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Abstract - Nowadays cities are getting overpopulated and
to overcome this situation, there is a need to build a multi
storey buildings and it leads to irregular type of building
because of architectural aesthetic and functional requirement.
Therefore, there is a need to study the second order effect
when both horizontal and lateral load acting simultaneously.
The second order effect is the additional effect in the structure
due to the structural deformation by virtue of the applied
loads which is also known as P-delta effect. The P-Delta is a
non-linear effect that occurs in every structure where elements
are subjected to axial load and lateral load and in this type of
analysis, the deformations and internal forces are not
proportional to the applied loads. So, in high rise buildings it is
very important to account such second order effect like P-
Delta while analyzing the structure.

Key Words: P-Delta effect, Second order effect, Time
history analysis, Nonlinear dynamic, Response spectrum
analysis, ETABS

1. INTRODUCTION

As urbanization increase worldwide, the requirement to tall
building increase drastically and caused many developments
in shape and size of tall building specifically in developing
country. Height of building become more significant when the
structure subjected to more than one loading case. Generally,
in nature there are too many load cases that impact on the
structure regularly or simultaneously. In both cases structure
require sensitive loading analysis and design. The most
severe load case will be ground motion excitation which has a
damage effect in term of value, shape and vector. As a result,
the respond of the structure against this huge amount of
forces could be so weak and cause total damage of the
structure. When the structure exposed to such a force the
lowest column of the structure would be subjected to lateral
and horizontal force in addition to fluctuated force.

Gaiotti and Smith (1989) suggested a P-delta analysis and
proposed to include this second order in low stiffness and
high-rise structure. Yen (1993) introduced a method for
direct analysis of nonlinear behaviour of slender beam-
columns based on the strain control techniques. Williamson
(2003) found out that the effect of load acting through the
inelastic displacements caused by an earthquake can lead to
response that is five times grater that the case in which P-
Delta is not included.

Sardar and Hama (2018) found out that steel structural
shows more effect of P-delta than Reinforced concrete
structure and suggested to consider this effect in more than
15-storey buildings. Dinar, Karim, Barua, Uddin (2013) also
found that displacement of top storey is varying
exponentially if P-delta effect is considered.

The main objectives of research are

1. To analyse the RCC structure with and without P-
Delta effect for different structural system subjected
to dynamic loading.

2. Tofind out optimum structural system to overcome

P-Delta effect for high rise building.
2. MODELING IN SOFTWARE

The following was applied to reach the above objectives:

1. A case study was carried out for 30, 40 & 50 storey
building of bare frame structure and 3 different
structural system with varying shear wall density
and position.

2. These structural systems were analyzed using

ETABS software. Time History analysis(Bhuj, El-
Centro and Uttarkashi) and response spectrum
analysis are performed.

2.1. Geometric Parameters

The common geometric parameter for all structural system is
building plan with dimensions 30 m x 40 m and a typical
story height of 3 m. The mean compressive strength of
concrete is 45 MPa for beam, column, slab and shear wall. The
mean compressive strength of reinforcement is Fe500.

The size of structural elements is shown in Table 1 and the
percentage of shear wall of plan area is shown in Table 2.

2.2. Loading Conditions

A dead load as floor finish of 1 KN/m? and live load of 2
KN/m? is applied at all floors. Importance factor is 1 and
response reduction factor is 5. Seismic zone is V and Silt type
is II for static analysis.

Table -1: Geometric parameters of structural elements

Column dimension | 0.9*0.9 | Slab thickness | 0.2
(m) (m)

Beam 0.6*0.3 | Shear wall 0.3
dimension (m) thickness (m)
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Table -2: Density of Shear wall in structural systems 5 ™
Structural Systems Density of Shear wall & it
Bare Frame (BF) 0%
Shear wall 1 (SW1) 0.9% I & T i |
Shear wall 2 (SW2) 2.3% T
[ | B " ]
Shear wall 3 (SW3) 3.2%
- - +
23 B B £ = # C36
= -+ + -+ + 5 (35
C29
Fig -3: Plan of Shear wall-2 structure (SW-2)
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Fig -1: Plan of Bare frame structure
T
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Fig -4: Plan of Shear wall-3 structure (SW-3)
Ik - T - el
3. ANALYSIS AND RESULTS
T
* i i 1 3.1. Analysis cases:
The following cases of analysis were considered to calculate
b * " " P-Delta effect using ETABS.
L Static Coefficient Method
E L L =l
I1. Response Spectrum Analysis (IS 1893-2016)
Fig -2: Plan of Shear wall-1 structure [SW-1) 1L Time History Analysis

e Bhuj, India (16 January, 2001)
e El-Centro (19 may, 1940)
e Uttarkashi (20 October, 1991)
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Chart -1: Top storey displacement of 30 storey (in mm)
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Chart -3: Top storey displacement of 50 storey (in mm)
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Chart -5: Axial force in C35 column of 30 storey structures
(in KN)
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Chart -6: Axial force in C29 column of 30 storey structures
(in KN)
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Chart -7: Axial force in C36 column of 40 storey structures
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Chart -19: Bending Moment in C36 column of 50 storey

