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Abstract- While analyzing high rise structure in Conventional
method the gravity loads are applied after modeling the whole
structure. In actual practice the complete frames are
constructed at various stages and the stability of frames varies
accordingly. The applied load assumed in Conventional
method will be unsuitable as per the actual construction
practice. The frame should be analyzed at every construction
stage considering the effect of variation of loads at each stage.
This methodology is known as construction sequential
analysis. In this project the realistic structure of G+11 and
G+14 in seismic zone IV as per IS 1893:2016 (Part 1)
considered to study the effect of construction sequence. Tall
building of three different heights has been considered for
comparative study and effect on columns and beams has been
studied based on different structural parameters. Based on
study the necessity of the construction sequence analysis for
tall building has been understood.

Keywords- Linear Static analysis, Linear Dynamic analysis,
Construction Sequence analysis, High raised buildings.

I. INTRODUCTION

Generally civil engineers, structural engineers,
researcher and decision makers have determined the behavior
of structures using conventional methods. The multi-storey
building frames have been analyzed in a single step as a
complete frame with all the loads acting on the building frame
at a given instant when the construction of the whole frame is
completed. In actual, the dead load due to each structural
components and finishing items are imposed in separate stages
as the structures are constructed storey by storey. The
performance of a structure with the various loads applied in a
single step differs significantly from that when the loads are
applied in stages. Hence, in order to simulate the actual
condition during the construction of the frame, construction
sequence analysis is used.

In this project the three different models are taken by
keeping all the parameters same for three models i.e. G+11
and G+14 to check the variation in the result of conventional
and sequential analysis which gives the actual behavior of
structural members.
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A. CONSTRUCTION
CONCEPT

SEQUENTIAL  ANALYSIS

The performance of a structure with the various loads
applied in a single step differs significantly from that when the
loads are applied in stages. Hence, in order to simulate the
actual condition during the construction of the frame, the
frame should be analyzed at every construction stage taking
into account variation of loads. The phenomenon known as
Sequential Construction Analysis is used to analyze the
structure at each storey. Sequential construction analysis is a
nonlinear static analysis which takes into account the concept
of incremental loading. Sequential construction is also
important on analysis of high rise buildings where creep and
shrinkage must be considered.

Il. EASE OF USE

The Comparison of responsive member forces
between conventional and sequential construction method of
analysis by using dynamic analysis. Which will gives an idea
about the design parameters of structural elements.

I11. METHODOLOGY

1. Selection of specifications of structures.

2. Modeling of the selected structure by using finite
element software

3. Applying response spectrum analysis on selected
building models

4. Applying sequential
analysis of results.

5. Compare the results of conventional and sequential
analysis.

construction analysis and

1. Selection of specifications of structures.

Live Load BN m2
Density  of RCC | 23EN'm’
considered:

Steel HYSD 300
Thickness of slab 1 30mm
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Depth of beam £50mm

Width of beam 23

Dimension of column | 380x720mm

Height of each floor 3m

Earthquake Zone IV

Damping Ratio 3%

Importance factor 12

Tvpe of Soil Medium soi

Tvpe of structure Specizl hMoment Resistmg

Frame

Factor

EResponse reduction

E

No of Models

3G+, G+14,G+17)

floor 3 no of modss)

Mo of modes (Each

For Storey G+11 =36
For Storey G+14=45
For Storsy G+17=34

Tvpe of diaphragms | Figid

Modal combination SBESS

P-Delta effect Mon —iterative-Bassd on
mass

force

Direction of lateral

X-dirsction and -
dir=ction

Load combination

All load combination as
par I5 1893-2016

hase

Tvpe of support at

Fixed

2. Modeling of the selected structure by using finite element

software
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Fig.1 plan for G+11,G+14 and G+17
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Fig. Elevation of G+ 11 model

3. Applying response spectrum analysis on selected building
models.

Response Spectrum Analysis:-

This approach permits the multiple modes of response
of a building to be taken into account. This is required in many
building codes for all except for very simple or very complex
structures. The structural response can be defined as a
combination of many modes. Computer analysis can be used
to determine these modes for a structure. For each mode, a
response is obtained from the design spectrum, corresponding
to the modal frequency and the modal mass, and then they are
combined to estimate the total response for the structure. In
this the magnitude o forces in all directions is calculated and
then effects on the building is observed.

4. Applying sequential construction analysis and analysis of
results.

Define grid line

Define material properties.

Define section properties.

Assign section properties to grids.
Assign gravity loads.

Define response spectrum function.
Define mass source

Define modal cases.

Define load pattern.

Define load cases.

Define auto construction sequence.
Analyze and study the results.
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5. Compare the results of conventional and sequential
analysis.

