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Abstract- As urbanization rises worldwide, the available land
for buildings is becoming lower and lower, and the cost of
land is increasing day by day. Thus, the demand of high-rise
structures is increasing now a days to facilitate growing
population in metro cities. In this era, we focus on the
effectiveness of p-delta analysis in the design of high rise
reinforced concrete structures. P Delta is a second order
analysis in which the additional loads is generated due to
deformation of structure are also included in addition to the
applied lateral and vertical loads. This effect is not observed
in certain height buildings but after some heights in some
areas where earthquake loads are at high risk, we considered
this effect. In the current study seismic analysis of a Tall RCC
building with or without P-Delta effects is analyzed by using
ETABS structural analysis software. The seismic zone factor
of 0.36 is consideredunder Zone-V. From this analysis, the P-
delta effects is minimum, with compared to linear static
analysis.
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I. INTRODUCTION
1.1 What is Tall Structure?

Strictly Speaking any building having more than one
floor is a Multi Storied Building and a building to which
provision of lift is essential is Tall building. Various
nomenclatures used for tall buildings are high rise buildings,
sky scrapers, vertigoes, anthills, concrete castles etc. From
architectural considerations any building higher than two
floors, needing use of staircase or lift is called as tall building.
From firefighting view, a tall building is one from where
emergency escape is not practicable. From structural
engineering aspect, a tall building would be one whose
structural elements directly or indirectly are affected by wind
forces. From physical planning a tall building is one which by
its height begins to affect its light, ventilation and climate of
other surrounding buildings.
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1.2 Loads design philosophy

In contrast to vertical load, lateral load effects on
buildings are quite variable and increase rapidly with increases
in height of the building, and lateral deflection varies as the
fourth power of the height of the building, other things being
equal.

There are three major factors to consider in the
design of all structure: strength, rigidity, and stability. In the
design of the tall buildings, the structural system must also
meet these requirements. The strength requirement is the
dominant factor in the design of low height structures.
However, as height increases, the rigidity and the stability
requirements become more important, and they are often the
dominant factors in the design. There are basically two ways
to satisfy these requirements in a structure. The first is to
increase the size of the members beyond and above the
strength requirements. However, this approach has its own
limits, beyond which it becomes either impractical or
uneconomical to increase the sizes. The second and more
elegant approach is to change the form of the structure into
something more rigid and stable to confine the deformation
and increases stability.

1.4 Analysis of Structure

The reinforced concrete building can be damage
during earthquake and due to these damages, our structures
needs to be retrofitted of existing buildings in sub-continents
in India, these practices are usually used because of lack of
awareness of regarding structural behavior during earthquake.
There are two types of analysis can be done.

1) Linear Static and Dynamic analysis
2) Non-linear Static and Dynamic analysis

Linear Static Analysis: Linear static analysis is kind

of analysis in which we cannot give response to the building
with respect to time.
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In this analysis we can check the small deflections,
bending moments and shear forces of the applied load over the
structure.

The results of different load cases can be combined
with each other and with other linear load cases, such as
response spectrum analyses.

Non-Liner Static Analysis
Nonlinear static analysis is of two types:

1) Geometrical non-linearity
2) Material non-linearity

P-Delta is geometrical non-linearity because when
the deflection increases, we have to test the against the
additional forces which are generated by P-Delta effects. The
word p is the force and Delta gives the deflection of the
particular member on which force p applied. It generates
additional shear and bending moment in column and we must
design against that. There is one more case for this analysis is
Push-over analysis to calculate ultimate load and deflection
capability.

Material nonlinearity is defined as when the material
goes beyond its yield strength and it no longer behaves in
linear fashion due to this the material gets cracked, dissipates
energy, permanent deformation and beam rotations

1.3 What is P-Delta?

Generally Structural designers are prone to use the
linear static analysis, which is also known as first order
analysis, to compute design forces, moments and
displacements resulting from loads acting on a structure. First
order analysis is performed by assuming small deflection
where the resulting forces, moments and displacements take
no account of the additional effect due to the deformation of
the structure under vertical load prior to imposing lateral
loads.

The term P-delta refers to the additional actions
induced by an axial force (P) when there is a horizontal
displacement (delta) on a vertical element. P-Delta is a non-
linear (second order) effect that occurs in every structure
where elements are subject to axial loads. It is a genuine
“effect” that is associated with the magnitude of the applied
axial load (P) and a displacement (delta). If a P-Delta affected
member is subjected to lateral load, then it will be prone to
deflect more which could be computed by P-Delta analysis
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and not by the linear static analysis. This effect may reduce
significantly the flexural capacity of a structure.

P
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_
Fig 1: P-Delta Analysis

P-delta is second order effects. Second order effects
can arise in every structure where elements are subject to axial
load. When a model is loaded, it deflects. The deflection may
give rise of an additional moment — a second order moment. It
is of notable importance to consider this as additional moment
may incur additional deflections which in turn again can incur
additional moment, a third order, and so on until the loads can
eventually exceed the capacity.

