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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.



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.



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 S5m with following loading conditions

zZ i S
' S

j A Bi (Mid Span) C

Dead Load of beam = 0.3 t/m’

Weight of Super Imposed Dead Load on the beam = 0.2 t/m’

Live Load on beam = 0.2 t/m’

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 5% /12 = 5.834tm
Bending Moment at Mid Span = 4 x (0.3+0.2+0.2) x 5 /24 =2.917tm



If the beam is constructed by segmental construction technique

Bending Moment at Support = 0 + 4 x (0.24+0.2) x 5° /12 = 3.333tm
Bending Moment at Mid Span =4 x (0.3) x 5> /8 + 4 x (0.2+0.2) x 5° /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.

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.

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.

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 L* /12
Bending Moment at Mid Span = (W1+W2+W3) x L* /24

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

If the beam is constructed by segmental construction technique

Bending Moment at Support = 0 + (W2+W3) x L* /12
Bending Moment at Mid Span = W1 x L* /8 + (W2+W3) x L* /24
Maximum bending moment at any section in the beam = W1 x L*/8 + (W2+W3) x L?/24

IF  WIxLY8+ (W2+W3) x L*/24 < (WI+W2+W3) x L* /12

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

e,  3xWI-2xWI<2x(W2+W3)— (W2 + W3)

ie.  WI<(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

-12-



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 = 14.75m’/m (approx)
Weight of Shuttering = 150kg/m”

Cost of Fabrication = Rs 75 per kg

Cost of Shuttering = 75 x 150 = Rs 11250 per m’
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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 =2x0.75x19.92 = 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 =0.75x49.79 = 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 m’
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 m’
Cost of Scaffolding for 10m average height = Rs 4000 to Rs 6000 per m”
Assuming cost of scaffolding = Rs 5000 per m”*
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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:
1) De moulding
1) Handling, stacking, transporting and placing; and

ii) 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- sifu 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-sifu 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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4.4.2

4.5

4.6

4.7

5.0

5.1

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

the limit state of collapse load.

Effective section: As the /n- 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.

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.

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

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

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.

STORAGE, TRANSPORTATION AND ERECTION OF PRE CAST
ELEMENTS

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 1) — 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 IT) — 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 IIT) — 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 HII: 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.
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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.

1S14142: 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.
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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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ANATLYSIS RESULTS OF SOLID SLAB SYSTEM

INPUT INFORMATION

Density of Concrete

Density of Flooring
Thickness of Floaring
Grade of Concrete
Grade of Steel

fok
fy
Humaxd

Partial factor of safety
Dead Load
Live Load

Bar dia to be used
Clear Cover in Ly Direction

Bar dia to be used
Clear Cover in Ly Direction

Self Weight of Slab
Dead Load due to Floor Finishing's
Live Load

Type of Slab Panel considered for analysis

= 2.5 tin®
= 2.0 tim®
= 100 | mm
= h- 25 and
= Fe- 415
= 2550 t/m?  and

= 42330 tém?
= 0.48

= 1.5
= 1.5

= 8 mm
= 20 mm

= 8 mm
= 28 mm

= “aries
= 0.2 tim?
= 0.2 tim?

Internal Fanel
(continuous on all edges)

M- 40

4080 tim?
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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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ANATLYSIS RESULTS OF CELLULAR. SLAB TYPE SYSTEM

INPFUT INFORMATION

Density of Concrete = 2.5 th’
Density of Floaring = 2.0 th®
Thickness of Flooring = 100 mm
Grade of Cancrete = b 40
Grade of Steel = Fe- 415
fck = 4080 t/m*
iy = 42330 thm?
urmaxd = 0.48

Fartial factor of safety

Dead Load = 1.5
Live Load = 1.5
Bar dia to be used = 16 mm
Clear Cover in Lx Direction = 20 mm
Bar dia to be used = 16 mm
Clear Cover in Ly Direction = 20 mm

(Clear cover in Lx and Ly direction has been taken same for siplification)

Self YWeight of Slab = Yaries
Dead Load due to Floor Finishing's = 0.2 thm?
Live Load = 0.2 tim*

Internal Panel
(continuous on all edges)

Type of Slab Panel considered for analysis
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CONCLUSION

(For cellular slab tvpe 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.

Balanced Cantilever Construction

Form Traveler

Tempoarary Pier
Tower with
Wertical
Mrestressimg

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.

Fig. 1fa) : Erection of segments with Fig. 1ib}: Delivery of ssmments
shear leg segments through oolumns through the pEiers.

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.

i

'~ Form TFraveler herdmg the_S.bJ.lltermg for
Cast-in-situ SegmentalConstruction of the Bridge

(Showing: ntéi‘medlate Stage of Brldge Construc on)

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.
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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 ¢” 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.
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Erection of Box Girder Segments —
Flvover at Anand Rao Circle.

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.
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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).
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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
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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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Clause 6: CASTING AND CURING OF PRE CAST ELEMENTS

6.1

6.1.1

6.1.2

Pre cast RC Planks

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).

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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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

4.2

4.3

43.1

43.2

4.4

4.4.1

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

456: 1978 during the following stages:

De moulding
Handling, stacking, transporting and placing; and

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

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.

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

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.

Effective section: At this stage of loading, as in /n-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.

Design stage 2 (With full design load)

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.
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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 /n-sifu 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 /n-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- sifu 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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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.
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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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Note:

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.

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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Note:

Note:

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.

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.
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:

Step 2:

Step 3:

Step 4:

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.

Assume suitable depth for first trial

Define construction methodology

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

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:

Step 6:

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 [S: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.

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.

Xca > 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 Xc¢ and Y should be the perpendicular from the nearest edge i.e. the

shorter distance.

- 100 -



Step 7:

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.

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.

- 101 -



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 =~ —mmemmmmmmm Kl=1
102 —» one short edge discontinuous ~ —-=----m=mmmmmmmmmmm - K1 =9/8
103 —» one long edge discontinuous - K1 =7/8
104 —» two adjacent edges discontinuous - - Kl =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 =~ ----==-=mmmmmmmmmm oo Kl=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 1S: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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Section Properties of The Internal Cell Grid Line Along Lx Direction_at Mid Span Location

3.000

| 0075
@ 0.400
_____ - % Centroidal Axis
1.4180
0.800 + «— [1.170 0.650
O T 00s
‘!_I i -¥
* 3.000 "
Calculation of Cross-Section Properties
Element | Area (&) L AL i AN
1 0.225 0.0338 0.0054 1.500 0.3375
2 0.1105 0.4 0.0442 1.500 0.1658
3 0.225 0.7625 01716 1.500 0.3375
TOTAL | 0.560500 0.2242 08408
= 0400 |m N = EE00
I
3
Elerment 1] d bd
3
1 3.000 0.075 2 1ME-04 |=—hd*E
2 0.650 0.170 1.06E-03 [<—hd*3
3 3.000 0.075 2 11E-04 |=—hd®B
TOTAL 0.001486 ly = 0.001486 |'|‘|4
I
Element |Iself=d12 | AfY - 7
1 0.168750 | 0.000000
2 0.000266 | 0.000000
3 0.168750 | 0.000000
TOTAL | 0337766 | 0.000000 l).r = 0.337766 I'|‘|4
Iz
Element |lzelfshd®/12| A [ 3% )
1 0.000105 | 0.029566
2 0.003591 | 0.000000
3 0.000105 | 0.029566
TOTAL | 0.004101 | 0.059133 l; = 0.063234 m4
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Section Properties of The Internal Cell Grid Line Along Ly Direction_at Mid Span Location

\ 2.000 |
fT) 1 oos
@ 0.400
_____ - % Centroidal Axis
0.8375
0.800 + «— [].125 0.650
O T 00s
_‘!_I i_!
* 2.000 "
Calculation of Cross-Section Properties
Element | Area (&) L AL i AN
1 0.15 0.0338 0.0056 1.000 0.1500
2 0.03125 0.4 0.0325 1.000 0.05813
3 0.15 0.7625 0.1144 1.000 0.1500
TOTAL | 0.381250 0.1525 0.3813
= 0400 |m X 1.000  |m
I
3
Elerment 1] d bd
3
1 2.000 0.075 1.41E-04 |2 hd*B
2 0.650 0.125 4 23E-04 |«—hd*3
3 2.000 0.075 1.41E-04 |2-—hd*/B
TOTAL 0.000704 ly = 0.000704 |'|‘|4
I
Element |Iself=d12 | AfY - 7
1 0.050000 | 0.000000
2 0.000106 | 0.000000
3 0.050000 | 0.000000
TOTAL | 0100106 | 0.000000 l).r = 0.100106 I'|‘|4
Iz
Element |lzelfshd®/12| A [ 3% )
1 0.000070 | 0.019711
2 0.0025861 | 0.000000
3 0.000070 | 0.019711
TOTAL | 0.003001 | 0.039422 l; = 0.042423 m4
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Section Properties of The Internal Cell Grid Line Along Lx Direction_at Mid Span Location

1.500

1 oo
0.000
0.800 + «— [1.170 0.650
O T 00s
_‘!_I i_!
* 1.500 "
Calculation of Cross-Section Properties
Element | Area (&) L AL i AN
1 0.1125 0.0338 0.0042 0.750 0.0544
2 0.1105 0.4 0.0442 0.0585 0.0094
3 0.1125 0.7625 005353 0.750 0.0544
TOTAL | 0.335500 0.1342 0.1781
= 0400 |m X 0.531
I
3
Elerment 1] d bd
3
1 1.500 0.075 1.05E-04 |<—hd*&
2 0.650 0.170 1.06E-03 [<—hd*3
3 1.600 0.075 1.08E-04 |2-—hd*/B
TOTAL 0.001275 ly =
I
Element |Iself=d12 | AfY - 7
1 0.021094 | 0.005397
2 0.000266 | 0.021578
3 0.021094 | 0.005397
TOTAL | 0.042454 | 0.032771 l).r =
Iz
Element |lzelfshd®/12| A [ 3% )
1 0.000053 | 0.014783
2 0.003591 | 0.000000
3 0.000053 | 0.014783
TOTAL | 0.003995 | 0.029565 l; =

0.400

——- Centroidal Axis

M

0.001275 m?

0.075225 m?