Table 2: Difference between Conventional and Sequential
Analysis of BM (G+11)

Beudé:;t g EEIEIE:EI Li}kNm » Factor
5t SDL+1.5 e

o Conventional | Segquentizl LIEErEres

Storeyl 76.34 5242 3134 0.60
Storsv? 7686 52.70 3143 0.69
Storey3 81.20 52.66 3515 0.65
Storsvd 8545 5290 3809 0.62
StoreyS 8918 53.08 4048 0.60
Storsve 9243 33.16 42 48 0.38
Storey7 9319 53.14 4417 0.36
Storeyd a7 48 3303 43.60 0.34
Storsvd 99 31 5282 46.81 0.33
Storeyl( 100.60 32.54 4177 0.32
Storeyll 102 .82 5233 4911 0.31
Storey]2 2398 5229 4435 0.56

Bending Momentfor CA and SA

120.00

M conventi
onal

(BM)

M zequenti

al (BM)

4 5 6 7 8 9 1011 12
Storey

Graph 1: Difference between Conventional and sequential
analysis of BM (G+11)

Observations

From above graph of Responsive member forces for bending
moment following points are observed.

1. The maximum percentage reduction of bending
moment from above table is 49.11 % at storey 11

2. The bending moment for conventional analysis
shows increasing values except first storey (storey 1)
and second last storey (storey 11)

3. Table shows bending moment for sequential analysis
are in increasing order up to 6 storey’s after it will
get reduces i.e. it shows the summit curve like shape.

Table 3: Difference between Conventional and Sequential
Analysis of SF (G+11)
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Storeyl 138.6383 93.4625 32.59 0.67
Storay2 142.1302 935786 34.16 0.66
Storey3 145.7616 935.082 47 0.63
Storsyd 1482168 96.2835 3504 0.63
Storey3 140 8245 97.0558 3322 0.65
Storeyd 151.7886 974023 3383 0.64
Storey? 153 4616 97.3338 36.57 0.63
Storavy 154 8496 96.8584 3745 0.63
Storey? 1559514 959829 3845 0.62
Storeyl0 136.7662 947197 3058 0.60
Storeyll 157.8934 93.0012 41.04 0.39
Storeyl2 133.6643 91,842 40.23 0.60
Shear Forcefor CA and S5A
200 )
B conventt
oral
150 — (SF)
2
g 100 —
& M sequenti
50 + 2l (35
o -
1 2 3 4 5 6 7 8 9 1011 12
Storey

Graph 2: Difference between Conventional and sequential
analysis of SF (G+11)

Observation

From above graph of Responsive member forces for Shear
force following points are observed

1. The maximum percentage reduction of Shear force
from above table is 41.04 % at storey 11.

2. Table shows shear force for sequential analysis are in
increasing order up to 6 storey after it will reduces up
to 12 storey i.e it shows the summit cure like shape
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4: Difference between Conventional and sequential
analysis of displacement (G+11)
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Table 5: Difference between Conventional and sequential
analysis of BM (G+14)

Displacement in mm L") Factor Load Eending moment in
Storey Conventional Sequential Reduction Storey  Beam {.nlto:llhn ke =
== eque = = - Conventic Sequenfia Reductim  Factor
1 1.85 121 3430 0.65 nal 1
2 3.56 222 37.6¢ 0.62 1
3 312 30d A0.63 0.5 2 El DConl4d 5182 52.70 38.42 054
- 5 3 ENE 036 3 El DCeonld B6.04 5108 38.43 0.62
'E ?:, _"ﬁ? ft:'s," 052 4 BS54 DCenl 89.37 $3.30 40.26 Q.50
= L 4.07 47.62 == 5 Ei8 DConl 0411 53.70 4204 | o057
i 8.86 428 31.69 043 & B5& DCon 08.37 53.01 45.20 0.55
7 98 429 56.22 044 7 B3 DCend 102.17 54.02 47.12 ]
8 10.58 4.09 61.34 0.39 8 Bif DCeonl 105.52 54.04 43.73 0.51
0 1121 3 60 67.08 0.33 2 B56 Dlomd 10843 53.97 50.22 21
10 1167 107 71,60 026 10 BS54 Dlenl 110.21 §3.81 51.48 0.43
— —— — : 11 E36 DCon2 112.96 53.57 51,58 0.47
}1 }}'?S f Ef’ :;;g g}g 12 Bif Dlonl 114.61 53.23 53.55 0.45
= =22 -2 : : 13 Eif DConl 115.73 5213 54.36 0.45
14 BS54 Dlonl 118.06 52.24 55.75 0.44
15 B3 DConl 107.75 5221 51.54 0.4
Displacement in mm for G+11
14 Bending Moment for CA and SA
£ 12
g 10 140.00
- =
g 8 E 120.00 ® Convensi
E 2 @ Conventional g 100.00 - ;)I:]::j?m)
= 2 M Sequential E 80.00 +
A g
0 & 60.00
_E‘J  Sequenti
1234567809101112 T 4000 - allB)in
& 2000 - KM /m
Storey
' 0.00 -
Graph 3: Difference between Conventional and sequential 1234567 809101112131415
analysis of displacement (G+11) ‘
Storey
. Graph 4: Difference between Conventional and sequential
Observations

From above graph of Responsive member forces for
Displacement following points are observed.
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The maximum percentage reduction of deflection
from above table is 89.86 % at storey 12.

