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ABSTRACT

The control of deflection and punching shear govern the design of RC beamless
floors unllke the other two way slabs supported by beams. Since the thin slab is
supported directly by columns, the time dependent measured deflections are more when
compared with the calculated deflections. Though the building may be safe against the
strength aspects, the excessive deflections lead to lack of feeling of safety in the
occupants of the building that may even question the proficiency of the designer.

Another main problem in these beamless slabs is the brittle punching shear failure.

Existing research on flat plates has shown extensive study on either eliminating
the punching shear failure or to change the mode of brittle failure to flexural ‘failure .I
mode, by using different arrangements of reinforcement. Prefabricated systems are also
available to address the punching shear problems. But in many of those systems, either
the depth of slab is to be increased or skilled labour is needed to fix them in position.
Hence the main aim of this research was concentrated inhimproving the stiffness of slab

without increasing the thickness of slab.

To address the above problems effectively, the concept of providing the
_concealed beam in the slab was considered for this research. The concealed beam is an
arrangement of reinforcement having equal number of longitudinal reinforcement in
both tension and compression face of the slab for a fixed width tied together by means
of shear stirrups along the transverse direction. Since the column strip plays a major

role in transmitting the load, the stiffness of the column strip must be improved.

To utilise the benefits of beamless slabs without much compromise in safety
and serviceability, the concealed beam can best be placed within the column strip. This
study was aimed to give_a theoretical model for the concealed beam and to study the
effect of the same in terms of deflection, moment and shear carrying capacity of slab.
The modelling of the concealed beam was made, by using the normal reinforced
concrete theory for transformed section for flexure. For torsion, the concealed beam

was modelled as a thin equivalent concrete box.
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VO The Equivalent Frame method was used to study the stiffness of the flat plate
r YA =

_and flat slab with column head using concealed beam. Since the depth of the slab is the

S

Y

main object, the required depth based on long-term deflection was to be found. For this,

115~ the provisions in the codes ACI: 318-2002, BS: 8110-1997, EC: 2-2002 and IS: 456

2000 were studied and the available empirical beam formulas’ have been used with

suitable modifications by applying the Branson approach. <

A parametric study was c_onducted by using the software developed for the
modified empirical formulas as per the above codes. A modification to the multiplying
factor in the Branson formula was proposed based on this study. The results using the
proposed formula was verified with the experimental results available in the literature

and found that there was good agreement between them.
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NOTATIONS

A limited number of notations used commonly in this thesis are given here. The other

symbols are explained in the relevant section itself.

A,,. = areaof compression reinforcement in column strip along x-x axis
A, = areaof compression reinforcement in column strip along y-y axis
A, = areaoftension reinforcement in column strip along x-x axis

A, = areaof tension reinforcement in column strip along y-y axis
A,,,. = areaoftension reinforcement in middle strip along x-x axis

A,n, = areaof tension reinforcement in middle strip along y-y axis

b, = width of column strip along x-x axis

b, = width of column strip along y-y axis

b,, = width of middle strip along x-x axis

my = width of middle strip along y-y axis

by = width of frame along x-x axis

b,  =widthof frame along y-y axis

G = width of column along the direction of moment considered

C, = width of column along the transverse direction

C, = torsional constant of the concealed beam

C,. = torsional constant of the column along x-x axis

cc = clear cover to tension reinforcement

d = effective depth of slab

7 = depth concealed beam in equivalent area of concrete

d, = depth of stirrups provided in concealed beam
D = total depth of slab

D, =distribution factor for positive moment in exterior span along x-x axis

Xvii



o

g

o

SEESTRSEN
11

Ax]

by v b

cly

!

grey

grmx

= distribution factor for negative moment in exterior span along x-x axis
= distribution factor for negative moment in interior span along x-x axis
= distribution factor for positive moment in exterior span along y-y axis
= distribution factor for negative moment in exterior span along y-y axis
= distribution factor for negative moment in interior span along y-y axis
= modulus of elasticity of concrete

= modified modulus of elasticity of concrete

= modulus of elasticity of steel
= floor finish

= characteristic compressive strength of concrete
= tensile strength of concrete

= modulus of rupture of concrete

= moment of inertia

= moment of inertia in the column strip for flat slab

= moment of inertia in the middle strip for flat slab

= moment of inertia of column strip along x-x axis

= moment of inertia of column strip along y-y axis

= moment of inertia of column along x-x axis

= moment of inertia of column along y-y axis

= effective moment of inertia

= effective moment of inertia of frame along x-x axis

= effective moment of inertia of frame along y-y axis

= moment of inertia of frame along x-x axis

= moment of inertia of frame along y-y axis

= gross moment of inertia of column strip along x-x axis
= gross moment of inertia of column strip along y-y axis

= gross moment of inertia of middle strip along x-x axis
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1 = gross moment of inertia of middle strip along y-y axis
1 = moment of inertia of middle strip along x-x axis

= moment of inertia of middle strip along y-y axis

K, =slab stiffness along x-x ax_is

K,, =slab stiffness along y-y axis

K,  =torsional stiffness of the column along x-x axis
K,  =torsional stiffness of the column along y-y axis
I, = width of concealed beam

L, = storey height

L =span along x-x axis

L, = span along y-y axis

LDF, = lateral moment distribution factor for column strip
LDF,, = lateral moment distribution factor for middle strip

m = modular ratio

m = modified modular ratio

ce

M. = cracked moment along x-x axis

M, = cracked moment along y-y axis

n = number of longitudinal bars provided concealed beam

x = depth of neutral axis

Xie = depth of neutral axis (short term) in column strip along x-x axis
Xiq = depth of neutral axis (long term) in column strip along x-x axis

Xims = depth of neutral axis (short term) in middle strip along x-x axis

Ximg = depth of neutral axis (long term) in middle strip along x-x axis
w = uniformly distributed panel load

W, = sustained load

W,  =factored sustained load
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= superimposed load

= factored superimposed load

= total load

= factored total load

= shrinkage curvature in uncracked stage

= shrinkage curvature in cracked stage

= creep curvature in uncracked stage

= creep curvature in cracked stage

= shrinkage curvature
= shrinkage strain
= factor considering the steel stress in both uncracked and cracked stage

= deflection at mid panel

= deflection due to rotation for total load along x-x axis

= deflection due to rotation for total load along y-y axis

= deflection due to rotation for sustained load along x-x axis

= deflection due to rotation for sustained load along y-y axis

= deflection due to rotation for total load (short term effects) along x-x axis

= deflection due to rotation for total load (short term effects) along y-y axis

= deflection due to rotation for sustained load (short term effects) along x-x axis
= deflection due to rotation for sustained load (short term effects) along y-y axis
= deflection due to rotation for total load (long term effects) along x-x axis

= deflection due to rotation for total load (long term effects) along y-y axis

= deflection due to rotation for sustained load (long term effects) along x-x axis

= deflection due to rotation for sustained load (long term effects) along y-y axis
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5, = deflection at mid panel due to dead load

5,  =deflection at mid panel due to live load

5,  =deflection due to shrinkage

3, ce(permy — INStaNtaneous deflection due to creep for permanent loads

3, uempy = INStantaneous deflection due to loads of temporary nature

5. = deflection of column strip along x-x axis

5. = deflection of middle strip along x-x axis

5, = deflection of column strip along y-y axis

S,, = deflection of middle strip along y-y axis

5., = deflection of column strip (interior panel) along x-x axis for total load

8..a = deflection of column strip (interior panel) along x-x axis for sustained load
= deflection of middle strip (interior panel) along x-x axis for total load

8 .a = deflection of middle strip (interior panel) along x-x axis for sustained load
= deflection of column strip (interior panel) along y-y axis for total load

= deflection of column strip (interior panel) along y-y axis for sustained load
= deflection of middle strip (interior panel) along y-y axis for total load

Spyia = deflection of middle strip (interior panel) along y-y axis for sustained load
5_., = deflection of column strip (corner panel) along x-x axis for total load

5. = deflection of column strip (corner panel) along x-x axis for sustained load
5.« =deflection of middle strip (corner panel) along x-x axis for total load

8,.a = deflection of middle strip (corner panel) along x-x axis for sustained load
Oy = deflection of column strip (comer panel) along y-y axis for total Joad

O,ca = deflection of column strip (corner panel) along y-y axis for sustained load
S = deflection of middle strip (corner panel) along y-y axis for total load

8,ca = deflection of middle strip (corner panel) along y-y axis for sustained load

Ouw = deflection of column strip (side panel) along x-x axis for total load
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0..4 = deflection of column strip (side panel) along x-x axis for sustained load
0. = deflection of middle strip (side panel) along x-x axis for total load
0. = deflection of middle strip (side panel) along x-x axis for sustained load
J,. = deflection of column strip (side panel) along y-y axis for total load
O, = deflection of column strip (side panel) along y-y axis for sustained load
S, = deflection of middle strip (side panel) along y-y axis for total load

O,y = deflection of middle strip (side panel) along y-y axis for sustained load

6,  =rotation due to total load along x-x axis
6,  =rotation due to total load along y-y axis
0,  =rotation due to sustained load along x-x axis
6,  =rotation due to sustained load along y-y axis

6,, = rotation due to total load (short term effects) along x-x axis
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6,,, = rotation due to sustained load (long term effects) along x-x axis

6,,, = rotation due to sustained load (long term effects) along y-y axis
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CHAPTER 1

INTRODUCTION

1.1 GENERAL

Reinforced concrete (RC) beamless floors lead to architecturally pleasing
buildings as well as simplifying and accelerating site operations. They allow easy and
flexible partitioning of space and reduce the overall height of tall buildings. Beamless
ceiling facilitates minimum structural depth, and hence, allows for maximum
flexibility in the arrangement of air-conditioning ducts and light fixtures. Flat plates

and flat slabs are two-way beamless floors that are supported directly by columns.

1.1.1 Flat Plates

Flat plates are two-way slabs, used to transfer vertical loads directly to
columns without the use of beams (Fig. 1.1). This floor is suitable for hotels, short
span office and residential buildings. They need the minimum overall storey heights
(less than 3 m) to provide specific headroom requirements. They also give more

flexibility in the column layouts and partitions.

Fig. 1.1 Flat plate floor



1.1.2 Flat Slabs

Flat slabs are also two-way systems of beamless construction. But they
incorporate a thickened slab in the region of columns (Fig. 1.2). The thickened parts
at the slab column junction are referred to as drop panels and column capitals. These
reduce the shear and negative bending stresses around the columns. They are also
effective in controlling the floor deflection. The flow chart (Fig. 1.3) explains the

advantages of beamless floors.

m /Slab rm Coluinns

/

Fig. 1.2 Flat slab floor
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Fig. 1.3 Advantages of beamless floors
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1.2 MOTIVATION OF THE PROPOSED RESEARCH
1.2.1 Shear

In the case of beam supported slabs, the load is distributed uniformly to the
beams. But in beamless floors the load is transferred from both the directions to the
column that covers only a small area (Fig.1.4). When shear forces are concentrated
over a small area, they are referred to as punching shear. The shear forces and
moment transfer produce vertical shear stresses at the slab column junction. The

critical section extends around the column

Fig. 1.4 Load transfer from slab to column

The high shear forces and unbalanced moments around the supporting
columns (corner and edge columns) render the flat plate structure susceptible to brittle
punching shear failure. A punching shear failure occurs along a truncated cone or

pyramid caused by the critical diagonal tension crack around the column (Fig. 1.5).



Fig. 1.5 Punching shear failure [Park & Gamble, 2000]

Shear failure in slab column connection can result in progressive failures of
adjacent connections to become more heavily loaded. Also the lower floors may fail
progressively as they become unable to support the impact of material dropping from
above. Hence the punching shear becomes critical and governs the design in this case.

Gomes et al. (1999) conducted experiments for flat plates with and without
shear reinforcement. They found that the punching failure load was doubled by using
the shear reinforcement. Olivera et al. (1999) studied the strength of flat plates with
vertical and inclined stirrups. They observed that the performance of slab was better
with inclined stirrups. Stud rails, ACI shear stirrups, shear ladders, shear hoops and
structural steel shear heads [Best practice guide, 2000] are some of the prefabricated

systems (Fig. 1.5) used to eliminate the punching shear failure in flat plates.

a. Stud rails b. Shear ladder

Fig. 1.6 Prefabricated reinforcement systems [Best practice guide, 2000]



Binici et al. (2003) used Carbon fibre reinforced polymers in the form of
strips. Chen et al. (2005) strengthened the slab column connection by Glass fibre-
reinforced polymer (GFRP) laminates. These stems need skilled labour to fix them in
position. Some of the prefabricated systems required increase in the depth of the slab

to have the proper anchorage.

1.2.2  Deflection

The magnitude of the deflection for RC floors is important because excessive
deflections may cause sagging floors. It may damage the appearance of the building
and create a lack of feeling of safety in the occupants of the building. Hence the
structure used by people should be quite rigid so as to provide a sense of security.

Codes suggest that this limit state of serviceability can be satisfied by adopting
suitable maximum allowable deflections. The codes give a simpler method to provide
thickness in the form of span to depth ratio. Little guidance is given in the codes for
calculation of the long term deflection of flat plates and flat slabs. Literatures have
reported that certain buildings have collapsed due to excessive deflection [Beeby,
2002].

For deflection calculation, Rangan (1976) had developed an expression for flat
plates and flat slabs. Chang et al. (1996) proposed an algebraic equation for
determining the deflection of two way slab systems. Improvements are to be made in
these equations by considering the existing material properties.

The designer has to go for elaborate calculation based on the need of the user.
This calculation is lengthy and time consuming. Hence it is necessary to have a
simplified approach considering the difficulties faced by the designer.

At the design stage, there are several ways of avoiding punching shear failure and
deflection such as

» Reducing the applied loads;

» Reducing the effective length of slabs.



> Increasing the overall thickness of the slab.

» Providing some kind of shear reinforcement to avoid punching shear

failure. |

The dimensioning of the members in the preliminary stage is the essential
design requirement, which must satisfy both the limit state of strength and
serviceability. The thickness can very well be increased to avoid the problems due to
deflection and punching shear failure. But this increase will result in increased dead
load moment. Since the flat slab is vulnerable to deflection due to long-term effects,
there should be an optimum thickness that satisfies both the problems.

In order to make the effective use of the advantages of beamless floor systems,
it is necessary to improve its stiffness. Amongst the various methods, provision of the
concealed beam along the column strip of the slab appears to be the best method to
improve the stiffness of the beamless floor systems. The theory and the standard
design procedures are not available for the concealed beam. In the present study, an

attempt is made to develop an analytical for the concealed beam.

L3 OBJECTIVE OF THE PROPOSED RESEARCH

To improve the stiffness of the flat plate and flat slabs, concealed beam is
provided. It would give better serviceability (deflection control including long term
effects) and improved strength in terms of shear and moment carrying capacity
without increasing the thickness of the slab. The objective of the present study,
therefore, is to compare the performance of flat plates and flat slabs with and without

concealed beams under service loads.

14  METHODOLOGY
To achieve the above objective of the research, the methodology planned to be

adopted are explained in the following steps.

1. To carry out the literature survey on the control of deflection including the

effects of creep & shrinkage and punching shear of flat plates and flat slabs.



ii.

iii.

iv.

Vi.

Vii.

viii.

ix.

To compare the available provisions in the four codes of practice namely
(i) ACI: 318-2002 [1] (i) BS: 8110-1997 [3] (iii) EC: 2-2002 [4] and
(iv) IS: 456-2000 [6] for the prediction of long term deflections in flat plates
and flat slabs.

To determine the mid panel deflection for interior, corner and side panel of flat

plates

e  The available beam formulae as per the above listed codes are to be used
with suitable modifications to consider the two way behaviour of the slab.

e To conduct an extensive parametric study a computer program is to be
developed as per the above model.

e To assess the influence of the parameters such as span, load, grade of
concrete, area of steel, clear cover to reinforcement, in total mid panel
deflection of flat plate.

e To study the contribution of creep and shrinkage effects in the total
deflection.

To find the equation that predicts the total deflection that represents the actual

deflection among those suggested by the four codes.

To arrive at a simplified approach that can be used for deflection control of

flat plates and flat slabs at the design stage.

To propose the span up to which the flat plate, flat slab with column head,

drop panel, column head & drop panel are suitable.

To determine the moment and shear carrying capacity of the slab due to

gravity loads by using the Equivalent Frame Method.

To model the concealed beam suitably in flexure, shear and torsion to analyse

the stiffened flat plate and flat slab with column head by using the Equivalent

Frame Method.

To find the deflection, moment and shear carrying capacity of flat plates and

flat slab with column head by using the proposed model for concealed beam

based on the above study.



1.5 ORGANISATION OF THESIS

The achievement of these objectives is presented in the following chapters of
the thesis. In total a number of seven chapters are contained in the present work. Their
content is outlined in the following paragraphs.

The second chapter presents a comprehensive literature review on the
deflection, punching shear and other aspects of the flat plates and flat slab.

The third chapter describes the structural modelling of the slab and concealed
beam, and the theoretical aspects, adopted for this research. The fourth chapter
presents the details of the empirical formulas studied and modified by using the
proposed structural modelling to predict the long term deflection as per ACI: 318-
2000, BS: 8110-1997, EC2: 2002 and IS: 456-2000.

The fifth chapter gives briefly about the developed computer program for the
equations furnished in the previous chapter and the parametric study conducted using
this program. And also the effect of each parameter in the total deflection of flat plates
is explained in detail based on the parametric study. A modification in the present
multiplier approach is proposed in this section and validated with the existing results
reported in the literature.

The sixth chapter describes the procedure involved in the calculation of
deflection (using the proposed approach), moment and shear carrying capacity of
beamless floors with and without concealed beam by solving numerical examples.
The comparisons of results obtained are discussed at the end of this chapter.

By using the developed program for the procedure explained in the previous
chapter, the detailed study was carried out to find the stiffness of flat plates and flat
slab with column head using the concealed beam. The results obtained for the
different parameters are presented in the seventh chapter. The improved stiffness
values in terms of reduced deflection, increased moment and shear strength are
compared and discussed in this chapter.

The thesis concludes with the eighth chapter in which general conclusions
from the present thesis are discussed. Recommendations for future research are also

made at the end.



CHAPTER 2

LITERATURE REVIEW

2.1 GENERAL

The beamless slabs have the advantage of plain ceiling, which gives aesthetic
appearance and other benefits. But the long term deflection and the brittle punching
shear failure are the major problems which need to be solved. For deflection at present
the provisions suggested in the codes are not sufficient to meet the actual requirement.
The stiffness of the slabs is less compared to the conventional slabs supported by the
beams. This chapter tries to analyze the problems faced in the beamless floors. These

are divided into deflection, punching shear and the other aspects.

2.2 DEFLECTION

Rangan [1976] developed an approximate method to compute the long term
deflection of flat plates and flat slabs. In this method crossing beam analogy was used
to find the mid panel deflection. This method uses only unit width of slab at the mid
span. Rangan and Mcmullen [1978] criticized the codes ACI 318-71 and AS 1480-74
that the minimum thicknesses suggested in the codes have resulted in a long term
deflection greater than /;/240.The expressions developed by them are still used to
predict the long term deflection of flat plates and flat slabs. This expression was
evaluated by them with the existing building deflection. But improvements are to be
made in this expression considering the existing material properties. Also for the edge
column and corner column the torsional stiffness is not considered in the crossing beam
analogy.

Chang and Hwang [1996] proposed an algebraic equation for determining the

elastic deflection of two-way slab systems subjected to uniform gravity loads. They



derived the equation from the differential equation of plate theory and then calibrated
using the results of finite element analysis. This expression was common for all the two
way slabs. This predicts the deflection of interior panel accurately. But it could not
predict the deflection of edge panel accurately.

Boyce [2002] presented a case study about a flat slab floor building, which was
a subject of court action. The paper discussed the legal proceedings, deflection issues,
the defects and rectification work carried out. The deflections at mid panel exceeded
80mm and it was highlighted that the deflection limits set by the concrete code of the
time were not capable of being related to the actual deflections in the finished structure.
Also it was highlighted that the effective moment of inertia based on the Branson
formula underestimated the deflection in service. This paper highlights the real
situation faced by the occupants of the building as well as the desi gners.

Beeby [2002] conducted experiments on 44 prisms subjected to pure tension
and 8 large full-scale slabs subjected to bending. Based on the results they concluded
that the tension stiffening decayed within less than 20 days from loading. This results
shows that the early reduction in tension stiffening will increase the deflection at the
carly age at loading of concrete.

Gilbert and Guo [2005] conducted experiments on seven continuous flat slab
specimens for long-term deflection for periods up to 750 days. The measured long-term
deflection was found to be many times the initial short-term deflection, This was due to
the loss of stiffness associated with time-dependent cracking under the combined
influences of transverse load and drying shrinkage. The data given in this paper are
useful for analytical study of long term deflection. This is used for the comparison of
the results with the proposed approach in this research.

Scott and Beeby [2005] conducted laboratory tests on beams and slabs to
investigate tension-stiffening effects. Loads were sustained for periods upto 4 months.

The results indicated that tension stiffening decayed much more rapidly by 20 days or

sooner after loading, it had reduced to its long-term value. This shows that the
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deflection at the early age of concrete is more. They highlighted that the long term
creep strain is less at a later date. |

Das [2004] reviewed the design approach for RC slabs given in IS 456-2000
and presented a method for direct design of singly reinforced concrete slabs, to
simultaneously satisfy the condition of bending and the serviceability. Furnished design
charts for the design engineer to apply this for the adjustment of steel reinforcement
and depth. Also charts are provided to find out effective depth when the area of steel is
adequate for deflection criteria.

Nayak and Menon [2004] conducted test on six one-way slab specimens and
proposed an improved procedure for estimating the short-term deflection of RC slabs.
Compared the codes IS 456-2000, BS 8110-1997, ACI 318-2002 and Euro code 2-1996
for the existing procedures for the estimation of cracking moment, moment-curvature
and load- deflection behaviour. They highlighted the disparities in the prediction of
deflection among the codes

Manaseer and Lam [2005] evaluated four shrinkage and creep prediction
models namely the ACI 209 model, the CEB 90 model, the B3 model, and the GL 2000
model. The shrinkage and creep values determined by the models were compared
against the RILEM experimental data bank. Five statistical methods were used to
determine the order of performance of each model. Based on the study they concluded
that the B3 and the GL 2000 are best performing models for shrinkage strain prediction
while the CEB 90, B3 and GL 2000 models perform best for creep prediction.

2.3 PUNCHING SHEAR

The significant achievement in this flat slab with special type of reinforcement
called mushroom head were introduced by C.A.P. Turner (Gasparini,[2002]) in 1905.
This reinforcement extended upto half the width of span along with four way
reinforcement. After this lot of developments have taken place in this area.

Pilakoutas and Li [2003] carried out on 1:1.5-scaled models of full-scale slabs.

They tested the slabs with a new system of shear reinforcement called shear band. They
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found that the slabs with shear band exhibited ductile behavior. This system needs the
flexural reinforcement at both top and bottom to anchor the shear band.

Oliveira [2000] conducted experiments on 1.8 m x 1.8 m flat plate of thickness
130 mm. It was observed that with the use of shear stirrups the failure zone was away
from the stirrups. This shows that providing shear stirrups showed less brittle failure.
But the brittle failure was not completely eliminated. Also the failure zone beyond the
shear stirrups shows that providing the stirrups up to certain perimeter is not sufficient.

Broms [2000] did experiment on flat plates to eliminate punching shear failure.
The test was conducted on seven specimens all of which had the same dimensions and
approximately the flexural capacity, but with different reinforcement arrangements.
The remaining slabs exhibited a very ductile behavior similar to that of ordinary
reinforced concrete slabs supported by beams or walls. But the thickness of slab was
180 mm for a span of 2.6 m.

Gomes and Regan | 1999] proposed a model for analyzing the punching
resistance of reinforced concrete flat slabs with shear reinforcement for concentric
loading. The most important conclusion from the experimental investigation was the
punching failure load was doubled with the use of suitable shear reinforcement. But the
failure pattern was punching shear only.

Rationalisation of flat slab reinforcement (Best practice guide [2000]) was to
reduce the overall cost of reinforced concrete flat slab by way of rationalizing the
reinforcements. They evaluated the time and cost benefit of the various methods of
reinforcing flat slabs at the European Concrete Building Project at Cardington.
Different flexural reinforcements and shear stirrups used in the project were analyzed
with regard to time and cost and they recommend they elastically designed, rationalized
loose bar flexural reinforcement should be used for small buildings and for large
buildings two-way mats should be used. For shear reinforcement proprietary shear
systems such as stud rails and shear ladders are to be used. These systems need skilled

labour for fixing them in position.
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Prefabricated punching shear reinforcement for reinforced concrete flat slabs
(Best practice guide [2000]) this guide provides information about the different types of
proprietary systems for punching shear reinforcement to be used for flat plates. These
systems are three to ten times quicker to fix than traditional loose links. In this guide
they describe about the stud rails, ACI shear stirrups, Shear ladders, Shear hoops and
structural steel shear heads. The structural steel shear heads are heavy. Since these are
prefabricated systems the conveyance cost is more. To fix them in the slab needs
skilled labour. For certain systems the depth of slab has to be increased.

Vollum Tay [2003] reviewed the limited test data available for ACI shear
stirrups used in Cardington and showed that the EC2 guidelines are conservative. They
suggested an improved method for calculating the maximum shear strength for the
slabs with ACI shear stirrups and a series of 6 testes were conducted to investigate the
strength of slabs.

Guan and Loo [2003] used a nonlinear-layered finite element method to find out
the effectiveness of stud shear reinforcement in the corner column-slab connection in
flat plates. The accuracy and effectiveness of the method was verified by two case
studies comprising a total number of 14 slab specimens.

El-Ghandour et al. [2003] made experiments on fibre reinforced polymer
reinforced concrete flat plates with and without carbon fiber reinforced polymer shear
reinforcement to investigate the punching shear strength of flat plates. They proposed a
model that predicts the punching shear strength accurately without shear reinforcement
and for slabs with shear reinforcement they reduced the concrete shear resistance and
limited the strain in steel as 0.0045. Also comparison with ACI 318-95, ACI 440-98
and BS 8110 codes were made.

Binici and Bayrak [2003] presented a strengthening technique for increasing the
punching shear resistance in reinforced concrete flat plates using carbon fiber
reinforced polymers in the form of strips as shear reinforcement in the vertical direction

around the concentrated load area. Four strengthened specimens and two reference
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specimens were tested and the results showed that the failure surface can be shifted
away from the column in the specimens. The pre- and post punching behavior of the
specimens with the highest increase in load carrying capacity was better than that of the
reference specimens. The punching shear occurred outside the column.

Chen and Li [2005], conducted experiments on 18 specimens to study the
punching shear strength and failure behaviour of reinforced concrete slabs strengthened
with glass fiber-reinforced polymer (GFRP) laminates. The parameters studied were the
concrete compressive strength, steel reinforcement ratio, and the number of GFRP
laminate layers. They observed that the punching shear capacity was markedly
increased when the slab column connection was strengthened by the GFRP laminates.
The capacity was increased but the failure was due to punching shear.

Desayi and Seshadri [1996] conducted experiments on corner column. The
punching shear is critical at the comer column connections. The edge and corner
column connections are vulnerable to punching shear.

Deodhar and Dubey [2004] conducted experiments on two way slabs with
hidden beam provided at the mid-span. The width of the beam was 230 mm. The
experiments were conducted without applying any theoretical modelling. They
concluded that the same can be used in flat slabs also. But the width provided by them
will not be sufficient for flat slab, Also the reinforcements were fixed without any

theory.

24  OTHER ASPECTS

Salim and Sebastian [2003] made an experimental study on four slabs with one
control specimen. The application of plasticity theory to predict punching shear failure
loads were presented and a method was proposed by taking into account the effect of
compressive membrane action.

Balendra et al. [ 1981] proposed an iterative analysis for building frames
subjected to lateral load analysis. Walker and Regan [1987] made experiments on

11 slabs to investigate the behavior of corner bays of flat plate floors. The performance
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of each specimen was described and related to the details of the slab-column joints.
Comparisons were made between the moment distributions measured in these and other
tests and those derived from the equivalent frame analyses of the ACI and British
Codes.

The softening and stiffening of concrete flexural members have become the
main area of research in the concrete flexural members. Some of the significant
researches are given here. Mendis [2000] studied the softening of Reinforced Concrete
Structures. It was insisted that the softening must be considered for rational analysis.
Since the softening is the material instability which causes the decrease in moment
carrying capacity. This effect is not considered in the existing provisions given in the
codes for the slabs. Neelamegam et al. [2005] studied the effect of Mineral Admixtures
and Mixture composition on early age stiffening characteristics of concrete.

Pendyala et al. [1996] studied the full-range behaviour of high-strength concrete
flexural members; comparison of ductility parameters of high and normal-strength
concrete members. Regan and Hussaini [1993] studied the behaviour of high strength
concrete slabs. Hussaini and Ramdane [1992] studied the properties and creep
characteristics of high strength concrete and by using the high strength concrete in
slabs [1993], they studied the behaviour.

Albrecht [2002] compared the various codes for the design of flat plate for
punching. The provisions given in the various codes for punching were compared. In
this the punching shear capacity of concrete, the punching shear resistance with shear
reinforcement and the relevant detailing of the reinforcement were compared.

Yankelevsky and Leibowitz [1999] presented a new model based on rigid post-
fractured behavior of flat plates. This paper has made analysis based on the theory of
plasticity. It presents a new model, based on rigid post-fractured behavior, utilizing the
post fracture properties of concrete at the rough crack interfaces that are developed.

Nagpal et al. [1993] proposed an efficient procedure for free vibration
characteristics of framed tube buildings and studied the negative shear lag in framed

tube buildings using the equivalent frame.
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Megally and Ghali [2000] studied theoretically on punching of flat plates due
to column moment transfer. They referred ACI 318-95 in which a fraction of the
unbalanced moment is transferred between the slab and the column by flexure; the
remaining moment fraction is to be transferred by shear.

Ibrahim and Shehata [ 1990] recommended a simpler rational method for
designing RC Slabs (Flat Plate) to resist punching. This paper presents simple model to
estimate the punching strength of the slab-column. The proposed method has shown to
correlate very well with test results and has the great advantage of being simple to be
used by designers. For this reason, this method is considered to be a good alternative
for codes of practice recommendations that, although are safe in their present
formulation, lack a rational base and do not correlate well with test results in terms of
the effect of the different parameters on punching failure.

Natarajan [1998] studied the defects and the rehabilitation in RCC structures.
Jaafar [2002] studied the strength and durability characteristics of high strength
autoclaved stone dust concrete. Waleed [2005], conducted experiments on repair and
structural performance of initially cracked reinforced concrete slabs.

Pavic and Reynolds [2003] conducted modal test on full-scale 15m x 15m floor
made of in-situ high-strength concrete of 115 MPa. The concrete floor was tested and
updated for both cracked and uncracked states, and also they did FE model updating,
which provided a valuable insight in the change of floor stiffness between the
uncracked and cracked states. It was found that even a heavily cracked HSC floor
remains linear and does not have significantly increased damping under low-leve]
excitation. Also, bending of in situ cast HSC columns provided considerable stiffness to
the floor even when heavily and visibly cracked. F inally, FE model updating confirmed
that dynamic modulus of elasticity of the as-built HSC was about 47 GPa and,
therefore, considerably increased compared with normal strength concrete.

Murray et al. [2003] proposed a modification to the ACI 318-02 Equivalent
Frame Analysis of Reinforced concrete Flat Plate exterior panels. In this they compared

two code methods such as ACI 318 and BS 8110 [1997]. Experiments were conducted
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on 1/3-scale models of Flat Plate exterior panels. Strains were measured in reinforcing
bars and were used to calculate curvature, bending moments to assess the accuracy of
the method.

Gilbert et al. [2000] conducted experimental study and compared the results
with the equivalent frame analysis methods. The distribution of bending moment
between column and middle strips were studied. They observed that at the edge
columns the distribution of moment was closer to the existing provision given in
BS 8110. This suggestion is used in this study for the edge column.

Natarajan [1997] proposed an object oriented programming for structural
design. Kant [1982], proposed a numerical analysis of thick plates by using higher
order differential equations. Mehmood [1990] studied the aerodynamic interference in
tall buildings. Sateesh Kumar and Deb [2002] used fuzzy logic to assess the seismic
damage of reinforced concrete buildings.

Park and Kim [1999] made a numerical study using nonlinear finite-element
analysis was made to investigate the behavior of reinforced —concrete flat plates subject
to combined in-plane compressive and out-of-plane floor loads. A computer program
for material and geometric nonlinearities is developed. This paper provides a rational
design rules for the moment magnifier method.

Hwang and Moehle [2000] made experiment on 0.4-scale model of nine-panel
model was tested. A portion of slab was designed for gravity and wind load as per
ACI 318-83. The remaining was designed for moment redistribution. Gravity load tests
provide data on structural responses at the service load and lateral load tests provide
data on behavior for loadings ranging from the service load level to the ultimate load
level.

Theodorakopoulos and Swamy [2002] proposed a simple analytical model
based on the physical behavior of the slab-column connections under load, which was
applicable to both lightweight and normal weight concrete. The model assumed that
punching was a form of combined shearing and splitting, occurring without concrete

crushing, but under complex three-dimensional stresses. Failure was assumed to occur
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when the tensile splitting strength of the concrete was exceeded. The proposed theory
was applied to predict the ultimate punching shear strength of 60 slab—column
connections reported in literature, and designed to fail in shear, involving a large
number of variables, such as type of concrete, concrete strength, tension steel ratio,
compression reinforcement and loaded area which showed very good agreement
between the predicted and experimental values,

Choi et al. [2003] proposed an improved moment magnifier method based on
nonlinear finite element analysis, which is applicable to the long-term behavior and the
load carrying capacities of flat plates. A computer program considering creep and

shrinkage as well as geometrical and material nonlinearity was developed.

25  FLAT SLAB

Sherif and Dilger [2000] tested two full-scale Sm continuous flat slabs to failure
after it had been repaired twice. Square drop panels were provided and shear failure
Wwas occurred at the edge and interior column-slab connections. The test results were
compared with the moments predicted by equivalent frame method (EFM) and linear
finite element analysis (FEM).

Paultre and Moisan [2002] made an analytical study on flat slab with continuous
drop panels between column lines. This makes long spans and possible in addition to
increase in punching shear resistance around supports. The drop panels were provided
along the x-axis. The width of drop panels were less than or equal to the column strip
and of variable thickness. Providing drop panel for width equal to column strip will be
uneconomical. Also this will not be acceptable in places where strict restriction in
height is required.

Megally and Ghali [2000] proposed design requirements for earthquake-
resistant slab-column connections. It includes the value of the unbalanced moment to
be used in punching shear design. Also it shows that the use of shear reinforcement
particularly shear studs with mechanical anchors significantly enhances the ductility of

slab-column connections under reversed cycle of loading.
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Nanni and Mettemeyer [2001] have used diagnostic load testing and finite
element modeling of a two-way post tensioned flat slab to verify load carrying capacity
of structure. Combination of concentrated (hydraulic jacks) and gravity loads (pallets
loaded with rolls of paper or sand bags) were used. FEM was used to determine the
bending moments by the load tests. They concluded that the diagnostic load testing
could be used for testing the existing structures.

Furst and Marti [1997] compared the Robert Maillart’s dimensioning procedure
for orthogonally reinforced flat slabs with the elastic plate theory and limit analysis.
While considering the elastic analysis Maillart underestimated the flexural moments,
whereas the design had reasonable safety margin when compared to limit analysis.

The lateral load analysis for seismic forces are the other main areas of
research in which the significant works are carried out by Durrani et al. [1994], Farhey
et al. [1993], Hosahalli and Aktan [1994] and Mosalam and Naito [2002].

The fire resistance of concrete buildings were studied by Huang et al.[2003].

They developed the theoretical model using the membrane action.

2.6 SUMMARY

From the literatures it is observed that some of the buildings had excessive
deflection. The empirical equations developed by some of the researchers considered
the material properties existing at that period. These equations need improvements
considering the present conditions. Also the equation should be simple to be used by
the designer. To avoid the punching shear failure many types of reinforcements were
used and studied for their contribution in changing the mode of failure. These were
summarized in this chapter. Also the methods used for modeling of the slab in
punching shear were given in this chapter. The main objective of this research is to
have simple structural model for the slab with the concealed beam to improve the
stiffness. This structural modeling and the theories used are explained in the next

chapter.
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CHAPTER 3

STRUCTURAL MODELLING

3.1 GENERAL

The main aim of this study was to fix the depth of slab to meet the serviceability
and strength requirement. To meet the serviceability requirement an empirical relation
that would predict the total deflection of beamless slabs accurately is required. Hence
the existing provisions in the codes for long term effects including shrinkage and creep
are studied and presented in this chapter. Also this chapter describes the derivation of
the equation for flat slab using the conjugate beam method. The theories used for this
research and the theoretical modelling of concealed beam are furnished at the end of

this chapter.

3.2 DEPTH REQUIREMENT BASED ON CONTROL OF DEFLECTION
The principal dimension of the member deciding its stiffness is the depth
because moment of inertia of the section forming flexural rigidity EI varies with cube
of the depth. Codes set the limit state of serviceability can be attended to by imposing
suitable maximum allowable deflections. When deflection becomes a criterion
governing the cross-section, the calculations for deflection prove to be quite lengthy
and tedious that is not suitable for practical design. The simpler method suggested in

the codes is to provide thickness for the members in the form of span to depth ratio.

3.2.1 Provisions in Codes
Table 3.1 furnish the span to depth ratio to be followed for beamless slabs

without edge beams as per the four codes.
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Table 3.1 Span to depth ratio as per codes

ACI 318-2002

S.No. | Interior Exterior
Panels Panels

1. 1/33 1,/30 26 30 40

BS: 8110-1997 | EC:2-1997 | Is: 456-2000

The code IS: 456-2000 gives the value for two-way slab of span up to 3.5m and
load class up to 3KN/m® In all this the limit of span up to which this slab can be used
is not given. Also the concrete grade, the load class are not considered. The beam
formula for short term, shrinkage and creep deflection, as per the codes is furnished in
Table 3.2. The modelling of the slab as per this method and the mathematical

expression used with the above modification are explained below.

3.2.2  Short-term Deflection

Short-term deflection is due to initial elastic deformation of the member due to
load and permanent imposed load under service conditions. At working loads the
reinforced concrete member behaves elastically and hence the short-term deflection can

be calculated by using the elastic theory as the basis (Table, 3.2).

' (1)
384E.1
where § - the deflection
w - the uniformly distributed load
I . the span
E, - the modulus of elasticity of concrete
I - moment of inertia

3.2.3 Shrinkage Deflection

Shrinkage is defined as the reduction in volume of an unloaded concrete at
constant temperature. Its primary cause is the loss of water during a drying process. The

magnitude of this deformation is described by the shrinkage strain. If the shrinkage is
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Table 3.2 Basic equations as per codes for deflection computation

S Formulae
~ | Description ) BS: 8110-1997 EC: 2-1992 )
No. ACI: 318-2002 Curvature Curvature IS: 456-2000
wi? wil® wit wi®
. ort-term 384E.1 384E.1 384E.1 384E_ 1
ipli e *a,*o S, =ky*y  *I°
2. | Shrinkage | ~ Multiplier e el )+ (=) ry,) « = Ve
approach 1,
wi*
Multiplier M, Sicctrerm = Tgam T
—_—— - 4E 1
3. Creep approach Ej*1, A/ n)+(1-&E(1/n) 384E off
o, =3*5,, +J o, =0, +6,+0, .,
4' TOtal tot D1, LL l+2+3 1+2+3 T i,cc(perm) cs i(temp)




restrained in a non-uniform manner over the depth of a section then the section will
tend to warp, leading to deflection. The major factor causing such restraint in the
flexural member is the reinforcement. In a singly reinforced section, therefore, the
tension face is restrained while the compression face is not restrained. This will lead to
a shortening of the compressive face relative to the tension face and hence a deflection
will be induced. The suggestion given in the four codes to calculate deflection due to

shrinkage are given below.

ACI 318-2002
The multiplier approach (Branson approach) is used for the total deflection

including shrinkage and creep.

BS: 8110 - 1997

Deflection is calculated by using the moment curvature relationship. In the
absence of experimental data the shrinkage strain for inside atmosphere is adopted as
given in the code as 300x10®, The empirical equations are furnished in the Chapter 4

(section 4.3).

EC: 2-2002
The code gives a separate formula to calculate the shrinkage strain. This code
suggests the curvature method and the empirical relations used are explained in

Chapter 4 (section 4.4).

IS: 456-2000

Deflection is calculated by using the moment curvature relationship. This
method depends on support condition and area of steel provided. In the absence of
experimental data the shrinkage strain for inside atmosphere is adopted as given in the

code as 300x10 The empirical relations used are explained in section 4.5.
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3.2.4 Creep Deflection

Creep is a plastic deformation under sustained load, and its effect is to increase
the strain in concrete at constant stress. With the increase in strain, but stress remaining
constant, there is a decrease in the modulus of elasticity of concrete. The modified or
reduced modulus of elasticity of concrete is known as effective modulus of concrete.
The effect of creep is thus reduction in modulus of elasticity of concrete, increase in
depth of neutral axis and increase in curvature.

The effect of creep on stiffness can be understood by noting its effect on each of
the two quantities £ and / constituting the stiffness. But simultaneous increase in

depth of neutral axis increases the moment of inertia 15 of the section on occurrence

of creep. However the reduction in E is greater than increase in /, with the result that
final value of the stiffness Ec.l,p is less than its initial value E.lp and thus, there is
increase in curvature and, hence, the deflection due to creep. Theoretically, it is very
difficult to determine deflection due to creep because it requires creep-time history of
the R.C. member. The method followed to predict the creep deflection as per the four

codes are given below.

ACI: 318-2002

The final deflection is calculated using the formula (multiplier approach) below
Or =3x8, +6, (3.2)

where &, - deflection due to sustained deflection
0, - deflection due to varying part of live load

BS: 8110 -1997

Assuming the humidity as 45% and indoor atmosphere the creep coefficient is
obtained from the graph provided in the part 2 of this code. Creep coefficient for 28
days is 3.1 and for one year 1.6. The empirical relations used are explained in

section 4.3.
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EC:2-2002
The code gives formula to calculate creep coefficient. By using the formula and
based on the same assumption made for other codes, the creep coefficient is calculated

as 1.31 for 28 days. The empirical relations used are explained in section 4.4.

IS: 456-2000
In the absence of experimental data the code gives the creep coefficient as 1.6
for 28 days and 1.1 for one-year age at loading. The empirical relations used are

explained in section 4.5.

3.3 MODELLING OF BEAMLESS FLOORS

The aim of this study is to give a simplified approach to find the total deflection
of beamless floors by considering the parameters, which affect the total deflection. The
formulas available in the codes for the determination of total deflection including long-
term effects are based on beam behaviour, which are used extensively by the designers.

Since the flat plates and slabs are two-way slabs, the deflection formulas as
given in the codes for beams can not be used as such. These formulas have to be used
suitably by incorporating the two-way behaviour in the empirical relations. To have
little change in the available formulas, it was planned to model the slab using the
Equivalent Frame method (Varghese [2002]). This method divides the slab into two
strips. These strips are called column strip and middle strip. The strips are also called
wide beams. In this the width of the column strips are equal to half of the shorter span
and for middle strip the remaining span becomes the width. This width can be

substituted in place of the width of the beam in the beam formula.
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Fig. 3.1 Structural modelling of the slab
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3.3.1 Equivalent Frame Method

Since the column strip and middle strip are considered as wide beams, the

available beam formula for creep and shrinkage deflection in the codes BS: 81 10-1997,
IS: 456-2000 and EC: 2-2002 are used by substituting the width of the relevant column

or middle strip in place of width of beam (Table 3.2), by using the following structural

modelling.

Determination of total deflection of flat plates and flat slabs is obtained by

adding the short-term deflection, deflection due to creep and shrinkage. The basic

equations which are explained in the previous clauses are used by applying the

following beam model.

T

':': AL ::s (%olumn strip

] — osL,——]
:: A :: Column strip Beam model

! E Section A-A

Lt she—L Lk L o

Fig. 3.2 Structural modelling of the flat plate

Basic mid-span deflection of the interior panel [Branson, 1976], assumed as

fixed at both ends given by

o

4

wi G.1)

38451
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This has to be proportioned to separate deflection of the column strip and

middle strip, such that;
The midspan deflection of Flat plate (Eqn.3.3) is determined by the formula

6)=6_, + Opy = O +4,, (3.3)

where, &, o,, = deflection of column strip along x and y direction respectively.

)

mx

s 0, = deflection of middle strip along x and y direction respectively.

The column strip has width equal to L,/2 along both directions. The middle strip
has L,/2 along X direction and Ly- L,/2 along Y direction. In Eq. (3.1), the ‘w’ is the
uniformly distributed panel load. E, is the modulus of elasticity of concrete and 7 is the

moment of inertia of the column strip or middle strip.

3.3.2 Flat Slab

The cross section of a flat slab is not uniform and it changes at the slab column
connection. Since the cross section is varying along the span, the conjugate beam
method is suitable to determine the deflection of flat slab. Hence it was decided to use

this method for finding the deflection of flat slab.

3.3.2.1 Conjugate beam method

The concept of the conjugate beam provides a simple method for the
determination of slope and deflection at any point of a beam. The expressions for shear
force, bending moment, slope and deflection in a beam can be derived by successive
integration of the expression for the intensity of load. If the load acting on a beam is
replaced by the M/EI diagram, this beam is known as conjugate beam. The shear force
at any point in the conjugate beam is equal to the slope at the same point in the actual
beam. Similarly, the bending moment at any point in the conjugate beam is equal to the
deflection at the same point in the actual beam.

As the slope and deflection in the actual beam are analogous to the shear force

and bending moment in the conjugate beam, it is necessary to select the support
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conditions for the conjugate beam so as to maintain the analogy between the two
beams. The slope and deflection at a fixed support is zero. Hence there should be no
shear force and bending moment at that point in the conjugate beam. It follows that a
fixed end in the actual beam should be replaced by a free end, in the conjugate beam.
Similarly a free end in the actual beam should be replaced by a fixed end in the
conjugate beam. A simple end support continues to remain so in the conjugate beam.
The conjugate beam has the advantage of having a simple and unambiguous
sign convention. If the bending moment in the actual beam is positive (sagging), the
corresponding elastic load M/EI in the conjugate beam should be considered to be
acting downward. On the other hand, if the shear force and bending moment in the
conjugate beam are found to be negative, the analogous rotation and deflection in the
actual beam are counter clockwise and upward respectively. By using the above
concepts, the equations for predicting the final deflection of flat slab is derived and the

important steps are given below.