0.033562 m*
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Section Properties of The Internal Cell Grid Line Along Ly Direction_at Mid Span Location

\ 1.000 |
fT) 1 oos
@ 0.400
_____ - % Centroidal Axis
0.000
0.800 + «— [1.170 0.650
O T 00s
‘!_I i -¥
* 1.000 "
Calculation of Cross-Section Properties
Element | Area (&) L AL i AN
1 0.075 0.0338 0.0023 0.500 0.0375
2 0.1105 0.4 0.0442 0.0585 0.0094
3 0.075 0.7625 0.0572 0.500 0.0375
TOTAL | 0.260500 0.1042 0.0844
= 0400 |m X 0324 m
I
3
Elerment 1] d bd
3
1 1.000 0.075 7.03E-05 |=—hd*E
2 0.650 0.170 1.06E-03 [<—hd*3
3 1.000 0.075 7.03E-058 |<—hd®B
TOTAL 0.001205 ly = 0.001205 |'|‘|4
I
Element |Iself=d12 | AfY - 7
1 0.006250 | 0.002324
2 0.000266 | 0.006310
3 0.006250 | 0.002324
TOTAL | 0.012766 | 0.010958 l).r = 0.023724 I'|‘|4
Iz
Element |lzelfshd®/12| A [ 3% )
1 0.000035 | 0.009355
2 0.003591 | 0.000000
3 0.000035 | 0.009355
TOTAL | 0.003961 | 0.019711 l; = 0.023672 m4
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Check for Deflection

Calculation of Effective Morment of Inertia as per [5:456 Annex C

_ Ir

et - 1.2 - (MM (Z/d) (1-%7d) (bwdb)

lets is the effective moment of inertia for the entire Beam or Slab in the direction of effective span
Ir i the moment of inetia of the cracked section
Milr is the cracking moment, equal to (For lgrdvt

YWhera

Fcr is the modulus of rupture of concrete = 0.7 v/ Fck

[Clause 6.2.2 of IS 456 : 2000 also reiterated in Example 12 of SP 16 1980 (Tenth reprint June 195977]
Igr is the moment of inertia of the gross section neglecting the reinforcement

1 is the distance of centroidal axis of the gross section to the extreme fibre in tension

i= the maximum moment under service loads
i= the lever arm

is the eftective depth

is the depth of the neutral axis

is the breadth of the web

is the breadth of the compression face

Ec is the modulus of elasticity of concrete = 5000 +/Fck
[Clause 5.2.3.1 of IS 456 : 20EE]

= =

a3

Es is the modulus of elasticity ofsteel < 200 FNmh®
[Clause 5.6.3 of IS 456 : 2000 also reiterateddin Bwafmple 1200f SP 16 1980 (Tenth reprint June 19577]
1] rodular ratio = Es/Ec
Mote : for the deflection check of the slabs both bw and b are taken as 1m

Check for Deflection Along Ly Direction

[r = 9 790E-03

Ml r = 71.387263

Frr = 451 57

Iy = G.323E-02

't = 0.4000

fl = 5738

z = 07611

d = 07720

i = 0.0335

s = 0.170

b = 3.000

Ec = INBZL.78 mpa

Es = 200000 | mpa

1] = G.3245553
CG cracked section = 0.1185 m

lets = 3.636E-03

Ir < la < Igr
Governing value of | = 5. 323E-02
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Maximum Deflection with Gross M.0.l. of the Element (i.e. gross section.neqlecting the reinforcementj

Deflection due to Dead Load

Self Wveight of the Slab = 44040 mm
Floor Finishing = 1.2650 mm
Partition YWallf any other Concentrated Load = 0.0000 | mm
Deflection due to Live Load = 1.2650 | mm
Coefficient of permanent part of Live Load for loag term deflection effects 07

(Refer 35.4.1 page 114 of 3P -1983 First Reprint December 1985)

Total Short Term Deflection (with Gross M.O.0) = £.9340 mm
Modified “alue of Short Term Deflection = 6.93 rmm
Mith leff Calculated above)

Deflection due to Shrinkaqge

Bes = Ko s P = 2,80 mm
Ka = is a constant depending upon the support condition = 0.063 for fully continuous
s = Ky 50 = 9.91E-05
where
K = 0.72(Pt-Poy// Pty for0.28 = Pt-Pc <10
and 0.65Ft-Pei/v Pty for Pt-Pc = 170
Pt = 0. 1346592 %
Pc = 0 (effect ignatedSiany)
by = 0.264243
Sus = 0.0003
] = 0.8
L = 20.000 m IEffective span considered)

Deflection due to Creep

Elasticity modulus of concrete for creep effects 12162.61 mpa

Age at loading = 28 days

Please write one of the fallowing in age at loading (other values are not allowed in the and will cause errars)
creep coefficient

7 days 2.2

20 days 1.6

1year 1.1

Deflection due to creep = 10.11 'mm

Total Deflection including all effects = 19.54 mm

Precarmber Provided if any = 0.00 mrm

et Total Deflection including all effects = 19.54 'mm

FPermissible limit for deflection = 20.00 mm Ik

Total Deflection including all effects after erection of = 13.87 \mm

partitions and application of finishes

Fermissible limit for deflection = 20.00 mirm (8]
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Summary of Stress Check

Stage 1
1 The girder is cast on the casting bed with prestressing steel strands pre-tensioned against
Stressing Abutments
5 The pertensioned tendons cast into the concrete are released to transfer the prestress to
the concrete
3 Some post tensioning tendons may be stressed while the girder =till rests on the casting bed

Mote:  Age of concrete at the time of transfer of prestress is taken as 7 days

Bending rmoment at the section considered due to self weight of the girder = 59.02 tm
Total prestressing force applied in stage 1 = SA7 72
Stress Check After Friction and Slip Loss

Total prestressing force left in the stressed cables after friction and slip loss = 03797
Total bending effect due to this prestressing force ZPCosf x eccentricity = 9314 tm
The girder will Hogg up so that the bending effect of the girder is generated at the section

The stress generated at top fibre of the precast section = B05.80 tirm?

167010 tim?

The stress generated at bottorn fibre of the precast section

Stress Check After Elastic Shodening Less

Total prestressing force left in the stressed cables aftef elastic shortening loss = 511.28
Total bending effect due to this prestressing force ZPCosf x eccentricity = 83.34 tm
The girder will Hogg up so that the bending effect of the girder is generated at the section

The stress generated at top fibre of the precast section = 631.60 t/m?

1546.01 tim?

The stress generated at battom fibre of the precast section

Stress Check After Shrinkage Loss

Total prestressing force left in the stressed cables after shrinkage loss = o01.24 t
Total bending effect due to this prestressing force ZPCosf x eccentricity = 0658 tm
The girder will Hogg up so that the bending effect of the girder is generated at the section

The stress generated at top fibre of the precast section = 540.32 tém?

The stress generated at battom fibre of the precast section 1500.06 t/m?

Stress Check After Creep Loss

Total prestressing force left in the stressed cables after creep loss = 47814 t
Total bending effect due to this prestressing force ZPCos# x eccentricity = 82.89 tm
The girder will Hogg up so that the bending effect of the girder is generated at the section

The stress generated at top fibre of the precast section = £59.65 t/m?

1394 BF tim?

The stress generated at battom fibre of the precast section
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Stress Check After Relaxation Loss

Total prestressing force left in the stressed cables after relaxation loss
Total bending effect due to this prestressing force ZPCosf x eccentricity

The girder will Hogg up 5o that the bending effect of the girder is generated at the section

The stress generated at top fibre of the precast section
The stress generated at bottom fibre of the precast section

otage 2

Mote:  Age of concrete at the time of transfer of prestress is taken as 28 days

Bending moment at the section considered due to self weight of the girder

Total prestressing force applied in stage 1 and 2

Stress Check After Friction and Slip Loss

Total prestressing force left in the stressed cables after friction and slip loss

Total bending effect due to this prestressing force ZPCosf x eccentricity

The girder will Hogg up sa that the bending effect of the girder is generated at the section

The stress generated at top fibre of the precast settion
The stress generated at bottam fibre of the preeast geetion

Stress Check After Elastic Shortening Loss

Total prestressing force 1eft in the stressed cables after elastic shortening loss

Total bending effect due to this prestressing force ZPCosf x eccentricity

The stress generated at top fibre of the precast section
The stress generated at bottam fibre of the precast section

Stress Check After Shrinkage Loss

Total prestressing force eft in the stressed cables after shrinkage loss
Total bending effect due to this prestressing force ZPCosf x eccentricity

The stress generated at top fibre of the precast section
The stress generated at bottam fibre of the precast section

Stress Check After Creep Loss

Total prestressing force eft in the stressed cables after creep loss
Total bending effect due to this prestressing force ZPCosf x eccentricity

The stress generated at top fibre of the precast section
The stress generated at bottorn fibre of the precast section

45917 |t
7930 tm

E75.77 tim’
130836 tim?

The girder is lited up from the casting bed and transferred to staking yard where it rests over
stacking padestals running perpendicular to it so that it spans between them
2 Some post tensioning tendons may be stressed in the stacking yard

59.02 tm
BB0.0O7 |t

53797 |t
93.14 tm

E05.80 tim®
167010 tém?

466.08 |t
80.50 tm

EE3.94 tim®
1339 57 tim?

45080/t
7615 tm

71333 t'm®
1247 72 tim?

414751
£9.92 tm

74351 tim®
108356 tim’
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otress Check After Relaxation Loss

Total prestressing force left in the stressed cables after relaxation loss = 41367 |t
Total bending effect due to this prestressing force ZPCosf x eccentricity = 63.74 tm
The stress generated at top fibre of the precast section = 744,37 tim?

107867 tim’

The stress generated at bottom fibre of the precast section

Stage 3

The girder is transported to its intended destination on the site and placed at its position in
the structure
2 The remaining part of the dead load is cast
However since the self weight of new goncreteds transferred to the ald section of the girder befare the new
cast attains any strength for structural filtposestherefdresthel old segtion properties will be effective for the
purpose of stress check

Mote: | Age of concrete at the time of transfer of prestress is taken as 100 days
(all time dependent losses have been assumed to have completely occurred in stage &)

Bending moment at the section considered due to self weight of the girder = 3918 tm
additional stress at the top fibre of new cast = 0.00 tirm?
additional stress at the interface of new cast and old section = 703.23 tém?
additional stress at the hottom fibre of old section = -518.85 1t
Total stress at the top fibre of new cast = 0.00 tém?
Total stress at the interface of new cast and old section = 1447 B1 tim?
Total stress at the bottorn fibre of old section = 059821t
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Slage 4

1 The new cast concrete attains its strength and become effective for stresses due to further loads
2 The floor is cast aver the slab

Mote:  Age of concrete at the time of transfer of prestress is taken as more than 100 days
(all time dependent losses have been assumed to have completely occurred in stage 2)

Bending moment at the section considered due to floor load = 10,36 tm
additional stress at the top fibre of new cast = 8820 thr
additional stress at the interface of new,cast and old section = 74.49 tim?
additional stress at the hottomn fibre of ald sectien = -1158.55t
Total stress at the top fibre of new cast = 8520 thr
Total stress at the interface of new cast and old section = 1522.09 tém’
Total stress at the hottom fibre of old section = 444 27 1t
Bending moment at the section considered due to live load = 10,36 tm
additional stress at the top fibre of new cast = 85.20 tht
additional stress at the interface of new cast and old section = 74.49 tim?
additional stress at the hottom fibre of old section = -115.55 1t
Total stress at the top fibre of new cast = 176.40 tir?
Total stress at the interface of new cast and old section = | 1596.580 tim’
Total stress at the bottarn fibre of old section = F28.72 tim’
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Check for Shear (AT SUPPORT SECTION)

Partial Safety factors for loads

* LS
Dead Load 1.50
Floor Finishes 1.50
Live Load 1.40

* Ultimate Limit State
* Serviceability Limit State

Surnrmary of Ultimate Shear

Bendin Shear Factored | Factored

Load case 4 Bending | Shear
Morment Force

Moment Force
Dead Load .05 19.84 .08 29.76
Floor Finishes | 20.32 572 30.45 g.58
Live Load 20,32 572 30.43 a.58
Total 40.68 31.28 G1.04 45.92

Stage 1 & Stage 2

Ultirmate Shear Resistance of Section Uncracked in Flexure

oo = OEFbDY (ﬂ2 +0.8 fop f) = 21.97 tim?
1] = 0.19 m

D = Ol485 1m

Grade of concrete = k- |40

ft = 0.24 '\ fck = 154.83 t/m?

Area of cross Section = 0.44 m?

fop = B2B.35 t/m?