1.4 P-Delta Analysis Parameters

There are two ways to specify the initial p-delta analysis in
ETABS V8 as follows:

o Non-iterative Based on Mass: The load is computed
automatically from the mass at each level as a story-
by-story load upon the structure. This approach is
approximate, but does not require an iterative
solution. This method is identical to p-delta analysis
in ETABS V6.

e lterative Based on Load Cases: The load is computed
from a specified combination of static load cases.
This is called the P-Delta load combination.
I1. OBJECTIVE AND SCOPE OF STUDY
2.1 Objective:
The main objectives of this study are to understand

the P- Delta analysis in tall structure underseismic loading
conditions as per Indian standard code:
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e To perform linear static analysis of Symmetric tall
structure by using ETABs Software.

e  To perform Non-linear (P-Delta) effect on Symmetric
tall structure by using ETABs software.

e To understand the behavior of p-delta analysis in tall
structure under seismic loadings.

e To study the effect of Bracing system on tall RCC
structure for P-Delta.

2.2 scope of study

e Learning of ETABs software and preparing a model
of tall RCC structure using software.

e Comparative study of tall Structure with different
height of stories.

e To understand the trend of P-Delta and its effects.

e Analysis the Structure for Linear and Nonlinear
analysis.

o Determination of P-Delta analysis of the structure
such as bending moment, Displacements, and Base
Shear.

e Analyzing the structure for P-Delta analysis with
Bracing system.

e Comparison of Bare frame, and Braced frame
Structure.

I1l. PROBLEM FORMULATION

For comparingRCCtall building with G+99 stories,
G+129 stories, G+149 building is modeled in the ETABS
software.

3.1 Building data

e Floor height:3m

e  Column size: 500*600mm for G+99
550*700mm for G+129
650*850mm for G+149

e Beam size:500*600mm

e Slab thickness:200mm

e Wall thickness: 300mm

e Braces

Fully External Braced system (FEBS)

X Bracing ISWB550 for G+99
ISWB550 for G+129
ISWB600 for G+149
e  Grade of steel: Fe 550
e Concrete grade: M-30
e Dead Load on floors: 9kN/m2
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e Live load: 6kN/m2
e Asper IS 1893:2002, for Zone 5,

Zone factor: 0.36
Soil type: 1l
Importance Factor: 1

Fig 2: Plan for all models

3.2 Analysis Methods
e Linear Static Analysis or Equivalent StaticAnalysis

The linear static analysis for (G+99), (G+129)
and(G+149) storey building is carried out without
consideringthe P-delta effect in ETABS v17.1 program.
e Non-Linear Static or P-Delta Analysis:

The nonlinear static analysis for (G+99), (G+129)
and(G+149) storey building is carried out considering the P-

deltaeffect in ETABS v17.1 program.

3.3 To study the effect of P-Delta Analysis on a Bare frame
tall RCC Structure:

3.3.1 Case 1 Model 1 G+99 Bare Frame

www.ijsart.com



IJSART - Volume 6 Issue 12 —- DECEMBER 2020

Table 3.1 Displacement for G+99

Noof Displacement
stories Linear P-Delta
Static Analvsis
Analysis
Storv100 154507 | 1857.03
Storvs0 133355 | 1602.61
Storval 112252 | 134875
Story70 | 91481 | 10988
Story60 | 714.58 | 857.73
Storvs0 527.01 631.83
Storv40 358.01 428 35
Story30 | 213.98 | 255.19
Story20 101.67 120.60
Storv10 28.00 32.85

The variation of Displacement obtained form Linear
Static Analysis and P-Delta Analysis are plotted in Graph as

shown in fig:3
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From fig 2, The Maximum Displacement of G+99 is
1545.07mm and 1857.03mm obtained from Linear Static
Analysis and P-Delta Analysis and their maximum difference

is 18.33%

—@— linear analysis

Displacement

Fig 3: Graph for Displacement

3.3.2 Case 1 Model 2 G+129 Bare Frame
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Table 3.2 Displacement for G+129

No of Displacement
Stories Linear P-Delta

Static Analysis

Analvsis
Story130 | 428028 | 6655.78
Storv120 [ 3827.52 585061
Storyl110 | 3375.21 5246.0%
Story100 | 292620 | 4546.41
Storv90 | 2484.81 385813
Story80 | 2056.53 318982
Storv70 | 1647.86 2551.79
Storve0 | 1266.02 1955.76
Storv>0 | 918.84 1414 45
Storv40 | 61458 54143
Storv30 | 361.78 55030
Storv20 | 169.17 25462
Storvl0 | 4539 §7.24

The variation of Displacement obtained from Linear
Static Analysis and P-Delta Analysis are plotted in Graph as
shown in fig:4
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Fig 4: Graph for Displacement
From fig 3, The Maximum Displacement of G+129 is
4280.28mm and 6655.78mm obtained from Linear Static
Analysis and P-Delta Analysis and their maximum difference
is 43.44%

