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Effect of Seismic Load on Column Forces in RC Structures by
Response Spectrum Analysis
By Mahdi Hosseini

Abstract- In the present research work 30 story building with different type of RC Shear wall at the
center in concrete frame structure with fixed support conditions under different type of soil for
high seismic zone are analyzed.

This paper aims to study the effect of seismic load on column forces in different type of
RC shear walls in concrete frame structures under different type of soil condition and different
load combination. Estimation of column forces such as; column axial force, column moment,
column shear force, column torsion, time period and frequency and modal load participation
ratios is carried out. In dynamic analysis; Response Spectrum method is used. It was found that
the axial force and moment in the column increases when the type of soil changes from hard to
medium and medium to soft. Since the column moment increase as the soil type changes, soil
structure interaction must be suitably considered while designing frames for seismic force.

Keywords: seismic load, linear dynamics analysis, column forces, high seismic zone.
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Effect of Seismic Load on Column Forces in RC
Structures by Response Spectrum Analysis

Mahdi Hosseini

Absiract- In the present research work 30 story building with
different type of RC Shear wall at the center in concrete frame
structure with fixed support conditions under different type of
soil for high seismic zone are analyzed.

This paper aims to study the effect of seismic load on
column forces in different type of RC shear walls in concrete
frame structures under different type of soil condition and
different load combination. Estimation of column forces such
as; column axial force, column moment, column shear force,
column torsion, time period and frequency and modal load
participation ratios is carried out. In dynamic analysis;
Response Spectrum method is used. It was found that the
axial force and moment in the column increases when the type
of soil changes from hard to medium and medium to soft.
Since the column moment increase as the soil type changes,
soil structure interaction must be suitably considered while
designing frames for seismic force.

Keywords: sefsmic load, linear dynamics analysis,
column forces, high seismic zone.

[. INTRODUCTION

a) Structural Systems

n the earliest structures at the beginning of the 20th

century, structural members were assumed to carry

primarily the gravity loads. Today, however, by the
advances in structural design/systems and high-
strength materials, building height is increased, which
necessitates taking into consideration mainly the lateral
loads such as wind and earthquake. Understandably,
especially for the tall buildings, as the slenderness, and
so the flexibility increases, buildings suffer from the
lateral loads resulting from wind and earthquake more
and more. As a general rule, when other things being
equal, the taller the building, the more necessary it is to
identify the proper structural system for resisting the
lateral loads. Currently, there are many structural
systems that can be used for the lateral resistance of tall
buildings[2,3].

Structural systems of tall buildings can be
divided into two broad categories: interior structures and
exterior structures.

This classification is based on the distribution of
the components of the primary lateral load-resisting
system over the building.

Author: Department of Building Engineering, College of Civil
Engineering, Nanjing Forestry University, Nanjing, Jiangsu, China.
e-mail: civil. nahdi.hosseini@gmail.com

b) Shear Wall Structure

Shear Wall-Frame Systems (Dual Systems),
The system consists of reinforced concrete frames
interacting with reinforced concrete shear walls are
adequate for resisting both the vertical and the
horizontal loads acting on them.

c) Necessity of Shear Walls
Shear wall system has two distinct advantages
over a frame system.

e |t provides adequate strength to resist large lateral
loads with-out excessive additional cost.

e |t provides adequate stiffness to resist lateral
displacements to permissible limits, thus reducing
risk of non-structural damage.

d) Seismic Load

The seismic weight of building is the sum of
seismic weight of all the floors [8]. The seismic weight of
each floor is its full dead load plus appropriate amount
of imposed load, the latter being that part of the
imposed loads that may reasonably be expected to be
attached to the structure at the time of earthquake
shaking. Earthquake forces experienced by a building
result from ground motions (accelerations) which are
also fluctuating or dynamic in nature, in fact they reverse
direction somewhat chaotically[2,3]. In theory and
practice, the lateral force that a building experiences
from an earthquake increases in direct proportion with
the acceleration of ground motion at the building site
and the mass of the building. As the ground accelerates
back and forth during an earthquake it imparts back-
and-forth (cyclic) forces to a building through its
foundation which is forced to move with the ground [1].

e) Geo-Technical Consideration

The seismic motion that reaches a structure on
the surface of the earth is influenced by local soil
conditions. The subsurface soil layers underlying the
building foundation may amplify the response of the
building to earthquake motions originating in the
bedrock.

Bearing Capacity of Foundation Soil
Three soil types are considered here:

I. Hard - Those soils, which have an allowable bearing
capacity of more than 10t/m2.

II. Medium - Those soils, which have an allowable
bearing capacity less than or equal to 10t/m2.

© 2023 Global Journals
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lll. Soft - Those soils, which are liable to large
differential settlement or liquefaction during an
earthquake.

The allowable bearing pressure shall be
determined in accordance with IS: 1888-1982 load test
(Revision 1992).

II. METHODOLOGY

a) To understand and evaluation building structures
and aims to the effect of Seismic load on column
Forces in Different Type of RC Shear Walls in
Concrete Frame Structures under Different Type of
Soil Condition with seismic loading.

b) Modeling a G+29 story high building for five
different cases [9-11].

c) Analyzing the building dynamic analysis using
linear, i.e. Response Spectrum Analysis [1-3].

d) Analyzing the results and arriving at conclusions.

a) Dynamic Analysis

Dynamic analysis may be executed to get the
design seismic force, and its spread in different levels
through the height of the building, and also various
lateral load resisting element[1-2-3,8].

b) Response Spectrum Method

This method is executed to design spectrum,
where as it is specified with a code for specific- site
design can be used for a project site for the purposes of
dynamic of steel and reinforce concrete buildings, the
values of damping for building may be taken as 2 and 5
percent of the critical, respectively. response spectrum
method is typically implemented in linear elastic
procedures and also very much easier to use. This also
called as or mode superposition method or model
method, It also made on the idea of the superposition of
responses given by the building through various modes
of vibrations, each vibration modes is recorded as with
its own particular deformed shape, with its own modal
damping and its own frequency [7,8].

[II. MODELING OF BUILDING

a) Details of the Building

A symmetrical building[15] of plan 38.5m X
35.6m located with location in high Seismic zone
considered. Four bays of length 7.5m & one bays of
length 8.5m along X - direction and four bays of length
7.5m & one bays of length 5.5m along Y - direction are
provided. Shear is provided the center inner core of
model building.
Struct I: G+29 story’stall building with Plus shape RC
shear wall at the center of structure.
Struct Il: G+29 story’'stall building with Box shape RC
shear wall at the center of structure.
Struct Ill: G+29 story’stall building with C- shape RC
shear wall at the center of structure.

© 2023 Global Journals

Struct IV: G+29 story’stall building with E- shape RC
shear wall at the center of structure.
Struct V: G+29 story'stall building with |- shape RC
shear wall at the center of structure.

b) Load Combinations

As per IS 1893 (Part 1): 2002 Clause no. 6.3.1.2,
the following load cases have to be considered for
analysis:

“12 (DL + IL + EL)”
“45 (DL = EL)”
“EQXP&EQYP’

Earthquake load must be considered for +X, -X,
+Y and -Y Directions [5-7].

c) The Building Details

Type of frame: Special RC moment resisting frame fixed
at the base, Number of storeys: G+29, Floor height: 3.5
m, Depth of Slab: 225 mm, Size of beam: (300 x 600)
mm, Size of column (exterior): (1250x1250) mm up to
story five, Size of column (exterior): (900x900) mm
Above story five, Size of column (interior): (1250 1250)
mm up to story ten, Size of column (interior): (900x900)
mm Above story ten, Live load on floor: 4 KN/m2, Floor
finish: 2.5 KN/m2, Wall load: 25 KN/m, Grade of
Concrete: M 50 concrete, Grade of Steel: Fe 500,
Thickness of shear wall: 4560 mm, Seismic zone: V,
Important Factor: 1.5, Density of concrete: 25 KN/m3,
Type of soil: Type I=Soft Soil, Type lI=Medium Sail,
Type lll= Hard Soil, Response spectra: As per IS
1893(Part-1):2002, Damping of structure: 5 percent & All
the analyses has been carried out as per the Indian
Standard code books [4-8].
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Figure 3. Plan of the Structure |l

Figure 4: 3D view showing shear wall location for Structure |l
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Figure 5: Plan of the Structure |lI

Figure 6: 3D view showing shear wall location for Structure Il
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Figure 7. Plan of the Structure IV
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Figure 9: Plan of the Structure V

Figure 8: 3D view showing shear wall location for Structure IV
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Figure 10: 3D view showing shear wall location for Structure V
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IV. RESULTS AND DISCUSSIONS

Parametric results in column forces such as
column axial force, column moment, column shear force
& column torsion with different load combination/load
Cases such as 1.2  (DL+LL+EQXP), 1.2
(DL+LL+EQYP), 1.5 (DL+EQXP), 1.5 (DL+EQYP),

EQXP & EQYP in different type of soil conditions (soft,
medium and hard) were considered, in this regard we
compared all column forces in different type of sail
condition of structures Il, Ill, IV, V with structure | (plus
shape shear wall), also compared forces in hard and
medium soils with soft soil for all five structures.

Table 1: Column Axial Force, P for structures with the load combination 1.2 (DL+LL+EQXP) & 1.2 (DL+LL+EQYP),
All value in “kN”

Column Axial Force, P in Soft Soil Struct | Struct Il Struct Ill Struct IV Struct V
Story | “Column” l’{gguee “Lgi%gife' “Station’m “P” “P” “P” “P” “P”
18T C34 67 1.2(DL+LL+EQXP) 0 24171.0618 | -24285.0493 | -24629.8602 | -24381.5444 | -24398.1773
18T C34 67 1.2(DL+LL+EQXP) 1.45 24103.093 | -24217.0806 | -24561.8915 | -24313.5757 | -24330.2086
18T C34 67 1.2(DL+LL+EQXP) 29 -24035.1243 | -24149.1118 | -24493.9227 | -24245.6069 | -24262.2398
18T C34 67 1.2(DL+LL+EQYP) 0 -23630.6382 | -23276.1711 | -23447.6424 | -23345.1752 | -23441.1649
18T C34 67 1.2(DL+LL+EQYP) 1.45 -23562.6694 | -23208.2023 | -23379.6736 | -23277.2065 | -23373.1961
18T C34 67 1.2(DL+LL+EQYP) 29 -23494.7007 | -23140.2336 | -23311.7049 | -23209.2377 | -23305.2274
Column Axial Force, P in Medium Soil
18T C34 67 1.2(DL+LL+EQXP) 0 -24937.4993 | -25121.0698 | -25571.6279 | -25446.3503 | -25240.6514
18T C34 67 1.2(DL+LL+EQXP) 1.45 -24869.5305 | -25053.1011 | -25503.6591 | -25378.3816 | -25172.6826
18T C34 67 1.2(DL+LL+EQXP) 29 -24801.5618 | -24985.1323 | -25435.6904 | -25310.4128 | -25104.7139
18T C34 67 1.2(DL+LL+EQYP) 0 242025232 | -23748.9954 | -23963.8116 | -23949.6572 | -23939.1144
18T C34 67 1.2(DL+LL+EQYP) 1.45 241345545 | -23681.0267 | -23895.8428 | -23881.6884 | -23871.1456
1ST C34 67 1.2(DL+LL+EQYP) 29 -24066.5857 | -23613.0579 | -23827.8741 | -23813.7197 | -23803.1769
Column Axial Force, P in Hard Soil
18T C34 67 1.2(DL+LL+EQXP) 0 -25597.4871 | -25840.9764 | -26382.5944 | -26235.5482 | -25966.1151
18T C34 67 1.2(DL+LL+EQXP) 1.45 -25529.5184 | -25773.0076 | -26314.6257 | -26167.5794 | -25898.1464
18T C34 67 1.2(DL+LL+EQXP) 29 -25461.5496 | -25705.0389 | -26246.6569 | -26099.6107 | -25830.1776
18T C34 67 1.2(DL+LL+EQYP) 0 -24694.9798 | -24156.1497 | -24408.2906 | -24397.697 | -24367.9043
18T C34 67 1.2(DL+LL+EQYP) 1.45 -24627.011 -24088.181 | -24340.3219 | -24329.7283 | -24299.9355
1ST C34 67 1.2(DL+LL+EQYP) 29 -24559.0423 | -24020.2122 | -24272.3531 | -24261.7595 | -24231.9668
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Table 2: Column Moment, M for structures with the load combination 1.2 (DL+LL+EQXP) &1.2 (DL+LL+EQYP), All
value in “kN-m”

: .| Struct | Struct | Struct | Struct | Struct | Struct | Struct | Struct | Struct | Struct
Column Moment, M in Soft Soil
I I Il Il I I vV vV V V
Sto! Colu Uunéq Load Stati
Case/Com| on | “M2" | “M3" | “M2" | “M3" | “M2" | “M3" | “M2" | “M3" | “M2" | “M3"
ry | mn |Name
bo m
1TS ca4 | 67 | '2(ED(§><+P|§L+ 0 | 244.01 9719547 17167 | (1’?12'1 25186 | | 22315'2 239.99 | ! %7713'7 24977 97;572
18 74 41 22 58
1TS c34 | 67 1'2(ED(§><+P|3L+ 145 | 14626 805369 84.416 915('371 151.39 121182'8 142.18 1%%%4 150.87 825’699
84 8 27 6 48
1S 1.2(DL+LL+ . 631.92 764.32 - 1018.3 . 919.18 - 682.25
T | C34 67 EQXP) 29 48.1525 4 2.8438 3 50.3?21 957 44.579 78 51 .§73 2
1S 1.2(DL+LL+ 17275 ' 1026.4 . 1218.6 ) 1153.6 ) 1174.9 .
C34 67 0 24.707 134.63 173.18 157.40 74.852
T EQYP) 733 5 07 =3 199 o 344 43 664 3
1S 1.2(DL+LL+ 1393.6 . 893.97 - 1027.4 . 974.88 ) 954.74 )
T | C34 67 EQYP) 145 | "5 | 70519 3 oaeo8 | os3 | 11227 =1 107.00 75 81.408
4 58 72 3
1S | 534 67 |[12OLELL+| oo 110897 |\ fon | 76158 | o) o0 | 83619 | o) oen | 79613 | o0 | 73452 | oo o0
T EQYP) 1 75 07 58 87
13 7 3 1 4
Column Moment, M in Medium Soil
1S 1.2(DL+LL+ . 1329.5 - 1461.8 - 1958.0 - 1862.7 . 1328.7
T | C34 67 EQXP) 0 | 31252 | "Jo" | 5179 | amg | 32585 | gop | 32592 | o0t | 32256 | oo
42 38 7 99
1S 1.2(DL+LL+ } 1112.7 - 12641 - 1683.6 N 1610.8 - 1142.9
C34 67 1.45 | 197.67 115.99 207.08 206.75 205.97
T EQXP) 08 719 39 942 5 228 o7 77 96 081
1S 1.2(DL+LL+ j 896.01 - 1066.5 . 1409.1 . 1359.0 . 957.06
T | C34 67 EQXP) 29 | 82817 75 15197 | 75 88.310 | oo, | 87578 | 0,7 | 89.389 19
5 8 2 5 3
1S 1.2(DL+LL+ 2368.8 - 14126 ; 1674.0 N 1686.2 N 1615.0 .
T | C34 67 EQYP) 0 316 | 36186 | "G4 | 16437 | o4 | 21034 | To00T | 20078 | Do T | 94.595
8 29 29 17 2
1S 1.2(DL+LL+ 1896.6 j 1214.6 - 1396.0 N 1406.1 - 1297.6 .
T | C34 67 EQYP) 145 | oo | 78885 | o7 | 10579 | o | 12802 | o | 12534 | LT | 92514
5 85 5 18 4
1S 1.2(DL+LL+ 1424.3 - 1016.6 ; 1118.1 - 1126.0 - 980.25 )
T | Cca4 67 EQYP) 29 | Tgon | 12161 056 | 47224 | gt 45707 | a77 | 49901 Y 90.433
42 2 9 6
Column Moment, M in Hard Soil
1S 1.2(DL+LL+ - 1630.9 - 1806.9 N 2420.3 N 2300.9 ) 1636.1
C34 67 0 | 37152 255.63 389.56 389.65 385.25
T EQXP) 09 629 69 164 A 565 o6 465 a7 935
1S 1.2(DL+LL+ - 13771 N 1566.8 - 2083.0 : 1993.0 N 1414.9
T | C34 67 EQXP) 145 | 241.93 | "ol | 14318 | Uo7 | 25608 | T 0T | 254.63 | 07 | 25343 | o)
4 53 67 2 1
1S 1.2(DL+LL+ . 1123.4 i 1326.7 N 1745.6 . 1685.1 - 1193.7
C34 67 29 | 112.34 30.733 120.50 119.61 121.60
T EQXP) 71 282 5 894 62 638 15 289 82 03
1S 1.2(DL+LL+ 2921.0 - 17451 N 2066.1 . 2081.2 . 1994.0 ;
C34 67 0 46.015 189.98 242.33 232.94 111.59
T EQYP) 262 9 642 02 412 97 226 53 659 61
1S 1.2(DL+LL+ 2329.7 . 1490.7 ) 17135 ; 1725.9 N 1592.9 |
C34 67 1.45 86.089 115.41 141.58 138.93 102.07
T EQYP) 158 ; 245 6 56 67 364 69 584 5
1S 1.2(DL+LL+ 1738.4 N 1236.2 - 1360.9 j 1370.6 - 1191.8 .
A EQwp) | 2% | oss 12?416 848 | 40855 | 708 40'8833 502 44'228 51 92'559
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Table 3: Column Shear, V for structures with the load combination 1.2 (DL+LL+EQXP) & 1.2 (DL+LL+EQYP), All