Lltirate Shear Resistance of Section Cracked in Flexure

877165 tim*

553 t/m’
B771.65 tim?

ver = (1 - 0.55 fpeffp) £ b d + hio Vil

ar 0.1 bd Vick

Governing “alue of \veor

fe = maximurm of 0.6fp or effective prestress after all losses
= 36580t

fp = 88009 t

area of prestressing tendon = 46.389 crm?

% area of prestressing tendon = 5319 %

te = 103.02 tim’

flio = 0.8 fpt (i) = 2209 tir?

The section is uncracked in flexure

“ertical compaonent of prestress at the section = 11.95]
Shear capacity of the section = 3391 tim?
ar 2596t

Shear reinforcement = 15.85615
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cenvice stage

Ultimate Shear Fesistance of Section Uncracked in Flexure

Yoo = 067 b D “\.-"I(ﬂ2 + 0.8 fop ft) = 25 56 tim?
b = 023 m
D = 0.52 m
Grade of concrete = M- |40
ft = 0.24 Y fck = 154 83 t/m’
Area of cross Section = 058 m?
fcp = 628.03 t/m?
Ultimate Shear Fesistance of Section Cracked in Flexure
Wy = (1-0.55fpefp) tc b d + Mo W/ = 27 49 tim?

ar 0.1 bd Vick = £.63 tim
Governing “alue of Weor = 27 .49 tim?
fpe = maxirmum of Lafpof effestive prastress after all losses

= 365.80
fp = Ba0.09 1
area of prestressing tendon = 45.389 crm
% area of prestressing tendon = 4083 %
te = 103.02 t/m?
fvlo = 0.8 fot (1) = 2401 tim*
The section is luncracked in flexure
Yertical component of prestress at the section = 1195t
=hear capacity of the section = 37 81 tim®

ar 476t

Shear reinforcement = 23 45 cmtim
Check for Ultimate Shear
Met ultimate Shear force = 42 BB |t
Met dltimate Shear stress = 375 .45 tim*
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Section Properties of The Internal Cell Grid Line Along Lx Direction at Mid Span Location

, 3.000

0.224

_____ - _ % Centroidal Axis

1.3850
0520 | = — [.230 0314
[ (3) t oos
_!_I - i_!
- 3.000 o
Calculation of Cross_ Section Properties
Element | Area (A) z AL Y AY
1 0.39 0.065 0.0254 1.500 0.5850
2 0.07245 0.2875 0.0203 1.500 0.1087
3 0225 0.4825 I=1ags 1.600 0.33Z6
TOTAL | 0.687450 D=154T 1.0312
T= 0225 m ¥ o= 1800 m
I
3
Element b d bd
3
1 3.000 0.130 1.10E-03 |=—bhd*5
2 0314 0.230 1.28E-03 |=—hd*3
3 3.000 0.075 2ZMED4 |<—hd5
TOTAL 0.002587 ly = 0.002587 m4
I
Element |Iself=dn’fi2 | Ary - 7§
1 0.292500 | 0.000000
2 0.00031% | 0.000000
3 0. 168750 | 0.000000
TOTAL | 0.461565 | 0.000000 ly = 0.461569 m4
Iz
Elernent |Iselfishd®H12| A (¥ 7
1 0.000549 | 0.009996
2 0.00059% | 0.000282
3 0.000105 | 0.014908
TOTAL | 0.001254 | 0.025186 L, = 0.026440 m4
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Section Properties of The Internal Cell Grid Line Along Lx Direction at Mid Span Location

, 2,000

0.2

_____ - _ % Centroidal Axis

0.9650
0520 | = «— [.070 0314
[ (3) t oos
_!_I - i_!
- 2.000 o
Calculation of Cross_ Section Properties
Element | Area (A) z AL Y AY
1 0.26 0.065 0.0169 1.000 0.2600
2 0.02:205 0.2875 0.0053 1.000 0.0221
3 0.15 0.4825 a7 1.000 0. 1500
TOTAL | 0.432050 00956 04321
= 0221 m o= 1000 m
I
3
Element b d bd
3
1 2.000 0.130 7.32E-04 |z—hdE
2 0314 0.0vo 3.BOE-05 |<—hd*3
3 2.000 0.075 141E-04 |2 —hd*5
TOTAL 0000505 ly = 0.000909 m4
I
Element |Iself=dn’fi2 | Ary - 7§
1 0.086667 | 0.000000
2 0.00000% | 0.000000
3 0.050000 | 0.000000
TOTAL | 0.136676 | 0.000000 ly = 0.136676 m4
Iz
Elernent |Iselfishd®H12| A (¥ 7
1 0.000366 | 0.008352
2 0.000182 | 0.000057
3 0.000070 | 0.010234
TOTAL | 0.00061% | 0.0166582 L, = 0017301 m4

~ 143 -



Section Properties of The Internal Cell Grid Line Along Lx Direction at Mid Span Location

, 1,500

0.231

_____ - _ % Centroidal Axis

0.000
0520 | = — [.230 0314
[ (3) t oos
_!_I - i_!
- 1.500 o
Calculation of Cross_ Section Properties
Element | Area (A) z AL Y AY
1 0.185 0.065 0.0127 0.750 0.1453
2 0.07245 0.2875 0.0203 0.115 0.0083
3 01125 0.4825 0.0543 0.750 0.05344
TOTAL | 0.379950 00878 0.2390
= 0231 m ¥ = 0629 m
I
3
Element b d bd
3
1 1.500 0.130 5 49E-04 |<—hd*5
2 0314 0.230 1.28E-03 |=—hd*3
3 1.500 0.075 1.05E-04 |=—hd*G
TOTAL 0.001532 ly = 0.001932 m4
I
Element |Iself=dn’fi2 | Ary - 7§
1 0.036563 | 0.002859
2 0.000319 | 0.019135
3 0.021094 [ 0.0016549
TOTAL | 0.057976 | 0.023643 ly = 0.081619 m4
Iz
Elernent |Iselfishd®H12| A (¥ 7
1 0.000275 | 0.005376
2 0.00059% | 0.000231
3 0.000053 [ 0.007113
TOTAL | 0.000926 | 0.012721 L, = 0.013647 m4
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Section Properties of The Internal Cell Grid Line Along Lx Direction at Mid Span Location

, 1,000

0.236

_____ - _ % Centroidal Axis

0.000
0520 | = — [.230 0314
[ (3) t oos
_!_I - i_!
- 1.000 o
Calculation of Cross_ Section Properties
Element | Area (A) z AL Y AY
1 0.13 0.065 0.0085 0.500 0.0650
2 0.07245 0.2875 0.0203 0.115 0.0083
3 0.075 0.4825 I esE2 0.500 0.03Z&
TOTAL | 0.277450 D:0655 0.1108
T= 0236 m ¥ o= 0399 m
I
3
Element b d bd
3
1 1.000 0.130 3.66E-04 |<—hdE
2 0314 0.230 1.28E-03 |=—hd*3
3 1.000 0.075 7.03E-05 |<—hd5
TOTAL 0.001714 ly = 0001714 m4
I
Element |Iself=dn’fi2 | Ary - 7§
1 0.010833 | 0.001314
2 0.00031% | 0.005863
3 0.005250 | 0.000758
TOTAL | 0.017403 | 0.007535 ly = 0.025337 m4
Iz
Elernent |Iselfishd®H12| A (¥ 7
1 0.000183 | 0.003800
2 0.00059% | 0.000152
3 0.000035 | 0.004559
TOTAL | 0.000817 | 0.008551 L, = 0.009368 m4

~ 145 -



£1°) LeLOD0[ 0220 | 000E | 2v0E = cesl [ 05210 a0 500 cer0 | DES0 FOC 290 290 AT | NI
£1°) LeLOD0[ 0220 | 000E | 2v0E = cesl [ 05210 a0 500 cer0 | DES0 FOC 290 290 AT | mEW C
60’8 SLELOOD] DECOD | 0002 | A¥02 = cesl [ 05210 a0 500 cer0 | D250 | 85T L o8t 98°% | 026k | MIW
60’8 SLELOOD] DECOD | 0002 | A¥02 = cesl [ 05210 a0 500 cer0 | D250 | 85T L o8t 98°F | 026 | Bl |
I6°6)L | SP9Z00] DEC0 | 000E [ A¥0C |86l Zesl [ 05210 8o 5200 cefr'0 | D250 | 06'LT 0E'6 OE'6 | 0298 | 'MW
I6°6)L | SPOZ00] DEE0 | 000E [ A¥0E |86l Zesl [ 05210 ari S200 cefr'0 | D250 | 06'LE 0E'6 OE'6 | 039E | W=yl 0 5
oG | 9EaZ00| DEZ0 | 00OE [ A¥0E |86 2e5l [ 05210 8o G200 Zer0 | DES0 1=y =) AE°6 | 9998 | MIW
€96l | 9EaZ00| DEZ0 | 00OE [ A¥OE | 'BE1 2e5l [ 05210 8o G200 Zer0 | DES0 1827 A6 A6 | 999E | Wyl C
LIVE | A6LF0°0) OEED | OOOE | A %02 |86 sl [ 05410 8Fo G200 Zer0 | 0250 | 86'EF | 997l 99l | vRAS | MW
LIVE | A6LF0°0) OEED | OOOE | A %02 |86 sl [ 05410 8Fo G200 Zer0 | 0250 | 86'EF | 997l 99l | FRAG | WV L
6F'FE  |BSES00| DEE'D | OOOE [ £'F0F |86 sl [ 05410 8Fo G200 Zer0 | 0250 | 9608 | FE'OF | EE'07 | FE'O3 | NI
6F'FE  |RSES00| ODEC'0 | OOOE | /'¥0F | 'B61 sl [ 05410 8F0 00 Zer0 | OZ50 | 9608 | FE0F | ZE'O7 | FE'OB | “HvIN 0 =
Hamniy aniy aauelsig "ap
W3 Jagulal | Jagulag Tkl TR 1Ny S afile| 4 JELTNET I BGuIEN
palinhay | PaasIYIY all all savew | sadew 3= | Wd=JA uag unissal ydacg all fuipuag peoT | saysidid) peon
18815 PTG |40 UIPaA, 30 LRI W | ok ni . -dulog amlagd (o ydag| aaT 10014 peag
JLR-ETY o8, afue|4 _H_MH_%F_% _H_vn_a._;mu__ustﬁ; 101 5o RURELLT 10 558UHIYL el [£30L ™ 5D OO
JOEIN T
PaI0IE 4 SLMIAWOW dFHOLIFINN
AU Sl usLlamual jo Yibualls s1sua) J115U8138IE YD
LU O 818/0und jo Yifiuaals sassaldilon aisualialeys
L gy sieq Bulnioiay Jo eig
WLog SOU Ul JuaLIadI0juIEy 0 18a07) e8|
gy SOE|S/SWEBY Ul JUALIBII0MUIEY 0] 18407 JES|D)
fulfifies sueawl aa
fuffioy sueaw aat
NOILNIANDD NDIS
wine i
wing ]
ge|s ayi o ueds
=" 701 3AN
051 SIHSIMIA H0074
0ono w07 dw3d
SN
7 UoRINNRSU0D [epuawWlbias 10} 7 pue ucnRInnsued NUs UFSED 10§ | 8)1Mm aseald