3.3.2.2 Flat slab with drop panel

The column strip in this slab has varying cross section as shown in F ig. 3.3. The
drop panel thickness is assumed as 1.25 times the total depth of slab. The width is
assumed as L,/3. The dead load at this location includes the load of the drop panel also.
Since the cross section is varying the moment of inertia is different at the column strip
and at the middle strip.

For the column strip the deflection equations are derived using the conjugate
beam method. Figure 3.3 shows the varying cross section of the flat slab along the
centre of column strip. The equations derived using the conjugate beam methods are for
the critical locations are given below. The details are not furnished here.

Reaction at A and B is calculated by the following equation

R= §(4.5 +3.25w) 3.4)
where w - uniformly distributed load due to self weight of slab
L - span of the column strip (Ly/2)
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Fig. 3.3 Structural modelling of flat slab with drop panel

AtC
L2
=-—(3.75+2.625w) (3.5)
36
AtE
L2
= 5(1.6875 +1.167w) (3.6)
AtG
L2
= 1—2—(2.25 +1.541w) (3.7)
The reaction at the conjugate beam is
r 1 L 1
Ra = —x—(6.6875+4.66Tw) + — x —(2.0625 +1.417w) (3.8)
ElI, 432 El, 48

2
The final expression for the mid panel deflections for dead load and live load

for the column strip are as below;
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4

5, = (5.6745+3.974w) +
864E], 96El,

(1.5703 +1.0785w) (3.9)

The final expression for middle strip is as below:

4
5 = LDF, x0.013x w! (3.10)
EI

m

3.3.2.3 Flat slab with column head

The self weight of the column head is not included in the self weight of the slab.
Hence the panel load is same along the column strip. But the moment of inertia is
different at the slab column junction and at middle strip. The Fig. 3.4 shows the
modelling of this slab.

Ly
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a. Details of column strip cross section
along the column centreline

E
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- {o
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b. M/EI diagram

Fig. 3.4 Structural modelling of flat slab with column head

Reaction at A and B is calculated by the following equation

R=§(1.5+w) (.11
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AtC

2.
=%‘1-5+W) (3.12)
AtE
2
=33i2(1.5+w) (3.13)
AtG
L2
=?(l.5+w) (3.14)
3 3
pm BB sy L B 154 (3.15)
EI,” 800 EI,~ 32x12

The final expression for the mid panel deflections for dead load and live load

for the column strip are as below;

4 4
5, _0:0055x L7 (1.5+w)+—0'013XL (1.5+w) (3.16)
El, El,

The final expression for mid panel deflection of column strip due to dead load

and live load are as below:

_(L5+w)x L* (00055 0.013

)
« E I, I,

) (3.17)
The expression for middle strip is the same for all the types.

3.3.2.4 Flat slab with drop panel and column head

The drop panel thickness is assumed as 1.25 times the total depth of slab. The
width is assumed as L,/3. Since the column head will not increase the dead load the
same expression derived for deflection of flat slab with drop panel can be used for this
slab also. But the moment of inertia at the slab column junction will be different

because it considers both drop panel and column head.

32



A

Ly/4 —>te Ly/2 te— L/4_—»|

AR A A A AN A A ]

Colurr;ngtrip;I Middle strip [ E Colunﬁx{strip

’ " Iy
,,J;/s Drop panel ? 1“
Column head

a. Details of column strip cross section

D_B

A_C

E G

__-_-_-__----_.Dn

b. M/EI diagram

Fig. 3.5 Structural modelling of flat slab with drop panel & column head

4 4
o; = L (5.6745+3.974w) + L (1.5703 +1.0785w) (3.9)
864 L1, 96E1,
The final expression for middle strip is as below:
4
5 = LDF, x0.013x wl (3.10)
EI

m

3.4  THEORIES USED

To model the concealed beam and to use the empirical equations suggested in

the codes the following theories are used.

3.4.1 Calculation of the Neutral axis

To find the moment of inertia the neutral axis is to be found. The equilibrium
condition is used to find the neutral axis. The normal reinforced concrete theory is used.
2

b%+(m DA, (x~d") =m 4,(d -x)* 3.1
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In the above equation the width denoted by ‘b’ has to be substituted by the

width of column strip and middle strip separately.

Solving the quadratic equation will give the neutral axis value. This is used for
the uncracked stage. The dominative effect of movement of neutral axis is downward
due to creep (Branson, [1978]). Here it is assumed that the neutral axis depth will move
downwards by 0.2 times compared to the original position in (Pillai and Menon,
[2002]) uncracked stage. Hence for finding the neutral axis depth in the cracked stage,
it was assumed that the position was 1.2 times the original position in the uncracked

stage.

Width of column strip is

Width of middle strip along y-y direction is

L
by = (L, =)

3.4.2 Calculation of the Moment of Inertia
The gross moment of inertia is determined by using the following relation for
uncracked stage considering the concrete as homogeneous material. The column strip is
considered as doubly reinforced beam, since longitudinal reinforcement will be
provided at both top and bottom face.
1. The following assumptions are made for calculating the moment of inertia:
Uncracked Stage
¢ Both column strip and middle strip are considered uncracked and

transformed area method is used.
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2. Cracked stage

* The column strip is considered partially cracked. Hence effective

moment of inertia is used.
* The middle strip is considered uncracked and hence the gross moment of

inertia is used. .

For uncracked stage (Branson [1978]), the transformed area method is used for
modifying the available beam formula. This method transforms the area of steel into
equivalent area of concrete and the second moment area is calculated by using the

following formula.

bcD3 D 2 2 n?2
L, = 5 +bcD(?—x) +(m-1)4,(d-x) +(m-DA4, (x-d") (3.12)

For the cracked stage the cracked moment of inertia is to be used. In this stage it
is assumed that the concrete in tension side is completely cracked and the effect of that

concrete is not considered,

I

ccr

3
=£’%+mce,4:, (d~x)* +(m,, -4, (x~d")’ (3.13)

3.43 Material Properties
The concrete grade 20, 25 and 30 are considered. For this the young’s modulus
of concrete is calculated as per the provisions given in each code. Fe 415 grade steel is

considered.

Modulus of elasticity of concrete
The modulus of elasticity of concrete is calculated as per the provisions given in

the code.

ACI: 318-2002

E =5375\f. where JSc is the cylinder strength of concrete.

35



IS: 456-2000

E_ =50004 f, where f, isthe cube strength of concrete.

The nominal values given in the code are used as such for BS: 8110-1997 and

EC: 2-2002.

3.5 MODELLING OF CONCEALED BEAM

Concealed beam is an arrangement of reinforcement that is placed within the
slab. This beam does not increase the depth of the slab. Since this is embedded within
the concrete, this can be called as concealed beam. The main aim of this study is to
have a simple analytical model for this beam and to study the strength and
serviceability of flat plate and flat slab with this beam. The following clauses explain

how the reinforcements are decided to fix the dimensions of concealed beam.

3.5.1 Arrangement of Reinforcement

The concealed beam is provided with equal number of longitudinal
reinforcements in both top and bottom faces. These are tied together by means of 8 mm
diameter shear stirrups (Fig.3.6). The width of the beam is decided to cover the critical
section on either side of column face. The stirrups can be provided for the critical
section at d/2 (IS: 456-2000) to 2d (EC: 2-2002) on either side of column face. Many
trial studies were conducted to find the appropriate dimension and the details are not
furnished here. Finally based on the trial study it was decided to select the width of
beam as 1000 mm. Because this width covers the critical section for the maximum size
of column to be provided at the ground floor (assumed as 600mm x 600mm). The
horizontal distance between the longitudinal reinforcement is fixed as 50 mm as per the
minimum spacing suggested by IS: 456- 2000. The floor plan of flat plate with
concealed beam (Fig. 3.7) is shown. The minimum spacing is provided between the

stirrups.
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Slab 1000mm

Y, 4

10 mm dia. @ 50 mm c/c

Fig. 3.6 Cross section of concealed beam

The shear stirrups are provided at a spacing of 50mm distance centre to centre.

3.5.2 Proposed Modelling for Flexure

For flexure the transformed section method is used for finding stiffness. In this
method the cross section containing the steel and concrete are transformed into a
homogeneous section of one material all having the modulus of elasticity of concrete.

This requires the replacement of the actual steel area by an equivalent area of concrete,

T T N
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T

LT T

1]
[T
L
T

L T
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LT

LT T

(a). Floor plan (b). Longitudinal section

Fig. 3.7 Floor plan with concealed beam

3.5.3 Proposed Modelling for Torsion

For torsion the concealed beam is modelled as a thin box of equivalent concrete

section (Fig. 3.9).
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Concealed Beam Slab ¢c
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"8 mm dia. @/ x
50 mm c/c

Fig. 3.8 Longitudinal section of the concealed beam

The spacing of stirrups (s ) in the concealed beam is assumed as 50 mm. because

§=50 mm
The diameter (d,) of the stirrup
d, =8 mm

The number of stirrups (n,,) along the x-x direction (Fig.3.8)

(Q—Cq
n, = +1
A)

DI

Fig. 3.9 Equivalent thin concrete box for torsion

The length of the stirrups (L, ) to be provided in the x-x direction
L =L,
Equivalent area of concealed beam ( E, ) in concrete

2
_hexmxmgxd,

E,=
4
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The thickness (¢, ) of the concealed beam (Fig.3.9)

E,
=

LJ’
X, =1000-1,
Y=D-t

The torsional constant ( C,) of the concealed beam (Hsu, 1984)

2x X} xY*xD
*o X, +Y

3.6 SUMMARY

This chapter explained the proposed structural modelling of flat plates and flat
slabs. The theoretical modelling of the concealed beam was given at the end of this
section. By using the above the empirical relations studied with suitable modifications
as per the four codes ACI: 318-2002, BS: 81 10-1997, EC: 2-2002 and IS: 456-2000 are

explained in the next chapter.
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CHAPTER 4

STUDIES ON EMPIRICAL EQUATIONS
—————— e

4.1 GENERAL

The comparative study on the available provisions in the four codes shows that
the empirical equations are based on beam behaviour. It was planned to use the
available formulas with little modification. For this it was considered that the
Equivalent Frame method would give the required modification. This method and the
modelling considered for this study were explained in the previous chapter. This
chapter presents the empirical equations which were studied with the suitable

substitution as per the above modelling.

42  ASPER ACI: 318-2002

The total deflection due to combined effect of creep and shrinkage is obtained
by using the Branson approach, which adopts the equivalent frame method (Fig. 4.1).
A multiplier of 3 is used to find out the total deflection.

The formulas used are as furnished below. The modulus of elasticity of
concrete is calculated for normal density concrete. Since cylinder strength is used in
all the formulas of ACI, for comparison of codal provisions 20% reduction in cube

compressive strength is considered for concrete.

E, =5315\f" 4.1)

where f. is the cylinder strength of concrete.
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Fig. 4.1 Structural modelling of slab
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The dead or sustained load is determined by using the Eqn.4.2 which includes the
weight of the slab, floor finish and a part of live load that may act as permanent in

nature. For this study 25% of live load (W1 ) is considered to act as sustained load.
W,=25D+ FF +0.25W1 (4.2)
The total load (¥, ) is computed by adding the live load with the sustained load ( w,)
as in Eqn. (4.3)
W,=W,+WI (4.3)
The moment is calculated using the panel load separately for short direction (M e )

and long direction (M, )

_0SLW,L

. (4.4)

M,

0.5LW,L,

M, = 2 (4.5)

The coefficients for distribution among the column and middle strip are calculated as
per Branson method. The distribution for interior panel is always as given below. The
relative

LDF,, =0.675

LDF,, =0.325
For the corner and side panel based on the distribution of hogging and sagging

moment between column and middle strips.

LDF, =0.738

LDF, =0.262

The modular ratio is m = % ,

The effective depth (d) to the reinforcement from the top of the concrete
surface is determined by deducting the clear cover (cc) and half the diameter (dia) of

tension reinforcement.
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d = D-cc-(dia/2)
The width of frame (4 ) s taken as equal to the span along that direction. For

plates the effect of column is neglected.

Frame
bp=1L, | (4.6)
The moment of inertia of frame (/) is calculated by considering the plate as

a rectangular beam.

I b D’ 4.7)

AT 12 (4.

by,=L, (4.8)
b.D?

) 4.9

12 (4.9)

The panel is considered to be continuous and hence the following formula is used for
instantaneous deflection due to sustained load (d -4 4,) and total load (d ol yy)
separately.

W,L,L,

df, = 4.10
u 384E,1, (*10)

WL

df, =42 4.11
Uy 384E,1,, (4.11)

W,L,L

df. =
L 384E 1,

(4.12)

W,L.L

df, = —— 4.13
L 384E.1, (*.13)

The section properties for the column strip along short as well as long directions are

computed by using the following formulas.
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Column Strip

The width of column strip (b,,) in both the direction is the width on each side of the

column centre line equal to one fourth the smaller of the two panel dimensions.
b,=b, === (4.14)

The area of reinforcement (4, ) is calculated as percentage of the cross sectional

area of column strip.

_0.5xb, xD
stlcx 100
D3
I, = bciz (4.15)
I = b”yDB 4.16
2 12 ( . )

Middle Strip

The width of middle strip (b, sb,,) and the moment of inertia (/,, 1, ) are

calculated as below:

L,
bm=Ly——2— (4.17)
b D’
] =Zm 4.18
m =" (4.18)
LX
b,, = > (4.19)
I, = ny D’ 4.20
my — 12 ( . )
Flexural stiffness of equivalent column
The stiffness of column is computed based on equivalent column stiffness.
Factored dead load (W)
W, =1.4x(25x D+ FF) (4.21)
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Factored live load (W,)

W, =1.7xwl (4.22)
Total factored load (W)

Wy =W,+W, (4.23)
Uniformly distributed load ( w)

w=W,xL, (4.24)
Area of column required ( 4, )

4= 2x3xWyp x L, xL,[2

(4.25)
0.85x./ 1.,
Edge column size
The column size (C,,, Ci,) is calculated using the following formula.
3
C, = ((i/‘?—ﬂ (4.27)

Exterior column rotations for corner and side panel

Short term deflection

Along the shorter direction (x-x axis):

The sectional properties of column and stiffness computations are made by using the

following equations.

I, = .Gy, (4.28)
clx — T .
K, = SEclo, (4.29)
LC
1-(0.63D/C )\ D’C
C, = ( ( /3 lx))( lX) (4.30)
Ln.x = Lx _Clx
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The model proposed by Gilbert [27] is used here for torsional stiffness (K, ) of edge

column.
2x4.5xE xC,
= e (4.31)
Y
L.V
Equivalent column stiffness (X,,, ) is
1
K, =|———— (4.32)
2xK_ +K,,
K
a, =—% 433
2K, (3.33)
Distribution factor for positive moment at the exterior Span
2
D, =0.63- 22 _ (4.34)
|
(l + /z XJ
Distribution factor for negative moment at the exterior span
D,, = __ 065 (4.35)
1
(1)
Distribution factor for negative moment at the interior span
1
D, =0.75- 010 (4.36)
[+ )
ax
The cracked moment
M,=671y1, (4.37)
Matlpx = Dpollx (438)
Ifthe M, . is less than the M, then the value of later is considered.
Mamax = Dne.lelx (439)
If the M., is less than the M, then the value of later is considered.
Mamlx = Dnilelx (440)
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Ifthe M, is less than the M_, then the value of later is considered.

The cracked moment of inertia (1)

3
I, =b, % +(mX A,y Xd - x) (4.41)

Effective moment of inertia for positive cracked moment ( 1) in column strip

M, ) M, )
o=t 2 +[1 (MW”(IW) @)

Effective moment of inertia for negative cracked moment (£ ene; ) in column strip in

exterior span

- =[ = JJ(IQ) {1_[%]3]%) (4.43)

atlnex atlnex

Effective moment of inertia for negative cracked moment in column strip (/,,,,,.) in

interior span

3 3
Mcr — Mcr
Lo —[ M] (Z..) +(1 ( M] J(Im) (4.44)

Effective moment of inertia (1., ) for column strip

Loy =071, +0.151,, + 0.151,,, (4.45)
Effective moment of inertia ( 1, ) for frame

Ieﬁ =1ecx +1mx (446)
The moment due to total load (M,,)

W,xL x(L )
M, =—2 (Z.) (4.47)
8
M, = 0.65x M, 4.47)
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Moment due to sustained load (M, )

W
Mmlx =( /I/V’JMW

The rotation due to total load (4, )

The deflection due to total load (&, )

o[

efx

The deflection due to sustained load (4, )

6,L,
6, = de
Short term deflection

Along the longer direction (y-y axis)

The moment of inertia of column (/,,,) along the longer direction

cly

- ClyCl3x
Y2

The relative stiffness of column (X, ) along the longer direction

4E,I,
K, = L 2
. _li-pssyc, ioe,)
’ 3

The clear distance from face to face of column (L,, ) along the longer direction

L,=L,-C,
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(4.50)

(4.51)

(4.52)

(4.53)

(4.54)
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2x4.5xE xC,
y = C 3
L

The relative stiffness of frame ( X ey )

Ky=|—31
2xK, +K,

K

ecy

Q. =
’ 2K,

Distribution factor for positive moment at the exterior span

A

Distribution factor for negative moment at the exterior span

D,, =0.63-

0.65
1
(1+/ZJ

Distribution factor for negative moment at the interior span

D

ney =

0.10

[1+%ly]

D,, =0.75-

The cracked moment

M, =617,

Mallpy = DpyMtly

Ifthe M, is less than the M_ then the value of later is considered.

Malney = DneyM

tly

Ifthe M,,,,,, is less than the M . then the value of later is considered.

Malm‘y = Dninlly
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(4.57)

(4.58)

(4.59)

(4.60)

(4.61)

(4.62)

(4.63)

(4.64)

(4.65)



If the M_,,, is less than the M then the value of later is considered.

atlniy

The cracked moment of inertia (/,,))

3
1, =b, "?+ (m) Ay, X - %) (4.66)

Effective moment of inertia for positive cracked moment (/,_, ) in column strip

ecpy

1ecpy=[ Af ]S(IW) +[1-( Af JJ](IW) (4.67)

atl py atlpy

Effective moment of inertia for negative cracked moment (/,,,) in column Strip at

the exterior span

3 3
Mcr _ Mcr
1my=[M J(1cy) +[1 [M ] (r.,) (4.68)

atlney aflney

Effective moment of inertia for negative cracked moment (/,,,) in column strip at

ecniy

the interior span

3 3
Mcr _ Mcr
Iecmy i [Mallniy J (Icy ) ' [1 [Mallm'}' ] ](Icry) (469)

Effective moment of inertia for column strip (/,,,,)

l,=071,,+0.151,,, +0.151,,, (4.70)
Effective moment of inertia for frame (/,;,)
]eﬁ/=1ecy+1my (471)
The moment due to total load (M, ) o~ <Y JBE‘;Q;. i
o
W,xLxx(L"y)z 612991 \
Moy = 2 Avs. Ho— —— =1 ; 5 4.72)
N
0.65x M \
= 2 ~—— ;g: (4.73)
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Moment due to sustained load (M niy )

M,, = (W %V JMW 4.74)

The rotation due to total load (6,)

M
0 =

y K"” (4.75)

ecy

The rotation due to sustained load (64)

M
ndy

6, = X
ecy

(4.76)

The deflection due to total load ( S,)

1
é.ly =(9{y XL%J[&_J (477)

The deflection due to sustained load (6,)

e,L
8y =22 (4.78)
8
Deflection of column strip alohg shorter direction (x-x axis)
Interior Panel
Deflection due to sustained load (0.4)
LDF /
Seuia = X ulls) (4.79)
Deflection due to total load (0.i)
LDF, I
= X ) (4.80)
Deflection due to varying part of live load (0...)
5&::’/ = 5c.xi1 - 6cxid (48 1)
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Corner Panel

‘Deflection due to sustained load (&)

s (LDF, )6 \1)

exed —
ICX

+5, (4.82)

Deflection due to total load (J,,,)

Soxet = (LDF 55 +6, (4.83)

exet T tx
I,

Deflection due to varying part of live load (&)
5cxcl = 5{:.\'01 - §acd (484)

‘Side Panel

Deflection due to sustained load (&, exsd )

(o)) s

CJ

cxsd ~

Deflection due to total load (&, )

5 LDFC}%XIJ @56

efy

Deflection due to varying part of live load (&)

5cxsl = 5cx §cxsd “. 87)

Deflection of column strip along longer direction (y-y axis)
Interior Panel

Deflection due to sustained load (O0a)

LDF )5, M
50,,.(, _ ( c:X fdyx fx) (488)
Deflection due to total load (&, )
(LDF, 1
5 = )( X x) (4.89)

vy
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Deflection due to varying part of live load (Seyi)

5cyil = 50in - 5cyid

Corner Panel

Deflection due to sustained load (Opea)

AN

cycd 1

Deflection due to total load ( Oyt )

_eoEXo, ).

cyct
1,

Deflection due to varying part of live load (Opet)

5cycl = acycl - é‘cyca'
Side Panel

Deflection due to sustained load (& oysd)

oo, ),).

cy.\d 1 y

Deflection due to total load (& (6 ost)

- (LDF;X6ﬁyXIﬁ)+§

cyst y
I

Deflection due to varying part of live load (& (64)
o) 0, —0.

cysl = cyst cysd

Deflection of middle strip along shorter direction (x-x axis)
Interior Panel

Deflection due to sustained load (5, ,)

s _(LDF, )( )

mxid =

mx
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(4.92)

(4.93)

(4.94)

(4.95)

(4.96)
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Deflection due to total load (O i)

_(LDF, )8, J1,) (4.98)

mxit —
Im.x

Deflection due to varying part of live load (0i)

Orit = Orsit — Orusia (4.99)

Corner Panel

Deflection due to sustained load (& cd )

Spea = (LDF )( Y ) (4.100)
Deflection due to total load (&,,,)
S et = (LDF )( 3 ) 4.101)
Deflection due to varying part of live load (6, )
Omct = Opmsct ~ O (4.102)
Side Panel
Deflection due to sustained load (&,,,,)
g = (LDF )( ki) (4.103)
Deflection due to total load (&, )
st _(LDE, X ulls) (4.104)
Deflection due to varying part of live load (&, )
Ormest = Omast = Ot (4.105)
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Deflection of middle strip along longer direction (y-y axis)
Interior panel

Deflection due to sustained load (Opmyia )

o _CDR)5,)i,)
I

myid —
my

Deflection due to total load ( Oyit )

S _ (LDFMI Xaﬁy lej, )
1’"

myit —

Y

Deflection due to varying part of live load €

Ot =0

my myit -

o,

myid

Corner panel

Deflection due to sustained load ( Onyea )

F
§myCd - (LD m Xé‘fdy Xlﬁ/) + §dy
I,
Deflection due to total load (Opyer)
_(LDF, X8, )1,) 5
myct ] + b

my

Deflection due to varying part of live load (Gnyer)

amycl = amyc - 6mycd
Side panel

Deflection due to sustained load (Ormysa)

s (LDF, )5, )1, )+ 5,

mysd — 1,,,),
Deflection due to total load (Syst )

myst
I,
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(4.107)

(4.108)

(4.109)

(4.110)

(4.111)

(4.112)

(4.113)



Deflection due to varying part of live load (St )

Sy =0, 8

mys mysi mysd

(4.114)

Total mid panel deflection due to sustained load

Interior Panel

For two way action, the deflection along shorter direction is computed by adding the
deflection of column strip along x-x direction and deflection of middle strip along y-y
direction.

Deflection due to sustained load (§,,, ) along x-x direction

5Idx = 5cxld + §myld (41 15)
Deflection due to sustained load ( 0,4, ) along y-y direction
Oy = Oia + O (4.116)

The total mid panel deflection of interior panel (&) for sustained load, is the average

of the above two deflections.

6y = M (4.117)
The above procedure is followed for the corner as well as side panels.
Corner Panel
Deflection due to sustained load (J,,, ) along x-x direction

St = Orea + Opmyea (4.118)
Deflection due to sustained load (6.4 ) along y-y direction

Oty = Opeq + O prea (4.119)
Total mid panel deflection of corner panel (8, ) for sustained load

O = (5—““%@ (4.120)
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Side Panel

‘Deflection due to sustained load ( 0,4 ) along x-x direction

+6

mysd

(4.121)

cxsd

Oy =9,

Deflection due to sustained load (&

S

4, ) along y-y direction

2}

sdy

= 5cysd + 5mxsd (4 l 22)

Total mid panel deflection of side panel ( 0,,) for sustained load

0, +0
y =*( w +6) (4.123)
2
Total mid panel deflection due to varying part of live load
Interior Panel

Deflection due to varying part of live load (6, ) along x-x direction

0y =0.,+0

cxil myil (4 1 24)
Deflection due to varying part of live load (6,,) along y-y direction

é‘ily =§

[5%)

+ 0 i (4.125)

The total mid panel deflection of interior panel (6, ) for varying part of live load

O, +0.
5, = (“ﬁ”) (4.126)
2
Corner Panel

Deflection due to varying part of live load (6, ) along x-x direction

é‘clx = 5L‘.XCI + §mycl (4 127)
Deflection due to varying part of live load (4., ) along y-y direction
ety = Ooyet + Oy (4.128)

The total mid panel deflection of corner panel (6, ) for varying part of live load

(6., +68

Oy =" ) (4.129)
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Side Panel

Deflection due to varying part of live load (&, ) along x-x direction

O =0t + 6,y (4.130)
Deflection due to varying part of live load (d,,) along y-y direction
6st = §cysl + 5mxsl (4 1 3 1)

The total mid panel deflection of side panel (&, ) for varying part of live load

(é‘slx + 6

—”y) (4.132)

o, =
sl 2

Total deflection

The total deflection including long-term effects is computed by multiplying
the deflection due to sustained load by 3 and the deflection due to live load is added
with this.
Interior Panel

0, =3x8, +6, (4.133)

Corner Panel

6,=3x6,,+0d, (4.134)
Side Panel
0,=3%x6,+46, (4.135)

43  AS PER BS: 8110-1997

Following the same procedure adopted in 4.2 the equations given in this code

for creep and shrinkage effects are studied and modified.

Moments
W,=25D+ FF +0.25WI (4.2)
W, =Ww,+Wl 4.3)

The moment due to sustained load is calculated using the panel load separately

for short direction (M, ) and long direction ( M ay)
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2
_OSLWLL, (4.136)

M, g
0.5LW,12
M, = —% (4.137)

The moment due to total load is calculated using the panel load separately for short

direction (M), ) and long direction ( M,,)

_O0SLWL
8

M, (4.4)

0.5LW,I
Ty

Short-term deflection (instantaneous curvatures for cracked section)

(4.5)

E.\'
m=—=
E

[

d = D~cc~(dia/2)

E
E, ==
“ (1+9)

E
m(.‘e =

Ece

LDF, =0.65 (Lateral moment distribution factor in column strip for interior

panel)

LDF, =0.35 (Lateral moment distribution factor in middle strip for interior

panel)

LDF,. =0.55 (Lateral moment distribution factor in column strip for corner &

side panel)

LDF,, =0.45 (Lateral moment distribution factor in middle strip for corner &

side panel)

Column Strip

b, =b, =2
2

o cy
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_0.5xb,xD
stlex — 100

Solving the following equation the x, may be found

0.5% by, xxpe +Mx Ay x X, = mx A, x(d) (4.138)
y 0.5xb, xD 4.139
st2ex 100 ( . )
0.5x L, xx;,, +mx A,y X X, =mx 4,,,, x(d) (4.140)
3

ch =(OLXILEX—DJ+O'5XLA' XDX(%_xIa)Z +(m_1)x Asllcx x(d_-xl::x)2

(4.141)
0.5xb,xD
sticy = 100 (4142)
0.5%0.5x L, xxjt, +mx Ay, x x5, =mx A, x(d) (4.143)
0.5xb, xD
st2cy = 100 (4.144)
0.5x L, x xzzcy +mx Amcy X Xy, =mMX AMcy X (d) (4.145)
0.5xL, xD*

I, = (+J+O.5x L,xDx (% —x,cy)z + (m—l)x Ay % (d—x,cy)2

(4.146)
Middle Strip
L,
bmx = Ly —?

_0.5xb,, xD (4.147
sthmx 100 . )
0.5%b,, xxp +mx A, xx. =mx A, x(d) (4.148)

0.5xL_xD?
Imx =(+J+0'5XLX XDX(D/Z—xlmx)z +(m_1)XAsllmx x(d_xl'"x)z
(4.149)

my

b, =2
2
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0.5xb,,xD

iy = 100 (4.150)
0.5xb,, x xlzmy tmx A, Xx,, =mx Agimy % (d) (4.151)
I, =[0'5+‘;XD3J+O.5X L,xDx (%-xlmy)z +(m—-1)x Aimy X (d—x,my)2
(4.152)
Flexural stiffness of equivalent column
Factored dead load (%)
W, =14x25xD+ FF (4.21)
Factored live load ( W,)
W, =1.7xWI (4.22)
Total load (W)
Wr=W,+W, (4.23)
Uniformly distributed load (w)
w=W;xL, (4.24)
Short term deflection along x-x axis
Moment of inertia of column (1,,)
3
I, = C'l—zc" (4.28)
The stiffness of column (K, )
4E I
K_= Tv'x (4.29)
¢ (-083x0/c, )p'c,,) 430)

3
Clear span (L, )
L,.=L -C

nx X 1x

61



Stiffness of equivalent column (X, )

Kecx= ;
(2chx+K“J
K

_ ecx
a,, =

2K

slx

Stiffness of equivalent column (K,,)

Kecy =[;]
2xK +K,

K

ecy

Ry
sy

Distribution factor ( D, ) for positive moment in exterior span

b, =063, 9B __

1+ % )
( alx
Distribution factor ( D,,, ) for negative moment in exterior span

0.65

nex =m

Distribution factor ( D,,, ) for negative moment in interior span

D

D, =075- 210

(i)

The cracked moment
M, =671f,
Malpx =Dpx lelx

M,.=D,, xM

atnex tlx

M =DanXMllx

atnix
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(4.32)

(4.153)

(4.154)

(4.155)

(4.59)

(4.60)

(4.61)

(4.37)
(4.63)
(4.64)

(4.65)



The cracked moment of inertia

ey

3
I, =b, x?+(mXAmCy Xd - x) (4.66)

Effective moment of inertia for positive cracked moment in column strip

I, =[Af—”)3(1cy) +[1_[ Ajf H(IW) (4.67)

atl py atlpy

Effective moment of inertia for negative cracked moment in column strip in exterior

span

1my=[ MM" ](Icy) +[1—( M, J (r.,) (4.68)

atlney atlney

Effective moment of inertia for negative cracked moment in column strip in interior

78 M,
1“"”:[M J(@y) +[1 [M J (7,) (4.69)

atlny atlniy

span

Effective moment of inertia for column strip

I, =071, +0.1 51,0y + 0.151,,, (4.70)
Effective moment of inertia for frame
ly=1,+1,, (4.71)
The moment due to total load (M o)
Wx, L x{L
Moy - ! X8 ( ﬂ)’)2 (4.72)
Negative moment ( M ney )
0.65x M,
M, =— 2 (4.73)

Moment due to sustained load ( M,,)

M,, = [W %V )Mn,y 4.74)
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The rotation (6, ) due to total load

Mmy
Hly = K—

ecy

The rotation (6, ) due to sustained load

The deflection (6,,) due to total load

s {o,ny/][z_ny
ty 8 1
ofy
The deflection (,,) due to sustained load

6, xL
o, = y y
Y8

The moment (M, ) due to total load

a2 XL x(L)

* 8
The moment (M, ) due to total load
Mo = 0.65x M,

" ()

The moment (M,,,,) due to sustained load

The rotation (8,,, ) due to total load

Ix

M

9 ntlx

tx —
K

ecx

The rotation (8,,, ) due to sustained load

Mn x
edlx = 1<dl

€cx
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(4.75)

(4.76)

4.77)

(4.78)

(4.47)

(4.153)

(4.154)

(4.155)

(4.156)



The deflection (&, ) due to total load

é‘Lx =(ellx XL%J(%J
ek

The deflection (&, ) due to total load
5, = (0‘1“ X L%J

Long term deflection along the shorter x-x direction
‘The relative stiffness (K,,,) for the long term effects

_ 4xE xL,xD’ s mxAﬂszx(d—xzcy)2

K
52x 3 L

X

Kecx
a2x =
2K

52x

The moment (M,,,, ) due to total load

0.5x L, x W, x I

n2x =
8

M

The moment (M., ) due to sustained load

/4

M, =—9xM
nd2x VVI

ni2x

The rotation (6,,, ) due to sustained load

The deflection (5, ) due to sustained load

5, = (9‘,2, X L%J

The moment (M, ) due to total load

_ W, xLXx(L,U,)2

M, 7
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(4.157)

(4.158)

(4.159)

(4.160)

(4.161)

(4.162)

(4.163)

(4.164)

(4.72)



Long term deflection along the longer (y-y) direction

The relative stiffness (X, , ) for the long term effects

— 4xEchxXD3 +mxAs12cxx(d—x2cx)2

K, 3 L (4.165)
Kecy

a,, = 2K, (4.166)
The moment (M, ,,,) due to total load

My, = O.SXLX;(I’V‘ x L, (4.167)
The moment (M,,, ) due to sustained load

M,,,, =%XMM2), (4.168)
The rotation (64, , ) due to sustained load

6,5, = Aj{"‘”’ (4.169)

ecy

The deflection (J,,) due to sustained load

5, = (em x L% J (4.170)

The force in concrete in tension in the column strip (7., ) along the shorter direction

for short term load

— O'Sxf;lx(D_xclx)z
_[ v J 4.171)

The force in concrete in tension in the column strip (T, ) along the shorter direction

T,

cex

for long term load

= O'SxfcllX(D"xclx)2
Tm—( (@-x.) J (4.172)
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The moment of resistance of the concrete in tension in the column strip (M., ) for

short term load

— 2xchxx(D_xclx)

MCC.X
3

(4.173)

The moment of resistance of the concrete in tension in the column strip (M., ) for

long term load
_ 2)(Tlc.x X(D_xclx)

C

Mclcx
3

(4.174)

The force in concrete in tension in the column strip (T, ) along the longer direction

for short term load

0.5x £, x(D-x,
T, = ’ 4.175)
[ (d-xcly) ] (

The force in concrete in tension in the column strip (T,

1y) along the longer direction

for long term load

05x £, x\D~-x
Ty = S x(D—x,, (4.176)
(d_xcly)
‘The moment of resistance of the concrete in tension in the column strip (M,,) for
short term load
2xT, x(D—xc )
oy = 3 2 (4.177)
The moment of resistance of the concrete in tension in the column strip (M,,) for
long term load
2xT, x(D-x
M, =—= 3( ) (4.178)

The force in concrete in tension in the middle strip (T,, ) along the shorter direction

for short term load

_ O.SxL,x(D—xmu)z] 4.179
[ (d_xmlx) ( | )

T,

cmx
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The force in concrete in tension in the middle strip (7,,,, ) along the shorter direction

for long term load

o
The moment of resistance of the concrete in tension in the middle strip (M_,,) for
short term load

M,y = 2T X (D 30,) (4.181)

3
The moment of resistance of the concrete in tension in the middle strip (M,,,) for
short term load

M,,, ==X Tan "3(D ~u) (4.183)

The force in concrete in tension in the middle strip (7,, ) along the longer direction

my

for short term load

- [o.sx fux(D-x,, ] ] s

(d—xm,y)

The force in concrete in tension in the middle strip (7,,,,) along the longer direction

for long term load

(05x £ x(D=x,, F
Tdmy—[ d=x.) J (4.185)

The moment of resistance of the concrete in tension in the middle strip (M) for

short term load
_2xT, x(D—x,,,ly)

M, o (4.186)
The moment of resistance of the concrete in tension in the middle strip (M ,,,, ) for
long term load
2xT, x\D-x
M,,, =— 3( o) (4.187)
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For total load

Column Strip along x-x direction
Interior Panel

The moment (M,,,.,) due to total load

M =Mtlx—Mccx

rlicx
Curvature due to total load for column strip (y,,, ) along the shorter span
M
. =LDF x| —tle_
'//I/ax c (Ec % Ia. J
Corner Panel

Curvature due to total load for column strip (V.. ) along the shorter span

M.
= [DF x| ——rliex
l//lccx le [E xIeaJ

c

Side Panel

Curvature due to total load for column strip () along the shorter span

Mr icx
!//l.\'cx = LDFL X{E—lJ

X1,

Column Strip along y-y direction
Interior Panel

The moment (M, ) due to total load

rlicy

M =Mtly—Mccy

rlicy

Curvature due to total load for column strip (i, iy ) @long the longer span

(//, =LDFX M
licy c EX

¢ cy
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(4.188)

(4.189)

(4.190)

(4.191)
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(4.193)



‘Corner Panel

Curvature due to total load for column strip (¥, ) along the longer span

M
Vieo = LDF, % [—”LJ (4.194)

Ec X Iecy

Side Panel
Curvature due to total load for column strip (¥, ) along the longer span

Mrlicy
Wi, = LDF, x| —22 (4.195)

E xI,
Middle strip along x-x direction

Interior Panel

The moment (M,,,,.) due to total load

My =M, ~-M,__ (4.196)

rlimx

Curvature due to total load for middle strip (y,, ) along the shorter span

ﬂ”—} (4.197)

E xI

(4 mx

V/Iimx =LDFMX[

Corner Panel

Curvature due to total load for middle strip (y,,,, ) along the shorter span

M
= LDF, x| —tlms_ 4.198
'//lcmx Im [EC % IWJ ( )
Side Panel
Curvature due to total load for middle strip (y,,, ) along the shorter span
M
= LDF x| —tim:_ 4.199
V/lsmx m (Ec XIWJ ( )
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Middle strip along y-y direction
Interior Panel
The moment (M) due to total load

M =Ml|y—Mcmy

rlimy

Curvature due to total load for middle strip (w, imy ) along the longer span

w,  =LDF x M
limy m Ecxlmy

Corner Panel

Curvature due to total load for middle strip (¥1.my) along the longer span

Mrlimy
‘//lcmy = LDF‘lm X E—

cxlmy

Side Panel

Curvature due to total load for middle strip (,,,, ) along the longer span

M
Wlsmy = LDFm x[ﬂj

E x ]my

Curvaturelx

Interior Panel

Instantaneous curvature (y,,, ) in the shorter direction
Vix =WV +'//limy

Corner Panel

Instantaneous curvature (y,, ) in the shorter direction

Wclx = '/llccx + V/lcmy

Side Panel

Instantaneous curvature (y,,, ) in the shorter direction

Wslx =V/lsc.x +'//l:my
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(4.201)
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(4.203)
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Curvaturely
Interior Panel

Instantaneous curvature (i, ,) in the longer direction

lII/ily = Wlicy +Wl/’mx (4'207)

Comer Panel

Instantaneous curvature (y, , ) in the longer direction
Wcly = chcy + ¥ 1ems (4208)

Side Panel

Instantaneous curvature (i, , ) in the longer direction

W.\‘ly = ‘//lscy + '//l:mx (4'209)

For sustained load

Column Strip along x-x direction

Interior Panel

The moment (M, ,,.. ) due to sustained load

Mr2ic.x = Moperx -M (4210)

Curvature due to sustained load for column strip (y,,, ) along the shorter span

&J @.211)

= LDF x
WZIC.\- c (Ec % Ia

Corner Panel

Curvature due to sustained load for column strip (¥, ) along the shorter span

&] (4.212)

EC x IECX

W2ccx = LDF;C X(
Side Panel

Curvature due to sustained load for column strip (¥, ) along the shorter span

ﬂz—“} (4.213)

= LDF x
‘/IZscx c (Ec XIC_X
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Column Strip along y-y direction
Interior Panel

The moment (M, ) due to sustained load is

M M, —-M (4.214)

r2icy = opery ccy

Curvature due to sustained load for column strip (W2, ) along the longer span is

calculated by

M.,
__’Z’Q_J (4.215)

ExI,

WZicy = LDE‘ X{

Corner Panel

Curvature due to sustained load for column strip (y,,,,) along the longer span is

given by
Vs, = LDF, x Moy (4.216)
2ccy e Ec xIecy .
Side Panel

Curvature due to sustained load for column strip (y,,,, ) along the longer span is

W,,., = LDF x _Aﬁﬂ (4.217)
2scy c EC X ]cy .
Middle Strip along x-x direction

Interior Panel

The moment (M ,,,,. ) due to sustained load

M,.=M,_ ~-M

rimx operx cmx

(4.218)

Curvature due to sustained load for column strip (¥,,,,, ) along the shorter span

EL‘ XIMX

W 2ims = LDF, x [—M’z’””‘ J (4.219)
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Corner Panel

Curvature due to sustained load for column strip (y,,,, ) along the shorter span

M rrme ] (4.220)

x 1

4 mx

W2cmx = LDEC X[
Side Panel
Curvature due to sustained load for column strip (y,,,,,) along the shorter span

Wasme = LDF, x [—m] (4.221)

E.xI,,

Middle Strip along y-y direction

Interior Panel

The moment (M,,, ) due to sustained load

r2imy

M M, -M (4.222)

r2imy = opery - cmy

Curvature due to sustained load for middle strip (y,,,,) along the longer span

MrZImy
Vamy = LDF, x|~ (4.223)

cxImy

Corner Panel

Curvature due to sustained load for middle strip (y,,,, ) along the longer span

e X my

Mr2cmy
Vaamy = LDF, x| 27 (4.224)

Side Panel

‘Curvature due to sustained load for middle strip (y,,,, ) along the longer span

cxI,,,y

_ LDF Mr2:my
WZ.\'my - e X E— (4.225)
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Curvature2x
Shorter direction

The curvature for sustained load (v, for interior panel

Wi2x = WZicx +v/2imy (4'226)
Corner Panel
The curvature for sustained load (¥, ) for corner panel

‘//02,\' = V/chx +W2cmy (4227)

Side Panel

The curvature for sustained load (¥ ,,,) for side panel

WSZX =V/2scx +W2:my (4228)

Curvature2y
Longer direction
Interior Panel

The curvature for sustained load (¥4, ) for interior panel
W/'Zy = WZlcy + V/Zimx (4'229)
Corner Panel

The curvature for sustained load ( ¥.,, ) for corner panel

V/c2y = Wchy + WZcmx (4230)

Side Panel

The curvature for sustained load (¥,,, ) for side panel

lIU.SZ)/ = l//Zscy + WZsm.x (423 1)
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Long term deflection due to shrinkage along x-x direction
E, =300x10"°
Column strip

Interior Panel

The first moment of area of the reinforcement (S, ) about the centroid of the cracked

Or gross section
Sslcx = Asllc.x X (d - xlcx) (4232)

The shrinkage curvature for the column strip (y,,, ) along shorter direction

Y = LDF, XEM] (4.233)
Corner Panel
The shrinkage curvature for the column strip (y,,.. ) along shorter direction

Vieex = LDF;C X (E“ X ”;“ X SS/CX J (4234)
Side Panel
The shrinkage curvature for the column strip (y,,., ) along shorter direction

Ve = LDF, X(MJ (4.235)

Column strip along y-y direction
Interior Panel

The first moment of area of the reinforcement (S,,.,) about the centroid of the cracked

or gross section

Suey = Aoy x(d = x,,,) (4.236)

The shrinkage curvature for the column strip (¥, ) along longer direction

Ecs x mce x Sslcy
W3 = LDF, x —— (4.237)

cy
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Corner Panel

The shrinkage curvature for the column strip (y,.,,) along longer direction

E,_ x S |
Wie, = LDF, x [LJ (4.238)
I,
Side Panel
The shrinkage curvature for the column strip (y,,,,) along longer direction
. Ec.r X mce x S.ricy
Visey = LDF x| —— 25 (4.239)
cy

Middle strip along x-x direction
Interior Panel

The first moment of area of the reinforcement (.S, ) about the centroid of the

cracked or gross section
Sume = Auime X(d = x,,) (4.240)

The shrinkage curvature for the middle strip (5., ) along longer direction

EcxxmceXS'

sims J (4.241)

WSimx =LDme(

mx

Corner Panel

The shrinkage curvature for the middle strip (s, ) along longer direction

Wsome = LD, x [ e ”]’ X Sims ] (4.242)
Side Panel
The shrinkage curvature for the middle strip (y,,,, ) along longer direction

Vsoms = LDF, x ( Ee @ e Sams J (4.243)
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Middle strip along y-y direction
Interior Panel

The first moment of area of the reinforcement (S, ) about the centroid of the

simy
cracked or gross section

Ssimy = Asllmy X (d - xlmy) (4244)
The shrinkage curvature for the middle strip (y,,, ) along longer direction

Ecs x mce x S:imy ]

my

(4.245)

'//3imy =LDFMX[

Corner Panel

The shrinkage curvature for the middle strip (y,,,,,) along longer direction

Ecs x mce X Sslmy J

my

(4.246)

y/Scmy = LDF;m x {

Side Panel

The shrinkage curvature for the middle strip (y,,, ) along longer direction

Ecs X mce X Ssimy
Vs = LDF,, x (4.247)

my

Curvature3x

Interior Panel

The shrinkage curvature for the interior panel () along shorter direction

Wise = Vi +Vimy (4.248)
Corner Panel
The shrinkage curvature for the corner panel (y ,, ) along shorter direction

Ve =¥ tWaemy (4.249)

Side Panel

The shrinkage curvature for the side panel (i ,,, ) along shorter direction

V/ﬂx = V/Sscx + '//hmy (4250)
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Curvature3y
Interior Panel
The shrinkage curvature for the interior panel (y,,,) along longer direction
Wi}y = V/Sicy + '//Simx (425 1)
Corner Panel

The shrinkage curvature for the corner panel (y ;) along longer direction

Wc.'!y = l//3ccy + '//3cm.x (4252)

Side Panel

The shrinkage curvature for the side panel (., ) along longer direction

l//s_‘&y = W}scy +l//3sm.x (4253)

Long term deflection due to creep
Column Strip along x-x direction
Interior Panel

‘The moment of resistance of concrete for the column strip (M ;) due to creep along

shorter direction
Mr3ic.x = Mopenc - Mclcx (4254)
The creep curvature of column strip (., ) along shorter direction
M .
= LDF x| -r3iex 4.255
W-t/cx c [Ece % ch J ( )
Corner Panel
The creep curvature of column strip (¥, ) along shorter direction
M.,
= LDF,_ x| —r3ie 4.256
Wdccx Ic (Ece % ICXJ ( )
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Side Panel

-The creep curvature of column strip (y,,.,) along shorter direction

MJ (4.257)

ECE X ICX

stcx =LDF;X(

Column Strip along y-y direction
Interior Panel

The moment of resistance of concrete for the column strip (M ;) due to creep along

longer direction

M M,.,-M

rlicy = opery cley

(4.258)
The creep curvature of column strip (v, ) along longer direction

M

r3i
W4y = LDF, x [ﬁ} (4.259)

ce cy

Corner Panel

The creep curvature of column strip (y .., ) along longer direction

cexlcy

Wiee = LDF, % (#] (4.260)

Side Panel
The creep curvature of column strip (y,,,, ) along longer direction

Mr3lcy
Wasey = LDF, x| ———— (4.261)

Ecexlcy

Middle strip along x-x direction
Interior Panel

The moment of resistance of concrete for the middle strip (M ,,,,. ) due to creep along

shorter direction

=M, ...—M

r3imx operx clmx

M (4.262)
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The creep curvature of middle strip (¥ ;... ) along shorter direction

¥ ime = LDF, x[—EMi”}“ ] (4.263)
Corner Panel

The creep curvature of middle strip (W 4ome ) along shorter direction

W som = LDF,_x [EMTS}LXJ (4.264)
Side Panel

The creep curvature of middle strip (¥,,,..) along shorter direction

Mo ] (4.265)

ECE X 1”1."

