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Abstract— P-delta effect is secondary or second order effect on structure. It is also known as ‘Geometric Nonlinearity effect’. As
number of storey increases, P-delta effect becomes more important. If the change in bending moments, shear forces and displacements
is more than 10%, P-delta effect should be considered in design. In this study the P-delta effect on high rise building is studied. Linear
static analysis (without P-delta effect) and nonlinear static analysis (with P-delta effect) on high rise buildings having different number
of storey is carried out. For the analysis G+19, G+24, G+29 (i.e. 20, 25, 30 storey) R.C.C. framed buildings are modeled. Earthquake
load is applied on model of structure as per 1S-1893(2002) for zone 11l in SAP2000-12 software. Load combinations for analysis are
set as per 1S-456(2000). All analysis is carried out in software SAP 2000-12. Bending moment, story displacement with and without
P-delta effect is calculated and compared for all models. The results show that it is essential to consider the P-delta effect for 25 storey
building. So buildings having height more than or equal to 75m, should be designed considering P-delta effect. Also we can say that
up to 25 storey building, it is not necessary to consider P-delta effect in design and first order analysis is sufficient for design.

Keywords: P-delta effect, high-rise building, Static nonlinear analysis, displacements, bending moments, SAP2000-12, second order
effect

INTRODUCTION

Engineers today typically use linear elastic static (first order) analysis to determine design forces and moments resulting from loads
acting on a structure. First order analysis assumes small deflection behavior; the resulting forces and moments take no account of the
additional effect due to the deformation of the structure under load. Second order analysis combines two effects to reach a solution:-

o Large displacement theory; the resulting forces and moments take full account of the effects due to the deformed shape of both the
structure and its members.

o “Stress stiffening”; the effect of element axial loads on structure stiffness, tensile loads stiffening an element and compressive
loads softening an element.

As the structure becomes more slender and less resistant to deformation, it is necessary to consider 2nd order and to be more specific,

P-delta effects arises. As a result, Codes of Practice are referring engineers more and more to the use of 2nd order analysis in order
that P-delta and “stress stiffening” effects are accounted for when appropriate in design. This is as true in concrete and timber design
as it is in the design of steelwork.

P-DELTA EFFECTS:-

P-Delta is a non-linear effect that occurs in every structure where elements are subject to axial load. P-Delta is actually only one of
many second-order effects. There are two P-Delta effects:-

e P-“BIG” delta (P-A) - a structure effect
o P-“little” delta (P-8) - a member effect

Fig.1 P-delta effects
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The P-Delta Effect Example:

The P-Delta effect refers specifically to the nonlinear geometric effect of a large tensile or compressive direct stress upon transverse
bending and shear behavior. A compressive stress tends to make a structural member more flexible in transverse bending and shear,
whereas a tensile stress tends to stiffen the member against transverse deformation.

The basic concepts behind the P- Delta effect are illustrated in the following example.

Original Contgurator T ¢

Fig.2 P-delta effect on cantilever beam

If equilibrium is examined in the original configuration (using the undeformed geometry), the moment at the base is M =FL. If,
instead, equilibrium is considered in the deformed configuration, there is an additional moment caused by the axial force P acting on
the transverse tip displacement A. The moment no longer varies linearly along the length; the variation depends instead upon the
deflected shape. The moment at the base is now M =FL —PA. The moment diagrams for various cases are shown in Figure.

Fig.3 Change in B.M. of cantilever beam due to

P-delta effect

The key feature is that a large axial force, acting upon a small transverse deflection, produces a significant moment that affects the
behavior of the member or structure.
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Consideration of P-delta effect:

As per ‘National Building Code, Technical Standard of Building E.030 Earthquake-Resistant Design’, clause 4.1.5, page 19:
The second order effects (P-delta effect) must be considered when an increase of more than 10% occurs in internal force

AIM AND OBJECTIVE OF STUDY

Scope of this study includes analysis of 20, 25 and 30 storey R.C.C. building with and without considering P-delta effects. Analysis
can be done using SAP 2000. Lateral load is Earthquake load for zone Ill. If the change in the values of deflections, forces, and
bending moments considering P-delta effect is not more than 10%, they can be neglected. From this analysis we can decide whether it
is necessary to include P-delta effect for the buildings up to 30 stories.