S0701 404 ALJJVS 40 HOLDWd TWIldvd

I NOLLYNIGWOD

SNOLLYNIFWOD dvO1 SNOIFvA NI SLNIWOW ONIANID 40 AYYWINNS

- 146 -



Ll ooo GEF PO 0| FAL0] 0908 | OLO [O80L| &FO0 yoZ [EETL| 000 | 000 DECO | 250 | EEZL | Lbv | Lbw |96'5k) OO0 | 000 | 000|000
EL7L noo R |FOF0|FAL0| D90 | OLO [O60L| 6FDO ¥O@ [EEZL| 000 |000) DEC0 | 250 | EE2l | Wby | LLv |965L| OO0 | 000|000 000
GO'E 100 LWE PO 0| FAL0) EL65 | 240 |EFLL] 6F0 [ 85l [E&TL] 000 [000| DEE0 | 250 | E&Ch | LEv | Ve |F0°AL| QOO | 00O | 000|000
G0E 100 LPE |POr 0| FAL0) E£65 | 240 |ERLL] 6F0 | 85l [E&TL] 000 [0O0| DECD | €50 | E6CL | LEv | LEw |¥0°AL| OOO | 00O | 000|000
/551 E0D AVE O |IPSFO|FAL0| BRAL | BETL [96LL| BFO | 0642 |ESEL| OO0 | 00D | 0OEE0 | 250 | ESEL | 1S¥ | 1S¥ (2181 000 | 000|000 | 000
2551 200 AVE O IFOFO|FALO| E6AL | BETL [96LL| 6FO0 | O6AC |ESTEL| OO0 | 000 DOEE0 [ 250 | ESEL | LSV | LS |2L8L|] 000 | 000 000|000
7551 £0D FEE |FOF0|FAL0| 674 | AETL (OLFL| GFO | 1842 |SR'GL| 000 | 000D | 0OEZ0 | @50 | 8965l |ZE'S| 285|802 000 | 000|000 | 000
7551 200 FEE |FOF0|FALO| 674 | BT (O0LFL|] 6F0 | 18742 |S6°GL) 000 | 000 0EE0 | 250 | 985l | 285 | 55 |8402 000 | 000|000 | 000
[y 00 BOE |P9F0|FAL0| 0D4EF | BLE [ESFL| GFO0 | BEEF |[959L| OO0 | 00D | 0OEC0 | 250 | 9591 | 29S| &55 |v8'le| 000 | 000|000 | 000
[ FO'0 S8E |FOr0|FAl0| 0406 | 8L [ESFL|] 6FO0 | BEEF (G591 000 | 000 0EE0 | 250 | 959 | 255|995 |(v8le| 000 | 000|000 | 000
GF ¥E q00 cO0F |FOF0|FAL0|20E0L) SOE [915L) 6F0 | 9509 (9141 000 | 000 0E20 | 250 | 914l | 245|245 |e6dg| 000 | 000|000 | 0o0n
GF ¥E 900 0% |P9F0|FAL0|20EO0L) SOE (9150 6F0 | 9509 (9171 000 | 000D | 0OE20 | 250 | 91/l | 245|245 |efad| 000 | 000|000 | 000
HITE]
E MITh] ssans | lagLual
painbay pasalyay um:c__._amm leays M8y ssans| ydeg [wewow Ao 1auLEy au leays | peo =8 peo | uoisiol | peod =8 peoT
|a815 ) : LB [} allsual RLE=TR IS dealYS5 | ayplo LEICIE] ) LEILIE]
Py ey adqIss leays (aajiay3 (Aupuag fulpuag louydag| el anl pead | [0l Al pEad
unlsual Jeas g %, ipesIg 1oL lo0)4 10014
0 eary :
JUELLIOK uaisioL 1o llayy apanp JEELS H¥3HS JELIOR MOISH0L
HEaYS [glol  |juswiop Bulpusgueays Juajeanby | paioje 4 O30 LIw NN padolie 4 O30 LIw NN

- 147 -



£0°6 FESLOO[ O0EE0 0ooe B ¥EC ABLE | 9058 | EEOED orF 0 DELD e 0 0250 | 829l | eF's EFS |98 LE- | NI
£0'6 FESLOO| DEZD 000'E [y Tl ARLE | 9058 | EEOED arno 0el o Zhf 0 0750 | 92°49l- | 2F 5 oS |98 Lo KW [l
8c il cOLE00f 0EE0 oooe B¥eC ABlE | 9058 | EEQED 2F 0 0ELo a0 0250 | E€CE- L4 L d- | 8562 [ NIW
8e'cl c0Lennf 0egn 0ooe B ¥EC ABLE | 9058 | EEOED orF 0 DELD e 0 0250 | E€ e L7 4 Wi | BE6EC- | W L
061 AESCO 0| 0EZ0D 000'E [y Tl ARLE | 9058 | EEOED arno 0el o Zhf 0 0750 | eFdc- | vl LB | BO9E-| NN
0£°Gl BESEO0[ 0EC0 oooe B¥EC ABlE | 9058 | EEQED 2F 0 0ELo 60 0250 | eF - | Fle Fl'6 | BO9E-| =W 0 25
GGl 0520 0| 0EZD 000'E [y Tl ARLE | 9058 | EEOED aro 0el o Zhf 0 0750 | EE4C- Ll'A LB | 2852 MIA
GZ'Gl 0esc00| 0EE0 oooe B¥EC ABlE | 9058 | EEQED 2F 0 0ELo 60 0250 | EELE- Ll6 LL'E | AB75E- | MW [l
5 9l FOSZ0 0| DEED 000E (= =Tl ABRLE | 9058 | EEOED arno 0eL o ZhF 0 0750 L96E- | ABR JA6E- | BEBE-| NIW
L] ROBCO 0| 0220 ooo'e B¥6C ABlE | 905 | EEDED a8 oelo cai 0250 L1962 | f8A J8°B | BEEE-| WA !
11l 0SeC00[ 0EE0 oooe B¥EC ABlE | 9058 | EEQED 2F 0 0ELo 60 0250 | BOTLE- | 9E°0L- | SE'0L- | £B°0F- | 'MIN
eIl 0SEC0° 0| DEZD 000E (= =Tl ARLE | 9058 | EEOED arn 0eL o ZhF 0 0750 | BOLE- | SE0OL- | 92°0L- | 801 | Xl 1] G5
11l 0SeC00[ 0EE0 0oo'e B¥eC ABlLE | 9058 | EEQED 2F 0 DELD a0 0Z5°0 | BOTLE- | 9E'0L- | SE'OL- | £B°0F- | 'MIN
eIl 0SEC0° 0| DEZD 000E (= =Tl ARLE | 9058 | EEOED arn 0eL o ZhF 0 0750 | BOLE- | SE0OL- | 92°0L- | 801 | Xl [l
£5°91 oec0 0| 0E20 ooo'e B¥6C ABlE | 905 | EEDED a8 oelo cai 0250 | 896 | 98'6- 985" | A6°BE-| NI
€591 oec0 0| 0EE0 0oo'e B¥EC ABlLE | 9058 | EEQED orF o QEl.0 [ ] 0Z50 | BS'6E- | 986 98°6- | A6'8E- | TRWIN L
GE' Gl 05200 DEZD 000E (= =Tl ARLE | 9058 | EEOED arn el B ZaF 0 0750 | EE 42 LA LB | FE'SE- [ MU
GZ'Gl 0e5c00( 0E20 ooore B¥6C AelE | 90sE T EEDED oo 0ETm coiRd 0250 | EE L2 L& LL'6- | FE'SE- | e 0 =]
8e' Gl 9e520 0| DEZD 000E (= =Tl ARLE | 90%€ | EEOE0 2r 0 BE L aEIT 0750 | 6BE A2 | ElLB EL'B- | G09E-| "NIW
87'Gl 9e5c0 0 0EE0 oooe B¥eC ABlE | 90SE | BE0ED = 0EL0 o0 0E5'0 | 6242 | Ele EL'B | G095 | WY [l
971 0oLEnof 0EE0 0oo'e B¥EC ABLE | 905 | EEQED orF o 0ELD [ ] OC50 | O2CE- | OF 4 OF £ | FEBE-| NI
921 oaLzoof 0EE0 000'E [y Tl ARLE | 9058 | EEOED arno 0el o Zhf 0 0750 | 0228 | OF £ Or - | FE R | Kl l
00°6 BESLO0[ 0EE0 oooe B¥eC ABlE | 9058 | EEQED 2F 0 0ELo a0 0E50 | O29l- | OF'S OFS | ZE71E-| NI
00°6 BESLO0[ 0EED 0ooe B¥EC ABLE | 9058 | EEOED orF o 0ELD [ ] 0250 | 029l- | OF'S 0FS |22 1| =W 0 ¥5
80°6 Ersl00f 0EE0 oooe B¥eC ABlE | 9058 | EEQED 2F 0 0ELo a0 0250 | 529l | S¥FS SFS |05 1E-| NI
80°6 crslo0f 0E€0 0ooe B ¥EC ABLE | 9058 | EEOED orF 0 DELD e 0 0250 | 529l | S5 SFS |05 1| R [l
£Ly c0A000( DEZD 000'E [y Tl ARLE | 9058 | EEOED arno 0el o Zhf 0 0750 Fa G- Gl e 586 | NIW
£Lr c0000( 0E€0 oooe B¥EC ABlE | 9058 | EEQED 2F 0 0ELo 60 0250 A B BF - SEE | Wl L
LE7) SO0Z000( 0E€0 0ooe £ T0E | 'B61 c 5l | 0S40 orF 0 Si00 e 0 0250 GlLT £L0 £L0 e | NI
LZ7L S0Z00°0f DEZD 000'E Py T [g=ia1 sl | 05410 arno S/00 Zhf 0 0750 (=] 9 £L 0 £L0 e | W 1] £S5
aauelsig o
Tk laguia | Jaguiap _U“M}”_F._}E FQD_._&__‘__} 1y S afue 4 Jaguialy e, JaguIan
padinbay [pasay>y] a8y alyl saveld | saew W3=m | Jd =LA ._Ekmn_ uolssal Wdag au} AUIpUAE pEOT  |s8YSIUd | peO]
|a815 FUTE 10 LIRA, | A0 LR DA, LIan ol . -dwiog anflaaysg | 4o dag . aAl7 0014 pEad
10 By BETES afue| 4 _UWMHW:R} _UWMFM%_.”; 104 How RAELUM 10 ssauUyaIYL |eyo] €101 ™ 5D dvo]
AL