value in “KN”
Gl Ssen. Vi S S Struct | Struct | Struct | Struct | Struct | Struct | Struct | Struct | Struct | Struct
| | ] ] 11 Il \Y \Y) V \Y
Sto | Colu Uunéq Load Stati
Casa/Gombol on | “v2* | *var | ver | var | ver | var | ver | va | v | “var
ry | mn |Name m
1ST | c3a | 67 1'2(E%><+P|3L+ 0 1;398 67.40 1%%3 6017 1?4?1'9 69.29 1:;55 67.45 9%‘?1 68.20
90 98 06 05 76
1ST | c3a | 67 1'2(E%><+P|3L+ 1.45 1;398 67.40 1%%'3 6017 1?4?1'9 69.29 1:;55 67.45 9%?1 68.20
92 98 06 05 76
15T | c34 | 67 1'2%;;3'-* 29 11398 67.40 1%29'3 6017 113’?1'9 69.29 15;55 67.45 9%‘?1 68.20
92 98 06 o5 76
1.2(DL+LL+ 3159 | 230.2 : 91.33 . 131.8 ) 1232 | 4521 | 151.8
15T | c34 | 67 EQVP) o | i 2 | o759 | 909 | 4200 | 00 | sazs | 5 ) o
12 66 66
1.2(DL+LL+ 3159 | 230.2 : 91.33 ’ 131.8 ) 1232 | 4521 | 151.8
15T | c34 | 67 EQVP) 145 | Oy o2 | o759 | 909 | 4200 | D00 | sazs | 12 ) o
12 66 66
1.2(DL+LL+ 3159 | 230.2 ) 91.33 ’ 131.8 B 1232 | 4521 | 151.8
1ST | c34 | 67 EQVP) 29 | %% 2 | o759 | 90 | 4200 | 00 | sazs | 2 4 o
12 66 66
Column Shear, V in Medium Soil
1ST | c3a | 67 1'2(E%><+P|3L+ 0 1296'4 79.20 1351'3 69.51 188?1'2 81.91 15;'17 82.18 123; 80.40
92 45 16 92 71
1ST | c3a | 67 1'2(EDQL><+P|3L+ 1.45 1;‘3%4 79.20 1331'3 69.51 188?1'2 81.91 15;17 82.18 123; 80.40
92 45 16 92 71
1ST | c3a | 67 1'2(E%><+P|3L+ 29 1296'4 79.20 1351'3 69.51 188?1'2 81.91 15247 82.18 153; 80.40
92 45 16 92 71
120L+LL+ 2946 | 3056 | 1365 | 1916 | - 1031 218.9
1ST | c3a | 67 EQvP) 0o | %3 20 | a0s9 | BRO | serr | 1000 | 5202 | 00 | 1a3s | 25
61 1 75
120L+LL+ 2946 | 3256 | 1365 | = 1916 | - 193.1 218.9
1ST | c3a | 67 EQvP) 145 | 2 i 4%.139 hore 561.77 oo 527.52 oo | 1435 | 202
120L+LL+ 2946 | 3256 | 1365 | - 1916 | - 193.1 218.9
1ST | c3a | 67 EQYP) 29 | % 55 4%.139 hors 561.77 cop 527.22 oo | 1435 | 2o
Column Shear, V in Hard Soill
1ST | c3a | 67 1'2(EDQL><+P|3L+ 0 1?‘20 89.37 1%5;'5 77.55 2322%6 92.77 2;593 93.11 152295 90.91
03 o8 9% 77 20
1ST | c3a | 67 1'2(E%><+P|3L+ 1.45 1?‘20 89.37 1%5;'5 7755 2322%6 92.77 251593 93.11 15’2295 90.91
03 08 9% 77 20
1ST | c3a | 67 1'2(E%><+P|3L+ 29 1?‘20 89.37 1%51"5 77.55 2322%6 92.77 251593 93.11 1;’2295 90.91
03 08 9% 77 20
1.2(DL+LL+ 27.63 | 407.8 ) 175.4 . 243.1 ) 245.0 ) 276.6
1ST | c3a | 67 0 51.42 69.48 64.83 6.564
EQYP) 71 002 b 757 s 622 19 05 > 058
1.2(DL+LL+ 27.63 | 407.8 ) 175.4 . 243.1 ) 245.0 ) 276.6
1ST | c3a | 67 EQvP) 145 | 0 | 5142 | 724 | e0as | 20T | eass | “D0 | 6564 | 21
25 48 34 2
1.2(DL+LL+ 27.63 | 407.8 ) 175.4 . 243.1 ) 245.0 ) 276.6
1ST | C34 | 67 EQYP) 29 | 4 002 512';‘2 757 63‘38 622 643'?3 05 6'5264 058
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Table 4: Column Torsion, T for structures with the load combination 1.2 (DL+LL+EQXP) & 1.2 (DL+LL+EQYP), All

value in “kN-m”

Column Torsion, T in Soft Soil Struct | Struct Il Struct Il Struct IV Struct V
Story “Column” ,L\ljglr?‘:e “Load Case-Combo’ “Station"m “T” “T” “T” “T" “T"
18T C34 67 1.2(DL+LL+EQXP) 0 -41.6175 -29.3334 -44.901 -42.3525 -43.8436
18T C34 67 1.2(DL+LL+EQXP) 1.45 -41.6175 -29.3334 -44.901 -42.3525 -43.8436
1ST C34 67 1.2(DL+LL+EQXP) 29 -41.6175 -29.3334 -44.901 -42.3525 -43.8436
1ST C34 67 1.2(DL+LL+EQYP) 0 45.3145 31.9525 48.8724 46.1375 48.5638
1ST C34 67 1.2(DL+LL+EQYP) 1.45 45.3145 31.9525 48.8724 46.1375 48.5638
1ST C34 67 1.2(DL+LL+EQYP) 29 45.3145 31.9525 48.8724 46.1375 48.5638

Column Torsion, T in Medium Soil
18T C34 67 1.2(DL+LL+EQXP) 0 -56.5981 -39.8539 -61.0208 -61.1008 -590.584
1ST C34 67 1.2(DL+LL+EQXP) 1.45 -56.5981 -39.8539 -61.0208 -61.1008 -59.584
1ST C34 67 1.2(DL+LL+EQXP) 29 -56.5981 -39.8539 -61.0208 -61.1008 -59.584
18T C34 67 1.2(DL+LL+EQYP) 0 61.6294 43.4949 66.5111 66.66 66.09
18T C34 67 1.2(DL+LL+EQYP) 1.45 61.6294 43.4949 66.5111 66.66 66.09
18T C34 67 1.2(DL+LL+EQYP) 29 61.6294 43.4949 66.5111 66.66 66.09
Column Torsion, T in Hard Soil

1ST C34 67 1.2(DL+LL+EQXP) 0 -69.4981 -48.9132 -74.9017 -75.004 -73.1383
18T C34 67 1.2(DL+LL+EQXP) 1.45 -69.4981 -48.9132 -74.9017 -75.004 -73.1383
1ST C34 67 1.2(DL+LL+EQXP) 29 -69.4981 -48.9132 -74.9017 -75.004 -73.1383
1ST C34 67 1.2(DL+LL+EQYP) 0 75.6784 53.4342 81.6999 81.8788 81.182
1ST C34 67 1.2(DL+LL+EQYP) 1.45 75.6784 53.4342 81.6999 81.8788 81.182
18T C34 67 1.2(DL+LL+EQYP) 29 75.6784 53.4342 81.6999 81.8788 81.182

Table 5: Column Axial Force, P for structures with the load combination 1.5 (DL+EQXP) & 1.5

(DL+EQYP), All value

in “kN”
Column Axial Force, Pin Soft Soil Struct | Struct Il Struct [l Struct IV Struct V
“Story” | “Column” : ﬁgﬂ:e “Load Case-Combo” | “Station"m “P” “P” “P” “P” “P”

1ST C34 67 1.5(DL+EQXP) 0 -25183.8699 -25355.396 -25767.3656 -25468.0736 -25450.8356
18T C34 67 1.5(DL+EQXP) 1.45 -25098.9089 -25270.435 -25682.4047 -25383.1127 -25365.8747
18T C34 67 1.5(DL+EQXP) 29 -25013.948 -25185.4741 -25597.4437 -25298.1518 -25280.9137
18T C34 67 1.5(DL+EQYP) 0 -24508.3404 -24094.2982 -24289.5933 -24172.6121 -24254.57

18T C34 67 1.5(DL+EQYP) 1.45 -24423.3794 -24009.3372 -24204.6324 -24087.6512 -24169.6091
18T C34 67 1.5(DL+EQYP) 29 -24338.4185 -23924.3763 -24119.6714 -24002.6903 -24084.6481

Column Axial Force, P in Medium Soil
1ST C34 67 1.5(DL+EQXP) 0 -26141.9168 -26400.4216 -26944.5752 -26799.081 -26503.9282
1ST C34 67 1.5(DL+EQXP) 1.45 -26056.9558 -26315.4607 -26859.6142 -26714.1201 -26418.9672
18T C34 67 1.5(DL+EQXP) 29 -25971.9949 -26230.4998 -26774.6533 -26629.1591 -26334.0063
1ST C34 67 1.5(DL+EQYP) 0 -25223.1967 -24685.3286 -24934.8048 -24928.2146 -24877.0069
18T C34 67 1.5(DL+EQYP) 1.45 -25138.2357 -24600.3677 -24849.8439 -24843.2537 -24792.046
18T C34 67 1.5(DL+EQYP) 29 -25053.2748 -24515.4068 -24764.8829 -24758.2927 -24707.0851
Column Axial Force, P in Hard Soil

1ST C34 67 1.5(DL+EQXP) 0 -26966.9016 -27300.3048 -27958.2834 -27785.5783 -27410.7578
18T C34 67 1.5(DL+EQXP) 1.45 -26881.9407 -27215.3439 -27873.3224 -27700.6174 -27325.7969
1ST C34 67 1.5(DL+EQXP) 29 -26796.9797 -27130.383 -27788.3615 -27615.6564 -27240.836
18T C34 67 1.5(DL+EQYP) 0 -25838.7674 -25194.2715 -25490.4036 -25488.2644 -25412.9943
1ST C34 67 1.5(DL+EQYP) 1.45 -25753.8064 -25109.3106 -25405.4426 -25403.3035 -25328.0334
1ST C34 67 1.5(DL+EQYP) 29 -25668.8455 -25024.3496 -256320.4817 -256318.3425 -25243.0724
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Table 6: Column Moment, M for structures with the load combination 1.5 (DL +EQXP) & 1.5 (DL4+EQYP), All value in

“ kN_m ”
Column Moment, M in Soft Soll Struct Struct Struct Struct Struct Struct Struct Struct Struct Struct
I I Il Il III III v v v \
“Unique “Load
“Story’| “Column” | oA Case- |"Station’m| *M2” M3 M2 M3 M2 M3 M2 M3 M2 M3
- Name n
Combo
1.5(DL+ - 1225.7 - 1343.4 . 1800.2 ) 1609.5 - 1219.4
18T C34 67 0 300.97 313.8 298.97 311.21
EQXP) 13 47 213.58 34 oo 079 7 397 a 677
18T C34 67 1%%; 1.45 185.76 1%2726 11124 | ! 11256'8 194.9 125819'5 183.46 13;%58'0 194.32 1%5812'1
63 83 693 03 03
1.5(DL+ . 829.64 - 988.26 . 1302.8 - 1180.6 ) 882.92
18T C34 67 EQXP) 29 70.561 et 8.9167 55 76.11 699 67.943 019 77.426 88
4 45 6 3
1.5(DL+ 2163.5 ) 1284.0 ; 1524. - 1443.0 - 1469.7 -
18T C34 67 EQYP) 0 101 29476 | oo 15124 | oo | 19282 562 176.96 135 88,758
6 91 82 23
1.5(DL+ 1739.1 . 1111.7 - 1278. ) 1212.8 ) 1187.7 -
18T C34 67 EQYP) 1.45 213 67.575 38 93334 | pon | 113.57 286 108.05 076 84.300
7 9 85 39 4
1.5(DL+ 1314.7 - 939.45 ) 1032. - 982.70 - 905.70 h
18T C34 67 EQYP) 29 324 105.67 ot 35.420 | oo | 34328 1 39.145 18 79.842
48 6 8 4 9
Column Moment, M in Medium Soil
1.5(DL+ ’ 1663.3 ) 1844, . 2471.2 - 2348.2 ) 1665.7
18T C34 67 0 386.6 269.97 406.31 406.39 402.20
EQXP) 18 159 o 3479 13 54 56 268 Z 503
1.5(DL+ ; 14115 . 1605. A 2131.2 A 2039.3 ) 1446.0
18T C34 67 1.45 250.0 150.71 264.58 264.16 263.20
EQXP) 193 384 97 1929 ] 948 p 015 13 951
18T C34 67 1%%* 29 113.4 115%%7 31.468 10336;% 122.85 1735;16'3 121.94 177%%3 124.19 12i6'4
) 269 7 06 18 57
1.5(DL+ 2965. ' 1766.7 ; 2093.5 ) 2108.8 - 2019.8 )
18T C34 67 0 43.788 188.4 239.27 231.18 113.43
EQYP) 0829 3 729 011 115 o 666 4 549 et
1.5(DL+ 2367. - 1512.5 ; 1739.3 ) 1751.9 - 1616.3 -
18T C34 67 EQYP) 1.45 ao7g | 78033 117 107.2 757 133.26 788 130.97 567 98,183
4 981 49 2
1.5(DL+ 1770. ) 1258.3 . 1385.2 ; 1395.0 ' 1212.8 -
18T C34 67 EQYP) 29 5707 | 11227 105 26.17 208 27.254 %09 30.760 586 82.929
85 5 7 1 4
Column Moment, M in Hard Soil
1.5(DL+ ; 2040.1 . 2275, - 3049.0 ) 2895.9 - 2050.0
18T C34 67 0 460.3 318.52 485.95 486.05 480.56
EQXP) 577 114 9% 6905 3 992 %6 762 17 492
15T | cas 67 1%%)* 145 | 3053 | | 725'0 184.70 153%% 30452 26;’3 5| 30401 2%122'0 30051 | | Zf_g'1
483 89 43 77 55
18T C34 67 1%%; 29 150.3 1‘;2'0 50.888 ff; "~ | 163.09 22;18'9 161.98 212‘:’383'0 164.46 1‘12123'2
389 5 56 28 93
1.5(DL+ 3655. P 2182.4 ; 2583.6 ) 2602.5 - 24935 ;
18T C34 67 0 56.112 220.4 279.27 271.38 134.68
EQYP) 3261 o 72 303 823 b 414 85 878 2
18T C34 67 1%3;; 1.45 22102' 87.038 1%‘226 119.3 211‘2%2 150.21 219218'6 147.96 1%&324 110.13
6 219 71 59 75
1.5(DL+ 2163. ) 1532.8 ’ 1688.7 P 1700.8 . 1477.3 '
18T C34 67 EQYP) 29 1019 11;.96 045 1%.521 508 21.21 63 ani 24.543 547 85.287
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Table 7: Column Shear, V for structures with the load combination 1.5 (DL+EQXP) & 1.5 (DL+EQYP), All value in

