calculated moment by a factor F: 

 

 1  edge of interior panel  -------------------------------- F = 0.90 

 2  edge of end panel.  -------------------------------- F = 0.25 

 3  edge of penultimate panel lying towards end panel ----- F = 0.25 
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Step 10: Finally the SOFTWARE superimpose all the bending moments calculated for 

uniformly distributed loads applied before continuity of the structure is achieved/ after 

continuity of the structure is achieved and the moments calculated for various 

concentrated loads.  

 

Step 11: The SOFTWARE directly calculates the effective depth required, ratio of 

depth of neutral axis to effective depth and the area of steel required using the actual 

effective depth considered for the analysis. The depth required can be compared with 

the depth assumed for the analysis and iterated accordingly; simultaneously the Xu/d 

ratio gives a check for ensuring that the final section is under-reinforced to ensure 

greater ductility as desired in all the designs. 

 

Step 12: The SOFTWARE also gives a check for effective depth required for satisfying 

the check for deflection (Span- Depth ratio) as given by IS:456 200. After comparison 

the depth of slab required can be iterated accordingly. This check is applicable to cast-

in-situ construction. For deflection check in segmental construction method a separate 

sheet is used where an input for STAAD III file is generated automatically. This is fed 

into STAAD for Analysis, the deflection results obtained is fed back to the EXCEL-

SPREADSHEET and the actual deflection including long term effects due to 

shrinkage and creep is calculated as per IS:456 2000. after two or three iterations the 

deflections can be managed with in the limiting values and the corresponding depth of 

slab required can be found out. 
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Annexure 3 

 

Part 1:  

 

Design Calculations of RCC cellular slab cast-in-situ  

 

Part 2:  

 

Design Calculations of PSC cellular slab design to be constructed by segmental construction 

technique  

 

Part 3:  

 

Design Calculations of RCC continuity in cellular slab design to be constructed by segmental 

construction technique  
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DILEMMA FOUND IN INDIAN STANDARD 

 

Determination of creep effects 

 

As per IS:456-2000 clause 6.2.5.1 

In absence of experimental data and detailed information on the effect of the variables, the 

ultimate creep strain may be estimated from the following values of creep coefficients. 

 

Age at loading  creep coefficients 

    7 days   2.2 

    28 days   1.6 

    1 year   1.1 

 

Observation 

No method of interpolation of the creep coefficients is suggested specifically. As a general 

understanding the values can be linearly interpolated to get values corresponding to age at 

loading not considered in the data table. 

 

As per SP:24-1983 (Explanatory Handbook to IS:456-1978) 

 

Clause 5.2.5.1 

Appropriate values of creep coefficient, for an age of loading different from that given in the 

code can be obtained by an interpolation, assuming that the creep coefficients decreases 

linearly with the logarithm of time in days. 

 

Observation 

A method of interpolation to obtain values of creep coefficients for age of loading not 

included in the data table has been established. This code also refers to reference 7 (CEB/FIP, 

�international recommendations for the design and construction of concrete structures� 1970) 

for further detailed information on this topic. 

 

As per IS:1343-1980 Clause 5.2.5.1 

In absence of experimental data and detailed information on the effect of the variables, the 

ultimate creep strain may be estimated from the following values of creep coefficients. 
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Age at loading  creep coefficients 

    7 days   2.2 

    28 days   1.6 

    1 year   1.1 

Clause 5.2.5.2 

For calculation of deformation at some stage before the total creep is reached, it may be 

assumed that about half the total creep takes place in the first month after loading and that 

three-quarters of the total creep takes place in first six months after loading. 

 

Observation 

A method of interpretation of creep effect is suggested which is still different from the above 

mentioned codes. 

 

As per IRC:18-2000 Clause 11.2 

The strain due to creep of concrete shall be taken as specified in Table 2. 

 

Maturity of concrete at the time of stressing as a % of fck creep strain per 10mpa 

40      9.4 x 10-4  

50      8.3 x 10-4  

60      7.2 x 10-4  

(Table not shown completely) 

Observation 

A creep effect definition is based on maturity of concrete and the present value of stress due 

to permanent effects at that time. 

 

General Observation 

The method of estimation of creep effects differ in different codes although all the codes are 

of Indian origin. The problem need immediate concern for clarity. 

More over the term �Age at Loading � is misleading since it is not defined in any of the �IS� 

series of codes properly. I understand that since it is applicable to long term deformations in 

RCC structures therefore it can not be the age at prestressing of concrete which is generally 

assumed. 
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