Analysis of High rise buildings in SAP 2000:-

Buildings having same plan but with different number of stories are analyzed in SAP2000 with and without considering P-delta effect
and their results are compared.

1) 20 storey
2) 25 storey
3) 30 storey

Plan of building:-

1) Residential building, RCC framed structure.
2) Storey height is 3m.

3) Length of building in X-direction = 18.8m
4) Length of building in Y-direction = 30.35m

30.35m-

- 18.8m -

Fig.4:-Typical floor plan of building
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Fig.5 SAP Model (Plan View)

Fig.6:- SAP Model (3D View)

Material properties:-

1) Concrete: M30
Density: 25 KN/m®

Modulus of Elasticity: 27386 N/mm?
Poissons ratio: 0.2

2) Steel: Fe500
Density: 7850 Kg/m®
Modulus of Elasticity: 2.1 X 10° N/mm?
Poisson’s ratio: 0.3

3) Masonry: Brick
Density= 20 KN/m®

Section Properties:-

1) Beam: 230X450, 230X600, 230X750

2) Column:
230X825, 300X825, 375X900.

3) Slab: various sections with thickness varying from
150.

4) Shear wall: with thickness of 200mm.

Loads:-

1) Dead load:
a) Self weight
b) Floor finish: 1.25 KN/m?
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c) Wall load:
Load = Height x thickness x density of masonry
For 3m height of wall:
For 150mm thick wall, Load = 10 KN/m?
For 1.2m height of wall (Parapet wall):
Load =5 KN/m®

2) Live load:
i)  Floor = 2 KN/m?
i) Roof = 1.5 KN/m?

3) Earthquake loads: As per 1S1893:2002 for Zone 111
EQX: Earthquake load in X-direction
EQY: Earthquake load in Y-direction
Zone factor = 0.16
Soil = Type Il
Importance factor =1
Response reduction factor = 3

LOAD CASES:-

As per 1S-456(2000) in which both gravity and lateral loads are included.
1)1.2 (DL + LL + EQX)
2)1.2 (DL + LL-EQX)
3)1.2(DL+LL+EQY)
4)1.2 (DL + LL - EQY)
5)1.5(DL + EQX)
6)1.5(DL - EQX)
7)1.5(DL + EQY)
8)1.5(DL - EQY)
9)0.9DL + 1.5EQX
10) 0.9DL - 1.5EQX
11) 0.9DL + 1.5EQY
12) 0.9DL - 1.5EQY

ANALYSIS RESULTS
1) For 20 storey building:-

94

li‘r\l. at "'“"‘N'{",
S No. Load Case Without With “a
P.delta P delta Difference
1) | 12(DL + LL -~ EQX) | -201 82 <2064 | 2.27 |
2) | 1.2(DL + L1 EQX) 1397 162.46 1.73
') | 1.2(DL v LL ~ EQY) 67 758 l 83
L | 12(DL + L1 EQY) 63.26 69 36 6.28
5) | 1.5(DL iQ.\l’ 2498 256.1 2.54
6) | 1 ‘ti)], -EQX) 2021 062 208
| LAMDL + EQY) 84.7 Q0. 6.01
8) | 1.5(DI -l,l,;\l -51.5 -57 " 7.24
9) | O9DL « 1 5EQX I 2406 2435.87 1.36
10) 09DL - 1 SEQX E 21163 21424 1.23
1) | O.9DL -~ |.<|4)\ $4.07 8726 rT70
l:bl 'J.“':,;l 1AEQY 322 837 4.20

Table 1: B.M. at joint at base with and without

P-delta effect ( 20 storey building)
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Fig. 8: B.M. at joint 60 due to load case 1
(with P-delta)

Fig 7.: B.M. at joint 60 due to load case 1
(without P-delta)

Deflection at top(mm)