“ kN ”
Column Shear, V in Soft Sol Struct Struct Struct Struct Struct Struct Struct Struct Struct | Struct
| | I I 1] 1] v v v v
“Unique “Load .
“Story" | “Column” | “Uniaue Case- |“Station’m| “vor g o g o g /o g o g
- Name n
Combo
18T C34 67 150L+ 0 19688 1 7945 | 12247 | 70573 | 17149 | g1 geg | 14790 | 79666 | 11804 | go61
EQXP) 58 2 59 96 79
17 6 9 7 66
18T C34 67 150L+ 1.45 19688 1 7945 | 12247 | 70573 | 17149 | g oeg | 14790 | 79666 | 11804 | go61
EQXP) 58 2 59 96 79
17 6 9 7 66
18T C34 67 150L+ 29 19688 1 7945 | 12247 | 70573 | 17149 | gy geg | 14790 | 79666 | 11804 | go61
EQXP) 58 2 59 96 79
17 6 9 7 66
1.5(DL+ 26.275 | 292.6 - 118.81 p 169.48 . 158.74 - 194.4
1T 34 67 EQYP) 0 2 819 39'340 9 54'554 46 47'1523 31 | 30742 | 868
1.5(DL+ 26.275 | 292.6 - 118.81 p 169.48 . 158.74 - 194.4
18T C34 67 EQYP) 1.45 o 819 39.;;40 9 54.554 poe 47.1523 o 30742 | 868
1.5(DL+ 26.275 | 292.6 - 118.81 ' 169.48 . 158.74 - 194.4
18T C34 67 EQYP) 29 o 819 39.340 9 54.554 o 47.1523 o 30742 | 868
Column Shear, V in Medium Soil
1.5(DL+ 173.63 ; 164.93 . 234.45 ' 213.05 - 151.48 )
18T C34 67 EQXP) 0 9 94.201 5 82.242 ot 97.745 19 98.087 65 95.86
7 1 1 5 6
1.5(DL+ 173.63 . 164.93 ; 234.45 ' 213.05 - 151.48 ;
18T C34 67 EQXP) 1.45 9 94.201 5 82.242 e 97.745 19 98.087 65 95.86
7 1 1 5 6
1.5(DL+ 173.63 . 164.93 . 234.45 ' 213.05 - 151.48 )
18T C34 67 EQXP) 29 9 94.201 5 82.242 46 97.745 19 98.087 65 95.86
7 1 1 5 6
1.5(DL+ 23.617 | 411.90 j 175.33 P 24423 P 246.12 . 278.2
18T C34 67 EQYP) 0 3 o1 55.946 19 73.110 16 69.111 % 10519 | <,
9 5 7 7
1.5(DL+ 23.617 | 411.90 h 175.33 P 24423 P 246.12 . 278.2
18T C34 67 EQYP) 1.45 3 o1 55.946 19 73.110 16 69.111 % 10519 | <,
9 5 7 7
1.5(DL+ 23.617 | 411.90 h 175.33 P 24423 P 246.12 . 278.2
18T C34 67 EQYP) 29 3 o1 55.946 19 73.110 16 69.111 % 10519 | %,
9 5 7 7
Column Shear, V in Hard Soil
18T C34 67 1;&%; 0 2075é54 106.90 20&549 92.289 2851'66 111.33 2611336 111.74 1822%00 108.9
31 9 02 82 974
18T C34 67 1E5(()?<|E>;r 1.45 207554 106.90 20;549 92.289 2851'66 111.33 2611336 111.74 1822%00 108.9
31 9 02 82 974
18T C34 67 1E5(()E)<|E>;r 29 2075é54 106.90 20;549 92.289 2851'66 111.33 2611336 111.74 1822%00 108.9
31 9 02 82 974
1.5(DL+ 21.328 | 514.56 ' 223.99 - 308.59 - 310.93 - 350.4
15T 34 67 EQYP) 0 5 01 69'; 29 57 89'302 71 85.119 01 16'331 252
1.5(DL+ 21.328 | 514.56 ' 223.99 - 308.59 - 310.93 - 350.4
18T C34 67 EQYP) 1.45 5 o1 69.9729 5 89.;)02 71 85.119 o1 16.331 050
1.5(DL+ 21.328 | 514.56 ' 223.99 h 308.59 - 310.93 - 350.4
18T C34 67 EQYP) 29 5 o1 69.;29 57 89.;)02 7 85.119 o1 16.331 050
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Table 8: Column Torsion, T for structures with the load combination 1.5 (DL+EQXP) & 1.5 (DL+EQYP), All value in

“kN-m”

Column Torsion, T in Soft Soil Struct | Struct Il Struct Il Struct IV Struct V

“Story” | “Column” 'L\ljglrz:e “Load Case-Combo” | “Station”m “T” “T” “T” “T" “T"
18T C34 67 1.5(DL+EQXP) 0 -562.0172 -36.6355 -56.0881 -52.909 -564.7871
1ST C34 67 1.5(DL+EQXP) 1.45 -562.0172 -36.6355 -56.0881 -52.909 -564.7871
1ST C34 67 1.5(DL+EQXP) 29 -562.0172 -36.6355 -56.0881 -52.909 -54.7871
1ST C34 67 1.5(DL+EQYP) 0 56.6478 39.9718 61.1286 57.7035 60.7221
1ST C34 67 1.5(DL+EQYP) 1.45 56.6478 39.9718 61.1286 57.7035 60.7221
1ST C34 67 1.5(DL+EQYP) 29 56.6478 39.9718 61.1286 57.7035 60.7221

Column Torsion, T in Medium Soil
18T C34 67 1.5(DL+EQXP) 0 -70.743 -49.7861 -76.2378 -76.3444 -74.4626
18T C34 67 1.5(DL+EQXP) 1.45 -70.743 -49.7861 -76.2378 -76.3444 -74.4626
18T C34 67 1.5(DL+EQXP) 2.9 -70.743 -49.7861 -76.2378 -76.3444 -74.4626
1ST C34 67 1.5(DL+EQYP) 0 77.0414 54.3999 83.1769 83.3566 82.6299
1ST C34 67 1.5(DL+EQYP) 1.45 77.0414 54.3999 83.1769 83.3566 82.6299
18T C34 67 1.5(DL+EQYP) 29 77.0414 54.3999 83.1769 83.3566 82.6299
Column Torsion, T in Hard Soil
1ST C34 67 1.5(DL+EQXP) 0 -86.8679 -61.1102 -93.589 -93.7234 -91.4055
18T C34 67 1.5(DL+EQXP) 1.45 -86.8679 -61.1102 -03.589 -93.7234 -91.4055
1ST C34 67 1.5(DL+EQXP) 29 -86.8679 -61.1102 -03.589 -93.7234 -91.4055
1ST C34 67 1.5(DL+EQYP) 0 94.6026 66.824 102.1629 102.3801 101.4949
18T C34 67 1.5(DL+EQYP) 1.45 94.6026 66.824 102.1629 102.3801 101.4949
18T C34 67 1.5(DL+EQYP) 2.9 94.6026 66.824 102.1629 102.3801 101.4949
Table 9: Column Axial Force, P for structures with the load Cases EQXP & EQYP, All value in “kN”
Column Axial Force, P in Soft Soil Struct | Struct Il Struct Il Struct IV Struct V

“Story” | “Column” ﬁ;ﬁ:e “Load Case-Combo” | “Station”m “P” “P” “P” “P” “P”
18T C34 67 EQXP 0 -1774.1609 -1935.2327 -2180.0176 -1997.9011 -1950.1714
18T C34 67 EQXP 1.45 -1774.1609 -1935.2327 -2180.0176 -1997.9011 -1950.1714
18T C34 67 EQXP 2.9 -1774.1609 -1935.2327 -2180.0176 -1997.9011 -1950.1714
1ST C34 67 EQYP 0 -1323.8079 -1094.5008 -1194.8361 -1134.2601 -1152.661
1ST C34 67 EQYP 1.45 -1323.8079 -1094.5008 -1194.8361 -1134.2601 -1152.661
1ST C34 67 EQYP 29 -1323.8079 -1094.5008 -1194.8361 -1134.2601 -1152.661

Column Axial Force, P in Medium Soil
1ST C34 67 EQXP 0 -2412.8589 -2631.9165 -2964.824 -2885.2394 -2652.2331
1ST C34 67 EQXP 1.45 -2412.8589 -2631.9165 -2964.824 -2885.2394 -2652.2331
18T C34 67 EQXP 29 -2412.8589 -2631.9165 -2964.824 -2885.2394 -2652.2331
1ST C34 67 EQYP 0 -1800.3788 -1488.5211 -1624.9771 -1637.9951 -1567.6189
1ST C34 67 EQYP 1.45 -1800.3788 -1488.5211 -1624.9771 -1637.9951 -1567.6189
1ST C34 67 EQYP 29 -1800.3788 -1488.5211 -1624.9771 -1637.9951 -1567.6189
Column Axial Force, P in Hard Soil

18T C34 67 EQXP 0 -2962.8488 -3231.8386 -3640.6295 -3542.9042 -3256.7862
18T C34 67 EQXP 1.45 -2962.8488 -3231.8386 -3640.6295 -3542.9042 -3256.7862
1ST C34 67 EQXP 29 -2962.8488 -3231.8386 -3640.6295 -3542.9042 -3256.7862
1ST C34 67 EQYP 0 -2210.7593 -1827.8164 -1995.3763 -2011.3616 -1924.9438
1ST C34 67 EQYP 1.45 -2210.7593 -1827.8164 -1995.3763 -2011.3616 -1924.9438
1ST C34 67 EQYP 29 -2210.7593 -1827.8164 -1995.3763 -2011.3616 -1924.9438
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Table 10: Column Moment, M for structures with the load Cases EQXP & EQYP, All value in “kN-m”

Column Moment, M in Soft Soil Struct | Struct | Struct Il Struct I Struct Struct Struct Struct Struct | Struc
1] 1] v v v tV
« o | » [“Unigue- Lot «Qiatinn®
Story” | “Column Name” Case- |“Station’m “Mm2” “M3” “Mm2” “M3” “Mm2” “M3” “Mm2” “M3” “Mm2” “M3”
Combo”
810.312 . 927.618 - 1242.67 - 1109. y 826.4
18T C34 67 EQXP 0 -158.5935 8 104.427 4 171.27 o 161363 | 5618 1685 | 7o)
2 25 048
710.816 - 813.598 ) 1073.62 ) 967.6 ; 731.2
18T C34 67 EQXP 1.45 -118.987 o 75.0951 p 128.91 19 121236 | “po, 1275 | ‘goc
04 7 574
611.319 699.578 - - 825.7 . 636.1
18T C34 67 EQXP 29 -79.3805 ; -41.763 5 86.?48 904.566 | o1 1104 | 569 8%.50 319
1484.394 893.976 1054.1 - 999.992 ) 1018. )
18T C34 67 EQYP 0 ] -26.503 p -68.837 309 86.0128 5 819 .33 7804 45;.270
1164.271 742.229 - 853.42 - 809.655 ) 793.7 :
18T C34 67 EQYP 1.45 4 -19.366 ] 95,8578 12 36.4563 9 34.42 946 25.70
38 85
18T C34 67 EQYP 29 gaa1a87 | 12209 | 9901 | 474045 | 89271 | yq g0y | 6193191 1259 | 5688 | o0
7 16 3 2 088 8
Column Moment, M in Medium Soil
18T C34 67 EQXP 0 ~ 0202 1 445 0o | 126186 | 5355 | 169004 | 55 g75 | 16020 | 5og 46 | 1123
215.6871 54 1 19 199 971
9 06 4 66
- 966.710 - 1106.49 ) 1460.12 ) 1397.1 ) 994.
18T C34 67 EQXP 1.45 161.8925 | 99.4003 . 17§é31 58 1755042 165 17%.47 i
- 831.394 - 951.427 ) 1230.20 - 1192.2 ) 865.
18T C34 67 EQXP 29 107.9575 8 56,7977 ] 117.70 %8 117.109 N 1778 | oo
58 3 95
- 1215.80 - 1433.6 g 1443.86 ) 1385.5 )
18T C34 67 EQYP 0 2018.776 | oo oaay 81 93.6183 18 116.977 o1 117.58 413 62.1
5 73 537
1583.409 - 1009.43 - 1160.6 - 1169.05 ' 1079.5 :
18T 34 67 EQYP 145 1 26.3378 16 35.1666 529 49.5806 6 49'57 0 607 ‘Z“ég
18T C34 67 EQYP 29 1148.042 N 803.055 | o30p50 | 88768 | y7g1gp | 894245 | 18182 | So g | 777
2 16.6314 1 78 9 2 35
Column Moment, M in Hard Soil
- 1353.22 b 1549.12 N 2075.27 1967.1 ; 1380
18T C34 67 EQXP 0 2648511 o 174.393 o7 286.02 o1 -286.08 sl 281.40 | 170
4 51 31 2
- 1187.06 . 1358.70 ) 1792.94 ) 1715.6 ) 1221
18T C34 67 EQXP 1.45 : 122.068 : 215.28 : 214.941 2 | 213.02 | 255
198.7083 31 96 86 137
8 04 7 08 3
- 1020.90 - 1168.29 ; 1510.62 ) 1464.0 . 1062
18T C34 67 EQXP 29 132.5655 20 60,7443 &5 144,53 5 143.803 a1 144.63 | .340
58 3 86 3
18T C34 67 EQYP 0 2478938 | a0p | 149294 | yy4957 | 17603 | yuze4q | 177298 | q4459 | 17013 | 453
1 09 985 27 633
8 4 03 21
1944.333 - 1239.52 - 1425.2 - 1435.53 - 1325.6 )
1T 34 67 EQYP 145 2 32.3412 26 43.1825 135 60.8821 2 61 .231 37 223'3
1409.728 - 986.104 1090.0 1098.08 | 22.326 | 949.91 .
18T C34 67 EQYP 29 3 00,4224 p 28.5929 284 21.8773 13 7 o7 9;4
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Table 11: Column Shear, V for structures with the load Cases EQXP & EQYP, All value in “kN”

