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ABSTRACT

The control ofdeflection and punching shear govern the design ofRC beamless

floors unlike 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 j
the punching shear failure or to change the mode of brittle failure to flexural failure j
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 ofthis research was concentrated in improving the stiffness of slab
without increasingthe 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 afixed width tied together by means

¥ of shear stirrups along the transverse direction. Since the column strip plays amajor
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 atheoretical 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

A concrete theory for transformed section for flexure. For torsion, the concealed beam
was modelled as a thin equivalent concrete box.
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y^\\ The Equivalent Frame method was used to study the stiffness of the flat plate

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

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

ikar^ite 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 Bransonapproach. *-^

A parametric study was conducted 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.

Ac\a = area°f compression reinforcement in column strip along x-x axis

AkX = area of compression reinforcement in column strip along y-y axis

Asllcx = areaof tension reinforcement in column strip along x-x axis

Asllcy - area oftension reinforcement incolumn strip along y-y axis

AuXmx = area of tension reinforcement in middle strip along x-x axis

Asl]my - area of tension reinforcement inmiddle strip along y-y axis

ba = width of column strip along x-x axis

b^ = width ofcolumn strip along y-y axis

bm = width of middlestrip alongx-x axis

bmy = width ofmiddle strip along y-y axis

bp. = width of frame along x-x axis

bfy = width of frame along y-y axis

C, = width of column along the direction of moment considered

C2 = width of column along the transverse direction

Cb = torsional constant of the concealed beam

Cx = torsional constant of the column along x-x axis

cc = clear cover to tension reinforcement

d = effective depth of slab

dx = depth concealed beam in equivalent area of concrete

ds = depth of stirrups provided in concealed beam

D = total depth of slab

Dp =distribution factor for positive moment in exterior span along x-x axis
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A** = distribution factor for negative moment in exterior span along x-x axis

Dnix = distribution factor for negative moment in interior spanalong x-x axis

Dpy =distribution factor for positive moment in exterior span along y-y axis

Dney = distribution factor for negative moment inexterior span along y-y axis

DHi = distribution factor for negative moment in interior span along y-y axis

Ec = modulus of elasticity of concrete

Ece = modified modulus of elasticity of concrete

Es = modulus of elasticity of steel

FF • floor finish

fA = characteristic compressive strength ofconcrete

fcm = tensile strength of concrete

fcr = modulus of rupture of concrete

/ = moment of inertia

/, = moment of inertia inthe column strip for flat slab

I2 = moment of inertia in the middle strip for flat slab

Ia = moment of inertia ofcolumn strip along x-x axis

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

leU = moment ofinertia ofcolumn along x-x axis

Icl = moment of inertia ofcolumn 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

I. = 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

I rmx = gross moment of inertia ofmiddle strip along x-x axis

xviu



k

Igmy = gross moment of inertia ofmiddle strip along y-y axis

1^ = moment of inertia of middle strip along x-x axis

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

KlU = slab stiffness along x-x axis

KsXy = slab stiffness along y-y axis

Ka = torsional stiffness of the columnalong x-x axis

Ky = torsional stiffness of thecolumn along y-y axis

> /, = width of concealed beam

Lc = storey height

Lx = span along x-x axis

Ly - span along y-yaxis

LDFC = lateral moment distribution factor for column strip

LDFm = lateral moment distribution factor for middle strip

m - modular ratio

m^ = modified modular ratio

Mcra = cracked moment along x-x axis

Mcny = cracked moment along y-y axis

n = numberof longitudinal bars provided concealed beam

x = depth of neutral axis

x\cxs =depth ofneutral axis (short term) incolumn strip along x-x axis

x\cxi = depth ofneutral axis (long term) in column strip along x-x axis

x\mxs = depth ofneutral axis (short term) inmiddle strip along x-x axis

x\mxi =depth ofneutral axis (long term) in middle strip along x-x axis

w = uniformlydistributed panel load

Wd = sustained load

WD = factored sustained load
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W, = superimposed load

WL = factored superimposed load

W, = total load

WT = factored total load

— = shrinkage curvature in uncracked stage

rcs2

= shrinkage curvature in cracked stage

— = creep curvature in uncracked stage
r\

— = creep curvature in cracked stage
h

y/a = shrinkage curvature

ea = shrinkage strain

£ =factor considering the steel stress in both uncracked and cracked stage

5 = deflection at mid panel

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

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

5^ • deflection due to rotation for sustained load along x-x axis

&, = deflection due to rotation for sustained loadalong y-y axis

5lU =deflection due to rotation for total load (short term effects) along x-x axis

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

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

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

5ax =deflection due to rotation for total load (long term effects) along x-x axis

8l2 =deflection due to rotation for total load (long term effects) along y-y axis

8dlx =deflection due to rotation for sustained load (long term effects) along x-x axis

Sd2 =deflection due to rotation for sustained load (long term effects) along y-y axis
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8DL =deflection at mid panel due to dead load

8U =deflection at mid panel due to live load

Sa = deflection due to shrinkage

8 , »» instantaneous deflection due to creep for permanent loads

8,,. »- instantaneous deflection due to loads of temporary nature

8a =deflection ofcolumn strip along x-x axis

$mx =deflection ofmiddle strip along x-x axis

= deflection of column strip along y-y axis

= deflection of middle strip along y-y axis

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

= deflection ofcolumn strip (interior panel) along x-x axis for sustained load

= deflection of middle strip (interior panel) along x-x axis for total load

= deflection of middle strip (interior panel) along x-x axis for sustained load

on of column strip (interior panel) along y-y axis for total load

ion of column strip (interior panel) along y-y axis for sustained load

ion of middle strip (interior panel) along y-y axis for total load

ion of middle strip (interior panel) along y-y axis for sustained load

= deflection of column strip (comer panel) along x-x axis for total load

= deflection of columnstrip (comer panel) along x-x axis for sustained load

= deflection of middle strip (comer panel) along x-x axis for total load

= deflection of middle strip (comer panel) along x-x axis for sustained load

ion of column strip (comer panel) along y-y axis for total load

ionofcolumn strip (comer panel) along y-y axis for sustained load

ionof middle strip (comer panel) along y-y axis for total load

on ofmiddle strip (comer panel) along y-y axis for sustained load

deflection ofcolumn strip (side panel) along x-x axis for total load

cy

my

7aill

ceuB

'mxM

•'naidl

Scyi,, " deflect

Scyidi " deflect

4** = deflect

5myun = deflect

?cxctl

yacdt

•'mxctl

•'inxcdl

Scyc =deflect

Scycdt = deflect

Smyc " deflect

Smycdt = deflect
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dcxsdi = deflection of column strip (side panel) along x-x axis for sustained load

^mxsii = deflection of middle strip (side panel) along x-x axis for total load

^mxsdi = deflection of middle strip (side panel) along x-x axis for sustained load

8eyul = deflection ofcolumn strip (side panel) along y-y axis for total load

8cysdl = deflection of column strip (side panel) along y-y axis for sustained load

8 , = deflectionof middle strip (side panel) along y-y axis for total load

8mysdt = deflection ofmiddle strip (side panel) along y-y axis for sustained load

0U = rotation due to total load along x-x axis

9ly =rotation due to total load along y-y axis

Ofr = rotation due to sustained load along x-x axis

0. = rotation due to sustained load along y-y axis

$llx = rotation due to total load (short term effects) along x-x axis

0ny =rotation due to total load (short term effects) along y-y axis

0dU = rotation due to sustained load (short term effects) along x-x axis

0dx = rotation due to sustained load (short term effects) along y-y axis

0l2x = rotation due to total load (long term effects) along x-x axis

0l2y =rotation due to total load (long term effects) along y-y axis

0dU =rotation due to sustained load (long term effects) along x-x axis

0d2y =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.

Slab Columns

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 ofcolumns (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.

Slab Columns

Column head

Fig. 1.2 Flat slab floor
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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 (comer 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 shearbecomes 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)usedto eliminate the punching shearfailure in flat plates.

a. Stud rails b. Shear ladder

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

1.3 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, y
therefore, is to compare the performance of flat plates and flat slabs with and without
concealed beams under service loads.

1.4 METHODOLOGY

To achieve the above objective of the research, the methodology planned to be
adopted are explained in the following steps.

i. 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. To compare the available provisions in the four codes of practice namely

(i) ACI: 318-2002 [1] (ii) 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.

iii. To determine the mid panel deflection for interior, comer and side panel of flat

plates

• 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.

v • To conduct an extensive parametric study a computer program is to be

developed as per the above model.

• 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.

• To study the contribution of creep and shrinkage effects in the total

.—- deflection.

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

deflection among those suggested by the four codes,

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

flat plates and flat slabs at the design stage,

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

drop panel, column head & drop panel are suitable,

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

gravity loads by using the Equivalent Frame Method,

viii. 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,

ix. 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 anumber 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. Amodification 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.
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CHAPTER 2

LITERATURE REVIEW

2.1 GENERAL

The beamless slabs have the advantage of plain ceiling, which gives aesthetic

y- 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 comer 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 ofedge panel accurately.

Boyce [2002] presented acase study about aflat slab floor building, which was
asubject 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 designers.

Beeby [2002] conducted experiments on 44 prisms subjected to pure tension
and 8large 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
early 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 4months.
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.

f 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.

A" 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 reinforcementcalled 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 mx1.8 mflat 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 avery ductile behavior similar to that of ordinary
reinforced concrete slabs supported by beams or walls. But the thickness of slab was
180 mm fora 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.

12
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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 systemsthe 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 comer column-slab connection in

flat plates. The accuracy and effectiveness of the method was verified by two case

studies comprising a total number of 14slabspecimens.

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 offlat 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 comer column. The
punching shear is critical at the comer column connections. The edge and comer
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.

2.4 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 amethod 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 comer 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.

fi 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

y 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

-w this the punching shear capacity of concrete, the punching shear resistance with shear

reinforcementand the relevant detailing of the reinforcementwere 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 concreteat 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 agood alternative
for codes of practice recommendations that, although are safe in their present
formulation, lack arational 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 x15m 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 aheavily cracked HSC floor
remains linear and does not have significantly increased damping under low-level
excitation. Also, bending of in situ cast HSC columns provided considerable stiffness to
the floor even when heavily and visibly cracked. Finally, 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 amodification 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

Y 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

17



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. Acomputer program considering creep and
shrinkage as well as geometrical and material nonlinearity was developed.

2.5 FLAT SLAB

Sherif and Dilger [2000] tested two full-scale 5m continuous flat slabs to failure
after it had been repaired twice. Square drop panels were provided and shear failure
was 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 man or equal to the column strip
and of variable thickness. Providing drop panel for width equal to column strip will be
uneconomical. Also mis 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 limitanalysis.

The lateral load analysis for seismic forces are the other main areas of

research in which the significant works are carried out byDurrani et al. [1994], Farhey

et al. [1993], Hosahalli andAktan [1994] and Mosalam andNaito [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

y 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

y 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

^ thischapter.

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

S.No.

ACI 318-2002

BS: 8110-1997 EC: 2-1997 IS: 456-2000Interior

Panels
Exterior

Panels

1. ln/33 ln/30 26 30 40

The code IS: 456-2000 gives the value for two-way slab of span up to 3.5m and
load class up to 3KN/m2 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
be calculated by using the elastic theory as the basis (Table. 3.2).

wl4
8 =

3S4EJ

where 8

w

I

Ec

I

- the deflection

- the uniformly distributed load

- the span

- the modulus ofelasticity ofconcrete

- moment of inertia

can

(3.1)

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 ofwater during adrying process. The

magnitude of this deformation is described by the shrinkage strain. If the shrinkage is
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Y < V V

Table3.2 Basic equations as percodes for deflection computation

s.

No.
Description

Formulae

ACI: 318-2002
BS: 8110-1997

Curvature

EC: 2-1992

Curvature
IS: 456-2000

1. Short-term
5- w/4

3S4EJ
8- Wl*

3S4EJ
8- W/4

384£c7
8- W/4

3S4EJ

2. Shrinkage Multiplier
approach

£cs*ae*8s

I,
Wrcs2 ) + (l-4)(\/rcsl) tcs=ki*VCs*l1

3. Creep Multiplier
approach E * I

£(l/r2) +(l-£)(l/r,)
_ wl*

w™> 3S4Ejff

4. Total
S,o, = 3*#DL+SLL

1+2+3 1+2+3
°T =°i,cc(perm) + ^cs +^i(lemp)



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 ofthe 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

shrinkageare 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"6. The empirical equations are furnished in the Chapter 4
(section 4.3).

A

4

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"6 The empirical relations used are explained in section 4.5. A
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3.2.4 Creep Deflection

Creep is a plastic deformation under sustained load, and its effect is to increase

f 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 E and I constituting the stiffness. But simultaneous increase in

depth ofneutral axis increases the moment ofinertia Ieff ofthe section on occurrence

of creep. However the reduction in E is greater than increase in I, with the result that

final value of the stiffness EceIej/2 is less than its initial value EcIeffl 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

ST=3xSD+S, (3.2)

where 8D - deflection due to sustained deflection

S, - 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 ofthis study is to give asimplified 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 ofthe width ofthe 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: 8110-1997,
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.

Column strip

h-Lv/4 -4"—Ly-Lx/2—•(#- Lx/4 -*l

0.5LX

Beam model

Section A-A

Fig. 3.2 Structural modelling ofthe flat plate

D

Basic mid-span deflection of the interior panel [Branson, 1976], assumed as
fixed atboth ends given by

wl4
(3-D8 =

384 ECI
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This has to be proportioned to separate deflection of the column strip and
middle strip, such that;

The midspan deflection ofFlat plate (Eqn.3.3) is determined by the formula

(*)-*«+*„»*.+*<, (3.3)

where, 8a, 8cy = deflection ofcolumn strip along xand ydirection respectively.

Smx > smy =deflection ofmiddle strip along xand ydirection respectively.

The column strip has width equal to L/2 along both directions. The middle strip
has L/2 along Xdirection and Ly- L/2 along Ydirection. In Eq. (3.1), the V is the
uniformly distributed panel load. Ec is the modulus ofelasticity ofconcrete and / is the
moment ofinertia ofthe column strip or middle strip.

3.3.2 Flat Slab

The cross section ofa 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 offlat slab. Hence it was decided to use

thismethod 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 ofabeam. 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 abeam 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 thesame point in theactual 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 afixed 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 afree end, in the conjugate beam.
Similarly a free end in the actual beam should be replaced by a fixed end in the
conjugate beam. Asimple end support continues to remain so in the conjugate beam.

The conjugate beam has the advantage of having asimple 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 Fig. 3.3. The
drop panel thickness is assumed as 1.25 times the total depth of slab. The width is
assumed as Lx/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 ofcolumn 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 Aand Bis calculated by the following equation

*-f(4.5+3.25.) (34)
where w - uniformly distributed load due to self weight of slab

L - span of the column strip (Lx/2)
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AtC

AtE

AtG

Column strip ; Middle strip 12 j Column strip
II f^r" u-!=H II

A C

Drop panel
Lx/6 Lx/6

a. Details ofcolumn strip cross section
along the column centreline

b. M/EI diagram

D B

Fig. 3.3 Structural modelling of flat slab with drop panel

= —(3.75 + 2.625.)
36

= —(1.6875 + 1.167.)

= —(2.25 + 1.541.)
12 '

The reactionat the conjugatebeam is

Z,3 1
Ra- =—x

£/, 432
(6.6875 +4.667.) + x —(2.0625 +1.417.)

EI2 48

(3.5)

(3.6)

(3-7)

(3-8)

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

for the column strip are as below;

30



St =i^7"(5-6745 +1974>v) +̂ 7-(l-5703 +l.864£7, 96EL
0785.)

The final expression for middle strip is as below:

s _LDFmx0M3xwl*
T EI

(3.9)

(3.10)

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.

h

h- Lx/4 —k Lx/2 r- Lx/4 -+\

Column j Middle strip to .'" Columiivstrip
stnV r— ' _ ! V.

"Column head"

a. Details ofcolumn strip cross section
along the column centreline

b. M/EI diagram

D B

Fig. 3.4 Structural modelling of flat slab with column head

Reaction at Aand Bis calculated by the following equation

R = -(l.5 + w)
2
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A

r

i,

AtC

= 9/J
200

AtE

(1.5+ .) (3.12)

AtG

= —(1.5 +^) (3.13)

L2=y(1.5 +.) (3.14)

L3 28.43 „ _ N Z3 13
Ra,= x (1.5 + .) + x (1.5 + .) G 151£/, 800 V ' EI2 32x12^ ' P ;

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

for the column strip are as below;

x 0.0055xI4/t 0.0l3xl4/1r N
ST= — (1.5 +.) +—~ (1.5 +.) (3.16)

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

and live load are as below:

s (1.5 +.)xl4 .0.0055 0.013,
'-- ~E (~^+— > (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 Lx/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 droppaneland column head.
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b. M/EI diagram

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

L4 L48T = ^^-(5.6745 +3.974.) +̂ _(1.5703 +1.0785.)

The final expression for middle strip is as below:

s _LDFmx Q.Q13 xwl4
T~ EI

3.4 THEORIES USED

To model the concealed beam and to use the empirical equations suggested
the codes the following theories are used.

(3.9)

(3.10)

in

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.

bx'
— +(m -l)Asc(x-d')2=mAsl(d-x): (3.11)
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In the above equation the width denoted by 'b' has to be substituted by the

widthof 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 x-x direction is

"mx ~

Width of middle strip along y-y direction is

4
2

bmy=(Lv-^-)

y 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.

J^ =~+bcD(--x)2 +(m-\)Asl(d-x)2 +(m-\)Asc(x-d')2 (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.

Kx'l™ =—j- +mceAsl(d-x) +(mce -l)Asc(x-d')2 (3i3)

3.4.3 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 ofelasticity ofconcrete is calculated as per the provisions given in
the code.

ACI: 318-2002

Ec =5375V/c where/'c is the cylinder strength ofconcrete.
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IS: 456-2000

Ec =5QQ0yffrt where fck is the cube strength ofconcrete.

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

j^ concealed beam (Fig. 3.7) is shown. The minimum spacing is provided between the

stirrups.
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Fig. 3.6 Cross section ofconcealed beam

The shear stirrups are provided at aspacing of50mm 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 ofconcrete.

I =

LI
E =

mLL-jjjjr

H

•

(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 athin box ofequivalent
section (Fig. 3.9).
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£ U

Fig. 3.8 Longitudinal section of the concealed beam

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

s = 50 mm

The diameter (ds) of the stirrup

ds =8 mm

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

a,-cr
»„ = +i

1000 mm

D

w>>«af««

h
v%TJrnv* **VC»^f ir-^tf*

X,

1^
txTji

Fig. 3.9 Equivalent thin concrete box for torsion

The length of the stirrups (Ls) to be provided in the x-x direction

Ls=Ly

Equivalent area of concealed beam (Ea) in concrete

E _ g« xg **" x£,
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The thickness (/,) of the concealed beam (Fig.3.9)

.Ea

Jf, =1000-/,

Yx=D-tx

The torsional constant (Cb) of the concealed beam (Hsu, &*g
(2xX2 xY2xD]

Q =
xl+rt

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: 8110-1997, EC: 2-2002 and IS: 456-2000 are
explained inthe next chapter.
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CHAPTER 4

STUDIES ON EMPIRICAL EQUATIONS

4.1 GENERAL

The comparative study onthe available provisions inthe 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.

4.2 AS PER ACI: 318-2002

The total deflection due to combined effect ofcreep and shrinkage is obtained

by using the Branson approach, which adopts the equivalent frame method (Fig. 4.1).

A multiplierof 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 ofACI, for comparison of codal provisions 20% reduction in cube

compressive strength is considered for concrete.

Ec =53757/7 (4il)

where f'c is the cylinder strength ofconcrete.
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Assumed

Support Line

Assumed .

Support Line cy

Assumed

V, ^cx Support Line

Assumed

s->v Support Line

AcX + Amy = Acy + Am

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 (Wl) is considered to act as sustained load.

Wd = 25D +FF+0.25Wl (4.2)

The total load (Wt) is computed by adding the live load with the sustained load (Wd)

as in Eqn. (4.3)

W,=Wd+Wl (4.3)

The moment is calculated using the panel load separately for short direction (A/,lJt)

and long direction (MlXy)

0.5LW,L2
** F-1 (4.4)

8

^ 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

LDFte =0.675

LDFim =0.325

For the comer and side panel based on the distribution of hogging and sagging

moment between column and middle strips.

LDFC= 0.738

LDFm=0.262

£
The modular ratio is m = —-;

E.

0.5LxJV,L2y
M»y= ; (4.5)

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 (b/x) is taken as equal to the span along that direction. For

plates the effect ofcolumn is neglected.

Frame

bfi=Ly (4.6)
The moment of inertia of frame (Ifx) is calculated by considering the plate as

a rectangular beam.

(4.7)

(4.8)

h
bfD3_ fx

12

h = 4

tfy
_V>3

12 (4.9)

The panel is considered to be continuous and hence the following formula is used for A
instantaneous deflection due to sustained load (dfdx,dfdy) and total load (dflx,df )

J ix jiy /

separately.

K'fa
df, - i Zl x
Jdx 3S4EJfr (4.10)

df, - d x *
Jdy 384£/„ (4.11) -i

c fy

4

c=

c=

W,LyL4x
3UEcIfx (4.12)

'y 384EJ<, (4.13)

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 (6„) in both the direction is the width on each side of the

column centre line equal to onefourth the smaller of the twopanel dimensions.

K=Ky=^ (4.14)

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

area of column strip.

Am
0.5 <baxD

ex —
100

/«
12

hy
12

(4.15)

(4.16)

Middle Strip

The width of middle strip (bmx ,bmy) and the moment of inertia (Im ,Imy) are

calculated as below:

(4.17)

(4.18)

(4.19)

(4.20)

Flexural stiffness of equivalent column

Thestiffness of column is computed based on equivalent column stiffness.

Factoreddead load (WD)

WD=\Ax(25xD +FF) (4.21)

Kx =L-L
y 2

mx

^mxD'
12

b„„my
_4

2

my

bmvD'my

12
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Factored live load (WL)

WL=l.7xWl

Total factored load {WT)

WT=WD+WL

Uniformly distributed load (w)

w= WT xLy

Area ofcolumn required (Ac)

(4.22)

(4.23)

(4.24)

_2x3xWTxLxxLv/2 +
0.85x^ (4-25)

Edge column size

The column size (Cu, Cly) is calculated using the following formula.

c A<<Acld)-2d)
" 3 (4.26)

c _i.(AJd)-2d) \
3 (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.

C r3

clx" 12 (4.28)

K - 2Z£Z£l*

^_(1-(0.63D/CU))(^CU)
3 (4-30)

Lnx=Lx-CXx
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The model proposed by Gilbert [27] is used here for torsional stiffness (Klx) of edge

column.

2x4.5x £.xC.
K,r —

* < ( (r V\A
1-

•\y

kl>;

Equivalent column stiffness(Kecx) is

K=\
IxKcx+K,,

* 2Ka

Distribution factor for positive momentat the exterior Span

0.28
£,,=0.63-

1+ 1/
a.

Distribution factor for negativemoment at the exterior span

0.65

i+ V
a,

Distribution factorfor negative moment at the interior span

0.10
A* =0.75-

1+ 1/
a,

The cracked moment

A^cr =6.71VZT

Mat\px = DpxM<\x

If the MalXpx'is less than the Mcr then the value of later is considered.

™ atnex ~ *^nex"^t\x

If the MmXnex is less than the Mcr then the value of later is considered.

"^atnix ~ DnixMtXx
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(4.31)

(4.32)

(4.33)

(4.34)

(4.35)

(4.36)

(4.37)

(4.38)

(4.39)

(4.40)



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

The cracked moment of inertia (/ )
v crx J

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

ecpx ~
' M, ( (

(O + i- -
^ y^al\px)\Ma,\px

M„
\ 3\

(/«)

(4.41)

(4.42)

Effective moment of inertia for negative cracked moment (/_) in column strip in
exterior span

ecnex

\Mannex J
(O \J u ^

\lvlal\nex J
(/«) (4.43)

Effective moment of inertia for negative cracked moment in column strip (/_) fa
interior span

ecnix ~

f M.
\™at\nix .

(/J < ' U.
1-

K>\ al\nix .
(U

J

Effective moment of inertia (Iecx) for column strip

/-=0.7/ec/w+0.15/_+0.15/ecna

Effective moment of inertia (/^) for frame

efx lecx + *mx

The moment due to total load (M„)

W.*Lyx{LJ
*«-

Ku =

8

0.65 xM.

1+ \
'a,
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(4.44)

(4.45)

(4.46)

(4.47)

(4.47)

i
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X

Moment due to sustained load(Mndx)

Mmk=^ywynlx
Therotation due to total load(0U)

0 =M»U
Kecx

The rotation due to sustained load (0^)

a -Mndx
dx~lT~

Kecx

Thedeflection due to total load (8U)

8 =\e«xL*/
" /8

(I ^

The deflection due to sustained load (<5>A)

if _OdxLx
*~~8~

Short term deflection

Along the longer direction (y-y axis)

The moment ofinertia ofcolumn (IcXy) along the longer direction

C r3
c\y

12

The relative stiffness ofcolumn (Kcy) along the longer direction

_(l-(o.63D/cJ)(z)3cJ
C .,=

(4.49)

(4.50)

(4.51)

(4.52)

(4.53)

(4.54)

(4.55)

The clear distance from face to face ofcolumn (Lny) along the longer direction

L =/ -C^ny -L-y <~\y
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2x4.5x£cxCv

K.ay=-^L.
' 2Ksy

Distribution factor for positive moment at the exterior span

0.28Dpy=0.63-
1+ V

«,

Distribution factor for negative moment at the exterior span
0.65

ney

1+ 1/
a.

Distribution factor for negative moment at the interior span

0.10A,,, =0.75-
1+ \

a.

The cracked moment

Mcr=6.71y[f«

MaaPy = DpyMlXy

Ifthe ManPy is less than the Mcr then the value of later is considered.

Matney = DneyM,Xy

Ifthe MalXney is less than the Mcr then the value oflater is considered.

Ma,n,y = D„iyM,Xy

49

(4.56)

(4.57)

(4.58)

(4.59)

(4.60)

(4.61)

(4.62)

(4.63)

(4.64)

(4.65)
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If the MatXniy is less than the Mcrthen the value of later is considered.

The cracked moment of inertia (Icry)

I^ =bcyj+(miAslXcy \d -xf (4.66)

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

ecpy

' M *
cr

\Ma,\py J (0
{ M
\Mal\py ) u (4.67)

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

the exterior span

ecney

' M. *
(/J

MV^ atlney )

( r ^3^\ f Kr
M\lrlat\neyJ

(O (4.68)

Effective moment of inertia for negative cracked moment (7^) in column strip at

the interior span

(
M

ecniy
cr

M^m allniy J

V

W 1-
A/\ J™<7(lni)' ^

3\

Effective momentof inertia for column strip (/ )

^=0.7/^+0.15/^+0.15/^

Effective moment ofinertia for frame (Iefy)

efy ecy my

The moment due to total load (M )

Moy =
W,xLxx{Lny)

8

0.65 xM„„
Mmy =

1/1 +
'a.
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(4.69)

(4.70)

(4.71)

(4.72)

(4.73)



Moment due to sustained load (M^)

The rotation due to total load (9 )

9, =^
,y KKecy

The rotation due to sustained load (0^)

'<fy
K

ecy

The deflection due to total load (8, )

*-*"V (I ^lfy

K & J

The deflection due to sustained load (£. )

x _ &<iyLy
dy~~T

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

Deflection due to sustained load (SaU)

_(LDFcitsfcU\lfx)
dcxid =

Deflection due to total load {8all)

jLDFc,i8ftxllfx)
5cxi, =

Deflection due to varying part of live load (8ail)

aril "exit ^cxid
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(4.74)

(4.75)

(4.76)

(4.77)

(4.78) X

(4.79) V

(4.80)

(4.81)



Comer Panel

Deflection due to sustained load(8cxcd)

scxcd = j —+#dx (4.82)

Deflection due to total load (8cxcl)

_(LDFcJ8jlfy
IX

tfy

(4.83)

Deflection due to varying part of live load (8ad)

sexei=z8cxcl-8cxcd (4.84)

Side Panel

Deflection dueto sustained load (8^)

s _(LDFcJ8fdxllfx)
dcxsd (4.85)

ex

Deflection due to total load (8ast)

s _(LDFcisJlfx)
°cxsl ~ j

1efy

Deflection due to varying part of live load (£„,,)

(4.86)

X

^cxsl - Scxst - ^cxsd (4.87)

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

Interior Panel

Deflection due to sustained load (Scyid)

_{LDFc,isfdy\lfx)
8cyti — T'" (4.88)

I
cy

Deflection due to total load (8 u)

(LDFcX8flJlfx)
Scyi,= , (4.89)

I*
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Deflection due to varying part oflive load (8C,)

°cyil ~°cyit Scyid (4.90)

Comer Panel

Deflection due to sustained load (8cycd)

°cyed " +<V (4.91)
lcy

Deflection due to total load (8C )

s Jj£zKM+*°cvci : + o.cycl 7 +°dy (4.92)
•cy

Deflection due to varying part of live load (8 cl)
cycl.

°cycl - °cyct ~8cycd (4.93)

Side Panel

Deflection due to sustained load (8cysd)

s Jnr.fafa)
Vcysd ~ +Ody (4 94)

<9

Deflection due to total load (8CSI)

s Jj£fMM+,°cys, +6ty (4 95)
'fy

Deflection due to varying part of live load (8cysl)

°cysl =dcyst ~$cysd (4.96)

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

Deflection due to sustained load (Smxid)

_(LDFmitsfdx\lfx)
mxid
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Deflection due to total load(8^,)

s _{LDFmijSfu\lfx)
mxit ,

mx

Deflection due to varying part of live load (8mxjl)

(4.98)

Smxil=8mxit-Smxid (4.99)

Comer Panel

Deflection due to sustained load (8mcd)

(LDFmi8Mllfi)
I

dmxcd ~ +<?* (4.100)
mx

Deflection due to total load (8mxcl)

_(LDFmJ8flxll/x)2 v m /\- jix A jx I , cdmxc,= J +8IX (4.101)
mx

Deflection due to varying part of live load (8mxcl)

Smxcl =Smxct ~Smxcd (4.102)

Side Panel

Deflection dueto sustained load (8^)

o {LDFmJ8fdx\hx)Sm^ = -1 — (4.103)
mx

Deflection due to total load (£ )

_(LDFmJ8full/x)
mxsl .

mx

(4.104)

Deflection due tovarying part of live load (8lttXil)

5mxsl =5mxs, "$mxsd (4.105)
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Deflection ofmiddle strip along longer direction (y-y axis)
Interior panel

Deflection due to sustained load (8myid)

8 .fr^JfoJO
»m*d ~ (4.106)

my

Deflection due to total load (8 )
\ myit Jmyit

s JLDF«KK)
"myil J (4.107)

my

Deflection due to varying part of live load (8myil)

°myil ~°myil ~°myid (4.108)

Comer panel

Deflection due to sustained load (8m d)

"** / "* (4.109)
'my '

Deflection due to total load (8 )
v myct J

umyct 1 r-O,
_(LDFml8flyjlh)

I ^u'y (4.110)
my

Deflection due to varying part of live load (8mcl)

mycl °myct "mycd (4.111)

Side panel

Deflection due to sustained load (8mysd)

8 JL^mJSMilfv)wsd - +ddy (4U2)
my

Deflection due to total load (8m )

n,ys, - —- T^ (4 j j3)
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Deflection due to varying part oflive load (8mysl)

Smysl =8myst ~5mysd (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 ofcolumn strip along x-x direction and deflection ofmiddle strip along y-y

direction.

Deflection due to sustained load (8idx) along x-x direction

didx=Scxld+8myld (4.115)

Deflection due to sustained load (8idy) along y-y direction

Sidy=Scyid+Smxid (4.116)

The total mid panel deflection of interior panel (8id) for sustained load, is the average

of the above two deflections.

The above procedure is followed for the comer as well as side panels.

(Sidx+didy)

Comer Panel

Deflection due to sustained load (8cdx) along x-x direction

scdx=8cxcd+8mycd (4.118)

Deflection due to sustained load (8cdy) along y-y direction

3cdy=#cycd+£mxcd (4.119)

Total mid panel deflection ofcomer panel (8cd) for sustained load

X X (Scdx+8cdy)
°cd= ~ (4.120)

56



Side Panel

Deflection due to sustained load (8sdx) along x-x direction

5sdx ~5cxsd +8mysd (4.121) *

Deflection due to sustained load (8sdy) along y-y direction

Ssdy =Scysd +5mxsd (4.122)

Total mid panel deflection ofside panel (8sd) for sustained load

^ 2 (4-123)

Total mid panel deflection due to varying part oflive load

Interior Panel

Deflection due to varying part of live load (8llx) along x-x direction

°ux - °cxii +8myU (4.124)

Deflection due to varying part of live load (8ily) along y-y direction X

°ily =°cyil +8mxil (4 j25)

The total mid panel deflection of interior panel (8a) for varying part of live load

s _fa,+<U
" 2 (4-126)

Comer Panel .