paloE 4

SLMNIWOIW OFHOLIFAMN

~ 148 -



E0R 700 peerbedon| par 0 v/l 0| LSE9 | 0B0 [9vs| 6F0 [ 9291 |S819| 000 |0O0OO| 0520 | €50 | 819 |90¢-|90¢-|EFe-| 000 |000| 000|000
£0G 700 penbedien(popQ|p/l0| 1529 | 080 |9¢S| 6F0 | 8290 [ 819 ooo |ooo| oEgo | 750 | 819 |90 |90 |eFe-| 000 |000f 000|000
acel 700 penbedionfpor0(y/L0| 9512 | 601 |E6F | 60 | &2 [ B5S| ooo |ooo| oszo | f50 | 855 |[981-|98l-|954-| 000 |00O(|00D| 00D
acel 700 penbeden(porQ|psl0| 9512 | 60 | E6F | AP0 | &2 | B85S | 000 |ooo| 00 | 750 | 855 [981-|98l-|954-| 000 |O0o0f 000|000
51 £00 pembeienfpopQ|p/L0| 2522 | SEL |Ovr | 6F0 | ZF 47 [ B6F| 000 |ooo| 070 | 750 | 86¢- [991-|99l-|829-| 000 |000( 000|000
[E'S1 £00 paenbedion|pop 0 vl 0| 2542 | SEL [Ovr | 6F0 [ @p42 |S6F | OO0 | 00O | OSE0 | €50 | 86+- |991-{991-|8Z29-| 000 | 000|000 000
G5l £00 panbeion| pop0|psl 0| 2242 | SEL [ 22| 6F0 | EE4Z |9F2| OO0 | 00O | 0SE0 | €50 | 9 7- |290-|790-|E5E-| 000 |000| 000|000
G051 £00 penbeden(por 0|/l 0| 2222 | SEL | Ale| 60 | EE47 [ Spc| 000 |ooo|osgo | 750 | Src- |c80-|@80-|E5E-| 000 |oo0f00o|ooo
F5HL £00 peerbedon| par 0| v/l 0| 9464 | 9rL [ 9L | 6F0 | 1962 | 9871 | 000 | 00O | 0520 | €50 | 98°1- |290-|790-|SF¢-| 000 | 000|000 000
F5al £00 penbeden(por0|psl0| 9462 | 9vL | w9l | 6F0 | 1967 [ 991 | 000 |ooo| 0Ego | 750 | 981- (2890|790 |Ssk7-| 000 | 000 000|000
LEAL £0'0 penbedionfpor0(v/L0| 6118 | ESL | LLL| /0 | B0LE (921 | ooo |ooo| oszo | £s0 | 92L- |Zv0-|Evo-| 45 L-| 000 | 000|000 00D
LETAL £00 penbeden(por 0|/l 0| 6LLB | ESL | VLL| AP0 | B0ME [ S82) | 000 |ooo| 0Ego | 750 | 971 |er0-|ero-| 45| 000 | 000|000 oo0o
syt £00 paenbedion| pap 0 vl 0| BLLE | ESTL [#LL| 6F0 | BOLE | 6271 | 00O |0O00O| OSE0 | €50 2L | EFO|EFO|BEL | OOO |0OOOD| 000|000
LETAL £00 penbeien{gor0|p/L0| 6LLE | 5L [vLL| 6F0 | BOLE [ 671 | 000 |oo00| 0EEO | 750 GCL | EPO|EFO|6EL | OODO | 00O 000|000
2581 £00 paenbedion pap 0 v/l 0| 9564 | 9rL [ 291 | 6F0 | BS6Z | 6271 | 00O | 000 0S20 | €50 BEL | E90 | E90| A2 | OO0 |000| 000|000
2591 £00 penbeden(por0|vsl0] 9562 | 9vL | 291 | 6F0 | 8567 |68 | 000 |ooo| oEgo | 750 Rl | E90 | E90 | A2 | OO0 | 000|000 000
G751 £00 prbeonlpar 0 vl 0| 2242 | SETL [ 0wE | 6FO0 | EE4E | 6P| OFAWOOO | 0520 | €50 G |EB0|ER0D|SSE| 00O |00OD| 000|000
G051 £00 penbden(pop 0|0 28722 | SETL | O0CT [ 6F 00™RE A7 | GFEN), 0Dyl ODMEcT 0 | @50 G |EB0|EB0|SSE| OOD | 00D 000|000
ar sl 00 penbden(por0|pil0| 2522 | SEL | Oer | Br O8] BE AT | BEdel 0D OBEL0DEETD | E50 5 |99 |99l 629 | OO0 | 000|000 000
a5l 00 pembedonfpor0|v/L0| 2522 | SEL [ Ovr [TEr0WeBE /7 | 867 | 00D | 000 | DEEEmpmes 0 B5F |99 |99l | 629 | OO0 |000| 000|000
a5l 700 penbeden(gopQ|psl0| 95712 | 601 | E6F| 6F0 | 02 [ 855S| 000 | 000 | 0EZO | @50 955 |99 |98l | 9eA | OO0 | 00D | 000|000
9cel 700 pembeenfpop Q|10 9512 | 600 | E6F | 6F0 | 027 | 855S| 000 |ooo| 0Ego | 250 Q5% |99 |99l | 9e’A | OO0 | 00D | 000|000
oG 200 paenbedion| pap 0 v/l 0| LS9 | OB0 [9vs| 6F0 | O291 | 819 000 |000| OSE0 | €50 gL'y |907 | 907 | fFFR| OO0 |000| 000|000
oos 700 penbeien(gopQ|p/L0| 1529 | 080 [9¢s| 6F0 | 029l [ 819 ooo |ooo| 0Ego | 750 L'y |90Z |90 | fFE | OO0 | 000|000 000
a0s 0o 07 |FOr0|FAl 0| E8T9 | 080 [ 99| 6F0 [ SE9L | 298 000 | 000 0EE0 [ 250 98 | 6B | 687 |ELLL] OO0 | 000|000 oon
a0A 00 E0C |F9F0|FAL0| EBES | 080 [ 99| 6F0 [ SEQL | 498 000 |000 | 0OE20 | 250 98 | 6EC | AR |ELLL] OO0 | 000|000 000
ELy L0 CE7 |FOr0|FAl0| B5FY | LED [ BB | &FO s [ 426 ooo [ 000 DEZD | E50 A6 | GOE|GOE|LECH] OO0 | 000|000 000
Ly 100 EEC |F9F0|FALO| BSFR | SED [ FLB | BFD 4| 426 000 | 000 DEED | 250 A6 | BOE|BOE|LECL] OO0 | 000|000 000
[Ty ooo FSE |FOF0|FAL0] 0908 | LLD [ 248 &FO GL'e [ 486 000 [000 | DEZOD | £50 6 | GEE|GCE|RZEL] OOD | 00D 000|000
Le | ooo FSE |FOFO0|FAL0| 0908 | LLD [ 2748 | &FO0 GL'e [ 486 | 000 |0O0OD| DEE'D | €50 6 | GCE|BCE|BEEL| OOD | 00D 000|000
HITE]
umH__.am.w_ - ssais JUIEES FELTETT faduaEn 58 sa
— panalyxy|painbay 15 " leays Sl sgals| ydeq [wewow T JaLoL e | e au leays | peo [E— peo [ uosiol | peo — pEo
R e adqIss leays (aajaayd [Buipuag fuipuag louydsg| el anl pead | [EloL aAl] pEad
uolsual Jeays LAy %, ipeaIg 10 00| 4 100]4
10 oy :
JUELLIOK uaisioL 1o jaay3 apanp JBEYS H¥3HS JELIOR MOISH0L
Heays el [uawop Buipusgiesys uajeanb3|palojae 4 O30 LIw NN padolie 4 O30 LIw NN

- 149 -



L CeEOD 0| 000 0ooe | E6 L1807 | 0491 | EEQED arno 0el o Zhf 0 0750 =Yy £50 ER0- SHE- | NIW
5L EREOD'O| 04070 oooe I 'E6L 1807 049l | EE0ED0 aro o=l o car 0 0zs 0o [T 60 £6'0 SEE | KWW [
990 BaL000f 000 oooe E0EL £acl S0l | 05410 arno G000 Zaf0 0750 0e | aro oro ¥E'l I
990 F3L00°0f 000 0ooe E0EL £acl S0l | 05410 arno 500 Zhf 0 0750 [y ar0 oro L[ BN Sl
9IA°r RSOLOO| 000 oooe c0el =Tyt SLol | 05410 aro S/00 car 0 0zs 0o oS/ 0se 057 =71 I
a’r Bs0L00f 000 oooe E0EL £acl S0l | 05410 arno G000 Zaf0 0750 05/ 0se 0S¢ BB | RN ] AEL
a0y Scaloof 0400 oooe c0elL o=yt SLol | 05410 aro S/00 car 0 0250 97 4 [ [ 15h I
'y Seoloaf 000 oooe E0EL £acl S0l | 05410 arno G000 Zaf0 0750 97/ ir'e ire = £
S0'6 SOECDOf 0400 oooe E0EL £ezl SLol | 05410 oo 500 Zar 0 0250 £29l LS LFG 95710 | MW
S0'6 SOsc00f 000 oooe E'0EL £acl S1olL | 05410 arno S/00 £aF 0 0zs0 EC9l LF'S LF'S 9512 | W Sl
Zr' Gl GERED Q| 0070 oooe E0EL £acl S0l | 05410 arno G000 Zaf0 0750 Br i a6 S9l6 B0°5E [ M
Zr sl GCEE0 0| 0400 oooe E0EL £erl Sl | 05410 oo 500 Zar 0 0250 (= s 9l6 FOSE | Hvi n] 9ll
[ ZH950° 0| DEE0 QO0°E gy T [=la o5l | 05410 arn G000 ZaF 0 0750 B609 EE0OC CEOZ | OF'02 | NIW
LS FE £9850°0( 0S20 oooe 2v00 1861 5l | 05410 oo 500 Zar 0 0250 FE09 CEOC CEOC | OFD3 | XvW [l
v [00EFOD] OEC0 0O0°E gy T [g=ia] ¢Sl | 05410 arno S/00 £aF 0 0zs0 Lotk ATl AL | A4S | NI
ELVE [00EFO0] DECOD QO0°E gy T [=la o5l | 05410 arno SAQO ZaF 0 0750 Lok LAl 297 | A4S | KW l
Z5°61 99700 0E20 oooe 2v00 1861 5l | 05410 oo S/00 =] 0250 L322 IR IR 2980 | MW
Z5°GL SESZ0 0| DEZO QO0°E gy T [y=ia]s coS gL D 2rn G000 chid 0250 L8 /7 6 6 2990 | W ] 09
15751 SFAC00| 0S20 oooe 2v00 1861 ook | 05410 or i 500 CEETD 12510 05 47 0ER 0ER 13795 | NI
15°GL SFrOZ0 0| 0EZO QO0°E gy T [=ia Gk | 0510 arno G000 Zhf0 0750 0522 JE6 JE6 L1295 | Wl [l
60°8 SAELOO| DEED QO0°E gy T [=la o5l | 05410 arno 500 ZaF 0 1750 85 ¥l 98'F =N GLGL [ NI
60°'8 S/ELDOf 0s20 oooe 2 ¥0C 1861 sl | 05410 aro S/00 car 0 0zs 0o == 98y 98t GlaL | e l
LL'L BRLO00f DEZD QO0°E gy T [=ia 5l | 05410 arno G000 Zaf0 0750 LOE 290 290 047 | MM
LL'L E2LO00| DEED QO0°E gy T [y=la o5l | 05410 arno 500 ZaF 0 0750 LO'E 290 290 047 | BN 1] G5
LZ7L SOZ000f DEZO QO0°E gy T [=ia 5l | 05410 arno G000 Zaf0 0750 [ iy £L0 £L0 06T [ ‘MM
LZ71 SOZ00°0f DEED Q00°E gy T == oSl | 05410 arno 500 Zhf 0 0750 =] £L 0 £L0 057 [ BN [l
SL'F S0:A00°0( 0820 oooe =0T 2BlE 905¢ | EE0ED aro o=l o car 0 0zs 0o 0s /- 0se- 0se- 886 | NI
SL'F SOA00°0f QDEED QO0°E B'fvEC ARLE | 9058 | EE0E0 arno oeLo Zaf0 0750 05 4- 05'c- 05¢- 286 | Wl l
01’6 Sysl00f 0EC0 Q00°E =y =T ABLE | 9058 | EE0E0 arno 0el o Zhf 0 0750 | BE'SL- | 9F 5 r'S- |55 L | NIW
01’6 9Fslo0o| 0s20 oooe =0T 2BlE 905¢ | EE0ED aro o=l o car 0 0250 | BE9L- | 9r's Ar'S | 551 | KWW n] =i
anif n RS0 O
T FELOEITE BELIET JD&}E FQD&__‘__} 1Ny . afiue| 4 1BAUBI | o JatuIaN
palinbay |Passiyay aly] aly] =M | g =4h | uaissad yidag aul pEOT | S8YSIU]| PEOT
=815 R 10 LIRAA | 10 LIRAA, :ﬂmuw_ﬂgu} :ﬂm“um_”h}} LA A0) M3 U_“ACM%MX -duiog anlaey3 (1o ydsag mﬁ_._m_w_w_._m..m_ aal J0014 pEa]
10 BAL gang | afueq R g 10) 50 10 sSawyyL =0 - J5%0 dv0l
JuaLay