BF RSA

SW1 RSA

SW2 RSA

SW3 RSA

BF Uttarkashi

SW1 Uttarkashi

SW2 Uttarkashi

SW3 Uttarkashi

BF Elcentro

SW1 Elcentro

SW2 Elcentro

SW3 Elcentro

BF Bhuj

SW1 Bhuj

SW2 Bhuj

SW3 Bhuj

structures (in KNm)

933.90

765.38

1093.74

918.64

247.17
156.92
14444
0.00 200.00 400.00 600.00 800.00 1000.00
m With Pdelta = W/O Pdelta

1223.45
1126.78
1200.00 1400.00

Chart -20: Bending Moment in C35 column of 50 storey

ISO 90

structures (in KNm)

01:2008 Certified Journal |

Page 2530



Q‘!,‘ International Research Journal of Engineering and Technology (IRJET)  e-ISSN: 2395-0056
IRJET Volume: 07 Issue: 07 | July 2020 www.irjet.net p-ISSN: 2395-0072

1030.14 206.37
BF RSA 909.47 BF RSA 186.90

swivon T 3555° swrvor. T 1
swaron [ 1789 swavcr. Y 3351
swron [ 198 swonor. R 137

swi Uttarkashi - | 70 22 ® SW1 Uttarkashi "
S sz v | 575

‘| 151.15 ] 86.69
swa uttarkashi [ 154 o SW3 Uttarkashi

N
@
wN
®ig

85.44

1207.02 N 208.57
swr e | 55° swr o, Y 7179
swrecenvo [ 12580 swa o I 4
103.88 83.42

SWS3 Elcentro

i 1107.49 : 273.50

swinh) g 00 6 s ey e Y
swaen [ 19236 swoen) | <3 is
swaohu [ 19578 swa oy | 3958
0.00 200.00 400.00 600.00 800.00 1000.00 1200.00 1400.00 0.00 50.00 100.00 150.00 200.00 250.00 300.00
m With Pdelta  ®W/O Pdelta mWith Pdelta  mW/O Pdelta
Chart -21: Bending Moment in C29 column of 50 storey Chart -23: Shear force in C35 column of 30 storey
structures (in KNm) structures (in KN)

BF RSA e e ey
s o | s378 swins: | 5
swzrsa [ &5 sw2rsh | o5
swirsa | 5 swansa [ 3732

- 22176 ’ 226.41
BF Uttarkashi 190.45 BF Uttarkashi 191.31
. 97.78 i 73.59

pT— sver e [ 3142
——FT swsonai R 4384

BF Elcentro 154.09 175.95 BF Elcentro Y ERT 174.14

84.99 72.71
swicento . | <5 swicervo | /73
s eenire | 1057 .
70.02 SW2 Elcentro 43.85
51.81
swa eceniro | £15) sw tceno [N 3342

BF Bhuj —_—Aaye2 BF Bhuj S 25138
swien i 14 Sw1 Bhuj

m I

67.29
5.14

w2 oy ey 2 swoen [ 100]
swaehi | 0100 swiehu [ 13
0.00 50.00 100.00 150.00 200.00 250.00 0.00 50.00 100.00 150.00 200.00 250.00 300.00
m With Pdelta = W/O Pdelta mWith Pdelta m W/O Pdelta
Chart -22: Shear force in C36column of 30 storey Chart -24: Shear force in C29 column of 30 storey
structures (in KN) structures (in KN)

© 2020, IRJET | ImpactFactorvalue:7.529 | 1S09001:2008 Certified Journal | Page 2531



Q‘l,‘ International Research Journal of Engineering and Technology (IRJET)  e-ISSN: 2395-0056
IRJET Volume: 07 Issue: 07 | July 2020 www.irjet.net p-ISSN: 2395-0072