Deflection due to varying part of live load (8clx) along x-x direction

°clx - &cxcl +8myct (4. J27)

Deflection due to varying part of live load (8cly) along y-y direction

°cty =^cycl +dmxcl (4, \28)

The total mid panel deflection ofcomer panel (8cl) for varying part of live load x

r _{#clx+#cly)
°d 2 (4-129)
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Side Panel

Deflection due tovarying part of live load (8slx) along x-x direction

S*=Scxd+8myd (4.130)

Deflection due to varying part oflive load (8sly) along y-y direction

5sly =8^+8^, (4.131)

The total mid panel deflection ofside panel (8sl) for varying part of live load

°st= (4.132)

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

8t=3x8idl+8iU (4-133)

Comer Panel

^c=3xf5cJ/+^c// (4.134)

Side Panel

ss =1*8*8+8*i (4.135)

4.3 AS PER BS: 8110-1997

Following the same procedure adopted in 4.2 the equations given in this code
for creepand shrinkage effects are studied and modified.

Moments

Wd =25D +FF +0.2507 (4-2)

W,=Wd+Wl (4.3)

The moment due to sustained load is calculated using the panel load separately
for short direction (Mdlx) and long direction (MdXy)
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_ 0.5LyWdL2x
dlx 8 (4-136)

_ *.SLxWdL2y
,y 8 (4-137)

The moment due to total load is calculated using the panel load separately for short
direction (MlXx) and long direction (MlXy)

_ 0.5LyW,L2x
lh ~ 8 (4-4)

_ 0.5W2,
* 8 (4-5)

Short-term deflection (instantaneous curvatures for cracked section)
E,

Ec

d=D~cc-(dia/2)

E =-A
ce (1 +0)

E,
mce=—±-

E
ce

LDFC =0.65 (Lateral moment distribution factor in column strip for interior
panel)

LDFm =0.35 (Lateral moment distribution factor in middle strip for interior
panel)

LDFXc =0.55 (Lateral moment distribution factor in column strip for comer &
side panel)

LDFim =0.45 (Lateral moment distribution factor in middle strip for comer &
side panel)

Column Strip

b =b =^-cx *c, 2
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A

A -OSxbyXD
siicx ~ 10Q

Solving the following equation the xXcx may befound

0.5xba xx2Xcx +mx AstXcx xxXcx=mx AslXcx x(d)

A,
0.5xba xD

*sllcx
100

0-5xLx xx22cx +mxAsl2cxxx2cx=mx Asl2cx x(d)

(0.5xLxD'\

(4.138)

(4.139)

(4.140)

/--
12

+0.5xLxxDx(D/2-xJ+(m-\)xAsl]cxx(d-xxJ

_0.5xbcyxD
if ley

100

0.5 x0.5x4 xx2cy +mxAslXcyxxXcy=mx AslXcy x(d)

*st2cy

0.5x^x1)

"Too

0.5 xL, xx\cy +mx Asl2cy xx2cy =mx Asl2cy x(d)

'0.5xLyxDi) (n/ v /+0.5xLyxDx(D/2-xJ+(l*cy =
v

12
J

Middle Strip

bmx=Lv—x-

0.5xbmxxD
•^srimx ~

100

0.5xb^xx2^ +mx Asllmx xxXmx =mx AslXmx x(d)

m-

(4.141)

(4.142)

(4.143)

(4.144)

(4.145)

l)*A*lcyx{d-XXey)

(4.146)

(4.147)

(4.148)

!"-l)*A«y«x*{d-xXmf

(4.149)

b =^
my 2
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0.5xbmyxD
100

0-5**»> xxlmy +mx AslXmy xxlmy =mx AslXmy x(d)

r0.5xL„xD3\

V

my

12

Flexural stiffness of equivalent column

Factored dead load (WD)

WD=l.4x25xD + FF

Factored live load (WL)

WL=\.lxWl

Total load (WT)

WT=WD+WL

Uniformly distributed load (w)

w=WTxLy

Short term deflection along x-x axis

Moment ofinertia ofcolumn (/cU)

C C3

The stiffness ofcolumn (Kcx)

K - 4Vclx
•" 4

C -(l-(0-63xD/C,r))(D3cJ
3

Clear span (L^)

Lnx=Lx-CXx

61

(4.150)

(4.151)

^.5xLyxDx(D/2-xJ+{m_l)xAnmyX(d_XiJ
(4.152)

(4.21)

(4.22)

(4.23)

(4.24)

(4.28)

(4.29)

(4.30)
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Stiffness of equivalent column (Kecx)

f i "\1
Kecx = l^x^+ATj

«,.=-«Mx
2/:.91Jt

Stiffness of equivalentcolumn (AT )

Kecy =
2^v+^y

£..
aly=-J5L" 2Ksy

Distribution factor (Dpx) for positive moment inexterior span

0.28^=0.63-
1+ 1/

a
\x

Distribution factor (Dnex) for negative moment inexterior span

0.65
nex /

1+ 1/
a

\x

Distribution factor (Dnix) for negative moment in interior span

0.10
A,, =0.75-

1+ 1/
a \x

The cracked moment

Mcr=6.7l^

Ma,px=DpxXM,Xx

Ma,nex=DnexXMlXx

Ma<nix=E>nix*Max

62

(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

hry =b9 -j+(m{Asncy \d-xf

Effective moment of inertia for positive cracked moment in column strip

ecpy

' U. V
V, ^at\py J W 1-

^ \Mat\py)
' M._ VN

(U

(4.66)

(4.67)

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

ecney

M.

M\ otlney
w

(

1-
M^ \1Yial\neyJ

M. \3)
ifJ (4.68)

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

ecniy

f \3

WM\ " al\niy J
1-

M\'•" allmy J

Effective moment ofinertia for column strip

^=0.7/^+0.15/^+0.15/^

Effective moment of inertiafor frame

efy ~ *ecy +*my

The moment due to total load (MB )

M_Wx,lAlJ
8

Negative moment (Mne )

0.65 xM.
Mney = oy

1+ 1/
'a.

Moment due to sustained load (Mn. )

^^AWyw\MMy

63

(U (4.69)

(4.70)

(4.71)

(4.72)

(4.73)

(4.74)

^



*

A

The rotation (0ly) due to total load

*ecy

The rotation (0^) due to sustained load

0 =M"dy
'dy

K
ecy

The deflection (8ly) due to total load

8 Je»*Lyy'0,„xL/\{l
'%

lfy

Vefy J

The deflection (£. ) due to sustained load

8 -B«*l>

M. =•

8

The moment (Mox) due to total load

W,xLyx(Lj
8

The moment (MnlXx) due to total load

M =°^Mox
mntlx

1+ 1/
a

\x

The moment (Af^,,) due to sustainedload

WM„du=-^xMnlXx

Therotation (0lix) due to total load

®t\x =
1mix

K.

The rotation (0dXx) due to sustained load

n _ "^nd\x
°d\x ~ „

Kecx
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(4.75)

(4.76)

(4.77)

(4.78)

(4.47)

(4.153)

(4.154)

(4.155)

(4.156)



The deflection (8a) due to total load

The deflection (8^) due to total load

Long term deflection along the shorter x-xdirection

The relative stiffness (Ks2x) for the long term effects

K^^xL^xD3 | mxAsl2cyx{d-x2J

a,=-^*-'2x
2K

s2x

gx

\Jefx)

The moment (M„l2x) due to total load

0.5x/,x^
nax 8

The moment (Mnd2x) due tosustained load

W.
^nd2x=^fxM

W.
nl2x

The rotation (0d2x) due tosustained load

a _ ™ nd2x
ad2x ~ —

Aecx

The deflection (tfA) due to sustained load

The moment (M ) due to total load

M ay

_W,xLxx(lJ
8
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(4.157)

(4.158)

(4.159)

(4.160)

(4.161)

(4.162)

(4.163)

(4.164)

(4-72)

X



Longterm deflection along the longer (y-y) direction

The relative stiffness (Ks2y) for the long term effects

_4xEcxLxxD3 mxAsl2cxx{d-x2J

K.a2y=—££L_
2Ks2y

The moment (Mn(2v) due to total load

0.5xLxxW,xL2y
Mm2y =

8

The moment (M^) due to sustained load

W
M„,,,„ =—-xM ,,? U/ nl2y

The rotation (0d2y ) due to sustained load

0d7 =M^y
My v

Kecy

The deflection (6+) due to sustained load

(4.165)

(4.166)

(4.167)

(4.168)

(4.169)

(4.170)

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

for short term load

r0.5xfclx(D-XrU)2^
T =

ccx

{d-XcXx) (4.171)

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

for long term load

r0.SxfclXx(D-xrXt)2^
T =1c\cx

(d-xcu) (4.172)
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The moment of resistance of the concrete in tension in the column strip (Mccx) for

short term load

M _2xTccx*(E>-xcu)
3

(4.173)

The moment of resistance of the concrete in tension in the column strip (McXcx) for

long term load

M _2xrctex(g-xc„)
clcx 3 (4.174)

The force in concrete in tension in the column strip (7^) along the longer direction

for short term load

_'0.5xf x{p-xcJ)
, (d-xely) (4.175)

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

for long term load

T =c\cy

'0.5xf x(D-XcJ
K (d-Xcly) (4.176)

The moment of resistance ofthe concrete in tension in the column strip (Mcc ) for

short term load

M
_2xTccyx{D-xciy)

ccy

Mc\cy =

(4.177)

The moment of resistance of the concrete in tension in the column strip (Mclcy) for

long term load

_2xTcXcyx(D-xcXy)
(4.178)

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

for short term load

r0.5xfclx(D-xmXxr
71 =

(d-Xmlx)
(4.179)
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The force in concrete in tension in the middle strip (TcXmx) along the shorter direction

for long term load

T =
c\mx

(0-5x fcllx(P-xmXxf)
{d~xmXx) (4.180)

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

short term load

_ l*Tcmxx(D-xmXx)
AT = (4.181)

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

short term load

M -2xTc\mx*(t*-xmtx)
1Y1c\mx 1

T =•* cmy

, (d-Xmly)

(4.183)

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

for short term load

(4.184)

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

for long term load

T =c\my

0.5x fx{D-xmJ
(d-Xmly)

(4.185)

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

short term load

_2xTcmyx(p-XmXy)
Kmy=- (4.186)

The moment of resistance of the concrete in tension in the middle strip (Mcimy) for
long term load

_2*Tcl*y*(l>-Xmly)
M.c\my (4.187)
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For total load

Column Strip along x-x direction

Interior Panel

The moment (MrXicx) due to total load

Mr\icx=M,u-Mccx

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

rXicx=LPFcx
M

r\icx

\EcxIay/

Comer Panel

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

V\ccx=LPFXcx
M r\icx

^EcxIecx j

Side Panel

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

YXscx=LPFcx
M

r\icx

{Ecxltex J

Column Strip along y-y direction

Interior Panel

The moment (MrXlcy) due to total load

Mr\icy=M,Xy-Mccy

Curvature due to total load for column strip (y/Ucy) along the longer span

y/Ucy=LPFcx m rUcy

\EcXlcyJ
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(4.188)

(4.189)

(4.190)

H

(4.191)

*

(4.192)

(4.193)
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Comer Panel

Curvature due to total load for column strip (y/Xccy) along the longer span

¥lccy=LPFXcx

Side Panel

t M1V1 r\icy

\Ecx Iecy j

Curvature due to total load for column strip (y/x ) along the longer span

Vucy=LPFcx iYl rUcy

KEcXlcyJ

Middle strip along x-x direction

Interior Panel

The moment (MrXimx) due to total load

MrUmx=M«x-Mcmx

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

xifMmx=LPFmx
M

r\imx

KEcXlmx)

Comer Panel

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

y/Xcmx=LPFXmx
M

riimx

A*V

Side Panel

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

¥\smx=LPFmX
M

r\imx

KEc*Imx.
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(4.194)

(4.195)

(4.196)

(4.197)

(4.198)

(4.199)



Middle strip alongy-y direction

Interior Panel

The moment (MrXimy) due to total load

MrUmy=M,Xy-Mcmy

Curvature due to total load for middle strip {\f/Umy) along the longer span

Vumy=LPFmX m r\imy

yEcxImyJ

Comer Panel

Curvature due to total load for middle strip (i//lcmy) along the longer span

(
Vumy=LPFXmX

M rXimy

K^LyJ

Side Panel

Curvature due to total load for middle strip (if/Xmy) along the longer span

y/Um=LPFmx
M r\imy

\EcxImyj

Curvature lx

Interior Panel

Instantaneous curvature (iffIXx) inthe shorter direction

V/U=Vlte +¥umy

Comer Panel

Instantaneous curvature (y/cXx) in the shorter direction

VcU=Vlccx +Yxcmy

Side Panel

Instantaneous curvature (\ff,Xx) in the shorter direction

VA»mV\mx +Vxsmy
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(4.200)

(4.201)

(4.202)

-4
(4.203)

(4.204) V

(4.205)

(4.206)



Curvaturely

Interior Panel

Instantaneous curvature (yfIXy) in the longer direction

y/iXy=¥xicy +V\imx (4.207)

Comer Panel

Instantaneous curvature (i/cXy) in the longer direction

[frcXy=¥xccy +Vxcmx (4.208)

Side Panel

Instantaneous curvature (iysiy) in the longer direction

Wsly^^lscy +Vxsmx (4.209)

For sustained load

ColumnStrip along x-x direction

Interior Panel

The moment (Mr2icx) dueto sustained load

Mr2icx =Mope„ - Mccx (4 2jo)

Curvature due to sustained load for column strip {y/2icx) along the shorter span

y/2lcx=LPFcx M \
r2icx

lEe*Ia.
(4.211)

Comer Panel

Curvature due to sustained load for column strip (y/2ccx) along the shorter span

( M ^y,2ca=LPFXcx\^fL
\Ec*IecxJ

( Mr2scx

(4.212)
V"c " ~ecx J

Side Panel

Curvature due to sustained load for column strip (y/2scx) along the shorter span

y/2scx=LPFcx (4.213)

72

\ c 'ex .



ColumnStrip along y-y direction

Interior Panel

The moment (Mr2lcy) due to sustained load is

Mr2icy=Mopery-Mccy (4.214)

Curvature due to sustained load for column strip (y/2icy) along the longer span is

calculated by

¥2ley=LPFcX
M r2icy

\EcXlcyJ
(4.215)

Comer Panel

Curvature due to sustained load for column strip (i//2ccy) along the longer span is

given by

y/2ccy=LPFXcx m r2ccy

\EcxIecy j (4.216)

Side Panel

Curvature due to sustained load for column strip (y/2scy) along the longer span is

y/2scy=LPFcx r2scy

\EcXlcyJ
(4.217)

Middle Stripalongx-x direction

Interior Panel

Themoment (Mr2imx) dueto sustained load

Mr2imx =Moperx - Mcmx (4 2J8)

Curvature due to sustained load for column strip (^2/mx) along the shorter span

y/2imx=LPFcx M
r2imx

[Ecxl„ (4.219)

73

X



Comer Panel

Curvature due to sustained load for column strip (y/2cmx) along the shorter span

V2cmx=LPFXcX
M \

r2cmx

V-^c X•* mx J
(4.220)

Side Panel

Curvature due to sustained load for column strip {y/2smx) along the shorter span

(
M

r2smxy/2smx=LPFcx
KEcXl^j

Middle Strip along y-y direction

Interior Panel

The moment (Mr2imy) due to sustained load

rlimy opery •"* cmy

(4.221)

(4.222)

Curvature due to sustained load for middle strip (y/2imy) along the longer span

(

y/2tmy=LPFcx
M rlimy

KEcXlmyJ
(4.223)

Comer Panel

Curvature due to sustained load for middle strip (y/2cmy) along the longer span

¥2emy=LPFXcX
M ^ita r2cmy

yEcXLyJ
(4.224)

Side Panel

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

y,2my=LPFcx
M \

r2smy

\EcxImy j (4.225)
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Curvature2x

Shorter direction

The curvature for sustained load (y/i2x) for interior panel ^

{f/i2x=Y2icx +Vlimy (4.226)

Comer Panel

The curvature for sustained load (y/c2x) for comer panel

y/c2x=¥2ccx +V2cmy (4.227)

Side Panel

The curvature for sustained load (y/s2x) for side panel

y/s2x=¥2scx +V/2smy (4.228)

Curvature2y

Longer direction

Interior Panel

The curvature for sustained load {xf/l2y) for interior panel

Vi2y=V2icy +¥2,iicy • Y 2imx

Comer Panel

The curvature for sustained load {y/c2y) for comer panel

y/c2y=¥2cey +T,2cmx

Side Panel

The curvature for sustained load (t//s2y) for side panel

Vs2y=V2scy +V2smx
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(4.229)

(4.230)

(4.231)
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Long term deflection due to shrinkage along x-x direction

£„=300xl0"6

Column strip

Interior Panel

The first moment of areaof the reinforcement (Ssicx) about the centroid of the cracked

or gross section

Ssicx=AslXcxx(d-xXcx) (4.232)

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

E„xm„xS^
J

y/ilcx=LPFcx cs ce sicx

Comer Panel

The shrinkage curvature for thecolumn strip (y/3ccx) along shorter direction

y/3ccx=LPFXcx (E„xm„xS.,
cs ce sicx

L,

Side Panel

The shrinkage curvature for the column strip (y/3scx) along shorter direction

y/3scx=LPFcx
EcsxmcexSsicx\

'ex J

(4.233)

(4.234)

(4.235)

Column strip along y-y direction

Interior Panel

The first moment ofarea ofthe reinforcement (Ssicy) about the centroid ofthe cracked

or gross section

Ssicy =A,Xcy *{d ~xXcy) (4.236)

The shrinkage curvature for the column strip (y/iky) along longer direction

V*cy=LPFcX cs ce sicy
(4.237)

•cy J
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Comer Panel

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

y/3ccy=LPFXcx
EcsxmcexSslcy

cy

Side Panel

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

(EcsxmcexSslcy}yiscy=LPFXcx
\ <v J

(4.238)

(4.239)

Middle strip along x-x direction

Interior Panel

The first moment of area of the reinforcement (Ssimx) about the centroid of the
cracked or gross section

^slmx ~Asi\mx *\*~XXmx) (4.240)

The shrinkage curvature for the middle strip {¥ilmx) along longer direction

iy3imx=LPFmx ECs*mcexSsimx

Comer Panel

The shrinkage curvature for the middle strip (y,3cmx) along longer direction

y3cmx=LPFXmx (EcsxmcexSslmx)
mx J

Side Panel

The shrinkage curvature for the middle strip (t^) along longer direction

V3smx=LPFmx(E«Xm«XS^
\ •'mx j
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(4.241)

(4.242)

(4.243)
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Middle strip along y-y direction

Interior Panel

The first moment of area of the reinforcement (Ssimy) about the centroid of the

cracked or gross section

Sslmy =AlXmy *(d ~XXmy ) (4.244)

The shrinkage curvature for the middle strip (y/3my) along longer direction

(E^xm^xS^
Vvmy=LPFmX

Vlcmy=LPFXmX

cs ce smy

>«y J

Comer Panel

The shrinkage curvature for the middle strip (y/3cmy) along longer direction

(E„xmxS.,„Acs ce simy

'my J

Side Panel

The shrinkage curvature for the middle strip (y/3smy) along longer direction

¥ismy=LPFXmX
(EcsxmcexSsimy}

'my )

(4.245)

(4.246)

(4.247)

Curvature3x

Interior Panel

Theshrinkage curvature for the interior panel (y/i3x) along shorter direction

Ynx-Vtox+Vv*, (4.248)

Comer Panel

The shrinkage curvature for thecomer panel (y/c3x) along shorter direction

Vclx=Viccx+Vicmy (4.249)

Side Panel

The shrinkage curvature for the sidepanel (ys3x) alongshorter direction

Vslx^Vlscx+Vlsmy (4.250)
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Curvature3y

Interior Panel

The shrinkage curvature for the interior panel {y/,Jy) along longer direction

Vily =Viicy +Yltmx (425 \)

Comer Panel

The shrinkage curvature for the comer panel (¥ciy) along longer direction

(4.252)y/cly=¥iccy+¥3cmx

Side Panel

The shrinkage curvature for the side panel (¥t3y) along longer direction

(4.253)y/siy=¥iscy+¥ismx

Long term deflection due to creep

Column Strip along x-x direction

Interior Panel

The moment of resistance ofconcrete for the column strip (Mr3icx) due to creep along
shorter direction

Mrlicx=Moperx-McXa

The creep curvature ofcolumn strip (¥tkx) along shorter direction

M.yAicx=LPFcx riicx

\ ECe Xhx J

(4.254)

(4.255)

Comer Panel

The creep curvature ofcolumn strip {y/,ccx) along shorter direction

"te=i^xfe) (4256)
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Side Panel

The creep curvature ofcolumn strip (y4i„) along shorter direction

¥ascx=LDFcX
M riicx

V-^ce X*ex J
(4.257)

Column Strip along y-y direction

Interior Panel

The moment of resistance of concrete for the column strip (Mr3icy) due to creep along

longer direction

Mr3jCy —Mopery McXcy

The creep curvature of column strip (y/4icy) along longer direction

( M riicy¥A,cy=EDFcX
\ ECe X*ey J

Comer Panel

The creep curvature ofcolumn strip (y4cc>,) along longer direction

y/iccy=LPFXcx
M riicy

\ ECe X*cy J

Side Panel

The creep curvature of column strip (y/Ascy) along longer direction

¥Ascy=LDFcX
M riicy

\ ECe X*cy J

(4.258)

(4.259)

(4.260)

(4.261)

Middle strip along x-x direction

Interior Panel

The moment of resistance of concrete for the middle strip (Mr3imx) due to creep along

shorter direction

^riimx ~^operx "* cXmx (4.262)
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The creep curvature of middle strip {y/Aimx) along shorter direction

yAimx=LPFx
M

riimx

.Ece X 'mx J

Comer Panel

The creep curvature ofmiddle strip (yv4cmx) along shorter direction

( M. ^y/4cmx=LPFXcx riimx

\ Ece XImx .

Side Panel

The creep curvature ofmiddle strip (y,4smx) along shorter direction

yAsmx=LPFx
( M

riimx

KEce X^mx J

(4.263)

(4.264)

(4.265)

Middle strip along y-y direction

Interior Panel

The moment of resistance of concrete for the middle strip (Mr3lmy) due to creep along
longer direction

Mriimy=Mopely-McXmy

The creep curvature ofmiddle strip (y,Amy) along longer direction

( M.
y4imy=LPFcx riimy

E x I\ ce *my J

Comer Panel

The creep curvature ofmiddle strip (y,4cmy) along longer direction

¥4cmy=LPFXcx
M riimy

\ Ece X*my J

Side Panel

The creep curvature ofmiddle strip (y,Amy) along longer direction

y4smy=LPFcx
M riimy

E xl\ ce * myJ
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(4.266)

(4.267)

(4.268)

(4.269)
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Curvature4x

Interior Panel

The creep curvature for the interior panel {y/i4x) along shorter direction

¥i4x=¥4icx+V/4imy (4.270)

Comer Panel

The creep curvature for thecomer panel (y/c4x) along shorter direction

Yc4*= Piece+Y4cmy (4.271)

>
Side Panel

The creep curvature for the side panel (y/s4x) along shorter direction

Vs4x=V4scx+y'4smy (4.272)

Curvature4y

Interior Panel

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

Vi4y=V4>cy+V4imx (4.273)

Comer Panel

The creep curvature for the comer panel (y/c4y) along longer direction

V«,mV*»c,+Yum (4.274)

Side Panel

The creep curvature for the side panel (y/s4y) along longer direction

V/s4y=y/4scy+V/4smx (4.275)

Curvature x-x direction

Interior Panel

The total curvature for interior panel (y/u) along shorter direction

Vix = ¥ixx ~ ¥,u +Wax +^/4x (4.276)
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Comer Panel

The total curvature for comer panel (i//a) along shorter direction

Vex = ¥cXx ~ ¥c2x +¥eix +¥c4x (4.277)

Side Panel

The total curvature for side panel (y/a)along shorter direction

¥sx = ¥sXx ~ ¥s2x +¥six +¥s4x (4.278)

Curvature y-y >»

Interior Panel

The total curvature for interior panel (y/iy) along longer direction

¥iy = ¥iXy - ¥i2y +¥iiy +¥i4y (4.279)

Comer Panel

The total curvature for comer panel (y/cy) along longer direction ^

¥cy = ¥cXy ~¥c2y +¥ciy +¥c4y (4.280)

Side Panel

The total curvature for side panel (y/sy) along longer direction

¥sy =¥sXy - ¥s2y +¥siy +¥s4y (4.281)

Total deflection

Interior Panel

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

^=(^x0.104x(l-0.75^o)xl2J (42g2)

The deflection ofinterior panel (8iy) along longer direction .

^=(^x0.104x(l-0.7^/o)xI2) (42g3)
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The deflection (8,) of interior panel

8 =S*+S'y
2

Comer Panel

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

^=(^x0.104x(l-0.75//o)x^J

The deflection ofinterior panel (8^) along longer direction

^=(^x0.104x(l-0.75//o)x^)

The deflection (8C) of comerpanel

8 =
'*.+**}+(^x-tdxxhK-sJ-)+(Sd2x+8d2y

Side Panel

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

^=(^x0.104x(l-0.75^o)xI;)

The deflection of interior panel (8„) along longer direction

^=(^x0.104x(l-0.75|o)xI2)

Thedeflection (8S) of sidepanel

(*s*+*sy), ({SlXx-8dU)+{S,Xy-^)\.(8d2x+8d2A
8 =

\ \

Short term deflection

Interior Panel

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

^=(klx-^2x)x0.104x(l-0.75^o)xZ2)
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(4.285)

(4.286)
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(4.288)

(4.289)

(4.290)
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Short term deflection (8iy) along y-y direction

** "Ik, ~Yny )x 0.104x(l -0.75^o)x ^)
Short term deflection (8IS)

4,=

Comer Panel

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

^=(k>x-^2x)x0.104x(l-0.75^o)xZ2)

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

tcy={kxy-¥c2y)X0.\04x(\-0J%0)xL2y)
Short term deflection (8CS)

(8„+8IX "iy

&.«
(8„+8.ex "cy

I 2

Side Panel

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

*« =(ku-^2x)x0.104x(l-0.75//())x^)

Short term deflection (<S^) along y-y direction

8* =((k, "r^)x 0.104x(l -0.75^o)x jt)
Short term deflection (8SS)

8 =
(8„+8sx sy

{ 2
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+

(4.293)

(4.294)

(4.295)
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Shrinkage deflection

Interior Panel

Shrinkage deflection (8shix) along x-xdirection

^=(fc3x)x0.104x(l-0.75^o)xZJJ
Shrinkage deflection (8shiy) along y-y direction

^=k,)x0.104x(l-0.75^o)x^)
Shrinkage deflection (Stsh)

(8^+8^A
Sish =

shix wshiy

2

Comer Panel

Shrinkage deflection (8shcx) along x-x direction

^cx=(k3x)x0.104x(l-0.75^o)xI2)

Shrinkage deflection (8shcy) along y-y direction

Ssncy ={{¥ciy )X 0.104X(l -0.7^ J* )
Shrinkage deflection (8csh)

5csh =
8shcx+Sshcy

2

Side Panel

Shrinkage deflection (8shsx) along x-x direction

^=(k3x)x0.104x(l-0.75^o)x^)
Shrinkage deflection (8shsy) along y-y direction

^=(k3jx0.104x(l-0.75^o)xZ2)
Shrinkage deflection (8ssh)

(8^+8.,
5SSh =

shsx ushsy

~2~
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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 (8icx) along x-x direction ->

^=((^4x)x0.104x(l-0.75^o)xZ2)
Creep deflection (8icy) along y-y direction

^=((^)x0.104x(l-0.7^/o)xIj) (4310)
Creep deflection (8ic)

*-[3s±4t

(4.309)

f

(4.311)

Comer Panel

Creep deflection (8CCX) along x-x direction

See* -fc-OxO.104xfr-0.7VLj,) X
'10/XM (4.312)

Creep deflection (8ccy) along y-y direction

^=(k4Jx0.104x(l-0.7^/o)xZ2)

Creep deflection (8CC)

8„ =
(8CCX+Sccy\

2

Side Panel

Creep deflection (8SCX) along x-x direction

^=(k4x)x0.104x(l-0.75^o)xZ2J
Creep deflection (8scy) along y-y direction

^=(k4Jx0.104x(l-0.75Y0)xZj)
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J

(4.313)

(4.314) X

(4.315)

>

(4.316)



X

>

Creep deflection (8SC)

gsc_(5scx+8scy

Percentage contribution

Interior Panel

The percentage contribution ofshort-term deflection intotal deflection

%8
ishorl ^-1x100

The percentage contribution ofshrinkage deflection in total deflection

%^=f^]xl00
The percentage contribution ofcreep deflection in total deflection

(

%£,. = ^ xlOO

(4.317)

(4.318)

(4.319)

(4.320)

The percentage contribution ofcreep and shrinkage deflection in total deflection

%^=%^+%4, (4.321)

Comer Panel

The percentage contribution ofshort-term deflection in total deflection

(8 \
-?- xlOO%8csHon =

The percentage contribution ofshrinkage deflection in total deflection

xlOO

ytcj
%<U =

The percentage contribution ofcreep deflection intotal deflection

f

%8 =vccr % xlOO
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(4.322)

(4.323)

(4.324)



The percentage contribution ofcreep and shrinkage deflection in total deflection

%Scl=%8cshr+%8ccr (4 325)

Side Panel

The percentage contribution ofshort-term deflection in total deflection

%8.sshort

kS.j
xlOO

The percentage contribution ofshrinkage deflection in total deflection

(8 \
'ssh

%Sssnr =
V*.,

xlOO

The percentage contribution ofcreep deflection in total deflection

%8m =
(X ^

K*.J
xlOO

(4.326)

(4.327)

(4.328)

The percentage contribution ofcreep and shrinkage deflection in total deflection

«-•«*+«. (4.329)

4.4 AS PER EC: 2-2002

This code gives detailed procedure for predicting the long term deflection due
to creep and shrinkage. The tension stiffening effect ofconcrete is considered.

Moments

The sustained load

IVd=25P + FF + 0.25Wl

The moment due to sustained load along shorter direction

Wd x0.5xL„xLl
M ~y ~x

operx

8

The total load

TL = 25D + FF + m

(4.2)

(4.136)

(4.330)
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The moment due to total load along shorter direction

LxTLxL2
**—*-;—~ (4-331)

>

The moment due to sustained load along longer direction

^x0.5xZ.xZ,r
M0pery ="d ' „ ' l (4.332)

The moment due to total load along longer direction

LxxTLxL\
M+m-Z— y- (4.333)

W,=Wd+Wl (4.3)

Short term deflection

The modular ratio

Es

The modified modulus of elasticity of concrete

Ec
^« =

M
The modified modular ratio

mce = Es

ECe

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

d = D -cc-(dia/2)

dc=cc+[dial/2)

LPFC = 0.65

LDFm = 0.35

LPFXc = 0.75

LDFU,=0.25
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Frame

x-x axis

bfi=Ly

0.5xbfx xP

As,2a= 100 (4-334)

Short term

0.5x0.5x6A xP
Asc2cx= 100 (4-335)
0-5x^xxL +(mx42cr+(w-l)x4c2ct)

=(m xAa2a xd) +(m -1)xAk2cx xd (4.336)

bfxP3 (D yIf^=-^-+bfxxPx^--x2cxsj +{m-\)xAsc2cxx(x2cxs-dc)2
+(m-\)xAs,2cxx{d-x2cxs)2 (4.337)

Long term

0.5 xbfx xx22al +(mce xA,2cx +(mce -1) xAsc2cx )
=(meexAsl2axd) +(mce-l)xAsc2cxxd (4.338)

V--£J-+^xDxl--x2a, +K-l)x^2cxXK/-^)2

+K-0x^2„x(</-x2a,)2 (4.339)
y-y axis

-f

^=4 -*

0.5x6^ xP
As'2cy= 100 (4-340)

Short term

0.5x0.5x6^ xP
Asc2cy = FOO (4-341)
°-Sxbfy*x22i;ys+(mxAtl2fy+(m-l)xAK2ty) >

={mxAsi2cyxd)+{m-\)xAsc2cyxd (4.342)
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b.D3 (P V , , , ,2I/ys=^-+b/yxDx\--x2cys\ +{m-\)xAsc2cyx[x2cys-dc)

+(m-\)xAsl2cyx(d-x2cys)2 (4.343)

Long term

0.5 xbfy xx22cyl +(mcex Asl2cy +(mce -1) xAsc2cy)
={mceX As,2ey X<*) +(™„ ~l) XA,c2cy Xd

I =bfixw +b xnxljyi- 3 +oJyxux

WdxLyxL\
dfdx =

384>•>EC Xlfxs

TLx Ly xL\
384 x Ec Xhxs

WdxLx *L\
384 x£c *Ify.