Whm.x =LDF;X(

Middle strip along y-y direction
Interior Panel

The moment of resistance of concrete for the middle strip (M,;,,,,) due to creep along

longer direction

Mr31my = Mopery - Mclmy (4266)
The creep curvature of middle strip (y, imy) @long longer direction
V amy = LDF, x| Mrim_ (4.267)
d E,xI,
Corner Panel
The creep curvature of middle strip (¥, ) along longer direction
W somy = LDF,, Mo (4.268)
”’”)' ’ Ece X Imy
Side Panel
The creep curvature of middle strip (¥, ) along longer direction
Ve = LDF, x| Mraim_ (4.269)
smy c Ece % Imy
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Curvature4x
Interior Panel

The creep curvature for the interior panel (y,,, ) along shorter direction

l//iAx = W4icx + l/ldlmy

Corner Panel

The creep curvature for the corner panel (v _,, ) along shorter direction

‘//cdx = '//Accx + V/‘icmy

Side Panel

The creep curvature for the side panel (y,,,) along shorter direction

V/Mx = W:ﬂscx + '//4smy

Curvaturedy
Interior Panel

The creep curvature for the interior panel (y,, , ) along longer direction

WMy = '//4icy +W4im.x

Corner Panel

The creep curvature for the corner panel (v, ,) along longer direction

Wc4y = '//4ccy + '//4cm.x

Side Panel

The creep curvature for the side panel (y,, ,) along longer direction

V/My = V/dscy + demx

Curvature x-x direction
Interior Panel

The total curvature for interior panel (, ) along shorter direction

Ve =Vir ~VWine TWise TWiax
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Corner Panel

The total curvature for corner panel (i, ) along shorter direction

ch = l//clx - '//CZX + '//clx + l//Mx

Side Panel

The total curvature for side panel (., ) along shorter direction

st = ‘//slx _l//s2x + l//sSx + Wsdx

Curvature y-y

Interior Panel

The total curvature for interior panel (¥, ) along longer direction
Vi=Va, ~Vi, TWis, t Viay

Corner Panel

The total curvature for corner panel (., ) along longer direction
‘//cy = (//cly —V/cZy +'//c3y +Wc4y

Side Panel

The total curvature for side panel (w,,) along longer direction
W:y = Wsly _WJZy +‘/Is3y +Ws4y

Total deflection

Interior Panel

The deflection of interior panel (8, ) along shorter direction

5=y, x0.104x(1 _0.7%0))< z)

The deflection of interior panel ( o, ) along longer direction

5, =, x0.104x(1-073/ )« 12)
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The deflection (5, ) of interior panel

Oy +6,

0, =
2

Corner Panel

The deflection of interior panel (8., ) along shorter direction

S, = (gua x0.104 x (1 _0.7%0))( 5 )

The deflection of interior panel (6,,) along longer direction

5, =y, x0.104x (- 0.7%0)x z)

The deflection (8,) of comer panel

5 {wa) ((5,,, d,x)+(6,.y—5dly)J+[6m+5ﬁy]

¢ 2 2 2

Side Panel

The deflection of interior panel (&, ) along shorter direction

5 = 1 x0.104 (1_0.7%0),< z)

The deflection of interior panel (5, ) along longer direction

Oy = (wsy x 0.104 x (1 _0.7%0)x I )

The deflection (8, ) of side panel

5 = O, +0,, (le_ dlx) (ny 5dly) 4 5d2x+5d2y
! 2 2 2

Short term deflection

Interior Panel

Short term deflection (8, ) along x-x direction

é'u:((y/,h y/m x0104x( 07/ )xLz)
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Short term deflection ( 6,,) along y-y direction

Oy (('//ny V/lzy x0. 104><( 07/ )xLz)

Short term deflection (5,)

5 - 6, 96,
is 2

Corner Panel

Short term deflection (8, ) along x-x direction

o, = ((y/c,x - y/m)x 0.104 x (1 - 0-7%0)x Li)

Short term deflection (6,,) along y-y direction

5 ((Wcly Wczy x 0. 104)(( 07/ )XLZ)

Short term deflection (d,)

o

_[Ou+0,
s 2

Side Panel

Short term deflection (&, ) along x-x direction

S =(rae=va 01045075 ) )

Short term deflection (8,,) along y-y direction

J,, ((y/:ly V., x0104x( 07/ )xLz)

Short term deflection (o,)

s o, + é‘sy
s 2
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(4.292)

(4.293)

(4.294)

(4.295)

(4.296)

(4.297)

(4.298)

(4.299)



Shrinkage deflection
Interior Panel

Shrinkage deflection (&, ) along x-x direction

O e ((V/st x0104x( 07/O)xL2)

Shrinkage deflection (& O,y ) along y-y direction

55,,,y ((z//ny xOlO4x( 07/ )xLz)

Shrinkage deflection (&)

2

Corner Panel

Shrinkage deflection (5, ) along x-x direction

Oohex = (('/’csx)xo-104x (1 —0'7%0)x Li)

Shrinkage deflection (& ., ) along y-y direction

8 ey = ((wcgy)xo 104x1-0.75 5 )x L’)

Shrinkage deflection (&, )

6csh = [5 . 5-"’"'}' J
2

Side Panel

Shrinkage deflection (&, ) along x-x direction

O e (('/’;3: x0104x( 07/ )xLz)

Shrinkage deflection (& O, ) along y-y direction

8oy = ((y/,gy x0104x( 075/ )xLz)

Shrinkage deflection (5., )

535;, ((S.shu ;- ashsy ]
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(4.300)

(4.301)

(4.302)

(4.303)

(4.304)

(4.305)

(4.306)

(4.307)

(4.308)



Creep deflection

Interior Panel

Creep deflection (5, ) along x-x direction

O e ((‘//m x0104x( 07/ )xLZ)

Creep deflection (5, , ) along y-y direction

5., =) Jx0.104x(1 - -078/ hz2)

Creep deflection (&5,)

5. =[2at0
ic 7

Corner Panel

Creep deflection (8, ) along x-x direction

0,y ((y/c“ x0104x( 07/ )xLz)

Creep deflection ( d,., ) along y-y direction

Gy = (20, Jx 0.104x 1= -0757, b2

Creep deflection (&, )

5 o ety
(44 2

Side Panel

Creep deflection (&, ) along x-x direction

O, = ((y/m)x 0.104 x (1 —0-7%0)x Li)

Creep deflection (6, ) along y-y direction

51 = (W0, Jx 0,104 1 - ~0.75 Jxz2)
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(4.309)

(4.310)

(4.311)

(4.312)

(4.313)

(4.314)

(4.315)

(4.316)



Creep deflection (J,,)

O, + 0,
S, = [T”J (4.317)

Percentage contribution
Interior Panel

The percentage contribution of short-term deflection in total deflection

%5, = (g’i]x 100 (4.318)

ishort
i
The percentage contribution of shrinkage deflection in total deflection

ishr

%3 =[%Jx100 (4.319)

i

The percentage contribution of creep deflection in total deflection

%5, = (%Jx 100 (4.320)

i

The percentage contribution of creep and shrinkage deflection in total deflection

%6, =%, +%35,, (4.321)
Corner Panel
The percentage contribution of short-term deflection in total deflection
J
%0 o = (zfij x100 (4.322)
The percentage contribution of shrinkage deflection in total deflection
5csh
%3, = - x100 (4.323)
The percentage contribution of creep deflection in total deflection
1)
%4, = [ 5“ J x100 (4.324)
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The percentage contribution of creep and shrinkage deflection in total deflection

%3, =%, +%3,. (4.325)

Side Panel

The percentage contribution of short-term deflection in total deflection

%8, = (‘st Jx 100 (4.326)

5

The percentage contribution of shrinkage deflection in total deflection

sshr

%d,,, = (—‘Z{—"’-)x 100 (4.327)

5

The percentage contribution of creep deflection in total deflection

%5, = (‘g&]x 100 (4.328)

The percentage contribution of creep and shrinkage deflection in total deflection

%5, = %5

sshr

+%5,, (4.329)

44  ASPEREC: 2-2002
This code gives detailed procedure for predicting the long term deflection due

to creep and shrinkage. The tension stiffening effect of concrete is considered.

Moments
The sustained load

W, =25D+ FF +0.25W] 4.2)

The moment due to sustained load along shorter direction

W,x05xL xI?
Mapm= 3 4 (4.136)
The total load
TL=25D+ FF + W1 (4.330)
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The moment due to total load along shorter direction
L, xTLx L
iw = 8
The moment due to sustained load along longer direction

deO.SxLxxLi

opery = 8

M

The moment due to total load along longer direction

LxxTLxLzy

M, =2
8
W, =W,+Wl

Short term deflection

The modular ratio

The modified modulus of elasticity of concrete
(1+6)

The modified modular ratio

E

5

mce E

ce

The effective depth of tension reinforcement from the extreme fibre of slab

d = D~cc~(dia/2)

d, = cc+(dial/2)

LDF, =0.65

LDF, =0.35
LDF,, =0.75
LDF,, =0.25
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(4.331)

(4.332)

(4.333)

(4.3)



Frame

X-X axis
bfx =L,
O.befx xD
Alecx B —
100
Short term
0.5x 0.5xb/x xD
A:CZC.\- =
100

0.5% by X Xy + (X Ay, + (m=1)x 4,,..)

St2¢x

=(mx Ay xd)+(m=1)x A4, xd

sc2cx

3

b,D D ’
RTINS N

+(m _l)x As/2cx x(d—x2m)2
Long term

0.5xb, xx7, + (m“ X Ao +(m, = 1) x Am)

=(mcexAs12exxd)+(mCe—1)XA xd

sc2cx

3 2
Iﬁd = bﬁ";zml +bﬁ: xDx [—g-_xhx’] +(mce - I)X e x(chxl _dc)2

+(mce - l)x Ao % (d - xzcxl)z

y-y axis

by =L,

L, _0Sxb, xD

st2cy T ].OO
Short term
0.5%0.5xb,, x D
A:c20y =
100

05 X bﬁ, X xzzcys + (mx Alecy + (m - I)X AM‘Y)

=(mx Ay xd)+(m-1)x 4,

c2cy

xd
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(4.334)

(4.335)

(4.336)

(4.337)

(4.338)

(4.339)

(4.340)

(4.341)

(4.342)



H(m=1)x 4y, x(d=x,,,) (4.343)

Long term

05 X bfy x x22cy1 + (mce X Alecy + (mce - l) X Achcy)

= (M % Aypey xd ) +(my ~1)x Ay xd  (4.344)
b 3 2
Ifyl = %"'bﬁ x D x (? —xky,] +(m“ - l)x A X (xhy, —dc)2
+(my =1)x A x(d =2, ) (4345)
AL (4.346)
“ T 384xE, xI,, '
of TLxL,x L, @347)
“ T 384xE, x 1, '
PO (4.348)
Y 384X E X1, '
o = TLxL xL, (4.349)
Y 384x E, x 1, '
Column Strip
X-X axis
The width of column strip along shorter direction
b,=05xL, ‘ (4.14)

The area of tension reinforcement provided in the column strip along shorter direction

0.5xb, xD

A, = 4.350
stlex 100 ( )

The area of compression reinforcement provided in the column strip along shorter

direction

0.5x0.5xb,, xD

A= 4.351
sclex 100 ( )
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Short term

0.5% by X iy, + (mx Ay, +(m=1)x 4,.,..)
=(mxAmaxd)+(m—l)x A xd (4.352)

The moment of inertia of column strip along shorter direction for short term loads

4, D’

cxs

2
b x D[ Fone ) ) Ay (s =)

+(m=1)x 4, x(d - x,,)’ (4.353)

Long term

05 X bcx X xlzc.xl + (mce X A.vllcx + (mce - 1) X A.tclcx)

=(mcexAJ,mxd)+(ma,—l)xA xd (4.354)

sclex

The moment of inertia of column strip along shorter direction for long term loads

cxl ¢

x) D : 2
= “T'“’ +b, xx,, % [? - x,mj +(m, —1)x 4, x (¥ —d,)
(e =Dx Ay x(d-x,)  (4.355)
y-y axis
The width of column strip along longer direction

b, =0.5xL, (4.14)

The area of tension reinforcement provided in the column strip along longer direction

0.5xb, xD

= 4.356
stley 100 ( )

The area of compression reinforcement provided in the column strip along longer

direction
O.5x0.5qu xD
= 4.357
scley 100 ( )
Short term
0.5% b, x X7, +(mx Ay +(m=1)x Amcy)
=(mx A, xd)+(m=1)x Ao, xd (4.358)
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The moment of inertia of column strip along longer direction for short term loads

3

b, D i
L, = c’1v2 +b‘WXDX(§_xlcny +(m_1)XA:clcyx(xlcys _dC)22

+(m=1)x Ay, x(d — 2, ) (4.359)

Long term

0'5 x bcy x xlzcyl + (mce X A:llcy (mce - 1) X A.rc]cy)

=(m, x Ao xd)+(m, ~1)x 4, xd  (4.360)

sclcy
The moment of inertia of column strip along longer direction for long term loads

b, %, D ’ ?
Ic;vl = 3] . + bcy X Xjeyr X [? _xlc)") + (m“ - 1) X ASCIQ' X (xl")'l - dc)

+(mce _l)XAxllcyx(d_xlcyl )2 (4361)

Middle Strip

The width of middle strip along shorter direction

=(Ly_L%) 4.17)

The area of tension reinforcement provided in the middle strip along shorter direction

0.5xb, xD
Ay =————— (4.147)
100

0.5xb,, xxk +(mx Ay, )=(mx 4, xd) (4.362)

stlmx

The moment of inertia of middle strip along shorter direction for short term loads

b, D’

™

2
+bmex(§—me +(m=1)x A4, x(d-x,) (4.363)
The width of middle strip along longer direction
b, == (4.364)

The area of tension reinforcement provided in the middle strip along longer direction

0.5xb,, xD

Astlmy = 100

(4.148)
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0.5xb, x x,z,,,y + (mx Asllmy )= (m X Asnmy

The moment of inertia of middle strip along longer direction

Flexural stiffness of equivalent column

my

3

Factored dead load

W, =1.35x(Dx25 + FF)

Factored live load

W, =1.5xwl

Total load

W, =W, +W,

Uniformly distributed load

w=W.xL,

Area of column required

L
4o 2x3xW, x L x %

0.85x./f.,

d=D—cc—diay2

Edge column size

Cl

Short term deflection along x-x axis

I

X

ly

clx

_ (4, /d)~2d)
3

c - (4fd)-24)

3

_ C]xCI3y
Y

95

xd)

b, D D Y
= ;’2 +b,,,nyx(?—xmyJ +(’”‘1)>‘Asnmy"(d—xmy

(4.365)

(4.366)

(4.367)

(4.368)

(4.23)

(4.24)

(4.25)

(4.26)

(4.27)

(4.28)



4F 1

K = crclx
cx LC
c 1-0630/¢,)fpC,)
) 3
Lnx = Lx —Clx
K, = 2x4.5x E, xC;
¢
1[i{%)
v
_4E ],
slx LJr
Kecx = —1—
2xK, +K,
KCCX
alx =
2K

slx

Distribution factor for positive moment in exterior span
0.28
1+ / j
( alx
Distribution factor for negative moment in exterior span

0.65
|
(1 * /zlxj
Distribution factor for negative moment in interior span

D, =0.75- __010

oA

The cracked moment for column strip along shorter direction

D, =0.63-

nex

M = Jon xbex D’
6
Mallpx =‘DpXMllx
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(4.29)

(4.30)

(4.31)

(4.369)

(4.32)

(4.153)

(4.59)

(4.60)

(4.61)

(4.370)

(4.371)



Ifthe M, is less than the M , then the value of later is considered.

My =D, x M, (4.372)

atlnex
Ifthe M, is less than the M o then the value of later is considered.

Mallm;x = Dni lelx (4373)
If the M, is less than the M , then the value of later is considered.

Effective moment of inertia for positive cracked moment in column strip

L =( Mo )J(Im) +[l—( s ]3](1,3,) (4.374)

Mallpx atl px

Effective moment of inertia for negative cracked moment in column strip in exterior

ML‘I‘CX ’ — MCI‘CX 3
Im{M ](Im) +(l [ 7 ]](Ia,) (4.375)

atlnex atlnex

span

Effective moment of inertia for negative cracked moment in column strip in interior

Mcrcx ’ _ Mcrc.x ’
Ieanx =[M J (chs) +(1 (M J](chl) (4376)

atlnix atlnix

span

Effective moment of inertia for column strip

Loy =0.70,,, +0.151,, +0.15],_ (4.377)

ecnex
Effective moment of inertia for frame

Ieﬁ = Iec.x + Imx (4378)

The moment due to total load

w,.L (L )
M, = Lys(—“‘) (4.379)
Moment due to total load
M, = 9.5 My, (4.380)

(+J.)
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Moment due to sustained load

W,xM,,,
M, = dTL l

The rotation due to total load
M

ntlx

tlx K

ecx

The rotation due to sustained load

Mndlx
K

ecx

gdlx =

The deflection due to total load

é‘ =( llxXLx J Iﬁ
tx 8 Ieﬁ

The deflection due to sustained load

Ouir Ly
5dlx = dI8

Long term

The relative stiffness for the long term effects

o 4B,

$2x
L

X

a2 = KCCX

: 2K:2x

The moment due to total load

_0.65x M,

n2x — (1+%2xj

The moment due to sustained load

M

W, xM
Mnd2x =—d—nx

The rotation due to sustained load

Mnde
K

ecx

0d2x =

98

(4.381)

(4.382)

(4.383)

(4.384)

(4.385)

(4.386)

(4.387)

(4.388)

(4.389)

(4.390)



The deflection due to sustained load

Short term deflection along y-y axis

The moment of inertia of column

= ClyCIJX

La, 12

The relative stiffness of column
| _4E]

ctcl
Kcy i 4
. (b, )ivc,)
- 3
Clear span
Lny = Ly - Cly
2x4.5% E x Cy
1y = 3
LI
4E 1
c® s
K.rly = T
y
“ 2x Kcy + K,y
Kecy
o, =
V2K,

Distribution factor for positive moment in exterior span
0.28

D,, =0.63~
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(4.391)

(4.392)

(4.393)

(4.394)

(4.395)

(4.396)

(4.397)

(4.398)



Distribution factor for negative moment in exterior span

D =_ 065 _ (4.399)

()

Distribution factor for negative moment in interior span

0.10

D, =075——F—— (4.400)
()
Q,
b, x D?
M, = Jamxby x D (4.401)
6
M., =D,xM,, (4.402)
If the M, ,, is less than the M, then the value of later is considered.
Mallney = Dne lely . (4403)
Ifthe M, is less than the M, then the value of later is considered.
Mallm‘y = DniMlIy (4404)
Ifthe M, is less than the M, then the value of later is considered.
Effective moment of inertia for positive cracked moment in column strip
M, Y M, Y
I, = (M—y] (z,,) + 1-[ﬂ} (r,,) (4.405)
atl py atl py

Effective moment of inertia for negative cracked moment in column strip in exterior

Mcrcy ’ Mcrcy ’
1=(M——J (1) + 1—{M—J (7.0) (4.406)

span

atlney atlney

- Effective moment of inertia for negative cracked moment in column strip in interior

M re) 3 MC"'C 3
L, =[ T J (z,,) +[1—[M—YJ ](Icy,) (4.407)

span

atiniy atlniy

100



Effective moment of inertia for column strip

l,,=071, +0.15I__ +0.15]

ecpy ecney ecniy
Effective moment of inertia for frame
Iefy = Iecy + Imy
The moment due to total load

_ WTLx(Lny)z
oy “T

Moment due to total load

0.65x M,

mly=“
oA
a,y

The moment due to total load

M

W,xM

ntly

Mndly = TL

The rotation due to total load

Mm
glly = K "

ecy

The rotation due to sustained load

=Mndly
ly K

6,

ecy

The deflection due to total load

Oy = (0’” " L%J[jfy

s
oy

|

The deflection due to sustained load
G, L

dly™y

8

5dly =

Long term deflection

4E 1
Ks2y = ‘L—M

Y
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(4.408)

(4.409)

(4.410)

(4411)

(4.412)

(4.413)

(4.414)

(4.415)

(4.416)

(4.417)



Koy (4.418)
a,, = .
Y U2K,,

The moment due to total load

0.65x M,,

Mn/2y= 1
(H/IU]

The moment due to sustained load

W,xM :
M, = % (4.420)

(4.419)

The rotation due to sustained load

Mnd2y
K

ecy

(4.421)

0d2y =

The deflection due to sustained load

0, L
811, = % (4.422)

Short term deflection along x-x direction
Column strip

Dead load

Interior Panel

Short term deflection &, due to sustained load for column strip

LDF x&, x1
O eite ={ : ; f& f”J (4.423)

[a4)

Corner Panel

Short term deflection &, due to sustained load for column strip

LDF, x84 x1
s m{ =l "’J (4.424)

! I

cxs
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Side Panel

Short term deflection &, ., due to sustained load for column strip

LDF I
5 —[ e > O X f’“J (4.425)

sesdx
I

Total load

Interior Panel

Short term deflection &

scitx

5 _(LDché'fuxlﬁuJ

scitx
1

due to total load for column strip

(4.426)

cxs

Corner Panel

Short term deflection &

scctx

5 _[LDFlcxé'ﬁxxlfnJ

scelx Ji

due to total load for column strip

(4.427)

cXs

Side Panel
Short term deflection &

Scsix

LDF, x5, xI
5m=[ = - & ”"] (4.428)

cxXs

due to total load for column strip

Dead load
y-y axis
Interior Panel

Short term deflection O,y due to total load for column strip

LDF, x6,, x1I,,
iy =[ o~ ] (4.429)

o)

S

I

cys

Corner Panel
Short term deflection O.eqy due to total load for column strip

LDF, x8, x1I.
My=[ : 1"” ”J (4.430)

cys

o

SC
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Side Panel

Short term deflection &, due to total load for column strip

scsdy

LDF, %64, x 1,
sesdy =

I

cys

Total load
Interior Panel
Longer direction

Short term deflection &, due to total load for column strip

scity

| =[LDch5ﬁyx1,y,J
city

1)

S

I

cys

Corner Panel

Short term deflection &

scety

[LDF;cxé'ﬁy xlfys]

due to total load for column strip

sccty Ji
cys

Side Panel

Short term deflection &

scsty

LDF, x&, %1,
§xcxly = 1

due to total load for column strip

cys

Middle strip along x-x axis
Dead load

Interior Panel

Short term deflection &, due to sustained load for middle strip

_(LDFMX(SMXIﬁSJ
smidx — I

mx
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(4.432)

(4.433)

(4.434)

(4.435)



Corner Panel

Short term deflection &, due to sustained load for middle strip

LDF,, %8 ;. x1
Cdt=

o

s

I

mx

Side Panel

Short term deflectiond,,,, due to sustained load for middle strip

(LDFM X0 4 xlﬁjj
5smsdx = Ji

mx

Total load
Interior Panel

Short term deflection &

smitx

5 _[LDché'ﬂxxlm]

due to total load for middle strip

smitx Im
Corner Panel

Short term deflection &

smcix

5 _(LDF]cx5ﬂxx1fmJ

due to total load for middle strip

smetx T
1 mx

Side Panel
Short term deflection &

smsix

[LDF,C X84 x1,”]
5sm:lx = ]

mx

due to total load for middle strip

y-y axis
Dead load
Interior Panel

Short term deflection &

smidy

[LDgxaﬁyum}
idy =

my

due to sustained load for middle strip

o)

sm
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(4.437)

(4.438)

(4.439)

(4.440)

(4.441)



Corner Panel

Short term deflection 5smcdy

LDF, x 8, x1
5smcdy=[ <o f”} (4.442)

due to sustained load for middle strip

I

my

Side Panel

Short term deflection &, , due to sustained load for middle strip

LDF, x&,, xI
5smsdy =[ le - Sdy fys] (4.443)
my
Total load
Interior Panel

Short term deflection &, due to total load for middle strip

smity
LDF x&, x1
amity =[ o T hy fy’] (4.444)
I,
Corner Panel

Short term deflection &

smcty

LDF, x6, x1
—{ ey ”‘] (4.445)

smety — I
my

due to total load for middle strip

Side Panel

Short term deflection &

smsty

LDF, x6, x1I
_{ le 7" fy f”J (4.446)

due to total load for middle strip

smsty ~ I
my
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Elastic deflection due to varying part of live load
Column strip
Interior Panel

Short term deflection of column strip J,., due to varying part of load along shorter

direction

O, =0

Scix scitx

O e (4.447)

Short term deflection of column strip 6, due to varying part of load along longer

5Cl
direction

o)

sciy

o)

scity -

0

scidy

(4.448)

Corner Panel

Short term deflection of column strip &, due to varying part of load along shorter

direction

o)

sccx

= 5.:ch: - asccdx (4449)

Short term deflection of column strip &, due to varying part of load along longer

secy
direction

Oyey =0,

secy — Yscor

~Orcey (4.450)

Side Panel

Short term deflection of column strip &, due to varying part of load along shorter

direction

5. =6

sk Ysesx T

O esit (4.451)

Short term deflection of column strip &, due to varying part of load along longer

scsy
direction

O,y =0

sesy — Ysesty T

o

sy (4.452)
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Middle strip
Interior Panel

Short term deflection of middle strip &,,, due to varying part of load along shorter

direction

5 x = 5smilx - Jxmidx (4'453)

smix

Short term deflection of middle strip &,,,, due to varying part of load along longer

smiy
direction

5 = 5.nnily - 5smldy (4454)

smiy ~

Corner Panel

Short term deflection of middle strip J,,,, due to varying part of load along shorter

direction

o)

smedx

Oy =0

smex smcix

(4.455)
Short term deflection of middle strip &,,., due to varying part of load along longer

direction

)

smedy

Omey =0

smey — Ysmey T

(4.456)

Side Panel

Short term deflection of middle strip &, due to varying part of load along shorter

direction

)

smsx

)

smsdx

=0

smsix

(4.457)

Short term deflection of middle strip &,,,, due to varying part of load along longer

smsy
direction

2}

smsy

2}

smsty

)

smsdy

(4.458)
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Short term deflection
Interior Panel
Short term deflection &, of interior panel

((5“,“ + é‘smiy );‘ (5;01); + 5xm1x )J (4459)

o =

5

Corner Panel

Short term deflection &, of corner panel

((Jsccx + 5smcy )+ (§xccy + 5smc.x )] +((§llx - 5de )+ (é‘lly - 5‘“), )] (4460)

O =

2 2

Side Panel

Short term deflection &, of side panel

S, = ( e +0u,) ; By + G )J+( 60y ;5"”)J (4.461)

Long term deflection due to creep
Cracking moment
Column strip

Cracked moment of column strip M, along shorter direction
_ Jum%b, x D?

rex < (4.462)

‘Cracked moment of column strip M., along longer direction
2
_ Som % bcy xD

crey 6

M (4.463)

Long term curvature of column stripy,,, along shorter direction

Mapem'
Vi = E w7 (4.464)

ce cxl

Long-term curvature of column strip v, along longer direction

MO e
Vi = 57— :]” (4.465)

ce cyl
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Middle strip

Cracked moment of middle strip M, along shorter direction (x-x)

_.fetmxl)mxxD2

M, = . (4.466)

Cracked moment of middle strip M, along longer direction (y-y)

_f;ztmxbmyxl)2

crmy = 6

M (4.467)

Long-term curvature of middle strip y,,,, along shorter direction

M
= o 4.468
W4mxl E % I ( )

ce mx

Long-term curvature of middle strip y,,,, along longer direction

M
= %P 4.469
!//4’"}1[ Ece x Imy ( )

Steel stress

Column strip

The steel stress of the column strip along the shorter direction S, is calculated in Eq.
4.470. Here the neutral axis in cracked stage is assumed as 1.2 x_ [Branson], 20%

shift downwards from the uncracked stage.

M operx
S _ = (4.470)

tex [Ax,m ] [d -1 .ix xm)D

The steel stress of the column strip along the longer direction Sty

is calculated in

Eq. 4.471. Same assumption as above is made for neutral axis.

M
S s (4.471)

ey =
(=)
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Middle strip

The steel stress of middle strip S, . along shorter direction

imx

M
= opers (4.472)

Sims
prEE)

The steel stress of middle strip S, along longer direction

M
= ol (4.473)

Sy =
[Asllmy X (“‘d — (1 2x xmﬂ)ﬂ

3

For the cracked section
Column strip

Cracked moment of inertia for column strip 1, along shorter direction

L, et 1 U + 1) (4.474)
Cracked moment of inertia for column strip 7,), along longer direction
(Icy.r + Icyl )
oy ST (4.475)
2
The curvature of column strip along y,_, shorter direction
M
=27 4.476
'//4“2 Ece X Iclx ( )
The curvature of column strip along ¥ 4, longer direction
M
=7 4.477
Wiy E_x I, ( )

Middle strip

The cracked moment of inertia 1,,,, along shorter direction

Lty =Ly + by x{1.2x 5%, [3)+ mx 4, x(d x(d-(1.2xx,, )} /2 (4.478)
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The cracked moment of inertia /,,, along longer direction
Ly =Ly +by, x(1.2xx2 [3)+ mx 4, x(d-(1.2xx,, )} /2 (4.479)
The curvature of middle strip y,,,., along shorter direction

M
Vimes =———— (4.480)

Ece X Imlx
The curvature of middle strip y,, , along longer direction

v, 2=M— (4.481)
e Ecexlmly

Distribution factor

Steel stress at cracking moment

Column strip

If M, is less than the M, then the value of later is considered

The steel stress at cracking moment for column strip S, along shorter direction
_ S XM,

“ M

operx

S (4.482)

If M., is less than the M, then the value of later is considered
The steel stress at cracking moment for column strip S, along longer direction

Slcy X Mcrcy
Scy = T— (4483)

opery

Middle strip

If M, is less than the M, _then the value of later is considered

The steel stress at cracking moment for middle strip S, along shorter direction

= Slmx X Mcrmx (4484)
M

operx

S

If M., is less than the M, then the value of later is considered.
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The steel stress at cracking moment for middle strip S, along longer direction

crmy

Sy XM
S,, =—=
my M

opery

For deformed bars and long term loads
Column strip

The factor for column strip along e, shorter direction

2
ea=1—0.5x(S—“J

lcx

The factor for column strip e,, along longer direction

2
S
e, =1—o.5x[—‘y]
Slcy

Middle strip

The factor for middle strip e,.. along shorter direction

2
e,, =1—O.5x[S—"“J

mx

The factor for middie strip e,,, along longer direction

2
S
€, =1—O.5x[ "'y]

imy

Column strip

The curvature due to creep for column strip y, along shorter direction

l//dcx = ecx X ‘//4“2 + (1 _ecx)x W4cxl

The curvature due to creep for column strip ¥4 along longer direction

V/dcy = ecy x W4cy2 + (1 - ecy )X W4cyl
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(4.486)

(4.487)

(4.488)

(4.489)

(4.490)

(4.491)



Middle strip
The curvature due to creep for middle strip y,,, along shorter direction
Vame = €me X Wama *+ (1 = € )XW i (4.492)

The curvature due to creep for middle strip y,,,, along longer direction

Vamy =Cmy XWam + (1 — €y )x ¥ amnt (4.493)

Long term deflection due to shrinkage

E, =9.181x107*

Column strip

The steel stress of column strip due to shrinkage S, for uncracked section along

shorter direction

5 = [Ama x (D/21— (cc+ dia1/2))J (4.494)

(=43

The curvature due to creep for column strip y,,, for uncracked section along shorter

direction

V/chl = Ec: X mce x Ssc.xl (4495)

The steel stress of column strip due to shrinkage S, , for uncracked section along

seyl
longer direction

s - Ax,,cyx(D/2-—(cc+dia1/2))

syl =
I,

(4.496)

The curvature due to shrinkage for column strip y,_, for uncracked section along

longer direction

W.‘}cyl = Ecs x mce X Sscyl (4497)

Middle strip

The steel stress of middle strip due to shrinkage S, for uncracked section along

smx!
shorter direction

s =[As,,m x (D/21- (cc+dia1/2))] (4498)

mxs
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The curvature due to shrinkage for middle strip Wima for uncracked section along
shorter direction

‘//3mxl = Ecs X mce X S:mxl (4499)
The steel stress of middle strip due to shrinkage Somy for uncracked section along

longer direction

¢ ( Ay X (D)2~ (cc + dia1/2))]

smyl —
1mys

(4.500)

The curvature due to shrinkage for middle strip Yimm for uncracked section along

longer direction

‘//3myl = Ecs X mce X S (4.501)

smyl

For the cracked section
Column strip

The steel stress of column strip S, for cracked condition along shorter direction

scx2

S =(Asllcx x(d_xcxl)J (4502)

scx2

I

ecx

The curvature due to shrinkage y, ., for column strip for cracked section along

shorter direction

WJC.XZ = Ecs X mce X S.rcx2 (4503)

The steel stress of column strip S, for cracked condition along shorter direction

S,2 =[ Ao (4= )J (4.504)

I

ecy
The curvature due to shrinkage W3, for column strip for cracked section along

longer direction

'//3cy2 = Ec.v x mce x Sscy2 (4505)
The actual shrinkage curvature s for column strip along shorter direction

V/Scx = ecx X V/3c.xl + (1 - ecx )X W}ch (4506)
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The actual shrinkage curvature v, , for column strip along longer direction

W3cy = ecy X W3cyl + (1 - ecy )X !//3cy2 (4507)

Middle strip

The steel stress of middle strip S due to shrinkage for cracked section along

smx2

shorter direction

=(Asllmx >((d_xm.xrl )] (4508)
Il

mx

S

smx2

The steel stress of middle strip y,,,, due to shrinkage for cracked section along

shorter direction

!//3mx2 = Ecs x mce x Ssmx2 (4509)

The steel stress of middle strip S due to shrinkage for cracked section along

smy2

longer direction

Ssmyz =[Asrlmy X (d_xmyz )] (4.60)

1

my
The steel stress of middle strip y,,,, due to shrinkage for cracked section along

longer direction

Vima = E xm,x Sw2 (4.61)
The actual shrinkage curvature y,,, for middle strip along shorter direction

Wame = € XWamy + (1= €0 )XW 30 (4.62)
The actual shrinkage curvature y/,,, for middle strip along longer direction

Wany = €ny X Wams + (1= €0, )X W0 (4.63)

Shrinkage deflection
Along x-x axis
Interior Panel

Shrinkage deflection of column strip &, . for interior panel along shorter direction

sheix

)

sheix

= LDF, xy,, x0.104x (1-(0.75/10))x L ? (4.64)
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Shrinkage deflection of middle strip &,,,,,,, for interior panel along shorter direction

Sumie = LDF, 7y, x0.104x (1~ (0.75/10))x L2 (4.65)

Corner Panel

Shrinkage deflection of column Strip &, for corner panel along shorter direction
Ouncer = LDF, x5, x0.104x (1~ (0.75/10))x L. ? (4.66)
Shrinkage deflection of middle Strip ., for corner panel along shorter direction

Sumee = LD, x5, x0.104x (1 - (0.75/10))x L2 (4.67)

Side Panel
Shrinkage deflection of middie strip &

shesx

for side panel along shorter direction

o)

shesx

=LDE, x 3, x0.104x (1~ (0.75/10))x L 2 (4.68)
Shrinkage deflection of middle strip &,,,,,.. for side panel along shorter direction

o

shmsx

=LDF, xy,,, x0.104x (1~ (0.75/10))x L * (4.69)
| mx X

‘Along y-y axis
Interior Panel

Shrinkage deflection of column strip &, for interior panel along longer direction

sheiy
Osey = LDF, x /3., x0.104x(1-(0.75/10))x L} (4.520)
Shrinkage deflection of middle strip &, for interior panel along longer direction
Oummy = LDF, xy,,, x0.104x (1-(0.75/1 0))x L} (4.521)
Corner Panel

Shrinkage deflection of column strip &

shecy fOI COner panel along longer direction

o

sseey = LDE, X0, x0.104x (1= (0.75/10))x L, (4.522)
Shrinkage deflection of middle strip Oymey fOT corner panel along longer direction

0

shmcy

= LDF,, xy,,,x0.104x (1-(0.75/10))x L} (4.523)
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Side Panel

Shrinkage deflection of column strip &, for side panel along longer direction

2}

shesy

= LDF, xy,,, x0.104x (1~ (0.75/10))x L, (4.524)

Shrinkage deflection of middle strip J,,,,, for side panel along longer direction

o

shmsy

= LDF,, x Y3, x0.104x (1-(0.75/10))x L,” (4.525)

Shrinkage deflection
Interior Panel
Shrinkage deflection J,, of interior panel

5,_,,, -~ [ (5.rhcix + §.rhmiy ); (§shcly + §shmix )] (4526)

Corner Panel

Shrinkage deflection &, of corner panel

O geex + 0. +16,., +0
5“" — ( ( sheex shmcey ) 2 ( sheey shmex )] ( 4. 527)
Side Panel
Shrinkage deflection &, of side panel
Oy + 0 +{0ee, +O
5”’, — [( shesx shmsy ) 2 ( shesy shmsx )] (4528)

Creep deflection
X-X axis
Interior Panel

Creep deflection of column strip J,,,, for interior panel

creix

2}

creix

= LDF, xy,_, x0.104x(1-(0.75/10))x L (4.529)

Creep deflection of middle strip &,,,,, for interior panel

crmix

12}

crmix

= LDF, xy,, x0.104x(1-(0.75/10))x L (4.530)
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Corner Panel

Creep deflection of column strip &,,.., for corner panel

creex

Oureee = LDF, Xy, x0.104 x (1~ (0.75/10)) L ?

creex

Creep deflection of middle strip Ormex for corner panel

Oermes = LDF,, X /4, x 0.104x (1~ (0.75/10))x L, 2

Side Panel

Creep deflection of column strip &, for side panel

cresx

Ouresx = LDFy, x4, x0.104x (1~ (0.75/10))x L. *

cresx

Creep deflection of middle strip &,,,,.. for side panel

crmsx

0

crmsx

=LDF,, x¢/,,, x 0.104x (1~ (0.75/10))x L. >

y-y axis
Interior Panel

Creep deflection of column strip&,,,, for interior panel

crely

)

Ci

reiy = LDE‘ xl//‘icy X 0104X (1 - (075/1 O))X Ly2

Creep deflection of middle strip&,,,,,,, for interior panel

crmiy

o)

crm,

w = LDF, x4, x0.104x (1-(0.75/10))x L ?

Corner Panel

Creep deflection of column strip S, for corner panel

crecy

Oercey = LDF, x4, x0.104x (1-(0.75/10))x L}

crecy

Creep deflection of middle strip &,,,,., for corner panel

crmey

Somey = LDF,,, xy,, x 0.104x (1~(0.75/10))x L}

crmcy

Side Panel

Creep deflection of middle strip &,,.,, for side panel

cresy

Oereey = LDF,, x40, x0.104 (1 - (0.75/10))x L}

cresy
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(4.531)

(4.532)

(4.533)

(4.534)

(4.535)

(4.536)

(4.537)

(4.538)

(4.539)



Creep deflection of middle strip &, for side panel

crmsy

Oormsy = LDF,, x 0/, x0.104x (1-(0.75/10))x L’

crmsy

Creep deflection
Interior Panel

Creep deflection &, for interior panel

) ((5“"-“ ’ 6"’"”’ ) + (é‘crci}’ + 50rmix )]

5 =
2

fc

Corner Panel

Creep deflection &, for corner panel

)

Ci

2

Side Panel

Creep deflection &, for side panel

[ (cscrcsx + é‘crmsy )+ (5crcsy + 5crmsx )+ 5;1 2y ]
2

o =

sC

Total Deflection

Interior Panel

Total deflection &, of interior panel

6ia = 5/: + 5ish + §ic

Corner Panel
Total deflection §,, of corner panel

0,=0,+0

csh

+J,

Side Panel

Total deflection &, of side panel

5,=06,+6

ssh

+0,,
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— ( (§crccx + 5crmcy ) + (5crccy + 6crmcx ) + (5d2x + 5{/ 2y )]

(4.540)

(4.541)

(4.542)

(4.543)

(4.544)

(4.545)

(4.546)



Percentage contribution

Interior Panel
The contribution of short term deflection of interior panel

%3, = (‘;_J x100

[

The contribution of shrinkage deflection of interior panel

ishr
i

%S, = [%J x100
J,
The contribution of creep deflection of interior panel

icr

%4, =[&]x100
0,

The total contribution of creep and shrinkage effects
%6, =%0,,, + %4,

(A icr

Corner Panel

The contribution of short term deflection of corner panel

%§cshorl = [i-m Jx 100

c

The contribution of shrinkage deflection of corner panel

cshr

%35, =(§“”Jx100
)

4

The contribution of creep deflection of corner panel

%accr = (Jw ]X 100
1)

The total contribution of creep and shrinkage effects
%501 = %5cshr + %é‘ccr

Side Panel

The contribution of short term deflection of side panel

sshort

%30 =[£Jx100
S

5
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(4.317)

(4.318)

(4.319)

(4.320)

(4.321)

(4.322)

(4.323)

(4.324)

(4.325)



The contribution of shrinkage deflection of side panel

5

%0, = (%J x 100 (4.326)

The contribution of creep deflection of side panel

%G5, = [i“} 100 (4.327)

The total contribution of creep and shrinkage effects

%3, = %35

sshr

+%0,, (4.328)

4.5  AS PERIS: 456-2000

This code uses the moment curvature method for shrinkage deflection. The
creep coefficient method is used for deflection due to creep. The tension stiffening
effect of concrete is not considered.
The sustained load

W,=25D+ FF +0.25W1 (4.2)

The moment due to sustained load M, _along shorter direction

operx

de0.5xLnyi
operx= 8

M

(4.136)

The moment due to sustained load M opery alONg longer direction

_ de0.5xLxxLi

opery 8

M

(4.331)

Modulus of rupture /.. of concrete

S =0.7%f, (4.547)

The distance of extreme fibre

yl=?

The total load
TL=25D+ FF +Wl (4.329)
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The moment due to total load M, along shorter direction

L, xTLx L}

M
tix 8

The moment due to total load M, , along longer direction

L xTLx L

tly 8
LDF, =0.60
LDF, =0.40

(4.330)

(4.332)

Based on Murray et al. (2000), the edge column moment distribution is considered

as 55 : 45.
LDF,, =0.75
LDF,, =0.25

W, =W,+Wl

Column Strip
The gross moment of inertia of column strip /., along shorter direction
_05xL xD?
grex 12

The gross moment of inertia of column strip 1., along longer direction

0.5 L, x D*

arcy = 1 2

1

Cracked moment of column strip M, along shorter direction

_ -/;rXIgrcx

M,
b2

Cracked moment of column strip M, along longer direction

— -/;‘r x Igrcy

crey T
Y

M
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(4.3)

(4.548)

(4.550)

(4.551)

(4.552)



Middle Strip
The gross moment of inertia of middle strip / orme dlOng shorter direction

_05xL xD’

1
grmx 1 2

(4.553)

The gross moment of inertia of middle strip/,, along longer direction

grmy

0.5xLy x D?

grmy = l 2

(4.554)

The gross moment of inertia of middle strip M, along shorter direction

M — f;:r ngrm.t

. (4.555)
Y,

The gross moment of inertia of middle strip M my along longer direction

x I
M,my =f"—m (4.556)
W

Short term deflection

Modulus of elasticity of concrete
E, =5000x,/ 1, (4.557)

The modular ratio

The effective depth of tension reinforcement

d = D-cc~(dia/2) (4.558)

Column strip

The area of tension reinforcement provided in the column strip A, along shorter

direction

N 0.5x0.5xL xD

A.\‘ch
1100

(4.559)
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The area of tension reinforcement provided in the column strip 4,,, along longer

direction
0.5x0.5xL xD

Aoy = 00 (4.560)

0.5xb, xx2 +(mx 4, )=(mx A, xd) (4.561)

0.5% by, xx2 +(mx 4, )=(mx 4, xd) (4.562)
The lever arm of column strip Z,, along shorter direction

Z.=d—(x,/3) (4.563)
The lever arm of column strip Z,, along longer direction

Z,=d-(x,/3) (4.564)

The area of tension reinforcement provided in the frame A along shorter direction

0.5xL_xD
=2 X XY 4.565
st2ex 100 ( )
0.5 L, x x5, +(mx A, )= (mx 4,,,, xd) (4.566)

The area of tension reinforcement provided in the frame A,,,, along longer direction

O.5xLny

st2ey = 100 (4.567)
0.5x L, xx2,, +(mx A, )= (mx A, xd) (4.568)
The moment of inertia of column strip 7, along shorter direction
I, = % +lmx Ao x(d-x,, ) (4.569)
The moment of inertia of frame /,,_, along shorter direction
I, = &‘1‘;"*"“23 +mx Ay x(d-x,,)) (4.570)
The moment of inertia of column strip 1,,, along longer direction
I, = 05xL xxon | (mx 4, x(d-x,, ) 4.571)
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The moment of inertia of frame /,,,,along longer direction

0.5x L }
Iy, = % +lmx 4, x(d-x,,}) (4.572)
Middle strip

The area of tension reinforcement provided in the middle strip 4, along shorter

direction

_0.5x0.5xL,xD
simx 100

A (4.573)

The area of tension reinforcement provided in the middle strip 4, along shorter

stmy

direction
0.5x0.5xL,xD
Ay = (4.574)
4 100
0.5%b,, xx, +(mx 4, )= (mx A, xd) (4.575)
0.5xb,, xx2, +(mx 4,, )= (mx 4,,, xd) (4.576)
The lever arm of middle strip Z,_ along shorter direction
Z, =d—(x,./3) (4.577)
The lever arm of middle strip Z,, along longer direction
z,,=d-(x,,/3) (4.578)
The moment of inertia of middle strip I,,,, along shorter direction
3
Irlmx =M+(’nx‘4ﬂmx x(d_xnul )2) (4'579)
The moment of inertia of frame [, _along shorter direction
3
Ly = % +(mx A x(d=x,, ) (4.580)
The moment of inertia of middle strip 1,,,, along longer direction
0.5xL xx °
Irlmy =+myl+(mxAslmyx(d_xmyl ) (4581)
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The moment of inertia of frame 1,,,, along longer direction

3
Ly =2t a5, (4.582)

Flexural stiffness of equivalent column

Lc = the storey height of the frame.