Column Shear, V in Soft Soil Struct | Struct | Struct Il Struct Il Struct Ill Struct Ill Struct IV Struct IV St:;mt Struct V
0 o |a » | “Unique L oD vz CVED vz CVED vz CVED vz CVED vz CVED
Story |*Column* | _\OHe g]ar:io | station’m V2 V3 V2 V3 V2 V3 V2 V3 V2 V3
18T C34 67 EQXP 0 68.6183 | -27.3148 | 78.6344 | -21.6083 | ' 6'3590 202152 | 97.8638 | -27.6733 6%762 08,5396
18T C34 67 EQXP 1.45 68.6183 | -27.3148 | 78.6344 | -21.6083 | 16'3590 202152 | 97.8638 | -27.6733 6%762 08,5396
18T C34 67 EQXP 29 68.6183 | -27.3148 | 78.6344 | -21.6083 | 16'3590 202152 | 97.8638 | -27.6733 6%762 08,5396
18T C34 67 EQYP 0 -4.9221 220'3774 29,6409 | 044653 341769 | 384420 324246 | 131.2666 | 1 3;78 ! 55'61 62
18T C34 67 EQYP 1.45 -4.9221 220'3774 29,6409 | 044653 341769 | 384420 324246 | 131.2666 | 1 3;78 ! 55'61 62
18T C34 67 EQYP 29 -4.9221 220'3774 29,6409 | 044653 341769 | 384420 324246 | 131.2666 | 1 3;78 ! 55'61 62
Column Shear, V in Medium Soil
18T C34 67 EQXP 0 03.3200 | -37.1481 | 06'7942 203873 | 58;62 807327 | 141292 | -30.9538 | 892523 | o oo
18T C34 67 EQXP 1.45 03.3200 | -37.1481 | 06'7942 203873 | 58;62 807327 | 141292 | -30.9538 | 892523 | o oo
18T C34 67 EQXP 29 93.3200 | -37.1481 | 06'7942 203873 | 58;62 807327 | 141292 | -30.9538 | 892523 | o oo
18T C34 67 EQYP 0 6604 | 300253 | 403116 | %2328 | ug4g06 1888251 apgi71 | 19952 | g 7518 | 21107
18T C34 67 EQYP 1.45 6604 | 300253 | 403116 | '*23%8 | u6.as06 1888251 apg171 | 19952 | g 7s1g | 21107
18T C34 67 EQYP 29 6.604 | 300253 | -40.3116 1426328 -46.4806 188551 -46.8171 189'2524 4g.7s18 | 21 '2021
Column Shear, V in Hard Soil
18T C34 67 EQXP 0 ! 14'6592 456157 | 191 431 9 | -36.0859 194;05 -48.7804 173'3498 -49.0609 1095596 71602
18T C34 67 EQXP 1.45 ! 14'6592 456157 | 191 431 9 | -36.0859 194;(’5 -48.7804 173'3498 -49.0609 1095596 71602
18T C34 67 EQXP 29 ! 14'6592 456157 | 19 431 9 | -36.0859 194;05 -48.7804 173'3498 -49.0609 1095596 71602
18T C34 67 EQYP 0 82199 | 368693 | -495002 | ' 74'2771 sr.or54 | & f 62 | 57.4886 2326724 -23.0261 259'61 21
18T C34 67 EQYP 1.45 82199 | 368693 | -495002 | ' 74'2771 sr.or54 | & f 62 | 57.4886 2326724 -23.0261 259'61 21
18T C34 67 EQYP 29 82190 | 368693 | -495002 | ' 74'2771 sr.or54 | & f 62 | 57.4886 2326724 -23.0261 259'61 21
Table 12: Column Torsion, T for structures with the load Cases EQXP & EQYP, All value in “kN-m”
Column Torsion, T in Soft Soil Struct | Struct Il Struct Il Struct IV Struct V
“Story” | “Column” : 'L\ljglrz:e “Load Case-Combo” | “Station"m “T “T “T “T “T
18T C34 67 EQXP 0 -34.6774 -24.353 -37.3143 -35.2051 -36.4362
18T C34 67 EQXP 1.45 -34.6774 -24.353 -37.3143 -35.2051 -36.4362
18T C34 67 EQXP 29 -34.6774 -24.353 -37.3143 -35.2051 -36.4362
18T C34 67 EQYP 0 37.766 26.7186 40.8301 38.5365 40.5699
18T C34 67 EQYP 1.45 37.766 26.7186 40.8301 38.5365 40.5699
18T C34 67 EQYP 29 37.766 26.7186 40.8301 38.5365 40.5699
Column Torsion, T in Medium Soil
18T C34 67 EQXP 0 -47.1612 -33.12 -50.7475 -50.8287 -49.5533
18T C34 67 EQXP 1.45 -47.1612 -338.12 -50.7475 -50.8287 -49.5533
18T C34 67 EQXP 29 -47.1612 -338.12 -50.7475 -50.8287 -49.5533
18T C34 67 EQYP 0 51.3617 36.3373 55.5629 55.6386 55.1751
18T C34 67 EQYP 1.45 51.3617 36.3373 55.5629 55.6386 55.1751
18T C34 67 EQYP 29 51.3617 36.3373 55.5629 55.6386 55.1751
Column Torsion, T in Hard Soil
18T C34 67 EQXP 0 -57.9112 -40.6695 -62.315 -62.4147 -60.8485
18T C34 67 EQXP 1.45 -57.9112 -40.6695 -62.315 -62.4147 -60.8485
18T C34 67 EQXP 29 -57.9112 -40.6695 -62.315 -62.4147 -60.8485
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EFFECT OF SEISMIC LOAD ON COLUMN FORCES IN RC STRUCTURES BY RESPONSE SPECTRUM ANALYSIS

18T C34 67 EQYP 0 63.0692 44.62 68.1863 68.321 67.7517
18T C34 67 EQYP 1.45 63.0692 44.62 68.1863 68.321 67.7517
18T C34 67 EQYP 2.9 63.0692 44.62 68.1863 68.321 67.7517

Table 13: Modal Load Participation Ratios

Modal Acceleration UX 99.82 86.71 99.99 94.7 99.98 94.59 99.99 94.54 99.97 91.54
Modal Acceleration uy 99.79 87.46 99.98 91.46 99.97 91.85 99.97 91.83 99.97 92.51
Modal Acceleration uz 0 0 0 0 0 0 0 0 0 0
Modal Load Participation Ratios
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Structures
B Modal Acceleration UX W Modal Acceleration UY
Graph 1. Modal Load Participation Ratios of Structures
Table 14: Modal Periods and Frequencies

Modal 1 6.298 0.159 5,785 0.173 6.415 0.156 6.375 0.157 6.382 0.157
Modal 2 6.248 0.16 5.606 0.178 6.32 0.158 6.21 0.161 5.694 0.176
Modal 3 5.545 0.18 4,684 0.213 5.767 0.173 5,792 0.173 5.642 0.177
Modal 4 2.062 0.485 1.701 0.588 2114 0.473 2102 0.476 2.088 0.479
Modal 5 1.952 0.512 1.547 0.646 1.958 0.511 1.901 0.526 1.565 0.639
Modal 6 1.603 0.624 1.475 0.678 1.568 0.638 1.575 0.635 1.524 0.656
Modal 7 1.191 0.84 0.9 1.112 1.219 0.82 1.212 0.825 1.19 0.84
Modal 8 1.027 0.974 0.838 1.193 1.028 0.972 0.983 1.017 0.791 1.264
Modal 9 0.803 1.245 0.645 1.551 0.82 1.22 0.815 1.226 0.711 1.406
Modal 10 0.782 1.279 0.613 1.632 0.711 1.406 0.714 1.401 0.703 1.423
Modal 11 0.645 1.55 0.5 2.002 0.641 1.56 0.604 1.656 0.565 1.769
Modal 12 0.581 1.72 0.45 2,222 0.592 1.689 0.589 1.697 0.423 2.363
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Graph 3: Modal Frequencies
Table 15: Compared of column axial forces in soft soil of structures Il lll, IV, V with structure |
Column axial forces “P” Struct Il | Structlll | StructlV | StructV
“Story” Hcolumn)l Unlque” Load Ca?e- “Station”m HP)) HP)) HP)) “P”
- Name Combo
18T C34 67 1.2(DL+LL+EQXP) | 0,1.4529 0% 2% 1% 1%
18T C34 67 1.2(DL+LL+EQYP) | 0,1.4529 2% 1% 1% 1%
18T C34 67 1.5(DL+EQXP) 0,1.452.9 1% 2% 1% 1%
18T C34 67 1.5(DL+EQYP) 0,1.452.9 2% 1% 1% 1%
18T C34 67 EQXP 0,1.452.9 8% 19% 1% 9%
18T C34 67 EQYP 0,1.452.9 21% 1% 17% -15%
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Table 16: Compared of column axial forces in medium soil of structures I, Ill, IV, V with structure |

Column axial forces “P” Struct |l Struct lI Struct IV Struct V
“Story” | “Column” Ll\Jlglr?]:e “Load Case-Combo” | “Station"m “P” “P” “P” “P”
1ST C34 67 1.2(DL+LL+EQXP) 0,1.4529 1% 2% 2% 1%
1ST C34 67 1.2(DL+LL+EQYP) 0,1.452.9 2% 1% 1% 1%
1ST C34 67 1.5(DL+EQXP) 0,1.4529 1% 3% 2% 1%
1ST C34 67 1.5(DL+EQYP) 0,1.4529 2% 1% 1% 1%
1ST C34 67 EQXP 0,1.452.9 8% 19% 16% 9%
1ST C34 67 EQYP 0,1.4529 -21% 1% -10% -15%
Table 17: Compared of column axial forces in hard sail of structures I, Ill, IV, V with structure |
Column axial forces “P” Struct Il Struct lI Struct IV Struct V
“Story” | “Column” l,jr;g]l.lee “Load Case-Combo” | “Station’m “P” “P” “P” “P”
1ST C34 67 1.2(DL+LL+EQXP) 0,1.452.9 1% 3% 2% 1%
1ST C34 67 1.2(DL+LL+EQYP) 0,1.452.9 2% 1% 1% 1%
1ST C34 67 1.5(DL+EQXP) 0,1.452.9 1% 4% 3% 2%
1ST C34 67 1.5(DL+EQYP) 0,1.452.9 -3% 1% 1% 2%
1ST C34 67 EQXP 0,1.452.9 8% 19% 16% 9%
18T C34 67 EQYP 0,1.452.9 21% 1% -10% -15%
Table 18: Compared of column moment in soft soil of structures Il Ill, IV, V with structure |
Column moment forces “M” Struct |l Struct lI Struct IV | StructV
“Story” | “Column” l,jr;g]uee “Load Case-Combo” | “Station"m “‘M” “‘M” “‘M” “‘M”
1ST C34 67 1.2(DL+LL+EQXP) 0,1.452.9 564% 4% -5% 4%
1ST C34 67 1.2(DL+LL+EQYP) 0,1.452.9 -54% -35% -42% -46%
1ST C34 67 1.5(DL+EQXP) 0,1.452.9 -54% 4% 1% 4%
1ST C34 67 1.5(DL+EQYP) 0,1.452.9 -62% -39% -47% -47%
1ST C34 67 EQXP 0,1.452.9 0% 45% 41% 44%
1ST C34 67 EQYP 0,1.452.9 0% 13% 8% 5%
Table 19: Compared of column moment in medium soil of structures I, lll, IV, V with structure |
Column moment forces “M” Struct Il Struct lI Struct IV Struct V
“Story” | “Column’ l,jr;g]l.lee “Load Case-Combo” | “Station’m “‘M” “‘M” “‘M” “‘M”
1ST C34 67 1.2(DL+LL+EQXP) 0,1.452.9 -187% 5% 5% 5%
1ST C34 67 1.2(DL+LL+EQYP) 0,1.452.9 -55% -35% -34% -46%
1ST C34 67 1.5(DL+EQXP) 0,1.452.9 -55% 5% 5% 4%
1ST C34 67 1.5(DL+EQYP) 0,1.452.9 -62% -39% -38% -47%
1ST C34 67 EQXP 0,1.452.9 0% 45% 45% 44%
1ST C34 67 EQYP 0,1.452.9 0% 13% 13% 5%
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Table 20: Compared of column moment in hard soil of structures II, IlI, IV, V with structure |

Column moment forces “M” Struct Il Struct Il Struct IV Struct V
“Story” | “Column” l,jr;g]l.lee “Load Case-Combo” | “Station’m ‘™" ‘™" ‘™" ‘M”
18T C34 67 1.2(DL+LL+EQXP) 0,1.4529 -127% 6% 5% 5%
18T C34 67 1.2(DL+LL+EQYP) 0,1.4529 -55% -35% -34% -46%
18T C34 67 1.5(DL+EQXP) 0,1.4529 -55% 6% 6% 5%
18T C34 67 1.5(DL+EQYP) 0,1.452.9 -62% -39% -38% -47%
18T C34 67 EQXP 0,1.4529 0% 45% 45% 44%
18T C34 67 EQYP 0,1.4529 0% 13% 13% 5%
Table 21: Compared of column shear in soft soil of structures I, IIl, IV, V with structure |
Column shear forces “V” Struct [l | Struct Il Struct IV | StructV
“Story” | “Column” l,jr;g]l.lee “Load Case-Combo” | “Station’m ‘v ‘v ‘v ‘v
18T C34 67 1.2(DL+LL+EQXP) 0,1.4529 -17% 14% 1% -20%
18T C34 67 1.2(DL+LL+EQYP) 0,1.452.9 215% 175% 191% -599%
18T C34 67 1.5(DL+EQXP) 0,1.4529 -12% 20% 8% -18%
18T C34 67 1.5(DL+EQYP) 0,1.4529 166% 148% 155% 955%
18T C34 67 EQXP 0,1.4529 13% 41% 30% -5%
18T C34 67 EQYP 0,1.4529 83% 86% 85% 64%
Table 22: Compared of column shear in medium soil of structures I, lll, IV, V with structure |
Column shear forces “V” Struct [l | Struct Il Struct IV | StructV
“Story” | “Column” l,jr;g]l.lee “Load Case-Combo” | “Station”’m ‘v ‘v ‘v ‘v
18T C34 67 1.2(DL+LL+EQXP) 0,1.4529 -10% 21% 14% 7%
18T C34 67 1.2(DL+LL+EQYP) 0,1.4529 173% 152% 157% 2154%
18T C34 67 1.5(DL+EQXP) 0,1.4529 -5% 26% 18% -15%
18T C34 67 1.5(DL+EQYP) 0,1.452.9 142% 132% 134% 325%
18T C34 67 EQXP 0,1.4529 13% 41% 34% -5%
18T C34 67 EQYP 0,1.4529 83% 86% 86% 64%
Table 23: Compared of column shear in hard soil of structures Il Ill, IV, V with structure |
Column shear forces “V" Struct Il Struct Il Struct IV Struct V
“Story” | “Column” l,jr;g]l.lee “Load Case-Combo” | “Station’m ‘v ‘v ‘v ‘v
18T C34 67 1.2(DL+LL+EQXP) 0,1.4529 -6% 25% 18% -15%
18T C34 67 1.2(DL+LL+EQYP) 0,1.4529 154% 140% 143% 521%
18T C34 67 1.5(DL+EQXP) 0,1.4529 2% 29% 21% -13%
18T C34 67 1.5(DL+EQYP) 0,1.4529 131% 124% 125% 226%
18T C34 67 EQXP 0,1.4529 13% 4% 34% 5%
18T C34 67 EQYP 0,1.4529 83% 86% 86% 64%
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Table 24: Compared of column torsion in soft soil of structures II, 1ll, IV, V with structure |

Column torsion forces “T” Struct Il Struct Il | StructlV | StructV
“Story” | “Column” ll\Jlglr?]:e “‘Load Case-Combo” | “Station’m ‘T ‘T ‘T ‘T
18T C34 67 1.2(DL+LL+EQXP) 0,1.452.9 -42% 7% 2% 5%
18T C34 67 1.2(DL+LL+EQYP) 0,1.452.9 -42% 7% 2% 7%
18T C34 67 1.5(DL+EQXP) 0,1.452.9 -42% 7% 2% 5%
18T C34 67 1.5(DL+EQYP) 01.452.9 -42% 7% 2% 7%
18T C34 67 EQXP 0,1.452.9 -42% 7% 1% 5%
18T C34 67 EQYP 0,1.452.9 -41% 8% 2% 7%
Table 25: Compared of column torsion in medium soil of structures Il lll, IV, V with structure |
Column torsion forces “T” Struct Il Structlll | StructlV | StructV
“Story” | “Column” l,jr;g]l.lee “‘Load Case-Combo” | “Station’m ‘T ‘T ‘T ‘T
1ST C34 67 1.2(DL+LL+-EQXP) 0,1.452.9 -42% 7% 7% 5%
1ST C34 67 1.2(DL+LL+EQYP) 0,1.452.9 -42% 7% 8% 7%
1ST C34 67 1.5(DL+EQXP) 0,1.452.9 -42% 7% 7% 5%
1ST C34 67 1.5(DL+EQYP) 0,1.452.9 -42% 7% 8% 7%
1ST C34 67 EQXP 0,1.452.9 -42% 7% 7% 5%
1ST C34 67 EQYP 0,1.452.9 -41% 8% 8% 7%
Table 26: Compared of column torsion in hard soil of structures II, lll, IV, V with structure |
Column torsion forces “T” Struct Il Structlll | StructlV | StructV
“Story” | “Column” l,jr;g]l.lee “Load Case-Combo” | “Station’m ‘T ‘T ‘T ‘T
18T C34 67 1.2(DL+LL+EQXP) 0,1.452.9 -42% 7% 7% 5%
18T C34 67 1.2(DL+LL+EQYP) 0,1.452.9 -42% 7% 8% 7%
18T C34 67 1.5(DL+EQXP) 0,1.452.9 -42% 7% 7% 5%
18T C34 67 1.5(DL+EQYP) 0,1.452.9 -42% 7% 8% 7%
18T C34 67 EQXP 0,1.452.9 -42% 7% 7% 5%
18T C34 67 EQYP 0,1.452.9 -41% 8% 8% 7%

Table 27: Compared of column axial forces of medium soil and hard soil with soft soil for Structure -I

Column Axial Forces “P” “Medium soil” | “Hard soil”
“Story” | “Column” | “Unique- Name” | “Load Case-Combo” “Station’m ‘P ‘P
18T C34 67 1.2(DL+LL+EQXP) 0,1.4529 3% 6%
18T C34 67 1.2(DL+LL+EQYP) 0,1.4529 2% 4%
18T C34 67 1.5(DL+EQXP) 0,1.4529 4% 7%
18T C34 67 1.5(DL+EQYP) 0,1.4529 3% 5%
18T C34 67 EQXP 0,1.4529 26% 40%
18T C34 67 EQYP 0,1.4529 26% 40%
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Table 28: Compared of column axial forces of medium soil and hard soil with soft soil for Structure -lI