TLx Ex xL)

dfu =

dfdy =

dfiy = 3Z4xEcxIfys

—-x2cy, J+(m„-l)x Asc2cy x(x2cyl -dc)2
+Ke-l)x^,2cyx(^-X2(y/)2

Column Strip

x-x axis

The width of column strip along shorter direction

^=0.5x1,

(4.344)

(4.345)

(4.346)

(4.347)

(4.348)

(4.349)

(4.14)

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

0.5 x6„ xD
^SlXCX ~~ '

100
(4.350)

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

direction

0.5x0.5x6„v xD
Asc\cx ~~

100
(4.351)
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Short term

°-5xbcxxxL+(mxAslXcx+(m-\)xAscXa)
={mxAs,xcxxd) +(m-\)xAscXaxd (4.352) ^

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

(f-*»»J +(w-l)x^l£xx(xlcxI-<)2
+(m-l)xAs,xcxx(d-xXcxs)2 (4.353)

7-=lf+̂XjDx'---

Long term

0-5xW«,+K*^+K-l)x4,«)
^^x^a^j+K-ljx^xrf (4.354)

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

L, =^f*L+bcxx Xlal x(|-xjj +(^ _,)xAcux x{Xfai _dj
+(f»„-l)xA„Xexx(d-xXal)2 (4.355)

y-y axis

The width ofcolumn strip along longer direction

^=0-5x4 (4,4)

The area of tension reinforcement provided in the column strip along longer direction
0.5x6„„ xP

scXcy

Short term

A cy•^slXcy -
100 (4.356)

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

0.5x0.5x6cv xD
/L, =— "

100 (4-357)

°-5x ba xxfcys +(mx AslXcy +(m -1)x AscXcy)
={mxAs,xcyxd)+(m-\)xAscXcyxd (4.358)
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x

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

/^="r2"+^xDx[f ~Xlcys) +(/""1)x^x(^-^c)22
+(m-\)xA,Xcyx(d-xXeys) (4.359)

Long term

0.5 x6^ xx2Xcyl +(mce xAslXcy (mce -1) xAscXcy)
=Kx Axcy xd)+(mw -l)x4dcy xrf (4.360)

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

Icy, =-^Y1-+bey XXXcy, Xf~~XXcy,J+(»« "l) X4c.c, X(x,^ -</, )'
+K-l)x4,1*x(i/-xU9,)2 (4.361)

Middle Strip

The width ofmiddle strip along shorter direction

bmx^Ly-1'/,) (4.17)
The area of tension reinforcement provided in the middle strip along shorter direction

0.5x6^ xD
As,Xmx = — (4.147)

0-5 xba xx2Xmx +(mx AstXmx )={mx A„Xmx xd) (4.362)

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

lmx=^+bmxxDx^-xim} +{m-\)xAslXmxx{d-xJ (4.363)
The width ofmiddle strip along longer direction

bmy=Y (4.364)

The area of tension reinforcement provided in the middlestrip along longerdirection

0.5xbmy xP
AlXmy j^ (4.148)
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°-5xbaxxly+(mxAslXmy)=(mxAslXmyxd)
The moment of inertia of middle strip along longer direction

(4.365)

my

bmyE>- n (D
-Jr+b»y*DXlj-Xmy( d y{~2~~x»y) +(m-l)xAs<xmyx(d-xmyf (4.366)

Flexural stiffness of equivalent column

Factored dead load

WD=\.35x(Px25 +FF)

Factored live load

WL**1.5xM

Total load

WT=WD+WL

Uniformlydistributed load

w=WTxLy

Area of column required

Ae =
2x3xWTxLxxLy/2

o-85 xij;k

d = P-cc-dia\

Edge column size

c _((Ac/d)~2d)
3

'Ix

r .((Ac/d)-2d)
* 3

Short term deflection along x-x axis

C C3
leu-
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(4.367)

(4.368)

(4.23)

(4.24)

(4.25)

(4.26)

(4.27)

(4.28)

X

X
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>

AF IV _ ^Ejc1cXx
A.„v —

c =
{l-(0.63P/CXx)jP3CXx)

3

L =1 -C^nx ^x *—Ijc

K„ —
2x4.5xExCr

f 3 A
( (r S\
l- rt

a: =4E<J»
lj1x

^ec* - ^2x/:ct+A:tty

«lx =
Ka

2K
s\x

Distribution factor for positive moment in exteriorspan

0.28
Ppx=0.63-

Distribution factor for negative moment in exterior span

0.65
£L =

1+ 1/
a,lx

Distribution factorfor negative moment in interior span

0.10
A, =0.75-

1+ 1/
«,lx

The cracked moment for column strip along shorter direction

M =fe,mXbaxP2
crcx r

Ma,Xpx=EfpxMlXx

96

(4.29)

(4.30)

(4.31)

(4.369)

(4.32)

(4.153)

(4.59)

(4.60)

(4.61)

(4.370)

(4.371)



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

Ma,Xnex=D„eXMlXx

Ifthe Mannex is less than the Mcr then the value of later is considered.

Mannix=DmXM,Xx

Ifthe Manna is less than the Mcr then the value of later is considered.

Effective moment of inertia for positive cracked moment in column strip

ecpx

y^atXpxJ
(U + 1-

( A/.
s*\

yMa,Xpx
(Icxl)

(4.372)

(4.373)

(4.374)

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

f

ecnex

M
crcx

Kn
(U +

V alXnex .

1-
( M.

v3\

K^alXnex J
(Li) (4.375)

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

ecnix ~~

AT

K^aHnix
(U +

(
AT

Effective moment of inertia for column strip

7«* =0-7/^+0.15/^+0.15/.

Effective moment of inertia for frame

efx *ecx "*" Imx

The momentdue to total load

wMlJ
AT =

8

Moment due to total load

M _0.65xMox

1+ 1/
a

lx

ecnix

97

v3\

•Ifr-J(/J^ \ivlatXnix)
(4.376)

(4.377)

(4.378)

(4.379)

(4.380)

X

X

*



t

>

Moment due to sustained load

w _WdxMMXx
1V1nd\x ~ rpj

The rotation due to total load

V,xx - ~Z—
Kecx

The rotation due to sustained load

a _ MndXx
0dU~TT

The deflection due to total load

\e"'*L'A
1fxs

V, lefx J

The deflection due to sustained load

c _ "dXxI'x*dXx- 3

Long term

The relative stiffness for the long term effects

K 4E^Ks2x ~ r

«2x =
K.

2Ks2x

The moment due to total load

_0.65xMox
lvlM2x

1+ 1/
a-,

The moment due to sustained load

XM _WdXMn,2x
mnd2x ~ ZZ

The rotation due to sustained load

A/_a — nd2x
Vd2x ~ —

Keex

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 sustainedload

X _ @d2xEx
*d2x ~

Short term deflection along y-y axis

The moment of inertia of column

C C3

ciy~~ir

The relative stiffness ofcolumn

K - c^cXy
cy j

hc

_(1-(0.63D/CJ)(D3CJ
3

Clear span

E„y -Ly-Cly

2x4.5xEcxCv

\

^sXy "
Ly

(

'-(r

Kecy =
2xKcy+K,yj

K.

" IKsXy

Distribution factor for positive moment in exterior span
0.28Ppy=0.63-

1+ 1/
a *yj
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(4.391)

(4.392)

(4.393)

(4.394)

(4.395)

(4.396)

(4.397)

(4.398)

X



r

x

Distribution factor for negative moment inexterior span

0.65
ney ~

1+ 1/
a

>>\

Distribution factor for negative moment in interior span

0.10
/JT =0.75-

1+ V
a

>>\

M _fe,mXbcyxP2
•* •* crcy ,

O

ManPy=DpXMlXy

If the MmXpy is less than the A/„then the value of later is considered.

Ma,Xney=D„eXM,Xy

If the Manney\s less than the A/crthen the value of later isconsidered.

Ma,\niy = AMl,

If the MmXniy is less than the Mcr then the value of later isconsidered.

Effective moment ofinertia for positive cracked moment in column strip

V ( fu \3\
lecpy

crcy

^aiXpy J
(leys) V

M.
crcy

\MalXpy J
(ley,)

(4.399)

(4.400)

(4.401)

(4.402)

(4.403)

(4.404)

(4.405)

Effective moment ofinertia for negative cracked moment in column strip in exterior
span

ecney

M
crcy

M\"A aiXney J
(leys) + 1-

M^ \1YialXneyJ

( Mcrcy

^\

(ley,) (4.406)

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

ecniy
Mcrcy

M\"x atXniy j
(leys) 1-

(M. ^crcy

M\ alXniy J

100

(O (4.407)



Effective moment ofinertia for column strip

^=0.7/ew+0.15/^+0.15/ec„.

Effective momentof inertia for frame

efy ~ lecy +*my

The moment due to total load

M _wtlx(lJ
8

Moment due to total load

_ 0.65xMoy
ivlntXy

1+ 1/
a

>>\

The moment due to total load

M -W^M^y
ndXy

TL

The rotation due to total load

0 - M"iy
'iXy

K
ecy

Therotation due to sustained load

%=-n—
ecy

The deflection due to total load

8 _ vt\y ••-,
"> /8

Jys

K eJy J

J0IXyxL../MI

The deflection due to sustained load

ddXy —

Long term deflection

K _*M&^s2y :

101

(4.408)

t

(4.409)

(4.410)

(4.411)

(4.412)

^k

(4.413)

(4.414)

(4.415)

(4.416)

(4.417)



^r

>

Kecy
a 2y

2Ks2y

The moment due to total load

0.65 xA/„
A* „i2y ~ (

Mnd2y=-

oy

A

1+ 1/
a *y)

The moment due to sustained load

WAxM.1nl2y

TL

The rotation due to sustained load

n - M"d2y°d2y ~ v
Keey

The deflection due to sustained load

_ Qd2yLy
Odly g-

Short term deflection along x-x direction

Column strip

Dead load

Interior Panel

Short term deflection 8scidx due to sustained load for column strip

(LPFx8„.xIf\
"scidx -

' fdx "* fxs

Comer Panel

Short termdeflection 8sccdx due to sustained loadfor column strip

(LPFx8„„xIf\
sccdx ~

Xc " " fdx ~ * fxs
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(4.418)

(4.419)

(4.420)

(4.421)

(4.422)

(4.423)

(4.424)



Side Panel

Short term deflection 8scsdx due to sustained load for column strip

(LPFx8„xIf\
scsdx ~

Xc^Vfdx^'fxs

Total load

Interior Panel

Short term deflection 8scitx due to total load for column strip

(LPFcx8/uxIfxs)
/„.

c —
sciix ~

Comer Panel

Short term deflection 8scclx due to total load for column strip

(LPFrx8f,xI,\Si _
scclx ~

Xc^Vfu^'fu

Side Panel

Short term deflection 8scslx due to total load for column strip

'LPFx8ArxIt
scslx

Xc 2 "fix "'fits

Dead load

y-y axis

Interior Panel

Short term deflection 8scidy due to total load for column strip

'LPFcx8fdyxIfys
scidy

•cys

Comer Panel

Short term deflection 8sccdy due to total load for column strip

seedy

(LDFXex8mxlM\
•cys

103

(4.425)
•f"

(4.426)

(4.427)

A

(4.428)

(4.429)

(4.430)



X

Side Panel

Short term deflection 8scsdy due to total load for column strip

scsdy

(LPFXcx8JdyxIM\
cys

Total load

Interior Panel

Longer direction

Short term deflection 8sclly due to total load for column strip

"scily

(LPFcx8ftyxI^
cys

Comer Panel

Short term deflection 8sccly due to total load for column strip

(LPF x8n.,xl^
£ —

sccty ~
Xc^Vfty^'fys

cys

Side Panel

Short term deflection 8scslydue to total load for column strip

(LPFx8n.,xIA\
p —

^scsty ~
Xc~»fty~lfys

cys

Middle strip along x-x axis

Dead load

Interior Panel

Short term deflection 8smidx due to sustained load for middle strip

(LPFmx8fdxxIfxs
smidx

104

(4.431)

(4.432)

(4.433)

(4.434)

(4.435)



Comer Panel

Short term deflection 8smcdx due to sustained load for middle strip

smcdx

(LPFXmx8n xlt\m "fdx •* fxs

Side Panel

Short term deflection 8smsdx due to sustained load for middle strip
(LPFXcx8fdxxIf^

smsdx

Total load

Interior Panel

Short term deflection 8mitx due to total load for middle strip

fLDFrx8^xI,

v

£

smitx ~
•'fix *'fxs

Comer Panel

Short term deflection 8smctx due to total load for middle strip

'LPFXrx8flrxI,A

v

£ _

smclx ~
\c*Vf«*lfxs

Side Panel

Short term deflection 8smslx due to total load for middle strip

LPFcx8flrxL
smstx

y-y axis

Dead load

Interior Panel

Xc ""fix** fxs

Short term deflection 8smidy due to sustained load for middle strip

(LPFcxSfdyxIfys\
smidy

V 'my J
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(4.436) >

(4.437)

(4.438)

(4.439)

(4.440)

(4.441)



Comer Panel

Short term deflection 8smcdy due to sustained load for middle strip

(LPFXcx8fdyxI^
smcdy

my

Side Panel

Short term deflection 8smsdy due to sustained load for middle strip

(LPFXcx8fdyxI^
smsdy

my

Total load

Interior Panel

Short term deflection 8smit due to total load for middle strip

^smity ~
(LPFcx8ftyxI^

my

Comer Panel

Short term deflection 8smcl due to total load for middle strip

£

smcly ~

Side Panel

LPFXcx8flyxI^s

my

Short term deflection 8smst due to total load for middle strip

£

^smsly ~
(LPFx8„xIfi,Alc "fly * fys

my
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(4.442)

(4.443)

(4.444)

(4.445)

(4.446)



Elastic deflection due to varying part oflive load

Column strip

Interior Panel

Short term deflection of column strip <^due to varying part of load along shorter
direction

scix ~°scitx ~°scidx (4.447)

Short term deflection of column strip 8say due to varying part of load along longer
direction

£ X £sciy —°scity ~"scidy (4.448)

Comer Panel

Short term deflection of column strip 8SCCX due to varying part of load along shorter
direction

£ _ £ £
sccx —°scclx ~°sccdx (4.449)

Short term deflection of column strip 8sccy due to varying part of load along longer
direction

£ £ o

secy ~ °sccly ~°seedy (4 45Q)

Side Panel

Short term deflection of column strip 8SCCX due to varying part of load along shorter
direction

scsx ~^scsix ~Oscsdx (4 451)

Short term deflection of column strip8^due to varying part of load along longer
direction

£ _ £ £

scsy —°scsty ~^scsdy (4452)
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Middle strip

Interior Panel

Short term deflection of middle strip 8smix due to varying part of load along shorter

direction

8smix=Ssmi«-8smidx (4.453)

Short term deflection of middle strip 8mty due to varying part of load along longer

direction

y 8smiy=8smily-8smidy (4.454)

Comer Panel

Short term deflection of middle strip 8smcx due to varying part of load along shorter

direction

Ssmcx = 5smc« ~ 5smedx (4.455)

X Short term deflection of middle strip 8smcy due to varying part of load along longer

direction

5smcy = 5smcty ~ &'smcdy (4.456)

Side Panel

Short term deflection of middle strip 8smsx due to varying part of load along shorter

~i direction

ssmsx = 8mta - 8smsdx (4.45 7)

Short term deflection of middle strip 8smsy due to varying part of load along longer

direction

5smsy = #sms,y ~Ssmsdy (4.458)

108



Short term deflection

Interior Panel

Short term deflection 8IS of interior panel

8is -rfc»+o+fc»+j-»y|

Comer Panel

Short term deflection 8a ofcomer panel

Jkcx +8smcy)+(8sccv+8h |f(8IXx -8dXx)+(8lXv -8dJ

Side Panel

Short term deflection 8SS ofside panel

Sm J\S~ +S*J+kcsV+SsmJ') |rfeg^-jgj

Long term deflection due to creep

Crackingmoment

Column strip

Cracked moment ofcolumn strip Mcrcx along shorter direction
M _fe,mXbcxXP2

crcx ~

6

Cracked moment ofcolumn strip Mcrcy along longer direction
w _felmXbcyXP2

crcy ~ "1

Long term curvature ofcolumn strip y,Acxl along shorter direction
M„

¥4ex,=
operx

Ece Xlex,

Long-term curvature ofcolumn strip y,4cyl along longer direction
_ opery

¥4ey, =
Ece XIcy,
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(4.459)

(4.460) Y

(4.461)

A

(4.462)

(4.463)

(4.464)

(4.465)



i

Middle strip

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

M =fe,mXbmxXE>2

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

LxA xi)2
i / J elm my

crmy ~ /•

Long-term curvature of middle strip y/4mxl along shorter direction

AT
¥4mxl =

operx

EceXImx

Long-term curvature of middle strip y/4myl along longer direction

A/„
t 4myl ~

opery

ECeXImy

(4.466)

(4.467)

(4.468)

(4.469)

Steel stress

Column strip

The steel stress of the column strip along the shorter direction Slcx 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.

Sicx ~t~
U operx

AstXcx X
'd-{\.2xxJX\

(4.470)

The steel stress of the column strip along the longer direction Slcy is calculated in

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

AT

S,cy - 7
opery

AsHcy X
(d-(\.2xxcys)X) (4.471)
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Middlestrip

The steel stress ofmiddle strip Slmx along shorter direction

imx

M.
operx

Asl\mx X
(d-(\2xxmJ

The steel stress of middle strip Slmy along longer direction

M.
£„., =imy /

opery

"SIX my X
(d-(\2xxmys)\

For the cracked section

Column strip

Cracked moment of inertia for column strip IcXx along shorter direction

/ _ Vcxs + Icxl )
'clx

Cracked moment of inertia for column strip /„, along longer direction

/ _ Vcys +ICyl )
2

cXy

The curvature ofcolumn strip along y/4cx2 shorter direction

AT
¥4cxl =

operx

Ece XIc\x

The curvature ofcolumn strip along y/4cy2 longer direction

¥4cy2 =
M

opery

Ece XIc\y

Middle strip

The cracked moment of inertia ImXx along shorter direction

I^=Imx+bmxx(l.2xx3ax/3)+mxAslXmxx(d-(\.2xxJ)2/2
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(4.472)

(4.473)

Y

(4.474)

\

(4.475)

(4.476)

X

(4.477)

(4.478)



The crackedmoment of inertia ImX along longerdirection

ImXy=Imy+bmyx(\.2xx3my/3)+mxAslXmyx(d-(l.2xxmy))i/2 (4.479)

The curvature ofmiddle strip »/4mt2 along shorter direction

r«-^f- (4-480)
C'ceX1mlx

The curvature of middle strip ^4m>,2 along longer direction

^2= °7 (4.481)

Distribution factor

Steel stress at cracking moment

Column strip

If Mcrcx is less than the Moperx then the value of later isconsidered

^ The steelstress at cracking moment for column strip Sa along shorter direction

Scx =S'a*Krcx (4.482)
Moperx

If Mcrcy is less than the Mopery then the value of later isconsidered

The steelstress at cracking moment for column strip S along longer direction

s f^C, (4.4S3)

Middle strip

If ^cmx is less tnan the A/operr then the value of later isconsidered

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

O _ ^imx XMcrmx /AAQA\
-y ^mx ~ ~ (4.484)

Moperx

If Mcmy is less than the Mopery then the value of later isconsidered.
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The steel stress at cracking moment for middle strip Sm along longer direction

S _StmyXMcmy
my

M.
opery

For deformed bars and long term loads

Column strip

The factor for column strip along e shorter direction

ea =l-0.5x
<^lcx .

The factor for column strip ecy along longer direction

re \2
ec;,=l-0.5x ey

\SlcyJ

Middle strip

The factor for middle strip em along shorter direction

<?„=l-0.5x
rS ^2Z>mx

\Stmx J

The factor for middle strip emy along longer direction

rs -2
myemy=\-0.5x

V"»y.

Column strip

The curvature due to creep for column strip y,4cx along shorter direction

V4ex=eaxy,Acx2+(l-ea)xy,4cxi

The curvature due to creep for column strip y;4cy along longer direction

y/*cy=ecyxy,4cy2+(\-ecy)xy,4cyX
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(4.485)

(4.486)

(4.487)

(4.488)

(4.489)

(4.490)

(4.491)

y
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Middle strip

The curvature due to creep for middle strip y/4mx along shorter direction

¥4mx =^mxX ¥4mx2 +6" gmx )X V4mxl

The curvature due to creep for middle strip y/4my along longer direction

¥4my =Cmy X¥4my2 +G"«*, )X V4«,l

(4.492)

(4.493)

Long term deflection due to shrinkage

£„=9.181xl0-4

Column strip

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

shorter direction

(AslXcxx{Pl2-(cc +dia\l2)Y
SscxX ~ (4.494)

The curvature due to creep for column strip y/3cxX for uncracked section along shorter

direction

¥icxx=EcsxmcexSscxX (4.495)

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

longer direction

rAslXcyx(Pl2-(cc +dia\l2)f
"scyX ~ (4.496)

cys

The curvature due to shrinkage for column strip y/3cyXfox uncracked section along

longer direction

¥icyx=EcsxmcexSscyX (4.497)

Middle strip

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

shorter direction

UslXmxx(Pl2-(cc +dia\l2p
^smxX ~ (4.498)

J
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The curvature due to shrinkage for middle strip y,imxX for uncracked section along
shorter direction

¥imxx=EcsxmcexSsmxX (4499)

The steel stress of middle strip due to shrinkage Smyi for uncracked
longer direction

fAsixmyx(D/2- [cc +dia\/2)))
^smyX

mys J

The curvature due to shrinkage for middle strip y,3my] for uncracked
longer direction

¥imyx =EcsxmcexSsmyX

section along

(4.500)

section along

(4.501)

For the cracked section

Column strip

The steel stress ofcolumn strip Sscx2 for cracked condition along shorter direction

s^JA^x(d~x^y
scx2

ecx J

The curvature due to shrinkage ¥icx2 for column strip for cracked
shorter direction

¥icx2=EcsxmcexSscx2 (45Q3)

The steel stress of column strip Sscy2 for cracked condition along shorter direction

c JAsncyx(d-xcyxy
scy2 ~ ~

V ecy j

The curvature due to shrinkage y,,cy2 for column strip for cracked
longer direction

¥icy2=EcsxmcexSscy2 (45Q5)

The actual shrinkage curvature ¥icx for column strip along shorter direction

Vicx=ecxxy,3cxX+(l-ecx)xy,icx2 (4

(4.502)

section along

(4.504)

section along
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The actual shrinkage curvature y/3cy for column strip along longer direction

¥icy =<>cy X¥ieyX +6~«V )X ¥iey2 (4-507)

Middle strip

The steel stress of middle strip Ssmx2 due to shrinkage for cracked section along

shorter direction

AstXmx X\d —XmxX)
^smx2 ~ (4.508)

The steel stress of middle strip i/3mx2 due to shrinkage for cracked section along

shorter direction

¥imx2=EcsxmcexSsmx2 (4.509)

The steel stress of middle strip Ssmy2 due to shrinkage for cracked section along

longer direction

AslXmy X\d~Xmy2)
^smy2 ~ (4.60)

my

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

longer direction

¥imy2=EcsxmcexSsmy2 (4.61)

The actual shrinkage curvature y/3mx for middle strip along shorter direction

¥imx =Cmx X¥imxX +0" ««)X ¥imx2 (4-62)

The actual shrinkage curvature y/3my for middle strip along longer direction

•&-o¥imy=emyX¥imyX + •¥imy2 (4.63)

Shrinkage deflection

Along x-x axis

Interior Panel

Shrinkage deflection of column strip 8shcix for interior panel along shorter direction

<^=^x^x0.104x(l-(0.75/10))xZ, (4.64)
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Shrinkage deflection ofmiddle strip 8shmu for interior panel along shorter direction
8shmix =LPFm xy/3mxx0.\04x{l-(0J5/l0))xLx2 (4 65)

Comer Panel

Shrinkage deflection ofcolumn strip 8shccx for comer panel along shorter direction
8shccx =LPFlc x¥icx x0.\04x(\-(0J5/\0))xL2 (4 66)

Shrinkage deflection ofmiddle strip 8snmcx for comer panel along shorter direction
8shmcx =LPFXmxy/imxx0.\04x(\-(0.15/\0))xL2 (4 67)

A.

Side Panel

Shrinkage deflection of middle strip 8shcsx for side panel along shorter direction
8shcsx =LPFXcxy,icxx0.\04x{\-(0J5l\0))xL2 (4 68)

Shrinkage deflection ofmiddle strip 8shmsx for side panel along shorter direction
8snmsx=LDFXmxy,3mxx0A04x(l-(0J5/l0))xLx2 (469) ,

Alongy-y axis

Interior Panel

Shrinkage deflection ofcolumn strip 8shay for interior panel along longer direction
8shciy =LPFcx¥icyxOA04x{l-(o.75/lO))xLy2 (4520)

Shrinkage deflection of middle strip 8shmy for interior panel along longer direction
8shmiy =LPFmx y/3myx0.104 x(l- (0.75/10))x// (4521)

Comer Panel

Shrinkage deflection ofcolumn strip 8shccy for comer panel along longer direction
8shccy =LPFXc x¥icy x0.104x(l -(0.75/10))x L2 (4 522)

Shrinkage deflection ofmiddle strip 8snmcy for comer panel along longer direction
8snmcy =LPFXm x¥imy x0.104x(1 -(0.75/10))x L2 (4533)
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Side Panel

Shrinkage deflection of column strip 8shcsy for side panel along longer direction

«y^=IDFlex^x0.104x(l-(0.75/10))xIy2 (4.524)

Shrinkage deflection of middle strip 8shmy for side panel along longer direction

^,^=^^xr3m,x0.104x(l-(0.75/10))x// (4.525)

Shrinkage deflection

Interior Panel

Shrinkage deflection 8ish of interior panel

<-. f \°shcix +Vshmiy)+\°shciy +°shmix) | sac*£\
°ish = Z (4.526)

Comer Panel

Shrinkage deflection 8ah of comer panel

£ [ \°shccx + shmcy M«^shccy + <-> ishmcx )

°csh -
2 J

Side Panel

Shrinkage deflection 8ssh of side panel

s (($shcsx +^shmsy j\+(8sncsy+$shmsx ) 1
°ssh -

2 J

Creep deflection

x-x axis

Interior Panel

(4.527)

(4.528)

Creep deflection of column strip 8crcix for interior panel

8crctt=LPFcxy,4cxx0A04x{\-{0.75/l0))xLx2 (4.529)

Creep deflection ofmiddle strip 8crmix for interior panel

8cmix = LPFm x¥4mx x0.104 x(1 - (0.75/10))x L2 (4.530)
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Comer Panel

Creep deflection ofcolumn strip 8crccx for comer panel

^creex =EPF]cx¥4cxx0A04x(\-(0J5/l0))xLx2 (4.531)
Creep deflection ofmiddle strip 8cmcx for comer panel

8cmcx =LPFlm xy/4mx x0.104x(l - (0.75/10))x L2 (4.532)

Side Panel

Creep deflection ofcolumn strip ^for side panel

SCKSX =LPFXc xy/4cx x0.104x(l - (0.75/10))x L2 (4.533)
Creep deflection ofmiddle strip 8cmsx for side panel

8crmsx =LPFXmx¥4mx x0.104x(l-(0.75/10))x42 (4534)

y-y axis

Interior Panel

Creep deflection ofcolumn strip 8crciy for interior panel

8CKiy =LPFC xy/4cy x0.104x(l - (0.75/10))x

Creep deflection ofmiddle strip 8cmiy for interior panel

8cmiy =LPFm xy/4my x0.104x(l - (0.75/10))x L2 (4.535)

Comer Panel

Creep deflection ofcolumn strip 8crccy for comer panel

8crccy =LPFXc xy/4cy x0.104x(l - (0.75/10))x L}

Creep deflection ofmiddle strip 8cmcy for comer panel

8cmey =LPFXm xy/4my x0.104 x(l - (0.75/10))x L2

Side Panel

Creep deflection ofmiddle strip 8crcsy for side panel

8crcsy =LPFXcx¥4cyx0A04x(l-(0.75/\0))xLy2 (4.539)

•y (4.535)

2

(4.537)

(4.538)
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Creep deflection of middle strip Scrmsy for side panel

^^=IDFlmx^^x0.104x(l-(0.75/10))xV (4.540)

Creep deflection

Interior Panel

Creep deflection 8ic for interior panel

8 - {(ScrcU +5cm,y'+ ^cfc'> +Scrmix 11 (4 541)

Comer Panel

Creep deflection 8CC for corner panel

S _((Scrccx +5ermey )+ Vcrccy +̂crmex )+ (5d2x +8d2y )\ (4 542)

Side Panel

Creep deflection 8SC for side panel

8SC =
\dcrcsx+8Crmsy)+ heresy +<*«m« )+ Sid2y

2
(4.543)

Total Deflection

Interior Panel

Total deflection 8ia of interior panel

Sia=Sis+8lsh+8ic (4.544)

Comer Panel

Total deflection 8ca of comer panel

8a,=8c,+8ah+8cc (4.545)

Side Panel

Total deflection 8„ of side panel

8„=8a+8ah+8K (4.546)
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Percentage contribution

Interior Panel

The contribution ofshort term deflection of interior panel
f8\
-f- xlOO%5ishon =

The contribution ofshrinkage deflection of interior panel

% xlOO%4* =

The contribution ofcreep deflection of interior panel
(

% xlOO%8.„ =

The total contribution ofcreep and shrinkage effects
%Slt=%8lsnr+%8lcr

Comer Panel

The contribution ofshort term deflection ofcomer panel

%5cshon =
(8.

v'.y
xlOO

The contribution ofshrinkage deflection ofcomer panel

%^=f^]xl00
The contribution ofcreep deflection ofcomer panel

%^= ^ xlOO

The total contribution ofcreep and shrinkage effects
%8cl=%8cshr+%8ccr

Side Panel

The contribution ofshort term deflection of side panel

r8,^
%8,

sshorl

K^sj
xlOO
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(4.317)

(4.318)

(4.319)

(4.320)

(4.321)

(4.322)

X

(4.323)

(4.324)

(4.325)



The contributionof shrinkage deflectionof side panel

KSssnr =
ssh

xlOO

The contribution of creep deflection of side panel

( x \
%8„„ =

yS,j
xlOO

The total contribution of creep and shrinkage effects

%Ssl=%8sshr+%8scr

(4.326)

(4.327)

(4.328)

4.5 AS PER IS: 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

Wd = 25£> +FF+0.2507 (4.2)

The moment due to sustained load Moperx along shorter direction

Wdx0.5xLyxL2x
M

operx
8

The moment due to sustained load Mopery along longer direction

Wdx0.5xLxxL2v
opery

8

Modulus of rupture fcr of concrete

fcr= 0.7 >=VZT

The distance of extreme fibre

P

» = 2
The total load

TL = 25D + FF + WI
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(4.136)

(4.331)

(4.547)

(4.329)



The moment due to total load MlXx along shorter direction

u^h*"*s
8 (4.330)

The moment due to total load MlXy along longer direction

_LxxTLxL\
"y 8 (4.332)

LPFC=0.60

LPFm =0.40

Based on Murray et al. (2000), the edge column moment distribution is considered
as 55 :45.

LPFXc =0.75

LPFlm =0.25

Wt =Wd+Wl
(4.3)

Column Strip

The gross moment of inertia ofcolumn strip Igrcx along shorter direction

/ _°-5x4xZ)3
*"* 12 (4.548)

The gross moment of inertia ofcolumn strip Igrcy along longer direction
_0.5xLyxP3

srcy 12 (4.550)

Cracked moment ofcolumn strip Mcrcx along shorter direction

f xl\4 _Jcr Vex

crcx v, (4.551)

Cracked moment ofcolumn strip Mcrcy along longer direction

f xlxi _Jcr 'grey

- y, (4-552)
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Middle Strip

The gross moment ofinertia ofmiddle strip Igrmx along shorter direction

0.5xZ x£>3
Igrmx= ~ (4.553)

The gross moment of inertia of middle strip/ along longer direction
grmy

O.SxLxP3
/ = "" " ytrmy ^

The gross moment of inertia ofmiddle strip Mmx along shorter direction

Mrmx =
_ J cr * grmx

y,

The gross moment ofinertia ofmiddle strip M along longer direction

(4.554)

(4.555)

f xl\j J cr grmyMmy= —-^ (4.556)
y<

Short term deflection

Modulus of elasticity of concrete

Ec =5000x7^" (4557)

The modular ratio

m =

E.
c

The effective depth of tension reinforcement

d=P-cc-{dia/2) (4558)

Column strip

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

direction

0.5x0.5x4 xP
100
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The area of tension reinforcement provided in the column strip Astcy along longer

direction

0.5x0.5xZ xP

s,cy = ioo (4-56°)

0-5xbcxxxc\+(mxAslcx)=(mxAslcxxd) (4.561)

°-5xbcyxx2ey+(mxAslcy)=(mxAslcyxd) (4.562)
The lever arm ofcolumn strip Za along shorter direction

Zex=d-(xcx/3) (4563)

The lever arm ofcolumn strip Zcy along longer direction

Zcy=d~(xcy/3) (4564)

The area oftension reinforcement provided in the frame Ast2cx along shorter direction

. _ 0.5xLx x P
An* — (4.565)

0.5 xLx xx22cx +{mx Asl2cx )=(mx Ast2cx xd) (4.566)

The area of tension reinforcement provided in the frame Asl2cy along longer direction

_0.5x LyxP
s,2cy ioo— <4-567)

O.SxLyxx22cy +(mxAsl2cy)=(mxAsl2cy xd) (4.568)

The moment ofinertia ofcolumn strip IrXcx along shorter direction

_0.5xLxxXcxX
3

3

- +(m xAs,cx x(d~ x„x )2) (4.569)

The moment ofinertia offrame Ir2cx along shorter direction

0.5x4 xx„23 / . <2\Irlex = ^—*2- +V»xAs,cxX(d-Xcx2)2)

The moment ofinertia ofcolumn strip IrXcy along longer direction

(4.570)

0.5x1 xx x3 i , v,\
Irley = 1 +[mx AMy X[d-XcyX f ) (4.571)
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The moment ofinertia of frame /r2 along longer directionr2cy'

0.5x1 xi ,3 / / x.\
Ir2cy = "r-^-+(m xAslcy x(d- xcy2 f J (4.572)

Middle strip

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

direction

0.5x0.5x4 xPAs,mx= jjg-* (4.573)

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

direction

0.5x0.5x7 x£>

Amm ^q-2 (4-574)

0-5 xbmx xx2m+(mx Aslmx )=(mx Aslmx xd) (4.575)

0-5XbmyXx2my+(mxAs,my)=(mxAs,myXd) (4.576)

The lever armof middle strip Z^ along shorter direction

Zmx=d-(Xmx/3) (4.577)

The lever arm ofmiddle strip Zmy along longer direction

Zmy=d-(xmy/3) (4.578)

The moment ofinertia ofmiddle strip IrXmx along shorter direction

0.5x7, xx
3

IrXmx-
'x n AmxX +{mxAs,mxx(d-xmxl)2) (4.579)

The moment ofinertia of frame Ir2mx along shorter direction

r2mx -

0.5x7, xx
3

•x n Amx2 +(mxAsimxx(d-xmx2)2) (4.580)

The moment ofinertia of middle strip /,, along longer direction

0.5x7 xx^,3 ( . ^n
Kxmy = T +[m xAstmy x[d - x„yX J) (4.581)
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The moment ofinertia offrame Ir2 along longer direction

0.5x7 xxmy23 j , ^
Ir2my T +(/WX A$tmy X(d - Xmy2 f J

Flexural stiffness of equivalent column

Lc = the storeyheightof the frame.