Factored dead load W,

W, =1.5x(Dx 25+ FF) (4.583)
Factored live load W,

W, =1.5xWI (4.584)
Total load W,

Wy =W, +W, (4.23)
Uniformly distributed load w

w=W,xL, (4.24)

Area of column required 4,

2x3xWTxLxxL%
= (4.25)
0.85x /£,
D rn_di
d=D-cc %

Edge column size (C,, x C,)

_ ((4/d)-2d)

Ci 3 (4.26)
c, - W4lD-20) w2
Short term deflection along x-x axis
C.C)
] =l 4.28
clx 12 ( )
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4F 1

K - c”clx

“ L

4

o (-0s80/c,)p'C,)
) 3

Lnx = Lx —Clx

2x4.5xE xC,

1)

The moment of inertia of frame along shorter direction for short term loads

K, =

3

D 2
Ifx: =b_f;2_+bfx xDx[g_xhst +(m—1)XAs/2cx x(d—xzm)z

The moment due to total load

y TLxL,x L,

operx

Moment due to total load M

ntlx

_0.65xM,,

M, =>""""o

" ()

Moment due to sustained load M,

M _deMnlIx
ndlx —

L

The rotation due to total load @

tlx

0 — Mnllx

tx — K

ecx
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(4.29)

(4.30)

(4.31)

(4.585)

(4.586)

(4.587)

(4.588)

(4.589)

(4.590)

(4.591)

(4.379)



The rotation due to sustained load 4,,,

Mndlx
K

gdlx =

ecx

The deflection due to total load J,,

5. = (0,,, X L%]

The deflection due to sustained load &,

0,.L
5 = Zdlx™x
dlx 8
Long term

(4.380)

(4.592)

(4.593)

The moment of inertia of frame / s along shorter direction for long term loads

3
b,D

Ifxl = 3 tmxAd,., x(d_xZa)2
_ 4ECIN
s2x Lx
KeCX
a2x =
2K

§2x

The moment due to total load M

n2x

_0.65xM,,

nt2x _(1+%z2x]

The moment due to sustained load M,

M

M . Wd anle
nd2x —

TL

The rotation 6,,, due to sustained load

M
0 = nd2x
d2x K

ecx

The deflection &,,, due to sustained load

5 _ 9{12:1‘.\‘

d2x 8
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(4.594)

(4.595)

(4.596)

(4.597)

(4.598)

(4.599)

(4.600)



Short term deflection along y-y-axis

= ClyC]3x

D)

The relative stiffness K, of column

4F 1

cicly

K

<y

[\‘

[

o (1-(.630/C, )\DC,,)
v 3

Clear span L,, along longer direction
L,=L -C,
_ 2x45xE xC,

(e

K

(4.601)

(4.602)

(4.603)

(4.604)

The moment of inertia of frame / s along shorter direction for short term loads

3

b,D ’
I, =/51’—2+bfy xDx(%—xhy;J +(m—1)xA,,2¢y x(d—xw:)z

4E 1,
sy =TT

Y

K

o
2xK  +K,

K

ecy

(04 =
V2K,

The moment due to total load

TLxL,x L},
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(4.605)

(4.606)

(4.607)

(4.608)

(4.609)

(4.610)

(4.611)



The rotation 6, due to total load

_Mnlly

elly_ K

ecy
The rotation 6, due to sustained load

Mndly
K

ecy

gdly =

The deflection &, due to total load

The deflection &,,, due to sustained load

6,,L
§d1y —

8

Long term

(4.612)

(4.613)

(4.614)

(4.615)

The moment of inertia of frame /  along longer direction for long term loads

b, D’
Jfy
Iﬁ»l= 3 +mxAsmyx(d—x20y)2

4F 1
_ ct i
By =
y
Kecy
a. =
Y2k,
0.65x M,
M,,, =—1
1+
( /ZU]
W,xM,
Mnd2y=%

The rotation 6, due to sustained load

MndZy
K

ecy

9d2y -
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(4.616)

(4.617)

(4.618)

(4.619)

(4.620)

(4.621)



The deflection J,,,due to sustained load

6,,,L
5. = ayty | (4.622)

d2y ™ 8

For total load

Column Strip
M Z X
=12 —L= = x| ] -2 4.623
Ce (MJ( d ]( dj (4629
c, =12-| Yo | ([ Zo ) [y %o (4.624)
M, ) \d d
I = Iga (4.625)

If I, is less than the I, then the value of later is considered

1r2c‘
= 2 (4.626)

<y

If I, is less than the 7, then the value of later is considered

X-X axis
Interior Panel

Deflection of column strip for total load &, for interior panel along shorter direction

(4.627)

_ [ LDF,xTLx L, xL;
rleke 384xE x1_

Corner Panel

Deflection of column strip for total load &, for corner panel along shorter direction

LDF xTLx L, x L
feex = (4628)

384xE x1,,

Side Panel

Deflection of column strip for total load &, for side panel along shorter direction

(4.629)

_( LDE, xTLxL,x L}
Tl 384xE. x1
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y-y axis
Interior Panel

Deflection of column strip for total load &1, for interior panel along longer direction

(4.630)

_(LDF,xTLxL x L}
" 384xE x,

Corner Panel

Deflection of column strip for total load 41, for corner panel along longer direction

LDF xTLxL, ij,
tlcey = (463 1)

384xE x 1,

Side Panel

Deflection of column strip for total load S5, for side panel along longer direction

LDF, xTLx L x L,
tlesy = (4632)
384xE, x1,
Middle Strip
C. =12 Mom |, Zne x(l—x—”“j (4.633)
M, d d
Z
c, =12-| Mom | [ 2 x[1—fﬂ] (4.634)
\M,Iy) d d
I
1, =-2m 4.635
m=e (4.635)
If 1, is less than the J e then the value of later is considered
1r2m
I, = c - (4.636)

my

If 1, is less than the / oy then the value of later is considered
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X-X axis
Interior Panel

Deflection of middle strip for total load &,,,,, for interior panel along shorter direction

(4.637)

LDF,xTLx L, x L,
Tl 384xE, x1

Corner Panel

Deflection of middle strip for total load &,,,,.. for corner panel along shorter direction

tImex

LDF_xTLxL,x L’
nm{ Ll 20 J (4.638)

384xE, x]

Side Panel

Deflection of middle strip for total load &

timsx

for side panel along shorter direction

LDF, xTLx L, x L
Nmsx = (4639)

384xE x1,,

y-y axis
Interior Panel

Deflection of middle strip for total load &,y for interior panel along longer direction

LDF,xTLxL,x L,
iy = (4.640)

384xE x1,,

Corner Panel

Deflection of middle strip for total load &

timey

for corner panel along longer direction

LDF, xTLx L, x L,
tlmey = (4.641)

384xE x1,,

Side Panel

Deflection of middle strip for total load O,1msy fOr side panel along longer direction

(4.642)

LDF, xTLx L, x L,
T 384xE, x1,,
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For permanent load

Column Strip

c,. =12~ M= x[z—“jx(l—x—“] (4.643)

M, ) \d d
z

C. =1.2_[ Mo N_Nl_] (4.644)
M, ) \d d

I, =lne (4.645)

C]

If 1,..is less than the I, then the value of later is considered

1
=122 (4.646)

Ilcy_ C

ley

If 1,;,is less than the 1, then the value of later is considered

X-X axis
Interior Panel

Deflection of column strip for sustained load & for interior panel along shorter

permcix

direction

LDF, xW, xLny:
permeix — (4.647)

384xE x 1,

Corner Panel

Deflection of column strip for sustained load & for corner panel along shorter

permcex

direction

(4.648)

LDF, xW,xL,x L
permcex 384XEC xllu

Side Panel

Deflection of column strip for sustained load & for side panel along shorter

permesx

direction

(4.649)

_(LDF, xW,xL,x L,
permesx 384XEC XIlcx
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y-y axis
Interior Panel

Deflection of column strip for sustained load §,,,,,, for interior panel along longer

direction
‘ LDF. xW,xL xL!
rmci = X (4'650)

perme 384xE x1,,
Corner Panel
Deflection of column strip for sustained load § ermecy 10T COrner panel along longer
direction

LDF, xW,x L xL,
permccy = (465 1)
384xE x1,,

Side Panel

Deflection of column strip for sustained load & for side panel along longer

permesy

direction
LDF, xW, x L, x L';
permcsy = (4652)
384xE x1,,
Middle Strip
M, ) (2 x
Cio =12 —= x(—ﬂJx[l——”“J (4.653)
Moper ) \ d d
M Z
Crpy =12~ == x(i]x[l —ﬂj (4.654)
(M., ) L d
I
I, =-22m= 4.655
i = (4.655)
If I,,,is less than the /,,, then the value of later is considered
I
I, = ramy 4.656
Imy Clmy ( )
If I,,, s less than the 7, then the value of later is considered
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X-X axis
Interior Panel

Deflection of middle strip for sustained load & permmi 10T interior panel along shorter

direction
LDF,xW,xL xL
rmmix — . (4657)
P 384xE x1,,,
Corner Panel
Deflection of middle strip for sustained load & permmex fOT corner panel along shorter
direction
LDF, xW,x L, x L,
permmex = (4.658)
384xE.x1,,
Side Panel
Deflection of middle strip for sustained load & permmsx 1O side panel along shorter
direction
LDF, xW,xL,x L,
permmsz = (4.659)
384xE x1I,,
y-y axis

Interior Panel
Deflection of middle strip for sustained load 8 permmyy fOT interior panel along longer

direction

LDF, xW,x L, x L,
ey 384xE, x 1

(4.660)

Imy

Corner Panel

Deflection of middle strip for sustained load & for corner panel along longer

permmcy
direction

LDE xW,xL x L,
permmey 384x E, x 1,

(4.661)
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Side Panel

Deflection of middle strip for sustained loadé,,,,,,, for side panel along longer

direction
LDF, xW, xL, xL‘;
S permmsy = (4.662)
? 384xE x1,,,

X-X axis
Deflection of Interior Panel &, along shorter direction

O = Grtcix + Orimy (4.663)
Corner Panel
Deflection of Corner Panel §,, along shorter direction

5cx = 5/10cx + 6llmcy (4664)
Side Panel
Deflection of Side Panel &, along shorter direction

5&: = §llcsx +51|msy (4665)
y-y axis
Interior Panel
Deflection of Interior Panel §,, along longer direction

51)' = 5llcly + é‘llmix (4666)
Corner Panel
Deflection of Corner Panel 6., along longer direction

5cy = allccy + 5:Imcx (4667)
Side Panel
Deflection of Side Panel d,, along longer direction

§sy = é‘llcsy + 5[!”!&! (4‘668)
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Long term deflection due to shrinkage
Column Strip

The percentage of tension reinforcement F,, for column strip along shorter direction

P, = A 100 (4.669)
0.5xL, xd

£, =0

K, =0.72x/P,, (4.670)

The percentage of tension reinforcement P for column strip along longer direction

icy

Aslcy
P, =— 4100 (4.671)
0.5xL, xd
£, =0
Ky, =0.72xP,, (4.672)
Shrinkage strain
E., =0.0003

Shrinkage curvature of column strip ST, along shorter direction

. chx X Ecs

SI csex T
D

(4.673)

Shrinkage curvature of column strip S7,,, along longer direction

K4cy x Ec.s
Sl = 5 (4.674)

Middle Strip

The percentage of tension reinforcement B, for middle strip along shorter direction

P = A 100 (4.675)
0.5x L, xd

F.=0

K, =072xyJP,, (4.676)
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The percentage of tension reinforcement By

A.\‘lm
po=—%m 100
Y 0.5xL,xd

P.=0

(44

K., =0.72x\P,,
As per IS: 456 — 2000, the shrinkage strain is assumed as 0.0003.
E_ =0.0003

Shrinkage curvature of middle strip S7_, . along shorter direction

— Kdmx x Ecs

SI esmx
D

Shrinkage curvature of middle strip SI.,,, along longer direction

K4m XEcs
SICsmy = yT

X-X axis
Interior Panel

Deflection due to shrinkage &

cscix

for column strip is given by

o,

CsC

w = LDF, xK3x Sl x L;

Deflection due to shrinkage &

csmix

for middle strip is given by

1)

csmix

= LDF, x K3xSI_, x I

Corner panel

Deflection due to shrinkage &

cscex

for column strip is given by

0,

cscex

= LDF, xK3xSI__xI2

Deflection due to shrinkage &

csmex

for middle strip is given by
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(4.677)

(4.678)

(4.679)

(4.680)

(4.681)

(4.682)

(4.683)

(4.684)



Side panel

Deflection due to shrinkage &, ., for column strip is given by
5650.!‘1 = LDF‘IC X K3 X SICSCX X Li
Deflection due to shrinkage &, . for column strip is given by

o)

csmsx

=LDF,, xK3xSI , xI?

y-y axis
Interior panel

Deflection due to shrinkage &

wsciy fOT column strip is given by

o,

ey = LDF, x K3xSI . x I

cscy

Deflection due to shrinkage &

csmiy

for middle strip is given by

o,

csmiy

= LDF, xK3xSl,,, x L’

Cormer panel

Deflection due to shrinkage &

cscey

for column strip is given by

Oy = LDF,, x K3x SI

2
cscey cscy X L)’

Deflection due to shrinkage &

csmcy

for middle strip is given by

Semey = LDF,, x K3x 81, xI?

csmey csmy

Side panel

Deflection due to shrinkage &

cscsy

for column strip is given by

Oescsy = LDF x K3xSI,, x I

cscsy cscy

Deflection due to shrinkage &,

csmsy

for column strip is given by

Oemsy = LDF, x K3x 81, x I

csmsy
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(4.685)

(4.686)

(4.687)

(4.688)

(4.689)

(4.690)

(4.691)

(4.692)



X=X axis
Interior panel

Deflection due to shrinkage &,,, along shorter direction is given by

6;‘31.1' =6

cscix

+4

csmiy

Corner panel

Deflection due to shrinkage &, , along shorter direction is given by

Side panel

Deflection due to shrinkage &, along shorter direction is given by

6¢'ssx = 5cscsx + 5csmsy
y-y axis
Interior panel

Deflection due to shrinkage &

(4]

,» along longer direction is given by

8.y =6

Cs csciy

+6

csmix

Corner panel

Deflection due to shrinkage &, , along longer direction is given by

oS .. +0

scy — Yescey csmex

50

Side panel

Deflection due to shrinkage &, along longer direction is given by

cssy

0. =0__+0

cssy cscsy csmsx
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(4.693)

(4.694)

(4.695)

(4.696)

(4.697)

(4.698)



Long term deflection due to creep
Column strip
The modified young’s modulus of concrete

E
E_ = £
“ (1+0)

The modified modular ratio

E

5

mce=E

ce

(4.699)

The neutral axis depth for cracked stage X,., along shorter direction is computed as

0.5%0.5x L, xxp,, +(m,, x A, )=(m, x 4, xd)

(4.700)

The neutral axis depth for cracked stage x,,, along longer direction is computed as

0.5x0.5x L, x x,zcy + (mce X Amy)= (mce x4

The lever arm for column strip Z,_ along shorter direction

Zy, = d_(xlc.x/3)

The lever arm for column strip Z,, along longer direction

Zlcy = d - (xlcy/3)
The cracked moment of inertia

I = 0.5xL, xxlm3

0.5x L, xx,,
rdex = T

I

I 0.5x L, x xlcy,3

0.5xL, x x,m3

I

e =~ + (mce XA, X (d - X )2)
+ (mce x A, % (d = Xiex2 )2)
Py ST + (mce X Ay, X (d ~ Xigy )2)

réey = 3 + (mce X Astcy x (d X2 )2)

C,., =12- & x[égjx(l_x_@J
M, d d

(4.701)

(4.702)

(4.703)

(4.704)

(4.705)

(4.706)

(4.707)

(4.708)



2cx

If I, is less than the I, then the value of later is considered

I

_ Trdegy

IM—C

2¢y

If I, is less than the 7, then the value of later is considered

X=X axis
Interior panel

The creep deflection of column strip &,

icecix

[LDchdeLnyiJ

384xE,, x1,,,
6ccpenncix = 5iccclx - 5permcix
Corner panel

(LDF,c xW, xLny;J
feccex =

384xE x1,
(sccpermcc.x = 5lccccx - 5permccx
Side panel

_[ LDF xW,x L, x L
Tl 384xE x1,,

0, =9 o

cepermesx iccesx permesx
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(4.709)

(4.710)

(4.711)

4.712)

(4.713)

(4.714)

(4.715)

(4.716)

(4.717)



y-y axis

Interior panel

LDF, xW,x L x L]
oy = 4.718)
384xE, x1,,
6ccpermciy = é‘iccciy - 5permciy (47 1 9)
Comer panel
LDF, xW,x L_x L‘;
icceey = (4720)
384xE, x1,,
5ccpermccy = 5iccccy Y permecy (472 1)
Side panel
LDF, xW,x L x L‘l
iccesy = (4722)
384xE, x1,,
6ccpermcsy = é‘icccsy - 5permcsy (4723 )
Middle strip
0.5%0.5x L, x X, +(m,, x 4, )= (m,, x 4, xd) (4.724)
0.5%0.5x L, xx2,, + (mce x As,,,,y)= (mw X Ay X d) (4.725)
Z =d—(x,,./3) (4.726)
Z,m,=d~(x,,/3) (4.727)
3
. =%+(mw X Ay X (d = 3,00 )} (4.728)
3
1r4mx = 05 . Lx3x xllru’Z + (mce X A:lmx X (d - xlm.x2 )2) (4729)
0.5x L ’
1r3my = - gx xl"'yl + (mce x Aslmy x (d - xlmyl )2) (4'730)
0.5xL xx .°
1r4my = )’3 e + (mce X Aslmy X (d - xlmy2 )2) (473 1)
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M V4
Cpy =1.2-| —= Jx[ l""’Jx[l
M, d
12"“ = 1r4m.x
C2mx

If I,,,is less than the 1, then the value of later is considered

Il
12my = C’:"”y

2my

If 1,,, is less than the / rmy then the value of later is considered

Interior panel

(LDFM xW, xLny:J
fccmix =

384xE, x 1,
LDF,, xW,x L, XL‘;
icemiy = 384xE_, x 12my
Corner panel
icomex 384 x Ece X 12mx
5 _ LDF;MXWdXLxxL;
fccmey = 384xE  x 12my
Side panel
s _[LDF,xW,xL,xL,
lcemsx = 384 x Ece X 12mx
s LDF,,, xW,x L x L
iccmsy 384 x Ece x 12"'}’
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(4.732)

(4.733)

(4.734)

(4.735)

(4.736)

(4.737)

(4.738)

(4.739)

(4.740)

(4.741)



Interior panel

5ccpermmix = é‘iccmix - 6permmu
5ccpermmly = é‘iccmiy - 5permmiy
Comer panel
§ccpermmcx = é‘lccmcx - é‘permmax
ccpermmcey = é‘iccmcy - permmcy
Side panel
ccpermmsx = 5iccmsx - permmsx
é‘ccpermmsy = aiccmsy - 6permmsy
Interior panel
6ccpermlx = 6ccpermcu + 5ccpermm:y
ccpermiy = 5ccpermciy + é‘ccpermmix

Corner panel

0 =90 +0,

ccpermex ccpermecex ccpermmcy

1) )

cepermey — “ cepermecy ccpermmex

Side panel
o) =0 +0

ccpermsx ccpermesx ccpermmsy

) =6 +0

ccpermsy — Y ccpermesy ccpermmsx

Interior panel

S =0, +6. 45

ccpermix csix

Oy =0, +96, +4,

ccpermiy csiy
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(4.742)

(4.743)

(4.744)

(4.745)

(4.746)

(4.747)

(4.748)

(4.749)

(4.750)

(4.751)

(4.752)

(4.753)

(4.754)

(4.755)



Corner panel

Orrex =6, 490, +9,

ccpermex cscx
5TLCy = 5cy + 5ccpenncy + 5csc y

Side panel
57'1.&1' = 6:.: + Jccpermsx + 5cssx

Sriy =8y +Brpormsy + 0.

ccpermsy cssy

Deflection
Interior panel
5 = O + Oy
' 2
5 = Oy +0,
is = )
6 = (Sc.rlx + 5csiy
ish 2
6. = é‘a‘permi_x + é‘CCpermly
i 2
Corner panel
5C - (571,«;: ;-5TLcy)+((5llx —§dlx)+ (§lly _5dly) + §d2x +§d2y
5“ = (6(:.: +é‘cy)+((5llx _5dlx)+(
2
5 = (5cscx +5cscy)
csh 2
5 — (accpermc_x +5L‘L‘P€rmcy) +
cc 2
Side panel
S = (5mx +5Tuy)+[(5ny ‘§d|y)
s 2 2

(4.756)
(4.757)

(4.758)

(4.759)

(4.760)

(4.761)

(4.762)

(4.763)

(4.764)

(4.765)

(4.766)

(4.767)

(4.768)



5 =(6sx+§:y)+[(§lly_5d|y)J
¥ 2 2
_(Puu 6y
ssh 2
6 = (accpermsx + 5ccpermsy ) + ( 5‘/ 2y ]
sc 2 2

Percentage contribution
Interior Panel

The contribution of short term deflection of interior panel

ishort

%0, =[$Jx100
S

!

The contribution of shrinkage deflection of interior panel

ishr

%, = (%]MOO
1o}

The contribution of creep deflection of interior panel
%0, = [ﬁ] x100
5:‘
The total contribution of creep and shrinkage effects

%G5, = %5, +%5

cr

Corner Panel

The contribution of short term deflection of corner panel

%(Scshorl = (é‘m JX 100
1)

(4

The contribution of shrinkage deflection of corner panel

%5, =[%Jx100
5

[4
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(4.769)

(4.770)

(4.771)

(4.317)

(4.318)

(4.319)

(4.320)

(4.321)

(4.322)



The contribution of creep deflection of corner panel

%5,,, =[iff]x100 (4.323)

The total contribution of creep and shrinkage effects

%6, = %G, +%5,, (4.324)

cshr

Side Panel

The contribution of short term deflection of side panel

sshort

%0 =[(;” JXIOO (4.325)

5

The contribution of shrinkage deflection of side panel

%S, = [%] x100 (4.326)
The contribution of creep deflection of side panel

%3, =[%JXIOO (4.327)

The total contribution of creep and shrinkage effects

%3, = %3

sshr

+%3, (4.328)

4.6 SUMMARY

To find the required depth of slab to meet the serviceability requirements,
the available empirical formulas as per the four codes such as ACI: 318, BS: 81 10,
EC: 2-2002 and IS: 456-2000 were studied with suitable modification by using the
modelling explained in Chapter 3. Since hand calculation is difficult by using theses
equations a computer program in MATLAB was developed. An extensive parametric
study was conducted using the developed programme. The development of the
program and the parametric study made using the program are described in the next

chapter.
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CHAPTER 5

PROPOSED APPROACHES FOR
DEFLECTION CALCULATION

5.1 GENERAL

The fourth chapter explained the empirical relations studied as per the four
codes ACI: 318-2002, BS: 8110-1997, EC: 2-2002 and IS: 456-2000, to calculate the
deflection including the creep and shrinkage effects, with the suitable modification
incorporating the two way behavior of the slab. It can be seen that the number of
equations involved and the assumptions made then and there makes the hand
calculations difficult. Also it consumes lot of time. Since the main aim of this study
was to assess the inﬂuence of each parameter in total deflection of flat plates, a
computer program was required.

This chapter briefly explains the development of computer programs and the
parametric study conducted using these programs. The influence of each parameter in

the total deflection is explained in detail in this chapter.

5.2 DEVELOPMENT OF THE PROGRAM
A program for the empirical equations studied (with suitable modifications)
-explained in the Chapter 4 was developed. For this the MATLAB 6.5 version was

used. The following sections explain briefly about the developed program.

5.2.1 ACI: 318-2002

The multiplier approach is followed in this code. A program in MATLAB 6.5
(Rudrapratap, [2002], Chapman [2002]) was developed for the equations 4.1 to 4.135.
The input parameters of the program were the span (m), live load (kN/m?) and grade

of concrete (N/mm®?). Depth of the slab was varied with an increment of 5 mm from
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125 mm to 300 mm. The output of this program gives the total mid-panel deflection
of the flat plate, the deflection due to sustained load and the deflection due to varying
part of live load for the interior panel, corner panel & side panel (mm). Also the
output will give the percentage contribution of sustained load and varying part of live

load in the total deflection.

5.2.2 BS: 8110-1997

This code gives a detailed method for predicting the deflection due to creep
and shrinkage. This uses the moment curvature relationship for shrinkage and creep
deflection. The tension stiffening effect of concrete is also considered. The equations
from 4.3.1 to 4.3.232 were used for the program in MATLAB. The input parameters
of the program were span (m), grade of concrete (N/mm?), modulus of elasticity of
concrete (N/mmz), grade of steel (N/mmz), clear cover to reinforcement (mm) and
depth (125 mm to 300 mm with an increment of 5 mm). The program will give the
total mid panel deflection of the interior panel, corner panel & side panel (mm) as
output. In this the total deflection (mm), short term deflection (mm), shrinkage
deflection (mm), creep deflection (mm) and the percentage contribution of each

deflection in total deflection are obtained as output.

3.2.3 EC:2-2002

This code gives an elaborate method for predicting the deflection due to creep
and shrinkage. It is based on the moment curvature relationship. A factor is
introduced to consider the effect of cracked stage of concrete. Also the tension
stiffening effect of concrete is taken into account. A program was developed for the
modified equations from 4.4.1 to 4.4.253. The input parameters of the program were
span (m), grade of concrete (N/mm?), modulus of elasticity of concrete (N/mm?),
grade of steel (N/mm?), clear cover to reinforcement (mm) and depth (125 mm to
300 mm with an increment of 5 mm). This program will give the total mid panel
deflection of interior panel, corner panel & side panel (mm) as output. In this the total

deflection (mm), short term deflection (mm), shrinkage deflection (mm), creep
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deflection (mm) and the percentage contribution of the each deflection in total

deflection are obtained as output.

5.2.4 IS:456-2000

This code also suggests a detailed procedure for deflection due to creep and
shrinkage. A program was developed in MATLAB for the equations 4.5.1 to 4.5.256
explained in Chapter 4. The input parameters of the program were span (m), grade of
concrete (N/mm?), grade of steel (N/mm?), clear cover to reinforcement (mm) and
depth (125 mm to 300 mm with an increment of 5 mm). The program will give the
mid panel deflection of interior panel, corner panel & side panel (mm). In this the
total deflection (mm), short term deflection (mm), shrinkage deflection (mm), creep
deflection (mm) and the percentage contribution of the above deflections in total

deflection were obtained as output.

5.3 PARAMETRIC STUDY

An extensive parametric study was conducted by using the above developed
programs. The following sections explain the effect of different parameters in total
deflection based on the study made. The floor plan considered for this study is shown

in Fig. 5.1.

t“——)l
<

L

Interior
Panel
[F. ﬁ_; L
Corner Side
Panel Panel y
O— 0 0

- Eﬂ—[ﬂ——f]——[]
g r
J
«— —><—<r‘ —>|e—

Fig. 5.1 Typical RC Floor plan
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The following parameters were considered.
Span : 6 mto 12 m (Medium floor plans - mainly for
apartments and short span office buildings)
Materials : Concrete M 20, M 25 & M 30
Steel Fe 415 (normally used in India)
Area of stee] : 0.5% & 1%
Clear cover : 20 mm, 25 mm & 30 mm.
(Based on durability and fire resistance as per
IS: 456-2000)
Superimposed load : 3 kKN/m?, 4 KN/m? & 5 kN/m?
(The maximum gravity loading of which
is used in passages as per IS: 875).
Panels : Interior panel, corner panel & side panel.
Codes : ACIL: 318-2002, BS: 81 10-1997,
EC: 2-2002 & IS: 456-2000.

By using the developed programs for the above parameters, the total midpanel
deflections of flat plates for interior panel, corner panel and side panel were computed
as per the above codes. The influence of each parameter in total deflection was

determined and discussed in the following sections.

54 ACI: 318-2002

In this code method the multiplier approach is used in which the parameters
considered are only the span, load and grade of concrete, The gross moment of inertia
is taken into account for flexural rigidity. Tables 5.1 to 5.3 give the deflection of flat
plate for the span of 6 m x 7 m. The influence of the above three parameters were

studied and discussed below.
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Effect of Span
The increase in span, by 1 square meter increases the deflection by 65.3%.
The span has major influence in increasing the total deflection of flat plates.

Figure 5.2 shows the influence of the deflection for different floor sizes.

160 -

140 -
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(=4
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Total deflection in mm

40 -

20 -

—e—bxp —O—T7] ——88 —a—99 —x—6X/
—— 68 — 69 8 ——T9 ——89

Fig. 5.2 Effect of span on total deflection (ACI: 318-2002)
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Effect of grade of concrete

The influence of concrete grade was studied for three grades of concrete such
as fu = 20 N/mm?, £y = 25 N/mm? and fox = 30 N/mm? by keeping the other
parameters constant.

The deflection of flat plate (Fig. 5.3) for fx = 20 N/mm? is 19.42 mm and for
fok =25 N/mm?is 17.37 mm which is 10.56% less than that for fox = 20 N/mm?. If the
concrete grade of fo = 30 N/mm?® is used the deflection is reduced by 8.69%
compared to the deflection for foc = 25 N/mm?. The grade of concrete has much

influence in reducing the deflection.

25 -

19.42

20 -

—
W
]

Deflection in mm
b=y
1

B 20 825 o 30

Grade of concrete in N/mm?

Fig. 5.3 Effect of grade of concrete on total deflection (ACI: 318-2002)
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Effect of live load

The influence of live load in the deflection was studied and the total deflection
is plotted in the Fig. 5.4. It is observed that the deflection increases by 7.13% when
the live load is increased from 3 kN/m? to 4 kN/m?. And if the load is increased from

4kN/m?to 5 kN/m?, the increase in deflection is 6.65%.

19.5 4 19.24

19 4
18.5 -
18.04
18 -

17.5 -

Deflection in mm

17 4 16.84
16.5 4
16 4
15.5
3

Fig. 5.4 Effect of live load on total deflection (ACI: 318-2002)

4 5
Live Load in kN/m2

157



Structural
Floor Plan

Table 5.1 Deflection of plate (Interior panel)
(6 m x 7 m — as per ACI: 318-2002)

Details
Size

Column Size
Storey Height

Materials Used

Load

(m)

(mm)

(m)

(KN/m?):

Permissible deflection

6x7

300 x 300

3.5

M 20 concrete
Fe 415 steel

[€—6 —>]¢— 6 —>|¢— ¢ —>|

(1) Live Load : 3
(ii) Floor Finish: 1.5

Span/240 or 20 mm whichever is less
(ACI: 318-2002)

thickness | deflection |  duef0 | duetolive | oy K o live Ion of
in mm in mm d‘;:dmk;?d Io:l(:nm in Total in Total t;:lanc.ed
Deflection Deflection pacity

195 18.11 15.88 2.23 87.69 12.31 90.55 T
200 17.04 14.98 2.07 87.88 12.12 85.20 ]
205 16.07 14.15 1.92 88.06 11.94 80.35
210 15.17 13.38 1.78 88.24 11.76 75.85
215 14.34 12.68 1.66 88.41 11.59 71.70
220 13.58 12.03 1.55 88.57 11.43 67.90
225 12.88 1143 1.45 88.73 11.27 64.40

L230 12.22 10.87 1.36 88.89 11.11 61.10
235 11.62 10.35 1.27 89.04 10.96 58.10
240 11.06 9.86 1.20 89.19 10.81 55.30
245 10.54 941 1.12 89.33 10.67 52.70
250 10.05 8.99 1.06 89.47 10.53 50.25
255 9.59 8.60 1.00 89.61 10.39 47.95
260 9.17 8.23 0.94 89.74 10.26 45.85
265 8.77 7.88 0.89 89.87 10.13 43.85
270 8.40 7.56 0.84 90.00 10.00 42.00
275 8.05 7.25 0.79 90.12 9.88 40.25

L 280 7.72 6.96 0.75 90.24 9.76 38.60
285 7.41 6.69 0.71 90.36 9.64 37.05
290 7.12 6.44 0.68 90.48 9.52 35.60
295 6.84 6.20 0.64 90.59 941 34.20
300 6.58 5.97 0.61 90.70 9.30 32.90

158

l(— ~ ->|<— *9,(— \*9'



Table 5.2 Deflection of plate (Corner panel)

(6 m x 7 m — as per ACI: 318-2002)

|<— ~ -)l(— *-)I(— \'—)l

Structural Details
Floor Plan Size (m) 6x7 T T
Column Size (mm) 300 x 300 Interior
Storey Height (m) 3.5 I Pt I
mer, Side
Materials Used : M 20 concrete Pﬁ Panel I
Fe 415 steel U —=
_ [€— 6 —>|€— 6 —>|€— ¢ —>|
Load (kN/m?): (i) Live Load: 3
(ii) Floor Finish: 1.5
Permissible deflection Span/240 or 20 mm whichever is less
(ACI: 318-2002)
Total Total Deflection Deﬂecti‘on Clt,)::f'iell)llt::igo‘:l c{,)fl:f'ie:;‘:i%;x Percentage
thickness | deflection d due to due to !lve of dead load | of live load of
. . ead load load in . balanced
in mm in mm in mm mm in Tot_al in Tot?l capacity
Deflection Deflection
200 19.11 17.07 2.04 89.33 10.67 95.55
205 18.00 16.11 1.89 89.48 10.52 90.00
210 16.98 15.22 1.76 89.62 10.38 84.90
215 16.05 14.40 1.64 89.77 10.23 80.25
220 15.18 13.65 1.53 89.90 10.10 75.90
225 14.39 12.95 1.43 90.04 9.96 71.95
230 13.65 12.31 1.34 90.17 9.83 68.25
235 12.96 11.71 1.26 90.30 9.70 64.80
240 12.33 11.15 1.18 90.42 9.58 61.65
245 11.74 10.63 1.11 90.55 9.45 58.70
250 11.19 10.14 1.04 90.66 9.34 55.95
255 10.67 9.69 0.98 90.78 9.22 53.35
260 10.20 9.27 0.93 90.89 9.11 51.00
265 9.75 8.87 0.88 91.00 9.00 48.75
270 9.33 8.50 0.83 91.11 8.89 46.65
275 8.93 8.15 0.78 91.21 8.79 44.65
280 8.56 7.82 0.74 91.32 8.68 42.80
285 8.21 7.51 0.71 91.42 8.58 41.05
290 7.89 7.22 0.67 91.51 8.49 39.45
295 7.58 6.94 0.64 91.61 8.39 37.90
300 7.29 6.68 0.60 91.70 8.30 36.45
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Table 5.3 Deflection of plate (Side panel)
(6 m x 7 m - as per ACI: 318-2002)

Structural Details
Floor Plan Size

Column Size
Storey Height

Materials Used

Load

Permissible deflection:

(m)

(mm)

(m)

(kN/m?);

6x7
300 x 300
3.5

M 20 concrete

Fe 415 steel

,<— ~ ->|<— \->|<- -—>|

[€— 6 —>j€¢— 6 —>|<— ¢ —>|

(i) Live Load : 3
(ii) Floor Finish: 1.5

(ACI: 318-2002)

Span/240 or 20 mm whichever is less

Total | ot | Déflection | Deflection | WENMEe | Percentage | p /]
thickness | deflection due to due to ' tve of dead load | of live load of
in mm in mm de:ad load load in in total in total balanc.ed
nmm mm deflection deflection capacity

195 19.32 17.11 2.20 88.60 11.40 96.60
200 18.17 16.13 2.04 88.77 11.23 90.85

L 205 17.12 15.22 1.89 88.93 11.07 85.60

L210 16.15 14.39 1.76 89.09 10.91] 80.75

l 215 15.27 13.63 1.64 89.24 10.76 76.35
220 14.45 12.92 1.53 89.39 10.61 72.25
225 13.69 12.26 1.43 89.54 10.46 68.45
230 13.00 11.65 1.34 89.68 10.32 65.00
235 12.35 11.09 1.26 89.82 10.18 61.75
240 11.75 10.56 1.18 89.95 10.05 58.75
245 11.19 10.08 1.11 90.08 9.92 55.95
250 10.66 9.62 1.04 90.21 9.79 53.30
255 10.18 9.19 0.98 90.33 9.67 50.90
260 9.72 8.79 0.93 90.45 9.55 48.60
265 9.30 8.42 0.88 90.57 9.43 46.50
270 8.90 8.07 0.83 90.68 9.32 44.50 |
275 8.52 7.74 0.78 90.79 9.21 42.60
280 8.17 7.43 0.74 90.90 9.10 40.85
285 7.84 7.14 0.71 91.01 8.99 39.20
290 7.53 6.86 0.67 91.11 8.89 37.65
295 7.24 6.60 0.64 91.21 8.79 36.20
300 6.96 6.35 0.60 91.31 8.69 34.80
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55 BS: 8110-1997
In this code method the moment curvature method is used in which all the
parameters are considered. Tables 5.4 to 5.6 give the deflection of flat plate for the

span of 6 m x 7 m. The influence of the parameters were studied and discussed below.

Grade of concrete

By keeping the other parameters constant, by changing the grade of concrete,
the deflection of the slab meeting the limit on deflection for the 170 mm depth is

18.84 mm, 18.14 mm and 17.84 mm (Figure 5.5) for 20, 25 and 30 grades concrete.

199 1884
{
18.5
18.14
£
g
5 184
=
2
3
17.48
2 175 4
K|
o
—
17 4
16.5
20 25 30

Grade of Concrete in N/mm?
Fig. 5.5 Effect of grade of concrete on total deflection (BS: 8110-1997)

The percentage reduction of deflection is 3.72% and 7.22% for 25 grade and
30 grade concrete over 20 grade concrete. The percentage contribution of creep and
shrinkage in total deflection is 82.37%, 82.36% and 82.35%. Hence the influence of
grade of concrete in deflection is approximately 3.7% by increasing the grade by

5 N/mmz.
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Clear cover to reinforcement

Increase in clear cover by 5 mm increases the total deflection on an average of
0.75% (Fig. 5.6). This increase in deflection is negligible. Hence this parameter does
not have significant influence in deflection of flat plates as per this code.

19.2
19.15 :’
19.1
E 19.05
19
18.95
18.9

Total deflection in

20mm 25mm 30mm

Clear Cover

Fig. 5.6 Effect of clear cover on total deflection (BS: 8110-1997)

Live load

The increase in live load by 1 kN/m? increases the deflection by approximately

7 to 8.2% (Figure 5.7). This has significant influence in total deflection. But the code

does not give limitation based on live load.

19.5 - 19.21
19 4
18.5 -
18 -
17.5 4
17 A
16.5 -
16 -
15.5 -
15 4 : :

17.87

16.52

Total Deflection in mm

Live Load in kN/m?

Fig. 5.7 Effect of live load on total deflection (BS: 8110-1997)
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Percentage of tension reinforcement

The increase in percentage of tension reinforcement from 0.5% to 1.0%
increases the total deflection by 4.35% (Fig. 5.8). For example the deflection for
170mm depth of slab for 0.5% to 1.0% tension reinforcement the total deflection is
18.84 mm and 19.66 mm respectively. But the increase in total deflection is due to the
shrinkage effect. By increasing the percentage of reinforcement reduces the short term
and creep deflection. Since the shrinkage deflection is increasing the contribution of
creep and shrinkage increases from 82.37% to 84.49%. This shrinkage effect increase
is due to the fact that the slab strip is considered as the singly reinforced section and
due to the large area exposed to the atmosphere. Hence the early drying shrinkage will

be more.