paloE 4

SLMNIWOIW OFHOLIFAMN

- 150 -



¥S'l 0oo ¢S50 |v9r0|vl00) #8°8F | SFD | S¥9 | 6F O B2 | é2¢| 000 | ooo| 0400 | €50 e | w0 vi0|SCE| 00D | 000|000 (000
F5'L noo 50 |FOF0|FILO0| ¥B8F | SFO [SF3 | BFO BAE [ &2 | 000 | o000 ) 0400 | 50 o | PO FLO)SCE| OO0 | 00D 000|000
990 0oo ¥ L |¥9r0|vl00) 98°EE | 610 |EBE| 6FO 0OEL | érE| 00D | DOO| 000 | €50 cFE | FLL{FLL)SSF | 000 | 000|000 (000
330 noo FE L |FIFO|FIOO| 98°EE | 6L0 [E66 | BFO 0L [&rE| 000 | 000 0400 | 50 CFE | R FLLSSY | 00D | 00D 000|000
al¥ 100 FLL O |P9F0|FLOO| 82772 Ll | LFEL] BF O 052 [€9% | 000 | 000 0400 | E50 C9F | FSL | FSL | FES | 00D | 00D | 000|000
al ¥ 100 FLL O [#9F0|FlO0] BEFL LZL | LFEL| BF O D5/ | é8% | 000 | 000 | 000 | €50 c9f | FSL[¥SL | FRS | 000 | 000|000 (000
ey 100 A1 |Per0|rl00) BEEL | ALL [ LLBL| &F 0 9/ | 555 | 000 | 000 | 000 | €50 G55 | S8L (S8l |84 000 | 000|000 | o0n
iy 100 2970 |r9r0|Fl00] 82 ) AL [LISL] BFO 97 [S55| 000 | 000) 0400 | 50 G55 | S8 S8l | Z9s| 00D | 00D 000|000
506 c00 981 |[¥9rO|vl00) €86 | E9¢ |096L| 6F0 | €91 | S49| 00D [0D0OO| 000 [ €50 548 |SEC |5 | E58( 000 | 000|000 (000
S06 0o 951 |FOFO|FILO0O| JEBE | E9E [O96L| BFO [ EC29) | S£9) 000 )000) 0400 | £50 G289 | S| S| ESe| 000 | 00D | 000|000
cr 5l YO0 EFe |v9r0|vl00|E0E0L| BF¥ |BOEC| 6F0 | BFAC | S| 00D [0DOO| 000 [ €50 56/ |S9C|[592 | vr6 | 000 | 000|000 (00O
5l o0 EFE |FIF0|FILOO|Z0E0L) BFF [BOEC| BFO [ BFAC | SE/) 000 000 0400 [ 250 S5 | S97 S92 | FfFE| 00D | 00D | 000|000
L5 TE 900 SOE |[v9rO(ril 0| eDEDL| SOE |ELSL| 6F0 | 6609 |BL°2L] 00O [ D00 | OECOD | €50 | 6L AL- |ELS |ELS (vEC2-| OO0 | D00 | 0ODD | 000
L5FE a0o SOE |FPOF 0RO Z0E0L) SOE [E1SL| 6FO0 [ 6609 |6L°AL) 000 000 ) DEE0 | 50 | GLAL- |ELS | EL5 |#E°E2| 000 | 000|000 | 000
ELTE ¥O'D EE (PO 0|riLl0) D476 | BLE |99FL| GFO LWO¥y |BS8L| D00 | 00D | OEE0 | €50 | B59L- |[ESS |ESS |98Le- 000 | 000 | 000|000
[ o0 LEE O |POFO0|FAL0| 0476 | BLE [95FL| BFO MOFF |6S9L] 000 | 000D | 0EE0 | €50 | B59l- [E55 |E55 (9812 000 | 000 (000 (000
551 £00 965 € |[vOr0|vil0) E6 L | LETL |ELRL| BFO I184C |BE'SL| D@0 00D | OEED | €50 | Be'SL- |EES|EES |6/ 02- 00D | 000|000 (000
551 £0n 95E |FOF0|FAL0] B | LETE [ELFITRRD LB AE | GBS, ODiOSy ODAOWEZ D | S0 | B6SE- [EE'S-|EE'S- 6402 000 | 000 (000 (000
2551 £0n 097 |F9r0|FL 0] 642 | BE'L [TF6LE[ RO f 0627 |CSiElel DDy DBEgOCE'D | €S0 | ESEL- | IS F- [ 1Sy |ELBL| 000 | 000|000 | 000
£551 £00 09¢ [v9r0|vilD) E64L | BEL |96 MNeebF 0 PD6°/AC |ESEL] 000 [ 000 | DECHmpeS 0 | ESEL- | IS | LSF-|ELBL-| D00 | D00 0ODD | 00O
08 L0 WE |PSFO|FAI0) ELES | 240 |ERLL] 60 [ BSFL [EETL| 000 | 000 | DEED | E50 | EECL- | 1w W |50/ 000 | 00D | 000 ) 000
G082 100 WE PO 0|0 EL65 | 240 |ERLL] 6F0 [ 85%l [EZL|] 000 | 000 | 0EC0 | €50 | &6l | v | LEw- |50/ 000 | 00D | 000|000
L1 000 GBF |vOrO|vil0) 090 | OLD |D60L| &F O l0¢ [EEEL] o000 | DO0f0EED | 50 | EEEL- [ LLy- | LL'v-|BESL-| OO0 | 000|000 000
L7 noo B2 |FOFO0|FLAL0| 0908 | 01D [O60L| BFO LOE |EEEL] 00D (000 | 0EZ0 | &5 | EEC- | L) Ll |86'5l| 00D | 00D | 000|000
LEL noo FS'E |FOFO|FLL0] 0902 LD | 248 BFO GLE [4B6 | 000 | 000D ) DEED | 50 £8'6 [BEE-|BIE-|DOEEL-] 000 | 000 (000 (000
le L 0oo ¥FSE [v9r 0|0 D90E LD | 248 6F0 GLe | 486 000 | 0DOO| OEZD | €50 486 |BEE-|BCE-|DEEL) DOD | 0OOD(O0O) D00
SLy 100 ECZ |FOFO0|FALO0| BSFY | LED [ELB | BFO 05 [A26 | 000 | 000D ) DEED | 50 LB [BOE-|BOE- 2221 000 | 000 (000 (000
SL¥ 100 EEC |vOrO|viLlD) BSFF | LED | BLB| 6FO 0S5/ | A6 000 | D00 | OEED | €50 26 |BOE-|BOE-|ZCEL-) OOD | 00D (000 )oon
OL'6 0o 980 |FOF0|FAL0| EBC9 ) 080 (99| 6FO0 [ BEGQL | 98| 000 000 ) DEED | £50 £9°8- [B8°E- |68 8- |S1LLL-) 000 | 000 ({000 {000
Ol's 0o 980 |FPOF0|FALO| EBE9 ) 080 (994 6F0 [ BE9L | 298| 000 000 DEE0 | 250 £9'8- [68°¢- e8¢ |S1LL-) 000 | 000 (000 (000
_LLID
G L2 ssang | daquuak
painbay pasa|y Iy umH__.am.w_ leaysg L ssadls| yideg |uawlow uaLlow ELLELL au} leays | peon =8 peoT | uoisiol | peon =8 peo
|asls ) ) Lp Lo gllsual PLEEDE JBalS| Ay EEINE ) KREILE
P Ul g|qIss deays aajiau] (Auipuag Auipueg oudag| |eol | 8an pEad | [BIOL | 8A peaqd
ualisua] o ST %, ipealg —— 104 1004
JLR=ET Y :
gLl UoISI0L 10 )d8u3 ol anp Jealg HY¥IHS PLIPRIS] U MOISHOL
fESYS [BI0L  |juswiop Bulpusguesys uajeanb3|paiolied|  d340LOVANN [PBI0ES|  QTHOLIVANN