Factored dead load WD

WD=\.5x(Px25 +FF)

Factored live load WL

WL=\.5xWl

Total load Wr

WT =:WD+WL

Uniformly distributed load w

w=WTxLy

Area ofcolumn required Ac

A -
2x3xWTxLxxLy/2

"e 0.85x^

d = L)-cc..dia/

Edge column size (CuxC, )

c _{{Ajd)-2d)
3

-lx

c _((Ajd)-2d)
* 3

Short term deflection along x-x axis

C C3

cU~~vT
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(4.582)

(4.583)

(4.584)

(4.23)

(4.24)

(4.25)

(4.26)

(4.27)

(4.28)
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v- _ ^EcIcXx
Acx '

7,

_(1-(0.63D/C,J)(d3cJ
3

Enx - Ex CXx

2x4.5x EcxCx

( (r V^
<~i>.

1-

\Ly J

The moment ofinertia of frame along shorter direction for short term loads

bfxD3 (pIfxs=J\r+bfxxDx\±

K *EcIfxs
Ks\x -j

Kecx = K2xKa+Kuy

27:
cc, =lx

s\x

The moment due to total load

TLxLxL2
Moperx ='

y nx

8

Moment due to total load Af
nlXx

A*n,lx ~~
0.65 xA/„

1+ 1/
a lx

v2cm +(m-\)xAsl2cxx{d-x2cJ

Moment due to sustained load M

_WdxMmXx

ndXx

lndXx
TL

The rotation due to total load 0,
iXx

a _ *™nlXx
°lXx ~ —

Kecx

128

(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 0,
d\x

M„
dxx=-£r^- (4.380)

a _ 1 * ndXx
&,l\r —

The deflection due to total load 8,

5 J0n*xL*/)

l\x

The deflection due tosustained load 8dXx

(4.592)

£ _ "dXx^x
°dxx — (4.593)

Long term

The moment ofinertia offrame Ifxl along shorter direction for long term loads

hi =-\-+mx A„2a x(d-x2a)2 (4.594)

K -4EJ*<Ks2x

/C

(4.595)

«2x =
ecx

W7 (4-596)
Li2x

The moment due to total load Mnl2x

x. 0.65 xA/„,
Mn,2x =

1+1/
»2x

(4.597)

The moment due to sustained load Mnd2x "f

M _WdxMM2x
Mnd2x — (4.598)

The rotation 0d2x due to sustained load

a _ M„d2x
ad2x ~ —

Keex

The deflection 8d2x due to sustained load

X _ "d2x^x
*d2x ~
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Short term deflection along y-y-axis

C C3j _ ^Xy^Xx
•«^i„ ————'—~cXy

12

The relative stiffness Kr„ of column
cy

„ 4EcIciy

Kcy~-~Lc~
J-(o.63D/cJ)(/)3cJ

C =

Clear span L„y along longer direction

Eny ~Ly -CXy

2x4.5x4 xCy
> / f i\

\Lx J)
1-

(4.601)

(4.602)

(4.603)

(4.604)

The moment ofinertia offrame Ifys along shorter direction for short term loads

bA,P3 '- ^2
^' = 12_+̂XDX[T"X^J +(m-l)XAs>2cyX(d-X2cysf

K - AEJ*°^sXy

' X_>
K2xKcy+KlyJKecy =

<*Xy=-^,y 2K,sly

The moment due to total load

.71x4x4
opery

Mnl\y =

8

0.65 x M
oy

1+ 1/
a

*y.

M _WdxMMXy
TL
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(4.605)

(4.606)

(4.607)

(4.608)

(4.609)

(4.610)

(4.611)



The rotation 0„ due to total load

M.n nlXy

eny=~T~ (4-612)Kecy

The rotation 0dXy due to sustained load

Mn mndXy
e<*y=-£— (4.613)

ecy

The deflection 8lXy due to total load

(0lXyxLyA
°n,m\ ' y%\ (4.614)

The deflection 8dXy due to sustained load

£ "dXyLyddxy=—^— (4.615)

Long term

The moment ofinertia offrame Ifyl along longer direction for long term loads

6 D3
Ijyi=-JT- +mxAs,2cyx(d-x2cy} (4.616)

3

4EeL

-y

K.

Ks2y-~ (4.617)

°C2y =2KL~ (4-618)ZrLs2y

0.65 xMoy
Mn,2y=7 V (4.619)

u WdxMnl2y
Mnd2y = — (4.620)

The rotation 0d2y due tosustained load

n _ M„d2y
°d2y-—— (4.621)

ecy
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The deflection 8d2y due to sustained load

£ _ &dlyEy
dd2y-~8~

For total load

Column Strip

C =1.2-

( M.

Ccy=\2-

J = r*cx
ex f.

— X —~— X

yKxx) [d J
(M\ (Z\ (rcy cy

KM«yJ

1 Xcx

d t

1—-21
d

If Ia is less than the Lrcxthen the value of later is consideredgrcx

T _ r2cy

If 7g, is less than the /then the value of later is considered

(4.622)

(4.623)

(4.624)

(4.625)

(4.626)

x-x axis

Interior Panel

Deflection ofcolumn strip for total load 8lXcix for interior panel along shorter direction

(LPFxTLxLxL\\
8,Xclx

y x

384x4 x/„ (4.627)

Comer Panel

Deflection ofcolumn strip for total load 8lXcot for comer panel along shorter direction

(LPFXcxTLxL„xL4A
"iXccx ~

384x4x4 (4.628)

Side Panel

Deflection ofcolumn strip for total load 8lXcsx for side panel along shorter direction

rLPF xTLxLxL4^
"tXcsx -

-y —x

384x4 xlcx (4.629)
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y-y axis

Interior Panel

Deflection ofcolumn strip for total load 8tXay for interior panel along longer direction

(LPF^xTLxL xL\\
"iXciy ~

x —y

384x4x4 (4.630)

Comer Panel

Deflection ofcolumn strip for total load 8lXccy for comer panel along longer direction

(4.631)"iXccy ~
{LPFuxTLxLxxL\Xc

384x4x4

Side Panel

Deflection ofcolumn strip for total load 8lXcsy for side panel along longer direction

(4.632)"iXcsy ~
(LPFXcxTLxLxxL4^

384x4x/cy

Middle Strip

(

C =1.2- *-U^
KMnx

rM_ ^
C =1.2-my ""

1 — r2mx
mx p

KM«yJ

(Z\my

yd j

xll-isSL

J Xmy
d

If Im is less than the 4rflttthen the value of later isconsidered

J _ r2my
my c

my

If Imy is less than the /„m„then the value of later is considered
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(4.633)

(4.634)

(4.635)

(4.636)

*



x-x axis

Interior Panel

Deflection ofmiddle strip for total load 8lXmix for interior panel along shorter direction

"iXmix ~
(LDFexTLxLyxL\\

384x4x7^ (4.637)

Comer Panel

Deflection ofmiddle strip for total load 8lXmcx for comer panel along shorter direction

iXmcx

(LPFXcxTLxLyxL4^
384x4x4, J (4.638)

Side Panel

Deflection ofmiddle strip for total load 8,Xmx for side panel along shorter direction

"tXmsx -

LPFXcxTLxLyxLy "x

384x4x4, (4.639)

y-y axis

Interior Panel

Deflection ofmiddle strip for total load 8lXmiy for interior panel along longer direction

(LPFcxTLxLyxL\\
"iXmiy —

J_ x

3S4xEcxImy (4.640)

Comer Panel

Deflection ofmiddle strip for total load 8IXmcyfor comer panel along longer direction

iXmcy

4 ALPFXcxTLxLyxL\
384x4 x/^ (4.641)

Side Panel

Deflection of middle strip for total load 8lXmsy for side panel along longer direction

(lpfXcxtlxl„xl\\
°tlmsy ~

'y "x

384x4x/m, (4.642)
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For permanent load

Column Strip

\ opery J

J _ l r2cx
'lex

c,
lex

If IXcx\s less than the /„rctthen the value of later is considered

I — r2cy
Xcy

c Xcy

If /,^is less than the /then the value of later is considered

(4.643)

(4.644)

(4.645)

(4.646)

x-x axis

Interior Panel

Deflection of column strip for sustained load ^^for interior panel along shorter

direction

permcix

(LPFcxWdxLyxL4x\
384x4x/lct J (4.647)

Comer Panel

Deflection of column strip for sustained load 8pmeecfoT comer panel along shorter
direction

permccx

{LPFXcxWdxLyxL4x\
384x4x/lci J (4.648)

Side Panel

Deflection of column strip for sustained load 8ptmax for side panel along shorter
direction

{LPFXcxWdxL„xL\\
permesx

-y —x

384x4 x/to j (4.649)
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y-y axis

Interior Panel

Deflection of column strip for sustained load 8ptmcty for interior panel along longer

direction

permciy

[LPFcxWdxLxxL4y]
384x4x4, j (4.650)

Comer Panel

Deflection of column strip for sustained load^^^ for comer panel along longer

direction

permccy

(LPFXcxWdxLxxL4;
384x4x/lc, ; (4.651)

Side Panel

Deflection of column strip for sustained load 8^,^ for side panel along longer

direction

permcsy

Middle Strip

rLPFXcxWdxLxxL^
384x4x/IC, ,

Cu.-1.2- Mrmx

Mooerx 1\^ operx J

(M 1
rmy

popery j

X

X

(Zmx)
[d )

(Z }my

<d )

X 1 22-

C,„,=1.2-

J _ r2mx
1Xmx ~

^Xmx

i wy

d ,

If /lmxis less than the /„rmjtthen the value of lateris considered

r _ r2my
Xmy

'Xmy

If IXmy is less than the 7grmythen the value oflater isconsidered
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(4.652)

(4.653)

(4.654)

(4.655)

(4.656)



x-x axis

Interior Panel

Deflection of middle strip for sustained load 8ptrmmlx for interior panel along shorter
direction

permmix

'' LPFcxWdxLyxL4;
384x4x/lffl, (4.657)

Comer Panel

Deflection of middle strip for sustained load 8ptmma for comer panel along shorter
direction

permmcx

(LPFXcxWdxLyxL4;-y —x

384x4x7c *lmx J
(4.658)

Side Panel

Deflection of middle strip for sustained load 8ptmmx for side panel along shorter
direction

(LPFXcxWdxLuxLi)
permmsx

y-y axis

Interior Panel

~y "x

384x4x/.c Xmx J
(4.659)

Deflection of middle strip for sustained load 8^ for interior panel along longer
direction

permmiy

LPFcxWdxLxxL\
384x4x/lm, , (4.660)

Comer Panel

Deflection of middle strip for sustained load Sptmmey for comer panel along longer
direction

permmcy

(LPFXcxWdxLxxL\
384x4 xlxmy (4.661)
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t

Side Panel

Deflection of middle strip for sustained load 8pemmsy for side panel along longer

direction

£

vpermmsy
(LPFXcxWdxLxxL4;

384x4 x/Im, y (4.662)

x-x axis

Deflection of Interior Panel 8^ alongshorterdirection

Six=8tXcix+8tXmiy (4.663)

Comer Panel

Deflection of Comer Panel8CX alongshorter direction

8a=8IXecx+8,Xmcy (4.664)

Side Panel

Deflection of Side Panel 8„ alongshorterdirection

8sx=8,Xcsx+8,Xmsy (4.665)

y-y axis

Interior Panel

Deflection ofInterior Panel 8iy along longer direction

Siy=8,Xciy+8IXmix (4.666)

Comer Panel

Deflection ofComer Panel 8cy along longer direction

5ey =8llccy +8lXma (4.667)

Side Panel

Deflection ofSide Panel 8sy along longer direction

Ssy=8lXcsy+8lXmsx (4.668)
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Long term deflection due to shrinkage

Column Strip

The percentage of tension reinforcement Plcx for column strip along shorter direction =*

^=5^*,0° (4-669)
'.-0

^4cx =0.72 xvPtcx (4.670)

The percentage of tension reinforcement 4, for column strip along longer direction
A

^"0.5xZ,x</Xl0° (4-671)
4=0

I^4cy =0.72xy/Plcy (4.672)

Shrinkage strain

Ea =0.0003 *

Shrinkage curvature ofcolumn strip SICKX along shorter direction

cy _ K-4cx x Ecs
**mx D (4.673)

Shrinkage curvature ofcolumn strip SIm, along longer direction

SI -K*»xE° ^c*y D (4.674) ^

Middle Strip

The percentage of tension reinforcement/^ for middle strip along shorter direction

A

=0.5x7xdXl°° (4-675)

4=0 X

I^4mx =0.72X VP(mx (4 676)
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The percentage oftension reinforcement Pmy for middle strip along longer direction

A.
P; =—1*2:—xioo

my 0.5x Lxd (4.677)

K4my =0.72XV? ,my (4.678)

As per IS: 456 - 2000, the shrinkage strain is assumed as 0.0003.

4, =0.0003

Shrinkage curvature ofmiddle strip SIcsmx along shorter direction

Of _ ^4mx XE
Mcsmx ~ (4.679)

Shrinkage curvature of middle strip SI along longer direction

nj _^4my XEcs
esmy ^ (4.680)

x-x axis

Interior Panel

Deflection due to shrinkage <5cscit for column strip is given by

8cscix=LPFcxK3xSIcscxxL2x (4.681)

Deflection due to shrinkage 8csmix for middle strip is given by

•i 8csmix =LPFm xK3x SIcsmx xL2X (4.682)

Comer panel

Deflection due to shrinkage 8CSCCX for column strip is given by

^esccx =LPFXc xK3x 5/cs„ xL\ (4.683)

Deflection due to shrinkage 8csmcx for middle strip is given by

8csmcx =LPFXm xK3x SIcsmx xL\ (4.684)
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Side panel

Deflection due to shrinkage 8CSCSX for column strip is given by

8cscsx=LPFXcxK3xSIcscxxL2x

Deflection due to shrinkage 8csmsx for column strip is given by

8csmsx=LPFXmxK3xSIxL2
csmx "x

(4.685)

(4.686)

y-y axis

Interior panel
A

Deflection due to shrinkage 8csciy for column strip is given by

Sm* =LDFC xK3xSIcscy xL\ (4 687)

Deflection due to shrinkage 8csmiy for middle strip is given by

8csmiy =LPFm xK3xSIcsmy xL2y (4 688)

>
Comer panel

Deflection due to shrinkage 8csccy for column strip is given by

8csccy =LPFXc xK3x SIcscy xL\ (4 689)

Deflection due to shrinkage 8csmcy for middle strip is given by

Scsmcy=LPFXmxK3xSIcsmyxL2y (4690) >

Side panel

Deflection due to shrinkage 8cscsy for column strip is given by

8exsy =LPFXc xK3x SIcxy xL\ (4 691)

Deflection due to shrinkage 8csmsy for column strip is given by ^

8csmsy =LPFXm xK3xSIcsmy xL\ (4 692)
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■♦

x-x axis

Interior panel

Deflection due to shrinkage 8csix along shorter direction is given by

Scsix =<?csc« +5csmiy (4.693)

Comer panel

Deflection due to shrinkage 8CSCX along shorter direction is given by

^escx =^csccx +8cmcy (4.694)

Side panel

Deflection due to shrinkage 8CSSX along shorter direction is given by

8CSsx =<5*csc« +8amty (4.695)

y-y axis

Interior panel

Deflection due to shrinkage 8csiy along longer direction is given by

Sesiy =$cseiy +Scsmix (4.696)

Comer panel

Deflection due to shrinkage 8CKy along longer direction is given by

^csc, =^cscc, +5csmcx (4.697)

Side panel

Deflection due to shrinkage 8cssy along longer direction is given by

Sessy =8cxsy +8caax (4.698)
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Long term deflection due to creep

Column strip

The modified young'smodulus of concrete

E —£-

The modified modular ratio

4
mce =—~

E
ce

The neutral axis depth for cracked stage x]cx along shorter direction is computed

0.5 x0.5 x4 xxl +(mce xAslcx) ={mce xAslcx xd) (4.700)

The neutral axis depth for cracked stage xlf, along longer direction is computed as

0.5x0.5xLyxxly+(mcexAslcy)=(mcexAslcyxd) (4.701)
The lever arm for column strip ZXcx along shorter direction

Z>cx=d-(xxj3)

The lever arm for column strip Zlc, along longer direction

zxcy=d-(xXcy/3)

The cracked moment ofinertia

j _0-5xLxxxxJ
1ricx ~

/ _Q-5xLxxxxcx2
r4cx ~ Z

+{mceXAslcxx(d-XXcxX)2)

+lmceXAslcxx{d-X]cx2)2)

0.5xLxx3 i ( . x
Iriey = " +[m„ XAstcy X(d - X|f„ f )

I _0-5x7,xx,c,23
r4cy ~ _ +kex^/c,x(^-xlc,2)2)

A/„ ^ 'ZCto=1.2-
V o/wnr/ I f M'~f.
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(4.699)

as

(4.702)

(4.703)

(4.704)

(4.705)

(4.706)

(4.707)

(4.708)

*



^=1-2-

/ — Mac
22cx ~~

U2cx

Mm \ fZ,\rcy 'Xcy

~d JK opery J

( v N
x

i "'icy

' d

If I2cx is less than the /„rcxthen the value of later is considered

J _ f4cy
J2cy ~-pZ.

L-2cv

If I2cy is less than the 4™ then the value oflater is considered

x-x axis

Interior panel

The creep deflection ofcolumn strip 8k

8^. =
(LPFxW,xLxL\\c~"d y —x

384x4,x/2cr ,

Uccpermcix "icccix **permcix

Comer panel

iccccx

4 \LPFXcxWdxLyxL4x
384x4ex/2cr

°ccpermccx "iccccx *'permccx

Side panel

(LPFXcxWdxLyxL4A
384x4ex/2„

°ccpermcsx "icccsx "permcsx
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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

£ _

iccciy ~

{LPFcxWdxLxxL4y\
384x4ex/2e, j

£ £ o

ccpermciy ~ °iccciy ~ "permciy

Comer panel

£ _

iccccy

(LPFXcxWdxLxxL4)X "y

384x4 x/,ce ' 2cy J

ccpermccy °iccccy °'permccy

Side panel

icccsy

LPFXcxWdxLxxL4^
384x4ex/2c,

ccpermcsy ^icccsy *'permcsy

Middle strip

0.5 x0.5 x4 xx2Xmx +(mce xAslmx) =(mce xAstnx xd)

0.5x0.5xZ, xx2Xmy +(mce xAslmy)= (mce xAslmy xd)
ZXmx=d-(xXmx/3)

ZXmy=d-(xXmy/3)

j 0.5xLxxx,,„J t , X1\Inmx= ~-+KxA,lmxx(d-xlmxX)2)

j 0.5xLxxx,mJ t , ,,\Ir4mx = X-Z-^~ +K XAM X(d - Xlnx2 f )

r _0.5xZ,x^,m„
rimy . +(mcexAs,myx(d-xXmJ)

0.5xZ„xxj _^x^,xx,m,2 / , ,
44^ " +\mceXAslmyx{d-XXmy2f)
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(4.718)

(4.719)

(4.720)

(4.721)

(4.722)

(4.723)

(4.724)

(4.725)

(4.726)

(4.727)

(4.728)

(4.729)

(4.730)

(4.731)

V



C2„«1.2-
A/.,

\ operx J

^\mx 1xI1_ *lm*

'AL..,^ (z,\ ( j xlixyC2my=l-2-

J -- M/nr
2mx ^,

rmy

\M opery J

'Xmy

~d J

If hmx is less than the /^then the value of later isconsidered

/_ r4my
2my

'2my

If /2m;, is less than the /„,„thenthe value of later isconsidered

Interior panel

iccmiy

Comer panel

iccmcy

Side panel

iccmsx

iccmsy

{LPFmxWdxLyxL\\
384x4ex/2mr

{LPFmxWdxLxxL4y^
384x4ex/2ffl,

(LPFXmxWdxLyxL4;
384x4ex/2m ;

LPFXmxWdxLxxL\
384x4, x/2m,

{LPFXmxW,xLxL\\
384x4ex/2mx ,

fZZ>4mx0>4xZ4/
384x4ex/2m, ^
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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

ccpermmix °iccmix "permmix

£ £ o

ccpermmiy ~ °iccmiy ~ &permmiy

Comer panel

uccpermmcx °iccmcx "permmcx

ccpermmcy ~ °iccmcy ~ &permmcy

Side panel

°ccpermmsx "iccmsx ° permmsx

ccpermmsy ~ °iccmsy ~ ° permmsy

Interior panel

ccpermix °ccpermcix + ° ccpermmiy

ccpermiy ~ °ccpermciy + ° ccpermmix

Comer panel

ccpermcx °ccpermccx "*" °ccpermmcy

ccpermcy ~ "ccpermccy + °ccpermmcx

Side panel

ccpermsx °ccpermcsx "•" ° ccpermmsy

ccpermsy ~ °ccpermcsy + "ccpermmsx

Interior panel

5TLix ~5* +^cc/*™* +<Lx

^71iy =$iy +^cc/*™,), +<?„;>
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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)



Comer panel

°TLcx ~°cx+ ^ccpermcx +^escx

8-r, =8+8 +8"TLcy "cy "ccpermcy ' "cscy

Side panel

°tlsx - 8„ + Sccpermsx + 8CSSX

8t, =8+8 +8"TLsy "sy "ccpermsy T "cssy

Deflection

Interior panel

8TLix+8TLi
s,——

o ^m£x + %
'-—2~

<? + £jy _ ccpermix "ccpermiy

Comer panel

8,
. _^jux +8^) ((8lXx -8dXx)+(8lXy -8dXy)) (8d2x+8l
C~ 2 { 2 }+{—T
_for +*J (f(8tXx -J-J+fa, -8^)]

_Vc**+8aCy)
Scsh =

_ \ ccpermcx + "ccpermcy ) I "d2x + *d2y8„ =

Side panel

8,
ASrux+STJf(8lXy-8dXyhf8d2v
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(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)



J*sx+Ssy)((8lXy-8dXyy
2 I 2 j

8,.k =ssh

_(Scssx+$cssy)

_ \ ccpermsx + "ccpermsy) I *d2y

2 ~+~2~
*sc =

Percentage contribution

Interior Panel

The contribution ofshort term deflection of interior panel

%8.
(8.,

ishorl

<*U
xlOO

The contribution ofshrinkage deflection ofinterior panel

% xlOO%4* =

The contribution ofcreep deflection of interior panel

xlOO*Mf]
The total contribution ofcreep and shrinkage effects

%8gm%gur +**,,

Comer Panel

The contribution ofshort term deflection ofcomer panel

(x \

°/o5cshor, =
^y

xlOO

The contribution ofshrinkage deflection ofcomer panel

%Scsnr =
(8 \

csh

UJ
xlOO
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(4.769)

(4.770)

(4.771)

(4.317)

(4.318)

(4.319)

(4.320)

(4.321)

(4.322)



The contribution ofcreep deflection ofcomer panel

(x \
%8„ =

k^cj
xlOO

The total contribution ofcreep and shrinkage effects

%Scl=%8cshr+%8ccr

Side Panel

The contribution ofshort term deflection ofside panel

0/°Ssshon =
(8 \
-=- xlOO

The contribution ofshrinkage deflection ofside panel

°/o8sshr= M^-1x100

The contribution ofcreep deflection ofside panel

f x \
%8 =

K**J
xlOO

The total contribution ofcreep and shrinkage effects

%Ssl=%8sshr+%8scr

(4.323)

(4.324)

(4.325)

(4.326)

(4.327)

(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: 8110,
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 acomputer 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 ofthis 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 ofeach 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 ofthe program were the span (m), live load (kN/m2) and grade

of concrete (N/mm2). 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, comer 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 adetailed 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/mm2), modulus of elasticity of
concrete (N/mm2), grade of steel (N/mm2), clear cover to reinforcement (mm) and
depth (125 mm to 300 mm with an increment of 5mm). The program will give the
total mid panel deflection of the interior panel, comer 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.

5.2.3 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. Afactor is
introduced to consider the effect of cracked stage of concrete. Also the tension
stiffening effect of concrete is taken into account. Aprogram 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/mm2), modulus of elasticity of concrete (N/mm2)
grade of steel (N/mm2), clear cover to reinforcement (mm) and depth (125 mm to
300 mm with an increment of 5mm). This program will give the total mid panel
deflection of interior panel, comer 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

deflectionare 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/mm2), grade of steel (N/mm2), 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, comer 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.

D- D— —0 n

D-

D-

Comer

Panel

Lx-

-D

•a

-»k-

Interior

Panel

Side

Panel

W

-O

-d

->k-

Fig. 5.1 Typical RC Floor plan

153

-a

-D

t

I
t

I
t

I



The following parameters were considered.

Span

Materials

Area of steel

Clear cover

Superimposed load

Panels

Codes

6mto 12 m(Medium floor plans -mainly for

apartments and short span office buildings)

Concrete M 20,M 25 & M 30

Steel Fe 415 (normally used in India)
0.5% &1%

20 mm, 25 mm & 30 mm.

(Based on durability and fire resistance as per
IS: 456-2000)

3kN/m2,4 kN/m2 &5kN/m2

(The maximum gravity loading ofwhich

is used in passages as per IS: 875).

Interior panel, comer panel &side panel.

ACI: 318-2002, BS: 8110-1997,
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, comer 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.

5.4 ACI: 318-2002

In this code method the multiplier approach is used in which the parameters
considered are only the span, load and grade ofconcrete. The gross moment ofinertia
is taken into account for flexural rigidity. Tables 5.1 to 5.3 give the deflection of flat
Plate for the span of 6mx7m. 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 meterincreases 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.

.a
c
o
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160
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80

1 60
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130 160

—♦—6)6

-•—6x8

—i—
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•7X7

6x9

—i—

220 250 280 310

Depth in mm

^•^8x8

7x8

-*—9x9 —x—6x7

7x9 —•— 8x9

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 ^ =20 N/mm2, fck =25 N/mm2 and fck =30 N/mm2 by keeping the other
parameters constant.

The deflection of flat plate (Fig. 5.3) for fck =20 N/mm2 is 19.42 mm and for
fck =25 N/mm2 is 17.37 mm which is 10.56% less than that for fek =20 N/mm2. If the
concrete grade of fck = 30 N/mm2 is used the deflection is reduced by 8.69%
compared to the deflection for fck =25 N/mm2. The grade of concrete has much
influence inreducing the deflection.

B 20 q 25 m 30

Gradeof concrete in N/mm2

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/m2 to 4 kN/m2. And if the load is increased from

4 kN/m2 to 5 kN/m2, the increase indeflection is 6.65%.

Live Load in kN/m2

Fig. 5.4 Effect of live load on total deflection (ACI: 318-2002)
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Table 5.1 Deflection of plate (Interior panel)
(6 m x 7 m- as per ACI: 318-2002)

Structural Details
Floor Plan Size
Column Size
Storey Height

Materials Used

Load

(m)
(mm)
(m)

(kN/m2):

Permissible deflection

6x7

300x300
3.5

M 20 concrete
Fe415 steel

1] -a n n

'Jirfenor /
•^aiiely/

11 » •• n n

Corner Side
Panel Panel

a A A fl

(i) Live Load : 3
(ii) Floor Finish: 1.5

Span/240 or 20 mmwhichever is less
(ACI: 318-2002)

Total

thickness
in mm

Total

deflection

in mm

Deflection

due to

dead load

in mm

Deflection

due to live

load in

mm

Percentage
contribution

of dead load
in Total

Deflection

Percentage
contribution

of live load
in Total

Deflection

Percentage
of

balanced

capacity

195 18.11 15.88 2.23 87.69 12.31 90.55
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 11.43 1.45 88.73 11.27 64.40
230 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 9.41 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
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 9.41 34.20
300 6.58

_

5.97 0.61 90.70 9.30 32.90
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Table 5.2 Deflection of plate (Corner panel)
(6 m x 7 m - as per ACI: 318-2002)

Structural Details

Floor Plan Size (m) : 6x7

Column Size (mm) : 300 x 300

Storey Height (m) : 3.5

Materials Used •
• M 20 concrete

Fe415 steel

r 'r '? 9

Interior

Panel

/\pomer/ Side
./Panel/ Panel

1 * 'a 0 O

Load (kN/m2): (i) Live Load: 3
(ii) Floor Finish: 1.5

Permissible deflection Span/240 or 20 mm whichever is less
(ACI: 318-2002)

7

7

±_

7

Total

thickness

in mm

Total

deflection

in mm

Deflection

due to

dead load

in mm

Deflection

due to live

load in

mm

Percentage
contribution

of dead load

in Total

Deflection

Percentage
contribution

of live load

in Total

Deflection

Percentage
of

balanced

capacity

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 ofplate (Side panel)
(6 mx7m- as per ACI: 318-2002)

Structural Details
Floor Plan Size
Column Size
StoreyHeight

Materials Used

Load

(m)
(mm)
(m)

(kN/m2):

6x7

300 x 300

3.5

M 20 concrete
Fe415 steel

11 1

11 (

? '? V

0 (

Interior

Panel

?• 0

Comer /Side y
Panel •/ Pan*/y

i 6

1 CI

(i) Live Load : 3
(ii) Floor Finish: 1.5

7

7

±_

7

Permissible deflection: Span/240 or20mm whichever is less
(ACI: 318-2002)

Total

thickness
in mm

195

200

205

210

215

220

225

230

235

240

245

250

255

260

265

270

275

280

285

290

295

300

Total

deflection
in mm

19.32

18.17

17.12

16.15

15.27

14.45

13.69

13.00

12.35

11.75

11.19

10.66

10.18

9.72

9.30

8.90

8.52

8.17

7.84

7.53

7.24

6.96

Deflection

due to

dead load
in mm

17.11

16.13

15.22

14.39

13.63

12.92

12.26

11.65

11.09

10.56

10.08

9.62

9.19

8.79

8.42

8.07

7.74

7.43

7.14

6.86

6.60

6.35

Deflection
due to live

load in

mm

2.20

2.04

1.89

1.76

1.64

1.53

1.43

1.34

1.26

1.18

1.11

1.04

0.98

0.93

0.88

0.83

0.78

0.74

0.71

0.67

0.64

0.60

160

Percentage
contribution
of dead load

in total

deflection

88.60

88.77

88.93

89.09

89.24

89.39

89.54

89.68

89.82

89.95

90.08

90.21

90.33

90.45

90.57

90.68

90.79

90.90

91.01

91.11

91.21

91.31

Percentage
contribution
of live load

in total

deflection

11.40

11.23

11.07

10.91

10.76

10.61

10.46

10.32

10.18

10.05

9.92

9.79

9.67

9.55

9.43

9.32

9.21

9.10

8.99

8.89

8.79

8.69

Percentage
of

balanced

capacity

96.60

90.85

85.60

80.75

76.35

72.25

68.45

65.00

61.75

58.75

55.95

53.30

50.90

48.60

46.50

44.50

42.60

40.85

39.20

37.65

36.20

34.80



5.5 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 of6 mx 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.

16.5

20 25 30

Grade of Concrete in N/mm2

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/mm2
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Clear cover to reinforcement

Increase in clear cover by 5mm 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.