Creep coefficient

The creep coefficient method is adopted for the determination of creep
deflection. The creep coefficient for 28 days age at loading and 1 year age at loading
as per BS: 8110-1997 was considered. The creep coefficient for the above age at
loading is 3.1 and 1.6 respectively. For 170 mm depth of slab the total deflection for
28 days age at loading is 18.84 mm and 14.35 mm for 1-year age at loading (Figure
5.9). The percentage reduction in deflection is 23.83%. The contribution of creep and
shrinkage in total deflection is 76.84% as against the 86.25% for 28 days. Here the
deflection is less at one year against the deflection at 28 days. This may be due to the
fact that the concrete gains its full strength at one year when compared to the early
stage. This is true that during the early stage of construction and during the

construction the floor is more vulnerable for deflection.
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Fig. 5.8 Effect of percentage of reinforcement on total deflection (BS: 8110-1997)

20 - 18.84

3.1 1.6
Creep coefficient

Fig. 5.9 Effect of creep coefficient on total deflection (BS: 8110-1997)
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Table 5.4 Deflection of plate (Interior panel)

Structural Details
Floor Plan Size
Column Size
Storey Height

Materials Used

Load

(6 m x 7 m — as per BS: 8110-1997)

(m)
(m)

(kN/m?):

Permissible deflection

6x7

300 x 300

35

M 20 concrete

Fe 415 steel

|[€—6 —>|€— 6 —>|e— ¢ —>|

(i) Live Load : 3
(i1) Floor Finish: 1.5

Span/250 or 20 mm whichever is less
(BS: 8110-1997)

Ié ~ ->|<- \'9'(- \'->|

? = E E g S g% §|lg= -

2 S = £ 2 s _£|s S| 88 °3 | 8§«
£E | 3B | ¢S5 | ES | 88 |22 |fES|Eeg|N2%| 5§
=5 | =8| 2% | £% of | £S5 | EEE| 885 | E®| 38
s s = O 2 n s = £S< < 8 < S o °

3] S “Ne S 2 °©“8 | 0”8 ¢ S 9 °

e |8 3 2| S |s 5| g|¥° ®5 ¢
185 19.29 | 2.35 2.58 14.36 12.20 13.36 74.44 87.80 96.45
190 18.19 | 2.17 2.52 13.49 11.95 13.86 74.19 88.05 90.95
. 195 17.18 2.01 2.47 12.70 11.71 14.36 73.93 88.29 85.90
200 16.26 1.87 2.42 11.98 11.48 14.86 73.66 88.52 81.30 ‘
205 15.42 1.73 2.37 11.31 11.25 15.36 73.39 88.75 77.10 |
210 14.64 1.61 2.32 10.70 11.03 15.85 73.12 88.97 73.20
215 13.92 1.51 2.27 10.14 10.82 16.34 72.84 89.18 69.60
220 13.25 1.41 2.23 9.62 10.61 16.83 72.56 89.39 66.25
225 12.64 1.31 2.19 9.13 10.41 17.32 72.27 89.59 63.20
230 12.06 1.23 2.15 8.68 10.21 17.80 71.99 89.79 60.30
235 11.53 1.16 2.11 8.27 10.02 18.28 71.70 89.98 57.65
240 11.03 1.08 2.07 7.88 9.83 18.76 71.41 90.17 55.15
245 10.57 1.02 2.03 7.52 9.65 19.24 71.11 90.35 52.85
250 10.14 0.96 2.00 7.18 9.47 19.71 70.82 90.53 50,70
255 9.73 0.91 1.96 6.87 9.30 20.18 70.52 90.70 48.65
260 9.36 0.85 1.93 6.57 9.14 20.64 70.22 90.86 46.80
265 9.00 0.81 1.90 6.29 8.97 21.10 69.93 91.03 45.00
270 8.66 0.76 1.87 6.03 8.82 21.56 69.63 91.18 43.30
275 8.35 0.72 1.84 5.79 8.66 22.01 69.33 91.34 41.75
280 8.05 0.69 1.81 5.56 8.51 22.46 69.03 91.49 40.25
285 7.77 0.65 1.78 5.34 8.36 2291 68.73 91.64 38.85
290 7.51 0.62 1.75 5.14 8.22 23.35 68.43 91.78 37.55
295 7.26 0.59 1.73 4.94 8.08 23.79 68.12 91.92 36.30
300 7.02 0.56 1.70 4.76 7.95 24.23 67.82 92.05 35.10
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Table 5.5 Deflection of plate (Corner panel)
(6 m x 7 m - as per BS: 8110-1997)

Structural Details 7:_
Floor Plan Size (m) 6x7 v
Column Size (mm) : 300 x 300 '7$—
Storey Height (m) 3.5 v
A
Materials Used : M 20 concrete \l
Fe 415 steel —
=6 —>|¢— 6 —>|¢— s —>|
Load (kN/m?): (i) Live Load: 3
(ii) Floor Finish: 1.5
Permissible deflection : Span/250 or 20 mm whichever is less
(BS: 8110-1997)
] = E e | g s _5le S5[a= s 3
& £ sE | o8 | 2 SE%| 2 T | €3 o 2| 8 .
SE|gE| f5| 35| g5 |8%c|232|2:28) £%| E:
SE| ZE | 5| 58| 5¢ EES | EE3 | Eaf |54 gs
=8 | 8| SE | % &% | 8535|555 585 ER| o g
2 |2 | ad | ad | T |csfg|siF sk Egl o
= = 3 SO ¥Rz I8s °cg| ®
195 1895 | 2.21 2.76 13.98 11.65 14.58 73.78 88.35 94.75
200 1794 | 2.05 2.71 13.19 11.41 15.08 73.51 88.59 89.70
205 17.01 1.90 2.65 12.46 11.17 15.59 73.24 88.83 85.05
210 16.15 1.77 2.60 11.79 10.94 16.09 72.97 89.06 80.75
215 15.36 1.65 2.55 11.17 10.72 16.59 72.69 89.28 76.80
220 14.63 1.54 2.50 10.59 10.51 17.08 72.41 89.49 73.15
225 13.95 1.44 2.45 10.06 10.30 17.57 72.13 89.70 69.75
230 13.32 1.34 2.41 9.57 10.09 18.06 71.84 89.91 66.60
235 12.74 1.26 2.36 9.11 9.90 18.55 71.55 90.10 63.70

240 1219 | 1.18 2.32 8.69 9.70 19.03 7126 | 90.30 | 60.95

245 11.68 | 1.11 2.28 8.29 9.52 19.51 70.97 | 90.48 | 58.40

250 11.20 | 1.05 2.24 7.92 9.33 19.99 | 70.67 | 90.67 | 56.00

255 10.76 | 0.99 2.20 7.57 9.16 2047 | 70.38 | 90.84 | 53.80

260 10.34 | 0.93 2.16 7.25 8.98 20.94 70.08 91.02 51.70

265 9.95 0.88 2.13 6.94 8.82 2140 | 69.78 | 91.18 | 49.75

270 9.58 0.83 2.09 6.66 8.65 21.87 | 69.48 | 9135 | 47.90
275 9.23 0.78 2.06 6.39 8.49 2233 | 69.18 | 91.51 46.15

280 8.90 0.74 2.03 6.13 8.34 22.78 | 68.88 | 91.66 | 44.50

285 8.60 0.70 2.00 5.89 8.19 23.23 68.58 | 91.81 43.00

290 8.30 0.67 1.97 5.67 8.04 23.68 | 68.28 | 91.96 | 41.50
295 8.03 0.63 1.94 5.46 7.90 24.13 | 67.98 | 92.10 | 40.15 |
300 1.77 0.60 1.91] 5.26 7.76 24.57 | 67.68 | 9224 | 3885
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Table 5.6 Deflection of plate (Side panel)
(6 m x 7 m — as per BS: 8110-1997)

Structural Details i r7$_
Floor Plan Size (m) 6x7 v
Column Size (mm) : 300 x 300 oterior ,:_
Storey Height (m) : 3.5 Fancl v
A~
Materials Used : M 20 concrete ane Ps% 1’
Fe 415 steel U o i
|[€— 6 —>|€— ¢ —>l€¢— ¢ —>|
Load (kKN/m?): (i) Live Load : 3
(i1) Floor Finish: 1.5
Permissible deflection: Span/250 or 20 mm whichever is less
(BS: 8110-1997)
[*]
‘A s JE| £ |EBeS|5uf|5E_| ¥ 3.
= b £ g’o ° L™ 8 = o0 8 - 8 -] s = g >
g | 85| 85| §E | &g | 222|588 82| 28c| s5&
= E SE | ¢ 8§ s g $E |EL3 | EES|Eag | 28| B8
= = Q= s = == 'g_:: ES8=| == | E3¢C T " =
= =" =9 = 9 .= vl | g»8 S =l = o q o
3 s n 1~ «n & 8 o s 8 ) ‘5 8 ) : g 3 o
= = -g % O 0\ = 0\ = o~ <) (7] 2 e\
£ = 5
190 19.22 | 2.11 2.82 14.35 10.98 14.68 74.66 89.34 96.10
195 18.16 1.95 2.76 13.51 10.74 15.21 74.39 89.60 90.80

200 17.19 | 1.81 2.71 12.74 10.50 15.74 | 74.11 89.85 85.95

205 16.30 | 1.67 2.65 12.04 10.27 16.26 | 73.83 | 90.09 | 81.50

210 | 1548 | 1.56 2.60 11.39 10.05 16.78 | 73.54 | 9033 | 77.40

215 14.72 | 1.45 2.55 10.79 9.83 1730 | 73.26 | 90.56 | 73.60

220 | 14.02 | 1.35 2.50 10.23 9.62 17.82 | 72.96 | 90.78 | 70.10

225 13.38 | 1.26 245 9.72 9.42 1833 | 72.67 | 91.00 | 66.90

230 12.77 | 1.18 241 9.24 9.22 18.84 | 7237 | 91.21 63.85

235 12.21 1.10 2.36 8.80 9.03 19.35 | 72.07 | 91.42 | 61.05

240 11.69 | 1.03 2.32 8.39 8.84 19.85 71.77 | 91.62 | 58.45

245 11.20 | 0.97 2.28 8.01 8.66 20.35 7146 | 91.81 56.00

250 10.75 | 091 2.24 7.65 8.48 20.84 71.16 | 92.00 53.75

255 10.32 | 0.86 2.20 7.31 8.31 2134 | 70.85 | 92.19 | 51.60

260 9.92 0.81 2.16 7.00 8.14 21.83 | 70.54 | 92.37 | 49.60

265 9.54 0.76 2.13 6.70 7.98 22.31 70.23 92.55 | 47.70

270 9.19 0.72 2.09 6.43 7.82 2279 | 6992 | 92.72 | 45.95

275 8.86 0.68 2.06 6.17 7.67 23.27 | 69.61 92.88 | 44.30

280 8.54 0.64 2.03 5.92 7.52 23.74 | 69.30 | 93.05 | 42.70

285 8.25 0.61 2.00 5.69 7.37 24.21 68.99 | 93.20 | 41.25

290 7.97 0.58 1.97 5.47 7.23 2468 | 68.68 | 93.36 | 39.85

295 7.70 0.55 1.94 5.27 7.09 25.14 68.37 93.51 38.50

300 7.45 0.52 1.91 5.07 6.96 2560 | 68.06 | 93.66 | 37.25
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5.6 IS:456-2000

In this code method the moment curvature method is used in which all the
parameters are considered. Tables 5.8 to 5.10 give the deflection of flat plate for the

span of 6 m x 7 m. The influence of the parameters were studied and discussed below.

Effect of span

As per this code the depth required for interior panels based on limit on
deflection for the square and rectangular plan keeping the parameters fy = 20 kN/m?,
Ast = 0.5%, LL = 3 kN/m?, cc = 20 mm and @ = 1.6 and changing only the span for

the interior panel are furnished in Table 5.7.

Table 5.7 Depth required for flat plate as per IS: 456-2000

S. No. Span Depfh required
1n mm
1 6x6 210
2 7x7 265 —'
3 8x8 >300 ‘,
4 9x9 >300 ]
5. 6x7 240
6 6x8 265
’ 7 6x9 300
8 7x8 300
9 7x9 >300
10. 8x9 ~300

Since the depth for the spans such as 8x8, 9x9, 6x9, 7x8 and 7x9 are equal to

or more than 300 mm, those floor plans were not considered for the parametric study.

Effect of grade of concrete
As per this code, the depth required based on limit of deflection is minimum

210 mm. The deflections for the different grades of concrete are plotted in Fig. 5.10.
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The total deflection is 19.89 mm, 19.05 mm and 18.37 mm for the
foo = 20 N/mm?, fy = 25 N/mm? and fix = 30 N/mm? respectively. The percentage
reduction in deflection is 4.22% and 3.57% if the grade of concrete is increased from

20 to 25, 25 to 30 respectively. Here the reduction in deflection is considerable. The

grade of concrete is effective in reducing the deflection.

20.5 -

20 - 19.89

—

©

W
1

19.05 \

Total Deflection in mm
o

e
(¥ ]
1

18 4

|

B fck=20 8 fck=25 @ fck=30
Grade of concrete in N/mm?*

Fig. 5.10 Effect of grade of concrete on total deflection (IS: 456-2000)

Effect of clear cover

Increase in clear cover by 5 mm increases the deflection by 5.11% and 5.35%
for 25 mm and 30 mm clear cover (Fig. 5.11) when the clear cover was increased
from 20 mm and 25mm respectively. Hence increase in clear cover by 5 mm increases

the deflection on an average of 5%.
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Total deflection in mm

Bcc=20 Wcc=25 Wl cc=30
Clear cover in mm

Fig. 5.11 Effect of clear cover on total deflection (IS: 456-2000)

Effect of live load
The influence of live load was studied for the live loads of 3 kN/mz, 4 kN/m?

and 5 kN/m? and the deflection for 225 mm depth are plotted in the Fig. 5.12. The
deflections for the above loads are 16.62 mm, 18 mm and 19.38 mm respectively. The
increase in deflection is 8.3% and 7.67% for the live load of 4 kN/m® and 5 kN/m?,
when increased from 3 kN/m? and 4 kN/m® The increase in load by 1 kN/m?

increases the deflection considerably.
N 20 <

19.5 4

19 -

18.5 ~

—_—
-]
1

Total Deflection in mm
3
W

BLL=3®LL=4 mLL=5
Live Load in kN/m*

Fig. 5.12 Effect of live load on total deflection (IS: 456-2000)
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Effect of percentage of steel

Increase in percentage of steel, decreases the deflection. The deflection for a
depth of 210 mm for 0.5% of steel is 19.89 mm and for 1.0% steel is 15.99 mm. The

decrease in deflection is 19.61% (Fig. 5.13). The formula uses the shrinkage curvature

method that depends on the support conditions and percentage of steel.

25 -

20 -

—
W
I

Total Deflection in mm
=

BB 0.50% [A 1.00%

Percentage of steel

Fig. 5.13 Effect of percentage of steel on total deflection (IS: 456-2000)

Effect of creep coefficient

The deflection decreases when the creep coefficient is considered for one-year
age at loading when compared to 28 days age at loading. The deflection for a depth of
210 mm for 28 days age at loading is 19.89 mm (Fig.5.14). whereas the deflection for
one-year age at loading is 19.1 mm. The decrease in deflection is 3.97%. Here the

deflection is more at the early age at loading of concrete.
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20
19.8
19.6
19.4 1

19.2 -

Total Deflection in mm

18.8 -

18.6
@ creep=1.6 [Acreep=1.1

Creep coefficient

Fig. 5.14 Effect of creep coefficient on total deflection (IS: 456-2000)
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Table 5.8 Deflection of plate (Interior panel)
(6 m x 7 m — as per IS: 456-2000)

Structural Details A
Floor Plan Size (m) 6x7 v
Column Size (mm) 300 x 300 ~
Storey Height (m) 3.5 i,
~
Materials Used : M 20 concrete ;

Fe 415 steel

[€—6 —>|€— ¢ —>|€¢— s —>|

Load (kN/m?): (i) Live Load : 3
(i1) Floor Finish: 1.5

Permissible deflection : Span/250 or 20 mm whichever is less
(IS: 456-2000)

xg | 8s| 58| ¥=5 | g | 288|238 |23:8| EE| 52
2E | SE| 2= | 2% SE |Tc3 | TES|TS8|e55| 5T
S e S b E- = P e S| €EZ ‘E?é TRy .n%
57| 3| 88| 58 §° | SES|gog| kL2 Eal| &9
g | & S| 8|5 |#%F|e®Z|ssT| BE| o

240 19.5 | 13.98 2.46 3.06 71.69 | 12.61 15.71 28.31 97.50
245 | 18.47 | 13.15 2.40 2.91 71.23 13.02 | 15.74 | 28.77 | 92.35

250 | 17.51 | 12.40 | 2.35 276 | 70.78 | 13.44 | 15.78 | 29.22 | 87.55

255 |16.63 | 11.70 | 2.31 263 | 7032 | 13.86 | 15.82 | 29.68 | 83.15

260 | 15.81 | 11.05 | 2.26 2.51 69.86 | 14.28 | 15.86 | 30.14 | 79.05

265 | 15.05 | 1045 | 2.21 239 | 69.40 | 14.71 | 15.89 | 30.60 | 75.25

270 | 1435 9.89 | 2.17 229 | 6894 | 15.13 | 15.93 | 31.06 | 71.75

275 | 13.69 | 9.37 | 2.13 2.19 | 68.48 | 1556 | 1597 | 31.52 | 68.45

280 | 13.07 | 8.89 | 2.09 2.09 | 68.01 | 15.99 | 16.00 | 31.99 | 65.35

285 1249 | 844 | 2.05 2.00 | 67.55 | 1641 | 16.04 | 32.45 | 62.45

290 | 11.95| 8.02 2.01 1.92 | 67.08 | 16.85 | 16.07 | 32.92 | 59.75

295 | 1145 7.63 1.98 1.84 | 66.61 | 17.28 | 16.11 | 33.39 | 57.25

300 | 1097 | 7.26 1.94 1.77 | 66.15 | 17.71 | 16.14 | 33.85 | 54.85
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Table 5.9 Deflection of plate (Corner panel)

(6 m x 7 m - as per IS: 456-2000)

Structural Details

Floor Plan Size (m)
Column Size (mm) :
Storey Height (m)

Materials Used

Load

(kN/m?):

Permissible deflection

6x7
300 x 300

3.5

M 20 concrete

Fe 415 steel

(i) Live Load : 3
(ii) Floor Finish: 1.5

[€—6 —>le— s —>e¢— s —>|

Span/250 or 20 mm whichever is less

(IS: 456-2000)

9 = E E .g = _E = _E B w 5 = 7
se 2o EE| EE | 2% |cis|fE3ciE|eiz| it
240 | 19.69 | 14.05 | 2.46 3.19 71.33 | 1248 | 16.19 | 28.67 98.45
245 | 18.65| 13.22 | 2.40 3.03 70.88 | 12.89 | 16.23 | 29.12 93.25
250 | 17.69 | 12.46 | 2.35 2.88 70.42 | 13.30 | 16.27 29.58 | 88.45
255 16.80 | 11.75 | 2.3] 2.74 69.96 | 13.72 | 16.32 30.04 | 84.00
260 1597 | 11.1 2.26 2.61 69.51 14.14 | 16.36 | 30.49 | 79.85
265 [15.21 ] 105 2.21 2.49 69.05 | 14.56 | 16.40 30.95 | 76.05
270 | 14.49 | 9.94 2.17 2.38 68.58 | 14.98 | 16.44 3142 | 72.45
275 [13.83| 9.42 2.13 2.28 68.12 | 1540 | 16.48 31.88 | 69.15
280 [13.20 | 8.93 2.09 2.18 67.66 | 15.82 | 16.52 | 32.34 66.00
285" '12.62 8.48 2.05 2.09 67.20 | 16.25 | 16.56 32.80 | 63.10
290 | 12.08| 8.06 2.01 2.00 66.73 16.67 | 16.60 | 33.27 60.40
295 11.57 1 7.67 1.98 1.92 66.27 | 17.10 | 16.64 33.73 | 57.85
300 | 11.09 | 7.30 1.94 1.85 65.80 | 17.53 | 16.67 3420 | 55.45
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Table 5.10 Deflection of plate (Side panel)
(6 m x 7 m — as per IS: 456-2000)

Structural Details

Floor Plan Size

Column Size
Storey Height

Materials Used

Load

(m)

(mm) :

(m)

(kN/m?):

Permissible deflection .

6x7
300 x 300

35

M 20 concrete

Fe 415 steel

(1) Live Load : 3
(ii) Floor Finish: 1.5

I

||
|

Interior
Panel

Corner
Pancl

[€—6 —>|€— ¢ —>|€— ¢ >

Span/250 or 20 mm whichever is less

(IS: 456-2000)

|<— - ->'<— \-—>|<- \-—>|

g '§ g E o E 'g '§ Eg ‘§ gﬁ.g ég = Eé‘) E

x g g g 5 .E 5’-5 S E 2eg | 238 2 g2 £ a2
2e | Se| g | 25| SE |ErT 225 (5% | 55| 3¢
s | S=| 5% | £% | T |ES3|EEZ|Egd|TEy| 22
E | E | A& | A& | § |8Zg|cZg| 88| fal sl
Pt & 3 3 S X ° E P E N S E P

240 | 19.62 | 14.02 2.46 3.21 71.48 12.53 16.38 | 28.91 | 98.10
245 18.58 | 13.20 2.40 3.05 71.02 | 1294 | 16.43 | 2937 | 92.90
250 | 17.62 | 12.44 | 2.35 2.90 70.57 | 13.36 | 16.47 | 29.83 | 88.10
255 16.74 | 11.73 2.31 2.76 70.11 13.77 | 16.52 | 30.29 | 83.70
260 | 1591 | 11.08 2.26 2.64 69.65 14.19 | 16.56 | 30.75 | 79.55
265 15.15 | 10.48 2.21 2.52 69.19 | 14.61 16.60 | 31.22 | 75.75
270 | 14.44 | 992 2.17 2.40 68.73 15.03 16.64 | 31.68 | 72.20
275 13.77 | 9.40 2.13 2.30 68.27 15.46 | 16.69 | 32.15 | 68.85
280 [ 13.15| 8.92 2.09 2.20 67.80 | 15.88 16.73 | 32.61 | 65.75
285 - 12.57 | 8.47 2.05 2.11 67.34 16.31 16.77 | 33.08 | 62.85
290 | 12.03 | 8.05 2.01 2.02 66.87 | 16.74 | 16.81 33.55 | 60.15
295 | 11.52| 7.65 1.98 1.94 66.41 17.17 | 16.85 | 34.01 57.60
300 | 11.05| 7.28 1.94 1.87 65.94 17.60 | 16.89 | 34.48 | 55.25
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57 EC:2-2002

In this code method the moment curvature method is used in which all the
parameters are considered. The Tables 5.11 to 5.13 give the deflection of flat plate for
the span of 6 m x 7 m. The influence of the parameters were studied and discussed

below.

Effect of span

The increase in span by 1 square meter increases the deflection by 65%. The effect of

span in total deflection for different floor sizes is plotted in Fig.5.15.

140 1
120 4
100 1

80

Total deflection in mn

40 1

20 -

0 1 I i 1
100 150 200 250 300

Depth of Slab in mm

—a— X —=— TX] —a— 8X8 —3— 6xX] —o— 6x8 —— T8

Fig. 5.15 Effect of span on total deflection (EC: 2-2002)
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Effect of Grade of Concrete
As per this code, the depth required based on limit of deflection is minimum
210 mm. The deflection for the different grade of concrete is plotted in the Fig. 5.16.
The total deflection is 19.93 mm, 19.56 mm and 19.20 mm for the
fac = 20 N/mmz, fu = 25 N/mm? and fy = 30 N/mm? respectively. The percentage
reduction in deflection is 1.86% and 1.84% if the grade of concrete is increased from

20 to 25, 25 to 30. The effect of grade of concrete is negligible in this case.

20 -

19.93

19.8 4

19.6 4

19.4 -

Deflection in mm

19.2 -

18.8

25
Concrete Grade in N/mm?

Fig. 5.16 Effect of grade of concrete on total deflection (EC: 2-2002)

Effect of Live Load

The influence of live load was studied for the live loads of 3 kN/mz, 4 kKN/m?
and 5 kN/m’ and the deflections for 225 mm depth are plotted in the figure 5.17. The

deflections for the above loads are 18.09 mm, 18.65 mm and 19.21 mm respectively.
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The increase in deflections was 3% and 5.52% for the live load 4 kN/m® and 5 kN/m?,
when increased from 3 kN/m? and 4 kN/m2. The increase in live load by 1 kN/m?

increases the deflection considerably.

19.4 -
19.21

19.2 -

18.8 -
18.6
18.4 -

18.2 -

Total Deflection in mm

18 -

17.8 -

17.6 -

17.4 1

B3 B4 BS

Live Load in kN/m?

Fig. 5.17 Effect of live load on total deflection (EC: 2-2002)
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Table 5.11 Deflection of plate (Interior panel)
(6 m x 7 m — as per EC: 2-2002)

Structural Details T i 7 T
Floor Plan Size (m) 6x7 i \1,
Column Size (mm) : 300 x 300 i . A~
Storey Height (m) : 3.5 ! s ""ﬁ ;,_
) - x
Materials Used : M 20 concrete i I Pan I \L
Fe 415 steel o —0 —
[€—6 —>|€— 6 —>|e— ¢ —>|
Load (kN/m?): (i) Live Load : 3
(ii) Floor Finish: 1.5
Permissible deflection : Span/250 or 20 mm whichever is less
(EC: 2-2002)
¥ | &e| 85| g5 | &g |2E2| 388 |2:2| gf| 52
g e S E - = - ® E TLIL | CEL|EZ9 | 5= S &
S c U = E'g =2 T = ‘E_gf EEZS | £ 88 °.'E°a < 2
g7 | § | a& | A& | BT |S25(82E|88%8| f.| 8%
° e & & = e O e © S Q e S @ e
= ) 3 2 &) o e gl =53 b1 g X
220 | 19.85| 047 | 474 | 14.64 | 238 | 23.88 | 73.74 | 97.62 | 99.25
225 | 19.03 | 044 | 467 | 1392 | 232 | 2454 | 73.14 | 97.68 | 95.15

230 | 1827 | 0.41 4.60 | 1326 | 227 | 2519 | 72.54 | 97.73 | 91.35

235 | 17.57 | 039 | 454 | 12.64 | 221 | 2583 | 71.96 | 97.79 | 87.85

240 11690 | 036 | 447 | 12.07 | 2.16 | 26.46 | 71.38 | 97.84 | 84.50

245 | 16.28 | 0.34 | 441 11.53 | 2.11 | 27.09 | 70.81 | 97.89 | 81.40

250 | 1570 | 032 | 435 | 11.03 | 2.06 | 27.70 | 70.24 | 97.94 | 78.50

255 | 15.16 | 030 | 429 | 1056 | 2.01 | 28.31 | 69.68 | 97.99 | 75.80

260 | 14.65| 029 | 4.23 | 10.13 1.96 | 28.90 | 69.13 | 98.04 | 73.25

265 | 14.17 | 027 | 4.18 9.72 1.92 | 29.49 | 68.59 | 98.08 | 70.85

270 | 13.71 | 0.26 | 4.12 9.33 1.87 | 30.07 | 68.06 | 98.13 | 68.55

275 | 1328 | 024 | 4.07 8.97 1.83 | 30.64 | 67.53 | 98.17 | 66.40

280 | 12.88 | 0.23 | 4.02 8.63 1.79 | 31.20 | 67.02 | 98.21 | 64.40

285 | 1250 | 0.22 | 3.97 8.31 1.75 | 31.75 | 66.51 | 98.25 | 62.50

290 | 12.14 | 0.21 3.92 8.01 1.71 | 3229 | 66.00 | 98.29 | 60.70

295 | 11.79 | 0.20 | 3.87 7.73 1.67 | 32.82 | 65.51 | 98.33 | 58.95

300 (1147 | 0.19 | 3.82 7.46 1.64 | 33.35 | 65.02 | 98.36 | 57.35
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Table 5.12 Deflection of plate (Corner panel)
(6 mx 7m - as per EC: 2-2002)

Structural Details
Floor Plan Size
Column Size
Storey Height

Materials Used

Load

(m)

(mm)

(m)

(kN/m?):

Permissible deflection

6x7
300 x 300

3.5

M 20 concrete

Fe 415 steel

(1) Live Load : 3
(ii) Floor Finish: 1.5

l€=6 —>|€— s —>|<— —>|

Span/250 or 20 mm whichever is less

|<- - —)I(— -->|<— \n—>|

(EC: 2-2002)
$ESE| 55| ff| g (238|258 )228| &% sE
s8 | 3E) L8| 55| TE EES|EES|EoE |03 =
BT 3% |8 A8 g7 |5gE|igE|ElE| Ty us
S 3 3| 0 [ ¥ 8Ty °5
230 [ 19.24 1 0.45 5.08 13.72 | 232 | 2640 | 71.28 97.68 | 96.20
235 [18.50 | 0.42 4.99 13.09 | 226 | 26.99 | 70.75 97.74 | 92.50
240 |17.81| 039 4.91 12,51 220 | 2757 | 70.23 | 97.80 89.05
245 | 17.16 | 0.37 4.83 11.96 | 2.15 | 28.14 | 69.71 97.85 | 85.80
250 | 16.55| 0.35 4.75 1146 | 2.09 | 28.70 | 69.20 97.91 | 82.75
255 (1598 | 0.33 4.68 10.98 | 2.04 | 29.25 | 68.71 97.96 | 79.90
260 | 1545 | 0.31 4.60 10.54 1.99 | 29.80 | 68.21 | 98.01 77.25
265 | 1494 | 0.29 4.53 10.12 1.94 30.33 | 67.73 | 98.06 | 74.70
270 | 1447 | 0.27 4.46 9.73 1.90 30.85 | 67.26 | 98.10 | 72.35
275 | 14.02 | 0.26 4.40 9.36 1.85 31.36 | 66.79 | 98.15 | 70.10
280 [13.59| 0.25 4.33 9.02 1.81 31.86 | 66.33 | 98.19 | 67.95
285 [13.19 | 0.23 4.27 8.69 1.76 32.36 | 65.88 | 98.24 | 65.95
290 | 12.81 | 022 4.21 8.38 1.72 32.84 | 65.44 | 98.28 | 64.05
295 | 1245 | 0.21 4.15 8.09 1.68 33.32 | 65.00 | 98.32 | 62.25
300 | 12.11| 0.20 4.09 7.82 1.64 | 33.78 | 64.57 | 98.36 60.55
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Table 5.13 Deflection of plate (Side panel)
(6 m x 7 m — as per EC: 2-2002)

P

Structural Details I I '7“_
Floor Plan Size (m) 6x7 v
Column Size (mm) : 300 x 300 T Ineror I A
Storey Height (m) 3.5 v
A
Comer Side 7
Materials Used M 20 concrete Panel M v
Fe 415 steel [ 6 —>|<— § —>|<— 5 —>|
Load (KN/m?): (i) Live Load : 3
(i1) Floor Finish: 1.5
Permissible deflection Span/250 or 20 mm whichever is less
(EC: 2-2002)
<xg | 8| 5E § £ $g | 228|338 22| SE| 82
2E | SE| 5| £5 | S8 |TL3|EES|TS8|e55| =%
S| Ssz| 5€ | E€ | Te |ESZ|EEZ|EfS| 24| 0B
3 3 S& | 48 | 3 23| 825 858 £gaf #°S
& | R | %8| 6 |¥°g|wv°g|us 8g| =
0225 | 19.61 | 042 | 498 | 1421 | 2.14 | 2541 | 7245 | 97.62 | 98.05
230 | 18.83 | 0.39 | 490 | 1354 | 2.08 | 26.03 | 71.89 | 97.68 | 94.15
235 | 18.11 | 037 | 4.82 | 1292 | 2.03 | 26.63 | 71.34 | 97.74 | 90.55
240 [ 1743 | 034 | 4.75 1234 | 197 | 27.23 | 70.80 | 97.80 | 87.15
245 | 16.80 | 032 | 467 | 11.81 1.92 | 27.81 | 70.27 | 97.85 | 84.00
250 11621 | 030 | 4.60 | 11.31 1.87 | 2838 | 69.74 | 97.91 | 81.05
255 | 15.65| 0.29 | 4.53 10.84 | 1.82 | 2895 | 69.23 | 97.96 | 78.25
260 | 15.13 | 027 | 4.46 | 1040 | 1.78 | 29.50 | 68.72 | 98.01 | 75.65
265 | 14.64 | 0.25 4.40 9.99 1.73 | 30.05 | 68.22 | 98.06 | 73.20
270 | 14.18 | 0.24 | 4.33 9.60 1.69 | 30.58 | 67.73 | 98.10 | 70.90
275 | 13.74 | 0.23 4.27 9.24 1.65 | 31.10 | 67.25 | 98.15 | 68.70
280 | 13.32 | 0.21 4.21 8.90 1.60 | 31.62 | 66.78 | 98.19 | 66.60
285 | 1293 | 020 | 4.15 8.58 1.56 | 32.12 | 66.31 | 98.24 | 64.65
290 | 1256 | 0.19 | 4.10 8.27 1.53 | 32.62 | 65.86 | 98.28 | 62.80
295 | 1221 | 0.18 | 4.04 7.99 1.49 | 33.10 | 65.41 | 98.32 | 61.05
300 | 11.88 | 0.17 | 3.99 7.72 1.45 | 33.58 | 64.97 | 98.36 | 59.40
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Among all the parameters studied, the span, load, depth and grade of concrete
have the major influence in total deflection as per the four codes studied. This is

summarized in Table 5.14.

Table 5.14 Percentage variation in total deflection with different parameters

p Changein | ACI: 318- | BS: 8110- | EC: 2. IS: 456-
arameters deflection | 2002 1997 2002 2000
Span . ) Increase +85.30 +75.00 +65.00 +82.50
(Increase in 1 m?)
Depth Decrease | -13.92  [-1400  |-1020 |-12.16
(with 5 mm increase)
Grade of concrete
(with 5§ N/mm? Decrease | -9.00 -3.70 -1.80 -4.50
increase)
Live Load
(with 1 kN/mm? Increase +6.60 +8.00 +3.10 +8.30
_increase)

5.8 SIGNIFICANCE OF THE PARAMETRIC STUDY

From the observations furnished in table 5.8, the span has major role in
increasing the deflection. Increase in span by 1 square meter increases the deflection
by minimum 65% (EC:; 2-2002) and maximum 85% (ACI: 318-2002). The parameter
that has significant influence in reducing the deflection is the depth of the slab. Even
5 mm increase in depth of slab, reduces the deflection by minimum 10% (EC: 2-2002)
and maximum 14% (ACI: 318-2002 & BS: 8110-1997).

This may be the reason for adopting the span/depth ratio to fix the preliminary
dimension of slab in all the codes. But the increase in live load by 1 kN/m? increases
the deflection by minimum 3.1% (EC: 2-2002) and maximum 8.30% (IS: 456-2002).
Also the increase in grade of concrete by 5 N/mm? decreases the deflection by
minimum 1.8% (EC: 2-2002) and maximum 9% (ACIL: 318-2002). These are not
considered in all the codes. Hence fixing the depth of slab based on span/depth ratio

alone will not be sufficient to meet the actual requirement.
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The span to depth ratio that meets the serviceability limit for the lower load
case will not be suitable for the same span with higher load case. Also for the same
span and loading condition if the grade of concrete is higher, the span to depth ratio
provided for the lower grade concrete will become uneconomical. Hence it is
necessary to have an approach considering all the parameters.

Among all the empirical relations studied suggested by the four codes, the
EC: 2-2002, considers all the parameters including tension stiffening effect of
concrete. The deflections obtained using the developed program for these equations
(Chapter 4), gives good prediction of actual deflection. This is evaluated with the
experimental results reported in the literature (Gilbert and Guo, | 2005)).

The experimental data given in the above literature were substituted in the
equations and the deflections were computed. The comparison of computed
deflections with the experimental deflections is furnished in the Tables 5.17, 5.20 and
5.23.

The experimental data of the slabs furnished in the literature are summarized

in the Tables 5.15, 5.16, 5.18, 5.19, 5.21 and 5.22 below:

Slab S1:
Total depth =100 mm
fox = 45.48 N/mm?
foam =3.87 N/mm?
E. = 30,020 N/mm?
Tension reinforcement =550 mm?
Compression reinforcement =510 mm?

Table 5.15 Data for the slab S1

Days Creep Shrinkage | Deadload | Liveload | Total load |
Nos. coefficient strain KPa KPa KPa
80 1.64 313x10°8 2.40 3.15 5.55
200 2.06 471x10° 2.40 6.26 8.66
300 2.29 504x10°® 2.40 6.26 8.66
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Total depth

. fck
fem
E.

Tension reinforcement

Slab S2;

Compression reinforcement

=100 mm

=40.32 N/mm?
=3.57 N/mm?
= 29600 N/mm?

=550 mm?

=510 mm?

Table 5.16 Data for the slab S2

Days Creep | Shrinkage | Deadload | Liveload | Total load |
Nos. coefficient strain KPa KPa KPa
28 1.25 416x10°° 2.40 3.32 5.72
200 2.74 744x10° 2.40 3.32 5.72
250 2.79 751x10° 2.40 3.32 5.72

Table 5.17 Comparison with the existing experimental results
(Gilbert and Guo, [2005]) in the literature.

Slab 1 Slab 2 ]
Days
S. No o, o, 0./6, o, J, 0./6,
Nos.
mm mm mm mm
1 28 - - - 5.8 5.4 1.07
2 80 6.07 5.73 1.06 - - -
3 200 9.46 8.52 1.11 8.88 8.79 1.01 j
4 250 - - - 8.97 10.5 0.85
5 300 9.96 9.86 1.01 - - -
6 400 - - - - - -
Mean 1.06 0.98
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Total depth

fck
fotm

E.

Tension reinforcement

Compression reinforcement

Slab S3:
=90 mm
= 21.48 N/mm?
= 2.34 N/mm’
= 22620 N/mm?
= 550 mm?

=510 mm®

Table 5.18 Data for the slab S3

Days Creep Shrinkage | Deadload | Liveload | Total load |
Nos. coefficient strain KPa KPa KPa
28 0.58 85x10° 2.16 3.10 5.26
300 2.05 735x10° 2.16 3.10 5.26
400 2.18 763x10° 2.16 3.10 5.26 ...
Slab S4:
Total depth =90 mm
fox =28.08 N/mm’
foum = 2.8 N/mm?
E. = 23150 N/mm’
Tension reinforcement =550 mm’
Compression reinforcement =510 mm?
Table 5.19 Data for the slab S4
Days Creep Shrinkage Dead load Live load Total load
Nos. coefficient strain KPa KPa KPa
28 1.2 208x107 2.16 6.23 8.39
80 2.2 450%10° 2.16 6.23 8.39
200 2.55 670x10° 2.16 6.23 8.39
400 3.22 831x10° 2.16 6.23 8.39




Table 5.20 Comparison with the existing experimental results
[Gilbert et al., 2005] in the literature

Slab 3 Slab 4
Days
S. NO 50 Je 5‘. /5e 60 63 64‘ /55
Nos.
mm mm mm mm
1 28 5.14 2.84 1.8 10.04 9.19 1.09
2 80 - - - 13.75 16.6 0.83
3 200 - - - 15.54 19.7 0.79
4 300 11.03 9.86 1.01 - - -
5 400 11.44 11.8 0.97 18.14 23.3 0.78
Mean 1.26 0.87
Slab Se6:
Total depth =90 mm
foy =23.04 N/mm?
fc[m = 2.45 N/mm2
E, = 21670 N/mm?
Tension reinforcement =475 mm?
Compression reinforcement =395 mm?
Table 5.21  Data for the slab S6
Days Creep Shrinkage Dead load Live load Total load
Nos. coefficient strain KPa KPa KPa
28 1.06 170x10°¢ 2.16 3.10 5.26
80 2.48 632x10° 2.16 3.10 5.26
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Slab S7;

Total depth =90 mm

fox =23.04 N/mm®
fom =2.45 N/mm?
E, = 21670 N/mm?
Tension reinforcement =475 mm*
Compression reinforcement =395 mm?

Table 5.22 Data for the slab S7

Days Creep Shrinkage Dead load Live load Total load

Nos. coefficient strain KPa KPa KPa
28 1.06 170x10° 2.16 3.41 5.57
80 2.48 632x107 2.16 341 5.57

[Gilbert et al., 2005] in the literature

Table 5.23 Comparison with the existing experimental results

Slab 6 Slab 7
Days
S.N
® | Nos. O % | 515 | © % | sus
mm mm mm mm

1 28 7.89 6.47 1.22 7.75 5.93 1.3

2 300 12.21 17.1 0.71 12.56 17.7 0.71
Mean 0.96 1.005

5.9 PROPOSED RATIONAL APPROACH

Among the above four codes, EC: 2-2002 considers all the parameters

including the tension stiffening effects of concrete. The deflection computed by using

this approach with suitable modification as explained in Chapter 4, gives reliable

solution for predicting the long term deflection. This approach is validated with the
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experimental results reported in the literature of Gilbert and Guo [2005]. The
comparison of results obtained by using the proposed method and experimental
results available in the literature are furnished in the tables 5.17, 5.20 and 5.23. The
equations for curvatures are given below.

Shrinkage curvature = £(1/ ey ) +[A=E)1/r,)]

Creep curvature = s(/r)+(1A-&)1/R)
If elaborate calculations are essential, this method can be used effectively. But
to use this method all the parameters must be known at the design stage itself, which
is not normally possible. Hence a simplified approach is essential to find the depth of

slab to meet the long term effects.

5.10 PROPOSED MODIFIED MULTIPLIER APPROACH

Among all the suggested equations in four codes, the multiplier approach as
per ACI: 318-2002 is simple to use. But this formula, under estimates the actual
deflection. Hence it needs modification in the multiplication factor for deflection due
to sustained load. To modify this factor the contribution of creep and shrinkage in
total deflection as per each code was studied. Since the IS: 456-2000 code under
estimates the creep and shrinkage effects and EC: 2-2002 is on the higher side the
same, those percentages were not considered for the modification, Hence to propose
the modified multiplier approach the percentage contribution of creep and shrinkage
effects as per ACI: 318-2002 and BS: 8110-1997 codes were considered. The
Figs. 522 to 524 give the percentage effects for different parameters. The
Tables 5.24 to 5.26 furnish the percentage contribution of creep and shrinkage effects
in total deflection for interior panel, corner panel and side panel as per the four codes

for different parameters,
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Table 5.24 Percentage contribution of creep & shrinkage in total deflection

(Interior panel)

ACL:318- | BS:8110- | EC:2- | IS:456-
Span | Grade - Load 100" 007 | a00 | oo
m N/mm kN/m o % % %
3 87.82 88.97 97.55 29.55
20 4 84.76 86.18 96.83 27.66
5 82.08 83.70 96.16 26.05 |
3 87.82 89.02 97.60 29.66
6x6 25 4 84.76 86.24 96.90 27.67
5 82.08 83.77 96.24 26.01
3 87.82 89.07 97.65 29.98
30 4 84.76 86.30 96.96 27.86
5 82.08 83.84 96.32 26.10
3 87.82 88.74 97.41 26.00
20 4 84.77 85.90 96.66 24.30
5 82.08 83.39 95.96 22.86
3 87.82 88.80 97.45 25.98
6x7 25 4 84.77 85.97 96.90 24.22
5 82.08 83.46 96.03 22.75
3 87.82 88.85 97.49 26.04
30 4 84.77 86.03 96.96 2424
5 82.08 83.54 96.08 22.71
3 87.82 88.48 97.33 2627 |
20 4 84.77 85.60 96.56 24.64
5 82.08 83.06 95.85 23.26
3 87.82 88.53 97.37 26.07
X7 25 4 84.77 85.66 96.61 24.41
5 82.08 83.12 95.91 23.00
3 87.82 88.56 97.41 25.97
30 4 84.77 85.73 96.66 2427
5 82.08 83.20 95.96 22.84
Mean  84.89 86.06 96.77 25.57
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Table 5.25 Percentage contribution of creep & shrinkage in total deflection

(Corner panel)

Span Grade Load ACI:318- | BS:8110- EC:2- I1S:456-
5 5 2002 1997 2002 2000
m N/mm kN/m % % o %

3 86.11 88.91 97.42 29.89

20 4 82.59 86.07 96.65 27.97

5 78.73 83.55 95.94 26.35

3 86.59 88.94 97.48 29.99

6x6 25 4 83.02 86.11 96.73 28.02
5 79.98 83.60 96.03 26.33

3 87.12 88.96 97.54 30.28

30 4 83.41 86.15 96.80 28.20

5 80.27 83.64 96.11 26.41

3 87.21 88.82 97.33 26.34

20 4 83.54 85.91 96.53 24.67

5 80.15 83.34 95.78 23.20

3 87.88 88.85 97.38 26.36

6x7 25 4 84.15 85.96 96.73 24.57
5 80.93 83.39 95.85 23.07

3 88.50 88.88 97.42 26.40

30 4 84.69 86.00 96.80 24.57

5 81.40 83.44 95.91 23.02

3 82.80 88.44 97.18 26.66

20 4 78.96 85.49 96.36 25.05

5 75.75 82.88 95.59 23.65

3 83.78 88.48 97.22 26.50

7x7 25 4 79.70 85.54 96.41 24.80
5 76.30 82.94 95.65 23.37

3 84.71 88.51 97.26 26.37

30 4 80.48 85.58 96.46 24.64

5 76.91 83.00 95.71 23.19

Mean 82.43 85.90 96.60 25.92
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Table 5.26 Percentage contribution of creep & shrinkage in total deflection

(Side panel)
Span Grade | Load | ACL318- | BS:8110- | EC2- | IS4s6. |
, ) 2002 1997 2002 2000
m N/mm kN/m o % % %
3 86.85 90.49 97.42 30.03
20 4 83.54 87.63 96.65 28.12
5 80.16 85.10 95.94 2649 |
3 87.12 90.52 97.48 30.13
6x6 25 4 83.78 87.68 96.73 28.19
5 80.88 85.15 96.03 26.50
3 87.42 90.56 97.54 30.42
30 4 83.99 87.72 96.80 28.36
5 81.05 85.20 96.11 26.56
3 84.90 90.09 97.33 26.56
20 4 81.39 87.19 96.53 24.93
5 78.38 84.63 95.78 23.46 |
3 85.48 90.12 97.38 26.62
6x7 25 4 81.82 87.24 96.73 24.82
5 78.71 84.68 95.85 23.31
3 86.03 90.15 97.42 26.65
30 4 82.29 87.28 96.80 24.80
5 79.07 84.73 95.91 23.25
3 84.90 89.84 97.18 26.80
20 4 81.39 86.89 96.36 25.22
5 78.37 84.29 95.59 23.81
3 85.48 89.88 97.22 26.65
7x7 25 4 81.82 86.94 96.41 24.95
5 78.71 84.34 95.65 23.51
3 86.03 89.90 97.26 26.52
30 4 82.29 86.98 96.46 24.78
5 79.07 84.40 95.71 23.32
Mean  82.63 87.39 96.60 26.10
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From the parametric study conducted (Tables 5.24 to 5.26) the percentage
contribution of creep and shrinkage in total deflection works out to approximately
84.88%. The factor 3 in Branson approach gives 75% in total deflection. This factor 3
is used for the deflection due to sustained load. Since the creep and shrinkage effects
are due to sustained load, this can be modified based on the study. From the extensive
parametric study the contribution of creep and shrinkage as per the three codes
ACIL: 318-2002, BS: 8110-1997 for the different parameters (average) works out to
84.9%.

If the factor 3 in the multiplier approach is modified to 6, the percentage
contribution of sustained load due to long-term effects in total deflection works out to
85.7%. This is 0.8% in excess of what is obtained. Since the EC: 2-2002 approach
gives 95% for creep and shrinkage effects the above increase will predict the realistic
deflection. This approach avoids the elaborate calculation to be made for predicting
the total deflection of the slab at a later stage. This can be easily used by the designers
at the design stage itself in fixing the depth of slab. The following is the proposed
modified multiplier approach.

O =65, +9,

The approach is validated with the actual building deflection reported in the
literature (Rangan, [1976]). This can be used for flat slab also. For flat slab the
proposed model as explained in Chapter 3 was used to find the deflection. Then
applying the above proposed approach the deflection for flat slab was calculated. The
above modification in the multiplier approach is validated with the existing results

reported in the literatures.
5.11 VALIDATION OF PROPOSED MODIFIED MULTIPLIER
APPROACH

The computed deflection using the above formula was compared with the
actual deflection as well as the calculated deflection by Rangan [1976].The values

obtained substituting the data available in the literature using the proposed approach
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are compared with the actual results in the literature and furnished in the Tables 5.27

and 5

28.

Table 5.27 Comparison with the results (Rangan, [1976]) and actual Building

deflection
Ratio of computed to
I, 1 D Deflection in mm Rangan/measured
S.No | Structure deflection
m m mm
Computed | Rangan | Measured Rangan |Measured
Taylor’s
1. 5.08 {6351 203 18.38 18.30 18.29 1.004 1.005
Flat plate
Heiman’s
2. 7241 7.54 | 241 19.87 26.16 20.83 0.76 0.95
Flat plate
Taylor’s
3. 7.92|8.61| 241 22.57 26.16 22.35 0.76 1.01
L Flat slab

Table 5.28 Comparison with Hwang and Chang [1996] and earlier test results

Lo Ratio of computed to
S.No| Structure l h D Deflection in mm Hwang/Test deflection
m m | mm N
Computed | Hwang | Test Hwang Test
1. Hatcheretal. | 1.524 | 1.524 | 44.5 2.19 1.74 1.96 1.26 1.12
2. | fangand | ool a3 (813|136 | 1o 155 | 111 0.88
. Moehle . . . . . . . .

The actual deflection of flat slab building (Boyce, [2002]) that was the subject

of legal proceedings was compared with the proposed approach. The building panel

dimension and the comparison are given in the Table 5.29.

Table 5.29 Comparison with actual building deflection

1, I, D Deflection in mm
S.No
m m mm " Computed actual
1. 8.4 8.4 220 65-75 49-82

196



5.12 SUMMARY

From the study made, it was observed that increase in depth of the slab even
by 5 mm has significant influence in reducing the deflection. The suitability of depth
for a particular span is to be fixed based on both serviceability and strength
requirement. For this the slab has to be analysed for the moment carrying capacity and
the shear stress induced. The main aim of this research is to analyse the stiffness of
slab with concealed beam. The next chapter explains this in detail, by solving
numerical examples to compute the deflection, moment carrying capacity and shear

stress induced without and with concealed beam.
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CHAPTER6

CASE STUDIES

6.1 GENERAL

Concealed beam is an arrangement of reinforcement which is placed within the
slab that does not increase the depth of the slab. The analytical modelling of concealed
beam and the theories adopted for this study were explained in Chapter 3. To study the
stiffness of the slab, the numerical examples are worked out based on the proposed
modelling of the concealed beam. The deflection of the flat plate with and without
concealed beam was calculated by using the proposed modified (Chapter 5) multiplier
approach. This chapter gives the details of these calculations of deflection, moment
carrying capacity and shear stress induced in the slab with and without concealed beam.
Finally the results of these two types of slabs are compared with each other and

presented at the end of this chapter.

6.2 DESIGN EXAMPLES

The step by step procedures followed for the numerical study are given in
sections 6.2.1 and 6.2.2. The moment carrying capacity and shear stress induced in the
flat plate with and without concealed beam was analyzed by applying the Equivalent
frame method and furnished in sections 6.2.3 and 6.2.4. The results based on this study

are compared and discussed in section 6.2.5.