Column Axial Forces “P” “Medium soil” | “Hard sail”
“Story” | “Column” ll\Jlglr?]:e “Load Case-Combo” “Station’m ‘P ‘P
18T C34 67 1.2(DL+LL+EQXP) 0,1.4529 3% 6%
18T C34 67 1.2(DL+LL+EQYP) 0,1.4529 2% 4%
18T C34 67 1.5(DL+EQXP) 0,1.4529 4% 7%
18T C34 67 1.5(DL+EQYP) 0,1.4529 2% 4%
18T C34 67 EQXP 0,1.4529 26% 40%
18T C34 67 EQYP 0,1.4529 26% 40%

Table 29: Compared of column axial forces of medium soil and hard soil with soft

soil for Structure -lll

Column Axial Forces “P” “Medium sail” “Hard soil”
“Story” | “Column” ll\Jlglr?]:e “Load Case-Combo” “Station’m ‘P ‘P
18T C34 67 1.2(DL+LL+EQXP) 0,1.4529 4% 7%
18T C34 67 1.2(DL+LL+EQYP) 0,1.4529 2% 4%
18T C34 67 1.5(DL+EQXP) 0,1.4529 4% 8%
18T C34 67 1.5(DL+EQYP) 0,1.4529 3% 5%
18T C34 67 EQXP 0,1.4529 26% 40%
18T C34 67 EQYP 0,1.4529 26% 40%

Table 30: Compared of column axial forces of medium soil and hard soil with soft soil for Structure -IV

Column Axial Forces “P” “Medium soil” | “Hard sail”
“Story” | “Column” | “Unique- Name” | “Load Case-Combo” | “Station’m ‘P ‘P
18T C34 67 1.2(DL+LL+EQXP) 0,1.4529 4% 7%
18T C34 67 1.2(DL+LL+EQYP) 0,1.4529 3% 4%
18T C34 67 1.5(DL+EQXP) 0,1.4529 5% 8%
18T C34 67 1.5(DL+EQYP) 0,1.4529 3% 5%
18T C34 67 EQXP 0,1.4529 31% 44%
18T C34 67 EQYP 0,1.4529 31% 44%

Table 31: Compared of column axial forces of medium soil and hard soil with soft soil for Structure -V

Column Axial Forces “P” “Medium sail” “Hard soil”
“Story” | “Column” Hg'r?]lée “Load Case-Combo” “Station’m ‘P ‘P
18T C34 67 1.2(DL+LL+EQXP) 0,1.4529 3% 6%
18T C34 67 1.2(DL+LL+EQYP) 0,1.4529 2% 4%
18T C34 67 1.5(DL+EQXP) 0,1.4529 4% 7%
18T C34 67 1.5(DL+EQYP) 0,1.4529 3% 5%
18T C34 67 EQXP 0,1.4529 26% 40%
18T C34 67 EQYP 0,1.4529 26% 40%
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Table 32: Compared of column moment of medium soil and hard soil with soft soil for Structure -|

Column Moment Forces “M” “Medium soil” | “Hard soil”
“Story” | “Column” ll\Jlglr?]:e “Load Case-Combo” “Station’m ‘™’ ‘™’
18T C34 67 1.2(DL+LL+EQXP) 0,1.4529 20% 32%
18T C34 67 1.2(DL+LL+EQYP) 0,1.4529 7% -14%
18T C34 67 1.5(DL+EQXP) 0,1.4529 21% 34%
18T C34 67 1.5(DL+EQYP) 0,1.4529 1% -23%
18T C34 67 EQXP 0,1.4529 26% 40%
18T C34 67 EQYP 0,1.4529 26% 40%

Table 33: Compared of column moment of medium soil and hard soil with soft soil for Structure -lI

Column Moment Forces “M” “Medium sail” “Hard soil”
“Story” | “Column” ll\Jlglr?]:e “Lg?;?ngife- “Station”m “M” “M”
18T C34 67 1.2(DL+LL+EQXP) 0,1.452.9 25% 38%
18T C34 67 1.2(DL+LL+EQYP) 0,1.452.9 32% 46%
18T C34 67 1.5(DL+EQXP) 0,1.452.9 26% 39%
18T C34 67 1.5(DL+EQYP) 0,1.452.9 29% 43%
1ST C34 67 EQXP 0,1.452.9 26% 40%
18T C34 67 EQYP 0,1.4529 26% 40%

Table 34: Compared of column moment of medium soil and hard soil with soft soil for Structure -IlI

Column Moment Forces “M” “Medium sail” “Hard soil”
“Story” | “Column” Hgﬂ:e “Lg?)?ngife- “Station”m “M” “M”
18T C34 67 1.2(DL+LL+EQXP) | 0,1.452.9 27% 40%
18T C34 67 1.2(DL+LL+EQYP) 0,1.452.9 26% 40%
18T C34 67 1.5(DL+EQXP) 0,1.452.9 27% 41%
18T C34 67 1.5(DL+EQYP) 0,1.452.9 25% 39%
1ST C34 67 EQXP 0,1.452.9 26% 40%
18T C34 67 EQYP 0,1.452.9 26% 40%

Table 35: Compared of column moment of medium soil and hard soil with soft soil for Structure -IV

Column Moment Forces “M” “Medium sail” “Hard soil”
“Story” | “Column” Hg'r%:e “Lg?;?ngife- “Station”m “M” “M”
18T C34 67 1.2(DL+LL+EQXP) | 0,1.452.9 30% 43%
18T C34 67 1.2(DL+LL+EQYP) | 0,1.452.9 33% 46%
18T C34 67 1.5(DL+EQXP) 0,1.452.9 31% 43%
18T C34 67 1.5(DL+EQYP) 0,1.452.9 31% 44%
18T C34 67 EQXP 0,1.452.9 31% 44%
1ST C34 67 EQYP 0,1.452.9 31% 44%
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Table 36: Compared of column moment of medium soil and hard soil with soft soil for Structure -V

Column Moment Forces “M” “Medium soil” | “Hard soil”
“Story” | “Column” ll\Jlglr?]:e “Load Case-Combo” “Station’m ‘™’ ‘™M’
18T C34 67 1.2(DL+LL+EQXP) 0,1.4529 22% 35%
18T C34 67 1.2(DL+LL+EQYP) 0,1.4529 415% 169%
18T C34 67 1.5(DL+EQXP) 0,1.4529 23% 36%
18T C34 67 1.5(DL+EQYP) 0,1.4529 71% 82%
18T C34 67 EQXP 0,1.4529 26% 40%
18T C34 67 EQYP 0,1.4529 26% 40%

Table 37: Compared of column shear of medium soil and hard soil with soft soil for Structure -I

Column Shear Forces “V” “Medium sail” “Hard soil”
“Story” | “Column” ll\Jlglr?]:e “Load Case-Combo” “Station’m V" V"
18T C34 67 1.2(DL+LL+EQXP) 0,1.4529 30% 44%
18T C34 67 1.2(DL+LL+EQYP) 0,1.4529 26% 40%
18T C34 67 1.5(DL+EQXP) 0,1.4529 29% 42%
18T C34 67 1.5(DL+EQYP) 0,1.4529 26% 40%
18T C34 67 EQXP 0,1.4529 26% 40%
18T C34 67 EQYP 0,1.4529 26% 40%

Table 38: Compared of column shear of medium soil and hard soil with soft soil for Structure -l

Column Shear Forces “V” “Medium sail” “Hard soil”
“Story” | “Column” Hgﬂ:e “Lg?)?ngife- “Station”m A A
18T C34 67 1.2(DL+LL+EQXP) 0,1.452.9 56% 61%
18T C34 67 1.2(DL+LL+EQYP) 0,1.452.9 26% 40%
18T C34 67 1.5(DL+EQXP) 0,1.4529 40% 52%
18T C34 67 1.5(DL+EQYP) 0,1.452.9 26% 40%
18T C34 67 EQXP 0,1.452.9 26% 40%
18T C34 67 EQYP 0,1.452.9 26% 40%

Table 39: Compared of column shear of medium soil and hard soil with soft soil for Structure -llI

Column Shear Forces “V” “Medium sail” | “Hard soil”
“Story” | “Column” ll\Jlglr?]:e “Load Case-Combo” “Station’m ‘v V"
18T C34 67 1.2(DL+LL+EQXP) 0,1.4529 31% 45%
18T C34 67 1.2(DL+LL+EQYP) 0,1.4529 26% 40%
18T C34 67 1.5(DL+EQXP) 0,1.4529 29% 43%
18T C34 67 1.5(DL+EQYP) 0,1.4529 26% 40%
18T C34 67 EQXP 0,1.4529 26% 40%
18T C34 67 EQYP 0,1.4529 26% 40%
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Table 40: Compared of column shear of medium soil and hard soil with soft soil for Structure -IV

Column Shear Forces “V” “Medium soil” “Hard soil”
“Story” | “Column” ll\Jlglr?]:e “Load Case-Combo” | “Station’m ‘v ‘v
18T C34 67 1.2(DL+LL+EQXP) 0,1.4529 36% 48%
18T C34 67 1.2(DL+LL+EQYP) 0,1.452.9 31% 43%
18T C34 67 1.5(DL+EQXP) 0,1.452.9 34% 47%
18T C34 67 1.5(DL+EQYP) 0,1.452.9 31% 43%
18T C34 67 EQXP 0,1.452.9 31% 44%
1ST C34 67 EQYP 0,1.452.9 31% 44%

Table 41: Compared of column shear of medium soil and hard soil with soft soil for Structure -V

Column Shear Forces “V” “Medium sail” “Hard soil”
“Story” | “Column” ll\Jlglr?]:e “Load Case-Combo” | “Station’m V" V"
18T C34 67 1.2(DL+LL+EQXP) 0,1.4529 30% 44%
18T C34 67 1.2(DL+LL+EQYP) 0,1.4529 26% 40%
18T C34 67 1.5(DL+EQXP) 0,1.4529 29% 43%
18T C34 67 1.5(DL+EQYP) 0,1.4529 26% 40%
18T C34 67 EQXP 0,1.4529 26% 40%
18T C34 67 EQYP 0,1.4529 26% 40%

Table 42: Compared of column torsion of medium soil and hard soil with soft soil for Structure -I

Column Torsion Forces “T” “Medium sail” “Hard soil”
“Story” | “Column” ll\Jlglr%:e “Load Case-Combo” “Station”m ‘T ‘T
18T C34 67 1.2(DL+LL+EQXP) 0,1.4529 0% 0%
18T C34 67 1.2(DL+LL+EQYP) 0,1.4529 26% 40%
18T C34 67 1.5(DL+EQXP) 0,1.4529 26% 40%
18T C34 67 1.5(DL+EQYP) 0,1.4529 26% 40%
18T C34 67 EQXP 0,1.4529 26% 40%
18T C34 67 EQYP 0,1.4529 26% 40%

Table 43: Compared of column torsion of medium soil and hard soil with soft soil for Structure -II

Column Torsion Forces “T” “Medium sail” “Hard soil”
“Story” | “Column” ll\Jlglr?]:e “Load Case-Combo” “Station’m “T" “T"
18T C34 67 1.2(DL+LL+EQXP) 0,1.4529 26% 40%
18T C34 67 1.2(DL+LL+EQYP) 0,1.4529 27% 40%
18T C34 67 1.5(DL+EQXP) 0,1.4529 26% 40%
18T C34 67 1.5(DL+EQYP) 0,1.4529 27% 40%
18T C34 67 EQXP 0,1.4529 26% 40%
18T C34 67 EQYP 0,1.4529 26% 40%
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Table 44: Compared of column torsion of medium soil and hard soil with soft soil for Structure -llI

Column Torsion Forces “T" “Medium soil” “Hard soil”
“Story” | “Column” H;'r?]:e “Load Case-Combo” | “Station’m ‘T ‘T
18T C34 67 1.2(DL+LL+EQXP) 0,1.452.9 26% 40%
18T C34 67 1.2(DL+LL+EQYP) 0,1.452.9 27% 40%
18T C34 67 1.5(DL+EQXP) 0,1.452.9 26% 40%
18T C34 67 1.5(DL+EQYP) 0,1.452.9 27% 40%
18T C34 67 EQXP 0,1.452.9 26% 40%
18T C34 67 EQYP 0,1.452.9 26% 40%

Table 45: Compared of column torsion of medium soil and hard soil with soft soil for Structure -IV

Column Torsion Forces “T” “Medium sail” | “Hard sail”
“Story” | “Column” Hg'r%:e “Load Case-Combo” | “Station’m ‘T ‘T
18T C34 67 1.2(DL+LL+EQXP) 0,1.4529 31% 44%
18T C34 67 1.2(DL+LL+EQYP) 0,1.4529 31% 44%
18T C34 67 1.5(DL+EQXP) 0,1.4529 31% 44%
18T C34 67 1.5(DL+EQYP) 0,1.4529 31% 44%
18T C34 67 EQXP 0,1.4529 31% 44%
18T C34 67 EQYP 0,1.4529 31% 44%

Table 46: Compared of column torsion of medium soil and hard soil with soft soil for Structure -V

Column Torsion Forces “T” “Medium sail” “Hard soil”
“Story” | “Column” H;ﬂ:e “‘Load Case-Combo” | “Station’m ‘T ‘T
18T C34 67 1.2(DL+LL+EQXP) 0,1.4529 26% 40%
18T C34 67 1.2(DL+LL+EQYP) 0,1.4529 27% 40%
18T C34 67 1.5(DL+EQXP) 0,1.4529 26% 40%
18T C34 67 1.5(DL+EQYP) 0,1.4529 27% 40%
18T C34 67 EQXP 0,1.4529 26% 40%
18T C34 67 EQYP 0,1.4529 26% 40%

a) Discussion on Results

When a structure is subjected to earthquake, it
responds by vibrating. An example force can be
resolved into three mutually perpendicular directions-
two horizontal directions (X and Y directions) and the
vertical direction (Z) [8]. This motion causes the
structure to vibrate or shake in all three directions; the
predominant direction of shaking is horizontal. All the
structures are primarily designed for gravity loads-force
equal to mass time's gravity in the vertical direction.
Vertical acceleration should also be considered in
structures with large spans those in which stability for
design, or for overall stability analysis of structures. The
basic intent of design theory for earthquake resistant
structures is that buildings should be able to resist minor
earthquakes without damage, resist moderate
earthquakes without structural damage but with some

non-structural damage. To avoid collapse during a
major earthquake, Members must be ductile enough to
absorb and dissipate energy by post elastic
deformation. Redundancy in the structural system
permits redistribution of internal forces in the event of
the failure of key elements. When the primary element or
system vyields or fails, the lateral force can be
redistributed to a secondary system to prevent
progressive failure.

When a structure is subjected to an earthquake
excitation, it interacts with the foundation and the sall,
and thus changes the motion of the ground[2,8]. This
means that the movement of the whole ground-structure
system is influenced by the type of soil as well as by the
type of structure. Understanding of soil structure
interaction will enable the designer to design structures
that will behave better during an earthquake.
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V. CONCLUSIONS

From the above results and discussions,
following conclusions can be drawn:

e The shear wall and it is position has a significant
influenced on the time period, the time period is not
influenced by the type of soil, in tall building with
box shape Shear Walls is showing the low time
period which shows a very significant performance.

e Shear is effected marginally by placing of the shear
wall, grouping of shear wall and type of soil. The
shear is increased by adding shear wall due to
increase the seismic weight of the building.

e The Axial force and Moment in the column increases
when the type of soil changes from hard to medium
and medium to soft. Since the column moment
increase as the soil type changes, soil structure
interaction must be suitably considered while
designing frames for seismic force.

e |t is evident that the maximum column axial force is
various with type of soil and placing of the shear
wall.

e |tis evident that the maximum column shear force in
X-direction is influenced by the type of soil and
placing of the shear wall.

e [tis evident that the maximum column shear force in
Y-direction has no influence on the type of soil and
placing shear wall.

e |t is evident that the maximum column torsion is
same for all columns in a structure, but is influenced
by the type of soil and placing shear wall.

e [tis evident that the maximum column moment in X-
direction has no influence on the type of soil and
placing shear wall.

e [tis evident that the maximum column moment in Y-
direction is influenced by the type of soil and
placing of shear wall.

e |t is evident that the results from1.2 (DL + IL = EL)
combination load is closed to the 1.5 (DL + EL) and
there is no more difference between these
combination load.

e Based on the analysis and discussion, shear wall
are very much suitable for resisting earthquake
induced lateral forces in multistoried structural
systems when compared to multistoried structural
systems whit out shear walls. They can be made to
behave in a ductile manner by adopting proper
detailing techniques.

e According to 1S-1893:2002 the number of modes to
be used in the analysis should be such that the total
sum of modal masses of all modes considered is at
least 90 percent of the total seismic mass. Here the
maximum mass is for the tall building with box
shape RC shear wall.

e ETABS is the robust software which is utilized
foranalyzing any kind of multi building structures.
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A Novel Analytical Approach for Axial Load
Capacity Evaluation of Stiffened Hollow Steel
Columns Utilizing Finite Element Method

Ebrahim Makled

Abstract-This study presents a finite element (FE) investigation
of stiffened and unstiffened box hollow columns having
compact, non-compact and slender cross-sections for short
as well as long columns. The available analytical methods
neglected the effect of stiffener's length when calculating
stiffened hollow steel sections axial capacity. Therefore, an
extensive study was conducted on the effect of stiffener length
on ultimate strength of steel columns having box hollow
sections. Also, the effect of different numbers of stiffeners on
ultimate strength of steel columns considering five different
grades of steel was numerically studied using nonlinear finite
element analysis. A nonlinear (FE) analysis of steel columns
which accounts the effects of residual stresses and initial local
and global imperfections in long columns was performed. The
current FEM results and the analytical methods such as
effective width equations were compared and discussed. The
FE models built in this study is verified against the available
experimental data under axial compression and showed good
agreement. As a major result of the conducted analysis taking
into account the studied parameters, a novel equation was
proposed to predict the ultimate sirength of box steel sections.
Keywords: local buckling - stiffened hollow square
sections — nonlinear analysis - slender hollow square
columns - stiffener length.