20mm 25mm

Clear Cover

30mm

Fig. 5.6 Effect of clear cover on total deflection (BS: 8110-1997)

Live load

The increase in live load by 1kN/m2 increases the deflection by approximately
7to 8.2% (Figure 5.7). This has significant influence in total deflection. But the code
does not give limitation based on live load.

Live Load in kN/m2

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 increasingthe 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 theatmosphere. Hence theearly drying shrinkage will

be more.
i

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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0.5% 1.0% *
% Of Ast

Fig. 5.8 Effect of percentage of reinforcement on total deflection (BS: 8110-1997)

>

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)
(6 m x 7 m - as per BS: 8110-1997)

Structural Details

Floor Plan Size (m) : 6x7

Column Size (mm) : 300 x 300

Storey Height (m) : 3.5

Materials Used •

• M 20 concrete

Fe415 steel

n n n n

/Panel yT

Corner Side

Panel Panel

lb A D D

Load (kN/m2): (i) Live Load : 3
(ii) Floor Finish: 1.5

Permissible deflection Span/250 or 20 mm whichever is less
(BS: 8110-1997)

7

7

7

M
V)
O
B

•* E

.5

o

H

B
a
Q

i|
41 B

Z 9

O

H

S

4) —

* B
t .2

£|
4>

•D

E
« s
en b

S •
.E §
a. <2

Creepdeflection inmm %contributionof shortterm intotaldeflection %contributionof shrinkage intotaldeflection %contribution ofcreepintotal deflection
% contributionof creep&shrinkage %ofbalanced capacity'

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 22.91 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 ofplate (Corner panel)
(6 m x 7m- as per BS: 8110-1997)

Structural Details
Floor Plan Size
Column Size

StoreyHeight

Materials Used

Load

(m)
(mm)
(m)

(kN/m2):

Permissible deflection

6x7

300 x 300

3.5

M 20 concrete
Fe 415 steel

(i) Live Load: 3
(ii) Floor Finish: 1.5

Span/250 or20 mm whichever is less
(BS: 8110-1997)
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Table 5.6 Deflection of plate (Side panel)
(6 m x 7 m - as per BS: 8110-1997)

Structural Details

Floor Plan Size (m) : 6x7

Column Size (mm) : 300 x 300

Storey Height (m) : 3.5

Materials Used •

• M 20 concrete

Fe415 steel

n D • n

Interior

Panel

Comer >/Side S
Panel ^jfi V^t^ry

h 6 ' 'b ri
6 ->|<- 6

Load (kN/m2): (i) Live Load : 3
(ii) Floor Finish: 1.5

Permissible deflection: Span/250 or 20 mm whichever is less
(BS: 8110-1997)

7

7

♦
7

M
9)
V
B

•* E

JS B
— .E
"ei "~
<a
o

H

Totaldeflection inmm
Shortterm deflectioninmm

Shrinkage deflectioninmm
B
5

MM
<B
Q

C |

Is
I

u

%contribution ofshortterm intotaldeflection %contribution ofshrinkage intotaldeflection %contribution ofcreepintotal deflection contributionof creep&shrinkage %asbalanced capacity•"

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 15.48 1.56 2.60 11.39 10.05 16.78 73.54 90.33 77.40

215 14.72 1.45 2.55 10.79 9.83 17.30 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 2.45 9.72 9.42 18.33 72.67 91.00 66.90

230 12.77 1.18 2.41 9.24 9.22 18.84 72.37 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 71.46 91.81 56.00
250 10.75 0.91 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 21.34 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 22.79 69.92 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 24.68 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 25.60 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 of6mx7m. 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 fck =20 kN/m2,
Ast =O.50/0, LL =3kN/m2, cc =20 mm and <D =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

1. 6x6

2. 7x7

8x8

9x9

5. 6x7

6. 6x8

6x9

7x8

9. 7x9

10. 8x9

Depth required
in mm

210

265

>300

>300

240

265

300

300

>300

>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 ofconcrete 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

fck = 20 N/mm2, fck = 25 N/mm2 and fek = 30 N/mm2 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

19.5

c j r»" | 19.05
1 19-
e
p

Q

1(2 18.5 - 18.37

18 •
II

17.5 • II
1

fck=20 8 fck=25 ID fck=30

Grade of concrete in N/mnT2

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 20mm and 25mm respectively. Hence increase in clear cover by 5 mm increases

the deflection on an average of 5%.
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1
a

13

(2 17.5

16.5

lcc=20 •cc=25 IDcc=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 3kN/m2, 4kN/m2
and 5kN/m2 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 4kN/m2 and 5kN/m2
when increased from 3kN/m2 and 4kN/m2. The increase in load by 1kN/m2'
increases the deflection considerably.

I LL=3 • LL=4 DO LL=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 •

•S 15
c
o

Q 10

1

5 -

19.89

B 0.50% 01 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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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

Floor Plan Size

Column Size

Storey Height

Materials Used

Load

(m)
(mm)
(m)

(kN/m2):

Permissible deflection

6x7

300 x 300

3.5

M 20 concrete

Fe415 steel
K

(i) Live Load : 3
(ii) Floor Finish: 1.5

• a • n

'jirlerior /
/Panel y

Comer Side

Pinel Panel

1 D O O

-\<— 6 ->l

Span/250 or 20 mm whichever is less
(IS: 456-2000)

7

7

7

Total
thickness in
mm Total

deflection in
mm Short

term deflection
inmm Shrinkage deflection
inmm Creep

deflection in
mm %

contribution ofshort
term

intotal
deflection %
contribution of

shrinkage intotal
deflection %
contribution ofcreep

intotal deflection
contribution

of
creep&

shrinkage %as
balanced capacity

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
2.76
70.78
13.44
15.78
29.22
87.55

255
16.63
11.70
2.31
2.63
70.32
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
10.45
2.21
2.39
69.40
14.71
15.89
30.60
75.25

270
14.35
9.89
2.17
2.29
68.94
15.13
15.93
31.06
71.75

275
13.69
9.37
2.13
2.19
68.48
15.56
15.97
31.52
68.45

280
13.07
8.89
2.09
2.09
68.01
15.99
16.00
31.99
65.35

285
12.49
8.44
2.05
2.00
67.55
16.41
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
11.45
7.63
1.98
1.84
66.61
17.28
16.11
33.39
57.25

300
10.97
7.26
1.94
1.77
66.15
17.71
16.14
33.85
54.85
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Table 5.9 Deflection ofplate (Corner panel)
(6 m x 7 m- as per IS: 456-2000)

Structural Details
Floor Plan Size
Column Size
StoreyHeight

Materials Used

Load

(m)
(mm)
(m)

(kN/m2):

Permissible deflection

6x7

300 x 300
3.5

M 20 concrete
Fe415 steel

(i) Live Load : 3
(ii) Floor Finish: 1.5

1 1

6 c

3 13 •

n .

Interior

Panel

r t

/(tffner/

C-/>x
Side

Panel

) 6

i ri

Span/250 or 20 mm whichever is less
(IS: 456-2000)

Total
thickness in
mm Total

deflection in
mm Short

term deflection
inmm Shrinkage deflection
inmm Creep

deflection in
mm %

contribution ofshort
term

intotal
deflection %
contribution of

shrinkage intotal
deflection %
contribution ofcreep

intotal deflection %
contribution

of
reep&

shrinkage %as
balanced capacity

240
19.69
14.05
2.46
3.19
71.33
12.48
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
2.31
2.74
69.96
13.72
16.32
30.04
84.00 260 15.97

11.1
2.26 2.61

69.51
14.14
16.36
30.49
79.85 265 15.21

10.5
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
31.42
72.45 275 13.83

9.42 2.13
2.28
68.12
15.40
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

7.67
1.98
1.92
66.27
17.10
16.64
33.73
57.85 300 11.09

7.301.94 1.85
65.80
17.53
16.67
34.20
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 (m) : 6x7

Column Size (mm) : 300 x 300
Storey Height (m) : 3.5

Materials Used • M 20 concrete

Fe415 steel

Load (kN/m2): (i) Live Load : 3
(ii) Floor Finish: 1.5

r t 9 9

Interior

Panel

S S S T
Comer S Side y
Panel 'y Panjl^

> 0 ' 'h ri
l<-6 •K~ 6 ->l

Permissible deflection Span/250 or 20 mm whichever is less
(IS: 456-2000)

7

7

7

♦

M
(A
0
B

•* E
J= B
- .B
"3 """
©

B

= 1u B

2 B

e
H

E

ll
w —

** B

r .2

u
•o

E
v E
ec b

| B
.E ©
u 'S

JZ u

B

y

Ii
5
w
C

u

%contribution ofshortterm intotaldeflection %contribution ofshrinkage intotaldeflection %contribution ofcreepintotal deflection
% contributionof creep&shrinkage %asbalanced capacity

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 12.94 16.43 29.37 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 15.91 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 9.92 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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5.7 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.

c

B

140

120

100

c
o

5 80
_u

- 60
13

o

H 40 H

20-

100 150 200 250 300

Depth ofSlab in mm

-—-6x6 7x7 -+-8x8 -*-6x7 ——-6x8 • •7x8

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 ofconcrete isplotted in the Fig. 5.16.

The total deflection is 19.93 mm, 19.56 mm and 19.20 mm for the

fck = 20 N/mm2, fck = 25 N/mm2 and fck = 30 N/mm2 respectively. The percentage

reduction in deflection is 1.86% and 1.84% if the grade of concrete is increased from

20to 25,25 to 30. The effect of grade of concrete is negligible in this case.

E
E

.S
c

I

20

19.8

19.6

19.2 •

19 •

18.8 4-

19.93

19.56

19.2

20 25 30

Concrete Grade in N/mm2

Fig. 5.16 Effect of grade of concrete ontotal deflection (EC: 2-2002)

Effect of Live Load

The influence of live load was studied for the live loads of 3 kN/m2, 4 kN/m2

and 5kN/m2 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 4kN/m2 and 5kN/m2,

when increased from 3kN/m2 and 4kN/m2. The increase in live load by 1kN/m2
increases the deflection considerably.

13 ffi4 ®5

Live Load in kN/m2

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

Floor Plan Size (m) : 6x7

Column Size (mm) : 300 x 300

Storey Height (m) : 3.5

Materials Used •

• M 20 concrete

Fe415 steel

ii 11 [P T

/Jir(erior /
/Panel /

, ./ Ss..
Corner

Panel

3 1

1

Side

Panel

1 C

|l w

) D

Load (kN/m2): (i) Live Load : 3
(ii) Floor Finish: 1.5

Permissible deflection Span/250 or 20 mm whichever is less
(EC: 2-2002)

7

±_
?
7

7

Total
thickness in
mm Total

deflection in
mm Short

term deflection
inmm Shrinkage deflection
inmm Creep

deflection in
mm %

contribution ofshort
term

intotal
deflection %
contribution of

shrinkage intotal
deflection %
contribution ofcreep

intotal deflection %
contribution

of
creep&

shrinkage %as
balanced' capacity

220
19.85
0.47
4.74
14.64
2.38
23.88
73.74
97.62
99.25

225
19.03
0.44
4.67
13.92
2.32
24.54
73.14
97.68
95.15

230
18.27
0.41
4.60
13.26
2.27
25.19
72.54
97.73
91.35

235
17.57
0.39
4.54
12.64
2.21
25.83
71.96
97.79
87.85

240
16.90
0.36
4.47
12.07
2.16
26.46
71.38
97.84
84.50

245
16.28
0.34
4.41
11.53
2.11
27.09
70.81
97.89
81.40

250
15.70
0.32
4.35
11.03
2.06
27.70
70.24
97.94
78.50

255
15.16
0.30
4.29
10.56
2.01
28.31
69.68
97.99
75.80

260
14.65
0.29
4.23
10.13
1.96
28.90
69.13
98.04
73.25

265
14.17
0.27
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
13.28
0.24
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
12.50
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
32.29
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
11.47
0.19
3.82
7.46
1.64
33.35
65.02
98.36
57.35
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Table 5.12 Deflection ofplate (Corner panel)
(6 m x 7 m- as per EC: 2-2002)

Structural Details
Floor Plan Size
Column Size
StoreyHeight

(m)
(mm)
(m)

Materials Used :

Load (kN/m2):

Permissible deflection

6x7

300 x 300
3.5

M 20 concrete
Fe 415 steel

(i) Live Load : 3
(ii) Floor Finish: 1.5

13 1

O 1

P 1
P ?

Interior

Panel

3 D

T J
rym*>y side
y*Panel/ Panel

» ' 'q A ii

Span/250 or 20 mm whichever is less
(EC: 2-2002)

7

7

7

4-

Total
thickness in
mm Total

deflection in
mm Short

term deflection
inmm Shrinkage deflection
inmm Creep

deflection in
mm %

contribution ofshort
term

intotal
deflection %
contribution of

shrinkage intotal
deflection %
contribution ofcreep

intotal deflection %
contribution

of
reep&

shrinkage %as
balanced capacity

230
19.24
0.45
5.08
13.72
2.32 26.40

71.28
97.68
96.20 235 18.50

0.42 4.99 13.09
2.26
26.99
70.75
97.74
92.50 240 17.81

0.39
4.91 12.51
2.20
27.57
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 11.46
2.09
28.70
69.20
97.91
82.75 255 15.98

0.33
4.68
10.98
2.04
29.25
68.71
97.96
79.90 260 15.45

0.31 4.60 10.54
1.99
29.80
68.21
98.01
77.25 265 14.94

0.29
4.53 10.12
1.94
30.33
67.73
98.06
74.70 270 14.47

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

0.22
4.21
8.38
1.72
32.84
65.44
98.28
64.05 295 12.45

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)

Structural Details

Floor Plan Size (m) : 6x7

Column Size (mm) : 300 x 300

Storey Height (m) : 3.5

Materials Used •

• M 20 concrete

Fe415 steel

Load (kN/m2): (i) Live Load : 3
(ii) Floor Finish: 1.5

D 1p 1? ?

Interior

Panel

Comer y Side y
Panel y Vmyy

i o——*-i

I Q

1 D

K-6

Permissible deflection Span/250 or 20 mm whichever is less
(EC: 2-2002)

7

7

ii

7

Total
thickness in
mm Total

deflection in
mm Short

term deflection
inmm Shrinkage deflection
inmm Creep

deflection in
mm %

contribution ofshort
term

intotal
deflection %
contribution of
shrinkage intotal

deflection %
contribution ofcreep

intotal deflection %
contribution

of
creep&

shrinkage %as
balanced capacity

225
19.61
0.42
4.98
14.21
2.14
25.41
72.45
97.62
98.05

230
18.83
0.39
4.90
13.54
2.08
26.03
71.89
97.68
94.15

235
18.11
0.37
4.82
12.92
2.03
26.63
71.34
97.74
90.55

240
17.43
0.34
4.75
12.34
1.97
27.23
70.80
97.80
87.15

245
16.80
0.32
4.67
11.81
1.92
27.81
70.27
97.85
84.00

250
16.21
0.30
4.60
11.31
1.87
28.38
69.74
97.91
81.05

255
15.65
0.29
4.53
10.84
1.82
28.95
69.23
97.96
78.25

260
15.13
0.27
4.46
10.40
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
12.93
0.20
4.15
8.58
1.56
32.12
66.31
98.24
64.65

290
12.56
0.19
4.10
8.27
1.53
32.62
65.86
98.28
62.80

295
12.21
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
Change in
deflection

Parameters

Span

(Increase in 1m2)
Depth

(with 5 mmincrease)

Grade ofconcrete
(with 5 N/mm2
increase)

Live Load

(with 1 kN/mm2
increase)

Increase

Decrease

Decrease

Increase

ACI: 318-

2002

+85.30

-13.92

-9.00

+6.60

BS:8110-
1997

+75.00

•14.00

-3.70

+8.00

EC: 2-

2002

+65.00

-10.20

•1.80

+3.10

IS: 456-

2000

+82.50

-12.16

-4.50

+8.30

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 1square 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
5mm increase in depth ofslab, 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 1kN/m2 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 5N/mm2 decreases the deflection by
minimum 1.8% (EC: 2-2002) and maximum 9% (ACI: 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 ofconcrete is higher, the span to depth ratio

provided for the lower grade concrete will become uneconomical. Hence it is

necessary to have anapproach considering all theparameters.

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:

Total depth

fck

fctm

Ec

Tension reinforcement

Compression reinforcement

Slab SI:

= 100 mm

= 45.48 N/mm2

= 3.87 N/mm2

= 30,020 N/mm2

= 550 mm2

= 510 mm2

Table 5.15 Data for the slab SI

Days
Nos.

Creep
coefficient

Shrinkage
strain

Dead load

KPa

Live load

KPa

Total load

KPa

80 1.64 313*10"6 2.40 3.15 5.55

200 2.06 471 xlO-6 2.40 6.26 8.66

300 2.29 504x10-6 2.40 6.26 8.66
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Slab S2:

Tota[depth = 100 mm

fck = 40.32 N/mm2

fctm = 3.57 N/mm2

Ee = 29600 N/mm2

Tension reinforcement = 550 mm2

Compression reinforcement = 510mm2

Table 5.16 Data for the slab S2

Days

Nos.

Creep
coefficient

Shrinkage
strain

Dead load

KPa

Live load

KPa

Total load

KPa
28 1.25 416X10"6 2.40 3.32 5.72

200 2.74 744x10-6 2.40 3.32 5.72
250 2.79 751X10-6 2.40 3.32 5.72

Table 5.17 Comparison with the existing experimental results
(Gilbert and Guo, [2005]) in the literature.

"s.No
Days

Nos.

Slabl Slab 2

5C

mm

8t

mm

8J8e Sc

mm

8e

mm

8cISe

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
4 250

~
-

- 8.97 10.5 0.85
5 300 9.96 9.86 1.01

-
-

-

6 400
-

-
-

-
-

Mean 1.06 n oe
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Total depth

fck

*ctm

Ec

Tension reinforcement

Compression reinforcement

Slab S3:

= 90 mm

= 21.48 N/mm2

= 2.34 N/mm2

= 22620 N/mm2

= 550 mm2

= 510 mm2

Table 5.18 Data for the slab S3

Days

Nos.

Creep
coefficient

Shrinkage
strain

Dead load

KPa

Live load

KPa

Total load

KPa

28 0.58 85x10"* 2.16 3.10 5.26

300 2.05 735xl0-6 2.16 3.10 5.26

400 2.18 763xlQ-6 2.16 3.10 5.26 ,.

Total depth

fck

tctm

Ee

Tension reinforcement

Compression reinforcement

Slab S4:

= 90 mm

= 28.08 N/mm2

= 2.8 N/mm2

= 23150 N/mm2

= 550 mm2

= 510 mm2

Table 5.19 Data for the slab S4

Days

Nos.

Creep
coefficient

Shrinkage
strain

Dead load

KPa

Live load

KPa

Total load

KPa

28 1.2 208 xlO-6 2.16 6.23 8.39

80 2.2 450x10"6 2.16 6.23 8.39

200 2.55 670x10"6 2.16 6.23 8.39

400 3.22 831X1Q-6 2.16 6.23 8.39
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Table 5.20 Comparison with the existing experimental results
[Gilbert et al., 2005] in the literature

S.No
Days

Nos.

Slab 3 Slab 4
1

8C

mm

Se

mm

5J5e 8c

mm

8,

mm

8C18.

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 n 87

Total depth

fck

fctm

Tension reinforcement

Compression reinforcement

Slab S6:

= 90 mm

= 23.04 N/mm2

= 2.45 N/mm2

= 21670 N/mm2

= 475 mm2

= 395 mm2

Table 5.21 Data for the slab S6

Days

Nos.

Creep
coefficient

Shrinkage
strain

Dead load

KPa

Live load

KPa

Total load

KPa
28 1.06 170xl0*6 2.16 3.10 5.26
80 2.48 632x10'6 2.16 3.10 5.26

1
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Total depth

fck

t«m

Ec

Tension reinforcement

Compression reinforcement

Slab S7:

= 90 mm

= 23.04 N/mm2

= 2.45 N/mm2

= 21670 N/mm2

= 475 mm2

= 395 mm2

Table 5.22 Data for the slab S7

Days

Nos.

Creep
coefficient

Shrinkage
strain

Dead load

KPa

Live load

KPa

Total load

KPa

28 1.06 170xl0-6 2.16 3.41 5.57

80 2.48 632x10"6 2.16 3.41 5.57 ""

Table5.23 Comparison with the existing experimental results

[Gilbert et al., 2005] in the literature

S.No
Days

Nos.

Slab 6 Slab 7

8C
mm

8e
mm

8c'8e 8C
mm

8e
mm

8cl8e

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 ofconcrete. 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 =£(l/r„2 )+[(1 - £)(1 /r„,)]

Creep curvature = £(1 /r2) +(1 - £)(\/rx)

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 asimplified approach is essential to find the depth of
slab tomeet 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 ofcreep 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 ofcreep and shrinkage
effects as per ACI: 318-2002 and BS: 8110-1997 codes were considered. The
Figs. 5.22 to 5.24 give the percentage effects for different parameters. The
Tables 5.24 to 5.26 furnish the percentage contribution ofcreep and shrinkage effects
in total deflection for interior panel, comer panel and side panel as per the four codes
for different parameters.
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Table 5.24 Percentage contribution ofcreep &shrinkage in total deflection
(Interior panel)

Span

m

Grade

N/mm2
Load

kN/m2

ACI.-318-

2002

%

BS:8110-

1997

%

EC:2-

2002

%

IS:456-

2000

%

6x6

20

3 87.82 88.97 97.55 29.55

4 84.76 86.18 96.83 27.66

5 82.08 83.70 96.16 26.05

25

3 87.82 89.02 97.60 29.66

4 84.76 86.24 96.90 27.67

5 82.08 83.77 96.24 26.01

30

3 87.82 89.07 97.65 29.98

4 84.76 86.30 96.96 27.86
5 82.08 83.84 96.32 26.10

6x7

20

3 87.82 88.74 97.41 26.00
4 84.77 85.90 96.66 24.30
5 82.08 83.39 95.96 22.86

25

3 87.82 88.80 97.45 25.98
4 84.77 85.97 96.90 24.22
5 82.08 83.46 96.03 22.75

30

3 87.82 88.85 97.49 26.04
4 84.77 86.03 96.96 24.24
5 82.08 83.54 96.08 22.71

20

3 87.82 88.48 97.33 26.27
4 84.77 85.60 96.56 24.64
5 82.08 83.06 95.85 23.26

7x7

3 87.82 88.53 97.37 26.07
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 24.27
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

m

Grade

N/mm2
Load

kN/m2

ACL318-

2002

%

BS:8110-

1997

%

EC:2-

2002

%

IS:456-

2000

%

6x6

20

3 86.11 88.91 97.42 29.89

4 82.59 86.07 96.65 27.97

5 78.73 83.55 95.94 26.35

25

3 86.59 88.94 97.48 29.99

4 83.02 86.11 96.73 28.02

5 79.98 83.60 96.03 26.33

30

3 87.12 88.96 97.54 30.28

4 83.41 86.15 96.80 28.20

5 80.27 83.64 96.11 26.41

6x7

20

3 87.21 88.82 97.33 26.34

4 83.54 85.91 96.53 24.67

5 80.15 83.34 95.78 23.20

25

3 87.88 88.85 97.38 26.36

4 84.15 85.96 96.73 24.57

5 80.93 83.39 95.85 23.07

30

3 88.50 88.88 97.42 26.40

4 84.69 86.00 96.80 24.57

5 81.40 83.44 95.91 23.02

7x7

20

3 82.80 88.44 97.18 26.66

4 78.96 85.49 96.36 25.05

5 75.75 82.88 95.59 23.65

25

3 83.78 88.48 97.22 26.50

4 79.70 85.54 96.41 24.80

5 76.30 82.94 95.65 23.37

30

3 84.71 88.51 97.26 26.37

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

193



Table 5.26 Percentage contribution ofcreep &shrinkage in total deflection
(Side panel)

Span

m

Grade

N/mm2
Load

kN/m2

ACM 18-

2002

%

BS:8110-

1997

%

EC:2-

2002

%

IS.-456-

2000

%

6x6

20

3 86.85 90.49 97.42 30.03
4 83.54 87.63 96.65 28.12

5 80.16 85.10 95.94 26.49

25

3 87.12 90.52 97.48 30.13
4 83.78 87.68 96.73 28.19
5 80.88 85.15 96.03 26.50

30

3 87.42 90.56 97.54 30.42
4 83.99 87.72 96.80 28.36
5 81.05 85.20 96.11 26.56

6x7

20

3 84.90 90.09 97.33 26.56
4 81.39 87.19 96.53 24.93
5 78.38 84.63 95.78 23.46

25

3 85.48 90.12 97.38 26.62
4 81.82 87.24 96.73 24.82
5 78.71 84.68 95.85 23.31

30

3 86.03 90.15 97.42 26.65
4 82.29 87.28 96.80 24.80
5 79.07 84.73 95.91 23.25

20

3 84.90 89.84 97.18 26.80
4 81.39 86.89 96.36 25.22
5 78.37 84.29 95.59 23.81

7x7

3 85.48 89.88 97.22 26.65
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
1

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, thiscan be modified based on the study. From the extensive

parametric study the contribution of creep and shrinkage as per the three codes

ACI: 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.

8T = 68D+ 8L

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

S.No Structure
1.

m

12

m

D

mm

Deflection in mm
Ratio of computed to

Rangan/measured
deflection

Computed Rangan Measured Rangan Measured

1.
Taylor's

Flat plate
5.08 6.35 203 18.38 18.30 18.29 1.004 1.005

2.
Heiman's

Flat plate
7.24 7.54 241 19.87 26.16 20.83 0.76 0.95

3.
Taylor's

Flat slab
7.92 8.61 241 22.57 26.16 22.35 0.76

_

1.01

Table 5.28 Comparison with Hwang and Chang [1996] and earlier
test results

S.No Structure

Hatcher et al.

Hwang and
Moehle

I,

m

1.524

1.829

D

m mm

1.524 44.5

2.743 81.3

Deflection in mm

Computed Hwang Test

2.19 1.74 1.96

1.36 1.22 1.55

Ratio of computed to
Hwang/Test deflection

Hwang Test

1.26 1.12

1.11 0.88

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

S.No
1,

m

I2

m

D

mm

Deflection in mm

Computed actual

1. 8.4 8.4 220 65-75 49-82
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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 tobeanalysed 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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CHAPTER 6

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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X X

Section X-X

Fig. 6.1 Multistorey building frame

Aflat plate with the panel dimension of6mx6m is selected for this numerical example.

• [j ] C T

i n0 I J I
Interior

Panel

r T

w\ n
T

Corner

Panel

0 I

J L

Side

Panel

3 1

r T

D •

6 m •6«rH*-6«-^

t
6 m

i_
t
6 m

1_
t
6 m

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 (07)= 3.0 kN/m2

Floor finish (FF ) - 1.5 kN/m2

Clear cover to tension reinforcement = 25 mm

Grade ofconcrete = fck =20 N/mm2

Modulus ofelasticity ofsteel E= 200000 N/mm2
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Diameter of rod = 10 mm

Column of size (C, x C2)= 300 mm x 300 mm

± Total depth of slab = 260 mm

Themodulus of elasticity of concrete Ec is

Ec=5000xjf^ = 5000xV20 =22360.68 =22361 N/mm2

The sustained load (Wd) is

Wd = 25P + FF + 0.2507= 25 x 0.26+1.5+0.25 x 3 = 8.75 kN/m2

^ The total load (If,) is

W,=Wd+Wl = 8.75 + 3 = 11.75 kN/m2

Themoment due to total load (MlXx) along x-x direction

0.5 xZyxWlxL2x 0.5x6xll.75x62 lco^clxr
M,u = — = 158.625 kNm

o 8

X

The moment due to total load (MlXy) along y-y direction

0.5xLxxWlxL2 0.5x6x11.75x6*
Mlly= — y- = —= 158.625 kNm

o 8

The lateral distribution factor for moments along the column strip (for interior panel)

LPFC =0.675

The lateral distribution factor for moments along the middle strip (for interior panel)

LPFm = 0.325

The lateral distribution factor for moments along the column strip (for edge and corner
panel)

LPFXc =0.55

The lateral distribution factor for moments along the middle strip (for edge and corner
panel)

LPFXm =0.45
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The modular ratio m

m=^- =8.94

The effective depth d of slab

d =P-cc- (dia/2) =0.26 - 0.025 - 0.005 =0.23 m

The width ofthe column strip ba and b^ along x-x and y-y direction respectively

bcx=bcy= 0.5 x4 = 0.5 x 6000 = 3000 mm

Factored dead load (WD)

WD =\.5x(Px25 +FF) =1.5 (0.26x25 +1.5)= 12 kN/m2

Factored live load (WL)

WL=\.5xWl =1.5x3 =4.5 kN/m2

Total load (WT)

WT=WD+WL=\2 +4.5 =16.5 kN/m2

Uniformly distributed load (w)

w= WT xL= 16.5 x 6 = 99kN/m

Frame

The width ofthe frame along x-x direction (b/x) is equal to the length along the span in

the y-y direction.

bfi =Ly= 6000 mm

The gross moment ofinertia offrame (Ifx) along x-x direction

=V^=6000x2603=87880xl()9mm4
fx 12 12

The width ofthe frame along y-y direction (bfy) is equal to the length along the span in

the x-x direction.

bJy=Lx= 6000 mm
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The gross moment ofinertia of frame {Ify) along y-y direction

,V£1= 6000x2601. 87880><94
fy 12 12

Column Strip

Thearea of tension reinforcement provided in the column strip (AslXcx) along the shorter

x-x direction

. O.SxO.Sxb^xP 0.5x0.5x3000x260 1ArA 2
A,,^ = =1950 mm

100 100

The area of compression reinforcement provided in the column strip (Asclcx) along the

shorter direction

0.5x baxD 0.5x3000x260 „AAA 2
Asc\cx = = = 3900mm2

100 100

The gross moment ofinertiaof the column strip (Ia) along the x-x direction

, baxP3 3000x2603 ._..A . 4
/„ =-SL-—= = 4.3940x10'mm4

12 12

The area of tension reinforcement provided in the column strip (A5lXcy) along the longer

y-y direction

0.5x0.5x6 xD 0.5x0.5x3000x260 ,nrn ,
A«« = ioo = ioo =1950 mm

The area ofcompression reinforcement provided in the column strip (AKlc ) along the

longer y-y direction

0.5x6 xD 0.5x3000x260 „_ ,
A«'« =~W~ ' ioo =3900 mm

The gross moment of inertia ofthe column strip (/ ) along y-y direction

, b xP3 3000x2603 A^nAn fA, 4
ICy= = ~ = 4.3940 xlO9 mm4
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Middle Strip

The width of middle strip (b^) along the x-x direction

6^ =(4 -412) = 6000 - 6000/2 = 3000 mm

The area of tension reinforcement provided in the middle strip (AslXmx) along the shorter

x-x direction

0.5xLxD 0.5x3000x260 ,AAA 2
AslXmx = ~ = = 3900 H™

",mx 100 100

The gross moment ofinertia of middle strip (/„,) along the x-x direction

. 6ffUxZ)3 3000x2603 ..... ,., 4
I , =-22 = = 4.3940x10 mm

12 12

The width ofmiddle strip (bmy) along the y-y direction

bmy =4/2 =3000 mm

The area of tension reinforcement provided in the middle strip (A„Xmy) along the longer

y-y direction

0.5x6 xD 3000x2603 . ,QAn 1A, 4
A, = — = = 4.3940x10 mm„\my 10Q j 2

The gross moment ofinertia of the middle strip (Imy) along the y-y direction

, bmyxP3 3000x2603 ,1Q.n |A9 4
/ =-2S- = = 4.3940x10 mmmy ^ j.

Flexural stiffness of equivalent column

The storey height between the centre of floors is assumed as Lc =3.5 m

X-X axis

The moment ofinertia of the column (Iclx) along x-x direction

£,£.300x300' =67500Qo00mm<
c,x 12 12
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The relative stiffness of the column (Ka) along x-x direction

K _4EcIeXx_ 4x22361x675000000
A =— —— =1.7250x10

Zc 3500

The torsional constant (Cx) of the column

c _(l-(0.63D/C,,)JD3CXx)_(1 -(0.63x260/300))(2603x30p)
3 3

= 7.9795x10"

The clear span (Lm) along the x-x direction

Lnx=Lx- CXx = 6000 - 300 = 5700 mm

The torsional stiffness (Ku) ofthe column along x-x direction [Gilbert, 2000]

_ 2x4.5x£cxC, _2x4.5x22361x7.9795xl08
Att_7—7" ~T7\ ?— — =3.1216x10

10

r /V ^
1-

C,
3 A

l>

v^/;

/•

6000
f 300 V
1,6000J

The relative stiffness of the slab (KsXx) along the x-x direction

Z_, 6000

£ra 1.6388x10'°
g"=iil°2xl,3.00xl0" =0°625

The distribution factor for the positive moment (D^) in the exterior span

Dm =0.63-^1^= 0.63-, °-28 ,,0,6.35
V+ 70.0625/1+ 1/

a
u

The distribution factor for the negative moment (£>„„) in the exterior span

0.65 = 0.65

'l+%j"(1+%.0625)
Dnex = = 0.038
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The distribution factor for the negative moment (Dnix) in the interior span

n =0,75-, 0I° - 0.75-, 0-'° ,-0.7441
'(l*%J_ ' >%.0625)

The cracked moment Mcr

MmMjZ*lm _0.7x^20x4.394x10' =, 0581x|0.Nmm
0.5 xP 0.5x260

The positive moment due to total load (MalXpx) at exterior span

Ma,xPx=E>pxMiXx= 0.6135x158.625 =97.316kNm

IfA/fl/1/u<A/crthen

Ma,XPx = Mcr

97.316 kNm < 105.81 kNm

Hence MalXpx =Mcr= 107.38 kNm

The negative moment due to total load (M^) at exterior span

*—-A-^iu- 6-069 kNm

lfMmUm<Mt.thea

MaiXnex = M'er

6.069 kNm < 105.81 kNm

Hence MalXmx =MC = 105.81 kNm

The negative moment due to total load (MolXnix) at interior span

Mmuu =DnuMlXx= 0.7441x158.025 =117.586 kNm

IfA/-Wr<A/wthen

MaHnlx = Mer

Here 118.03 kNm> 105.81 kNm

Hence MatXnix =118.03 kNm

205

V



The cracked moment of inertia of the column strip (Icrx) along the x-x direction

Icrx=bCx^ +(mtAsncxV-x?