6.2.1 Example 1: Deflection of Flat Plate Without Concealed Beam
The following multi-storey frame of three bays was considered for this

numerical study. The dimensioning details of the frame are shown in Fig. 6.1 and

Fig. 6.2.
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Fig. 6.1 Multistorey building frame

A flat plate with the panel dimension of 6mx6m is selected for this numerical example.

d T {] 2
6m

{} {1 ’g v

Interior T 'T‘
Panel 6m

’L}f 'LJ ] v

Comer T Side T 0
Panel Panel 6m

I fm rﬁ ¢l

S R 1
=6 il 6l g1

Fig. 6.2 Floor plan

The following parameters are used in the example below. The dimension of
column is assumed as 300mm square.

Live load (W1)= 3.0 kN/m’

Floor finish ( FF) = 1.5 kN/m’
Clear cover to tension reinforcement = 25 mm

Grade of concrete = f,, =20 N/mm?

Modulus of elasticity of steel E,= 200000 N/mm’
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Diameter of rod = 10 mm

Column of size (C, x C,) =300 mm x 300 mm

Total depth of slab = 260 mm
The modulus of elasticity of concrete E, is

E, =5000x \/ka = 5000x /20 =22360.68 = 22361 N/mm?
The sustained load (W,) is

W,=25D+FF +0.25W1=25x 0.26+1.5+0.25 x 3 = 8.75 kN/m?
The total load (W, ) is

W,=W,+Wl =8.75+3=11.75 KN/m’
The moment due to total load (M, ) along x-x direction

_O05xL, xW,xL; _ 0.5x6x11.75x 6
- 8 8

=158.625 kNm

Mllx

The moment due to total load (M,,,) along y-y direction

[25%

_O05xL xW,xL, _ 0.5x6x11.75x 6

M, =
tly 8 8

=158.625 kNm

The lateral distribution factor for moments along the column strip (for interior panel)
LDF, =0.675

The lateral distribution factor for moments along the middle strip (for interior panel)
LDF,_ =0.325

The lateral distribution factor for moments along the column strip (for edge and corner
panel)

LDF, =0.55
The lateral distribution factor for moments along the middle strip (for edge and corner
panel)

LDEF, =045
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The modular ratio m

m=i=8.94
E

4

The effective depth d of slab
d = D-cc—(dia/2)=0.26-0.025-0.005=0.23m
The width of the column strip b, and b,, along x-x and y-y direction respectively

b, =b,=05xL, =0.5x6000=3000 mm

ox

Factored dead load (/)

W, =1.5x(Dx25+FF) = 1.5 (0.26 x 25+ 1.5) = 12 kN/m’
Factored live load (W)

W, =1.5xWl =1.5x3=4.5 kN/m’
Total load (W;)

W, =W, +W, =12+4.5=16.5kN/m’

Uniformly distributed load (w)
w=W;xL,=16.5x6=99 kN/m

Frame

The width of the frame along x-x direction (b ) is equal to the length along the span in

the y-y direction.
b, =L,=6000 mm

The gross moment of inertia of frame (/) along x-x direction

_b,xD’ _ 6000260’

P = 8.7880x10° mm"*
12 12

The width of the frame along y-y direction (b, is equal to the length along the span in

the x-x direction.

b, =L, =6000 mm

201



The gross moment of inertia of frame (/) along y-y direction

_byxD' _ 6000x260°
D)

= 8.7880x10° mm*

Column Strip

The area of tension reinforcement provided in the column strip ( 4,,,,, ) along the shorter

x-x direction

_0.5x0.5xb, xD _ 0.5x0.5x3000x 260
e 100 100

A =1950 mm?

The area of compression reinforcement provided in the column strip (4, ) along the

sclex
shorter direction

_0.5xb,xD _ 0.5x3000x260
seles 100 100

=3900 mm?

The gross moment of inertia of the column strip (/) along the x-x direction

_ b, xD’ _ 3000x260°

I, = 4.3940%10° mm*
12 12
The area of tension reinforcement provided in the column strip (4,,,, ) along the longer
y-y direction
0.5x0.5xb_xD
o = o _0.5x0.5x3000x 260 21950 mm?
100 100

The area of compression reinforcement provided in the column strip (A4,,,,,) along the

scley
longer y-y direction

0.5xb,xD _ 0.5x3000x260

A, = =3900 mm?
o 100 100 mm

The gross moment of inertia of the column strip (1,,) along y-y direction

_byx D’ 3000x260°

I
v 12 12

= 4.3940x10° mm*
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Middle Strip

The width of middle strip (b,, ) along the x-x direction
b, =(L,-L,/2)=6000 - 6000/2 = 3000 mm

The area of tension reinforcement provided in the middle strip ( 4, ) along the shorter

stlmx
x-X direction

_0.5xb,, xD _ 0.5x3000x 260
stime 100 100

=3900 mm?>

The gross moment of inertia of middle strip (/,, ) along the x-x direction

b, xD* _ 3000x260°

e =4.3940x10° mm*
12

I

The width of middle strip (b,,,) along the y-y direction
b,, =L,/2=3000 mm

The area of tension reinforcement provided in the middle strip ( 4,,,, ) along the longer

stimy
y-y direction

_05xb,,xD _3000x260’

o= = 4.3940x10° mm"*
s 100 12

The gross moment of inertia of the middle strip (/,,,) along the y-y direction

by, xD’ _3000x260°

. =4.3940x10° mm"*
Y12

I

Flexural stiffness of equivalent column

The storey height between the centre of floors is assumed as L, =3.5m

X-X axis

The moment of inertia of the column (/,, ) along x-x direction

_C.Cl, _300x300°

1 = 675000000 mm*
T 12

1
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The relative stiffness of the column ( K, ) along x-x direction

K = 4E. 1, _ 4x22361x675000000

“ L 3500

[

=1.7250x10"

The torsional constant (C_ ) of the column

o _(-(0s630/C, ND’C,.)_ (1-(0.63% 260/300))260° x 300)
- 3 3

=7.9795x10®

The clear span ( L, ) along the x-x direction
L,.=L ~C,=6000-300 =5700 mm

The torsional stiffness (K, ) of the column along x-x direction [Gilbert, 2000]

2x45xE xC, _ 2x4.5x22361x7.9795x10°

5] )

y

=3.1216x10"

The relative stiffness of the slab ( K, ) along the x-x direction

_4Ed,  4x22361x8.788x10°
Y 6000

x

=1.3100x10"

K, _ 1.6388x10"

ecx

a, = =0.0625

*T2K,. 2x1.3100x10"

The distribution factor for the positive moment (D ) 1n the exterior span

0.28 0.28

D, =063-—"=" - 063- = 0.6135
px
7
[H%l ) 1+ /0.0625

The distribution factor for the negative moment (D,,,) in the exterior span

0. .
Dne.x = 65 =7 O 65 = 0038

(1 - %,l) 1+ 15 0625
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The distribution factor for the negative moment ( D, ) in the interior span

0.10 0.10

D,, =0.75- = 0.75- = 07441
hix 1
(1+ v ) 1+ % o62s)

The cracked moment M,

07 S <1, _ 0.7x420x4394x10°

o =1.0581x 10*Nmm
0.5xD 0.5x 260

The positive moment due to total load (M, ,. ) at exterior span

atl px

My, =D, M,,= 0.6135x158.625 = 97.316 KNm

atl px

If M,, <M., then

atl px

M, =M

atl px cr

97.316 kNm < 105.81 kNm

Hence M, =M_,=107.38 kNm

atl px

The negative moment due to total load (M, ) at exterior span

M, =D,M,, =6069kNm

atnex thx

ItM,,., <M, then

atlnex

M =M

atlnex — cr

6.069 kNm < 105.81 kNm
Hence M =M_=105.81 kNm

atlnex

The negative moment due to total load (M,,,, ) at interior span

M. =D, M,=07441x158.025 =117.586 kNm
If M. <M, then
Mallan =M(;r

Here 118.03 kNm > 105.81 kNm

Hence M =118.03 kNm

atlnix
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The cracked moment of inertia of the column strip (/,,, ) along the x-x direction

3

1crx = bcx x? + (mXAxllcx Xd - x)2

3

= 3000><"?+8.94><1950><(:>.3o-x)2 =7.6614x10° mm*

The effective moment of inertia for the positive moment (/,, ) at the exterior span

along the x-x direction

3 k}
=[M (4.394x10°) + 1-[MJ (7.6614x10°)

105.81 105.81
=4.3940x10° mm"*

The effective moment of inertia for the negative moment (/,,,,) at the exterior span

along the x-x direction

3 3
M M
e L I
Mallnex ] [ Mallnex

3 3
L ecnex = MJ (4.394x10°) +| 1- 5.8 (7.6614x10°)
105.81 105.81

=4.3940 x 10° mm®*

The effective moment of inertia for the negative moment (/,,, ) at the interior span

along the x-x direction

3 3
M M
I = er _ er _ 9 4
comis (MMWJ (1) +[1 (M H(IM) 4.3940x10° mm

atlmx

105.81Y 105.81Y
l..=|——1(4394x10°) +|1-| —— | |(7.6614x10°
[118.03} (4394x107) [ (118.03] ( x10°)

=3.3795x10° mm®
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The effective moment of inertia for the column strip (/,,, ) along the x-x direction

l,,=071,,+015/,, +0.15]

ecnex ecnix

=0.7x4.3940x10° +0.15x4.394x10° +0.15%3.3795x10°
=4.2418 x 10°mm*

The effective moment of inertia for the frame (7, ) along the x-x direction

Ly=1,+1I, =42418x10°+4.394 x 10° = 8.6358 x 10° mm

wxL x(L.) 2
s - (L) _ ”-75"86"5'7 =286.318 KNm

v | 065x M, =[0.65x286.318

ax T 1-}-%
alx

W,
Mo = (%,j mix = /175)x10955x10 =8.1582x10° Nmm

The rotation due to total load (6,,, ) along the shorter x-x direction

]=1.o95x107Nmm

1
I+ 6.0625

) M, _ 1.0955x10’
N ¢ 1.6388x10'

ecx

=6.69x10

The rotation due to sustained load ( 8,,, ) along the shorter x-x direction

M, _ 8.1582x10°
K.  1.6388x10"

ecx

6, = =4.98x10"

The deflection due to total load (J,,, ) along the shorter x-x direction

5, (n,xL/) (669x10“‘x600/) 0.50 mm

The deflection due to sustained load (J,,, ) along the shorter x-x direction

5 (dlxxl/j (4.98x10"‘x600%)=0.37mm

Y-Y axis

The moment of inertia of the column (/,,, ) along the y-y direction

. C,Ci, _ 300x300°
cly = -
12 12

= 675000000 mm*
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The relative stiffness of the column (K, ) along the y-y direction

4E ]
_Eday _ 4x22361x675000000 —1.7250%10"°

7 L 3500

(4

The torsional constant of the column along the y-y direction

o (-(630/c,, )(D*C,,)  (1-(0.63x260/300))260° x 300)
y - 3 - 3

=7.9795x10°

The clear span ( L, ) along the y-y direction
L, =L, ~-C,, =6000-300=5700 mm
The torsional stiffness of the column ( X » ) along the y-y direction
_ 2x45xE xC,  2x4.5x22361x7.9795x10°

CRRCT)

The relative stiffness of the slab (K, ) along the y-y direction

=3.1216x10"

_4Ed,, 4x22361x8.788x10°

0 =1.3100x10"
L, 6000
K 10
o = e _ 1.6388x10 _ _0.0625
" 2K,, 2x1.3100x10

sly
Exterior span
The distribution factor for the positive moment (D,,) in the exterior span along the y-y

direction

0.28 0.65
D, =063~ =

, = 0.6135
(1+% J (“%.0629
ly

The distribution factor for the negative moment (D,,) in the exterior span along the

y-y direction

p - 065 _ 065

e - = 0.0383
' (1+% j (“%.069
ly
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The distribution factor for the negative moment (D, ) in the interior span along the y-y

direction

D,, = 075-— 210 _ g5 010 57441

! )
(1 + %{ ] M 0.0625
Yy

The positive moment due to total load (M, ,, ) at exterior span along y-y direction

atl py

M,,, =D, M, = 0.6135x158.625=97.319kNm
If M,,,, <M, then
Mallpy =Mcr

97.319 kNm < 105.81 kNm

Hence M, =M, = 10581 kNm

atl py

The negative moment due to total load (M,,,,) at the exterior span along the y-y

direction

Mallney = DneyMlly = 6'069 kNm
If M, <M, ,then

Mallney = Mcr

6.069 kNm < 105.81 kNm

The negative moment due to total load (M,,,,) at the interior span along the y-y

direction

M, =D, M, =118.035kNm

atnty

If M, <M_,then

atlniy

M, ., =M

ailniy = cr

The cracked moment of inertia of the column strip (/,,,) along the y-y direction

cry <y

I, =b §+(mXAmCde—x)2mm4

3

=3000x%+8.94x1950x(230—x)2 = 7.6614x10* mm"*
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The effective moment of inertia for the positive moment (/..,) at the exterior span

along the y-y direction

’wy:[f" ]3(10) ¥ 1—[;—"]3 r,,)

atl py alpy
3 3
= [ 1981 30410°) + 1—[MJ (7.6614x10*)
105.81 105.81
=4.3940x10° mm*

The effective moment of inertia for the negative moment (1,cn, ) at the exterior span

along the y-y direction

3 3
M cr — Mcr
1“”‘7 ) (‘Mmlney J (1Cy ) * [1 (Mall"e)' ] J(lcw )

3 3
- [%::J (4.394x10°) +(1—[M] ](7.6614x108)

105.81

=4.3940x10° mm*
The effective moment of inertia for the negative moment (/.. ) at the interior span

along the y-y direction

3 3
Mcr _ Mcr
1ecmy B [Mallniy J (10/) * (1 [Ma{]niy J ](1’:’)’)

3 3
=[ 105.81 J (4.394x10°) + 1_[ 105.81J (7.6614x10°)
117.586 117.586

=4.3940x10° mm*

The effective moment of inertia for the column strip (/,,, ) along the y-y direction

Iy =0.70,, +0.15, +0.15]

ecncy ecniy
= 0.7x4.3940x10° +0.15x 4.394x10° +0.15x4.394x10°
= 4.3940x10° mm*
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The effective moment of inertia for the frame (/) along the y-y direction
l,=1,+1,
= 4.394 x 10°+ 4.394 x 10° =8.7880x10° mm*

WL(L, ] _11.75x6x5.7°
oy — 8

=286.3181kNm

0.65x M
M,, = o || 0:85%286.318 1) 0955 x 107 kNm
l+/

a,,

4
M., =( /WIJM,,,U=(8'7%L75)X1.0955)(107 =8.1582x10° Nmm

The rotation due to total load (6,

1
I+ 0.0625

., ) along the y-y direction

p _M,,, _1.0955x10
A ¢ 1.6388x10"

ecy

=6.6850%x10™

The rotation due to sustained load (4,,,) along the y-y direction

M 6
Moy 8198210 07675107

bk 1.6388x10"°

ecy

04

The deflection due to total load (6, ) along the y-y direction

5”y =(0ﬂy XL%]=(6.69X104 X600%)= 0.50 mm

The deflection due to sustained load (J,,,) along the y-y direction

6 L
S, = d1y8x y =(4.98><10"1 x600%)= 0.37 mm

Deflection of column strip due to total load along x-x direction

Interior panel

The deflection of the column strip (8., ) due to total load

5 _LDE WXL xLi _ 0.675x11.75x6x6000" _
w0 T 384xE, x1, 384x22361x4.394x10°
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The deflection of the column strip (&, ) due to sustained load

(LDF, )xW,xL,x L} _ 0.675x8.75x 6x6000*

o = - =122mm
384xE_x1_ 384x22361x4.394x10

The deflection of the column strip (5, ) due to varying part of live load

St = Ottt -~ B = 1.63-1.22= 0.41 mm

cxi [= ¢ [« ¢

Corner panel
The deflection of the column strip (&, ) due to total load

(LDFC)XW, X Ly X Li
=T 384xE x1

+ (511;: - 5du)

_ 055x11.75x6x6000*
384x22361x4.394x10°

(0.5-0.37) =1.46 mm

The deflection of the column strip (J..car ) due to sustained load

_(LDF)xW,xL, x L

cxed! 384XEC Xla +(5llx _6dlx)

_ _0.55x8.75x6x6000°
384x22361x4.394x10°

(0.5-0.37)=1.12 mm

The deflection of the column strip (J.,, ) due to varying part of live load

5 cII=5

CXi

8= 1.46-1.12= 0.34 mm

exetl ~ Yex

Side panel

The deflection of the column strip (&, ) due to total load

(LDF)xW,x L x ! 0.55x11.75x 6x 6000°

cxst = = 5 =1.33mm
384xE x1, 384x22361x4.394x10
The deflection of the column strip (8 ar ) due to sustained load
(LDF )xW,xL,x L' 0.55x8.75x 6 x 6000*
exsdl = = - =0.99 mm

384xE xI,  384x22361x4.394x10°
The deflection of the column strip (4., ) due to varying part of live load

Seeat = Oy = Ouro= 1.33-0.99= 0.34 mm
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Deflection of column strip due to total load along y-y direction

Interior panel

The deflection of the column strip (&,

) due to total load

5 _(LDF,)xW,x L xL, _0.675x11.75x6x6000° 1
o 384x E x 1, 384x22361x4.394x10°

The deflection of the column strip (&, ) due to sustained load

(LDF,)xW,x L, x L, _ 0.675x8.75% 6x6000*

oyidl = 5= =1.22mm
384xE x 1, 384x22361x4.394x10

The deflection of the column strip (&, ) due to varying part of live load

5., =0 =1.63-1.22=0.41 mm

oy ey

itl -0,

cyidl

Corner panel

The deflection of the column strip (J,,, ) due to total load

(LDF,)xW,x L xL‘y
— 4 ! X —'6
5cycll 384XEC xlcy (511)' dly)

_ 0.55x11.75x 6x 6000*
384x22361x4.394%10°

+(0.5-0.37) =1.46 mm

The deflection of the column strip (5,4 ) due to sustained load

(LDF,)xW,x L x L,
oul = 384xE, x1, (61, =0m,)

__0.55x8.75x6x6000*
384 x 22361x4.394x10°

+(0.5-0.37)=1.12mm

The deflection of the column strip (&, ) due to varying part of live load

6cycll = 5cycll - 5cycdl= 1.46-1.12= 0.34 mm

Side panel

The deflection of column strip (&,,,, ) due to total load
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(LDF,)xW,x L x L}
P 384X E, x

+(5lly _5d|y)

_ 0.55x11.75x 6x 6000

+(0.5-0.37) =1.46 mm
384x22361x4.394%x10° ( )

The deflection of the column strip (3, ) due to sustained load

_ (LDF.)xW,x L, x L“y
ol 384x E, x1,,

+(§lly —ddly)

_ 0.55x8.75x6x6000*

= +(0.5-0.37)=1.12mm
384x22361x4.394x10° ( )

The deflection of the column strip (J,,,, ) due to varying part of live load

J

cysll =

o)

cystl ~

O,q =1.46-1.12=0.34 mm

cysdl ~

Deflection of middle strip due to total load along x-x direction

Interior panel

The deflection of the middle strip (&,,,,) due to total load

(LDF, )xW,x L, x Ly _0.325x11.75x 6x 6000*

mxitl = 9 = 0.79 mm
384xE x1 | 384x22361x4.394x10
The deflection of the middle strip (&,,,, ) due to sustained load
(LDF, )xW,xL,xL; _ 0.325x8.75x 6x 6000*

= =0.58 mm

i 384xE xI,  384x22361x4.394x10°
The deflection of the middle strip (8,,,,,) due to varying part of live load

8t = Ot = O = 0.79-0.58 = 0.20 mm

Corner panel

The deflection of the middle strip (5, ) due to total load

_(LDF,)xW,xL, x L
™ 384xE, x1_

+ (5zlx - 5:11; )

_ 0.45x11.75x 6x 6000*
384x22361x4.394x10°

+(0.5-0.37) = 1.22 mm
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The deflection of the middle strip (6,,., ) due to sustained load

_(LDF,)xW,x L, xL; o6

= -0
mxcd! 384XE‘.XIW tlx dlx)

_ 0.45x8.75x 6% 6000°
384x22361x4.394x10°

+(0.5-0.37) = 0.94 mm

The deflection of the middle strip (5, ) due to varying part of live load

é

mxcll —

1)

mxcil ~

S, ,=122-0.94 =028 mm

Side panel

The deflection of the middle strip (8,,,,, ) due to total load

_(LDF,)xW,xL,xL, _ 0.45x11.75x6x6000"
s 384x E x1I,, 384x22361x4.394x10°

The deflection of the middle strip (,,,,, ) due to sustained load

(LDF,)xW,xL,xL, _ 0.45x8.75x6x 6000

= = =0.8]1 mm

s 384x E x1,, 384x22361x 4.394x10°
The deflection of the middle strip (&, ) due to varying part of live load

Ot =0

mxs

S =1.09-0.81=0.28 mm

mxstl

Deflection of middle strip due to total load along y-y direction

Interior panel

The deflection of the middle strip (8,,,, ) due to total load

_(LDF,)xW,xL,xL, _ 0.325x11.75%6x6000* _
ol 384x E, x1I,, 384x22361x 4.394x10°

The deflection of the middle strip (&,,,, ) due to sustained load

_(LDF,)xW,xL,xL, _ 0.325x8.75%6x6000' _
i 384x E x1,, 384x22361x4.394x10°

The deflection of the middle strip (&, ) due to varying part of live load

)

myil =

S

myit ~

1)

myidl

=0.79-0.58 = 0.20 mm
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Corner panel

The deflection of the middle strip (&

mye ) due to total load

(LDF, )W, x L, x !
m 384xE x1,

+(5ny _5d|y)

_ 0.45x11.75x 6x 6000*

= +{0.5-0.37) =1.22mm
384x22361x4.394x10° ( )

The deflection of the middle strip (O pnyear ) due to sustained load

(LDFm)doxL,xL'; ( _
tly

= )
myed! 384x E, x]my ‘“y)

__0.45x8.75x 6x6000°
384x22361x4.394x10°

+(0.5-0.37) = 0.94mm

The deflection of the middle strip (O myen ) due to varying part of live load

Omyetl = Oyt =6

myc, myci

a= 1.22-0.94=0.28 mm

myc

Side panel
The deflection of the middle strip (0,1 ) due to total load

_(LDF,)xW,x L xL!

= +16,, =0
mysil 384xEcx1my ( tly dly)

_ 0.45x11.75x 6x 6000*
384x22361x4.394x10°

+(0.5-0.37) = 1.22mm

The deflection of the middle strip (0,5 ) due to sustained load

mysdil =

(LDF, )xW, x L x L' (
ty -

)
384xE, x 1, )

_ 0.45x8.75x 6x6000*
384x22361x4.394x10°

+(0.5-0.37) = 0.94mm

The deflection of the middle strip (O pnys ) due to varying part of live load

Snystt = Oyt = Oy =1.22-0.94 = 0.28 mm
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Total deflection
Interior panel

The deflection (5, ) due to sustained load

6cxtdl + 5myidl + 5cyldl + 5m.xidl
Su = 5

)

I

; =(1.21+0.59;1.21+0.59J= | 80 mm

The deflection (5,) of the interior panel
5, =6x6,, +8y
6, =6x1.80+0.61=11.41 mm

Corner panel

The deflection (S, ) due to sustained load

iacxcdl + 6mytdl + 5cycdl + 5mxcdl ]
5ch -

- 2

5, =[1.12+0.94+1.1:>.+0.94]=2.06 o
2
The deflection (&, ) of the corner panel
8, =6%0,y +0,

S, =6x2.06+0.62=12.98 mm

Side panel
The deflection (&, ) due to sustained load

_ [5cxsdl + 5mysdl + 6cysdl + 5m.x.sdl ]
- 2

sdl

1.12+0.81+1.12+0.81
(ssdlz 2

The deflection (&, ) of the side panel
O, =6x08, +0y

S, =6%x1.93+0.62=12.21 mm
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6.2.2 Examplc2: Deflection of Flat Plate with concealed beam
The floor plan of floor with concealed beam is given in Fig. 6.3.
Live load (W)= 3.0 kN/m?
Floor finish ( FF ) = 1.5 kN/m?
Clear cover to tension reinforcement = 25 mm

Grade of concrete = f,, =20 N/mm?

C

Young’s modulus of steel E,= 200000 N/mm?
Diameter of rod = 10 mm

Square column of size (C1xC2) =300 mm x 300 mm

Total depth of slab = 260 mm

> >
> >

Fig. 6.3 Floor plan with concealed beam

Concealed beam

The modular ratio

m= E, =8.94
E

c

The width (/,) of the concealed beam (Fig. 6.4)

/, =1000 mm
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10mm @ 50

mm c/c \

Fig. 6.4 Cross section of the concealed beam (section B-B)

Number of the longitudinal reinforcements ()

"{%0)”
n:(100%0)+1 =21Nos.

Area of the reinforcements (4, )
_lnx 7 xdia® )
4, = [pxmxdial)/
4 =(21x”XIO%)=1.6493x103mm2

3

The depth (d,,, ) of the concealed beam

_[ 4,
dcon_(%j
_[1.6493x10’ )_
dw,,—( X100/ o)=1.65 mm

The depth (d,) of the compression reinforcement

d, = (cc + di%)
d, = (25+1%) = 30mm
The width of the column strip b, and b,, along x-x and y-y direction respectively

b, =b,, =0.5% L, =3000 mm
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The area of the tension reinforcement provided in the column strip (4., .) along the

stlex
shorter x-x direction

_0.5x0.5xb,xD _ 0.5%x0.5%x3000x 260

Ape = = =1950 mm?
100 100 :
The area of the compression reinforcement provided in the column strip (4,,,,,) along
the shorter x-x direction
= 0.5xb,xD _ 0.5x3000x 260 ~3900 mm’
100 100
The area of the tension reinforcement provided in the column strip ( 4,,,,, ) along the
longer y-y direction
0.5x0.5xb_xD
x0,, _0.5x0.5x3000x 260 ~1950 mm?

ey = 100 100

The gross moment of inertia of the column strip (1, ) along the x-x direction

I, = b"‘lxzD] +2x(m—1)xA, x(l%—cc)2

_ 3000x260°

o+ 2x (8.94-1)x1.6493x10° (26%—25)z =4.6829x10° mm*

The gross moment of inertia of the column strip (/) along the y-y direction

b, xD’
1= e 19
k!
- *30001"2260 +25(8.94-1)x1.6493x10° x (2604 - 25} =4.6829x10° mm*

Frame
The width of the frame along the x-x direction (b4 ) is equal to the length (Fig. 6.5)
along the span in the y-y direction.

bfx =L, =6000 mm
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AAAAAAAAAA

Fig. 6.5 Cross section of the concealed beam (section A-A)

The gross moment of inertia of the frame (/) along the x-x direction

bﬂxDJ

I, =T+2x(m—1)><Axx(l%—cc)Z

_ 6000x 260’

I, ——12—+2x(8.94—1)x1.6493x103 x(26%—25)2 =9.7069x10° mm"*

The width of the frame along the y-y direction (b)) is equal to the length along the

span in the x-x direction.

b, =L, = 6000 mm

The gross moment of inertia of the frame (/) along the y-y direction

b, xD’
I, = /yl"z +2><(m—1)xAJx(1%—cc)z
3
I, =.600%&+2x(8.94—1)x1.6493x103 «(260/ -2 =9:7069x10° mm*
Middle strip

The width of the middle strip (b, ) along the x-x direction
b =L, —L, /2 =6000 - 6000/2= 3000 mm
The gross moment of inertia of the middle strip (/) along the x-x direction

_ b, x D’ _3000x 260’

o =4.3940x10° mm*
12 12

1
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The width of the middle strip (b,,,) along the y-y direction
b,, =L,/2 =6000/2= 3000 mm
The gross moment of inertia of the middle strip (1,,) along the y-y direction

b, xD’ ’
1 _ m}_x — 3000)( 260 =4_394OX109mm4
my 12 12

Flexural stiffness of equivalent column

L,=35m

X-X axis
Short term deflection

The moment of inertia of the column (/,,, ) along the x-x direction

clx

_C.Cl, _ 300x300°

. = 675000000 mm*
12 12

The relative stiffness of the column ( K, ) along the x-x direction

x _AEd,, _ 4x22361x 675000000

“ L 3500

(o

=1.7250%x10"

Concealed beam

Concealed Beam / Slab cc

JLIHIIIIIHIHIIIIIIIIIT _I_D

/ L -
8mmdia.@/ X

50 mm c/c

le
l‘

Fig. 6.6 Longitudinal section of concealed beam

The spacing of stirrups (s ) in the concealed beam (Fig. 6.6)

5s=50 mm

222



The diameter (d, ) of the stirrup
d, =8 mm

The number of stirrups (n_, ) along the x-x direction

L -C -
" =[ y ']+1=[w0—(;():5@]+1=11_5NOS.

n s
The length of the stirrups (L, ) to be provided in the x-x direction
L, =L,=6000 mm
Equivalent area of concealed beam ( £, ) in concrete

2 2
Ea=n_uxm>;7rxds _ 115x8.9;1x7rx8 =517 x 10° mm?

Equivalent area of concealed beam ( £, ) in concrete
The thickness (¢, ) of the concealed beam (Fig.6.7)
t,=9mm
X, =1000-1,=1000-8.6171 =991 mm

Y, = D—1,=260-9 =251 mm

| 1000 mm

251

991 mm
Fig. 6.7 Equivalent thin concrete box for torsion

The torsional constant (C, ) of the concealed beam (Hsu,[1984])

: [2fo x Y xD]_ [2><9912 x 2517 x 260
b= B

=2.5988 x 10'°
X, +7, 991+ 251
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The torsional constant of the column (C.)

.- (1—(0.631)/3c,x))(1)3c,,)+ ¢,

(1-(0.63x260/300))260° x 300)
3

+2.5988x10'" =2.6786 x 10'°

The clear span ( L, ) along the x-x direction

L,=L -C, =5700 mm

nx X

The torsional stiffness of the column ( K, ) along the x-x direction

2x4.5xE xC,_ 2x4.5x22361x2.6786x10"

[#E)] T,

=1.0479 x 10'2

y

The relative stiffness of the slab ( K, ) along the x-x direction

_A4E 1, 4x22361x9.7069x10°
s =Ty © 6000

X

=1.3531 x 10*

K, =334x10"

10
o, = K o _334x10°

"T2K,. 2x1.3531x10°

Exterior span
The distribution factor for the positive moment (D,,) in the exterior span along the x-x

direction

0.28 0.28

D, =063-—"2 _-063- = 0.5992
px ]
(H% J 1+ 61234

The distribution factor for the negative moment (D,,.) in the exterior span along the x-

x direction
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The distribution factor for the negative moment ( D, ) in the interior span along the x-x

direction

0.10 0.10

D, =0.75 - ———=0.75- =0.739
nix 1
(H%) 1+ 36 1234

The cracked moment of inertia (M, )

0.7/ x 1 _0.7x420 x4.6829x10°

Mo =05xD 0.5x 260 =1.0581x10"
The positive moment due to total load (M, ) at the exterior span along the x-x
direction
M, . =D, M, =05992x158.625=95.05 kNm
If M, <M, then
My, =M,

Here 95.05 kNm < 105.81 kNm

The negative moment due to total load (M., ) at the exterior span along the x-x

direction

M, =D M, =00074x158.625=11.327 KNm

alnex

If M,,, <M, then

atlnex

M =M

atlnex — cr

The negative moment due to total load (M,,,,) at the interior span along the x-x

direction

M, =DM, =0739x158.625=118.03kNm
If M. <M, then

Mallni.x = Mcr
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The cracked moment of inertia (/) of the column strip along the x-x direction

3

Lo = b, 4 (m) ) (4 =)

2

+mxA:x(0,SxD—(CC+di%))2+(m-1)XA:X(O'SXD_(CC+di%))

=2.4755x10* mm*

The effective moment of inertia for the positive moment (/) at the exterior span

ecpx

along the x-x direction

3 3
M M
L =| = | (1) +| 1| 2= | (4
o e ) [ e J( )

3
- [MJ3(4.6829x109) +[1—(w] ](2.4755x108)

105.81 105.81

=4.6829x10° mm*

The effective moment of inertia for the negative moment (/. ) at the cxterior span

echex

along the x-x direction

3 3
M M
Lpee =| = | (1,) +|1-| =2=— | |4
=2 (1) [ (e ]( )

3 3
- (:g:—:;] (4.6829x10°) +[1—(MJ J(2.4755x108)

105.81
=4.6829x10° mm*
The effective moment of inertia for the negative moment (1, ) at the interior span

along the x-x direction

3 3
M M
Ly =| == | (1,,) +|1-| =2 | |1
1= ) [ (| J( )

105.81Y° 105.81Y
=| —— | (4.6829x10° - —— i 8
(105.81} [4.6529x10°) +( (105.81} (24755x10")

=4.6829x10° mm*
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The effective moment of inertia (/,,, ) for the column strip along the x-x direction

I, =071, +0.15I,,, +0.15]

ecnex ecnix

=0.7 x 4.6829 x 10° + 0.15 x 4.6829 x 10° +0.15 x 4.6829 x 10°
=4.6829x10° mm*
The effective moment of inertia for the frame (/,, ) along the x-x direction

Ieﬁ\' =Iecx+]mz

=W,xLyx(L",)2 _ 11.75x6x(5.7)
o 8
=2.0446x10” Nmm

=286.318 kNm

M

ntlx

4
anx=( %Vlemf(gﬂ%ljs)x2.0446x10’ =1.5225% 10" Nmm

The rotation due to total load (6,,, ) along the x-x direction

7
O = A]im“ - 20062 =6.1215%x10*

ecx ecx

The rotation due to sustained load (8,,,) along the x-x direction

M,,, _ 15225x10
K

ex ecx

=4.5586x 107

gdlx =

The deflection due to total load (4,,, ) along the x-x direction

5., =(0llx XL%} (6.1215x10“‘ x600%)=0_46mm

The deflection due to sustained load (&,,, ) along the x-x direction

5o, = [9,“, XL%} [4.5586x107x 600%)= 034 mm

Y-Y axis
Short term

The moment of inertia of the column (/) along the y-y direction

_ GG 300x300°

u = 675000000 mm"*
R V) 12
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The relative stiffness of the column (K, ) along the y-y direction

4E 1
k AL, 4x22361x 675000000 _ 1.7250 x 10'°

i L 3500

c

Concealed beam

The spacing of the stirrups in the concealed beam
s =50 mm

The diameter of the stirrups in the concealed beam
d, =8 mm

The number of the stirrups along the y-y direction

n, = ﬂ].*.l: [M]H:llSNos
Y s 50

The length of the stirrups to be provided in the y-y direction
L, =L, =6000 mm
The area of concealed the beam

n,xmxmxd,’ 2
E =22 '"4 : =”5"8'9:"”"8 =5.17x 10* mm’

X, =1000—ty= 1000-8.6171 =991 mm
Y, = D—ty= 260-8.6171 =251 mm
The torsional constant of the concealed beam

o 2xX; x¥}xD _[2x9917 x2512 x 260
b X, +7, 991+251

J= 2.5988 x 10'°

The torsional constant of the column along the y-y direction

- (i —(0.630/5,,)X03c,y)+cb

(1-(0.63x260/300))260° x 300)
3

+2.5988x10" =2.6786 x 10'°
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The clear span (L, ) along the y-y direction
L,=L,-C,, =5700 mm
The torsional stiffness of the column ( K, ) along the y-y direction

g o 2X43xEXC, _ 2x4.5%22361x2.6786x10"

y = 3 - 3
7112l G 600 1—[ﬂ]
7L, 6000

The relative stiffness of the slab ( K

=1.0479 x 10"

.1, ) along the y-y direction

_A4E Ly, 4x22361x9.7069x10°
oL 6000

y

=1.3531 x 10*

K, =334x10"

g Ko _3.34x10°
V2K, 2x1.3531x10°

=0.1234

Exterior span

The distribution factor for the positive moment (D, ) in the exterior span along the y-y

direction

D, =063- 22— 063228 —05992

1+ !
(1+% ] 1 0.1234
ly

The distribution factor for the negative moment (D,,, ) in the exterior span along the

y-y direction

D = 0.65 _ 0.65 =0.0714

" [1 +%t.y] 1+ Y04l

The distribution factor for the negative moment ( D, ) in the interior span along the y-y

direction

0.10 0.10

D =075-——2"2 =075 = 0.739
niy 1
| (1+% ] (“ 0.1234)
ly
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The positive moment due to total load (M, ) at the exterior span along the y-y

atl py
direction
M, =D, M, = 0.5992x158.625=95.05 kNm
IfM,,, <M,then
Mallpy = Mcr

The negative moment due to total load (M, ) at the exterior span along the y-y

atlney

direction

M 1pey = D, M, ,= 0.0074x158.625=11.327 kNm
If M, <M, then

M ey =M.,

The negative moment due to total load (M, ) at the interior span along the y-y

atlniy
direction

M, = D, M, = 0.739 x 158.625 = 117.22 kNm

If M,,,., <M, then

atlniy

M =M

atlniy — cr

The cracked moment of inertia of the column strip (/ oy ) along the y-y direction

I, =b‘yx?+(m).(Am‘y)(d—x)2 +m><AJ><(0.5><D—(cc+a’iaA))2
+(m=1)x 4, (0.5 x D - (cc + di%) =2.4755x10* mm*

The effective moment of inertia for the positive moment (/,_ ) at the exterior span

ecpy

along the y-y direction

atl py atl py
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105.81Y 105.81Y’
=] ——""|(4.6829x10° ) +|1-| —=— | [[2.4755x10®
(105.81]( 10 [ (105.81} ]( <10

=4.6829x10° mm*

The effective moment of inertia for the negative moment (/,,,,) at the exterior span

along the y-y direction

3 3
Mcr _ Mcr
I“"ey ) [ Mallney (1‘)') " {1 [ Mall"e)’ ] ](Icry)

k] 3
- [M (4.6829x10°) +[1-(1—95ﬂ] ](2.4755x108)

105.81 105.81

=4.6829x10° mm*

The effective moment of inertia for the negative moment (/,,,, ) at the interior span

along the y-y direction

3 3
M M
R el &

3
= [M]3(4.6829x109) +[1-[M] ](2.4755x108)

105.81 105.81
=4.6829x10° mm*

The effective moment of inertia for the column strip (/,,,) along the y-y direction

I, =071, +0.15,, +0.15I,,

ecpy ecney

=0.7x4.6829x 10°+0.15 x 4.6829 x 10° +0.15 x 4.6829 x 10°

=4.6829x10° mm*

The effective moment of inertia for the frame (/5 ) along the y-y direction

9 4
l,=1,+1, =9.0769x10" mm

=286.318 kNm

WL(L,F _11.75x6x(5.2)
g

oy

8
W _ _ 7
M,, =( «IWJM”,U— (8-7%1.75)x2.0446x107 =1.5225x10"Nmm
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The rotation due to total load (0

1, ) along the y-y direction

M 7
6, = = 20806 1515510

oK K

ecy ecx

The rotation due to sustained load (§,,, ) along the y-y direction

M,,, _ 1.5225x10’
Tk T K

ecy ecx

6, =4.5586 x 10™

The deflection due to total load (5, ) along the y-y direction

5, =(0,,ny%)= (6.1215x10“‘ x600%)=0_46mm

The deflection due to sustained load (J,,,) along the y-y direction

8,,xL -
Spr, = ___‘“’8x Y = (4.5586x10 ¢ X600%)= 0.34 mm

Deflection of column strip due to total load along x-x direction

Interior panel

The deflection of the column strip (J_, ) due to total load

(LDF, )xW,x L, x Ly _ 0.675x11.75x 6x 6000

el = . 1.53 mm
384xE_ x1_ 384x22361x4.6829x10
The deflection of the column strip (5, ) due to sustained load
(LDF,)xW,xL,x L, _ 0.675x8.75x 6x 6000*
xidl = = =1.14 mm

384xE xI,  384x22361x4.6829x10°
The deflection of the column strip (&, ) due to varying part of live load

Ocxit = Oiitt = O i = 1.53-1.14 = 0.39 mm

[ ¢

Corner panel
X-X axis

The deflection of the column strip (&

exctl

) due to total load

B (LDF,)xw, xL,x L}
T 384xE.x1

+ (5nx - 5dlx)

_ _0.55x11.75x6x6000*
384x22361x4.6829x10°

+ (0.46-0.34)=1.37 mm
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The deflection of the column strip (J,,,) due to sustained load

(LDF.)x W, xL, x L
384xE, x1,

cxedl =

+ (511,\' - 54]:)

_ 0.55x8.75x6x 6000
384x22361x4.6829x10°

+(0.46 - 0.34) =1.05mm

The deflection of the column strip (&, ., ) due to varying part of live load

) cll=§

o cxell ~

S..,=137-1.05=0.32 mm

Side pancl
X-X axis

The deflection of the column strip (6,

cxsil

) due to total load

_(LDF)xW,xL,xL; _ 0.55x11.75x6x6000*
et 384x E, x1, 384x22361x4.6829%10°

The deflection of the column strip (J,,,, ) due to sustained load

_(LDF,)xW,xL,xL;, _ 0.55x8.75x6x6000*
cxd 384x E, x1 384x22361x4.6829x10°

The deflection of the column strip (J,,,, ) due to varying part of live load

8. =8y -0.y=1.25-0.93=0.32 mm

[ ¢

Deflection of column strip

Interior panel

y-y axis

The deflection of the column strip &, due to total load

(LDF,)xW,xL,xL, _ 0.675x11.75x6x6000°*

ol = 5= 1.53 mm
’ 384x E, x 1, 384x22361x4.6829x10
The deflection of the column strip &, due to sustained load
_(LDF,)xW,xL,xL, _ 0.675x8.75x6x6000' _
o4 384xE. xI, 384x22361x 4.6829x10°
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The deflection of the column strip §_, due to varying part of live load

cyill

o) o,

cyill = cyitl ©

J,

cyidl

=1.53-1.14= 0.39 mm

Corner panel
y-y axis
The deflection of the column strip 6,,,, due to total load

(LD, ), x L x LY
oyl — 384><Ec XIcy (5”)' _Jdl,v)

_ 0.55x11.75x 6x 6000*
384x22361x4.6829x10°

+(0.46 - 0.34) =1.37 mm

The deflection of the column strip §__, due to sustained load

cyed!

(LDF,)xW,x L xL,
ol 384xE x1,

+ (5”)' - §dly)

4
_ 0.55x8.75x6x 6000 _ +(0.46 - 0.34) = 1.05mm
384x22361x4.6829x10

The deflection of the column strip &,_, due to varying part of live load

cycll

J,

cycll

=0,

cyetl ©

)

cycd!

=1.37-1.05=0.32 mm

Side panel
Y-y axis

The deflection of the column strip &__, due to total load

cystl

(LDF,)xW,x L x L}
cystl 384XECX10, +(§ll}’ —5dl,v)

_ 0.55x11.75x6x 6000*
384x22361x4.6829x10°

+(0.46-0.34) = 1.37 mm
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The deflection of the column strip &, due to sustained load

LDF,)xW,xL,xL"
cysd! = ( 381 X s (611)' _5dly)
xE x1I,

__ 0.55x8.75% 6x 6000
384x22361x4.6829x10°

+(0.46 - 0.34) = 1.05mm

The deflection of the column strip &,

due to varying part of live load

Sepstt = Oyt =0,

cysi cys cysdl

=1.37-1.05=0.32 mm

Deflection of middle strip
Interior panel
X-X axis

The deflection of the middle strip 6, due to total load

muxitl

_(LDF,)xW,xL,xL; _ 0.325x11.75x6x6000*
s 384x E x 1, 384x22361x4.6829x10°

The deflection of the middle strip§,,,,, due to sustained load

_(LDF, )xW,xL,xL; _ 0.325x8.75x6x6000*
mod 384xE x1I 384x22361x4.6829%10°

The deflection of the middle strip&,,, due to varying part of live load

1)

mxill =

S

mxul ~

S, =0.79-0.59 = 0.20 mm

Corner panel
X-X axis

The deflection of the middle strip &,,,., due to total load

LDF, )xW xL, xL!
mxell ( 384) l - +(5llx _§dlx)
xE x1I,,

_0.45x11.75x6x 6000
384x22361x4.6829%10°

+(0.46 - 0.34) = 1.20 mm
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The deflection of the middle strip §___, due to sustained load

mxcdl!

s - (LDF,)xW,xL, %L,

mxedl I84x E x ] +(5llx _adlx)

_ 0.45x8.75x6x 6000*
384x22361x4.6829x10°

+ (0.46 - 0.34) = 0.93

The deflection of the middle stripd,__, due to varying part of live load

S, cll =4,

mx mXx

et = Omeca = 1.20-0.93 = 0.27 mm

Side panel
X-X axis

The deflection of the middle strip &

mxsil

due to total load

_(LDF,)xW,xL,x L, 0.45x11.75%6x 6000°

stl = = 5= 1.09 mm
384xE %1, 384x22361x4.6829x10
The deflection of the middle strip &___, due to sustained load
(LDF, )xW,xL xL; _ 0.45x8.75x6x 6000*
mcsdl = = =0.81 mm

384xE,xI,  384x22361x4.6829x10°
The deflection of the middle strip §,,, due to varying part of live load

Opmestt =6

mxs

8= 1.09-0.81=0.28 mm

mxstl ~ Y mx;

Deflection of middle strip
Interior panel
y-y axis

The deflection of the middle strip &, ,, due to total load

myi

_(LDE )xW,x L xL, _ 0.325x11.75x 6 6000
! 384x E, x1, 384x22361x4.6829x10°

=0.79 mm
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The deflection of the middle strip &, ., due to sustained load

myidl

(LDF, )xW,xL,xL, _ 0.325x8.75x6x6000*
384xE, x1I,, 384x22361x4.6829x10°

myid| =

The deflection of the middle strip §

myill

due to varying part of live load

J

myill

= Gt * Oy = 0.79-0.59 = 0.20 mm

Corner panel
y-y axis

The deflection of the middle strip &, ., due to total load

mycil

_(LDF,)xW,xL,xL,
mel T 384xE, x1,

+(5lly _édly)

_0.45x11.75%6x 6000
384x22361x4.6829x10°

+ (0.46 - 0.34) = 1.20 mm

The deflection of the middle strip &, due to sustained load

(LDF, )xW,x L, x L}

= +19,, -0
myed 384xE, x 1, (”’ ‘“’)

_ 0.45x8.75x6x6000°
384x22361x4.6829x10°

+(0.46-0.34)=0.93 mm

The deflection of the middle strip &

ey UE 1O varying part of live load

Oyt =0,

myc mycil ~

S ,=1720-0.93=0.27 mm

mycdl

Side panel
y-y axis
The deflection of the middle strip &, due to total load

5 (LDF,)xW,x L, xL,
m T 384xE, x1,,

+(5lly —6dly)

_0.45x11.75x6x6000"
384x22361x4.6829x10°
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The deflection of the middle strip &, due to sustained load

(LDF,)xW,x L x L,
= - - +6,,-6
mysdl 384XE‘.XIM), ( tty dly)
__0.45x875x6x6000° _ o
384x22361x4.6829x10°

The deflection of the middle strip &,._, due to varying part of live load

mysil

Sryst = Oryst - Omysr =1:09-0.81=0.28 mm

mysil = mys

Total deflection

Interior panel

The deflection &, due to sustained load

dcxidl + 5myidl + 5cyidl + 6mxidl
6idl = >

The deflection o, of interior panel
5:‘ =6x 5:‘4/ + 5:‘1/
6, =6x1.73+0.59=10.96 mm

Corner panel

The deflection &, due to sustained load

5ch =

(50\'04/ + é‘mycdl + §cycdl + 5nucdl }
2

The deflection &, of corner panel
0, =6x8,4+5,
6. =6x1.98+0.6=12.16 mm

Side panel

The deflection &, due to sustained load

Ocxsat t Omyst + Oyt + O
Oy = 5
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The deflection o, of side pancl
8, =6x6, +4,

0, =6x1.86+0.6=11.75 mm

6.2.3. Example 3 : Analysis of Frame using Equivalent Frame Method
(Hoffman et al. [1998]) for Moment and Shear (Without Concealed Beam)

Step I Dimensions of the plate
Live load (W,) = 3.0 kN/m*

Floor finish ( FF )= 1.5 kN/m’
Clear cover to tension reinforcement = 25 mm
Grade of concrete = f, =20 N/mm’

Young’s modulus of steel (£,) = 200000 N/mm?