[. INTRODUCTION

n industrial buildings, square hollow steel columns are

regularly utilized, but they are employed more

regularly in supporting structures for bridge design.
These columns are produced in stiffened and
unstiffened box hollow columns having compact, non-
compact and slender cross sections. The global and
local buckling are two different buckling modes that can
occur in compression steel elements. The primary effect
of local and global buckling is a reduction of the
stiffening and loading capacity of the member. The local
and global buckling mode is significant affected by the
ratio B/t ratio, L, /rratio, and boundary conditions of
the member. The initial imperfections, residual stress,
and boundary conditions are critical factors in
determining the ultimate strength of square hollow steel
columns in compression members[1].

Many investigations on the behavior of square
hollow steel columns have been conducted in the recent
decades. The stiffened and unstiffened square hollow
columns (SHC), rectangular hollow columns (RHC) were

Author: e-mail: ebrahimmakled4444@gmail.com

investigated by Tao et al. [2]. The stiffened square
hollow columns has only two longitudinal stiffeners
welded to its longer sides as opposed to the four
longitudinal stiffeners that were once present on each
side of the stiffened square hollow columns (SHC). One
of the most important considerations was the ratio (B/t).
The tubes also come with or without stiffeners.
Comparing the ultimate strength of the experimental test
results are presented.

A comparison experiment test study between
unstiffened and stiffened stainless steel hollow columns
was presented by Dabaon et al. [3]. The ratio of length-
to-depth (L/B) was fixed at a value of 3, but the depth-
to-thickness ratio fluctuated from 60 to 90. For stiffened
and unstiffened sections, the ultimate strengths of this
columns, buckling modes, and axial load verses axial
strain are compared.

Somodi and Kovesdi [4] focuses on the
experimental measurements of the residual stress on
welded box steel hollow columns with different steel
grades and different B/t ratios. The aim of this
investigation is to estimate the residual stresses, to
determine the maximum compressive and tensile
residual stresses.

The experimental tests and finite element (FE)
method of hollow long steel columns with non-compact
and compact unstiffened sections were developed by
Khan et al. [5]. The experimental test results concluded
that the non-compact sections with L, /r > 24 collapsed
as a consequence of the combination of global and
local buckling (G and L). Moreover, the compact cross-
sections having L,/r values between 35 to 109
collapsed in accordance with global buckling.
According to the test data of estimation of slender non-
compact box sections, it is necessary take into account
that the reduction factor resulting from the global and
local buckling effects.

Javidan et al.[6] studied the behavior and
ultimate strength of an innovative steel hollow long
column. The suggested innovative columns are made of
mild steel plates that are joined at the corners to mild
steel tubes. According the test and FE modeling, a
special focus is given to the effect of fabrication initial
imperfections, and residual stresses, and welding
methods on the behavior of the suggested long hollow
columns. Because of the compatibility between the steel
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plates and tubes in the column, the studied innovative
steel hollow column specimens are demonstrated to
have excellent compressive behavior, which significantly
increases their strength and ductility.

El-Sayed et al. [7] presented a novel polymer-
mortar system that strengthened square hollow
columns, proving their behavior and strength. According
to the square hollow short columns strengthened using
polymer-mortar layer with the thickness equal to 6mm, a
maximum axial strength improvement of 31.6% was
achieved. For long columns, a polymer-mortar layer
applied in 6 mm thickness on all four sides resulted in a
ultimate strength gain of 76.7%.

Zheng et al. [8] studied the impacts of cold-
forming in the behavior of stainless steel cold-formed
hollow steel tube columns. In this investigation a total of
19 and 32 specimens were tested for short and long
columns, respectively. The buckling modes of the
experimental specimens included the global buckling,
local buckling, local-global buckling, and material strain
hardening after vyielding. The experimental test
specimens collapsed in four different modes: global,
local, both local-global, and plastic strength after
yielding.

Cold-formed hollow columns made of lean
duplex stainless steel (LDSS) were designed and
demonstrated by Anbarasu and Ashraf [9]. These
columns that mainly collapsed due to the interaction of
flexural and local buckling modes. In this study, the
geometric parameters of the (LDSS) hollow column
sections were selected so that the local and global
buckling stresses are almost equal.

Nassirnia et al. [10] developed a novel hollow
columns made of ultra-high-strength steel tubes and
corrugated plates. The corrugated plates that make up
the suggested novel produced columns are welded to
ultra-high strength (UHS) steel tubes and have a yield
stress of f, = 1250 MPa at the edges. The yield stress
of the steel tube The results demonstrated that the
suggested novel columns are very efficient and ductile
under axial compression loads.

The finite element (FE) investigation of the fixed
ended LDSS slender hollow columns with square (SHC),
and non-regular hollow columns (NRHCs) was
developed by Patton and Singh [11]. The non-regular
hollow columns (NRHCs) such as L-(LHC) and T-(THC)
shaped cross-sections. The Abaqus software was used
to create the finite element (FE) models was conducted
to under pure axial compression. The the finite element
(FE) results of square hollow columns and non-regular
hollow columns were then compared with the design

equations by the ASCE 8-02 and EN1993-1-4
requirements. The finite element results and code
predictions have been demonstrated to agree
significantly.

© 2023 Global Journals

Schillo and Feldmann [12] investigated the both
global and local buckling mods of the steel square
hollow columns. The experiments were verified with the
FE using Ansys software. The research presents an
analytical method for determining a reduction factor that
depends on slenderness. The finite element modeling of
experimental tests on slender square hollow columns,
subject to combined global and local buckling of steel
plates was developed by Pavlovcic et al. [13]. The
parametric investigation used in the FE analysis are the
influence of different imperfections, the cross-section
geometry for cold-formed and welded columns, and the
columns length. According to the results of a study, the
initial imperfection can reduce resistance by up to 45%
compared with perfect column.

The nonlinear finite element (FE) analysis of the
square hollow stiffened and unstiffened high strength
stainless steel (HSS) columns was developed by
Ellobody[14]. The column ultimate strengths, the axial
load-shortening curves, and the collapsed modes were
predicted for the unstiffened and stiffened columns. The
main objective of this study was to investigate the
effects of various section geometries on the columns
strength. Hilo et al. [15] studied the FE analysis on the
ultimate strength and behavior of polygonal hollow steel
tube columns under axial compression load. In this
investigation,  different cross sections, including
rectangular, circular, square, pentagonal, and
hexagonal ones, have been provided. The finite element
models have been analyzed to find the effect of the
different cross-section shape, thickness, and length on
the axial load behavior of the polygonal hollow steel tube
columns.

The FE analysis on the ultimate strength and
behavior of cold-formed steel rectangular and square
hollow columns with two opposing circular holes in the
center, at the height of the column was studied by Singh
et al. [16]. The parametric analysis has been carried out,
taking into account a wide range of cross-sectional
slenderness and the size of the circular holes.

The mechanical performance of the hollow steel
columns is significantly impacted by sectional residual
stress. The sectional residual stress have been
conducted by Ban et al. [17], Cao et al. [18], and other
researchers. These investigation were carried out to
study the effect of the residual stress on the behavior
and ultimate strength of hollow steel columns. They
concluded that the sectional residual stress has a
significant effect on the buckling capacity and behavior
of hollow columns under axial compression loads.

In case of the stiffened hollow steel columns, it
is observed that there has been just a limited amount of
study conducted under monotonic loading including the
local and global buckling effects. The present study
aims to investigate the performance and ultimate
strength of stiffened square hollow columns in the short
as well as long columns, under axial compression loads.



Based on the non-linear finite element (FE) analysis, this
investigation was carry out to evaluate the influence of
major steel tube columns parameters such as stiffener
length, the ratio B/t, and vyield strength on the hollow
steel short column's performance. The main objective of
the parametric study was to develop a novel
mathematical equation to predict the ultimate strength of
box steel sections, in addition the study was conducted
on effect of the stiffeners length and propose a novel
equation to calculate the optimal stiffeners length. The
comparison between the current (FE) results and
analytical methods is presented. In case of the long
columns, a comparison was made for the stiffened and
unstiffened sections to investigate how the stiffeners
affect the columns ultimate strength. The numerical
study is briefly described, with the variable parameters
being KL, /r and the ratio (B/t) equals to (50-12.5).

II. FINITE ELEMENT MODELING

a) General Description

In this investigation, the finite element software
ABAQUS [31] is used to create an accurate finite
element model for estimating the behavior and ultimate
strength of the steel tube columns with regard to axial
compression loads.

b) Initial Imperfection
The initial imperfection of the hollow square
columns was taken into account in the load-deflection

If t<5 mm:

b
0,. =70 — 2t + t2 — (20900 — 3600 t) ( )

If t=5 mm:

b
0, =70 — 2t +t% — (4350 — 290 t).( )

analysis. It is assumed that the first buckling mode
shape obtained from the eigen value buckling analysis
is the shape of the local and global initial imperfections.
The Japan Standard for Highway Bridges (JSHB) [19]
prescribes maximum initial global displacement as
(L/1000). The AISC 360-05 [20] prescribes maximum
initial  displacement as  (L/1500). According to
experimental measurements in  [13], the global
imperfection in the Y- and X-direction for hollow long
columns appeared to be around
(H/1200 — H/1040 — H/1600). For square hollow
columns in this study, the initial imperfection value was
taken as (0.01B) for local buckling and (0.001L,) for
global buckling according to Chinese Standard
GB50018-2002 [21].

c) Residual Stresses

In this paper, according to the experimental test
result by Somodi and Kévesdi [4], To estimate the
compressive residual stresses, two models of the
residual stress are developed. Equations (1) and (2)
were developed to provide the best approximation to the
average compressive residual stresses that were
measured. The “predefined field” for the initial stress
option is available in FE software to model residual
stress. The typical residual stress distribution of the steel
square hollow stiffened and unstiffened sections are
shown in Figure 1.

-1

- MPa (1)
t

-1

- MPa @
t

Where t (mm) and b (mm) is the thickness and width of the steel box columns, respectively.

Opt = fy

Z oAl A

Oy = fy

|

Op = fy
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GI‘C
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Figure 1: Residual stress distributions

d) Material Mode!

In this research, the hollow square columns was
modeled by the elastic-plastic model, as shown in
Figure 2. The Poisson's ratio was considered to be 0.3.
In addition, the plastic zone is with a linear hardening
and the hardening modulus was considered 0.005E;

with E is the elastic modulus of steel [22]. The ultimate
strength is clearly not significantly affected by The use of
(o—¢) steel relationship, and the load-deformation curve
is only slightly affected. Only slightly affects the load-
deformation curve at a later stage [23].
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Figure 2: The stress-strain curve for steel tubes
I1I. FINITE ELEMENT MODELING VALIDATION

The FE model's accuracy in the present parametric study was verified using previous experimental test
results. The verification study, was carried out on, two short square columns that were tested by Tao et al. [2] and
four long columns that were tested by Khan et al. [5].

a) Material and Geometric Properties

For short columns, the steel material for the finite element models was assumed to be the elastic-plastic
model as shown in Figure 2. The yield strength f, = 234.3 MPa, Elastic modulus E; = 208 GPa, yield strain
(%)0.137, and the ultimate strength F,;, = 343.7 MPa. The investigated specimens’ labels and geometric properties
are shown in Table 1 and Figure 3.

Table 1. Dimensions of the stiffened and unstiffened short columns tests in Tao et al. [2]

No. Specimen B (mm) | Lmm) | D/t | hg Xt
label
1 SS25 250 750 100 35x%x25
2 us25 250 750 100
p s
t t )
> |- > |l HI‘T
=t B

Ji
f—= ] f—2

Figure 3: The specimens investigated by Tao et al. [2]

For long columns, the steel material for the finite element models was assumed to be an elastic-plastic
model as shown in Figure 2. The yield strength f, = 762 MPa, The elastic modulus E; = 213 GPa, The yield strain
0.4157 (%), and the ultimate strength F,;, =819 MPa. The verification was performed for slender welded box
sections with L, /r= (77, 66, 28, and 59) and b, /b= (1.0 and 0.8). The dimensions of test specimens are shown in
Table 2 and the illustration of the experimental test layout is shown in Figure 4.
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UTILIZING FINITE ELEMENT METHOD
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Figure 4: lllustration of the experimental test layout

Table 2: Dimensions of the test specimens for the long columns tested by Khan et al. [5]

Test

specimens B (mm) | t(mm) | B/t | L, (mm) L./T b./b

HS15SL2 7457 4.93 15 2512 77 1.0

HS25SL.3 125.20 4.92 25 3512 66 0.8

HS25SL1 125.21 4.92 25 1512 28 0.8

HS20SL2 99.39 4.92 20 2512 59 1.0
b) Loading and Boundary Conditions short columns, two loading plates coupled with a steel
In fact, there are two types of loading tube by tie constraints were used. The boundary
application methods: force-controlled loading and  condition of the finite element (FE) model was set at the

displacement-controlled loading. In this paper, force-
controlled loading technique was used. The square
hollow columns were modeled using the Finite Element
Analysis (FEA) under monotonic loading. In case of

Load —

loading plate, as shown in Figure 5. The axial load was
applied by carrying out a distributed load on the loading
plate.

Boundry conditions
U1=U2=UR1=UR2=UR3=0
U3=Free

Interaction between
steel tube and loading plate
(Tie constraint)

Steel tube

Interaction between
steel tube and loading plate
(Tie constraint)

Boundary conditions
U1=U2=U3=UR1=UR2=UR3=0

Figure 5: Modeling of the short columns
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In the case of long columns, two reference
points have been created and constrained to the
loading plate of all hollow square columns specimens
by rigid body constraints and set the boundary condition
of the (FE) model at the reference point. Both column
ends were modeled as pinned condition, i.e., both ends

Loading plate| Le(mm)

I—vt{
o

-

were free to rotate. While the upper end was
unconstrained in the vertical axis to apply the external
load. The square steel tube coupled with the loading
plate by tie constraint is shown in Figure 6. The axial
load was applied in the form of distributed load on the
loading plate.

[“— Load

Boundry conditions
Ul=U2=UR2=UR3=0
U3=UR1=Free

at (Reference point)

(Interaction)
Tie constraint(Tube&Plate)
Rigid body constraint
Reference point &plate)

B=250 mm

Boundry conditions
U1=U2=U3=UR2=UR3=0
UR1=Free

at (Reference point)

Figure 6: Modeling of the long columns

c) Element Type and Mesh

The short hollow columns in this study were
modeled using 4-node reduced integration doubly
curved thin or thick shell element (S4R). The loading
plate was modeled using 4-node linear tetrahedron
element. The approximate global element size 12 mm
was used in this study. While in case of hollow steel long
columns, the (C3D4) 4-node linear tetrahedron element
was used. In addition, the approximate global size equal
to 12 mm was used in this study.

d) Accuracy of Adopted Models

i. Short Columns

The comparison of the experimental test results
and the finite element results for the US25 and SS25
specimens are shown in Figure 7 and Figure 8,
respectively. The mean values of the ratio between axial
load deduced by FE and test (Nggy /Nreg) @re 1.02, and
1.01 for the US25 and SS25 specimens, respectively.
From this study, the predictions of ultimate strengths are
very close to the test given by Tao et al. [2]. In addition,
the mode of failure due to buckling obtained from the
geometric nonlinear buckling FE analysis is shown in
Figure 9.