= 3000x —+8.94x1950x(230-jc)2=7.6614x108 mm4

The effective moment of inertia for the positive moment (Iecpx) at the exterior span

along the x-x direction

ecpx

M,

yMatXpx J
(lex) + 1-

M,

\MatXpx J

' (105.81v105.81

105.81
(4.394 xlO9)

= 4.3940x10'mm4

v3\

(O

105.81
(7.6614x10")

The effective moment of inertia for the negative moment (Iecnex) at the exterior span

along the x-x direction

/ \3 ( / \A
M,

\Mannex J
(lex) 1-

M„

\MaiXnexJ

ecnex

105.81

105.81
(4.394xl09) + 1-

= 4.3940x10' mm4

(/-)

105.81

105.81

^
(7.6614xl08)

The effective moment of inertia for the negative moment (Iecnix) at the interior span

along the x-x direction

( M„ * \J »
ecnix

\MatXnixJ
(L) +

\ \Mai\nixJ J
(lm) =4.3940x10' mm4

= 3.3795x10' mm4

105.81

118.03

v3\

(7.6614x10s)
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The effective moment of inertia for the column strip (Iecx) along the x-x direction

^=0.7/^+0.15/^+0.15/^

= 0.7x4.3940x10' +0.15x4.394x10' +0.15x3.3795x10'

= 4.2418 xl09mm4

The effective moment of inertia for the frame (Ie/x) along the x-x direction

lefx =hcx+Imx =4-2418 x109+ 4.394 x109 = 8.6358 x109 mm4

M=W,xLyx(Lj ^ 11.75x6x5.7' ,2g6.31gkNm
8 8

( A

Mm\x =
0.65 xMn

1+ \

0.65x286.318

i+k
= 1.095 x 107Nmm

a U J

MndXx=\ d/W

m\x _

'0.0625 ;

W«i, " (8,7Xl 75)xl-0955xl07 =8.1582xl06Nmm

The rotation due to total load (0lXx) along theshorter x-x direction

M„. 1.0955x10'
0„ ='ll*

AT 1.6388x10
10

= 6.69xl0-4

The rotation due to sustained load (0dXx) along the shorter x-x direction

=M^ = 8.1582x10' =498xlQ,
dXx Kecx 1.6388x10'°

The deflection due to total load (8lXx) along the shorter x-x direction

8,Xx = 0<xxxK "|= (6.69 xlO^x 6000,/) =0.50 mm

The deflection due to sustained load (8dix) along theshorter x-xdirection

:I ddu x
Ud\x

L*/)= (4.98 xl0^x6000/j= o.37 mm

Y-Y axis

The moment ofinertia ofthe column (IcXy) along the y-y direction

CuCl 300x3003
Ic\y ~

'Xy^Xx

12 12
= 675000000 mm4
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The relative stiffness ofthe column (Kcy) along the y-y direction

_ AEJcXy _ 4x22361x675000000
K„ = 10

= 1.7250x10
Zc 3500

The torsional constant of the column along the y-y direction

_(1-(0.63D/CJ)(Z)3CJ_ (l-(0.63x260/300))(2603x300)

= 7.9795x10"

The clear span (Lny) along the y-y direction

Lny =Ly- CXy = 6000-300 =5700 mm

The torsional stiffness ofthe column (K9) along the y-y direction

K
2x4.5x EcxCy 2x4.5x22361x7.9795x10"

* ( ( (r Vi3>
1- 'lx

kExj J

6000
300"

6000

,3\

The relative stiffness ofthe slab (KsXy) along the y-y direction

v *EcIfys 4x22361x8.788x10' , „,AA ,,
^="4~= 6^ =I-3100xl°

Kecy _ 1.6388x10'°
a*y = 2KsX 2x1.3100x10"

= 0.0625

= 3.1216x10'

Exterior span

The distribution factor for the positive moment (Ppy) in the exterior span along the y-y
direction

^-0.63-7 0.28

1+ \

0.65

v 70.0625/

= 0.6135

a
iyj

The distribution factor for the negative moment (Dney) in the exterior span along the
y-y direction

ney

0.65

1+ 1/
a

'>.

0.65

(l+l/ )V1 + /0.0625/
0.0383
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The distribution factor for the negative moment (Pniy) in the interior span along the y-y

direction

0 .,).„- 01° - Q.75-, °-}° <=0.744. «"" (1+/J F3W3
The positive moment due to total load (,MmXpy) at exterior span along y-y direction

^alxPy=E>pyMny= 0.6135 x158.625 =97.319 kNm

If MalXpy<Mcrthen

Mal\py =Mcr *

97.319 kNm < 105.81 kNm

Hence MalXpy=Mcr= 105.81 kNm

The negative moment due to total load (MalXney) at the exterior span along the y-y

direction

A/^=^M,„= 6.069 kNm ^

If A/*,,*, <A/Cf,then

M«M„r, =Mcr

6.069 kNm < 105.81 kNm

The negative moment due to total load (MalXnly) at the interior span along the y-y

direction

lfMalXniy<Mcrthcn

MatXniy = Mcr

The cracked moment ofinertia ofthe column strip (Icry) along the y-y direction

Icry=bcy^+(miAslXJd-xfrnm* ^
i

^8 4=3000x —+8.94xl950x(230-x)2= 7.6614x10" mm4
3
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The effective moment of inertia for the positive moment (Iecpy) at the exterior span

along the y-y direction

ecpy

< M. *
{MatXpy J

W + 1-

f \3^

M\iYim\pyJ J
u

'105.8P3105.81

U05.81,

= 4.3940x10' mm4

The effective moment of inertia for the negative moment (/ ) at the exterior span

along the y-y direction

(4.394x10') 1-
105.81

ecney

'_0'
M\mmXney )

w 1

f \3^
Kr

M^ V <"ii*y J J
CO

1(7.6614x10")

105-81^(4.394><.0') '• ^^(7.6614x10")U05.81J

= 4.3940x10'mm4

The effective moment of inertia for the negative moment (Iecnly) at the interior span

along the y-y direction

1-
105.81

J

' *_ * ' y. *
ecmy

\^"^atXniy J (O 1-

\™ alXniy J

( 105.81
^Sr (4-394x10')
17.586 J V I

f,( 105.81 '

(Icry)

117.586
(7.6614x10")

= 4.3940x10' mm4

The effective moment of inertia for the column strip (Iec>.) along the y-y direction

^•0.7/^+0.15/^+0.15/^

= 0.7x4.3940x10'+0.15x4.394x10'+0.15x4.394x10'

= 4.3940x10' mm4
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The effective moment of inertia for the frame (IefY) along the y-y direction

efy ecy my

= 4.394 x 109+ 4.394 x 109 =8.7880x10' mm4

W,Lx(lJ _\\.75x6x5.7'
Mv =

Mn,Xy =

8

0.65 xMoy

1+ 1/
a

h )

= 286.3181 kNm

( \
0.65x286.318

1+10.0625

=1.0955 xlO7 kNm

W4"HV7V«iy"(8"% 75)xl-0955xl°7 =8.1582xl06Nmm

The rotation due to total load (0lXy) along the y-y direction

Mnllv 1.0955xl07

6'Xy Kecy
nlXy

10
= 6.6850xl0-4

The rotation due to sustained load (0dx ) along the y-y direction

=M^= 8.1582x10 s49782xlA,
dly Kecy 1.6388x10'°

The deflection due to total load (8lXy) along the y-y direction

^.,xZ„/l=(6.69xlO-4x600^/)=o.50mm8 = '"*V)4
The deflection due to sustained load (8dxy) along the y-y direction

8d\y =
OdXy >< Ly =(4.98 xlO-'x 6000/)=0.37 mm

Deflection of column strip due to total load along x-x direction

Interior panel

The deflection of the column strip (8alll) due to total load

°cxiil ~

{LPFc)xW,xLyxL\ _ 0.675xll.75x6x60004 fi3
384x^x4 384x22361x4.394x10"
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The deflection of the column strip (8aidl) due to sustained load

_{LPFci)xWdxLyxL4x _ 0.675x8.75x6x60004
aid, in a r- r „ _ . ___,. j- —1.22 mm

384x4x4 384x22361x4.394x10'

The deflection of the column strip (8aill) due to varying part of live load

5cxiii =<?cx„/ -<?crt*= 1.63-1.22= 0.41 mm

Corner panel

The deflection of the column strip (8acl,) due to total load

_(ZDFc)xIF,x4xZ:
"c" " 384x4x4 +(<J'" "*'"}

0.55x11.75 x6x60004 , ,

°384x22361x4.394x10'+(0-5-a37)'1-46mm
The deflection ofthe column strip (8cmS) due to sustained load

(LDFe)xWdxLyxL\
^cxcdl ~ •xExi '+fa"-*-"*)

c ex

0.55x8.75x6x60004

384x22361x4.394xl0^ +(0-5-°-37)=M2mm
The deflection of the column strip (8acll) due to varying part of live load

5cxcii = 8^,, -8txtJl = 1.46-1.12 = 0.34 mm

Side panel

The deflection ofthe column strip (8^,,) due to total load

g _{LPFc)xWlxLyxL4x_ 0.55xll.75x6x60004
384x4x/„ 384x22361x4.394x10' "L33mm

The deflection ofthe column strip (8^) due to sustained load

_{LDFc)xWtxLyxL4x 0.55 x8.75 x6x60004
- 384x4x4 ~ 384x22361x4.394x10' =°-"mm

The deflection of the column strip {8^,,) due to varying part of live load

8cxsi, - 8^,, -^ - 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 {8^,,) due to total load

(Z£>4,)xW,xLxxL\ 0.675x 11.75x6x60004 . „
8 ,=- — • - - = r-=1.63mm
°* 384x4x7 384x22361x4.394x10'

c cy

The deflection ofthe column strip (4^) due to sustained load

(LPFCI)xWdxLxxL\ 0.675x8.75x6x60004 , „
8 „ =^ cli - - y- = t- =1.22mm

cy,di 384x£ xl 384x22361x4.394x10'
c cy

The deflection ofthe column strip (8^,,,) due to varying part oflive load

8^=8^-8^=1.63-1.22= 0.41mm

Corner panel

The deflection ofthe column strip (5cyal) due to total load

(LDFc)xWtxLxxL\ ( v
S"*- 384x4x4 l'" "''c cy

=0-55xll.75x6x60004 +(o,5_o.37) =1,46mm
384x22361x4.394x10'

The deflection ofthe column strip (8cycdl) due to sustained load

(LPFc)xWdxLxxL\\ , ]
5^~ 384x4x4 +l^ d«>] ^

0.55x8.75x6x60004 ,Q5 Q3l)=U2mm
384x22361x4.394x10'

The deflection ofthe column strip (8^) due to varying part of live load

8 „=8 ,-8 ,,= 1.46-1.12= 0.34mm
ucycll wcycil vcycdl

Side panel X

The deflection ofcolumn strip (8cysll) due to total load
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(LPFc)xW,xLxxL4y , v
^"~ 384x4x4 -+V*>~d«>>

0.55x11.75x6x60004 ,A , A * , „
= 5- +(0.5 - 0.37) =1.46 mm

384x22361x4.394x10' v '

The deflection ofthe column strip (8^) due to sustained load

{LPFc)xWdxLxxL4_\^urc)*rrd*,L.x*.i.y / ^ »

°**= 384x£ x/ V,I> *"*'
c cy

0.55x8.75x6x60004

384x22361x4.394x10'

214

, +(0.5-0.37)=1.12mm
384x22361x4.394x10' '

The deflection ofthe column strip (8cysll) due to varying part oflive load

8cys,, = 8cysll -8^ =1.46-1.12 =0.34 mm

Deflection of middle strip due to total load along x-x direction

Interior panel

The deflection of the middle strip (8^,,) due to total load

_(LPFmi )x WtxLyx L\ _ Q.325 x11.75 x6x60004
°mxui — tz~. z : ~~~—ttzz s" = 0.79 mm

384x£c x/^ 384x22361x4.394x10'

The deflection of the middle strip (8mua) due to sustained load

_(LPFmi)xWdxLyxL\ _ Q.325x8.75x6x60004 Aco
°mxidi ~ tz~. ~ : ~~—~— r = 0.58 mm

384x4x4, 384x22361x4.394x10'

^ The deflection ofthe middle strip (8mxin) due to varying part of live load

8mxm = 8^,, -8^,= 0.79-0.58 = 0.20 mm

Corner panel

The deflection of the middle strip {8mxal) due to total load

_(LPFm)xW,xLyxL4x
y *""'' 3UxEcxImx +^^

0.45x11.75 x6x60004 , x
+(0.5-0.37) = 1.22 mm



Thedeflection of the middle strip(8^) due to sustained load

{LPFn)xWdxLyxL4x . v
*•"* = 384x£ex/„ [d,u '6dU)

- 0-45x8-75x6x60QQ49+(0.5-0.37) =0.94mm
384x22361x4.394x10'

The deflection of the middle strip (4^,,) due to varying part of live load

8mxc,=8mxal-8mxcdl= 1.22-0.94 = 0.28 mm

Side panel

The deflection of the middle strip (8^,,) due to total load

(LDFm)xW.xLvxL\ 0.45x11.75x6x60004 , no
x =l 11 ! 1 1 = r=l,09mm
""" 384x4 xlm 384x22361x4.394x10'

The deflection of the middle strip (£w) due to sustained load

(LPFm)xWdxLxL\ 0.45 x8.75 x6x60004 A01
^ - v m/ _ 1 = — - =0.81 mm
"mx**, 384x4x4, 384x22361x4.394x10'

The deflection of the middle strip (8^,,) due tovarying part of live load

8 „=8 ,-8 j, = 1.09-0.81=0.28 mm
wmxsll "mxsll "mxsdl

Deflection of middle strip due to total load along y-y direction

Interior panel

The deflection ofthe middle strip (Smyill) due to total load

_{LPFm,)xW,xLxxL4y _ 0.325x11.75x6x60004 s079mm
"*"' 384x4x4, 384x22361x4.394x10'

The deflection ofthe middle strip (8myldl) due to sustained load

_(LPFml)xWdxLxxL4y _ Q.325x8.75x6x60004 _AfA mm
myktt 384x4x4, 384x22361x4.394x10'

The deflection of the middle strip (SmyUl) due to varying part of live load

8 ,i=8 ,-8 ,,= 0.79-0.58 = 0.20 mmumyi„ umyill vmyidl
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Corner panel

The deflection ofthe middle strip (8myal) due to total load

X s _(U>Fm)xW,xLxxLy , v
myc" ~ 384x4x4, +l*'" " '̂>j

0.45xll.75x6x60004 . x
°384x22361X4.394xl0't(a5-"7)"-22mm

The deflection ofthe middle strip (4>n//) due to sustained load

(ZD4)xI4x4xZ4, . v
. m '̂~ 384x£ x/ +l"> *">'

0.45x8.75x6x60004
+(0.5-0.37) =0.94mm

384x22361x4.394x10'

The deflection ofthe middle strip (4^„) due to varying part oflive load

8myc„ =8mycl, -8mycdl = 1.22-0.94 = 0.28 mm

Side panel

The deflection ofthe middle strip (8mysll) due to total load

_(LPFm)xW,xLxxL\\ , ,
mys"~ 384x4x4, +lV-^W

0.45x11.75 x6x60004 ,

=384x22361x4.394xl0'+(°-5-a37) =L22mm
The deflection ofthe middle strip (8mysdl) due to sustained load

s _(LDFm)xWdxLxxL\' , ,
"^ 384x£ xl +&» ~6«>t

c my

0.45x8.75x6x60004 ,
=384x22361x4.394xl0-+(°-5-Q-37^°-94mm

The deflection of the middle strip (8mysll) due to varying part of live load

8mys„ =8mys„ -4,^=1.22-0.94 =0.28 mm
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Total deflection

Interior panel

The deflection (8m) due to sustained load

*--
8cxidi + 8myua +8^ +o^M

^ n.21+0.59,1.21+0.59j=180mm
The deflection (8t) of the interior panel

£,=6x4,+4,

4 =6x1.80 + 0.61- 11.41 mm

Corner panel

The deflection (8cdl) due to sustained load

8cxcdl +8mycdl +8cyedl + ^/ruca!/
8Cdi =

8cdl =
'1.12 + 0.94+ 1.12+ 0.94^1

= 2.06 mm
J

The deflection (8C) of the corner panel

8c=6x8cdl+8cll

4=6x2.06 +0.62= 12.98 mm

Side panel

The deflection (8sdl) due to sustained load

8«a =
( Scxsd, +8mysdl +8cysdl +8nxsdl

8sdi =
1.12 +0.81 +1.12 +0.80

The deflection (4) of the sidepanel

8s=6x8sdl+8sll

8 =6x1.93 + 0.62=12.21 mm
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6.2.2 Example 2: Deflection of Flat Plate with concealed beam

The floor plan offloor with concealed beam is given in Fig. 6.3.

Live load (Wl)= 3.0 kN/m2

Floor finish (FF ) - 1.5 kN/m2

Clear cover to tension reinforcement = 25 mm

Grade ofconcrete = fck =20 N/mm2

Young's modulus of steel 4= 200000 N/mm2

Diameter of rod • 10 mm

Square column of size (CI xC2) = 300mm x 300mm

Total depth of slab = 260 mm

A A
4 A

E

— 4
B

A

Fig. 6.3 Floor plan with concealed beam

Concealed beam

The modular ratio

m = —= 8.94

The width (/,) ofthe concealed beam (Fig. 6.4)

/, =1000 mm

218



Slab

cz
f

10mm @ 50
mm c/c

1000mm

H

13, D

•N-
Fig. 6.4 Cross section of the concealed beam (section B-B)

Number of the longitudinal reinforcements (n)

:'V

„=(l°%)+l =21Nos

Area of the reinforcements (As)

A^xnxdia2/^
^=(21x^x10^)= 1.6493x10

The depth (dcon) of the concealed beam

'A. A
'i )

mm

^=('-6493,<1%oo)=1-65 "™
The depth (d2) of the compression reinforcement

d2=(cc+dia/2)

d2 =(25 +*%) =30mm
The width of the column strip ba and 4 along x-x and y-y direction respectively

4 =4 =0.5x4 =3000 mm
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The area of the tension reinforcement provided in the column strip (AuXcx) along the

shorter x-x direction

. 0.5x0.5x4 x£> 0.5x0.5x3000x260 ,A,A ,
^ = ioo = ioo =1950mm

The area of the compression reinforcement provided in the column strip (AscXcx) along

the shorter x-x direction

. 0.5x4 xD 0.5x3000x260 „AAA ,
A«° io5— = ioo =390° mm

The area ofthe tension reinforcement provided in the column strip (AslX ) along the

longer y-y direction

0.5x0.5x4 xD 0.5x0.5x3000x260 ,
A"lcy= \Vo = ibo =1950 mm

The gross moment ofinertia ofthe column strip (Icx) along the x-x direction

Icx=^f-+2Arn-\)xAsx{D/2-cc)
3000x2603 „ ,an, v , u,a/ v

" jj +2x(8-94"!)x ]-6493 xl03x (260^. 25J =4.6829xl0'mm4

The gross moment ofinertia ofthe column strip (/ ) along the y-y direction

hy =b-^+2x(m-l)xAsx(D/2_ccJ
3000 x2603t = +2x(8.94-l)xl.6493xl03x(260//_25J =4.6829x10 9 4

mm

Frame

The width of the frame along the x-x direction (b/x) is equal to the length (Fig. 6.5)

along the span in the y-ydirection.

bh =Z„=6000 mm
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Slab

,Nt lm

mTTTTTTTTfTlr*TTWTTTfTTTTTTTTTT1 *ct4-

•jr t •••••i rp^

IT'Wfl IHI IHTTtlTTHTf yrW»J| I | Mlf*M«MI

Fig. 6.5 Cross section of the concealed beam (section A-A)

The gross moment of inertia of the frame (Ifx) along the x-x direction

hx =bj^+2x(m->)xAA%-cc)
4 =^^^+2x(8.94-l)xl.6493xl03x(260^_25)2 =9.7069x10' mm4

The width of the frame along the y-y direction (bfy)\s equal to the length along the

span in the x-x direction.

bfy=Lx= 6000 mm

The gross moment ofinertia ofthe frame (4) along me y-y direction

12h = 2x(m-l)x4x(%-ccj

'fy
=̂ ^i^+2x(8.94-l)xl.6493xl03x(260/_25T =9.7069x10'mm4

12 v /l

Middle strip

The width of the middle strip (4,) along the x-x direction

b = L - L 12 = 6000 - 6000/2= 3000 mm
mx y x

The gross moment ofinertia ofthe middle strip (4,) along the x-x direction

b„xP3 3000x2603 , ,A>IA in9 4
j mx
mx~ ^

12
= 4.3940 x 10" mm'
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The widthof the middle strip (b ) along the y-y direction

4, = 412 - 6000/2= 3000 mm

The gross moment ofinertia of the middle strip (/ ) along the y-y direction

, bmyxP3 3000 x2603 ..... , 4
4v =— =4.3940x10 mm

' 12 12

Flexural stiffness of equivalent column

Zc=3.5 m

x-x axis

Short term deflection

The moment ofinertia of the column (IcXx) along the x-x direction

CUC3 300x3003
4 -I ,.' Cll

12 12

The relative stiffness of the column (Ka) along the x-x direction

= 675000000 mm4

r 444x_ 4x22361x675000000
i\ —— =

Concealed beam

8 mm dia. @
50 mm c/c

3500

Concealed Beam

10
1.7250x10

Slab
cc

f To

Fig. 6.6 Longitudinal section of concealed beam

The spacing ofstirrups (s) in the concealed beam (Fig. 6.6)

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

4=8 mm

The number of stirrups (n„) alongthe x-x direction

( 6000- 300"l
n„ =

(L -CAy X
+ 1 =

50
+ l = 115Nos.

The length of the stirrups (Ls) to beprovided in the x-x direction

L=L= 6000 mm

Equivalent areaof concealed beam (Ea) in concrete

£ =^x/,x^x42 =U5x8.94x^x82=517xlo4mm2
4 4

Equivalent areaof concealed beam (Ea) in concrete

The thickness (tx) of the concealed beam (Fig.6.7)

t, =9 mm

Xx =1000-4= 1000-8.6171 =991 mm

Yx =D-t= 260-9 = 251 mm

1000 mm

260 mm

»>'t* WrW*'X*'^X**>

ks-mnt, v^,Ti¥v."**w:i m^ *«

9 mm T
V

991 mm

Fig. 6.7 Equivalent thin concrete box for torsion

The torsional constant (CA) ofthe concealed beam ('r!su,[1984])

(2xX\ xY2xD\ (2x9912x2512x260"|

251

mm

Cb =
10

= 2.5988x10
Xx+Yx 991 + 251
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The torsional constant of the column (Cx)

c _(1-(Q-63D/CU)X^CJ|C_

(l-(0.63x260/300))(2603 x300)
102.5988x10'° =2.6786x10

The clear span (Lm) along the x-x direction

Lnx = Lx- CXx = 5700 mm

The torsional stiffness of the column (Ku) along the x-x direction

„ 2x4.5x4 xC, 2x4.5x22361x2.6786x10'°
K«=7~,—7^TZk= 7 : ~ 1.0479 x 10

( (r \\
1- ^

< \Ly J
6000fl-f^)l

I I6000J)

i\

The relative stiffness of the slab (KsXx) along the x-x direction

v AEchxs _ 4x22361 x9.7069 x10' ,
Ks\x = r TTTT = 1

6000

K„ =3.34xlOK

«lx =
K

_ ecx _ 3.34x10
10

2/4, 2xl.3531xl04
= 0.1234

3531x104

12

Exterior span

The distribution factor for the positive moment (Ppx) in the exterior span along the x-

direction

Z>„. =0.63-,-^= 0.63-°^* 0.5992
VI +70.1234/

PX

l+/a.\

The distribution factor for the negative moment (Dnex) in the exterior span along the x-

x direction

0.65
Z> =

0.65
= 0.0714

)+ya)^Y0A234)

224



The distribution factor for the negative moment (Pnix) in the interior span along the x-x

direction

D^ .„,„ Pi° r. 0.75-^-^=0.739
nix f \+ya) ' t1 +70.1234J

\ / "x

The cracked moment of inertia (Mcr)

M=0-7VZ:x4=0.7xV20x4.6829xl0'=10581xl()g
0.5 xP 0.5x260

The positive moment due to total load (A4lpct) at the exterior span along me x-x

direction

Ma,xpx = DpxM.xx= 0-5992 x158.625 = 95.05 kNm

KManpx<McAen

ManPx=Mcr

Here 95.05 kNm < 105.81 kNm

The negative moment due to total load (A4lnei) at the exterior span along the x-x

direction

Mamex = Dnex^nx - 0-00™ x158.625 = 11.327 kNm

If MalXaa<Mcrihen

Mannex =Mcr

The negative moment due to total load (Ma/lniI) at the interior span along the x-x

direction

Matna = DnixMlXx = 0.739 x 158.625 = 118.03 kNm

IfA4to<Mcrthen

^alUix = Mcr
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The cracked moment ofinertia (lm) of the column strip along the x-x direction

Icrx-bcxX- +{m){AslXa){d-x)2

+mxAx\o.5xP-[cc+dia/^\ +(m-\)xAsx[o.5xP-[cc +dia/St

= 2.4755 x\0smm4

The effective moment of inertia for the positive moment (IKpx) at the exterior span

along the x-x direction

' U. *
ecpx \MalXpx j (lex) 1-'JL s

\™a,Xpx

i\

(Icrx)

105.81 (4.6829x10') 105.81

105.81

,3A

(2.4755 xlO8)
U05.81,

= 4.6829x10' mm4

The effective moment of inertia for the negative moment (Itcnex) at the exterior span

along the x-x direction

•*ecnex

M,

K^atlnex J

105.81

U05.81,

= 4.6829x10' mm4

The effective moment of inertia for the negative moment (Iecnix) at the interior span

along the x-x direction

(/J +
( (
1-

1-

A/„
,3\

\Mannex J
(U

'io5.sr:(4.6829x10') + 1-
105.81

< M„ V
VMa,\„ix

(lex) + 1-

\MatXnixJ
(U

105.81

U 05.81.

= 4.6829x10' mm4

(4.6829x10') + 1-
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The effective moment ofinertia (Iecx) for the column strip along the x-x direction

Ieex =0.7/^+0.15/^+0.15/^

= 0.7 x 4.6829 x 109 + 0.15 x 4.6829 x 109 +0.15 x 4.6829 x 109

= 4.6829x10' mm4

The effective moment of inertia for the frame (Iefx) along the x-x direction

Kfx = Iecx + Imz

M=^xZ,x(zJ2^ll.75x6x(5.7y=286318kNm
8 8

MntXx= 2.0446xlO7 Nmm

Mndxx =(%)^.x=(8-%.75)x 2.0446 xlO7 =1.5225 xlO7 Nmm
The rotation due to total load (0lXx) alongthe x-x direction

=M^=2.0446x10' =61215xl0,
K K

"•ecx ecx

The rotation due to sustained load (0du) alongme x-x direction

j^^ 1.5225xl0' ,
K K^•ecx ecx

The deflection due to total load (8lXx) along the x-x direction

^=r^xZ^/Nj=(6.1215xlO-4x600^/)=o.46mm
The deflection due to sustained load (8dXx) along the x-x direction

U, xZr
8 =\ du°dXx

'}= (4.5586xl0-4x6000//)=0.34mm

Y-Y axis

Short term

The moment ofinertia ofthe column (IcXy) along the y-y direction ,

=Ci£C^=300x3003=675000000mm4
e" 12 12
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The relative stiffness of the column (K ) along the y-y direction

v *EJcXy 4x22361x675000000 „<n 10
A = = 1./2DU X 1U

" 4 3500

Concealed beam

The spacing of the stirrups in the concealed beam

j = 50 mm

The diameter of the stirrups in the concealed beam

4=8 mm

The numberof the stirrups alongthe y-y direction

"sy =
(L -C \^x Hx

+ 1 =
6000-300

50
+ l = 115Nos

The length of the stirrups to be provided in the y-y direction

4, =4= 6000 mm

The area of concealed the beam

2

nsyxmxnxds _ 115 x8.94 x*x82 e„ 1a4 ,
ha : • =5.17x10 mm

4 4

X2 =1000-/ = 1000-8.6171 =991 mm

Y2 =P-ty= 260-8.6171 =251 mm

The torsional constant of the concealed beam

Cb =
2xX\ xY2xP) r2x9912x2512x260>|

X2+Y2 991 + 251
= 2.5988x10

10

The torsional constant ofthe column along the y-y direction

(i-(o.63zyc„))(z)3cJ
Cy = +c

_ (l-(0.63x260/300))(2603x300)
3

102.5988x10'° =2.6786x10
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The clear span (Z ) along the y-y direction

Z„,=Z,-C„= 5700 mm

The torsional stiffness of the column (Kly) along the y-y direction

k = 2x4.5xEcxCy _ 2x4.5x22361x2.6786x10' _l0179xlQi2-\I0

•o> / i\
( (r Yl
1- 6000 1-

300

6000.

,3N

The relative stiffness of the slab (KsXy) along the y-y direction

=444, _ 4x22361x9.7069x10' _^^ „ {q4
'sXy

6000

10Kecy = 3.34 xlO

" 24„ 2xl.3531xl04

Exterior span

The distribution factor for the positive moment (Dp,) in the exterior span along the y-y

direction

D„ =0.63-^4= 0.63-^-^=0.5992
l1 +70.1234/1+ V

a
>yj

The distribution factor for the negative moment (P„ey) in the exterior span along the

y-y direction

I> =
0.65

1+ V
a

l>'.

0.65

uTF—1V+ 70.1234/

0.0714

The distribution factor for the negative moment (P„iy) in the interior span along the y-y

direction

*.,=0,5- ™ =0.75- j™-..0.739
I1 + 70.1234/1+ V

a
ir,
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The positive moment due to total load (MalXpy) at the exterior span along the y-y

direction

M«\py = DpyM.xy = 0-5992x 158.625 = 95.05 kNm

If M-lw<A/erthen

Ma,\py = Mcr

The negative moment due to total load (MmXnty) at the exterior span along the y-y

direction

Ma,xney=DneyMlXy= 0.0074x158.625= 11.327 kNm

^^a,xney <A/Cf then

MatXney =Mcr

The negative moment due to total load (MalXniy) at the interior span along the y-y

direction

Mal„iy = DmyM,Xy= 0.739 x 158.625 = 117.22 kNm

tf MmXHiy<M„Hhen

Ma,\niy = Mcr

The cracked moment ofinertia ofthe column strip (/) along the y-y direction

Icry -'=̂ J+H(^)(^-^)2+'"x4x(0.5xD-(cc +̂ ))
+(m - l)x A, x(o.5 xD-(cc +dia/$ =2.4755 x

The effective moment of inertia for the positive moment (/ ) at the exterior span

along the y-y direction

ecpy

' M. *
\Ma,Xpy J

w < lit-v>
1-

V^atXpy )
u

230

108 mm4



105.81

105.81
(4.6829x10')

= 4.6829x10' mm4

+
f!05.8r3
1105.81

(2.4755 x10s)

The effective moment of inertia for the negative moment (Iecney) at the exterior span

along the y-y direction

ecney
MV alXney J

r \l (
M„

M\2™ alXney J
(icry)

105.81

105.81
(4.6829x10')

= 4.6829x10' mm4

1-
105.81

105.81

,3>v

(2.4755x10*)

The effective moment of inertia for the negative moment (Iecniy) at me interior span

along the y-y direction

' U. V M.
,i\

ecniy
M\"1 alXniy )

105.81

U 05.81,

M + 1-
M\ "x atXmy J

1

(4.6829x10') 1-

= 4.6829x10' mm4

(Q

105.81

105.81.