Diameter of rod = 10 mm
Square column of size = 300 mm x 300 mm
Total depth of slab = 260 mm

Edge column size, C;=300 mm & C,=300 mm

Step II Column stiffness, K, (Fig. 6.8)
The Young’s modulus E, of concrete
E, =5000x./f, =22361 N/mm’

The moment of inertia 7, of the column

_ C2xCP _300x300°

. = 675000000 mm*
12 12

1

The stiffness of the column

K 1, 3xL' | 675x10° 3% 35007
< 1+ = |= 1+ >
(L,-DY | (3500-260) (3500 -260)

E. (L,-D)

(4

=9.3767x10° mm®
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/ 1/EI=0
i i et ISy T
1/El.—* +— .75 m
3.5m 3.24m %
1.75m
I l____'ﬁ-._ _________________ |
ﬁI— \ 1/EJI=0
130 mm
Actual column Analogous column

Fig. 6.8 Column stiffness by column analogy (without concealed beam)

Step III Slab stiffness, K, (Fig. 6.9)

Slab between the (/,, ) columns

LxD’ _ 6000x260°

I, = = = 8.7880x10° mm*
¢ 12 12
Slab (7,,) at the column
1 9
Ip=—t = BT8O0 gy 10° mm
(& 1_( 300 J
L, 6000
3 3
| SO 6000 =1.8485 m*

T12x1,  12x9.3774x10°

1 ]

[T_TJX(I“'C')J ( . 9]><(6000-300)3
=\ ‘e _\8.788x10°  9.7374x10
’ 12 12

=0.1712 m*

Moment of inertia of the analogous column (7, ) about the neutral axis

I.=1+1,=18485+0.1712=2.0198 m*
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A SE— 5700 mm o Fp
260 mm
3 1 3
300 mm—»| | l+— —+ ' +—300 mm
N Actual slab —

/1= 1.0269 x 10°"°

I

1/l =1.1379x 10" = T

Slab as analogous column

Fig. 6.9 Slab stiffness by column analogy (without concealed beam)

Area of the analogous ( 4,.) column

Slab between ( 4,,,) the columns

(L -C1) _ (6000-300)

“ T 8.788x10°

= 6.4861x10 ' mm?

Slab ( 4,.,) atthe columns

(8) (2
A= 2) . =3.0809x10"® mm?

“ = T 97374%10°

g2

A=A, +A,=64861x107 +3.0809x10=6.7942x107 mm?

The relative stiffness ( X, ) of the slab

2 2
K_(1),WA) =[ ! 7J+ (6000/2)" __ 078108 mm?
E |\ 4,) I, \(67942x107 )" 2.0198x1000

ac ac
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Step IV Stiffness of exterior equivalent column

1 D=260mm

Ci =300 mm

Fig. 6.10 Cross section at slab column connection

The torsional constant (C ) of the equivalent column (Fig. 6.10)

[l

3
= 1-0.63x 260}][260 "300]}=7.9795x108

300 3

The torsional stiffness ( X, ) of the column

8
K, _| _@x45)xC |_| (2x4.5)x7.9795x10" | 100 o6

E : ’
T Lx -4 6000x[1—ﬂ]
L, 6000

The relative stiffness (K, ) of the equivalent column

K K _ s .
== LK. ___ 2x93767x10° 8.0029x10° mm’
E, ¢ 2x9.3767x10°
1+ 1+ :
, 1.396x 10°

Step V Moment distribution factors

Exterior column

6
op o K. 5.9278x 10

K,+K, 59278x10°+8.0029x10°

Interior column

6
OF K, 5.9278x10

C2xK,+K, 2x59278x10° +8.0029x10°

=0.46
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Step VI Factored loads for moment distribution

The dead load (W)

W, =1.5 x ((0.26x25) +1.5) =12 kN/m’
Live load (W)

Wil=15x3=4.5KkN/m’
Total load (W,)

Wi =12+4.5 = 16.50 kN/m?
Uniformly distributed load (w)
w =99 kN/m

Step VII Carry over factors for both interior as well as exterior columns (Fig. 11)

[L] L2y ( 1 ]+ (6000/2)
Ji -7
COF = A, w  |_|\16.7942x10 2.01982 05034
1)@y [ 1 j_(6000/2)
A, 1, 6.7942x107 2.0198
M, = 445.5 kNm
M1
0.0458 M, = 43.436 kNm
4 0.0045
0.0049 M, = 21.99 kNm
0.15m A /0.15 m
" 5.7m
6 m -

Fig. 6.11 Slab fixed end moments by column analogy (without concealed beam)
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Step VII

Moment distribution analysis

/4 4 74 \ //f/
777 777 777 /707
6 m | 6m 6m
COF -0.5034 -0.5034 -0.5034
DF  |0.388 0.460.46 0.46 | 0.46 0.88
FEM |-298.34 -298.34|-298.34 -29834/-298.34 -298.34
D |+26285 — | — | __ 2628
co | — 323 — — 3232 —
D —  +61.98/-61.98 -61.98 |+61.98 —
CO  [3120 — [+3120 +31200— 3120
D [+2749  +14.61|-14.6] -14.6]|+14.6] +27.49
CO 1383 736 (+736  +7361-736  -13.83
D H12.19 _— | — | — +12.19
M, [40.84 361431433637 -336371-361.43 40.84
297.00  297.00(297.00 297.00R97.00  297.00
5343 5343 - - | 5343 5343
V. 24357 35043 [297.00 297.00]35043 24357

Wd+ W|: 16.5 kN/m2
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Step VIII. Shear at the exterior trial column (Fig. 6.12)

A
Dp-oeooenne- I
i B,=C,+d
c LG . B 1
Critical section for shear
B\=C,+d/2
a. Plan
¢ z
/ ,I
/' II
VA
D ./ ’ A
_-._/"e <—
C ——
./ ’
./ [,
./.' I"
¢ z
Ccp Cas
b. Shear section dimensions c. Vi, My, Vas

Fig. 6.12 Shear at exterior column (without concealed beam)
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The critical section for the shear
Bl = C, +9/ =300+230/2 = 415 mm
B2 =C, +d=1300+230 = 530 mm

The shear (V,,) is equal to the exterior column reaction
V., =243.57+99%300/2=258.42 kN

The area ( 4,, ) of the critical shear section

A, =2Blxd+B2xd=2x415x230 + 530x 230=312800 mm’

c _(2led+B2xd]_[2x415x230+530x230
AB ~ -

]= 126.6360
A 312800

sl
Cp = Bl-C,,=415-126.636=288.36

Distance between the column centreline (¢) and the centroid of the critical section

e =Cop-C% = 288363007 =138.36 mm

Bixd’) (dxBI’
J1=[ - J+[ - ]+2xdelx(B%—CAB +dx B2xC "

3 ] 2
[‘“5’;230 ]{230’;‘“5 ]+2x230x415x[4—;5—126.636J

+230x530x126.636*
6.7845x10°

J.=J1

(4

The fraction (y,) of the unbalanced moment to be transferred to the column by shear

about the centroid of the shear area

L ! L ! _
7= [1+(2,/31/132/3)J ! [1+(2./415/530/3)J 07!
Ma=Mu1—wx(C%jx[C%j—mee

= 40.84x10° -99x(30%)x (30%)—258.42x103 x138.36 = 3.9741
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The shear stresses (¥, ) at the exterior column

V M_xC
Vuab=( %Jlj-f-(}’vx csx A%Cjz

_[258.42x10° ) (0.3710 3.9741x10°® x126.636
Vb‘( 8 AlzgooJr 8 e

ua

6.7845 x 109)
=(.8537

The permissible shear stress (¥, ) without shear stirrups

V. =025x4/f,
=0.25% /20 = 1.12 N/mm?

Vs <V, Hence safe

V — ch —_ }/vacstCD =
ucd A_rl JC

- (258.42x 10%12800)_ (0.3710x3.9741x106 x 288.36

6.7845 x 109)

=0.7635 N/mm?
14

ucd

<V, Hence safe

Step IX

Shear at interior column ( Fig. 6.13)

Critical section for shear

Bl=C,+d »

a. Plan b.V,M

Fig. 6.13 Shear at interior column (without concealed beam)
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V. =350.43+290.00= 640.43 kN

M, =-25.054 KNm

[m(cna)%}[ (C1+d) xd/j [c2+d xdx(Cl+d)4j

[230x (300 +230)’ } +[(300 +230)x 230’ ]
6 6

cl

+[(300+ 230)x 230 (300 +230)’ J
2

=2.3903x10"

The critical ( 4,, ) perimeter

A, =4xB2xd = 4x530x230= 487600 mm®

_ Vm vy, xM, A x B2
V( A.)*( ﬁmj

640.43x 10 ) (O371x25054x106x53
( * /8 7600 /x23903x10‘°

=1.42 N/mm?

V. <V Hence safe

ul s

Step X

The maximum beam shear (V,,) for total factored load

{ohg

e Lixd

640.43x10°/ _ )
[640.43 % /5 =99 230
6000 230

= 0.2181 N/mm>

The permissible shear stress (¥, ) without shear stress as per IS: 456-2000
V,=025x\f, =025x+20 =1.12 N/mm?

V., <V, Hence safe
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6.2.4 Design Example 4: Analysis of Frame Using Equivalent Frame Method for

the Moment and Shear (With Concealed Beam)

Step 1
Live load (W,) = 3.0 kN/mm?

Floor finish (FF )= 1.5 kKN/mm*
Clear cover to tension reinforcement = 25 mm

Grade of concrete = f, =20 N/mm?
Young’s modulus of steel (E,) =200000 N/mm’

Diameter of rod = 10 mm
Square column of size = 300 mm x 300 mm

Total depth of slab =260 mm

Step 11
Column stiffness, K¢ (Fig. 6.14)

E, =5000x./f,, =22361 N/mm’
The moment of inertia (/,) of the column

_C2xCP

I, = 675000000 mm"*
TV 260 mm 1/EJ=0
B N L /
' T
IVEJl— +— 1.75m
3.5m 324m %
130 mm 1.75m
P |

Fig. 6.14 Column stiffness by column analogy (with concealed beam)
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KoL |, 3IxL' |_ 675x10° N 3% 35007
E, (L.-D)| (L.-D)| (3500-260)  (3500-260)’
=9.3767x10° mm’

Step 111

Slab stiffness, K (Fig. 6.15)
d =230 mm

6000 mm ———
|

— fe——— 5700 mm ——— | -~—

260 mm

“"""fl.

L |
LU T T TG OO T AT LAY lllllllllUll[UllIﬂZ

| i T |

300 mm— !

| /1 =7.715 x 107" i

il i
I !

T = 1/I;; = 8.5492 x 10° = T

Fig. 6.15 Slab stiffness by column analogy (with concealed beam)

] |
| |
l !
LN -_N\—
| |
| |
| |
| |
| |
| |
| |

Slab between columns

Concealed beam
The width (/,) of the concealed beam
/y = 1000 mm

The number of the longitudinal reinforcement (n) to be provided in the concealed

beam
n=[1—‘J+1 = (loﬂjﬂ = 21 Nos.
50 50
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The equivalent concrete area (A, ) of the concealed beam

4 =[mxnx7rxd3]
4

_ [8.394x21x7zx102

, }= 1.4752 x 10* mm?

The depth of the concealed beam (d,) in the equivalent concrete area (Fig. 6.16)

4
g o[ A (L7210
h 1000

! A el Ty Y ﬁv’ "
(*"r'%,.gt.(g.; aoy > 14.8

IML-J?

l-—-,-w- oo romon oo 0

Fig. 6.16 Transformed section for flexural stiffness

The transformed moment of inertia (/. ) of the concealed beam

2x(L1x(2xd)3)

I, = - ' +[L1x2xd,x(%—(cc+dl))2]

_ 2x(6000% (2 14'8)3)+(6000x 2x14.8x (26% ~(25+ 14.8))2)

12
=2.9093x10° mm*
1, =£l“;‘—2D3)+180 = Km—l"226@+29093x109= 1.1697x10'° mm*
Slab (/,,) at the column
L. R 1'1697XI0l02=1.2961x10'°mm4

(2] )
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L’ 6000°

I = = —=1.3888 m"*
12x1, 12x1.2961x10
11
EREA
— gl g2
’ 12
1 1 3
[ 0] 2961x10'°)x(6000—300)
_ \1.1697x10" 1. b — 0.1286 o

The moment of inertia (/) of the analogous column

I, =1 +1,=13888+0.1286 = 1.5174 m*

Area of (A4, ) the analogous column

Between the column

y _(L-¢) _ (6000-300)
“ 1.1697x10"

gl

=4.8729x10"7 mm?

At the column (4,,,)

2x Q 2x[@
_ 2 ) _ 2

ac2 1

g2

j =2.3146x10" mm?

4 - 10
1.2961x10

A=A +A4,,=48729x107 +2.3146x107"=5.1044x10"7 mm>

K, = [L].+ (L/2) =[ 1 j+ (6000/2)° __ ¢00x10°

A I 5.1044x1077 ) 1.5174x1000*

ac ac

Step IV Stiffness of exterior equivalent column
Concealed beam
The spacing of the stirrups (s ) in the concealed beam

s =50mm
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The diameter of the stirrups (d,) in the concealed beam
d, =8 mm

The number of the stirrups (n,)

n =[LQJ+1=[WJ+1= 115 Nos.

s

The length of the slab for the stirrups (L, ) to be provided
L, =L,=6000 mm

The equivalent area of the concealed beam ( E,) in concrete

___njxmx(ﬂxdjz)= 115)(8.94)((7[)(82)

Ea
4 4

=5.1703 x 10* mm?

The thickness of the concealed beam (7)) in the equivalent concrete

4
ty=E" _ 5.1703x10 - 8.62 mm
L 6000

B

X, =1000~,=1000 - 8.62=991.38 mm

Y, =D-1,=260-8.62= 251.38mm

| 1000 mm |
[~ -
WNE ) WY AT G LT T
N1
260 mm o i 8.68 mm
GATNT L w1 4 T

Fig. 6.17 Equivalent thin concrete box section for torsion

The torsional constant (C, ) of the concealed beam

c [2><X|2><2xlexD]_[2x991.382 x 2% 251.38 x 260
b= -

=2.5988x10"°
X, +Y 991.38 +251.38
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The torsional constant (C) of the column with concealed beam

o225

3
= [(1—0.63{260)} [260 X3OO]]+2.5988x10'° =2.6786x10"°

300 3

The torsional stiffness ( X, ) of the column

. | (2x4.5)xC (2x4.5)x2.6786x10"

g— = > |= v |” 4.6862x10’
© | x1-& 6ooox(1-ij
L, ‘ 6000
The relative stiffness of the ( K, ) equivalent column
5
K, _ XK. 2x93767x10° 1 8032x10°
E. *K 2x9.3767x10°
1+ < 1+ 7
K, 4.6862x10
Step V Moment distribution factors
Exterior column
6
DF K, _ 7.8902x10 — 0814

T K, +K,  7.8902x10° +1.8032x10°
Interior column

6
K,  _ 7.8902x10 - 04487

DF = .
2xK, +K,, 2x7.8902x10° +1.8032x10°

Step VI Factored loads for moment distribution

The dead load (W)
W, =1.5x((0.26x25) +1.5) =12 kN/m?
Live load (W,)

W,=15x3= 4.5kN/m?
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The total load (W,)

Wit =12+4.5 = 16.50 kN/m’
Uniformly distributed load (w)

w =99 kN/m

Carry over factors (Fig. 6.18)

( n ]+ (L/2) ( 1 ]+ (6000/2)’
A I -7 4
COF <| M o |_|\5.1044x10 1.5174x10(2)0 05034
1)Ly ( i ] (6000/2)
A, I, 5.1044x1077 ) 1.5174x1000*
M, =445.5 kNm
MJ/1
0.0344
l M, =43.436 kNm
L) 0.0034
0.0037 M; =21.99 kNm
0.15m l 0.15 m
L / .
* 5.7m
6m

Fig. 6.18 Slab fixed end moments by column analogy (with concealed beam)
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Step VII Moment distribution analysis

Wy+ W= 16.5 KN/m2
V7744 V7744 y//74 \ V7744

SRR RARSRRRRRRAIRRRRRRRY.

6m 6m I, 6m

X XK XK

COF -0.5034 -0.5034 -0.5034

DF  |-0.81 -0.45-0.45 -0.45/-045  -0.81
FEM |-29834 -298.34|-298.34 -298.34|-298.34 -298.34
D +242.84 — | — — | — 424284
co | — 12225 — — |-12225 —
D —  +54.86|-54.86 -54.86|+54.86 —
co |-27.61 — |+27.61 +27.61|—  -27.61
D +22.48  +12.39|-12.39  -12.39(+12.39 +22.48
CO 1131 623 |+623  +6.23[-623  -11.3]
D {921 — | — —|— +9.2]

M, -62.74  -359.58|-331.73 -331.73|-359.58 -62.74

297.00  297.00{297.00 297.001297.00 297.00

-49.47 4947 | . - | 4947  .49.47
V.,  |247.53 -346.47|-297.00 -297.00-346.47 -247.53

Step VIII Shear at the exterior trial column
Bl =C, +9/=300+230/2= 415 mm

B2 =C, +d=300+230=530 mm

Ve =247.53+99x300/2=262.38 kN
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Concealed beam

The area of the ( 4, ) concealed beam at one face (Fig. 6.19)

A =2xlxd= A, =2x1000x14.8 = 2,9504x10* mm’

Bl wl ol Malllhe',
al
Rep 2 TLYN TNy

A R Rty .
RE. SPRLAL S AP gl

)
hadied T _Bi Y _‘i'\"ll .
e v G
ST
s Y)
e AT T aj’ .
A X i ek i 4
VPN ETTL T S F TS g

Concealed
beam

N
Ca=268mm Cyp=147 mm

Fig. 6.19 Critical section for shear at exterior column (with concealed beam)

The actual area of the (4,,) critical shear section

A, =2BIxd+B2xd+ A %3

=2x415x230+530%230 +2.9054x10* x3 =3.5293x10° mm?

c 2lede%+2xAcx1'/2
ab = :
AJI

2><415><23ox4152 +2x2.9504x10° >(100%
3.5293x10°

=147 mm

C. =BI=C,= 415-147 =268 mm
e=C, -G =268-300/ = 118 mm

Shear coefficient for the moment transfer (J1) for concrete alone

Blxd’\ (dxBY’ Bl 2
J]:( ; ]+[ - ]+2xdelx(/2—Ca,,)z+dx82xCa,,
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_[415x530°) (230x415° 415 2
—[ : ]+[ ; J+2x230x415x( 4—147)

+ 230 x 530 x 1472
=6.9134x10° mm*

Shear coefficient for the moment transfer (J2) for concealed beam

2xl xdl’) (2xdxl’ ! ’
J2=( 16 J+[ é ' ]+2xdlxllx(%—cab) +(/I'|xll><Ca,,2

3 3 2
=[2’<100°"14-8 J+[2"14'8"1000 ]+2x14.8x1000x(100%—147)

6 6
+14.8 x 1000 x 1472

= 5.6562x10® mm*

Shear coefficient (J,) for moment transfer

J. =J +J,=69134x10° +5.6562x10*= 7.479x10° mm*

=0.6290

The moment at the centroid of the column section
M,=M, —wx(C%jx(cyj—Vaxe
f]
= 62.74x10° - 99 x (30%)x (30%-)—262.38x10’ x118 =30.64 kNm

The shear stress (V,,, ) at the exterior column face

)

_ [262.38x10° ) (0.371x30.64x10°x147
3.5293x10’ 7.479x10°

J = 0.9668 N/mm?

The permissible (V,) shear stress
V,=0.5x.//, =0.5x+20 = 2.4 N/mm?

V. . <V Hence safe

uab s
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The shear stress (¥,,,) at the exterior column at the edge face

V = Vcs _ 7vacxchd
ued = A:l Jc

_ [262.38x103]*[0.371x30.64x103x268

3.5293x10° 7.479%10°

]= 0.3359 N/mm?

14

ucd

<V, Hence safe

Step IX Shear at interior trial column (Fig. 6.20)

B2=C2+d

Clommmee T B—Y1—

Critical section for shear

Bl=Cl+d \

a. Plan b. V,M

Fig. 6.20 Critical section for shear at interior column (with concealed beam)

V. =346.47+297.00= 643.47kN

M, = -27.84 KNm

Concealed beam

The critical shear section (4, ) of the concealed beam
4, =(4x B2xd)+4x 4,=(4x530x230)+4x2.9504x10" = 5.5015x10° mm’

The shear coefficient (J,) for moment transfer for the concealed beam
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J =(2de x(I])%]+((11)2 ><d%]+[(1,)xdl x(ll)%J

_ [2x 14.8><(1000)’]+[(1000)2 x 14.83]+[(1000)x 14.8x(1000)2]

6 6 2

=1.8308x10° mm*

The shear coefficient (J,,) for moment transfer for concrete and the concealed beam

Ja =[dx(C1+d)3]+[(C‘+d)xd’J+[(C2+d)xdx(c1+d)2J+Js

6 6 2

_ [230x (300+230)’ ] ,[(300+230)x230° ]
6 6

(300 +230)x 230 (300 +230)’
2

]+1.8308x108
\

=2.5733x10" mm*

The shear stress (¥, ) at the interior column

v oo (643.47x107 )+ (0.371x27.84x103 <530/ )
“ 5.5015x10° 2% 2.5733x10°

=1.276 N/mm?

V.. <V, Hence safe

Step X

Beam shear (V,,)

VCJM
(/2-wxd) (643.47x10%_99x103x230)

V, = = = 0.21 2
2 Lixd 6000 230 66 N/mm

Permissible (V,,) shear stress
V, =0.5xf, =V, =0.5x20=2.24 N/mm?

V., <V, Hence safe
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Comparison of the results

The results obtained from the numerical examples are compared and

summarised in the Tables 6.1 and 6.2.

Table 6.1 Deflection of flat plate for 260 mm depth

Deflection in mm
Panel Without With concealed % reduction in
concealed beam beam deflection
Interior 11.41 10.96 3.96
Corner 12.98 12.16 6.32
Side 12.21 11.75 3.77

The deflection of corner panel is getting reduced by 6.32%. For interior and side
panel the deflection is reduced by 3.97 and 3.77% respectively. Hence the concealed

beam is effective in reducing the deflection in the corner panel.

Table 6.2 Moment and shear stress of flat plate for 260 mm depth

. Edge column Interior
Details - -
Interior face |Exterior face column
, Shear stress in N/mm? 0.85 0.76 1.42
Without
concealed Limiting stress in N/mm*  [1.12 2.24 112
b
cam % used 75.89 67.86 126.78*
Shear stress in N/mm? 0.97 0.34 1.28
With concealed ;o i stress in N/mm?  |2.24 2.24 224
beam
% used 433 15.18 57.14
Without Moment in kNm 40.84
concealed Limiting moment in kNm  [60.59
beam % used 67.40 ]
Moment in kNm 62.74
With concealed [ i o moment in KNm |60.59
beam
% used 103.55

© * Shear stirrups required
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Table 6.2 shows the edge panel moment carrying capacity of flat plate. The
capacity is increased by 1.5 times by using the concealed beam. Also the shear stress in
the exterior face of the edge column is reduced by 40%. In the interior column, the
shear stress is reduced by 10%. From this study, it can be concluded that the concealed
beam is effective in improving the stiffness of flat plates. The numerical examples are
solved to show how the concealed beam is modelled and used in the analysis to show
the improved stiffness of flat plates.

Since the above computation involves time consuming lengthy calculations, a

program was developed in MATLAB for the above procedure.

6.3 SUMMARY

From the comparative study, it is observed that by providing the concealed
beam, the deflection in the corner panel is reduced by 6.3%. The moment carrying
capacity of flat plate at the edge column is increased by 1.5 times compared to the flat
plate without the concealed beam. Also, the shear stress is reduced by 55% at the
exterior column face. Hence the concealed beam improves the stiffness of the flat plate
particularly in the edge column.

The examples worked out in this chapter are only for flat plate. The aim of this
study was to find the effect of concealed beam in flat plates and flat slab with column
head for different parameters. Hence a program was developed for the above procedure.
The development of the program is given in the next chapter. Also the next chapter
contains the comparative study made for different parameters and the discussion about

the results obtained.
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CHAPTER 7

RESULTS AND DISCUSSIONS

7.1  GENERAL

The effect of the concealed beam in flat plate was studied and presented in the
previous chapter by solving numerical examples. The aim of this study.was to ﬁnd the
improved stiffness of flat plate using concealed beam for different parameters. Hence
a program was developed for the procedurc explained in the previous chapter. The
following sections explain the development of the program and the compérative study

made.

7.2 FLAT PLATE
7.2.1 Development of the Program

A program was developed for the procedure involved in the numerical
examples given in Chapter 6, for calculation of deflection, moment carrying capacity
and shear stress induced for the flat plates. The input parameters of the program are
span (mm), live load (kN/m?) and grade of concrete (N/mmz), depth of slab (mm).
The output of this program will give the total mid panel deflection (mm) for interior,
corner and side panels. For the moment carrying capacity and shear stress the
procedure explained in the example was used for the development of the program.
The same input parameters are used for this program also. The output of this program
will give the moment carrying capacity (kNm) and shear stress (N/mmz) at the edge

column and the interior column.

7.2.2 Parameters Considered
The following parameters were considered for the study to find the deflection,

moment carrying capacity and shear stress induced for the effect of concealed beam.
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Span 6mx6m7mx7m6mx7m

Depth of slab = 125 mm to 300 mm with an increment of Smm.
Live Load = 3kN/m’and 5 kN/m’

Grade of

Concrete = f4c= 20 N/mm® and 30 N/mm’

Grade of steel =f, =415 N/mm’

Clear cover = 25 mm

Diameter of rods = 10 mm

Area of tension

Reinforcement = 0.5%

Creep strain 1.6 for 28 days age at loading

300 x 10

Shrinkage strain

Modulus of elasticity

of Concrete 5000 x  f4 N/mm?

Square column = 300 mm x 300 mm

35m

Storey height

7.2.3 Comparison of Deflection

Table 7.1 and Fig. 7.1 show the details about the comparative study conducted
for a span of 6 m x 6 m, live load of 3 kN/m?and fy =20 N/mm? . The table furnishes
the total mid panel deflection of corner panel in mm for the plate without and with
concealed beam. The limit on deflection was taken as 20 mm. The ratio of the
obtained deflection to the limit 20 mm was calculated to check the capacity of the slab
in percentage and furnished in the Table 7.1 for comparison.

The deflection is reduced at a maximum of 5% for plates with the concealed
beam. Also the effect of concealed beam in reducing the deflection is less with the
increase in thickness of slab. This pattern can be observed in Fig. 7.1. Hence it is
concluded that the concealed beam is effective in reducing the deflection in lesser

depth of slab. This pattern is followed for the different parameters and is shown in

Figs. 7.2 to 7.12.
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7.2.4 Comparison of Moment

The limiting moment was taken as equal to 0.138 x fu x b x d® where “b” is
the width of the critical scction around the column and “d” is the effective depth of
the slab. The moments obtained for the depths that had deflection less than 20 mm are
furnished in the table. The ratio of the obtained and the limiting moment were
calculated to find the percentage used capacity.

The moment at the corner column from the analysis is furnished in Table 7.1.
The moment carrying capacity of the plate with concealed beam is nearly 1.5 times
higher than the plate without concealed beam. Here also the concealed beam is
effective in lesser depth of slab. If the slab depth is 300 mm, the increase in moment
carrying capacity is getting reduced. Figure 7.1 shows a pattern of decrease in
moment carrying capacity of plates with and without concealed beam with increase in
depth of slab. But this may be due to the fact that increase in depth of slab increases

the dead load moment.

7.2.5 Comparison of Shear Stress
The shear stress around the exterior column was calculated. In the table shear
stresses for the depths that were considered for deflection and moment were

furnished. The limit on shear stress for plate without concealed beam was calculated

as per the formula 0.25 x |/ f,, in the IS: 456- 2000. For the flat plate with concealed

beam this formula becomes 0.5 x / f,, which is to be considered for slab with shear

reinforcement. Here to find the used capacity available, the ratio of shear stress
obtained to the limiting stress was calculated and furnished in the table.

The shear stress at the exterior column is the critical stress in the flat plates.
Hence the shear stress at the cxterior column was studicd. From the results obtained
that are furnished in Table 7.1 it is observed that the shear stress is reduced to a

maximum of 60%.
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Table 7.1 Strength and serviceability of flat plate without and with concealed beam
(6 m x 6 m) fck=20 N/mm? wi=3 kN/m’

Depth- Deflection Moment Shear stress
Without With Without concealed With concealed Without With concealed
concealed concealed beam beam concealed beam beam
beam beam
mm 1 Used | mm | Used | kNm | limiting | Used | kNm | Used |N/mm’| Used |N/mm’| Used
mm % % % % % %
230 17.37 86.85 16.58 | 82.90 | 45.61 44.16 103.28 | 74.61 168.95 0.65 58.04 0.04 1.79
240 15.69 78.45 15.01 75.05 | 44.03 49.29 8933 70.37 142.77 0.70 62.50 0.16 7.14
250 14.24 71.20 13.65 | 68.25 | 42.44 54.77 77.49 66.41 121.25 0.73 65.18 0.25 11.16
260 12.97 64.85 12.46 | 62.30 | 40.84 60.59 67.40 62.74 103.55 0.76 67.86 0.34 15.18
270 11.87 59.35 11.41 57.05 | 39.26 66.77 58.80 59.33 88.86 0.79 70.54 0.40 17.86
280 10.89 54.45 10.49 | 52.45 | 37.68 73.31 51.40 56.16 76.61 0.81 72.32 0.46 20.54
290 10.03 50.15 9.67 48.35 | 36.12 80.23 45.02 53.23 66.35 0.82 73.21 0.51 22.77
300 9.27 46.35 8.95 4475 | 34.58 87.52 39.51 50.50 57.70 0.83 74.11 0.55 24.55

|<- > ->|<- °->|<- o->|
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Total deflection in mm

Deflection

80
75
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65
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Moment in kNm

45
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——without conccaled beam
—a&—withconcealed beam

Moment carrying capacity
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T T T T

240 260 280 300

Total depth in mm

——without concealed beam
—a—withconcealed beam

Shear stress in N/mm?
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08

0.7
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05

04

03

02

0.1

Shear stress

L ROEX

200

250 300
Total depth in mm

—x— without concecaled beam
—a&—withconcecaled beam

Fig. 7.1 Strength and serviceability of flat plate without and with concealed beam

(6 m x 6 m) fck=20 N/mm’ wil=3 kN/m>
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Table 7.2 Strength and serviceability of flat plate without and with concealed beam
(6 m x 6 m) fck=30 N/mm? wi=3 kN/m’
Depth Deflection Moment Shear stress
Without With Without concealed With concealed Without With concealed
concealed concealed beam beam concealed beam beam
beam beam
mm | Used | mm | Used | KNm | limiting | Used | kNm | Used |N/mm’®| Used |N/mm’| Used
mm % % % % % %
200 19.85 99.25 18.92 | 94.60 | 50.14 30.71 163.27 | 90.85 | 295.83 0.46 41.07 -0.49 -21.88
210 17.65 88.25 16.87 | 84.35 | 48.68 34.88 139.56 | 85.76 | 245.87 0.54 48.21 -0.29 -12.95
220 15.78 | 78.90 15.13 | 75.65 | 47.16 | 39.36 119.82 | 80.94 | 205.64 0.60 53.57 -0.12 -5.36
230 14.18 | 70.90 13.63 | 68.15 | 45.61 | 44.16 103.28 | 76.40 | 173.01 0.65 58.04 0.02 0.89
240 12.81 64.05 12.34 | 61.70 | 44.03 49.29 89.33 72.14 146.36 0.70 62.50 0.14 6.25
250 11.63 58.15 11.22 | 56.10 | 42.44 54.77 77.49 68.17 124.47 0.73 65.18 0.24 10.71
260 10.59 | 52.95 1024 | 51.20 | 40.84 | 60.59 67.40 | 64.46 | 106.39 0.76 67.86 0.33 14.73
270 9.69 48.45 938 |4690 3926 | 66.77 58.80 | 61.01 91.37 0.79 70.54 0.40 17.86
280 8.89 44 .45 8.62 |43.10 [37.68| 73.31 5140 | 57.80 | 78.84 0.81 72.32 0.46 20.54
290 8.19 40.95 795 |39.75|36.12 | 80.23 45.02 54.81 68.32 0.82 73.21 0.51 22.77
300 7.57 37.85 7.35 36.75 | 34.58 87.52 39.51 52.04 59.46 0.83 74.11 0.55 24.55
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Total deflection in mm
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Fig. 7.2 Strength and serviceability of flat plate without and with concealed beam

(6 m x 6 m) fck=30 N/mm* wl=3 kN/m?
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Table 7.3 Strength and serviceability of flat plate without and with concealed beam
(6 m x 6 m) fck=20 N/mm’ wl=5 kN/m’

Depth Deflection Moment Shear stress
Without With Without concealed With concealed Without With concealed
concealed concealed beam beam concealed beam beam
beam beam
mm Used mm | Used | kNm | limiting | Used | kNm | Used N/mm’ | Used | N/mm’]| Used
mm % % % % % %
230 20.31 101.55 19.30 | 96.50 | 54.51 44.16 123.44 89.17 | 201.92 0.78 69.64 0.05 2.23
240 18.29 91.45 17.43 | 87.15 | 52.42 49.29 106.35 83.77 169.95 0.83 74.11 0.19 8.48
250 16.54 82.70 15.81 79.05 | 50.33 54.77 91.89 78.77 143.82 0.87 77.68 0.30 13.39
260 15.03 75.15 14.39 | 71.95 | 48.27 60.59 79.67 74.15 122.38 0.90 80.36 0.40 17.86
270 13.71 68.55 13.15 | 65.75 | 46.23 66.77 69.24 69.87 104.64 0.93 83.04 0.48 21.43
280 12.55 62.75 12.06 | 60.30 | 44.23 73.31 60.33 65.93 89.93 0.95 84.82 0.54 24.11
290 11.52 57.60 11.09 | 55.45 | 42.27 80.23 52.69 62.29 77.64 0.96 85.71 0.59 26.34
300 10.62 53.10 10.23 | 51.15 | 40.35 87.52 46.10 58.92 67.32 0.97 86.61 0.64 28.57
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Fig. 7.3 Strength and serviceability of flat plate without and with concealed beam

(6 m x 6 m) fck=20 N/mm? wl=5 kN/m?
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Table 7.4 Strength and serviceability of flat plate without and with concealed beam
(6 m x 6 m) fck=30 N/mm’ wl=5 kN/m’

Depth Deflection Moment Shear stress
Without With Without concealed With concealed Without With concealed
concealed concealed beam beam concealed beam beam
beam beam
mm Used mm | Used | kNm | limiting | Used | kNm | Used N/mm’ | Used |N/mm’]| Used
mm % % % % % %
220 18.52 92.60 17.66 | 88.30 | 56.60 39.36 143.80 | 56.60 143.80 0.72 64.29 -0.15 -6.70
230 16.59 82.95 15.87 | 79.35 | 54.51 44.16 123.44 | 54.51 123.44 0.78 69.64 0.02 0.89
240 14.93 74.65 1433 | 71.65 | 52.42 4929 106.35 | 52.42 106.35 0.83 74.11 0.17 7.59
250 13.51 67.55 1299 | 64.95 | 50.33 54.77 91.89 50.33 91.89 0.87 77.68 0.29 12.95
260 12.27 61.35 11.83 | 59.15 | 48.27 60.59 79.67 48.27 79.67 0.90 80.36 0.39 17.41
270 11.19 55.95 10.81 54.05 | 46.23 66.77 69.24 46.23 69.24 0.93 83.04 0.47 20.98
280 10.24 51.20 991 49,55 | 44.23 73.31 60.33 4423 60.33 0.95 84.82 0.54 24.11
290 941 47.05 9.11 4555 1 42.27 80.23 52.69 42.27 52.69 0.96 85.71 0.60 26.79
300 8.67 43.35 841 42.05 | 40.35 87.52 46.10 40.35 46.10 0.97 86.61 0.64 28.57
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Total deflection in mm

Deflection

Moment carrying capacity Shear stress
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~—¥—without concealed beam —m— without concealed beam — X-—withoutconcealed beam
—aA—withconcealkd beam —a&—withconcealed beam —— &—withconccaled beam

Fig. 7.4 Strength and serviceability of plate without and with concealed beam
(6 m x 6 m) fck=30 N/mm? wl=5 kN/m?
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Table 7.5 Strength and serviceability of flat plate without and with concealed beam
(7 m x 7 m) fck=20 N/mm® wl=3 kN/m’

Depth Deflection Moment Shear stress
Without With Without concealed With concealed Without With concealed
concealed concealed beam beam concealed beam beam
beam beam

mm 1 Used | mm | Used | kKNm | limiting | Used | kNm | Used |N/mm?| Used | N/mm?| Used

mm % % % % % %
280 20.23 101.15 19.56 | 97.80 | 54.86 7331 74.83 88.81 121.14 1.03 91.96 0.47 20.98
285 19.40 97.00 18.77 | 93.85 | 53.75 76.72 70.06 86.46 112.70 1.04 92.86 0.51 22.77
290 18.63 93.15 18.03 | 90.15 | 52.64 80.23 65.61 84.20 104.95 1.06 94.64 0.55 24.55
295 17.89 89.45 1733 | 86.65 | 51.54 83.83 61.48 82.02 97.84 1.07 95.54 0.58 25.89
300 17.20 86.00 16.67 | 83.35 | 50.44 87.52 57.63 79.92 91.32 1.08 96.43 0.62 27.68

|<- ~ ->|<- -->|<- ~n->|
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Total deflection in mm
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Fig. 7.5 Strength and serviceability of plate without and with concealed beam

(7 m x 7 m) fck=20 N/mm® wl=3 kN/m?
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Table 7.6 Strength and serviceability of plate without and with concealed beam
(7 m x 7 m) fck=30 N/mm?® wi=3 kN/m’

Depth Deflection Moment Shear stress
Without With Without concealed With concealed Without With concealed
concealed concealed beam beam concealed beam beam
beam beam
mm Used mm | Used | kNm | limiting | Used | kNm | Used N/mm’ | Used | N/mm’| Used
mm % % % % % %
260 19.67 98.35 19.08 | 95.40 | 59.32 60.59 97.90 59.32 97.90 0.96 85.71 0.24 10.71
265 18.81 94.05 18.25 | 91.25 | 58.20 63.64 91.45 58.20 91.45 0.98 87.50 0.30 13.39
270 17.99 89.95 17.47 | 87.35 | 57.09 66.77 85.50 57.09 85.50 1.00 89.29 0.36 16.07
275 17.23 86.15 16.74 | 83.70 | 55.97 70.00 79.96 55.97 79.96 1.01 90.18 041 18.30
280 16.52 82.60 16.06 | 80.30 | 54.86 73.31 74.83 54.86 74.83 1.03 91.96 0.46 20.54
285 15.84 79.20 1541 | 77.05 | 53.75 76.72 70.06 53.75 70.06 1.04 92.86 0.50 22.32
290 15.21 76.05 14.80 | 74.00 | 52.64 80.23 65.61 52.64 65.61 1.06 94.64 0.54 24.11
295 14.61 73.05 1423 | 71.15 | 51.54 83.83 61.48 51.54 61.48 1.07 95.54 0.58 25.89
300 14.05 70.25 13.69 | 68.45 | 50.44 87.52 57.63 50.44 57.63 1.08 96.43 0.61 27.23

[€ 22 <
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Total deflection in mm
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Fig. 7.6 Strength and serviceability of plate without and with concealed beam
(7 m x 7 m) fck=30 N/mm* wl=3 kN/m>
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Table 7.7 Strength and serviceability of plate without and with concealed beam
(7 m x 7 m) fck=20 N/mm* wl=5 kN/m*

Depth Deflection Moment Shear stress
Without With Without concealed With concealed Without With concealed
concealed concealed beam beam concealed beam beam
beam beam

mm Used mm Used | kNm | limiting | Used | kNm | Used N/mm’ | Used | N/mm’| Used

mm % % % % % %
280 23.32 116.60 | 22.49 | 11245 | 64.40 7331 87.85 104.26 | 142.22 1.21 108.04 1.21 54.02
285 22.34 111.70 | 21.56 | 107.80 | 63.00 76.72 82.12 101.34 | 132.09 1.22 108.93 1.22 54.46
290 21.41 107.05 | 20.69 | 103.45 | 61.60 80.23 76.78 98.53 122.81 1.24 110.71 1.24 55.36
295 20.54 102.70 19.86 99.30 | 60.22 83.83 71.84 95.84 114.33 1.25 111.61 1.25 55.80
300 19.73 98.65 19.08 95.40 | 58.85 87.52 67.24 93.24 106.54 1.26 112.50 1.26 56.25

€ e o€ v
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Fig. 7.7 Strength and serviceability of plate without and with concealed beam
(7 m x 7 m) fck=20 N/mm?* wl=5 kN/m?
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Table 7.8 Strength and serviceability of plate without and with concealed beam
(7 m x 7 m) fck=30 N/mm? wl=5 kN/m’

Depth Deflection Moment Shear stress
Without With Without concealed With concealed Without With concealed
concealed concealed beam beam concealed beam beam
beam beam
mm Used mm | Used | kNm [ limiting | Used | kNm | Used N/mm?” | Used | N/mm?’| Used
mm % % % % % %
260 22.81 114.05 1832 {91.60 | 70.11 60.59 115.71 | 120.38 | 198.68 1.13 100.89 0.28 12.50
265 21.78 108.90 17.52 | 87.60 | 68.67 63.64 10790 | 116.92 | 183.72 1.15 102.68 0.35 15.63
270 20.80 104.00 16.77 | 83.85 | 67.24 66.77 100.70 | 113.59 | 170.12 1.17 104.46 0.42 18.75
275 19.89 99.45 16.07 | 80.35 | 65.81 70.00 94.01 110.39 | 157.70 1.19 106.25 0.48 21.43
280 19.04 95.20 15.41 77.05 | 64.40 73.31 87.85 107.30 | 146.36 1.21 108.04 0.54 24.11
285 18.24 91.20 14.79 | 73.95 | 63.00 76.72 82.12 104.34 | 136.00 1.22 108.93 0.59 26.34
290 17.48 87.40 14.21 71.05 | 61.60 80.23 76.78 101.48 | 126.49 1.24 110.71 0.64 28.57
295 16.77 83.85 13.65 | 68.25 | 60.22 83.83 71.84 98.73 117.77 1.25 111.61 0.68 30.36
300 16.11 80.55 13.13 | 65.65 | 58.85 87.52 67.24 96.09 109.79 1.26 112.50 0.72 32.14
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Total deflection in mm
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Strength and serviceability of plate without and with concealed beam

(7 m x 7 m) fck=30 N/mm? wl=5 kN/m>
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Table 7.9 Strength and serviceability of plate without and with concealed beam
(6 m x 7 m) fck=20 N/mm? wi=3 kN/m’

Depth Deflection Moment Shear stress
Without With Without concealed With concealed Without With concealed
concealed concealed beam beam concealed beam beam
beam beam
mm Used mm Used | kNm | limiting { Used | kNm | Used N/mm? | Used |N/mm’| Used
mm % % % % % %
230 2497 124.85 23.80 | 119.00 | 48.42 44.16 109.65 86.45 195.77 0.85 75.89 0.06 2.68
235 23.72 118.60 | 22.64 | 113.20 { 47.63 46.69 102.01 83.97 179.85 0.87 77.68 0.13 5.80
240 22.56 112.80 [ 21.55 | 107.75 | 46.82 49.29 94.99 81.58 165.51 0.89 79.46 0.19 8.48
245 21.48 107.40 | 20.54 | 102.70 | 46.01 51.99 88.50 79.27 152.47 091 81.25 0.25 11.16
250 2047 102.35 19.60 98.00 | 45.20 54.77 82.53 77.03 140.64 0.93 83.04 0.30 13.39
255 19.53 97.65 18.72 93.60 | 44.38 57.64 77.00 74.88 129.91 0.94 83.93 0.35 15.63
260 18.66 93.30 17.89 89.45 | 43.56 60.59 71.89 72.80 120.15 0.95 84.82 0.40 17.86
265 17.84 §9.20 17.12 85.60 | 42.74 63.64 67.16 70.80 111.25 0.96 85.71 0.44 19.64
270 17.07 85.35 16.39 81.95 | 41.92 66.77 62.78 68.87 103.15 0.97 86.61 0.48 21.43
275 16.34 81.70 15.71 78.55 | 41.10 70.00 58.71 67.02 95.74 0.98 87.50 0.51 22.77
280 15.67 78.35 15.07 75.35 | 40.29 73.31 54.96 65.22 88.96 0.99 88.39 0.54 24.11
285 15.03 75.15 14.46 72.30 | 39.47 76.72 51.45 63.50 82.77 1.00 89.29 0.57 25.45
290 14.43 72.15 13.90 69.50 | 38.66 80.23 48.19 61.84 77.08 1.00 89.29 0.60 26.79
295 13.86 69.30 13.36 66.80 | 37.85 83.83 45.15 60.24 71.86 1.01 90.18 0.62 27.68
300 13.33 66.65 12.85 64.25 | 37.04 87.52 42.32 58.69 67.06 1.01 90.18 0.64 28.57
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Total deflection in mm
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Fig. 7.9 Strength and serviceability of plate without and with concealed bcam
(6 m x 7 m) fck=20 N/mm? wl=3 kN/m*
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Table 7.10 Strength and serviceability of plate without and with concealed beam