The value of displacement for conventional analysis
shows increasing values.

Table shows displacement for sequential analysis is
in increasing order up to 6 storeys’s after it reduces.
i.e. it shows the summit cure like shape.

analysis of BM (G+14)

Observations

From above graph of Responsive member forces for bending
moment following points are observed.

The maximum percentage reduction of bending
moment from above table is 55.75 % at storey 14.
The bending moment for conventional analysis
shows increasing values except storey 15.

Table shows bending moment for sequential analysis
are in increasing order up to 8 storeys’s after it will
reduces. i.e. it shows the summit cure like shape.
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Table 6: Difference between Conventional and Sequential
analysis of SF (G+14)

1 L
2 DCon3 | 146.74 | 9447 | 3362 | 0.64
3 DCon3 | 152.82 [ 9664 | 36.76 | 0.63
4 DCon3 | 153620 [ 9837 | 37.02 | 0.63
5 DCon3 | 1538.19 | 9968 | 3699 | 0.63
i DCon3 | 15927 l{l{l.:- 36.86 083
7 DCon3 | 159.63 ;1}1 0 36.69 063
8 DCon2 | 159.70 ;1101'1 36.67 083
9 DCon2 | 161.46 ;{H}_S 37.54 062
10 | DCon2 | 162.95 ;{I{I.l 38.53 0.6l
11 | DCon2 | 16421 | 9914 | 3963 | 0.60
2 | DCon2 | 16520 [ 9774 | 4084 | 059
13 | DCon2 | 16592 | 9398 4215 | 0.38
14 | DCon2 | 1687.11 | 9380 | 4381 | 038
15 | DCon2 | 16199 | 9150 | 4351 | 0.36

Shear Force for CA and SA
200.00

E H Conve
= 150.00 -+ nsional
it (SF)in
& 100.00 - KN

= M Seque
_E ntial{S
“  50.00 -+ Flin

KN
0.00 -
1 3 5 7 9 11 13 15
Storey
Graph 5: Difference between Conventional and sequential
analysis of SF (G+14)

Observations

From above graph of Responsive member forces for Shear
force following points are observed

1. The maximum percentage reduction of Shear force
from above table is 43.81 % storey 14.

2. In conventional analysis the values shows in
increasing order up to storey 14.
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3.

Table
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Table shows shear force for sequential analysis are in
increasing order up to 8 storey after it reduces up to
storey 15. it shows the summit curve like shape.

7: Difference between Conventional and sequential
analysis of Displacement (G+14)

Storey 1 236 1.53 33517 0.65
Storey 2 457 2.86 342 0.63
Storey 3 6.63 4 30.67 0.60
Storey 4 8.54 4493 227 0.38
Storey 5 1029 367 44 90 0.33
Storey 6 1188 612 4790 032
Storey 7 1332 6.52 31.05 0.49
Storey 8 146 6.63 34.50 0.43
Storev O 1572 6.54 38,40 042
Storey 10 16.68 6.24 62.50 037
Storey 11 1748 =L [ 033
Storey 12 18.17 3 1248 028
Storey 13 186 407 18.12 B
Storsy 14 18.92 292 34.57 0.13
Storey 15 19.07 1.56 91.82 0.08
Displacementin mm for G+14
25

£ 20 .

g M Conventi

5 onal

g 15 i

2

=

10 A M Sequenti

L; al

£ s

0 -
12345678 5101112131415
Storey

Graph

6: Difference between Conventional and sequential
analysis of Displacement (G+14)

Observations

From above graph of Responsive member forces for
Deflection following points are observed.

1.

The maximum percentage reduction of deflection
from above table is 91.82 % at storey 15

The value of deflection for conventional analysis
shows increasing values.

Table shows deflection for sequential analysis is in
increasing order up to 8 storey’s after it reduces to
storey 15. (it shows the summit curve like shape)
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IV. CONCLUSION

The structure has been studied for the parameters
bending moment, shear force and displacement and it is
observations are as follows.

1. The maximum percentage reduction in Bending moment,
Shear force and displacement in sequential analysis as
compare to conventional analysis as follows.

Bending Shear foree  Displacement
moment

G+l 49.11 41.04 89.36

G+14 55.73 43.8 91.82

2. The values of sequential analysis are lesser than that of
conventional one.

3. It can be concluded that more realistic design approach
obtained by using sequential analysis.
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