- 151 -



LA™ 9ee00 0| 000 0ooe | E6L L'B0C | 049l | EEDED orF 0 DELD e 0 0250 585 SE - S6°L- 008 | NI
il S97e00°0f 000 0ooe L 6L L1207 | 0491 | EEDED arno 0el o Zhf 0 0750 585 S6L- 56 L- 00e- | Xl =
96°¢ 200L0°0[ 000 oooe l"E6 L L'80C | 049l | EE0E0 2F 0 0ELo a0 0250 ¥l 28 BEE- CCB | NI
96°¢ S00L00f 000 0ooe | E6L L'B0C | 049l | EEDED orF 0 DELD e 0 0250 ¥l i [y gEZ- cCE | W Sl
I£°€ 09200 0| 000 0ooe L 6L L1207 | 0491 | EEDED arno 0el o Zhf 0 0750 G009 £0e- e0e- BE8- | NIW
1£°¢ 092000 000 0ooeE l"E6 L L'80C | 0491 | EE0ED 2F 0 0ELo 60 0250 G039 £0E- E0°E- 288 | Wl 0 =]
[k Areooof 000 0ooe L EGL L'B0Z | 0491 | EEDED aro 0el o Zhf 0 0750 00'9- 0ae- aoe- S8 | NI
A AFe000( 0400 0ooeE l"E6 L L'80C | 0491 | EE0ED 2F 0 0ELo 60 0250 009 00 ooE- S | Wi [
L6°E S9eR00°0( 000 0one [ L1807 | 0491 | EEDED arno 0eL o ZhF 0 0750 S0 4 GET- GEE- ElA- | NIW
L6'E 95600 0( 000 oooe L 'ERL L'80C | 049l | EE0E0 a8 oelo cai 0250 S0 SEE- GE'Z- Ela | Wl Sl
L€ Ale000f 0400 0ooeE l"E6 L L'80C | 0491 | EE0ED 2F 0 0ELo 60 0250 G5 6 L- EG'L- 2674 | NI
LE'E ABooof 000 0ooe [ L1807 | 0491 | EEDED arn 0eL o ZhF 0 0750 G/ G- £EL- ER'L- SR He 1] L1
LE°E Ale000f 000 0ooe | "E6 L L'B0Z | 049l | EE0ED 2F 0 DELD a0 0250 BL5 6 - EGL- 26724 | NI
LE'E ABooof 000 0ooe [ L1807 | 0491 | EEDED arn 0eL o ZhF 0 0750 G/ G- £EL- ER'L- SR He [
68°E leR00 0| 000 oooe L 'ERL L'80C | 049l | EE0E0 a8 oelo cai 0250 04 ¥E'T- fE'Z- LA | M
68°C LBE000] 000 0ooe | "EG L L'B0Z | 049l | EEDED orF o QEl.0 [ ] 0250 c0d- FE'T- FE'Z- LG | R Sl
LEE Eyeooof 0:00 0ooe [ L1807 | 0491 | EEDED arn el B ZaF 0 0750 ARG BEL- GEL- 128 [ NI
LEE Sre00 0| 0400 oooe L 'E6 L B0 | 08T EEDED oo 0ETm coiRd 0250 A6'5 Ba |- 66 L- L28 | e 0 09l
1L 0aeoo0of 000 0ooe [ L1807 | 04910 | EEDED 2r 0 BE L aEIT 07510 G059 = Ene- FEB- | NIW
1£°¢ 092000 000 oooe l"E6 L 20 | 049k | SEDETD = 0EL0 o0 0250 B9 £0e- E0°E- FEB- | Wl [
L6 9ee00°0( 0200 0ooe | "EG L B0 | 049l | EEDED orF o 0ELD [ ] =g S0 SET SE'Z- FLG | NI
L6'E S96R00° 0| 000 0ooe L 6L L1207 | 0491 | EEDED arno 0el o Zhf 0 0750 S0 4 SEC- SEE- Fl A | Xl =
6L°E cLennof 000 oooe l"E6 L L'80C | 049l | EE0E0 2F 0 0ELo a0 0250 9.5 ca'l- €6 l- 2874 | NI
61°¢ clennof 000 0ooe L'EEL L'B0Z | 048l | EEDED orF o 0ELD [ ] 0250 9L°5 ca'l- g6 )" 0824 | W 0 Bl
LEE cre00 0| 0400 oooe l"E6 L L'80C | 049l | EE0E0 2F 0 0ELo a0 0250 AB'5 Ba|- 661" FLE | NI
LE°E crei00f 000 0ooe | E6L L'B0C | 049l | EEDED orF 0 DELD e 0 0250 £B5 BE |- 66 |- Fla | e [
66°7 ca000( 000 0ooe L 6L L1207 | 0491 | EEDED arno 0el o Zhf 0 0750 O 5 0al- aaL- 589 | NIW
66°¢ C9:000( 0400 0ooeE l"E6 L L'80C | 0491 | EE0ED 2F 0 0ELo 60 0250 0F 5 02°l- 1= S89 | Wl Sl
6E) Sse000f 000 0ooe | E6L L'B0C | 049l | EEDED orF 0 DELD e 0 0250 c5 i Fa0- e 0- LSE- | NI
6L Sse000f 000 0ooe L 6L L1207 | 0491 | EEDED arno 0el o Zhf 0 0750 £5c- a0 a0 LSE- | v 1] 2el
aauelsig o
Tk laguia | Jaguiap _U“M}”_F._}E FQD_._&__‘__} 1y S afue 4 Jaguialy e, JaguIan
padinbay [pasay>y] a8y alyl saveld | saew W3=m | Jd =LA ._Ekmn_ uolssal Wdag au} AUIpUAE pEOT  |s8YSIUd | peO]
|a815 FUTE 10 LIRA, | A0 LR DA, LIan ol . -dwiog anflaaysg | 4o dag . aAl7 0014 pEad
10 By BETES afue| 4 _UWMHW:R} _UWMFM%_.”; 104 How RAELUM 10 ssauUyaIYL |eyo] €101 ™ 5D dvo]
AL

paloE 4

SLMNIWOIW OFHOLIFAMN

- 152 -



Fo E L0'D pembadion| pOF 0| FLO0| OF 49 | ¥60 | S8 | 6FO S8S | 6271 000 | 000 0A00 c50 62 l- |EFO-|EF0-|2FL-| 00O |000) 000|000
T E Log perbedienlpap0(rl00| OF 29 | P60 | S2E| BFD 585 | /2L | OO0 | 000|000 250 | 6L [EFO-[EFO-|ZF - 000 | 000|000 | 000
96 N R FEr] BN A N 97 ar 0 ¥l | 600 000 | 000 0400 50 600 |E00-|E00-|ELO-| ODO |000) 000 ) 000
96 E L0 perbeenlpap0(rl00| 644 | S | 92 | BFD Fl'A | GO0 OO0 | 000|000 250 | 600 [E00-[E00-|EL0-| 000 | OO0 {000 | 000
JEE Log peembeienl PO 0| wLOD| 8299 | 860 | 2CE| BFO G039 | LML 000 | 000 000 | 250 UL | 280 JeD | AV 000 | 000|000 | oo
LEE L0'D pembacion| pOF 0| #LO0| BEBS | 860 | 22| &F D0 FO09 UL 000 | ooo | o000 250 (" B0 LED) AL 000 | 000 (000|000
‘EE L0'D  peumbadion| pOF 0| #LO0| SOBS | 960 | LEE| &F O oo9 | ¥lLL ) 000 | 000 0A00 250 LI |BED-|8E0- |02 L-| O0OO | 000|000 ) 000
ZEE Lo perbedenl s 0|rl00| 5099 | 960 | LEE| BFO oog | vl 000 | 000|000 250 | FLLb- o [8E0-(8E0- |0z - 000 [ 000|000 | 000
l6'E L0'D  pembadion pOF 0| FLO0| ¥5E4 | ELL 2l ar o SO/ | 900 000 | 000 0A00 c50 900 (f0O|Z00) 6800 ) OO0 | 000|000 000
LG'E Log perbedenlpap0|rl00| v5CL | ELL | 2L &F 0 S04 | 500 000 | 000 000 | 250 900 (00| 700 | /00| 000 |[O00| 000|000
LEE Lo0 pawnbesen pOF O (¥LO0| 8049 | £60 | 99| GFO RS | 9271 000 | 000 0400 50 = cF0| cF 0| BEL 000 | 000 (000|000
\TE L00 perbedienlpSP0(Pl00| 8029 | EE0 | 995 | RO G5 | 8271 | 000 | 000 000 | 250 9zl |[ZkO0feF0 | /ETL | 000 |0O0O| 000|000
& L0'D pembadion| pOF 0| #LO0| BO/S | E60 | 99| &F D0 LS | 9271 | 000 | 000 0A00 250 92°1- |ev0-|cF0-|BEL-| 000 |000) 000 ) 000
ITE Lo peerbedienl pap0(lO0| 8029 | E6D | 998 | BFO GA5% | 89271 000 | 000|000 | 250 | 92k [ZF0-|afF0-| 8- 000 | 000|000 | 000
F3E L0'D pembadion| pOF 0| FLO0| DEES | ELL Ll Gr 0 0 | 900 000 | 000 0f00 250 900 |00 |00 | 800 000 |000) 000|000
GE Lo perbedenlpsp0lelO00| 0BT | ELL | 2L gF 0 Z04 | 800 000 | 000|000 | 250 | 900 |[Z00- (200|800 000 | 000|000 | 000
lEE L0'D pembadion| pOF 0| FLO0| S089 | 960 | LEE| &FO MBS | FLL| O 000 | 0400 c50 ¥l [=roR N = N et 000 | 000 (000|000
lE'E Log perbedienl S 0(pl00| 5099 | 960 | LEE I 6F O JE'S | PN, 0Dy ORS00 | @50 FI'L [BEO|[BED|7Z°) | 000 [0O0O| 000|000
JEE Log perbedienlpap0(rl00| 8299 | 860 | 228 | BFO G093 | Plolel 00| O0EL0/00 | 2510 LU [ AE0-[A20- | FLL-| 000 [ O00 | 000|000
iEE Lo0 panbesen pOF O (¥L00| 2299 | 860 | 228 UBFO B09 UL 000 | 000 | O/00 £50 WL [ 28 0-[A20 | FLL-) OO0 | 000|000 (000
LG'E L0 perbedenlpap0(rl00| ¥4 | ELL | 92 | BFD S04 | GO0 OO0 | 000|000 | 250 GO0 [ECO|[E0D|8L0| 000 [0O00 (000|000
LG'E Lo perbedienl pap0(wlO00| 522 | ELL | 97 | BFO S04 | BO0| OO0 | 000|000 250 600 |ECO|E00|9l0| 000 (000|000 | 000
GLE L0'D pembadion| pOF 0| #L0O0| 5499 | E60 | S8 | 6FO 9% | 6271 | 000 | 000 0400 250 =Ty PO EFD|SFL 000 | 000 (000|000
GlE Lo peerbedienlpap0(plO00| 5299 | E6D | S4E| BFDO 9% | 6271 | 000 | 000|000 250 G2l |EFO[EFO|GSFL | 000 (000|000 | 000
|E'E Log perbedienl a0 |plO0| 50099 | 960 | 2L gF 0 JE'S | 500 000 | 000|000 | 250 | 900 |[Z00- (200 | SZ0| 000 | 000|000 | 000
lEE LO'D  peunbadion| pOF 0| FLO0| S089 | 960 2l ar o MBS | 900 000 |000| 0A00 c50 900 |00 | €00 | S20| 000 |[000) 000|000
GG T Log perbedenlpap0(rl00| 64FS | 280 | LEE| BFD OFS | vl | 000 | 000 000 | 250 Fl'L [BEO|[BE0 | #5) | 000 [0O0O| 000|000
[l Lo pawnbesen pOF O (¥L00| 6299 | 280 | VEE| BFO oFs | ¥L°L| 000 | 000 0400 50 FlL BE0 ) 880 vSl 000 | 000 (000|000
GE | oo S50 |FOFO(vlO0| 24er | OF0 [ 648 | GFO C5T | vEC| 000 | 000 000 | 250 FET [ B0 840 | FEE| 000 | O0O| 000|000
GE| oo S50 |[FOFO(PLO0D| 249F | OF0 | 649 | GFO 75T | vEC| 000 | 000|000 250 FEZ | BLO0| B840 FEZ| 000 (000|000 | 000
iNE

umH__.am.w_ - ssais Juiay laguiap faduaEn sa sa
521 panalyry|pannbay 15 " leays Sl sgals| ydeq [wewow T JaLoL e | e au Jesys | peoT st peo | uoisiol | peo s peonT

uolsuaE | R e adqIss % leays (aajaayd [Buipuag fuipuag RESIE louydsg| el anl 1004 pead | [EloL aAl] 10014 pEad

10 eay 1E3US -uiad [EjoL

JUELLIOK uaisioL 1o jaay3 apanp JBEYS H¥3HS JELIOR MOISH0L
Heays el [uawop Buipusgiesys uajeanb3|palojae 4 O30 LIw NN padolie 4 O30 LIw NN

- 153 -



L1 FEGEO Q| 0:00 0a0'e E0EL [oy=r S1ol | 0540 arno 500 a0 0750 =y LB LB CLSE [ NI

¥rel | vEeE00| 0/00 | DOOZ | E0EL | €820 | 5000 | 0500 &0 5/00 | Z6v0 | 0250 | 1542 | /06 | L6 |ZLSE | wwW | &

80°6 SlLEC00f 000 oao'e E0EL £acl Sal | 0s4k0 arno S/00 ca¥F0 0es'0 GE 91 £r's £r's E9LE [ NI

806 ClLEZ00f 000 oao'e £0El £acl Sal | 0s4ko arno G000 ceF0 0750 [arg=] £r's £r's £9'LE | W gl

0¥ Senloaf 000 0a0'e E0EL [oy=r S1ol | 0540 arno 500 a0 0750 SEY Sre Sre 196 TN

J0F | 2e0100] D/00 | DODZ | E0EL | €820 | 5100 | 0500 870 5/00 | 76v0 | 0250 | 562 | Sve | Sve | 196 | xwW | DO ¥
6L'F 2a0100f 000 oao'e £0El £acl Sal | 0s4ko arno G000 ceF0 0750 95/ 57C 57C H26 TN