© 2023 Global Journals



250

---Test (Taoetal. [2])
‘\| —— Current FE model
200 \
=3 ‘\
3
T 150 NS
(_B ~‘s~~~~~ '\
.E s_~~“
b~ 100 =~<l_ N
50
0
0 5000 10000 15000 20000

Strain x 107

Figure 7: Comparison of the experimental test results and the finite element results for the (US25) specimen
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Figure 8: Comparison of the experimental test results and the finite element results for the (§525) specimen
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Figure 9: Comparison between the local buckling failure modes of the test and FE model for the (US25) specimen

ii. Long Columns

The comparison of the experimental test results and the finite element (FE) results for the HS15SL2,
HS25SL3, HS25SL1, and HS20SL2 specimens are shown in Figure 10, Figure 11, Figure 12, and Figure 13,
respectively. The mean values of Nggy/Nr.s are, respectively, 1.01, 1.03, 1.02, and 0.99 for the HS15SL2,
HS25SL3, HS25SL1, and HS20SL2 specimens. From this study, the predicted ultimate strengths are very close to
the given by tests in Khan et al. [5]. The HS155L2 and HS20SL2 specimens with unstiffened compact section with
b,/b=1andL,/r= 77 and 59, respectively, failed due to global buckling only. The comparison of the buckling
modes for the experimental test and FE model is shown in Figure 14 for the HS15SL2 specimen. The HS25SL3 and
HS25SL1 specimens, with unstiffened slender sections with b, /b = 0.8 and L, /r= 66 and 28, respectively, failed
due to interaction between global and local buckling. The failure buckling modes for the HS25SL3 and HS25SL1

specimens are shown in Figure 15.

500
450
400
350
300
250
200
150
100
50
0

Axial load (KN)

Figure 10: Comparison of the experimental test results and the finite element results for the HS15SL2 specimen

© 2023 Global Journals

P tuinh

-
-

4

-
-

---Test ( Khan

etal. [5])

,’/ —— Current FE model
7/
0 0.001 0.002 0.003 0.004

Normalised axial shortening

0.005



1200

— 1000
P e re S~
£ 7 2
= 800 4
© s
= 600 o
5 /
é /s -==Test(Khanetal. [5])

400 ! = Current FE model

I,’
200
0
0 0.001 0.002 0.003 0.004

Normalised axial shortening

Figure 11: Comparison of the experimental test results and the finite element results for the HS25SL3 specimen
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Figure 12: Comparison of the experimental test results and the finite element results for the HS25SL1 specimen
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Figure 13: Comparison of the experimental test results and the finite element results for the HS20SL2 specimen
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Figure 14: Comparison of the buckling mode for the experimental test and FE model for the HS15SL2 specimen
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Figure 15: The global and local buckling modes for the unstiffened tube column




IV. PARAMETRIC STUDY

a) General Description

Based on the study of verification, A parametric
investigation was carried out to create three-dimensional
finite element models that simulate the stiffened and
unstiffened  hollow  steel columns under axial
compression. These models focus on the global and
local buckling and were divided into two cases. Case 1
studies the local buckling's effects on the behavior and
ultimate strength of hollow steel short columns. Case 2
studies the influence of stiffeners on the ultimate
strength and performance of hollow steel long columns.
The non-linear finite element (FE) analysis is used in the
study to understand the effect of main structural
parameters such as L, /r, stiffener length, the ratio of
width-to-thickness B/t, and the yield stress on the
hollow steel column performance.

b) Columns Geomelry

i. Short Columns
The steel material model for the finite elements
was assumed to be an elastic-plastic model as shown in
Figure 2, in addition taken as the hardening modulus

equal to 0.005E;,. The Young's modulus Eg =
200000 MPa and Poisson's ratio v = 0.3. The studied
parameters were the yield strength
fy = 240,360,460,560, and 779 MPa, the stiffeners
length (hy), and the ratio B/t. The columns length
is L=750mm and the columns width is B =
250 mm for all the specimens. The thickness of the
stiffeners is considered same as the thickness of the
tube, as listed in Tables (3 and 4). The shapes and
dimensions of the investigated steel columns are shown
in Figure 16. The specimen label shows the whether the
sections is unstiffened (US), stiffened using single
stiffener per section wall (SS), or stiffened using double
stiffener per section wall (DS). In addition, the label
suffixed by the thickness of the section walls in (mm).

The boundary condition as described previously
and shown in Figure 5. For square hollow columns in
these investigation, the initial local imperfection's value
has been set to 0.01 B. In addition, this study used the
distribution of residual stress shown in Figure 1. The
columns in this study were modeled using 4-node shell
elements (S4R) and the approximate global size of the
mesh is about 12 mm.

hy t h,

'
t t J ol
|:f o

-
t

w
L)

1
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() ©

Figure 16: The investigated cross-sections’ shapes and dimensions (a) Unstiffened sections US, (b) Stiffened
sections with one stiffener SS, (c) Stiffened sections with two stiffeners DS

Table 3: The parameters and dimensions of hollow steel short columns used in the parametric study

Unstiffened sections Stiffened sections with Stiffened sections with
us) one stiffener (SS) two stiffeners (DS)
t fy B t fy t fy
mm MPa t mm MPa By mm MPa By
1 240 250 1 240 250 1 240 250
15 240 167 2 240 125 25 240 100
2 240 125 2.8 240 89 4 240 63
3.2 240 78 4.5 240 55 6 240 42
51 240 48 6.7 240 37 8 240 31
7.7 240 32 9 240 28 1 360 250
10 240 25 1 360 250 2.5 360 100
16 240 16 2 360 125 4 360 63
1 360 250 2.8 360 89 6 360 42
1.5 360 167 45 360 55 8 360 31
2 360 125 6.7 360 37 1 460 250
3.2 360 78 9 360 28 25 460 100
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51 360 48 1 460 250 4 460 63
7.7 360 32 2 460 125 6 460 42
10 360 25 2.8 460 89 8 460 31
16 360 16 4.5 460 55 1 560 250
1 460 250 6.7 460 37 25 560 100
1.5 460 167 9 460 28 4 560 63
2 460 125 1 560 250 6 560 42
3.2 460 78 2 560 125 8 560 31
51 460 48 2.8 560 89 1 779 250
7.7 460 32 45 560 55 25 779 100
10 460 25 6.7 560 37 4 779 63
16 460 16 9 560 28 6 779 42
1 560 250 1 779 250 8 779 31
1.5 560 167 2 779 125 - - -
2 560 125 2.8 779 89 - - -
3.2 560 78 4.5 779 55 - - -
51 560 48 6.7 779 37 - - -
7.7 560 32 9 779 28 - - -
10 560 25 11.3 779 221 - - -
16 560 16 12 779 20.8 - - -
Unstiffened sections (US)
1 779 250 7.7 779 32 1 779 250
1.5 779 167 10 779 25 15 779 167
2 779 125 16 779 16 2 779 125
3.2 779 78 18 779 13.8 3.2 779 78
51 779 48 20 779 12.5 51 779 48
Table 4: The stiffeners length (hy) of stiffened hollow steel short columns used in the parametric study, where
f, =779 MPa
Stiffened sections | Stiffened sections | Stiffened sections | Stiffened sections
with one stiffener | with one stiffener | with two stiffeners | with two stiffeners
(89 (89 (DS) (DS)

t h, t h, t h, t h
mm mm mm mm mm mm mm mm
1 10 1 40 2 10 2 50
1.5 10 1.5 40 3.2 10 3.2 50
2 10 2 40 51 10 51 50
3.2 10 3.2 40 7.7 10 7.7 50
51 10 51 40 10 10 10 50
7.7 10 7.7 40 16 10 16 50
10 10 10 40 2 20 2 60
16 10 16 40 3.2 20 3.2 60
1 20 1 50 51 20 51 60
1.5 20 1.5 50 7.7 20 7.7 60
2 20 2 50 10 20 10 60
3.2 20 3.2 50 16 20 16 60
51 20 51 50 2 30 - -
7.7 20 7.7 50 3.2 30 - -
10 20 10 50 51 30 - -
16 20 16 50 7.7 30 - -
1 30 1 60 10 30 - -
1.5 30 1.5 60 16 30 - -
2 30 2 60 2 40 - -
3.2 30 3.2 60 3.2 40 - -
51 30 51 60 51 40 - -
7.7 30 7.7 60 7.7 40 - -
10 30 10 60 10 40 - -
16 30 16 60 16 40 - -
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ii. Long Columns

The steel material for the finite element models
was assumed to be an elastic-plastic with linear
hardening model. In addition the hardening modulus
has been set to equal to 0.005E as shown in Figure 2.
The Young's modulus E, =200000MPa and the
Poisson's ratio v =10.3. The boundary condition as
described previously and shown in Figure 6. For square
hollow columns in these investigation, the initial global
imperfection value was taken as 0.001L. The studied

parameters were the columns length (L) and the ratio
(B/t), as listed in Tables (5 and 6). In addition, the
columns width B = 250 mm for all specimens, the yield
strength is used in this study f, = 779 MPa, and the
stiffeners length h, =35 mm . The thickness of the
stiffener is the same as the thickness of the tube. The
specimens investigated are shown in Figure 17. The
specimens’ labels are as follows:

1. (US-t-L) = (US) Unstiffened section - (t) thickness — (L) column length.
2. (SS-t-L) = (SS) Stiffened section with one stiffener-(t) thickness - (L) column length.

(@)

(b)

Figure 17: The cross-sections investigated in the current study and the manufacturing method (a) Unstiffened
section, (b) Stiffened section with one stiffener per wall

Table 5: The dimensions of the unstiffened section, where the ratio (B/t) = 12.5 and 50

No. | Specimen label
1 US-20-2750
2 US-20-3000
3 US-20-4000
4 US-20-5000
5 US-20-6000
6 US-20-7000
7 US-20-8000
8 US-5-3000
9 US-5-4000
10 US-5-5000
11 US-5-6000
12 US-5-7000
13 US-5-8000
14 US-5-9000

@/t | Kle
Tr
12.5 29.2
125 31.8
12.5 42 4
12.5 53
12.5 63.7
12.5 74.3
12.5 84.9
50 30
50 40
50 50
50 60
50 70
50 80
50 90

Table 6: The dimensions of the stiffened sections with one stiffener, where the ratio (B/t) = 12.5 and 50

No. | Specimen label
1 SS-20-3000
2 SS-20-4000
3 SS-20-5000
4 SS-20-6000

ey | Kl
r
12.5 33.1
12.5 44 1
125 55.1
125 66.2
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5 SS-20-7000
6 SS-20-8000
7 SS-20-9000
8 SS-5-1000
9 SS-5-2000
10 SS-5-3000
11 SS-5-4000
12 SS-5-5000
13 SS-5-6000
14 SS-5-7000
15 SS-5-8000

12.5 77.2
12.5 88.2
12.5 99.2
50 10.3
50 20.6
50 30.9
50 41.2
50 515
50 61.8
50 721
50 82.4

c) Results and Discussion of Parametric Study

i. Unstiffened Short Columns FE Results against
Analytical Methods
Most standards and specifications use the
effective width approach to take into account the local
buckling in case of the slender hollow steel tube cross-
sections. This theory was developed based on
(a)

—h ]
l\ A
F
\ 4 l M iv v

plate

Nz
VRN

Average
ultimate
stress, o,

redistribution of the stress on a steel tube with the
average ultimate stress o, as shown in Figure 18.
According to Von Karman et al. [28], the effective width
b, is the only part of the width that can resist the
loading, but there is no loading on the plate's central
part. The effective width is represented in Figure 18(b).

| .
k 4 h J

~~Ineffective

plate :
region

I

Figure 18: (a) Distribution of ultimate stress, (b) Concept of effective width in a compressed plate

The values of g, /f, in Table 7 give the
reduction factors of the strength for the numerical
models, where g, = Ni/A,. Where, N, represents the
ultimate loads, takes into account the reduction due to
local buckling's effects according to the effective width
approach by Uy[24]. The local buckling reduction factor
(b,/b) is determined using Eq. (3) and (4), where the
ratio (b,/b) is the effective tube width ratio to full tube
width. When (b,/b) equals 1.0, this means that the
sections being compact.

be Ol (3)
- _q |
b oy

Where a = 0.651 for heavily welded tubes.

Which accounts for geometric imperfections and

© 2023 Global Journals

residual stress. The stress of local buckling a,, is
presents in Eq. (4), as shown below:

B Km?Eg

T 12(1 = v?)(b/t)?

Oyl (4)

Where the coefficient of plate buckling (K) can
be considered as 4 for hollow sections and N, =
(b./b)Asf,. Von Karman et al. [28] developed the first
effective width expression in 1932. This expression
states that a width of plate (b) and effective width (b,)
can be used to evaluate the ultimate strength capacity.
Von Karman'’s effective width can be written in terms of

the yield stress o, and critical stress oy as follows:

be _ | cr 5)

€
b Oy



Where:-
Km2Et?

7 = 20— v)p? ©

Where the buckling coefficient K = 4 in case of
the simply supported plate. Winter [29] subsequently
modified von Karman'’s equation to:

b, Ocr Ocr
—= |—(1-0.25 |—
b Og Og (7)

The second term within the bracket out Winter
equation is mainly at the point where the applied edge
stress o and vyield stress gy are similar. According to
the Direct Strength Method (DSM) by ANSI/AISI S100-16
[25], the theoretical equation to estimating the ultimate
loads with take into account the local buckling as given
in Eq. (8). Where the P, r is the critical elastic local
buckling load of the square hollow columns and 4; is the
non- cross-section slenderness of the cross-section and

0.5
equalsto 4, = (f,4,/Porir) -

fy XAy, for 4, <0.776
N = 0.15\ 1
b (1 - W)ny X A, ,for A, > 0.776 ®)
1 I
Where f, in (MPa) and A, in (mm?).

Fang and Chan [26] modified the direct
strength method to give the predictions of safer strength
for welded steel hollow columns, as shown in Eq. (9).

f, XA, , for A <0.707
Nig, =1(096 0.22 ©)
209 T fy X Ay, for A, > 0.707

In this investigation, the main objective of the
analytical methods is to study the local buckling's effects
on the steel tube ultimate strength and compared with

the current (FE) results. Eight FE models of unstiffened
short columns was used in this case, where the (B/t)
ratio varying from 16 to 250. According to most of the
international codes like ANSI/AISC 360-16 [30] the
dimensions used in these investigation provide valuable
data for slender, non-compact, and compact sections.
The hollow steel sections, according to ANSI/AISC 360-
16 are classified for local buckling.

If A < 4, The tube is a compact section
A, = A > 4, The tube is a non-compact section
A > A, The tube is slender cross-sections

Where:
A, =112 |E/E, (10)
A, =1.40 |E/F, (11)
A=B/t (12)

The comparison of the analytical and the FE
results for the unstiffened steel columns is summarized
in Figure 19 and Table 7. According to this comparison,
the present FE results produces conservative
predictions of the steel tube ultimate. In addition that the
average variation is around 4% between current FE
models and the effective width approach by Uy[24]. As
well as that, the average variation is around 6% between
current FE models and modified (DSM). From this
comparison, the results of present (FE) and the effective
width method by Uy[24] approximately similar. This is
because the current FE models and the effective width
method by Uy[24] take into accounts for geometric
imperfections and residual stress. Thus, it can be
concluded that the proposed method can accurately
predict the ultimate load capacity of short columns.

Table 7: Dimensions and the FE results of unstiffened sections (US), where f, = 779 MPa

aUlt/fy
Specimen | B
label T Present Uy Modified | Winter DSM Von
FEM [24] DSM [26] [29] [25] | Karmans[28]
US-1 250 0.1 0.09 0.12 0.12 0.18 0.12
US-1.5 167 0.16 0.14 0.17 0.17 0.25 0.18
us-2 125 0.19 0.18 0.22 0.23 0.31 0.24
uUs-3.2 78 0.29 0.30 0.33 0.35 0.44 0.39
US-5.1 48 0.40 0.42 0.50 0.53 0.62 0.63
us-7.7 32 0.66 0.63 0.72 0.72 0.83 0.95
US-10 25 0.82 0.81 0.90 0.85 0.98 1.00
US-16 16 0.96 1.00 1.00 1.00 1.00 1.00
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fy 0.60

=+ Effective Width (Uy [24])

—4- DSM (ANSI/AISI S100-16 [25])
—=Modified DSM (Fang and Chan [26])
—«— Effective Width (Von Karman et al. [28])
=o -Effective Width (Winter [29])

=m=Current FEM
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Figure 19: Comparison of the present FE results and analytical methods for unstiffened columns, where
f, =779 MPa

ii. Stifened Short Columns FE Results against
Analytical Methods
This case deals with stiffeners in steel tube
fields subjected to axial stress. There are two primary
types of stiffeners:

e Longitudinal stiffeners, that are aligned with the steel
tube length direction.

e Transverse stiffeners, that are aligned normal to the
length direction of the steel tube.