Sr. No. Load Case Without With )

‘ | P-delta | P-delta Difference
1) 1.2(DL + LL = EQX) 734 6.6 4.36
2) 1.2(DL + LL - EQX) 629 54 | 1.75
3) . 1.2(DL +LL ~ EQY) 105.3 ' 1156 . 9,78
1) 1.2 (DL + LL - EQY) -103.24 -11343 9.87
5) . 1.5(DL + EQX) [ 91.5 [ 958 | 4.70
6) [ 1.5(DL - EQX) [ 789 . -80.6 | 2.15
T) | L.5(DL + EQY) . 13153 1463 [ 11.258
8) ' 1.5(DL-EQY) -12007 -143.85 11.36
9) 09DL = 1. SEQX 89 91.5 281
10) ' 0.9DL - 1. 5EQX . 814 . -82.5 ‘ 135
11) . 0.9DL -~ | SEQY ' 131.0% . 139.55 . 6.49
12) ‘ 0.8DL - 1.SEQY . <1296 . -138.06 ‘ 6.53

Table 2: Deflection at joint at top storey with and without
P-delta effect ( 20 storey building)
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Storey | 3 N
oad case No,
no. B
Member  (KNm) : A 5
2 5
no
5 Ininal 780 1079 193 612 982 1342
2 With
10483 . . §24 1108 64 682 1044 -1590
% 5.6 16 18.1 1.5 6.2 3.6
1 Initia 60.6 -1042 254 0% §4.5 -129.1
Wil
2323 - 77 106.5 M3 648 0.1 1324
P-delt
kL 6.0 2.1 189 54 6.6 2.6
15 -37 B3L 20.4 177 -18.1 1023
798 1G9 8§19 89 190 S106 103 .3
bo 6.7 1.2 7.5 28 7.1 1.0
bs | Initia 4.8 523 -14 141 -7 39
; With -
3091 653 319 16.8 3.1 6.0 38
P-delta
4 6.9 1.3 4.7 0.9 7.7 1.2
Storey Load N
020 Case o,
no, BAL
Member | (KNm)
7 8 ° 10 11 12
no,
3 [nitial S0.1 756 54 -1269 542 =04
With
1053 60.4 -85.7 109.0 -1295 61.1 -76.1
Pudelta
% 20.7 13,8 L) 2.1 10.7 5.1
10 [nitial 334 73.1 934 -1202 11 654
With
2323 0.4 80.3 96.7 1222 15.3 69.1
Pdeita
% 0.8 98 35 1.7 10.2 6.3
15 Initial 241 $7.8 A9.0 915 132 17T 8
< With s
98 A 2.1 394 -61.0 921 1 9.
P-delta
9 83 i3 34 07 8.4 243
20 [nitial -18.6 -16.1 34 02 -11.46 92
Wit
3091 b 0.7 18 -39 00 123 84
P-delta
% 6.1 84 126 0.9 3z 85

Table 3: B.M. in members with and without P-delta effect
( 20 storey building) continued

e - >

Fig.9: Deflection at joint 1199 due to load casel
(Without P-delta)
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R

Fig. 10:Deflection at joint 1199 due to load case 1
(with P-delta)

Fig. 11: B.M. of member 1053 due to load case 1
(without P-delta)

Fig. 12:- B.M. of member 1053 due to load case 1

(with P-delta)
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2) For 25 storey building:-

98

B.M. at bottom (KNm)
Sr. No. Load Case Witheut With %%
P-delta P-delta Difference
1 1.2(DL + LL ~ EQX) <2344 -240.7 2.69
2) 1.2(DL +LL - EQX) 1839 187.52 1.97
3 12(DL+LL+ E(ﬁ 83.79 879 491
4) 1.2(DL +LL ~ EQY) 805 847 5.22
5 1.4(DL + EQX) -290.16 -2089 3.0
6) 1.5(DL - EQX) 2328 23817 2.31
™ 1.5(DL + EQY) 104.72 110.58 £.60
8) 1.5(DL - EQY) -100.64 -106.68 6.00
9) 09DL + 1.5EQX -278.68 28364 1.78
10) | 09DL-1SEQX | 24426 | 2477 | 1a1
11) 0.9DL + LSEQY 1039 107.25 322
12) 09DL - 1. SEQY -101 45 -105.04 3.54