^

(2.4755x10")

The effective moment of inertia for the column strip (/ ) along me y-y direction

^ =0.7/^+0.15/^ +0.15/^

= 0.7 x 4.6829 x 109 + 0.15 x 4.6829 x 109 +0.15 x 4.6829 x 109

= 4.6829x10' mm4

The effective moment ofinertia for the frame (Iefy) along the y-y direction

/*=/„ +/,, =9.0769x10' mm4

M=^(4j=ll-75x6x(5.7)2=286318kNm
8 8

Mndy={y/wynlXy= (8-7^ 75)x2.0446xl07 =1.5225xlO7Nmm
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The rotation due to total load (0lXy) along the y-y direction

. A4„ 2.0446xl07 A
0tly= =6.1215x10

Kecy Kecx

The rotation due to sustained load (0dXy) along the y-y direction

A^, = 1.5225x10'=Q,
a\y y y

A«y A«*

The deflection due to total load (8lXy) along the y-y direction

8ny=(0nyXLyX)={6A2l5xlO~4x 600%)=0.46 mm
The deflection due to sustained load (8dX ) along the y-y direction

8dXy =°JlllhL= (4.5586xl0-4x6000//)=0.34mm

Deflection of column strip due to total load along x-x direction

Interior panel

The deflection of the column strip (Sai„) due to total load

_{LDFd )xW,xLyx L\ _ Q.675 x11.75 x6x60004
aM 384x4x4 384x22361x4.6829x10' m

Thedeflection of the column strip (8aka) due to sustained load

(LPFc,)x WdxLyx L\ 0.675 x8.75 x6x60004
°cxidi = zzz—z—: * = 1.14 mm

384x4x4 384x22361x4.6829x10'
c ex

The deflection of me column strip \[8aUI) due to varying part of live load

Sexin =8ex,„ -8^= 1.53-1.14 = 0.39mm

Corner panel

x-x axis

The deflection of the column strip (8aal) due to total load

(ZD4)x^(xZ,xZ4
8„„, =

0.55x11.75 x6x60004

384x4x4 L+^b Sd^

384x22361x4.6829x10'
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The deflection of the column strip (8acdl) due to sustained load

{LPFc)xWdxLyxL\ ( .
dcxcdl = ,0. r, T +KdlXx ~ddXx)

384x4 x/

0.55x8.75x6x60004 .„... .... , ._
—5- + (0.46 - 0.34) =1.05mm

384x22361x4.6829x10"

The deflection of the columnstrip (8^,,) due to varying part of live load

^c//=^c„-^=l-37-l-05 = 0.32mm

Side panel

x-x axis

The deflection of the column strip (8asll) due to total load

(ZD4)x^xZ,xZ4 0.55x11.75x6x60004
8 ,= = r-=1.25mm

ou" 384x4x4 384x22361x4.6829x10'

The deflection of the columnstrip (4*^)due t0 sustained load

(ZD4)x^xZ,xZ4 0.55x8.75x6x60004
8 „ = - — = r = 0.93 mm

384x4x4 384x22361x4.6829x10'cxsdl

c ex

The deflection of the column strip (8^,,) due to varying partof live load

*«*« *«.,-*«•,-US- 0.93= 0.32 mm

Deflection of column strip

Interior panel

y-y axis

The deflection of the column strip 8^,, due to total load

(LDFa)xW,xLxxL*y 0.675xll.75x6x60004 , .,
8 ,=- — • - - = 5- =1.53 mmcyl" 384x4x4 384x22361x4.6829x10'

The deflection ofthe column strip 8eyidk due to sustained load

(LPFci)xWdxLxxL4 0.675x8.75x6x60004 , ,.
8 = - — - - -= r=1.14mm

cy,di 384x4x4 384x22361x4.6829x10'
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The deflection of the column strip 8^,, due to varying part of live load

8cyi„ =8^,-8^= 1.53-1.14= 0.39 mm

Corner panel

y-y axis

Thedeflection of the column strip 8cycll due to total load

{LPFc)xW,xLxxL4
cya'~ 384x4x4 ~+{dny ddly)

0.55xll.75x6x60004

384x22361x4.6829x10'
+ (0.46-0.34) =1.37 mm

The deflection ofthe column strip 8cycdl due to sustained load

{LPFc)xWdxLxxL4_V.urc)*rYdKi.xxi,y i v

"•*" 384x4x4 ~+[d,]y ddXy}

0.55x8.75x6x60004
-r +(0.46-0.34)= 1.05mm

384x22361x4.6829x10'

The deflection ofthe column strip 8^,, due to varying part of live load

8cyc„ -8cyar8cyaa= 1.37-1.05=0.32 mm

Side panel

y-y axis

The deflection of the column strip 8', due to total load

(LPFc)xW,xLxxL4y , v
cy"'~ 384x4x4 +vV-Vi

0.55xll.75x6x60004 ,nAen«A
384X2236U4.6829X10' +«"">*>' ' "™»
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The deflection of the column strip 8^ due to sustained load

{LDFe)xWJxL,xL,r _lt v
*~" 384x£,x/„ +*»-''»>

= 0»x8.75x6x6000' .^. , ^
384x22361x4.6829x10"

The deflection of the column strip 8^,, due to varying part of live load

8Cys„ = 8cysll -4^=1-37-1.05=0.32 mm

Deflection of middle strip

Interior panel

x-x axis

The deflection of the middle strip 4™,/ due to total load

(LPFml)xW,xLyxL4x 0.325xll.75x6x60004 _nnn_
8 ,, = = a~0. /y mm

*"'" 384x4x7 384x22361x4.6829x10'
c mx

The deflectionof the middle strip8^ due to sustained load

(LDFml)xWdxLyxLx 0.325x8.75x6x60004 . ..
8 „ = - — - - = r = 0.59 mm
""- 3UxEcxImx 384x22361x4.6829x10'

The deflection of the middle strip8^,, due to varying part of live load

*— = 8nxll, -8^ = 0.79-0.59 = 0.20 mm

Corner panel

x-x axis

The deflection of the middle strip 4u«/ due to total load

Smxc,
{LPFm)xW,xLyxL4x , ,

= TrTT—^ ; + \PlU ~ 5d\x )

v

0.45xll.75x6x60004 Q46, 2Qmm ±
384x22361x4.6829x10'
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The deflection of the middle strip 4ua* due to sustained load

{LPFm)xWdxLyxL4x
""*" 384x£x/ nd'u d"lJ

C ffU

0.45x8.75x6x60004 ,A ^ „„„, AA„
—5- + (0.46 - 0.34) = 0.93

384x22361x4.6829x10"

The deflection of the middle strip8^,, due to varying part of live load

8mxc, =8mxa, -<U, = 1.20-0.93 = 0.27 mm

jfc. Side panel

x-x axis

Thedeflection of the middle strip 4«,/ due to total load

=(Z£>4)xIT,xZ,xZ4 0.45xll.75x6x60004 =
""*"" 384x4x7 384x22361x4.6829x10'

c mx

Thedeflection of the middle strip 8mxsdl due to sustained load

_(/:D4,)x^x4xI* 0.45 x8.75 x6x60004 _AO
°mxsdi zz~. z : tt~—zz~— 5"— 0.81 mm

384x4 xl^ 384x22361x4.6829x10'

The deflection of the middle strip 8^,, due tovarying part of live load

8mxsi, =8^,, -8nudl= 1.09-0.81=0.28 mm

Deflection of middle strip

Interior panel

y-y axis

The deflection ofthe middle strip Smyill due to total load

_{LPFmi)xW,xLxxL4y 0.325xll.75x6x60004
-*' 384x4x4, "384x22361x4.6829x10'"°-79mm

236



The deflection of the middle strip 8myidl due to sustained load

(LPFm,)xWdxLxxL\ 0.325x8.75x6x60004 _Agn„„
8 „ = = r-U.j9rammyua 3UxEcxImy 384x22361x4.6829x10'

The deflection of the middle strip 8myUl due to varying part of live load

8myil, = 8mynl - 8myidl = 0.79-0.59 = 0.20 mm

Corner panel

y-y axis

The deflection of the middle strip 8mycll due to total load

(ZD4)x^,x4xZ4,\Lvrm)xrr,xLxxLy i \

*"-" 384x4x/m, +*»>-*«>>
0.45x11.75 x6x60004

r + (0.46-0.34) =1.20 mm
384x22361x4.6829x10'

The deflection of the middle strip 8myaU due to sustained load

(LPFm)xWdxLxxL4y
384x4 xlmy

0.45x8.75x6x60004 ^/n., _,„ AQ-
= + (0.46 - 0.34) = 0.93 mm

384x22361x4.6829x10'

The deflection ofthe middle strip 8myc„ due to varying part oflive load

Smyc,, =8myc -4,**-1-20-0.93=0.27 mm

Side panel

y-y axis

The deflection ofthe middle strip 8mys„ due to total load

[\LPFm)xWdxLxxLy ifg x

5"**- 384x4x4 l"' "ly)

_(ZZ>4)x^(x4xZ4,
o„,,..,i — •

hS±LJx -A \v— +V>i\y <>dXy)384x4x4, -" — >

0.45xll.75x6x60004

384x22361x4.6829x10'
= 1.09 mm
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The deflection ofthe middle strip 8mysdld\ie to sustained load

(LPFn)xWdxLxxL4y ( x
-4x£x/ +^"^J384)..

0.45 x 8.75 x6x60004
= 0.81 mm

384x22361x4.6829x10'

The deflection ofthe middle strip 8mysll due to varying part of live load

8mys„ =8mys„ -4^=1-09-0.81=0.28 mm

Total deflection

Interior panel

The deflection 4* due to sustained load

*- =
8cxidt + 8„yidi + ocyidl + l)—

The deflection 8t of interior panel

8, =6x8^+8,
ii.

3 =6x1.73 +0.59= 10.96 mm

Corner panel

The deflection 8^ due to sustained load

8cdi =
"cxcdl + Vmycdl +°cycdl +8nxcdi

The deflection 8C of corner panel

4 = 6x4^+4,

4 =6x1.98 + 0.6= 12.16mm

Side panel

The deflection 8^ due to sustained load

(8„^. + 8_.,.A, + 4. . + 8_..M \
8sdi =

'cxsdl t wmysdl T ucysdl ~ u mxsdl
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The deflection 8S of side panel

4=6x4„+4//

4 =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/m2
4

Floor finish (FF) = 1.5 kN/m2

Clear cover to tension reinforcement = 25 mm

Grade ofconcrete = fck =20 N/mm2

Young's modulus ofsteel (Es) =200000 N/mm2

Diameter of rod = 10 mm

Square column ofsize = 300 mm x 300 mm *

Total depth of slab = 260 mm

Edge column size, Ci=300 mm & C2=300 mm

Step II Column stiffness, K« (Fig. 6.8)

The Young's modulus Ec of concrete

Ec=5000xJ% =22361 N/mm2 V

The moment ofinertia Icof the column

. C2xCl3 300x300' ,_cnnnnnn 4
I = = =675000000 mm

12 12

The stiffness of the column

K
c

Ec (k-D)
1 +

3xZc2
(Le-D)2

675xlO6

(3500-260)

= 9.3767xl05mmJ
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260 mm

r-*

3.5 m 3.24 m

Liu *
130 mm

Actual column Analogous column

Fig. 6.8 Column stiffness by column analogy (without concealed beam)

1/ECL—

1/ECIC= 0

*— 1.75 m

1.75 m

_L
1/RJL- 0

Step III Slab stiffness, K, (Fig. 6.9)

Slab between the (/ ,) columns

L,xP3 6000 x2603
12 " 12

Slab (Ig2) at the column

8.7880xl09mm4

'«1 8.7880x10s
'l- ( (C,\\ (. f 300 v

= 9.7374xl09mm4

l-

Zl3

1-UoooJ

60003
4- 12x/g2 12x9.3774x10'

=1.8485 m4

2 r

(A-cJ 1 1

.8.788x10' 9.7374xl09
12 12

|x(6000-300)3

= 0.1712 m4

Moment ofinertia of the analogous column (4) about the neutral axis

4=/,+/2 = 1.8485 + 0.1712=2.0198 m4
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-At

t

6000 mm

5700 mm

260 mm

~T*T"

*
300 mm- 300 mm

Actual slab

101/1,2= 1-0269x10;

tH
-TO

1/I«i= 1.1379x10' >#=

Slab as analogous column

Fig. 6.9 Slab stiffness by column analogy (without concealed beam)

Area of the analogous (AK) column

Slabbetween (AacX) the columns

Aac\ -
(A-Cl) _(6000-300)

'«i
8.788xl09

Slab(4c2) at the columns

CA f300^

= 6.486 lxl0"7mm2

2x\^i

Aac2 ~

2x

j - = 3.0809xl0"8mm2
Ig2 9.7374x10*

7 2A =A ,+A ,= 6.4861 xl0"7+3.0809x10"" =6.7942x10"'mm
acX ac2

The relative stiffness (K,) of the slab

K. ( 1 ~\

s V ™ac J

+

(A/2)2 J l ^ (6000/2)2
7 l6.7942xl0"7J 2.0198x1000
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Step IV Stiffness of exterior equivalent column

~i~D =260mm

C. =300 mm

Fig. 6.10 Cross section at slab column connection

The torsional constant (C ) of the equivalent column (Fig. 6.10)

C = l-0.63x
fp}]fp3xcA

'260_V
V300A

\ A/2603x300
l-0.63x 7.9795xl08

vA

The torsional stiffness (K,) of the column

f \ ( \
(2x4.5)xC (2 x4.5)x 7.9795x10K,

L2 x
c V

V 1-2 J )

6000x1-
300

6000 / /

The relative stiffness (Kec) of the equivalent column

=1.3960x10*

Kec _ Z4 2x9.3767xlO3

fI.Ke '\ (
1 +

2x9.3767 xW\
= 8.0029x105 mm3

1 +

. Ki 1.396xl06

Step V Moment distribution factors

Exterior column

K, 5.9278xl06
DF=-

K,+KK 5.9278 xl06+8.0029 xlO5

Interior column

K, 5.9278 xlO6

0.88

DF =
2x K, + K„ 2 x 5.9278xl06+8.0029 xl0:

= 0.46
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Step VI Factored loads for moment distribution

The dead load (14)

Wd =1.5 x((0.26x25) +1.5) =12 kN/m2

Live load (W,)

Wl= 1.5x3 = 4.5 kN/m2

Total load {W,)

Wt = 12+4.5 = 16.50 kN/m2

Uniformly distributed load (w)

w = 99 kN/m

Step VII Carry over factors for both interior as well as exterior columns (Fig. 11)

(( X\ fc/tf
\AacJ

COF =
711 M
\AacJ 'ac J

0.15 m

(f
1

2 A_") (6000/2)
L.6.7942xlO'7 J+ 2.0198

1 ^ (6000/2)2
,U-7942xlO-7J 2.0198

= -0.5034

Mi = 43.436 kNm

.0045

M2 = 21.99 kNm

0.15 m

Fig. 6.11 Slab fixed end moments by column analogy (without concealed beam)
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Step VII

Moment distribution analysis

Wd+W,= 16.5kN/m2

/&/ /&/ /£/ <VtV

\\\\\\\\\ Ullllll 111111111

/777 /777 /777 /777

COF

DF

FEM

D

CO

D

CO

D

CO

D

Mu

Vu

6 m
-<-

6 m
^

6 m
-7'-

X
-0.5034

0.88 0.46

-298.34 -298.34

+262.85

— -132.32

— +61.98

31.20

+27.49

13.83

12.19

+ 14.61

-7.36

-40.84 -361.43

297.00

53.43

297.00

53.43

243.57 350.43

X
-0.5034

0.46 0.46

-298.34 -298.34

61.98 -61.98

+31.20 +31.20

14.61 -14.61

+7.36 +7.36

+336.37 -336.37

X
-0.5034

0.46 0.88

298.34 -298.34

+262.8:

-132.32 —

+61.98

-31.20

+ 14.61 +27.49

•7.36 -13.83

+12.19

361.43 -40.84

297.00 297.00 297.00

53.43

297.00

-53.43

297.00 297.00 350.43 243.57
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Step VIII. Shear at the exterior trial column (Fig. 6.12)

B2= C2+d

B -t

D

:*•••:•*•.••.•:•

•id.--- •

C2

C
C.

Critical section for shear

B,= Ci+d/2

a. Plan

i z

D

/

/

/'
/ /

e a

/ 1
/

.' /'
/

t z

Ccd Cab

b. Shear section dimensions c. Vu, Mu, Vab

Fig. 6.12 Shear at exterior column (without concealed beam)
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The critical section for the shear

B\ =C^+d/2 =300+230/2 =415 mm

B2 = C2+d= 300+230 = 530 mm

The shear (Va) isequal to the exterior column reaction

Va =243.57+99x300/2= 258.42 kN

The area (AsX) of thecritical shear section

4, =2B\xd +B2xd= 2x415x230 +530x230=312800 mm2

^AB ~
2B\xd + B2xd '2x415x230 + 530x230

312800
= 126.6360

CCD=B\-CM=415 -126.636= 288.36

Distance between the column centreline (e) and the centroid of the critical section

e=CCD-Cy =288.36-30% =138.36 mm
(

J\ =
Blxd3> (

+
dxBl

3 A

+2xdxB\x(B\/ -CAB) +dxB2xCAB7

415x2303>| f230x4153"l +2x230x415x[— -126.636

+ 230x530xl26.6362

= 6.7845xl09

JC=J\

The fraction (/„) of the unbalanced moment to be transferred to the column by shear

about the centroid of the shear area

7\=1

/
1

\ /
1

\

1-1+(2^51/52/I)J [l +(2>/415/53=0/3) = 0.371

C /
MCs=Mux~wx\ y2 -\ yA \-v»x*

=40.84xl06-99x(300//)x(300//)_258.42xl03xl38.36= 3.9741
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The shear stresses (V^) at the exterior column

V _(258.42 xlO3/ L (o.3710 x3.9741 xl06x 126.636/
vUab-\ /312800/+l /6.7845xl0'

= 0.8537

The permissible shear stress (V,) without shear stirrups

4=0.25x^

= 0.25xV20=l. 12 N/mm2

Vuab < V,

V =rucd

Hence safe

yvxMcsxCtcs ~ ^CD,
'j.

=(258. >xl03/ )_(o.3710x3.9741xl06x 288.36/
/312800/ I /6.7845xl0'-

= 0.7635 N/mm'

4cJ < V, Hence safe

Step IX

Shear at interior column (Fig. 6.13)

D

>" oi >
c2

c

Critical section for shear

Bl=C,+d

a. Plan

B2= C2+d

B-t

b.V.M

Fig. 6.13 Shear at interior column (without concealed beam)

247

V



4.- = 350.43 + 290.00 = 640.43 kN

M= -25.054 kNm

JcX =
dx(C\ +d)VV f(C\ +d)xd3/V f(C2 +d)xdx(CI +d)V

V

^ / Y>\230 x(300 +230) f (300 +230) x230
* J+l ^

r(300 +230)x230x(300 +230)2'

= 2.3903xl010

The critical (AcX) perimeter

AcX=4xB2xd = 4x530x230 = 487600 mm'

v-'iVA,y (yvxMvxB2/
I /2xJcU

=(640.43 xlO3/ L(o.371x 25.054 xl06x 530/
\ /487600/+l /2x 2.3903x10

= 1.42 N/mm2

4i < 4 Hence safe

StepX

The maximum beam shear (Vu2) for total factored load

(V / \
csmA -wxd\

L\xd

(640.43 xlO3 /- 99x230
* ' = n 9i s 1 N/mm2

6000x230

The permissible shear stress (Vs2) without shear stress as per IS: 456-2000

^=0-25x74" =0.25x720 =1.12 N/mm2

4-2 < Kx 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 I

Live load (W,) = 3.0 kN/mm2

Floor finish (FF ) - 1.5 kN/mm2

Clear cover to tension reinforcement = 25 mm

Grade ofconcrete = fck =20 N/mm2

Young's modulus ofsteel (E,)=200000 N/mm2

Diameter of rod = 10 mm

Square column of size = 300 mm x 300 mm

Total depth of slab = 260 mm

Step II

Column stiffness, IQ (Fig. 6.14)

4 =5000 xJJ2 =22361 N/mm2

The moment of inertia(Ic) of the column

=C2xCl =67500Q000 mm4
12

^•A
260 mm

3.5 m 3.24 m

130 mm

L-*tu ^

/

1/EcIc-

1/EJC= 0

1.75 m

1.75 m

_L
1/ECIC= 0

Fig. 6.14 Column stiffness by column analogy (with concealed beam)
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K.

Ec (Le-D)
1 +

3xZ,

(Le-Df

= 9.3767xl05mm3

Step III

Slab stiffness, Ks (Fig. 6.15)

d = 230 mm

-r*T

300 mm

675xlO6

(3500-260)

6000 mm

5700 mm

1 +
3x35002

(3500-260)2_

-rV

Fig. 6.15 Slab stiffness by column analogy (with concealed beam)

Slab between columns

Concealed beam

The width (/,) of the concealed beam

h = 1000 mm

The number of the longimdinal reinforcement (n) to be provided in the concealed

beam

n = 1+1 =
W

1000^1

50 J+ 1 = 21 Nos.

250



The equivalent concrete area (Ac) of the concealed beam

mxnxnxdl
A =

f8.394x21x;rxl02>l
= 1.4752xlO4 mm2

The depth of the concealed beam (c/,) in the equivalent concrete area (Fig. 6.16)

v4>

dx =
f A.\ (1.4752x10*

Khj 1000
=14.8 mm

J

260 mm

I 1000 mm
L »-

Fig. 6.16 Transformed section for flexural stiffness

The transformed moment ofinertia (/ ) of tne concealed beam

2x(zix(2x4)3) / , o4= l g ',}+[L\x2xdxx{Dy2-(cc+dx))

2x (6000x(2xl4-8)3)+[6000x2xl4.8x(260//-(25+14.8))2)
= 2.9093xl09mm4

/ -(^xZ)3)+/ =(6000x2603) +29093xlQ9=11697xlo,omm4
«• 12 sc 12

Slab (Ig2) atthe column

'** =
'«i 1.1697x10'

r r^ V\2 r r* 300 ^2
= 1.2961 xlO10 mm4

1-

V \^J

1-
U000J
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/.--i 6000' -Ijmm'
12x/g2 12xl.2961xl010

(Lx-Cj

/i-
12

1 1

1.1697x10'° 1.2961x10'
|x(6000-300)3

12
0.1286 m4

The moment of inertia (4) of the analogous column

/0c=/i+/2 =1-3888 +0.1286 = 1.5174 m4

Area of (A..) the analogous column

Between the column

4 1.1697x10'°

At the column (Ax2)

Aac2 ~
Kf 2x

300

V 8 2

1.2961x10
10

= 2.3146x10" mm

^=^,+^,=4.8729xl0-7+2.3146xl0-8=5.1044xl0-7mm:ac acX ac2

( 1 >\

K,=
\AacJ

+
(A/2)2 J i VJ600224 ,

U10"7; 1.5174xl00045.1044

Step IV Stiffness of exterior equivalent column

Concealed beam

The spacing of the stirrups (s ) in the concealed beam

^ = 50mm
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The diameter of the stirrups (d,) in the concealed beam

d. =8 mm

The number of the stirrups (ns)

n. =
'4-Q
V s

. (6000-300^1 , .....
+ 1= +1= 115 Nos.

I 50 )

The length of the slab for the stirrups (Ls) to be provided

LS=L2 = 6000 mm

The equivalent area of the concealed beam (Ea) in concrete

_nsxmx(nxd2)_ 115x8.94x(;rx82) =
4 4

Ea = 5.1703 xlO4 mm2

The thickness of the concealed beam (t ) in the equivalent concrete

4 . 5.1703xl04 _Rn,mm
/ = 8.62 mm
y Ls 6000

Xx = 1000 -4 =1000 - 8.62 =991.38 mm

Yx= P-t, =260-8.62= 251.38mm

1000 mm

fcW"«>!W£^^kHK*-'K

260 mm
iA*f\S VfXLW *JVT i -r \ v

8.68 mm

Fig. 6.17 Equivalent thin concrete box section for torsion

The torsional constant (Cb) of the concealed beam

Q =
(2xjr,2x2xi;2xD>L(2x991.382x2x251.382x260V25988xloio

Xx + Yx 991.38 + 251.38
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The torsional constant (C) of the column with concealed beam

^3xC,^
C = l-0.63x +c

vv

l-0.63x
f260Y|
boo J.

Y\2603x300
+ 2.5988x10'° =2.6786x10

^v

The torsional stiffness (K,) of the column

El
E.

(2x4.5)xC

( cVi-^2-
. L2

L2x

( \

(2x4.5)x 2.6786x10'°

6000 x
(. 300 V
1-

6000 / )

The relative stiffness of the (/Crc)equivalent column

2x9.3767xl05

= 4.6862xl07

4c _ £4

\ Ki

(2 x9.3767 xlO5"!
4.6862 xlO7

= 1.8032x10°

i + i +

Step V Moment distribution factors

Exterior column

DF=-
K. 7.8902x10*

K,+K„ 7.8902 x 106+1.8032 xlO6

Interior column

K. 7.8902x10'

= 0.814

DF =
2xKs+Kec 2x7.8902xl06+1.8032xl06

= 0.4487

Step VI Factored loads for moment distribution

The dead load (Wd)

Wd = 1.5 x ((0.26x25) +1.5) =12 kN/m2

Live load (Wt)

W. = 1.5x3= 4.5 kN/m2
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The total load (IV,)

Wt = 12+4.5 = 16.50 kN/m2

Uniformly distributed load (w)

w = 99 kN/m

Carry over factors (Fig. 6.18)

(( 1 A
+

(A/2)1

COF =
ac /

7 1 1 (A/2)2
V^acy ac J

0.15 m

1
2 \(6000/2)

5.1044xlO"7J 1.5174xl0004
= -0.5034

1
-7

5.1044x10

(6000/2)2
1.5174xl0004 J

Mi =43.436 kNm

0.0034
M2 = 21.99 kNm

0.15 m

Fig. 6.18 Slab fixed end moments by column analogy (with concealed beam)
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Step VII Moment distribution analysis

COF

DF

FEM

D

CO

D

CO

D

CO

D

M„

Wd+W|=16.5kN/m2

/#/

X X X
-0.5034 -0.5034 -0.5034

-0.81 -0.45 -0.45 -0.45 -0.45 -0.81

-298.34 -298.34 -298.34 -298.34 -298.34 -298.34

+242.84 +242.84

-122.25 -122.25 —

+54.86 -54.86 -54.86 +54.86

-27.61 +27.61 +27.61 -27.61

+22.48 +12.39 -12.39 -12.39 +12.39 +22.48

-11.31 -6.23 +6.23 +6.23 -6.23 -11.31

+9.21 — +9.21

-62.74 -359.58 -331.73 -331.73 -359.58 -62.74

297.00 297.00 297.00 297.00 297.00 297.00

-49.47 49.47 . m 49.47 -49.47

-247.53 -346.47 -297.00 -297.00 -346.47 -247.53

Step VIII Shear at the exterior trial column

B\ =Cx+d/2 =300+230/2= 415 mm

B2 = C, + d = 300+230=530 mm

Va =247.53+ 99x300/2 = 262.38 kN
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Concealed beam

The area of the (Ac) concealedbeam at one face (Fig. 6.19)

Ac =2xlxxdx= 4=2x1000x14.8 = 2.9504xl04mm2

Concealed

beam

/ \

CCd = 268mm Cab=147 mm

Fig. 6.19 Critical section for shear at exterior column (with concealed beam)

The actual area of the (AsX) critical shear section

4, =2B\xd + B2xd + Acx3

=2x 415 x 230 + 530x 230 + 2.9054x 104 x3 = 3.5293xl05 mm2

2B\xdxB\/2 +2xAcxiy

= 147 mm

Ccd=B\-Cab= 415-147 = 268 mm

e=Ccd-y2 =268-30%= 118 mm

Shear coefficient for the moment transfer (J\) for concrete alone

J\ =
rB\xd3} (

+

3\
dxB\

+ 2xdxB\x

257
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415x5303>l (230x4153>l

T
2x230x415x(415//_i47J2

+ 230 x 530 x 1472

= 6.9134xl09mm4

Shear coefficient for the moment transfer (J2) for concealed beam

J2 =
'2xLxd\3\

+
(2xdxxl3]

2xlQ00xl4.83>| (2x 14.8x10003>|

\iy2-Cab\ +dxxlxxCj

+2xl4.8xl000x(l000//-147J

+ 14.8 x 1000 xl472

= 5.6562x10* mm4

Shear coefficient (Jc) for moment transfer

4=J,+4 =6.9134xl0'+5.6562xl08=7.479xl09mm4

>\ (

=i-

A

r.-i- J+(2V51/52/3)J [l +(2^/415/530/3) = 0.6290

The moment at the centroid of the column section

Mcs =MuX-wx\ y2 1(%Kxe
=62.74xl06-99x(300,/)x(300//)_262.38xl03xll8 =30.64 kNm

The shear stress (V^) at the exterior column face

V =r uah *,HrM«A)
( 03\ (0.371x30.64xl06xl47

7.479 xl0y3.5293 x10s f

The permissible ( Vt) shear stress

K=0-5 x^4 =0.5 xV20 =2.4 N/mm2

^uo» < K Hence safe

v- y
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The shear stress (Vucd) at the exterior column at the edge face

*ucd ~

yv x Mcs x Ccd/
fJ.

^262.38x10^ (0.371x30.64xl03x268
3.5293xl05J 7.479x10'

Kcd <K Hence safe

Step IX Shear at interior trial column (Fig. 6.20)

D

mm
•:•:•• • <>•••

:2

CI

\
Critical section for shear

Bl=Cl+d

a. Plan

B2= C2+d

B-t

= 0.3359 NW

b.V.M

Fig. 6.20 Critical section for shear at interior column (with concealed beam)

V =346.47 + 297.00= 643.47 kN
csm

hi. = -27.84 kNm

Concealed beam

The critical shear section (AcX) ofthe concealed beam

AcX =(4xfl2xcf)+4x4 =(4x530x230)+4x2.9504xl04 =5.5015x10

The shear coefficient (4) for moment transfer for the concealed beam
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4

Jf (2x^1x(/J^+pJx^((/1)xJ1x(/J//-

3> (/.

+

J

'2xl4.8x(l000)
~6~

^(I000)xl4.8x(l000)n

= 1.8308xl09mm4

(I000)2xl4.83
6

+

The shear coefficient (JcX) for moment transfer for concrete and the concealed beam

( . ,~. ,0\ //^. ,N ,i\ (,„~ ,x , /~, ,x2A

Jcx =
dx{C\ +d)\ (C\ +d)xd3) \{C2 +d)xdx{C\ +d)

+ J.

\*\230 x(300+ 230) ((300 +230) x2303\

^(300 +230)x230x(300 +230)n
+

= 2.5733x10'° mm4

The shear stress (VuX) at the interior column

+ 1.8308xl08

J

•/i
=(643.47xl03

5.5015x10 •M 0.371 x 27.84 xl03x 530/
2x2.5733x10'

= 1.276 N/mm2

41 < V, Hence safe

StepX

Beam shear (Vu2)

_(Vt-/{-wxd)_ (643-47xl°X-99xl03x23o)_
Llxd 6000x230

Permissible (Krt) shearstress

vs\ =0-5 x7ZT = Kx =0-5 xV20 =2.24 N/mm2

^2 < Kx Hence safe

v2

260

= 0.2166 N/mm2



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

Panel

Deflection in mm

Without

concealed beam

With concealed

beam

% reduction in

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

column
ueiaus

Interior face Exterior face

Without

concealed

beam

Shear stress in N/mm 0.85 0.76 1.42

Limiting stress in N/mm 1.12 2.24 1.12

% used 75.89 67.86 126.78*

With concealed

beam

Shear stress in N/mm2 0.97 0.34 1.28

Limiting stress in N/mm 2.24 2.24 2.24

% used 43.3 15.18 57.14

Without

concealed

beam

Moment in kNm 40.84

-

Limiting moment in kNm 60.59

% used 67.40

With concealed

beam

Moment in kNm 62.74

Limiting moment in kNm 60.59

% 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 me 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

me improved stiffness of flat plates.

Since the above computation involves time consuming lengthy calculations, a

program was developed in MATLAB for the aboveprocedure.