(6 m x 7 m) fck=30 N/mm’ wl=3 kN/m’

Depth Deflection Moment Shear stress
Without With Without concealed beam | With concealed Without With concealed
concealed concealed beam concealed beam beam
beam beam
mm Used mm Used | kNm | limiting | Used | kNm | Used N/mm? | Used | N/mm’| Used
mm % % % % % %
230 20.39 101.95 19.58 9790 | 48.42 44.16 109.65 | 88.53 | 200.48 0.85 75.89 0.03 1.34
235 19.37 96.85 18.62 93.10 | 47.63 46.69 102.01 86.05 184.30 0.87 77.68 0.11 4.9]
240 18.42 92.10 17.73 88.65 | 46.82 49.29 94 .99 83.65 169.71 0.89 79.46 0.17 7.59
245 17.54 87.70 16.89 84.45 | 46.01 51.99 88.50 81.32 156.41 0.91 81.25 0.23 10.27
250 16.72 83.60 16.12 80.60 | 45.20 54.77 82.53 79.08 144 .39 0.93 83.04 0.29 12.95
255 15.95 79.75 15.39 7695 | 44.38 57.64 77.00 76.90 133.41 0.94 83.93 0.34 15.18
260 15.23 76.15 14.71 73.55 | 43.56 60.59 71.89 74 .81 123.47 0.95 84.82 0.39 17.41
265 14.56 72.80 14.07 7035 | 42.74 63.64 67.16 72.78 114.36 0.96 85.71 0.43 19.20
270 13.93 69.65 13.48 67.40 | 41.92 66.77 62.78 70.83 106.08 0.97 86.61 0.47 20.98
275 13.35 66.75 12.91 64.55 | 41.10 70.00 58.71 68.95 98.50 0.98 87.50 0.51 22.77
280 12.79 63.95 12.39 61.95 | 40.29 73.31 54.96 67.13 91.57 0.99 88.39 0.54 24.11
285 12.27 61.35 11.89 5945 | 39.47 76.72 51.45 65.38 85.22 1.00 89.29 0.57 25.45
290 11.78 58.90 11.42 57.10 | 38.66 80.23 48.19 63.69 79.38 1.00 89.29 0.60 26.79
295 11.32 56.60 10.98 5490 | 37.85 83.83 45.15 62.06 74.03 1.01 90.18 0.62 27.68
300 10.88 54.40 10.56 52.80 | 37.04 87.52 42.32 60.48 69.10 1.01 90.18 0.64 28.57
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Total deflection in mm
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Strength and serviceability of plate without and WIth concealed beam
(6 m x 7 m) fck=30 N/mm* wl=3 kN/m?
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Table 7.11 Strength and serviceability of plate without and with concealed beam
(6 m x 7 m) fck=20 N/mm’ wl=5 kN/m’
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Depth Deflection Moment Shear stress
Without With concealed | Without concealed beam | With concealed Without With concealed
concealed beam beam concealed beam beam
beam
mm Used mm Used | kNm | limiting | Used | kNm | Used N/mm?’ | Used |N/mm’| Used
mm % % % % % %
230 29.15 145.75 | 27.67 138.35 | 57.87 44.16 131.05 | 103.32 | 233.97 1.02 91.07 0.07 3.13
235 27.64 | 13820 | 26.28 131.40 | 56.81 46.69 121.67 | 100.16 | 214.52 1.04 92.86 0.15 6.70
240 26.25 131.25 | 24.99 12495 | 55.74 49.29 113.09 | 97.12 197.04 1.06 94.64 0.23 10.27
245 24.95 124.75 23.78 118.90 | 54.67 51.99 105.15 | 94.19 181.17 1.08 96.43 0.30 13.39
250 23.74 118.70 | 22.66 113.30 | 53.61 54.77 97.88 91.37 166.82 I.10 98.21 0.36 16.07
255 22.62 113.10 | 21.61 108.05 | 52.54 57.64 91.15 88.65 153.80 1.11 99.11 042 18.75
260 21.57 107.85 | 20.63 103.15 | 51.48 60.59 84.96 86.04 142.00 1.12 100.00 0.47 20.98
265 20.59 102.95 19.71 98.55 50.43 63.64 79.24 83.53 131.25 1.14 101.79 0.52 23.21
270 19.67 98.35 18.85 9425 | 49.38 66.77 73.96 81.12 121.49 1.15 102.68 0.56 25.00
275 18.81 94.05 18.05 90.25 | 48.33 70.00 69.04 78.80 112.57 1.15 102.68 0.60 26.79
280 18.01 90.05 17.29 86.45 | 47.29 73.31 64.51 76.57 104.45 1.16 103.57 0.64 28.57
285 17.25 86.25 16.58 8290 | 46.26 76.72 60.30 74.42 97.00 1.17 104.46 0.67 2991
290 16.54 82.70 15.90 79.50 | 45.24 80.23 56.39 72.36 90.19 1.17 104.46 0.70 31.25
295 15.87 79.35 15.27 7635 | 44.22 83.83 52.75 70.38 83.96 1.17 104.46 0.72 32.14
300 15.24 76.20 14.67 73.35 | 43.21 87.52 49.37 68.48 78.24 1.18 105.36 0.75 33.48
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Fig. 7.11 Strength and serviceability of plate without and with concealed beam
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Table 7.12 Strength and serviceability of plate without and with concealed beam

(6 m x 7 m) fck=30 N/mm* wi=5 kN/m’

Depth Deflection Moment Shear stress
Without With concealed | Without concealed beam | With concealed Without With concealed
concealed beam beam concealed beam beam
beam
mm Used mm Used | kNm [ limiting | Used | kNm | Used N/mm? | Used |N/mm’| Used
mm % % % % % %
230 23.80 119.00 | 22.76 113.80 | 57.87 44.16 131.05 | 105.81 | 239.61 1.02 91.07 0.04 1.79
235 22.57 112.85 | 21.61 108.05 | 56.81 46.69 121.67 | 102.64 | 219.83 1.04 92.86 0.13 5.80
240 21.43 107.15 | 20.55 102.75 | 55.74 49.29 113.09 | 99.58 202.03 1.06 94.64 0.21 9.38
245 20.37 101.85 19.56 97.80 | 54.67 51.99 105.15 | 96.63 185.86 1.08 96.43 0.28 12.50
250 19.39 96.95 18.63 93.15 53.61 54.77 97.88 93.79 171.24 1.10 98.21 0.34 15.18
255 18.47 92.35 17.77 88.85 | 52.54 57.64 91.15 91.05 157.96 1.11 99.11 0.40 17.86
260 17.61 88.05 16.96 84.80 | 51.48 60.59 84.96 88.41 145.92 1.12 100.00 0.46 20.54
265 16.81 84.05 16.21 81.05 | 50.43 63.64 79.24 85.87 134.93 1.14 101.79 0.51 22.77
270 16.06 80.30 15.50 77.50 | 49.38 66.77 73.96 83.42 124.94 1.15 102.68 0.55 24.55
275 15.36 76.80 14.84 7420 | 48.33 70.00 69.04 81.07 115.81 1.15 102.68 0.60 26.79
280 14.70 73.50 14.21 71.05 | 47.29 73.31 64.51 78.80 107.49 1.16 103.57 0.63 28.13
285 14.09 70.45 13.62 68.10 | 46.26 76.72 60.30 76.62 99 87 1.17 104.46 0.67 29.91
290 13.51 67.55 13.07 6535 | 45.24 80.23 56.39 74.53 92.90 1.17 104.46 0.70 31.25
295 12.96 64.80 12.55 62.75 | 44.22 83.83 52.75 72.51 86.50 1.17 104.46 0.73 32.59
300 12.44 62.20 12.06 60.30 | 43.21 87.52 49.37 70.56 80.62 1.18 105.36 0.75 33.48
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7.3 FLAT SLAB WITH COLUMN HEAD
7.3.1 Development of the Program

A program was developed for the proposed model given in Chapter 3, for
calculation of deflection. For the moment carrying capacity and shear stress induced
the same program developed for the flat plates (Chapter 6) with little modification in
moment of inertia was used. The input parameters of the program are span (mm), live
load (kN/mz) and grade of concrete (N/mmz), depth of slab (mm). The output of this
program will give the total mid panel deflection (mm) for interior, corner and side
panel. For the moment carrying the same input parameters given above are used for
this program also. The output of this program will give the moment carrying capacity

(kNm) and shear stress (N/mmz) at the edge column and the interior column.

7.3.2 Parameters Considered
The following parameters were considered for the study to find the deflection,

moment carrying capacity and shear stress induced for the effect of concealed beam.

Span = 6mx8m7mx8m8mx8m

Depth of slab = 125 mm to 300 mm with an increment of Smm.
Live Load = 3 kN/m?and 5 kN/m?

Grade of

Concrete =f =20 N/mm? and 30 N/mm?

Grade of steel =fy, =415 N/mm’

Clear cover =25 mm

Diameter of rods = 10 mm

Area of tension

Reinforcement = 0.5%

Creep strain = 1.6 for 28 days age at loading
Shrinkage strain = 300 x 10°

Modulus of elasticity

of Concrete = 5000 x \/f, N/mm’

Square column = 300 mm x 300 mm
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Column head
Height

L/10m
35m

Storey height

7.3.3 Comparison of Deflection

Table 7.13 and Fig. 7.13 show the details about the comparative study
conducted for a span of 6 m x 6 m, live load of 3 kN/m? and fu =20 N/mm? . The
table furnishes the total mid panel deflection of corner panel in mm for the flat slab
without and with concealed beam. The limit on deflection was taken as 20 mm. The
ratio of the obtained deflection to the limit 20 mm was calculated to check the used
capacity of the slab in percentage and furnished in the table for comparison.

The deflection is reduced at a maximum of 5% for plates with the concealed
beam. Also the effect of concealed beam in reducing the deflection is less with the
increase in thickness of slab. This pattern can be observed in Fig. 7.13 a. Hence it is

concluded that the concealed beam is effective in reducing the deflection in lesser

depth of slab.

7.3.4 Comparison of Moment

The limiting moment was calculated using the expression 0.138 x fy x b x d?
where “b” is the width of the critical section around the column and “d” is the
effective depth of slab. The moments obtained for the depths that had deflection less
than 20 mm are furnished in the table. The ratio of the obtained and the limiting
moments were calculated to find the percentage used capacity.

The moment at the comer column from the analysis is furnished in Table 7.13.
The moment carrying capacity of the slab with concealed beam is nearly 10% more
than the slab without concealed beam. The concealed beam is effective in lesser depth
of slab. If the slab depth is increased, the increase in moment carrying capacity is
getting reduced. At one stage the moment carrying of the slab without concealed

beam is more than the slab with concealed beam. Figure 7.13 shows a pattern of
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decrease in moment carrying capacity of slab with and without concealed beam with

increase in depth of slab.

&

7.3.5 Comparison of Shear Stress
The shear stress around the exterior column was calculated. Shear stresses for
the depths that were considered for deflection and moment were furnished in the

table. The limit on shear stress for plate without concealed beam was calculated as per

the formula 0.25 x //f,, in the IS: 456- 2000. For the plate with concealed beam, this

formula becomes 0.5 x /f, which is to be considered for slab with shear

reinforcement. Here to find the used capacity available, the ratio of shear stress
obtained to the limiting stress was calculated and furnished in the table.

The shear stress at the exterior column is the critical stress in the flat slabs.
Hence the shear stress at the exterior column was studied. From the results obtained
that are furnished in Table 7.13, it can be seen that the shear stress is reduced to a

maximum of 15 %
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Table 7.13 Strength and serviceability of slab without and with concealed beam
(6 m x 8 m) fck=20 N/mm* wl=3 kN/m*

Depth Deflection Moment Shear stress
Without With Without concealed beam | With concealed Without With concealed
concealed concealed beam concealed beam beam
beam beam »
mm Used mm | Used | kNm [ limiting | Used | kNm | Used |N/mm’]| Used | N/mm?’| Used
mm % % % % % %
190 19.52 97.60 18.45 92.25 | 116.47 90.44 128.78 134.40 148.61 0.95 84.82 0.80 35.71
200 17.13 85.65 16.34 81.70 | 113.83 102.50 111.05 127.28 124.18 0.92 82.14 0.80 35.71
210 15.14 75.70 14.55 72.75 | 110.93 115.36 96.16 120.45 104.41 0.90 80.36 0.79 35.27
220 13.46 67.30 13.02 65.10 | 107.83 129.03 83.57 113.95 88.31 0.88 78.57 0.78 34.82
230 12.03 60.15 11.71 58.55 | 104.59 143.52 72.87 107.79 75.10 0.87 77.68 0.78 | 34.82
240 10.81 54.05 10.57 52.85 | 101.25 158.84 63.74 | 101.99 64.21 0.85 75.89 0.77 34.38
250 976 48.80 9.58 4790 | 97.86 175.00 55.92 96.54 55.17 0.83 74.11 0.76 33.93
260 8.85 44.25 8.72 43.60 | 94.47 192.00 49.20 91.44 47.63 0.82 | 73.21 0.75 3348
270 8.06 40.30 7.96 39.80 | 91.09 209.85 43.41 86.67 41.30 0.81 72.32 0.75 33.438
280 7.37 36.85 7.29 36.45 87.76 228.56 38.40 82.23 35.98 0.80 | 71.43 0.74 33.04
290 6.75 33.75 6.70 33.50 | 84.50 248.15 34.05 78.08 31.46 0.78 69.64 0.73 32.59
300 6.21 31.05 6.17 30.85 81.33 268.61 30.28 7422 27.63 0.77 68.75 0.72 32.14
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Fig. 7.13 Strength and serviceability of slab w1thout and w:th concealed beam
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Table 7.14 Strength and serviceability of slab without and with concealed beam
(6 m x 8 m) fck=30 N/mm* wl=3 kN/m’

Depth Deflection Moment Shear stress
Without With Without concealed beam | With concealed Without With concealed
concealed concealed beam concealed beam beam
beam beam
mm Used mm | Used | kNm | limiting | Used | kNm | Used |N/mm’| Used |N/mm’| Used
mm % % % % % %
180 18.31 91.55 17.14 85.70 | 118.79 118.77 100.02 143.82 121.09 0.97 70.80 0.82 36.61
190 15.94 79.70 15.09 75.45 116.47 135.66 85.85 136.64 100.72 0.95 69.34 0.81 36.16
200 13.99 69.95 13.36 66.80 | 113.83 153.75 74.04 129.64 84.32 0.92 67.15 0.81 36.16
210 12.36 61.80 11.90 59.50 | 110.93 173.04 64.11 122.89 71.02 0.90 65.69 080 | 35.71
220 10.99 54.95 10.65 53.25 | 107.83 193.54 55.71 116.43 60.16 0.88 64.23 0.79 35.27
230 9.82 49.10 9.57 47.85 104.59 215.28 48.58 110.29 51.23 0.87 63.50 0.79 35.27
240 8.83 44.15 864 | 43.20 101.25 238.26 42.50 104.49 43.86 0.85 62.04 0.78 34.82
250 7.97 39.85 7.83 39.15 97.86 262.49 37.28 99.02 37.72 0.83 60.58 0.77 34.38
260 7.23 36.15 7.13 | 35.65 94.47 287.99 32.80 93.89 32.60 0.82 | 59.85 0.76 33.93
270 6.58 32.90 6.51 ' 32.55 91.09 314.77 28.94 89.07 28.30 0.81 59.12 0.76 33.93
280 6.01 30.05 5.96 29.80 87.76 342.84 25.60 84.57 24.67 0.80 [ 58.39 0.75 33.48
290 5.51 27.55 5.48 27.40 84.50 372.22 22.70 80.37 21.59 0.78 56.93 0.74 | 33.04
300 5.07 25.35 5.05 25.25 81.33 402.91 20.19 76.44 18.97 0.77 56.20 0.73 32.59
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Fig. 7.14 Strength and serviceability of slab without and with concealed beam
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Table 7.15 Strength and serviceability of slab without and with concealed beam
(6 m x 8 m) fck=20 N/mm?® wl=5 kN/m’

Depth Deflection Moment Shear stress
Without With Without concealed beam | With concealed Without With concealed
concealed concealed beam concealed beam beam
beam beam
mm Used mm | Used | kNm | limiting | Used | kNm | Used |N/mm’ | Used N/mm’ | Used
mm % % % % % %
210 29.15 145.75 18.69 93.45 133.68 115.36 115.88 145.16 125.83 1.09 97.32 0.95 42.41
220 26.25 131.25 16.68 83.40 | 129.39 129.03 100.28 136.74 105.98 1.06 94.64 0.94 41.96
230 23.74 118.70 14.96 74.80 | 124,99 143.52 87.09 128.82 89.76 1.03 91.96 0.93 41.52
240 21.57 107.85 13.47 | 67.35 120.54 158.84 75.89 121.41 76.44 1.01 90.18 0.92 41.07
250 19.67 98.35 12.18 60.90 | 116.07 175.00 66.33 114.50 65.43 0.99 88.39 0.90 40.18
260 18.01 90.05 11.05 55.25 | 111.64 192.00 58.15 108.07 56.29 0.97 86.61 0.89 39.73
270 16.54 82.70 10.06 50.30 | 107.29 209.85 51.13 102.08 48.64 0.95 84.82 0.88 39.29
280 15.24 76.20 9.19 45.95 | 103.03 228.56 45.08 96.53 42.23 0.93 83.04 0.87 38.84
290 15.24 76.20 8.42 42.10 98.89 248.15 39.85 91.37 36.82 0.92 82.14 0.86 38.39
300 15.24 76.20 7.74 38.70 94.88 268.61 35.32 86.59 32.24 0.90 80.36 0.85 37.95
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Fig. 7.15 Strength and serviceability of slab without and wnth concealed beam
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Table 7.16  Strength and serviceability of slab without and with concealed beam
(6 m x 8 m) fck=30 N/mm* wi=5 kN/m’

|€— 6 —>|€— 6 —>|

Depth Deflection Moment Shear stress
Without With Without concealed beam | With concealed Without With concealed
concealed concealed beam concealed beam beam
beam beam
mm Used mm | Used | kNm [limiting | Used | kNm | Used |N/mm’| Used N/mm’ | Used
mm % % _ % % % %
200 18.31 91.55 | 17.21 | 86.05 68.63 153.75 44 .64 154.90 100.75 1.12 81.75 0.98 35.77
210 16.11 80.55 15.29 76.45 66.71 173.04 38.55 146.43 84.62 1.09 79.56 0.97 35.40
220 14.27 71.35 13.65 68.25 64.71 193.54 33.43 138.39 71.50 1.06 77.37 0.95 34.67
230 12.71 63.55 12.24 61.20 62.67 215.28 29.11 130.78 60.75 1.03 75.18 0.94 3431
240 11.38 56.90 11.02 55.10 | 60.58 | 238.26 25.43 | 123.62 51.88 1.01 73.72 | 093 33.94
250 10.23 51.15 9.97 49.85 58.47 262.49 22.28 116.90 44.54 0.99 72.26 0.92 33.58
260 9.25 46.25 9.04 45.20 56.34 287.99 19.56 110.61 38.41 0.97 70.80 0.90 32.85
270 8.39 41.95 8.23 41.15 54.20 314.77 17.22 | 104.74 33.28 0.95 69.34 0.89 32.48
280 7.64 38.20 7.52 37.60 52.06 342.84 | 15.18 99.26 28.95 0.93 67.88 0.88 32.12
290 6.98 34.90 6.89 34.45 49.93 372.22 13.41 94.16 25.30 0.92 67.15 0.87 31.75
300 6.40 32.00 6.33 31.65 47.80 402.91 11.86 89.41 22.19 0.90 65.69 0.85 31.02
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Fig. 7.16 Strength and serviceability of slab wnthout and w1th concealed beam
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Table 7.17 Strength and serviceability of slab without and with concealed beam
(7m x 8 m) fck=20 N/mm® wl=3 kN/m’

Lr Lr

j«—1 =7 —>le— 7 —>|

Depth Deflection Moment Shear stress
Without With Without concealed beam | With concealed Without With concealed
concealed concealed beam concealed beam beam
beam beam
mm Used mm | Used | kNm [ limiting | Used | kNm | Used |N/mm’| Used |N/mm’ | Used
mm % % % % % %
210 19.01 95.05 18.18 90.90 | 159.34 133.24 119.59 166.83 125.21 0.95 84.82 0.85 37.95
220 16.89 84.45 16.26 81.30 | 154.58 148.96 103.77 157.91 | 106.0] 0.94 | 83.93 0.84 37.50
230 15.09 75.45 14.62 73.10 | 149.65 165.60 90.37 149.46 90.25 0.92 82.14 0.84 37.50
240 13.55 67.75 13.19 65.95 144.62 183.18 78.95 14149 | 77.24 0.90 80.36 0.83 37.05
250 12.22 61.10 11.96 59.80 139.55 201.71 69.18 134.00 66.43 0.89 79.46 0.82 36.61
260 11.08 55.40 10.88 54.40 | 134.51 221.20 60.81 126.99 5741 0.88 78.57 0.81 36.16
270 10.08 50.40 9.93 49.65 129.52 241.64 53.60 120.42 49.83 08 | 76.79 0.81 36.16
280 921 46.05 9.09 45.45 124.63 263.06 47.38 114.30 43.45 0.85 75.89 0.80 35.71
290 8.44 42.20 8.35 41.75 119.86 285.46 41.99 108.58 38.04 0.84 75.00 0.79 35.27
300 7.76 38.80 7.69 38.45 115.25 308.85 37.31 103.25 33.43 0.85 74.11 0.78 34.82
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Table 7.18 Strength and serviceability of slab without and with concealed beam
(7m x 8 m) fck=30 N/mm*® wi=3 KN/m?*

Depth Deflection Moment Shear stress
Without With Without concealed beam | With concealed Without With concealed
concealed concealed beam concealed beam beam
beam beam

mm Used mm | Used | kNm |limiting | Used | kNm | Used |N/mm’| Used |N/mm’]| Used

mm % % , % % % %
200 17.58 87.90 16.70 83.50 | 163.86 177.67 92.23 179.39 100.97 0.97 70.80 0.87 31.75
210 15.52 77.60 14.87 74.35 159.34 199.86 79.73 170.16 85.14 0.95 69.34 0.86 31.39
220 13.79 68.95 13.30 66.50 154.58 223.43 69.18 161.31 72.20 0.94 - 68.61 0.85 31.02
230 12.32 61.60 11.95 59.75 149.65 248.40 60.25 152.90 61.55 0.92 67.15 0.85 31.02
240 11.06 55.30 10.79 53.95 144.62 | 27477 | 52.63 144.93 52.75 0.90 65.69 0.84 30.66
250 9.98 49.90 9.78 48.90 | 139.55 302.57 46.12 137.42 45.42 0.89 64.96 083 .| 30.29
260 9.05 45.25 8.89 44 .45 134.51 331.79 40.54 130.36 39.29 0.88 64.23 0.82 | 29.93
270 8.25 41.15 8.12 40.60 129.52 362.47 33.73 123.73 34.14 0.86 | 62.77 081 29.56
280 7.52 37.60 7.43 37.15 124.63 394.59 31.58 117.53 29.79 085 | 62.04 0.81 29.56
290 6.89 34.45 6.83 34.15 119.86 428.19 27.99 111.74 26.10 0.84 61.31 0.80 29.20
300 6.33 31.65 6.29 31.45 115.23 463.27 24.87 106.32 22.95 0.83 60.58 0.79 28.83
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Table 7.19 Strength and serviceability of slab without and with concealed beam
(7m x 8 m) fck=20 N/mm? wl=5 kN/m?

Depth Deflection Moment Shear stress
Without With Without concealed beam | With concealed Without With concealed
concealed concealed beam concealed beam beam
beam beam
mm Used mm | Used | kNm | limiting | Used | kNm | Used | N/mm’| Used N/mm’ | Used
mm % % - % % % %
230 19.69 98.45 18.84 9420 | 178.85 165.60 108.00 178.63 107.87 1.10 9821 1.00 44.64
235 18.62 93.10 17.87 89.35 175.51 174.27 100.71 173.45 99.53 1.09 97.32 0.99 44.20
240 17.62 88.10 16.97 84.85 172.17 183.18 93.99 168.44 91.95 1.08 96.43 0.99 4420
245 16.69 83.45 16.12 80.60 | 168.83 192.33 87.78 163.61 85.07 1.06 94 .64 0.98 43.75
250 15.84 79.20 15.33 76.65 165.52 201.71 82.06 158.93 78.79 1.05 93.75 0.97 43.30
255 15.04 75.20 14.60 73.00 | 162.23 211.33 76.77 154.42 73.07 1.04 92.86 0.97 43.30
260 14.30 71.50 13.91 69.55 158.96 221.20 71.86 150.07 67.84 1.03 91.96 0.96 42.86
265 13.61 68.05 13.26 66.30 | 155.74 231.30 67.33 145.88 63.07 1.03 | 91.96 096 | 42.86
270 12.97 64.85 12.66 63.30 | 152.55 241.64 63.13 | 141.83 58.69 1.02 91.07 0.95 4241
275 12.36 61.80 12.09 60.45 149.40 252.23 59.23 137.93 54.68 1.01 90.18 0.94 41.96
280 11.80 59.00 11.56 57.80 { 146.30 263.06 55.61 134.17 51.00 1.00 89.29 0.94 41.96
285 11.27 56.35 11.06 55.30 | 143.26 274.14 52.26 130.55 47.62 0.99 88.39 0.93 41.52
290 10.78 53.90 10.59 52.95 140.26 285.46 49.13 127.06 44.51 0.98 87.50 0.93 41.52
295 10.31 51.55 10.15 50.75 137.32 297.03 46.23 123.70 41.65 0.97 86.61 0.92 41.07
300 9.88 49.40 9.73 48.65 134.44 308.85 43.53 120.46 39.00 0.97 86.61 0.91 40.63
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Table 7.20 Strength and serviceability of slab without and with concealed beam
(7m x 8 m) fck=30 N/mm’ wi=5 kN/m’
Depth Deflection Moment Shear stress
Without With Without concealed beam | With concealed Without With concealed
concealed concealed beam concealed beam beam
beam beam
mm Used mm | Used | kNm | limiting | Used | kNm | Used N/mm’ | Used | N/mm” | Used
mm % % % % % % |
215 19.20 96.00 18.19 90.95 188.78 211.47 89.27 199.24 94.22 1.14 83.21 1.03 | 37.59_
220 18.07 90.35 17.20 86.00 | 185.50 223.43 83.02 193.58 86.64 1.12 81.75 1.02 37.23
225 17.03 85.15 16.27 81.35 182.18 235.74 7728 | 188.07 79.78 1.11 81.02 1.02 37.23
230 16.08 80.40 15.42 77.10 178.85 | 248.40 72.00 182.73 73.56 1.10 . 80.29 1.01 36.86
235 15.20 76.00 14.62 73.10 175.51 } 261.41 67.14 177.55 67.92 1.09 79.56 1.00 36.50
240 14.39 71.95 13.88 69.40 | 172.17 274.77 62.66 172.54 62.79 1.08 78.83 1.00 36.50
245 13.63 68.15 13.19 65.95 168.83 288.49 58.52 167.68 58.12 1.06 77.37 0.99 36.13
250 12.93 64.65 12.54 62.70 165.52 302.57 54.70 162.99 53.87 1.05 76.64 0.99 36.13
255 12.28 61.40 11.94 59.70 | 162.23 317.00 51.18 158.45 49.98 1.04 75.91 0.98 35.77
260 11.68 58.40 11.38 56.90 158.96 331.79 47.91 154.06 46.43 1.03 75.18 0.97 35.40
265 11.11 55.55 10.85 5425 | 155.74 346.95 44.89 149.82 43.18 1.03 75.18 097 | 35.40
270 10.59 52.95 10.36 51.80 152.55 362.47 42.09 145.73 40.20 1.02 74.45 0.96 35.04
275 10.10 50.50 9.89 4945 149.40 378.35 39.49 141.78 37.47 1.01 73.72 0.95 34.67
280 9.64 48.20 9.46 47.30 | 146.30 394.59 37.08 137.97 34.97 1.00 72.99 0.95 34.67
285 9.20 46.00 9.05 45.25 143.26 411.21 34.84 134.30 32.66 0.99 72.26 0.94 34.31
290 8.80 44.00 8.66 43.30 140.26 428.19 32.76 130.75 30.54 0.98 71.53 0.93 33.94
295 8.42 42.10 8.30 41.50 137.32 445.55 30.82 127.34 28.58 0.97 70.80 0.93 33.94
300 8.06 40.30 7.96 39.80 | 134.44 463.27 29.02 124.04 26.77 0.97 70.80 0.92 33.58
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Table 7.21 Strength and serviceability of slab without and with concealed beam
(8m x 8 m) fck=20 N/mm? wil=3 kN/m’

Depth Deflection Moment Shear stress
Without With Without concealed beam | With concealed Without With concealed
concealed concealed beam concealed beam beam
beam beam

mm | Used | mm | Used | kNm | limiting | Used | kNm | Used | N/mm’ | Used |N/mm?®| Used

mm % % | % % Yo %
230 19.78 98.90 19.17 95.85 | 204.11 187.68 108.75 198.96 106.01 0.96 85.71 0.89 39.73
235 18.73 93.65 18.20 91.00 | 200.57 197.47 101.57 193.63 98.06 0.95 84.82 0.88 39.29
240 17.76 88.80 17.30 86.50 | 197.01 207.53 9493 | 188.45 90.81 0.95 84.82 0.88 39.29
245 16.86 84.30 16.46 82.50 | 193.45 217.84 88.80 | 183.44 84.21 0.94 83.93 0.88 39.29
250 16.03 80.15 15.68 78.40 | 189.89 228.43 83.13 178.58 78.18 0.93 83.04 0.87 38.84
255 15.25 76.25 14.94 74.70 | 186.35 239.28 77.88 173.87 72.66 0.93 83.04 0.87 | 38.84
260 14.52 72.60 14.26 71.30 | 182.83 250.40 73.02 169.31 67.62 0.92 82.14 0.86 38.39
265 13.85 69.25 13.62 68.10 | 179.34 261.78 68.51 164.90 62.99 0.92 82.14 0.86 38.39
270 13.21 66.05 13.01 65.05 175.88 273.44 64.32 160.64 58.75 0.91 81.25 0.86 38.39
275 12.62 63.10 12.45 62.25 172.46 285.36 60.44 156.52 54.85 0.90 80.36 0.85 37.95
280 12.07 60.35 11.92 59.60 | 169.09 297.56 56.83 152.54 51.26 0.90 80.36 0.85 37.95
285 11.55 57.75 11.42 57.10 | 165.76 310.03 5347 148.69 47.96 0.89 79.46 0.85 37.95
290 11.06 55.30 10.95 54.75 162.49 322.78 50.34 144.98 44.92 0.89 79.46 0.84 37.50
295 10.60 53.00 10.50 52.50 | 159.27 335.79 47.43 141.39 42.11 0.88 78.57 0.84 37.50
300 10.16 50.80 10.08 50.40 | 156.10 349.09 44.72 137.92 39.51 0.88 78.57 0.83 37.05
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Table 7.22  Strength and servicecability of slab without and with concealed beam
(7m x 8 m) fck=30 N/mm* wi=3 kN/m?

Depth Deflection Moment Shear stress
Without With Without concealed beam | With concealed Without With concealed
concealed concealed beam concealed beam beam
beam beam
mm | Used | mm | Used | kNm |limiting | Used | kNm | Used | N/mm’| Used | N/mm?’| Used
mm % % % % % %
215 19.17 95.85 18.43 92.15 | 214.57 239.81 89.48 220.30 91.86 0.99 72.26 091 33.21
220 18.08 90.40 17.44 87.20 | 211.13 253.32 83.35 214.56 84.70 0.98 71.53 0.90 32.85
225 17.08 85.40 16.52 82.60 | 207.64 267.23 77.70 208.95 78.19 0.97 70.80 0.90 32.85
230 16.15 80.75 15.67 78.35 | 204.11 281.52 72.50 203.49 72.28 0.96 70.07 0.90 32.85
235 15.29 76.45 14.88 74.40 | 200.57 296.21 67.71 198.17 66.90 0.95 69.34 0.89 | 3248
240 14.50 72.50 14.15 70.75 197.01 311.29 63.29 195.00 | 62.00 0.95 69.34 0.89 32.48
245 13.77 68.85 13.46 67.30 | 193.45 326.77 59.20 18797 | 57.52 0.94 68.61 0.88 32.12
250 13.09 65.45 12.82 | 64.10 | 189.89 342.64 55.42 183.09 53.44 0.93 67.88 088 | 32.12
255 12.45 _62.25 12.22 61.10 | 186.35 358.92 51.92 178.36 49.69 0.93 67.88 0.88 32.12
260 11.86 59.30 11.66 58.30 | 182.83 375.60 48.68 173.78 46.27 0.92 67.15 087 | 31.75
265 11.30 56.50 11.13 55.65 179.34 392.67 45.67 169.33 43.12 0.92 67.15 0.87 31.75
270 10.79 53.95 10.64 53.20 | 175.88 410.16 42.88 165.03 40.24 0.91 66.42 0.86 31.39
275 10.31 51.55 10.18 5090 | 172.46 428.05 40.29 160.86 37.58 0.90 65.69 0.86 31.39
280 9.85 49.25 9.74 48.70 | 169.09 446.34 37.88 156.83 35.14 0.90 65.69 0.86 31.39
285 943 47.15 9.33 46.65 | 165.76 465.05 35.64 152.93 32.88 0.89 .64.96 0.85 31.02
290 9.03 45.15 8.95 44.75 162,49 484.16 33.56 149.16 30.81 0.89 64.96 0.85 31.02
295 8.65 43.25 8.59 42.95 159.27 503.69 31.62 145.52 28.89 0.88 64.23 0.84 30.66
300 8.30 41.50 8.24 41.20 156.10 523.63 29.81 141.99 27.12 0.88 | 64.23 0.84 30.66
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Table 7.23  Strength and serviceability of slab without and with concealed beam
(8m x 8 m) fck=20 N/mm?® wi=5 kN/m’

Depth Deflection Moment Shear stress

Without With Without concealed beam | With concealed Without With concealed
concealed concealed beam conccaled beam beam
beam beam
mm Used mm | Used | kKNm | limiting | Used | kNm | Used N/mm’ | Used |N/mm’| Used
mm % % % % % %

255 19.70 98.50 19.12 95.60 | 220.62 239.28 92.20 205.84 86.02 1.10 98.21 1.03 45.98
260 18.73 93.65 18.22 91.10 | 216.07 250.40 86.29 200.10 79.91 1.09 97.32 1.02 45.54
265 17.83 89.15 17.38 86.90 | 211.58 261.78 80.82 194.55 74.32 1.08 96.43 1.02 45.54
270 16.98 84.90 16.58 82.90 | 207.15 273.44 75.76 189.20 69.19 1.07 95.54 1.01 45.09
275 16.19 80.95 15.84 79.20 | 202.78 285.36 71.06 184.04 64.49 1.06 94.64 1.00 44.64
280 15.46 77.30 15.14 75.70 | 198.49 297.56 66.71 179.07 60.18 1.05 93.75 1.00 44.64
285 14.76 73.80 14.49 72.45 | 194.28 310.03 62.66 174.27 56.21 1.05 93.75 0.99 44.20
290 14.12 70.60 13.87 69.35 | 190.14 | 322.78 58.91 169.65 52.56 1.04 92.86 0.98 43.75
295 13.51 67.55 13.29 66.45 | 186.09 335.79 55.42 165.20 49.20 1.03 91.96 0.98 43.75
300 12.93 64.65 12.74 63.70 | 182.12 349.09 52.17 160.91 46.09 1.02 31.07 0.97 43.30
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Table 7.24 Strength and serviceability of slab without and with concealed beam
(8m x 8 m) fck=30 N/mm* wi=5 kN/m*

Depth Deflection Moment Shear stress
Without With Without concealed beam | With concealed Without With concealed
concealed concealed beam concealed beam beam
beam beam

mm Used mm | Used | kNm | limiting | Used | kNm | Used | N/mm’]| Used | N/mm’| Used

mm % % % % % %
235 19.91 99.55 19.15 95.75 | 239.23 296.21 80.76 236.37 79.80 0.90 65.69 1.06 38.69
240 18.85 94.25 18.18 | 90.90 | 234.53 311.29 75.34 229.76 73.81 0.89 64.96 1.06 38.69
245 17.86 89.30 17.28 86.40 | 229.86 326.77 70.34 223.35 68.35 0.87 63.50 1.05 38.32
250 16.94 84.70 16.43 82.15 | 225.22 342.64 65.73 217.16 63.38 0.86 62.77 1.04 37.96
255 16.09 80.45 15.64 78.20 | 220.62 | 358.92 61.47 211.16 58.83 0.85 62.04 1.04 37.96
260 15.29 76.45 14.90 74.50 { 216.07 375.60 57.53 205.37 54.68 0.83 60.58 1.03 37.59
265 14.56 72.80 14.21 71.05 | 211.58 392.67 53.88 199.77 50.87 0.82 59.85 1.02 37.23
270 13.87 69.35 13.57 67.85 | 207.15 410.16 50.50 194.37 47.39 0.81 59.12 1.02 37.23
275 13.22 66.10 12.96 64.80 | 202.78 428.05 47.37 189.15 44.19 0.80 58.39 1.01 36.86
280 12.62 63.10 12.39 61.95 198.49 446.34 44 47 184.11 41.25 0.79 57.66 1.01 36.86
285 12.05 60.25 11.85 59.25 | 194.28 465.05 41.78 179.24 38.54 0.78 56.93 1.00 36.50
290 11.52 57.60 11.35 56.75 | 190.14 484.16 39.27 174.55 36.05 0.77 56.20 0.99 36.13
295 11.03 55.15 10.87 54.35 186.09 503.69 36.95 170.02 33.75 0.76 5547 0.99 36.13
300 10.56 52.80 10.42 52.10 | 182.12 523.63 34.78 165.66 31.64 0.75 54.74 0.98 35.77
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7.3 SUMMARY

From the comparative study made, it is observed that the concealed beam is
effective in reducing the deflection, increasing the moment carrying capacity and
reducing the shear stress. The results obtained for flat plates and flat slab with column
head are furnished and discussed in this chapter. The major conclusions drawn from

the study are explained in the next chapter.
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CHAPTER 8

SUMMARY AND CONCLUSIONS

8.1 SUMMARY

Prefabricated reinforcement systems are available to address the punching shear
problems in flat plates. But these systems need skilled labour, to fix them in position. In
certain systems the minimum depth of slab required is 250mm. Therefore, the main aim
of this research was kept as to find the ways to improve the stiffness of slab in terms of
flexure, shear and torsion, without increasing the thickness of slab.

Hence the concept of providing the concealed beam in the column strip of slab
was considered for this' research. The concealed beam is an arrangement of
reinforcement having equal number of longitudinal reinforcement in both tension and
compression face of the slab tied together by means of shear stirrups along the
transverse direction.

The main objective of this research was achieved by adopting the following
methodology.

» The available provisions in four codes of practice namely (i) ACI: 318-2002

(11) BS: 8110-1997 (iii) EC: 2-2002 and (iv) IS: 456-2000 were compared
for the prediction of deflections in flat plates and flat slabs. The roles of the
parameters, in the available empirical provisions suggested in the codes for
prediction of deflection were studied.

» The available beam formulas as per the above listed codes were used with
suitable modifications using the equivalent frame method. This method is
chosen, since it considers the entire slab into two wide beam strips (column
strip and middle strip). This will give very little modification in the beam
formulas. The width of column strip and middle strip are to be substituted

in place of width of the beam.
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A computer program in MATLAB was developed as per the above model to
compute the mid panel deflection for interior panel, corner panel and side
panel of flat plates.

An extensive parametric study was conducted by using the developed
program.

The influence of the parameters such as span, load, grade of concrete, area
of steel, clear cover to reinforcement, on total deflections were found out.
The contributions of creep and shrinkage effects in the total deflection as per
each code for different parameters were studied.

From the parametric study conducted it was found that the EC:2-2002 gives
the most reliable empirical equations to obtain the total deflection out of
those suggested by four codes for flat plate including creep and shrinkage
effects. This code considers the tension stiffening effect of concrete. This
was compared with the experimental results in the literature of Gilbert
(2005). There was good agreement between the calculated values and the
experimental results.

The above approach involves many factors that will not be available at the
design stage. Hence it was essential to have a simplified approach like the
multiplier approach followed by ACI: 318-2002. This underestimates the
actual deflection.

Hence based on the parametric study conducted, the contributions of creep
and shrinkage effects as per each code were obtained using the developed
program. Since the IS: 456-2000 underestimates the percentage contribution
of creep and shrinkage effects (less than 40%), the results of other three
codes were considered.

Based on the above, a rational approach that can be used for deflection
control of flat plates and flat slabs at the design stage by changing the factor

in the multiplier approach was proposed.
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8.2

The 2-D frame was analysed using the Equivalent Frame Method and the
moment and shear acting on the slab due to gravity loads were obtained in
this analysis.

The total mid panel deflection by using the above-developed common
model for interior, corner and side panel of flat slabs with column head,
drop panel, drop panel & column head was found for the spans upto which
each slab can be used.

The concealed beam was modelled suitably in flexure, shear and torsion to
analyse the stiffened flat plate and flat slab with column head by Equivalent
Frame Method. For flexure the normal reinforced concrete theory was used
to model the concealed beam. For torsion the concealed beam was modelled
as thin equivalent concrete box section.

After studying the influence of the area of longitudinal reinforcements,
spacing of stirrups in the concealed beam the dimensions were fixed for the
concealed beam.

The final mid panel deflection, moment and shear carrying capacity of flat
plates and flat slab with column head after fixing the parameters for
concealed beam based on the above study were obtained using the

developed program.

CONCLUSIONS

This section highlights conclusions based on the detailed discussions and design

studies presented in the earlier chapters. Based on these studies the following broad

conclusions are drawn.

1.

The concealed beam is effective in improving the stiffness of the flat plates and
flat slab with column head without increasing the depth of the slab. The moment
carrying capacity of slab at edge panel increased to 1.5 times than the slab

without concealed beam. The mid panel deflection of beamless floor is reduced

by 5%.
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When the concrete depth is incrcaséd, the effect of concealed beam is getting
reduced. In other words, it can be concluded that it is very much effective in
lesser depth. This is beneficial, since the lesser depth result in reduced dead load
moment.
In case of flat slab with drop panel or flat slab with column head and drop
panel, the effect of concealed beam is negligible. The concrete depth at slab-
column connection itself meets the required safety and serviceability aspects.
The influence of number of stirrups has very little effect in improving the
stiffness of slab. The main reinforcement (10 mm) and stirrups (8 mm) to be
used will be of the same diameter that may be used for the slabs and beams in
the building; the concealed beam does not require any special type of material.
Hence the concealed beam will be easy to fabricate and fix it in position in the
slab. Skilled labour is not required for this.
The ACL: 318-2002 method, using the multiplier approach under estimates the
actual total mid panel deflection of flat plates and slabs. IS: 456-2000 under
estimates the creep and shrinkage effects in total deflection. Among all the four
codes studied the Euro Code (EC: 2 -2002) considers all the parameters and
gives most reliable solution to predict the total deflection including the long
term effects.
The contribution of creep and shrinkage in total deflection varies from 80% to
maximum 98%. As per the EC: 2-2002, the short term deflection is negligible.
To find the reliable depth required for the flat plate and flat slab to meet the
long term effects, the factor in the multiplier approach can be modified to “6°.
Hence the proposed modified multiplier approach is given below:

6, =6x0,+0,
The above proposed modified multiplier approach is validated with the

experimental results available in the literature.
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10.

11

The empirical formula as per EC: 2-2002 method with the present modeling
gives a more reliable solution to find the long-term deflection of flat plates. The
curvatures can be computed by using the following expressions. If all the
parameters are available at the design stage, this proposed rational approach can
be used.

Shrinkage curvature = &(1/r,, ) +[(1-&)(1/r,,)]

Creep curvature = ;‘(llrz)}(l -&EX1/n)

The above proposed rational method was validated with experimental results of
Gilbert (2005) and a good correlation between the computed and the
experimental results was found.

Substituting the material properties as per the relevant code, in the suitably
modified formula, the depth required for the particular parameters are more or
less same.

For a load of 3 kN/m? the flat plate can be used upto 7 m with concrete grade
20, whereas for increased load with this grade the flat slab with column head
can be used. For load 3 kN/m?, with higher concrete grade plate can be used
upto 8 m. For load 5 kN/m?, the plate can be used with higher grade of concrete.
Beyond 7 m upto 8 m, the flat slab with column head can be used for 3 kN/m?
with concrete grade 20. The flat slab with drop panel can be used safely for span
upto 10 m. Beyond 10 m to 12 m the flat slab with column head and drop panel
can be used.

The depth of slab, span and live load are the main parameters that have
significant contribution in total deflection. The increase in span and live load
increase the total deflection. Increase in depth and strength of concrete reduces
the deflection. The increase in clear cover by 5 mm increases the deflection by
5.11% as per IS: 456-2000. Since the ACI: 318-2002 uses multiplier approach
the parameter is not considered for the study. But this does not have much

influence as per BS: 8110-1997 and EC: 2-2002.
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83 RECOMMENDATIONS FOR FUTURE RESEARCH

The scope for future work in this area is as follows:

1.

The behaviour of flat plate and flat slab with column head with
concealed beam by conc-iucting the experiments under construction loads
and for service loads.

The behaviour of flat plate with concealed beam by conducting the
experimental and analytical study for lateral loading.

The mode of failure of slab at ultimate load has to be studied.
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