Table 4: B.M. at base with and without P-delta effect

(.25 storey building)
Deflection at top{mm)
Sk No. Load Case Without | With o %
Pdelta | P-delia Difference

1) 12(DL ~ LL - EQX) 93.19 98 8 6.02
2) 12(DL » 11 - EQX) -73.35 «75.05 232
3) 1.2(DL =~ LL =~ EQY) 12465 139.42 11.85
1) 1.2(DL - LL - EQY) | -122.18 |-13677 11.94
5) 1, 5(DL + EQX) 130 138.51 6.55
6} 1.5(DL - EQX) »106.22 |-109.65 3.23
n LSOL<EQY) | 17318 | 19687 |  13.68
8) 1.5(DL « EQY) -170.38 |[-193.86 13.78
9) 09DL ~ 1.5EQX 1253 13019 30
10) 09DL - 1 SEQX -111 -113.12 191
11) 09DL + 1. SEQY 172,62 186.07 7.79
12) 09DL - 1. 5EQY -170.94 |-184.26 7.79

Table 5: Deflection at joint at top storey with and without

P-delta effect ( 25 storey building)
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99

Swrey oo, B Load cawe No.
N
Messbier v, KN= I 2 3 4 s 6
3 Lninid e 1503 ua T 10118 1301
0k
s a 3 ! ;
1043 PP 156 1043 oam (2} na i
* L) 365 184 §.2% 1.1 44
1) Imitial 05l 4 N5 754 B2 -1379
Wih
m 53 15 ] T 05 ¥ 3%
} Pedebs | usy Ul 614 13
* LA} A n» 127 o 187
13 Initial Rl A5 M 1627 -9 61 24 1179
Wik -,
e Aadn B0 115 an EoL ] TARL 214
‘- 13 2174 po ki) 4 9.63 131
X Isitial 19.6% 36 4% un A2 06 3197 .19
Wik
3 TIT 1 T ;
o Pidi N "2 1118 il -4 nan
* 2 0w 1148 n L] m
b2 luiriad 161 AL BURN 1674 s4 504
o4 b 49 %3 J0e 538 76 Bsa
Bddu X
* A4 1746 44e 41 AT AT
: Losd Case N,
Storey . . e No.
e hrde 8 3 1 u i
e
3 Iratial “T £328 1077 1306 5T &5 3058
““ <5y a
: 7 3 X 2 97
1053 Tdeks 559 L8 ¥ HES 154 6176 3k
) 1567 10,51 an 0 a2 1841
10 Iratial 3ME 8146 98 1 128 4747 71319
Wk
ns b 503 2 <1312 5%
Podeks 258 L1220 10291 131 o 04
* MM 1524 a5 15 1615 9.55
I3 Ininal 2243 -2 82 7518 -1076 325 41 7
Wik
o8 PR ar de 3 &
Pdeka B0 06 1 nel % 46
b 31.% .94 4355 M 1231 653
20 Tritial 155 5043 4442 6375 1045 40 &4
Wik
10 20 5 24 7 413
091 Pdeks 1 20 46 & m 1
* -16.52 17 450 “ 7 639 238
28 Iritial -2286 -19.15 -1.81 2749 -14 46 10
Witk
¢ 4 47 -4 2748 -5 247
546 Pdeks 1§ 175 i3 15.1%
* 5. 5.6 3260 -1.31 495 903

3) For 30 storey building:-

Table 6: B.M. in members with and without P-delta effect

(25 storey building)

B at base (KNm)

Sk No, Load Case Without With %%
| padm | paci | Ditterence
D | 12@LeLLBQX) | 23584 | 26443 | 32e