6.3 SUMMARY

From the comparative study, it is observed that by providing the concealed

beam, the deflection in the comer 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 ofthe 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

X improved stiffness of flat plate using concealed beam for different parameters. Hence

a program was developed for the procedure explained in the previous chapter. The

following sectionsexplain the development of the program and the comparative 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/m2) and grade of concrete (N/mm2), 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/mm2) 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 = 6mx6m, 7mx7m, 6mx7

Depth of slab = 125 mm to 300 mm wim an in

Live Load = 3 kN/m2 and 5 kN/m2

Grade of

Concrete = fck = 20 N/mm2 and 30 N/mm2

Grade of steel -fy = 415 N/mm2

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 xlO-6

Modulus of elasticity

of Concrete = 5000 x y[fk N/mm2

Square column = 300 mm x 300 mm

Storey height = 3.5 m

7.2.3 Comparison of Deflection

Table 7.1 and Fig. 7.1 show the details about the comparative study conducted

for aspan of6mx6m, live load of 3kN/m2 and fck =20 N/mm2. The table furnishes
the total mid panel deflection ofcomer 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 ofthe 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 fci< x b x d where "b" is

the width of the critical section 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 Jj^ in the IS: 456- 2000. For the flat plate with concealed

beam this formula becomes 0.5 x J~fk 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 exterior column was studied. 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/mm2 wl=3 kN/m2

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed

beam

With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

NW Used

%

N/mm' Used

%

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 89.33 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 44.75 34.58 87.52 39.51 50.50 57.70 0.83 74.11 0.55 24.55
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Table 7.2 Strength and serviceability of flat platewithout and with concealed beam
(6 m x 6 m) fck=30 N/mm2 wl=3 kN/m2

6

6

±-
*

6

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed

beam

With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

NW Used

%

NW Used

%

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 10.24 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 9.38 46.90 39.26 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 51.40 57.80 78.84 0.81 72.32 0.46 20.54

290 8.19 40.95 7.95 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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Fig. 7.2 Strength and serviceability of flat plate without and with concealed beam
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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/mm2 wl=5 kN/m2

Interior

Panel

Side

Panel

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed

beam

With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

nW Used

%

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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Table 7.4 Strength and serviceability of flat plate without and with concealed beam
(6 m x 6 m) fck=30 N/mm2 wl=5 kN/m2

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed

beam

With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

NW Used

%

N/nW Used

%

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 14.33 71.65 52.42 49.29 106.35 52.42 106.35 0.83 74.11 0.17 7.59

250 13.51 67.55 12.99 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 9.91 49.55 44.23 73.31 60.33 44.23 60.33 0.95 84.82 0.54 24.11

290 9.41 47.05 9.11 45.55 42.27 80.23 52.69 42.27 52.69 0.96 85.71 0.60 26.79

300 8.67 43.35 8.41 42.05 40.35 87.52 46.10 40.35 46.10 0.97 86.61 0.64 28.57
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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/mm2 wl=3 kN/m2

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed

beam

With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%

280 20.23 101.15 19.56 97.80 54.86 73.31 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 17.33 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
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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/mm2 wl=3 kN/m2

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed

beam

With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%

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 0.41 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 15.41 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 14.23 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
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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/mm2 wl=5 kN/m2

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed

beam

With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%

280 23.32 116.60 22.49 112.45 64.40 73.31 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
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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/mm2 wl=5 kN/m2

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed

beam

With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%

260 22.81 114.05 18.32 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 63.64 107.90 116.92 183.72 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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Table 7.9 Strength and serviceability of plate without and with concealed beam
(6 m x 7 m) fck=20 N/mm2 wl=3 kN/m2

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed

beam

With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%

230 24.97 124.85 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 0.91 81.25 0.25 11.16

250 20.47 102.35 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 89.20 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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Fig. 7.9 Strength and serviceability of plate without and with concealed beam
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Table 7.10 Strength and serviceability of platewithout and with concealed beam
(6 m x7 m) fck=30 N/mm2 wl=3 kN/m2

Interior

Panel

Side

Panel

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed beam With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%

230 20.39 101.95 19.58 97.90 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 4.91

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 76.95 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 70.35 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 59.45 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 54.90 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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Table 7.11 Strength and serviceability of plate without and with concealed beam
(6 m x 7 m) fck=20 N/mm2 wl=5 kN/m2

n p a D

Interior

Panel

/r^Jrner/ Side
v/panel S Panel

if-—< ' a o o

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With concealed

beam

Without concealed beam With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%

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 27.64 138.20 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 24.99 124.95 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 1.10 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 0.42 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 94.25 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 82.90 46.26 76.72 60.30 74.42 97.00 1.17 104.46 0.67 29.91

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 76.35 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
(6 m x 7 m) fck=20 N/mm2 wl=5 kN/m2
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Table 7.12 Strength and serviceability of plate without and with concealed beam
(6 m x7 m) fck=30 N/mm2 wl=5 kN/m2

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With concealed

beam

Without concealed beam With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%

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 74.20 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 65.35 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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Fig. 7.12 Strength and serviceability of plate without and with concealed beam
(6 m x 7 m) fck=30 N/mm2 wl=5 kN/m2



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 inertiawas used. The input parameters of the program are span (mm), live

load (kN/m2) and grade ofconcrete (N/mm2), depth ofslab (mm). The output ofthis

program will give the total mid panel deflection (mm) for interior, comer 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/mm2) 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 ofconcealed beam.

Span

Depth of slab

Live Load

Grade of

Concrete

Grade of steel

Clear cover

Diameter of rods

Area of tension

Reinforcement

Creep strain

Shrinkage strain

Modulus of elasticity

of Concrete

Square column

6mx8m, 7mx8m, 8mx8m

125 mm to 300 mm with an increment of 5mm.

3 kN/m2 and 5 kN/m2

= fck - 20 N/mm2 and 30 N/mm2

=fy =415 N/mm2
= 25 mm

10mm

0.5 %

1.6 for 28 days age at loading

300 xlO"6

5000 x 4fck NW

300 mm x 300 mm

290
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Column head

Height Lx/10m

Storey height 3.5 m

7.3.3 Comparison of Deflection

Table 7.13 and Fig. 7.13 show the details about the comparative study

conducted for a span of6 mx 6 m, live load of3 kN/m2 and fCk = 20 N/mm . The

table furnishes the total mid panel deflection of comer 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 fck x b x d2

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 corner 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 lesserdepth

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 Jf^ in the IS: 456- 2000. For the plate with concealed beam, this

formula becomes 0.5 x y[j\k 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/mm2 wl=3 kN/m2

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed beam With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%

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 9.76 48.80 9.58 47.90 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 33.48

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 33.48

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 74.22 27.63 0.77 68.75 0.72 32.14
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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/mm2 wl=3 kN/m2

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed beam With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%

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 0.80 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 8.64 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

8

±_

8

s



to

C3N

E
E

,S

Deflection

170 190 2D 230 250 270 290 3»

Total depth in mm

—X—without concealed beam

—«v—with concealed beam

115

ID

»5

CO

95

90 -

85 •

80

75

70

E
Z

Moment carrying capacity

220 240 260 280 300

Total depth in mm

—X—without concealed beam

—A—with concealed beam

320

0.88 -.

E 0.82
.E

c 0.8

a

£ 0.78
V-
B

0.74 •

0.72

0.7

Shear stress

200 250 300

Total depth in mm

X without concealed beam

a\ with concealed beam

Linear (without concealed beam)

Linear (w«h concealed beam)

Fig. 7.14 Strength and serviceability ofslab without and with concealed beam
(6 mx8m) fck=30 N/mm2 wl=3 kN/m2
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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/mm2 wl=5 kN/m2

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed beam With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%

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 with concealed beam
(6 m x 8 m) fck=20 N/mm2 wl=5 kN/m2
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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/mm2 wl=5 kN/m2

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed beam Writh concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%

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 34.31

240 11.38 56.90 11.02 55.10 60.58 238.26 25.43 123.62 51.88 1.01 73.72 0.93 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 without and with concealed beam
(6 mx8m) fck=30 N/mm2 wl=5 kN/m2
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Table 7.17 Strength and serviceability of slab without and with concealed beam
(7m x 8 m) fck=20 N/mm2 wl=3 kN/m2

Interior

Panel

Side

Panel

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed beam With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%

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 81.30 154.58 148.96 103.77 157.91 106.01 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 78.95 141.49 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 57.41 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 0.86 76.79 0.81 36.16

280 9.21 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 38.45 115.23 308.85 37.31 103.25 33.43 0.83 74.11 0.78 34.82
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Fig. 7.17 Strength and serviceability of slab without and with concealed beam
(7 m x 8 m) fck=20 N/mm2 wl=3 kN/m2
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Table 7.18 Strength and serviceability of slab without and with concealed beam
(7m x 8 m) fck=30 N/mm2 wl=3 kN/m2

/y&**y\

V-yyi
l<-7

Interior

Panel

Side

Panel

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed beam With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%

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 53.95 144.62 274.77 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 0.83 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 8.23 41.15 8.12 40.60 129.52 362.47 35.73 123.73 34.14 0.86 62.77 0.81 29.56

280 7.52 37.60 7.43 37.15 124.63 394.59 31.58 117.53 29.79 0.85 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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Fig. 7.18 Strength and serviceability of slab without andwith concealed beam
(7 m x 8 m) fck=30 N/mm2 wl=3 kN/m2
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Table 7.19 Strength and serviceability of slab without and with concealed beam
(7m x 8 m) fck=20 N/mm2 wl=5 kN/m2

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed beam With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%

230 19.69 98.45 18.84 94.20 178.85 165.60 108.00 178.63 107.87 1.10 98.21 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 44.20

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 0.96 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 42.41

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

8

♦
8

±_

8



1>J

O
On

33

28

E
E

.S 23

o

H

Deflection

BO 210 230 250 270 290

Total depth in mm

—X—without concealed beam

—aV—with concealed beam

310

Moment carrying capacity

230 n

E
Z

E
o

2

210

RO

170

150

DO

ID

B0 200 220 240 260 280 300 320

Total depth in mm

—X—without concealed beam

—aV—with concealed beam

E

•I
Z

.£

B
Ei

Shear stress

L25

L2

Ll

L05

09

190 240 290

Total depth in mm

X without concealed beam

A with concealed beam

Linear (without concealed beam)

Lincar(with concealed beam)

Fig. 7.19 Strength and serviceability of slab without and with concealed beam
(7 m x 8 m) fck=20 N/mm2 wl=5 kN/m2
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Table 7.20

• 13 9 9

Interior

Panel

/pdfner/ Sid.
/rm&y Panel

y yy^—a—t

Strength and serviceability of slab without and with concealed beam
' (7m x8m) fck=30 N/mm2 wl=5 kN/m2

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed beam With concealed

beam

Without

concealed beam

With concealed

beam

'i i : :

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%

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 77.28 188.07 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 54.25 155.74 346.95 44.89 149.82 43.18 1.03 75.18 0.97 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 49.45 149.40 378.35 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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Fig. 7.20 Strength and serviceability of slab without and with concealed beam
(7 m x 8 m) fck=30 N/mm2 wl=5 kN/m2
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Table 7.21 Strength and serviceability of slab without and with concealed beam
(8m x 8 m) fck=20 N/mm2 wl=3 kN/m2

Interior

Panel

Side

Panel

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed beam With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%

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 94.93 188.45 90.81 0.95 84.82 0.88 39.29

245 16.86 84.30 16.46 82.30 193.45 217.84 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 53.47 148.69 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 serviceability of slab without and with concealed beam

(7 m x 8 m) fck=30 N/mm2 wl=3 kN/m2

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed beam With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%

215 19.17 95.85 18.43 92.15 214.57 239.81 89.48 220.30 91.86 0.99 72.26 0.91 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 32.48

240 14.50 72.50 14.15 70.75 197.01 311.29 63.29 193.00 62.00 0.95 69.34 0.89 32.48

245 13.77 68.85 13.46 67.30 193.45 326.77 59.20 187.97 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 0.88 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 0.87 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 50.90 172.46 428.05 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 9.43 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/mm2 wl=5 kN/m2

Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed beam With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%

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 91.07 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/mm2 wl=5 kN/m2

fi o-
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Depth

mm

Deflection Moment Shear stress

Without

concealed

beam

With

concealed

beam

Without concealed beam With concealed

beam

Without

concealed beam

With concealed

beam

mm Used

%

mm Used

%

kNm limiting Used

%

kNm Used

%

N/mm' Used

%

N/mm' Used

%
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 55.47 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 ftimished 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

(ii) 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, comer 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 ofcreep 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 y

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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> 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.

8.2 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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2. When the concrete depth is increased, 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.

3. 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.

4. 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.

5. The ACI: 318-2002 method, using the multiplier approach under estimates the j

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 me long

term effects.

6. The contribution ofcreep and shrinkage in total deflection varies from 80% to X

maximum 98%. As per the EC: 2-2002, the short term deflection isnegligible.

7. 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 isgiven below:

5T =6x8D +8, y

The above proposed modified multiplier approach is validated with the

experimental results available in the literature.
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8. 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 = £(l/r„2 ) + [(1 - £)(1 / raX)]

Creep curvature = £(l/r2) + (l-£)(l/r,)

X 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.

9. 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.

10. For a load of3 kN/m2 the flat plate can be used upto 7 mwith concrete grade

20, whereas for increased load with this grade the flat slab with column head

can be used. For load 3 kN/m2, 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/m2

withconcrete grade 20. The flat slab with drop panel can be used safely for span

upto 10m. Beyond 10 m to 12 m the flat slab with column head and drop panel

can be used.

11. 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
V

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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8.3 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 conducting the experiments under construction loads

and for service loads.

2. The behaviour of flat plate with concealed beam by conducting the

experimental and analytical study for lateral loading.

3. The mode of failure of slab at ultimate load has to be studied.

H

V

323



REFERENCES

1. Albrecht, U., (2002), "Design ofFlat Slabs for Punching", (European and North

American practices, Cement &Concrete Composites, Vol. 24, pp. 531-538.

2. American Concrete Institute: ACI 318, (2002), "Building Code Requirements
for Structural Concrete", American Concrete Institute, Detroit.

3. Balendra, T., and Paramasivam, P., (1981), "An Iterative Analysis of Building
Frames Subjected to Lateral Loads", IES Journal, Vol. 21, No. 1, pp. 35-47.

4. Battaglia, G., Malerba, P.G., and Sgambi, L., (2003), "Bridge Deck Analysis
Through the Use of Grillage Models", Proceedings of International conference

on System-based Vision for Strategic and Creative design, Italy, pp. 981-987.

5. Beeby, A.W., (2002), "Some Aspects of the Serviceability of Slab Systems",
Proceedings ofthe International Seminar, University ofDundee, Scotland, UK,
5-6 September,pp. 327-335.

6. Beeby, A.W., and Narayanan, R.S., (1995), "Designers, Handbook to Eurocode

2 Part 1.1: Design of Concrete Structures", Thomas Telford Services Ltd.,
London.

7. Beeby, A.W., Antonopoulos A., and Scott R.H. (2002), "Preliminary Results for
Long Term Tension Stiffening Effects in RC Members", Proceedings of the
International Seminar, University of Dundee, Scotland, UK, 5-6 September,
pp. 57-67.

8. Best practice guide for in-situ concrete frame buildings, (2000), "Prefabricated
Punching Shear Reinforcement for Reinforced Concrete Flat Slabs".

9. Best practice guide for in-situ concrete frame buildings, (2000),
"Rationalization of Flat Slab Reinforcement".

10. Binici, B., and Bayrak, O., (2003), "Punching Shear Strengthening of
Reinforced Concrete Flat Plates Using Carbon Fiber Reinforced Polymers",
Journal of Structural Engineering, ASCE, Vol. 129, No. 9, pp. 1173-1182.

324



11. Boyce, W.H., (2002), "Deflections of Reinforced Concrete Slabs-case Studies",

Proceedings of the International Seminar, University of Dundee, Scotland, UK,

5-6 September, pp. 91-100.

12. Branson, D.E., (1976), "Deformation of Concrete Structures", McGraw Hill i

International Book Company, New York.

13. Broms, C.E., (2000), "Elimination of Flat Plate Punching Failure Mode", ACI

Structural Journal, Vol.97, No.l, pp. 94-102.

14. BS 8110 - Part 2, (1997), "Structural Use of Concrete- Code of Practice for

Special Circumstances", British Standard Institution, London.

15. BS 8110 - Parti, (1997), "Structural Use of Concrete- Code of Practice for •

Design and Construction", British Standard Institution, London.

16. Chang, K.Y., and Hwang, S.J., (1996), "Practical Estimation ofControl ofTwo-
Way Slab Deflections", Journal of Structural Engineering, ASCE, Vol. 122,

No. 2, pp. 150-159.

17. Chapman, S.J., (2002), "MATLAB Programming for Engineers", Thomson

Brooks, Australia, Second Edition.

18. Chen, CC, and Li, CY., (2005), "Punching Shear Strength of Reinforced

Concrete Slabs Strengthened with Glass Fiber-Reinforced Polymer Laminates",

ACI Structural Journal, Vol. 102, No. 4, pp. 535-542.

19. Choi, K., Park, H., and Shin, Y., (2003), "Moment Magnifier Method for Long-
Term Behavior of Flat Plates Subjected to In-Plane Compression", Journal of

Structural Engineering, ASCE, Vol. 129, No. 1, pp. 87-95. ,

20. Das, S.K., (2004), "Design ofRC Slabs to Satisfy Both Bending and Deflection
Criteria", Indian Concrete Journal, July, pp. 144-147.

21. Deodhar, S.V., and Dubey, S.K., (2004), "A New Concept of Slab Design",

Civil Engineering and Construction Review, November, pp. 54-58.

22. Desayi, P.,and Seshadri, H.K., (1996), "Punching Shear Strength of Flat Slab
Corner Column Connections Part 2. Fibre Reinforced concrete connections",

Proceedings ofCivil Engineers Structures and Buildings, Vol. 122.
V

325



23. Desayi, P.,and Seshadri, H.K., (1997), "Punching Shear Strength of Flat Slab

Comer Column Connections Part 1. Reinforced concrete connections",

\ Proceedings of Civil Engineers Structures and Buildings, Vol. 122.

24. Durrani, A.J., Mau, ST., AbouHashish, A.A., and Yi Li., (1994), "Earthquake

Response of Flat-Slab Buildings", Journal of Structural Engineering, ASCE,

Vol. 120, No. 3, pp. 947-963.

25. El-Ghandour, A.W., Pilakoutas, K., and Waldron, P., (2003), "Punching Shear

Behavior of Fiber Reinforced Polymers Reinforced Concrete Flat Slabs:

Experimental Study", Journal of Composites for Construction, Vol. 7, No. 3, pp.

258-265.

26. Farhey, D.N., Adin, M.A., and Yankelevsky, D.Z., (1993), "RC Flat Slab-

Column Sub Assemblages Under Lateral Loading", Journal of Structural

Engineering, ASCE, Vol. 119,No. 6, pp. 1903-1915.

27. Fenu, L., (2003), "The Choice of the Rib Thickness in the Mass-production of

Ribbed R/C floors", Proceedings of International Conference on System-based

Vision for Strategic and Creative Design, Italy.

28. Furst, A., and Marti, P., (1997), "Robert Maillart's Design Approach For Flat

Slabs", Journal of Structural Engineering, ASCE, Vol. 123, No. 8, pp. 1102-

1110.

29. Gasparini, D.A., (2002), "Contributions of C.A.P. Turner to Development of

Reinforced Concrete Flat slabs 1905-1909", Journal of Structural Engineering,

y ASCE, Vol. 128, No. 10, pp. 1243-1252.

30. Gilbert, R.I., (2001), "Shrinkage, Cracking and Deflection-the Serviceability of

Concrete Structures", Electronic Journal of Structural Engineering, Vol. 1,

pp. 15-37.

31. Gilbert, R.I., and Guo, X.H., (2005), "Time-Dependent Deflection of

Reinforced Concrete Flat Slabs-An Experimental Study", ACI Structural

Journal, Vol. 102, No. 3, May-June, pp. 363-373.
V

32. Gilbert, S.G., Murray, T.K., Scott R.H., and Cleland, D.J., (2000), "Equivalent
Frame Analysis Methods for Gravity Loading in Flat Slab Structures", ACI
Structural Journal, Vol. 97, No. 34, pp. 316-321.

326



33. Gomes, R.B., and Regan, P.E., (1999), "Punching Resistance of RC Flat Slabs

with Shear reinforcement." Journal of Structural Engineering, ASCE, Vol. 125,

No. 6, pp. 684-692. ,

34. Guan, H., and Loo, Y.C, (2003), "Analysis of Edge and Comer Column-slab

Connections with and without Stud Shear Reinforcement", Proceedings of

International Conference on System-based Vision for Strategic and Creative

Design, Italy, pp. 631-637.

35. Hoffman E.S., Gustafson D.P., and Gouwens A.J., (1998), "Structural Design

Guide to the ACI Building Code", Kluwer Academic Publishers, London,

Fourth Edition. "•

36. Hosahalli, S.R., and Aktan, A.E., (1994), "Seismic Vulnerability of Flat Slab-

Core Buildings." Journal of Structural Engineering, ASCE, Vol. 120, No. 2,

pp. 339-357.

37. Hsu, T.T.C, (1984), "Torsion of Reinforced Concrete", Prentice-Hall of India

Pvt. Ltd., New Delhi.

38. Huang Z., Burgess L.W., and Plank R.J., (2003), "Modeling Membrane Action 4

of Concrete Slabs in Composite Buildings in Fire-II: Validations", Journal of

Structural Engineering, ASCE, Vol. 129,No. 8.

39. Huang, Z., Burgess, L.W., and Plank, R.J., (2003), "Modeling Membrane

Action of Concrete Slabs in Composite Buildings in Fire. I: Theoretical

Development", Journal of Structural Engineering, ASCE, Vol. 129, No. 8,

pp. 1093-1102.

40. Hussaini A.A., and Ramdane K.E., (1992), " Properties and Creep of High

Strength Concrete", Proceedings of International Conference on Concrete,

Tehran University, Iran,

41. Hwang S.J., and Chang K.Y., (1996), "Deflection Control of Two-Way

Reinforced Concrete slabs", Journal of Structural Engineering, ASCE, Vol. 122,

No. 2, pp. 160-168.

42. Hwang S.J., and Moehle J.P., (2000), "Vertical and Lateral Load Tests ofNine- V

Panel Flat-Plate Frame", ACI Structural Journal, pp. 192-203.

327



43. Ibrahim A.E.M. Shehata, (1990), "Rational Method for Designing RC Slabs to

Resist Punching", Journal of Structural Engineering, ASCE, Vol. 116, No. 7,

•> pp. 2055-2059.

44. IS 456-2000, Indian Standard Code for Design of Plain and Reinforced

Concrete Structures, Bureau of Indian Standards, New Delhi.

45. Jaafar, M.S., Thanoon, W.A., Kadir, M.R.A., and Trikha, D.N., (2002),

"Strength and Durability Characteristics of High Strength Autoclaved Stone

Dust Concrete", Indian Concrete Journal, Vol. 76, No. 12,pp. 771-775.

46. Kant, T., (1982), "Numerical Analysis of Thick Plates", Computer Methods in

Applied Mechanics Engineering, Vol. 31, No. 1, pp. 1-18.

47. Macginley, T.J., and Choo B.S. (1990), "Reinforced Concrete Design Theory

and Examples", E. & F.N.Spon.

48. Manaseer, A. A., and Lam, J. P., (2005), "Statistical Evaluation of Shrinkage

and Creep Models." ACI Materials Journal, Vol. 102, No. 3, pp. 170-176.

49. McCormac, J.C, (2001), "Design of Reinforced Concrete" Fifth Edition, John

Wiley & Sons, New York.

50. Megally, S., and Ghali, A., (2000), "Punching of Concrete Slabs due to Column

Moment Transfer", Journal of Structural Engineering, ASCE, Vol. 126, No. 2,

pp. 180-189.

51. Megally, S., and Ghali, A., (2000), "Punching Shear Design of Earthquake-

Y Resistant Slab-Column Connections", ACI Structural Journal, Vol. 97, No. 5,

pp. 720-727.

52. Mehmood, Y., (1990), "Aerodynamic Interference in Tall Buildings", Ph.D.

Thesis, Civil Engineering Department, IIT Roorkee, India.

53. Mendis, P.A., (2000), "Softening of Reinforced Concrete Structures", Advances

in Structural Engineering Journal, Vol. 3, No. 2.

54. Mosalam, K.M., P.E., and Naito, C.J., (2002), "Seismic Evaluation ofGravity-

Load-Designed Column-Grid System", Journal of Structural Engineering,
ASCE, Vol. 128, No. 2.

328



55. Mosalam, K.M., P.E., and Naito, C.J., (2003), "Thermal Movements in

Concrete: Case Study of Multistory Underground Car Park", Journal of

Materials in Civil Engineering, ASCE, Vol. 15, No. 6, pp. 160-168.

56. Murray, K.A., Cleland, D.J., Gilbert, S.G., and Scott, R.H., (2003), "Improved

Equivalent Frame Analysis Method for Flat Plate Structures in Vicinity of Edge

Columns", ACI Structural Journal, Vol. 100, No. 4, pp. 454-463.

57. Nagpal, A.K., and Singh, Y, (1993), "An Efficient Procedure for Free

Vibration Characteristics of Framed Tube Buildings", All India Conference on

Tall Buildings, held at Institution of Engineers, Roorkee, pp. 11-39-48.

58. Nagpal, A.K., and Singh, Y., (1993), "Negative Shear Lag in Framed Tube

Buildings", All India Conference on Tall Buildings, held at Institution of

Engineers, Roorkee, pp. 11-69-78.

59. Nanni, A., and Mettemeyer, M., (2001), "Diagnostic Load Testing of Two-Way

Post Tensioned Concrete Slab", Practice Periodical on Structural Design and

Construction, Vol. 6, No.2, pp. 73-82.

60. Natarajan, C, (1998), "Defects and Rehabilitation in RCC Structures",

Proceedings of Bai-Periyar, one day workshop, Thanjavur, pp. 12-16.

61. Natarajan,C.,(1997)",Object Oriented Programming for Structural Design",

Proceedings of the National Seminar on Recent Trends in Concrete and Steel

Structures, IIT Madras, pp. 31-35.

62. Nayak, S.K., and Menon, D., (2004), "Improved Procedure for Estimating

Short-term Deflections in RC Slabs", Indian Concrete Journal, March, pp. 19- S

25.

63. Neelamegam, M., Dattatreya, J.K., and Gopalakrishnan, S., (2005), "Effect of

Mineral Admixtures and Mixture Composition on Early Age Stiffening

Characteristics", Proceedings of the International Conference on Advances in

Concrete Composites and Structures, SERC, Chennai, pp. 169-176.

64. Oliveira, D.R., Melo G.S., and Regan, P.E., (2000), "Punching Strengths of Flat y

plates with Vertical or Inclined Stirrups", ACI Structural Journal, Vol. 97.No. 3,

pp. 485-491.

329

*



65. Oliveira, D.R, Regan, P.E, and Melo, G.S., (2004), "Punching Resistance of

RC Slabs with Rectangular Columns", Magazine of Concrete Research, Vol. 56,

t No. 3, pp. 123-138.

66. Park, H., and Kim, E.H., (1999), "RC Flat Plate Under Combined In-Plane and

Out-of-Plane loads", Journal of Structural Engineering, Vol. 125, No. 10,

pp. 1136-1142.

67. Park, R., and Gamble W.L., (2000), "Reinforced Concrete Slabs" Second

Edition, John Wiley & Sons, New York.

68. Paultre, P., and Moisan, C, (2002), "Distribution of Moments in Reinforced

Concrete Slabs with Continuous Drop Panels", Canadian Journal of Civil

Engineering, Vol. 29, pp. 119-124.

69. Pavic, A., and Reynolds, P., (2003), "Modal Testing and Dynamic FE Model

Correlation and Updating of a Prototype High-strength Concrete Floor",

Cement & Concrete Composites, Vol. 25.

V 70. Pendyala, R., Mendis, P., and Patnaikuni, I., (1996), "Full-range Behaviour of

High-strength Concrete Flexural Members; Comparison of Ductility Parameters

of High and Normal-strength Concrete Members", ACI Structural Journal,

Vol. 93, No. 1.

71. Pilakoutas, K., and Li, X., (2003), "Alternative Shear reinforcement for

Reinforced Concrete Flat Slabs", Journal of Structural Engineering, Vol. 129,

No.9,pp. 1164-1172.

Y
72. Pillai, S.U., Menon D., (2003), "Reinforced Concrete Design", Tata McGraw-

Hill Publishing Company Ltd., New Delhi.

73. Rangan, B.V., (1976), "Prediction of Long-Term Deflections of Flat Plates and

Slabs", ACI Journal, Vol. 73, pp. 223-226.

74. Rangan, B.V., and McMullen, A.E., (1978), "A Rational Approach to Control

of Slab Deflections", ACI Journal, Vol. 75, pp. 256-262.
V

75. Regan, P.E., and Hussaini, A.A., (1993), "Behaviour of High Strength Concrete

Slabs", Concrete 2000, Economic and Durable, Construction Through

Excellence, Vol. 1, University of Dundee, September.

330



76. Rudrapratap, (2002), "Getting Started with MATLAB A Quick Introduction for

Scientists and Engineers", Oxford University Press, New York, Second Edition.

77. Salim, W., and Sebastian, W.M., (2003), "Punching Shear Failure in Reinforced )

Concrete Slabs with Compressive Membrane Action", ACI Structural Journal,

Vol. 100, No. 4, pp. 471-479.

78. Sami, M., and Ghali, A., (2000), "Punching of Concrete Slabs Due to Column

Moment Transfer", Journal of Structural Engineering, ASCE, Vol. 126, No. 2.

79. Sateesh Kumar, G., and Deb, S.K.,(2002), "Assessment of Seismic damage of

Reinforced Concrete Buildings using Fuzzy Logic", Proceedings of 12 -|

Symposium on Earthquake Engineering, IIT Roorkee, pp. 1290-1297.

80. Scanlon, A., (2002), "Design of Two-way Slab Systems for Strength and

Serviceability", Proceedings of the International Seminar, University of

Dundee, Scotland, UK, 5-6 September, pp. 15-24.

81. Scott, R.H., and Beeby, A.W., (2005), "Long-Term Tension-Stiffening Effects

in Concrete", ACI Structural Journal, Vol. 102, No. 1. V

82. Scott, R.H., and Gilbert, S.G., (2002), "Monitoring of Flat Slab Floor Panels at

BRE Cardington", Proceedings of the International Seminar, University of

Dundee, Scotland, UK, 5-6 September, pp. 271-280.

83. Shah, A.A., Dietz J., Tue N.V., and Koenig, G., (2005), "Experimental

Investigation of Column-Slab Joints", ACI Structural Journal, Vol. 102, No. 1,

pp. 103-113. i

84. Sherif, A.G., and Dilger, W.H., (2000), "Tests of Full-Scale Continuous

Reinforced Concrete Flat Slabs", ACI Structural Journal, Vol. 97, No. 34,

pp. 455-466.

85. Theodorakopoulos, D.D., and Swamy, R.N., (2002), "Ultimate Punching Shear

Strength Analysis of Slab-column Connections", Cement & Concrete

Composites, Vol. 24. V

86. Varghese, P.C, (2002), "Advanced Reinforced Concrete Design", Prentice-Hall

of India Pvt. Ltd., New Delhi.

331



*

±

V

87. Vollum, R.L.,and Tay, U.L., (2003), "ACI Shear Reinforcement for Flat Slabs",

Proceedings of International Conference on System-based Vision for Strategic

and Creative Design, Italy, pp. 789-795.

88. Waleed AT., Jaafar M.S., Kadir, M.R.A., and Noorzaei,J.,(2005), "Repair and

Structural Performance of Initially Cracked Reinforced Concrete Slabs",

Construction and Building Materials, Vol. 19, No. 8.

89. Walker, P.R., and Regan, P.E., (1987), "Comer Column -Slab Connections

Concrete Flat Plates", Journal of Structural Engineering, ASCE, Vol. 113, No.

4, pp. 704-719.

90. Wang, C.K., and Salmon, C.G., (1985), "Reinforced Concrete Design" Fourth

Edition, Harper& Row Publishers, New York.

91. Yankelevsky, D.Z., Leibowitz, O., (1999), "Punching Shear in Concrete Slabs",

International Journal of Mechanical Sciences, Vol. 41, pp. 1-15.

332



\

S

LIST OF PUBLICATIONS

* National Conferences

1. SanthiA.S., Jagdish Prasadand A.K.Ahuja, "Punching Shear Strength of

R.CFlat Plates", National Seminar on Advances in Concrete

Technology and Concrete Structures for the future (APCONST-2003),

Annamalai University, Tamil Nadu, December 2003.

2. Santhi A.S., Jagdish Prasad and A.K.Ahuja, "Urban Habitat - An

Innovative Approach", National Conference on Indian Habitat and

Infrastructure. Need for Innovative Approach, CBRI, Roorkee,

September 2003.

3. Santhi A.S., Jagdish Prasad and Rita Ahuja, "Structural Efficiency of

Different Floor Systems", National Seminar on Smart Materials,

intelligent Structures and Systems in Civil Engineering, Associates of

Consulting Civil Engineers, Bangalore, 19-21 June 2003.

* International Conference

4. Santhi A.S., Jagdish Prasad and A.K.Ahuja, "A Software Tool to

Compute the Long Term Deflection of the Two-way RC Flat Plates",

Indo-Australian Conference on IT Applications in Civil Engineering, IIT

Roorkee, India, February 20-21, 2006.

* International Journals

5. Santhi A.S., Jagdish Prasad and A.K.Ahuja, "Effect of Creep and

Shrinkage on the Deflection of RCC Two-way Flat Plates", Asian

Journal ofCivil Engineering (Buildingand Housing) (Communicated).

333


	STUDIES IN BEAMILESS RC STRUCTURAL FLOOR SYSTEMS FOR MEDIUM FLOOR-PLANS
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	CHAPTER-I INTRODUCTION
	CHAPTER-II LITERATURE REVIEW
	CHAPTER-III STURCTURAL MODELING 
	CHAPTER-IV STUDIES ON EMPIRICAL EQUATIONS 
	CHAPTER-V PROPOSED APPROCHES FOR DEFLECTION CALCULATION
	CHAPTER-VI CASE STUDIES
	CHAPTER-VIII SUMMARY AND CONCLUSIONS
	REFERENCES