6L'F 28010°0f 000 0a0'e E0EL £acl S1al | 0%410 arno S/00 caF 0 0250 95/ Z5¢C Z5¢C GG | KWW [

890 |£/l000| D00 | DODZ | E0EL | €820 | 5100 | 0500 870 5/00 | Z6v0 | 0250 | €20 | w0 | tv0 | 261 | MW

890 cAlooaf o000 oao'e £0El £acl Sal | 0s4ko arno SAOO ceF0 0es0 [y ! L¥a L¥a LR | RN gl

951 AREODO| 000 0a0'e | EGL | 302 0/91 | EE0E0 arno el B caF0 0750 Za'c- e 0 e 0 LG'E- | MWIW

95T |/6E000| D/00 | DODZ | LEGL | LB0Z | D /90| Gencn | 4ev fern WPoenn | 0osd| 287 | ve0- | vEO0- | LBE | XWW | DO i
L¥'L BEE00°0f 000 oao'e L 'EGL | 30& 049k | EE020 2r o e L e eSO G5C- a0 a0 95| MNIW

L¥'L BSE00°0f 000 0a0'e | EGL | 302 09k | BE0C0 arno oelo chF0 075 0 557 580 580 95°F- | Wl [

Z0¢  |0//000] D00 | DODZ | LEBL | LBOZ | D/9L | EE0E0 | 270 OELD | 7670 | 0250 | 9v5 | 281- | 281 | ¥6 9 | MW

Z0'E 0A2000f 000 oao'e L 'E6L | 302 0/91 | EE0E0 arno oeEL'o ca¥F0 0es'0 Ot G- ca'l- ca'l- FE'O | W gl

9L SER00°0f 000 oao'e L EGL | 30& 0491 | EE0S0 arno oeELno ceF0 0750 G909 Z0'e- Z0'e- a78- | MIW

9L S5R00°0f 000 0a0'e | EGL | 302 0/91 | EE0E0 arno oeEl o caF 0 0250 909 c0c- c0c- o | Kl ] EGl
Y Jaguiapy | Jaquag ﬂM@u}E .hno_._nu,_\, I . afiug| 4 BB | o BIUsEa Egﬂn,_mz
pwas sooren] 26| "on”| 0, | 5, sa<n soou | S5 | s | wano | T B sorn s o

laa1g ! ! ! - _ .

Jo galy damh | 8lueld _M_MH%“; _M_Mﬁ%h, JoL HOoW PEEUNA] | ssaumanuL oy | L " 35w vl

JUALLIDjY

palnjae 4

SINIWOW A3FH0LIWAMNN

154 -



=1t FO0 ¥ e |FIF0|rl00|c0E0L| 8FF |00EC| GBFO L5272 | el | 000 | 000 000 250 e | ¥ | ved-|lre| 000 [0DO0)| 000D ) 000
=1 FO0 Lo [FaF0(rl00|Z0E0L] BFF |D0EC| &GP0 LS4 | e6'd | 000 [o00| 0400 | 250 | 264 [F9e | v3e | e | 000 [000| 000|000
a0s 00 FEOLO|FIFO|FLOO| 6FB6 | ¥9C (LSEL| 6F0 | B29L | 249 000 | 000 | 0400 | 250 | 249 |FPod-|Fo2- (058 | 000 | 000|000 | o000
o006 200 31 [vOF0O(FLO0| 6F B85 | #A7 |L'SEL| BFO 29l | 249 000 | 000 | 0400 250 CA9 |fve o (w22 |058 | 000 (000|000 ) 000
0T 100 FOL P90 rLO0| AZEL ) BLL O [E'09L| 6FD GEA | 55| 000 | 000 000 | £50 | €55 | vElL-|FEl-| 65| 000 | 000 000|000
0r 100 AL (O O(FLO0O) A2EL | BLL [ED9L] BFO GE. | f55% | 000 (000|000 250 5% | ¥ vEL-| 85| 000 (000|000 ) 000
ALY 100 SLL [v9F0O(FLO0) 0S¥, | 2L |OSEL| 6F 0 95/ |59 | 000 |(000) 0400 250 S9f- |S51-|551-|88S | 000 (000|000 ) 000
Gl 100 SLLOFaro|rlo0f 05Fs | 2L [O5EL| 6RO 954 | S9% | 000 | 000 0200 | 250 | S8 |S5l-|55 - | 685 | 000 | 000|000 | 000
2590 ooo 9L |F9F0|FLO0| SBEE | OZ0 (200l &F0 2L | SFE| ODOD | 00O 0200 | €50 | SFPE- | SLL-|SL - 09| 000 | 000 000|000
290 oono 921 [v9F0(FLO0) 93°EE | 020 |200L| &F0 2l | SPE | 000 (000 000 250 SFE |SLL-|SLL-|09F | 000 [000) 000 ) 000
a5 oono 0E0 |Far0|rlo0f AE6F | GFO [ E59| GFO CaC | SCedl 00w | ooo | 000 | £50 | Se- |S40-|S40 | OEE-| 000 | 000|000 |00
951 oono 020 [v9F0(FLO0O| L2°6F | SFO | 2594 6F0 Rl |"Sc 0o [R0oeh 0400 a5 0 S |SA0|SA0|0Es-| O0OO (00O 000D ) 000
LF L oono i U = e = LF'O | B89 mar D SE Gttt T 080 [PROON 000 a5 0 e |eA0|RA0D-|48E-| 000 [00OD) 000D ) 000
Ll oono S A e A = . G5 [ AEE| 000 | 000 | DER0 | FEso | AET |ed0 | 640 | ARE-| 000 | 000 000|000
Z0E Log peembesien| popO(PLOO[ 7159 | 820 | OFE| GFO OF'5 [ ALl | 000 000 Q00 €50 | Abl- |eE0-|eE0-|A5TL-| 000 | 000 000|000
cOE L0'0 pembadion| pOp 0| FLO0D| 7159 | 880 | OFE| BFO S¢S | ALl | 000 (000|000 250 ALl |BED|BED-|ASL-| 000 [00OD) 000D ) 000
gEt Log pembedien| e 0|PLOO| BEBS | 260 | B0 | PO 909 [ E00| 000 000 0400 [ 250 oo | oo oo 8- 000 [ 000|000 | oon
9 e LO'0 pembagion| pQF 0| FLO0D| BE'BS | 2610 =31 =1 909 | E00| 000 (000|000 250 co0no 00| LoD |80 | 000 |000 | 000|000
2 LI

pauinbay pasalyy um:u__._smw_ WMMDFM Juiay sgals| ydag |uawow IUE LT iaquiap Enm_chwg leays | peod =8 peo | uoisiol | peo 58 peo
3815 ) : LR [ g|lsual iEBYS dBBYS | aulle EEICIE] ) LEILIE]

uoIsuE | R ey B0ss %, lesys | aajoaus (Aulpuag fuipuag IpEsIg Joydsal (el aal 10614 pead | [El0L aal 10014 pEad]
0 eany 1Eays -luiad |ej0L

Uzl uolsiol olaal3 oy anp JBTYS H¥3IHS HsLIOR MOISH0L
Heays el uewop Buipuagueays juajeanb3|paloje 4 J3HO LI ANN paiolae d3HO LY NN

- 155-



Check for Deflection

Calculation of Effective Moment of Inertia as per |5:456 Annex ©

— Ir
et - 1.2 - (WM (Z7d) (1-/d) (bwrb)

s is the effective morment of inertia for the entire Beam or Slab in the direction of effective span
Ir is the moment of inertia of the cracked section
hdr is the cracking moment, equal to (Fcr Igrdt

Wihere
Fcr is the modulus of rupture of concrete =07 Fck W
[Clause B.2.2 of I3 456 : 2000 also reiterated in Exarmple 12 of 5P 16 :1980 (Tenth reprint June 19577]
Igr is the moment of inertia of the gross section neglecting the reinforcement
1 is the distance of centroidal axis of the gross section to the extreme fibre in tension
Bl is the maximum moment under service loads
z is the lever arm
d is the effective depth
X is the depth of the neutral axis
b is the breadth of the web
b is the breadth of the compression face

Ec is the modulus of elasticity of concrete = 5000 Fck |
[Clause B5.2.3.1 of I3 456 : 2000]
Es i the modulus of elasticity of steel= 20@ekE/fhm

[Clause 5.6.3 of IS 456 : 2000 also reiterated ig Example 12 of SF 16 1330 (Tenth reprint June 19377]
m modular ratio = Es/Ec

Mote for the deflection check of the slabs both bw and b are taken as 1m

Check for Deflection Along Lx Direction

Ir = 3.469E-03

hr = 4591

For = 451 57

Igr = 2 Bd4E-02

't = 02600

i = 2072

i = 0.4859

d = 0.4920

X = 0.0295

by = 0.230

] = 3.000

Ec = F1BZ2.78 | mpa

Es = 200000 mpa

! = G.3245553
CG cracked section = 0.0828 |m

les = 3.328E-03

Ir = less = lgr
Type of structure = PSC 7
Governing value of lugs = 2 B44E-02
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Deflection due to Dead Load

Self Weight of the Slab = 11.8410 rmm
Floor Finishing = 29970 mm
Partition YWall/ any other Concentrated Load = 0.0000 mm
Deflection due to Live Laad = 28970 mm
Coeflicient of permanent part of Live Load far loag term deflection effects 0.7

(Refer 35.4.1 page 114 of 5P :-1983 First Reprint December 1985)

Total Short Term Deflection fwith Gross M.O.0) = 17.8350 mm
hodified %alue of Shart Term Deflection = 17.84 mm
MVith leff Calculated above)

Deflection due to Shrinkaqge

fos = Ks aes LT = 0.90 mm
K = is a constant depending upon the support condition = 0.083 for fully continuous
ez = kg 8D = JAEZ29E-05
where
Ka = O72(Pt-Peyi  Ft1 for0.25 < Pt-Pc < 1.0
and 0 B5(Pt-Feifi 5 2 famPt-Poc o= 100
Pt = 011767313 %
Fc = 0 (eftect ignored if any)
Ky = 024698532
B = 0.000075
O = 052
L = 20.000 m (Effective span considered)

Deflection due to Creep

Elasticity modulus of concrete for creep effects 17568.21 mpa
Age at loading = 58 days
Please write one of the following in age at loading (other values are not allowed in the and will cause errors)

creep coefficient
7 days 22
28 days 1.6
1year 1.1
days ag sy [IR=)
Deflection due to creep = 1265 mm
Total Deflection including all effects = 31.38 mm
Precamber Provided if any = 11.84 mm
Met Taotal Deflection including all effects = 19.54 'mm
Fermissible limit for deflection = 20,00 mm Ok
Total Deflection including all effects after erection of partitions = 16.54 'mm
and application of finishes
Fermigsible limit for deflection = 20.00 mm [0]28
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DILEMMA FOUND IN INDIAN STANDARD

Determination of creep effects

As per 1S: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 I1S: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 1S: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.



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 9.4x10™
50 8.3x10*
60 72x10™

(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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Web sites on cranes (Internet Info Media)

Experience from 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 (Barakhamba to Dwarka Section).