- B I
SWLRSA _7;1532 swirsh [ 28,96
SW2 RA _5%95%4 SW2 RSA - B
SWIRSA _ o SW3 RSA - 2520

r Urarkashi |, 3371 orvrcarcocn | - .
e e e swn s R 359
sw2 uttarkashi | 1 &2 swz uttarkash | a5 a0
SW3 Uttarkashi _ A7.82 SW3 Uttarkashi - 303
v e T £ s R 1)
swa eicentro ([ o5 sw2eicentro | 076
swaticentro | 15 swaticentro | R 5540

i 186.75 i 186.59

oy swish | (41
S ] i1 swaon [ 4151
swiehei | A 55 swashoi R 13
000 50,00 10000 15000 20000 25000 000 50.00 10000 1000 20000 2000 30000
m With Pdelta ®mW/O Pdelta m With Pdelta = W/O Pdelta
Chart -25: Shear force in C36 column of 40 storey Chart -27: Shear force in C29 column of 40 storey
structures (in KN) structures (in KN)

o " . ;. orvs T
swirsn T 1 swinsn | T -+

swavon | 55 ey E

swern | &34 swaon. [N 322

s s’ swi vrree | ™ 1777
8401 sw2 uttarkashi | o5
T8 sw3 uarkashi | .o

SW1 Uttarkashi

SW2 Uttarkashi

SW3 Uttarkashi

111.25 SW1 Elcentro 95.63

92.04

e s s R 5
swatcentro | 150 switcento | ¢33

o Y 53¢ oo, T 3

oo R 57 oo R 5045

swsonvi | 755 s oni | R 5257

0.00 50.00 100.00 150.00 200.00 250.00 300.00 0.00 50.00 100.00 150.00 200.00 250.00 300.00
mWith Pdelta mW/O Pdelta ® With Pdelta B W/O Pdelta
Chart -26: Shear force in C35 column of 40 storey Chart -28: Shear force in C36 column of 50 storey

structures (in KN) structures (in KN)

© 2020, IRJET | ImpactFactorvalue:7.529 | 1S09001:2008 Certified Journal | Page 2532



‘,/ International Research Journal of Engineering and Technology (IRJET)  e-ISSN: 2395-0056

IRJET Volume: 07 Issue: 07 | July 2020

www.irjet.net

p-ISSN: 2395-0072

255.46
117.02
83.43

SW3 RSA

BF Uttarkashi 301.88

246,57

sw2 uttarkeshi [ 55
sW3 Uttarkashi |y 02,23
B tento | —————
S et | BN 53e
swzticentro [ 8529
SW3 Elcentro _335,‘513
B
s v R 5453
swanhoi | & 1)
0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00

m With Pdelta mW/O Pdelta

Chart -29: Shear force in C35 column of 50 storey
structures (in KN)

s v T 5.
swo v R 3146
v R 374

. 286.66
BF Uttarkashi 215.59

SW?2 Uttarkashi

SW3 Uttarkashi - 39.92

o centeo | 3340
switicenro | R 7568
SW2 Elcentro -39'54

SW3 Elcentro

o chi | - 5 5
swiohi | (375
sw2sh |
SW3 Bhuj - 42.10
00 50.00 100.00 150.00 200.00 250.00 300.00 350.00
m With Pdelta ®W/O Pdelta
Chart -30: Shear force in C29 column of 50 storey
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4. CONCLUSIONS

The following conclusion can be drawn from the above
results:

1. Top storey displacements of all the structures have
shown increase in the P-Delta effect if height of
building is increased.

2. For 30-storey building in EI Centro time history
analysis has shown maximum reduction in the effect
of P-Delta effect from 4.96 % to 0.71 % (SW 3).
Similarly, for 40-storey building in Uttarkashi time
history analysis 13.27% to 2.31% (SW 3) and for
50-storey building in Bhuj time history analysis
22.93% to 3.05% (SW 3). In all time history
analysis, in term of displacement ‘SW 3’ structural
system has shown maximum reduction in P-Delta
effect except one 30-storey Bhuj time history
analysis.

3. In term of axial force in columns for 30-storey
building maximum P-Delta effect is shown in the
BF-C36 as 1.49% and minimum is SW3-C29 as
0.05%. For 40-storey building maximum is BF-C36
as 1.81% and minimum 0.01% in SW3-C29.
Similarly, for 50-storey building maximum is BF-
C36 as 2.96% and minimum is 0.07%. Hence, SW3
gives most favorable results to reduce the P-Delta
effect.

4. In term of bending moments in columns for 30-
storey building maximum P-delta effect is shown in
the BF-C36 as 25.68% and minimum is 1.65%& in
SW3-C35.for 40-storey building minimum is 1.64%
in SW3-C35 and for 50-storey minimum is 1.89% in
SW3-C29. Hence, SW3 gives most favorable results
to reduce the P-Delta effect.

5. In term of Shear force in columns for 30-storey
building maximum P-Delta effect is shown in BF-
C29 as 18.35% and minimum in SW3-C35is 0.81%.
Similarly, for-40 storey building minimum P-delta
effect is shown in SW2-C35 as 1.3% and for-50
storey building minimum is 1.46% in SW3-C36.
Hence, SW3 gives most favorable results in 2 case
out of 3 to reduce the effect of P-Delta.

6. By this study it can be summarized that increasing
the density of shear wall in plan of building can
reduce the P-Delta effect significantly so that SW3
has shown most favorable results to the objective of
study.
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