2 [ 12@ueti-EQx) | 20078 | 20950 | 236
3) 12(DL+LL - EQY) | 10519 110.29 4.55
4) 12(DL +~LL - EQY) -101.63 -106.83 s12
5y 1.5(DL - EQX) -316.97 32849 363
6) 1.5DL - EQX) 23877 26603 2.51
)] 1.5(DL ~ EQY) 131.49 138.78 L5
8) 1.5(DL - EQY) «127.00 ~§34.55 £91
9y 08DL ~ L SEQX ~A05.33 -511.86 214
103 09D - 1 5EQX 2704 75 1.70
1 GoDl - l.SEQY 1306 13474 s
12) 09DL - 1 SEQY -1279 -13237 349

Table 7: B.M. at base with and without P-delta effect

( 30 storey building)
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Deflection at top(mm)
Sr. No, Load Case Without | With
RN | % Difference

1) 12(DL +LL «EQX} | 13165 | 14101 7.11

2) 12(DL + LL -EQX) -108.32 | -111.87 328
3 1.2(DL+ LL - EQY) 17072 | 19264 12.84
4) 12(DL +LL -EQY) | -167.78 |-189.46 12,92
5) 1.5(DL - EQX) 1642 177.16 7.89
6) 1.5(DL - EQX) -13576 |-141.28 4.07
7 1.5(DL = EQY) 21323 | 24506 1493
8) 1.5(DL - EQY) «2099 24144 1503
N 09DL + 1L.SEQX 15851 166 4.73
1) 09DL - 1.SEQX 4148 | -1a4.88 240
11) 09DL - L. SEQY 2125 2304 8.42
12) 09DL - 1.5EQY -210,57 |-228.29 8,42

Table 8: Deflection at joint at top storey with and without P-delta effect ( 30 storey building)

Stores we. BAL Load cuse No,
Mesbor no, | Nm) | 2 3 ' s ‘
5 Tastial BB 1166 wn aIm no7s -145
Y Wit &
1 ) »n 218 e i) 2 1513
3 » gn E M ]
* 524 420 14.56 .01 926 583
10 Taitial T8ET 1197 3543 13 10003 1482
108 | e §5.28 184 s wm | 1os 1356
5 L8 420 2780 3.76 1047 496
83 Iairlal o4 T4 H23 25.60 a4l £ 65 1586
nn ’“u 7553 1163 40 5418 0124 A7
bl 1852 L4 i) AT [1E) LAl
30 Laitial 4774 91.06 1233 29 6138 11331
With : z
“ ! »] | 82 114
o > SRR ol 173 o (LA 1nry
“ 11.19 77 aL46 546 1232 338
35 Taitial RIE e (X} 453 331 6489
Wik 5
o2 2 e M A% S
01 » {$3) £ ) “n 315 65
5 1217 032 -19.38% 273 12.54 a7
30 Taitial 865 ] EIEY] 18 ) 3509
With
45 788 27 2238 - £67 33
£ > 6 1666
* 938 258 424 44 10 18
»yn { BAL Fosd case No.
Memberne, | (KNm) ) | e v 1 u 1
) [ BT L] ik TR 4 ¥
With 3
sia8 % 9 | o7 12354 2 6424 S108
. .40 1 % Sos a1 Los am
o Teitid 30T #437 1967 1386 610 [352]
W} e | ] |iives | e ] s ||l
“ L 1Y) s BAT) .67 T4
[E) Teitid 3431wl 334t 73 3533 CI
o Witk N
an Paeie EL | a2 v A8 LR wn
5 P ) 5 i%e (27 EY )
) Tou Tia 1 esd 7102 027 258 [TES
With
% Dy By | nm %0 349 ¥4 sE50
. 1% o0 o 114 i 674
= Teitid [T ) & 3906 5853 =) 0 %
Witk | 3
1088 PR FTTON TR 410 sese 1S 4184
W 3641 a7 wib 06 v Tai
0 Ten YT 3053 e 356 s ETET3
b "y al B = -
4ag Ty x| e 100 1 189 1035
n % | ad KL Ties ) Yy

Table 9: B.M. in members with and without P-delta effect
( 30 storey building) continued
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DISCUSSION OF RESULTS

20
15
10

1 2 3 45 6 7 8 9 10 11 12
Load case

% increase in deflection
(0]

W20 storey M 25storey M 30 storey

Graph 1: % increase in deflection due to P-delta effect for all load cases

% increase in B.M.