3.3.3. Case 1 Model 3 G+149 Bare Frame
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Table 3.3Displacement for G+149

No of Displacement
Stories Linear P-Delta
Static Analysis
Analvsis
Story150 | 724459 | 1514729
Storv14D | 637934 1375338
Storv130 | 351486 1236018
Storv120 | 525334 1057300
Story110 | 4595621 | 9600.30
Storv100 | 395793 825338
Story%0 | 3336.04 6546.11
Story80 | 2740.94 369455
Story70 | 2180.68 4516.78
Storvel | 166391 3432.03
Story>0 | 1199 .68 2460.60
Storv40d | 797 34 1623.12
Story30 | 46645 93589
Story20 | 21673 430.25
Storv10 | 5754 111.85
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Noof Displacement
Stories Linear P-Delta
Static Analysis
Analysis
Storv100 | 1625 808 1985.025
StorvS0 | 1403.054 1712 825
Storv80 | 1180.861 1441.25
Storv70 | 5982206 11735568
Storve0 | 731.463 516.154
Story50 | 554.069 674.658
Storv40 | 378.241 457.151
Storv30 | 224.735 272126
Storv20 | 106.647 128 404
Story10 | 29262 34.83
The  variation of  Displacement

obtained

fromLinear Static Analysis and P-Delta Analysis with bracing
system are plotted in Graph as shown in fig:6

Displacement

The variation of Displacement obtained from Linear
Static Analysis and P-Delta Analysis are plotted in Graph as
shown in fig:5
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Fig 5: Graph for Displacement

The maximum Displacement of G+149 is 72244.59mm
and 15147.29mm obtained from Linear Static Analysis and P-
Delta Analysis and their Maximum Difference is 70.58%

3.3.4 To study the effect of P-Delta Analysis on a Braced tall
RCC Structure:

3.4.1 Case 2 Model 1 G+99 Braced Frame

Table 3.4 Displacement for G+99
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Fig 6: Graph for Displacement

The maximum Displacement of G+99 is 1625.80mm
and 1985.02mm obtained from Linear Static Analysis and P-
Delta Analysis with Bracing System and their Maximum
Difference is 19.89%

3.4.2 Case 2 Model 2 G+129 Braced Frame
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Table 3.5 Displacement for G+129

Noof Displacement
stories Linear Static | P-Delta
Analysis Analysis
Story130 | 42591.62 7516.27
Storv120 | 3837.60 6715931
Storv110 | 338403 582318
Storv100 | 2533.79 513258
Story90 | 245120 43549
Storvsl 2061.77 335575
Story70 | 1652.00 287894
Storvel 126515 220562
Story50 921.06 1554.33
Story40 | 616.01 106031
Story30 | 36257 615.08
Storv20 1655 28550
Storv10 45 64 75.18

The variation of Displacement obtained from Linear
Static Analysis and P-Delta Analysis with bracing system are

plotted in Graph as shown in fig:7
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Fig 7: Graph for Displacement

maximum  Displacement

of G+129

is

4291.62mm and 7516.27mm obtained from Linear Static
Analysis and P-Delta Analysis with Bracing System and their
Maximum Difference is 54.61%

3.4.3
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Case 2 Model 3 G+149 Braced Frame
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Table 3.6: Displacement for G+149

Noof Displacement
Stories Linear Static P-Delta
Analysis Analysis
Storv1s0D | 7269.19 1538648
Storv140 | 6601.74 1367022
Storv130 | 3934.70 1255473
Storv120 | 5270.85 1114541
Storv110 | 461442 5730.83
Storv100 | 3970.93 838247
Storve0 3346.50 J054.43
Story30 274976 5783.06
Story70 | 2187.60 4586.61
Storvel 166909 348475
Storvs0 1203 .31 24981
Storv40 799 .65 1647.57
Storv30 467.71 553 81
Storv20 21722 43643
Storv10 58.01 113.36

The variation of Displacement obtained from Linear
Static Analysis and P-Delta Analysis with bracing system are
plotted in Graph as shown in fig:8
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Fig 8: Graph for displacement

The maximum Displacement of G+149 is
7269.19mm and 15386.48mm obtained from Linear Static
Analysis and P-Delta Analysis with Bracing System and their
Maximum Difference is 71.65%

IV. CONCLUSION

1. From the above results of displacements obtained from
G+99, G+129, G+149 Bared frame analyzed with P-Delta
effect shows 70.58% more than that from Linear Static
Analysis.

2. From the above results of displacements obtained from
G+99, G+129, G+149 Braced frame model, analyzed with
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P-delta effect shows 71.65% more than Linear static
Analysis.

3. The Bare Frame R.C.C structure are more vulnerable to
P-delta effect rather than Braced frame structure.

4. Fully external Braced system is more efficient structure
rather than Bare frame with P-delta analysis.
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