0000000

1 2 3 45 6 7 8 9 1011 12

Load Case

o

W 20 storey M 25 storey m 30 storey

Graph 2: % increase in B.M. at base due to P-delta effect for all load cases

N
w

2345|678 910m1

Load Case

% increase in B.M. of members

M 5th storey M 10th storey

m 15th storey m 20th storey

Graph 3: % increase in B.M. of members due to P-delta effect at different storey levels for all load cases (For 20 storey

building)
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40

bbb

Load Case

-20

% increase in B.M. of members
o

B 5th storey M 10th storey m 15th storey
B 20th storey m 25th storey

Graph 4: % increase in B.M. of members due to P-delta effect at different storey levels for all load cases

(For 25 storey building)

60
6
.40
=
o 2
£8 20
3t ik
gg 0 ‘III... il.lllr ‘I-...,. ].LI
S 1123456 89//10(11|12
£ -2
|
X
-40
Load Case
B 5th storey | 10th storey
m 15th storey B 20th storey

Graph 5: % increase in B.M. of members due to P-delta effect at different storey levels for all load cases

(For 30 storey building)

Discussion:

1)
1

2
3.
4

5.

6

N

For 20 storey building:-
. Change in B.M. at base is 2-6%.
. Change in the deflection is 1-11%.
Change in the B.M. of beams is less than 10%.
. Change in the B.M. of columns is up to 20% for some members in some load cases. But it is found that their initial values are
very small (i.e. not more than 30KNm). So we can say that practically it is not necessary to consider P-delta effect.
Hence for 20 storey building, it is not necessary to consider P-delta effect. So building can be designed by performing 1% order
analysis.

For 25 storey building:-

Change in B.M. at base is 2-4% .

Change in the deflection is 2-14%.

Change in the B.M. of beams which are parallel to y-direction is up to 15%.

Change in B.M. of columns is 8-30%. It is more observed at the exterior columns and their nearby beams. Also it is more
observed at intermediate stories.

So P-delta effect is observed in some load cases for 25 storey building.

So it is necessary to consider P-delta effect while designing a 25 storey building.

3) For 30 storey building:-

1.

102

Change in B.M. at base is 2-4%.
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2. Change in the deflection is 3-15%.

3. Change in the B.M. of some beams is up to 15%.

4. Change in B.M. of some columns is 10-35%. It is more observed at the exterior columns and their nearby beams. Also it is
more observed at intermediate stories.

5. Soitis necessary to consider P-delta effect for designing a 30 storey building.
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CONCLUSION
In this study, the three building models with different number of stories are analyzed with and without considering P-delta effect for

seismic loads. By studying the results of analysis, following conclusions are drawn.
» As number of storey increases P-delta effect becomes more important.

>

>

>

P-delta effect is only observed in some of the beams and columns (Exterior columns and their adjacent beams) in some load
cases. If these load cases are governing load cases for design of member, then only we can say that it is considerable. This
condition is observed in 25 and 30 storey buildings and mostly in 30 storey building.

So we can say that, at least it is necessary to check the results of analysis with and without considering P-delta effect for the
buildings with 25 stories (height = 75m).

Iterative P-delta analysis method is used. Building is analyzed for 10 numbers of iterations. But it is found that the results are
converged after 2 iterations. So there is no change in the results by increasing the number of iterations.

» Also the analysis is performed by considering the seismic loading in other zones in India. Similar results are observed in the form

of increase in internal forces.

» So we should perform P-delta analysis for designing a minimum of 25 storey building. And buildings up to 25 stories can be
designed by conventional primary analysis or linear analysis.
» This conclusion is valid for regular RCC residential buildings and may not be applicable for commercial, educational or industrial
buildings.
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