The stiffeners can be attached to the four walls
of the tube, and it is used to control the local buckling
this tubes. In this study, the steel tube is without
transverse stiffeners, so it is possible that the stiffener
could buckle locally or could be ineffective when the
stiffener length is small. There are different formulas to
account for stiffeners such as the effective plate width
according to Norsok standard (N-004) [27]. This
standard was developed depends on a steel tube's
redistribution of stress as shown in Figure 20. The
effective width s, for the stiffened sections subjected to
longitudinal stress is found from:

Se
=€ CysCrs

g xsys (13)

The reduction factor in the longitudinal direction,
C,s, is found from:

4, —0.22

CXS = /112,

,if 2, > 0.673
C.=1, if 1, < 0.673
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Where: 2,

_ s f

A, = 0.525~ /—y (16)
P tJE

Cys is the reduction factor for compression stresses in

the transverse direction.
C., is the reduction factor for shear.

The comparison of the analytical results and the
FE results is summarized in Figure 21 for the stiffened
sections with one stiffener, where hy =35 mmand f, =
779 MPa. The Norsok standard does not consider the
effect of the stiffeners’ length in calculating the section
capacity. In this case the stiffeners may be failed due to
the local buckling. Therefore, the current FE results
produce conservatively predictions of the steel tube
ultimate strength for stiffened steel columns. In addition
that the average variation is around 6% between current
FE models and the effective width method by Norsok. In
this case, where B/t < 70, the predictions of ultimate
strengths by current FE are very close to the effective
width method by Norsok. This is due to the stiffeners
most likely not exhibiting any local buckling. In addition,
where B/t > 70 the current FE results produce
conservative predictions of the ultimate strength. This is
due to the stiffeners most likely exhibiting local buckling.



e

] 7
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2

X
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Real stress distribution

Figure 20: Effective width concept in stiffened plate under compression

1.20
=@=Current FE results
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Figure 21: Comparison of the current FE results and analytical methods for the stiffened sections with one stiffener,
where hy =35 mm and f, =779 MPa

ii. Comparison between Stiffened and Unstiffened
Hollow Short Steel Columns

The proposed stiffening system may be
improved by arranging the stiffeners properly, which can
even change the strain softening properties. The steel
tubes’ dimensions were selected to provide relatively
slender, non-compact, and compact sections. The
numerical results for the unstiffened and stiffened steel
hollow columns are summarized in Tables 8 and Tables
9, respectively. According this results, the strength of the
stiffened steel tube hollow columns is remarkably higher
than those of the unstiffened columns ones. The
unstiffened and stiffened square steel tube columns
primarily collapsed due to local buckling but at different
modes, as shown in Figure 28 for US-4, SS-4, and DS-4
specimens, respectively. Figure 24 shows the ultimate

strength curves of the US, SS, and the DS sections. The
ultimate strength o, are normalized by dividing by f, .
The stress distributions for the US-2.5, SS-2.5, and DS-
2.5 specimens are shown in Figure 22 and Figure (23a
and b), respectively. The proposed stiffening method
can enhance the steel tube ultimate ductility and
strength. The collapsed modes of the steel columns
indicate that the stiffening scheme effectively delays
local buckling.
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Figure 22: The stress distribution on the unstiffened columns at ultimate load for the US-2.5 specimen, where
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Figure 23: The stress distribution on the stiffened sections at ultimate load, where f, = 779 MPa and stiffeners

length hy = 35 mm
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Figure 24: Comparison of the unstiffened and stiffened steel tube columns, where hy = 35 mm and f, = 779 MPa

Table 8: The dimensions and FE results of the unstiffened columns

779

0.11
0.16
0.19
0.29
0.40
0.66
0.82

0.96

560

0.11
0.16
0.22
0.35
0.49
0.74
0.95

1.00

0.12

8
4

0.1
0.2
0

.39

0.54

2
0

8
0

0

1

1.00

360

0.14
0.20

0.27

0
0

4

4
.61
0.93

1.00

1

.00

oyi/fy atf,(MPa)
460
MPa | MPa | MPa | MPa | MPa

240

0.17

0.25
0.33
0.54
0.75
0.99

1.00
1.00

(B/

t)
250
167

1

25

78
48
32

25

16

Specimen

label

US-1
Us-1.5

us-2
Us-3.2

US-5.1

us-7.7

Us-10

US-16
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Table 9: The dimensions and FE results of the stiffened sections with one and two stiffeners, where the stiffeners
length hy = 35 mm

Specimen (B/

abel | © | 240
MPa

SS-1 250 | 0.46
SS-2 125 | 0.67
SS-2.8 89 0.81
SS-4.5 55 | 0.98
SS-6.7 37 0.99
SS-9 28 1.00
DS-1 250 | 0.61
DS-2.5 100 | 0.91
DS-4 63 1.00
DS-6 42 1.00
DS-8 31 1.00

oui/f, atf, (MPa)

360 | 460 | 560 | 779
MPa | MPa | MPa | MPa
0.41 0.39 | 0.34 0.3
0.61 0.58 | 055 | 0.49
0.75 | 0.71 0.66 | 0.61
096 | 094 | 092 | 0.86
098 | 096 | 099 | 0.98
1.00 | 1.00 | 1.00 | 1.00
056 | 0583 | 049 | 0.39
0.87 | 0.88 0.8 0.76
099 | 098 | 096 | 0.95
1.00 | 099 | 098 | 0.98
1.00 | 1.00 | 1.00 | 1.00

iv. Effect of Yield Strength of Hollow Short Steel
Columns

In recent years the yield strengths of structural

steel have increased. This study aims to determine the

influence of the yield strength on the normalized ultimate

strength (o, /f,) for the stiffened and unstiffened

hollow steel columns. The numerical simulations were
carried out for yield strength equal to (240, 360, 460,
560, and 779 MPa). Figures (25, 26, and 27) show the
results for the normalized ultimate strength (o, /f,)
versus the ratio (B/t).

1.20 —#—Unstiffened fy=240 MPa
=>= Unstiffened fy=360 MPa
1.00 Unstiffened fy=460 MPa
—o—Unstiffened fy=560 MPa
0.80 —m—Unstiffened fy=779 MPa
Oult
fy 0.60
0.40 \
ST |
0.20 Qﬁ$— ==— — —3
0.00 l
0 50 100 150 200 250
B/t

Figure 25: Effect of yield strength on the normalized ultimate strength (o, /f,) for unstiffened sections
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Figure 26: Effect of yield strength on the normalized ultimate strength (o, /f,) for the stiffened sections with one
stiffener, where h, = 35 mm

—#—Two stiffeners fy = 240 MPa

1.20

== Two stiffeners fy = 360 MPa
Two stiffeners fy = 460 MPa
—o—Two stiffeners fy = 560 MPa

1.00

—a—Two stiffeners fy = 779 MPa

Oult 0.80

0.60

0.40

0.20

0.00

0 50

100

150 200 250

B/t

Figure 27 Effect of yield strength on the normalized ultimate strength (o, /f,) for the stiffened sections with two
stiffeners, where hy, = 35 mm

v. fFailure Modes

For hollow short steel columns, in the linear
buckling analysis, we studied a steel tube model that
was undamaged and without any significant
deformations, but now with non-linear buckling analysis,
we will look at how the stiffeners affected on the
capacity and buckling load of steel hollow columns. The
local buckling mode should be plotted in form of
deformation and stress, it is necessary for the mode that
results in collapse. This is done to confirm that the
buckling response is physical and that the square
hollow steel columns have in real collapsed. The
ultimate strength and the stress versus strain curve of
model is the main output of the non-linear analysis.

Figure 28 shows the buckling modes for the US-4, SS-4,
and DS-4 specimens, respectively. The stiffeners can
effectively constrain the local buckling of the steel tube.
Finally, the buckling of the steel tube is less obvious with
the increasing of the number of stiffeners, and the
stiffened steel columns have greater serviceability
advantages compared to those unstiffened columns.
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T

(@) The (US-4) specimen, (b) The (SS-4) specimen, (c) The (DS-4) specimen

Figure 28: The local buckling modes for the stiffened and unstiffened columns

For long steel columns, the unstiffened
compact sections with (b,/b = 1), width-to thickness
ratio (B/t =12.5), and KL,/r from 31 to 95 failed
mainly due to the effect of global buckling without any
local buckling. As well as when KL,/r <31, the
columns failed due to the full plastic strength, as
summarized in Table 13. For the stiffened sections with
one stiffener with the tube thickness t = 20 mm and the
KL,/r from 44 to 99 collapsed due to the global
buckling only without any local buckling. As well as
when (KL,) /r <44 the columns failed due to the full
plastic strength, as summarized in Table 12. The
numerical specimens for unstiffened sections with width-
to thickness ratio B/t = 50 and KL,/r from 30 to 80
failed by both of global and local buckling (G and L) as
summarized in Table 14. In addition, these columns
failed due to the global buckling when KL, /r > 80. For
stiffened sections with one stiffener, when the columns
with  (B/t=50) and KL,/r<30 falled by
predominantly local buckling (L). As well as these
columns failed due transforms into a combination of the

global and local bucklng (L and G) when the
30< KL,/r <51, as summarized in Table 15. The
buckling mode for the (US-5-4000) and (US-5-7000)
specimens is shown in Figure 32 and Figure 33,
respectively.

vi. Effect of the Stiffener Length for Short Columns

The effect of stiffener length on the stiffened
sections with one and two stiffeners is shown in Figure
29 and Figure 30. The optimum stiffener length at
different tube thickness is calculated using Eq. (17) and
Eg. (18) for the stiffened columns with one (SS) and two
(DS) stiffeners, respectively. The (B/t) ratio, the (hy/B)
ratio, and the finite element normalized stress results are
shown in Table 10 and Table 11.

= 0.005t2 — 0.02t + 0.14 (17)

= 0.005t2 — 0.05¢ + 0.32 (18)

w|& ©|&

Table 10: The (B/t) ratio, the (hy/B) ratio, and the FE normalized stress results for stiffened columns with one

stiffener, where f, = 779 MPa

B h./B

~ |l oo4 | 008 012 016 02 | 024
t GUlt/fy

250 0.20 0.26 0.30 0.32 0.31 0.25
167 0.27 0.34 0.39 0.41 0.40 0.35
125 0.33 0.41 0.47 0.50 0.49 0.45
78 0.46 0.56 0.63 0.67 0.66 0.62
48 0.63 0.76 0.85 0.89 0.91 0.83
32 0.84 0.99 1.00 1.00 1.00 1.00
25 0.99 1.00 1.00 1.00 1.00 1.00
16 1.00 1.00 1.00 1.00 1.00 1.00
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Figure 29: Effect of the stiffeners’ length on the stiffened sections with one stiffener, where f, = 779 MPa

Table 11: The (B/t) ratio, the (hy/B) ratio, and the FE normalized stress results for stiffened columns with two

stiffeners, where fy =779 MPa

h,/B
(B/t) 0.04 0.08 012 0.16 0.2 0.24
Uutt/fy
125 0.40 0.55 0.63 0.64 0.66 0.68
78 0.51 0.68 0.76 0.78 0.80 0.78
48 0.63 0.79 0.88 0.89 0.91 0.89
32 0.83 0.93 0.99 1.00 1.00 1.00
25 0.91 0.98 1.00 1.00 1.00 1.00
16 0.96 1.00 1.00 1.00 1.00 1.00
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Figure 30: Effect of the stiffeners’ length on the stiffened sections with two stiffeners, where yield strength
f, =779 MPa

vii. The Stiffeners' Effect on Long Columns

Figure 31 shows the comparison between
normalized ultimate strength (o, /f,) for the stiffened
and unstiffened sections obtained from FEA results,
where the tube thickness t = 20 mm and t = 5mm. The
measured normalized ultimate strength (o, /f,) for
these columns is summarized in Tables (12 to 15). For
the compact unstiffened sections when t = 20 mm and
KL, /r<29, o, /f, =1 this means that the steel
columns mainly collapsed due to the full plastic
strength. In addition, when KL, /r > 29 the o, /f, <1
this means that the steel columns mainly failed due to
global buckling. Similarly, for stiffened sections with one
stiffener when t =20 mm and KL,/r <33, the g,/

fy =1 this means the columns failed due to the full
plastic strength. In addition, when KL,/r > 29 the
oue/fy <1 this means the columns failed due to global
buckling. The ultimate strength curves for the stiffened
and unstiffened sections, when t =20 mm are very
close. In case of the slender sections whent = 5mm
the measured normalized ultimate strength (o, /f,)
equal to 0.43 and 0.92 for unstiffened and stiffened
short columns, respectively. The ultimate strength curve
for stiffened sections higher than unstiffened sections for
all KL,/r values as shown in Figure 31. According to
this study, the stiffeners greatly affect the ultimate
strength of slender sections in the long columns.

Table 12: The dimensions and FE results of the stiffened sections with one stiffener, where the ratio (B/t) = 12.5

No. | Specimen label | B/t K:e % Buckling mode
y
1 SS-20-3000 12.5 33.1 1.00 Plastic
2 SS-20-4000 12.5 441 0.84 Global
3 SS-20-5000 12.5 551 0.67 Global
4 SS-20-6000 12.5 66.2 0.52 Global
5 SS-20-7000 12.5 77.2 0.39 Global
6 SS-20-8000 12.5 88.2 0.31 Global
7 SS-20-9000 12.5 99.2 0.25 Global
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Table 13: The dimensions and FE results of the unstiffened sections, where the ratio (B/t) = 12.5

No. | Specimen label B/t K:e % Buckling mode
1 US-20-2750 12.5 29.2 1.00 Plastic
2 US-20-3000 125 31.8 0.95 Global
3 US-20-4000 12.5 42.4 0.86 Global
4 US-20-5000 12.5 53 0.73 Global
5 US-20-6000 125 63.7 0.56 Global
6 US-20-7000 125 74.3 0.43 Global
7 US-20-8000 125 84.9 0.34 Global

Table 14: The dimensions and FE results of the unstiffened sections, where the ratio (B/t) = 50

No. | Specimen label B/t K:e % Buckling mode
Yy
1 US-5-3000 50 30 0.43 Local
2 US-5-4000 50 40 0.42 L+G
3 US-5-5000 50 50 0.41 L+G
4 US-5-6000 50 60 0.39 L+G
5 US-5-7000 50 70 0.37 L+G
6 US-5-8000 50 80 0.33 L+G
7 US-5-9000 50 90 0.29 Global

Table 15: The dimensions and FE results of the stiffened sections with one stiffener, where the ratio (B/t) = 50

No. Specimen label B/t K:e % Buckling mode

1 SS-5-1000 50 10.83 0.92 Local
2 SS-5-2000 50 20.6 0.87 Local
3 SS-5-3000 50 30.9 0.84 Local
4 SS-5-4000 50 41.2 0.75 L+G

5 SS-5-5000 50 51.5 0.67 L+G

6 SS-5-6000 50 61.8 0.57 Global
7 SS-5-7000 50 721 0.45 Global
8 SS-5-8000 50 82.4 0.35 Global

© 2023 Global Journals

Global Journal of Researches in Engineering (E) Volume XXIII Issue III Version I E Year 2023



Global Journal of Researches in Engineering (E) Volume XXIII Issue III Version I E Year 2023

1.20

== Unstiffened section , t=20 mm
—o— One stiffener, t=20 mm
—#— Unstiffened section , t=5 mm
1.00 T K One stiffener , t=5 mm
- Linear buckling analysis (Eigen value)

0.40

0.20

0.00 1 1 1 1 1
0.0 20.0 40.0 60.0 80.0 100.0 120.0

r

Figure 31: Comparison of the current FE results for the unstiffened and stiffened columns, where the tube thickness
t =20mmandt =5mm
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Figure 32: The buckling mode for the (US-5-4000) specimen
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Figure 33: The buckling mode for the (US-5-7000) specimen
V. DEVELOPMENT OF NOVEL ANALYTICAL EQUATIONS

As a major result of the conducted analysis, novel equations to calculate the steel tube ultimate strength
with either one or two stiffeners was presented. The proposed equations were deduced from the parametric study
using data regression analysis. The strength ratio o, /f,, for hollow square sections stiffened with one stiffener can
be calculated using Eq. (19). The a,, and a; are strength reduction factors according to the yield strength and
stiffeners length, respectively. The values of a,, and a;, are determined from the parametric study, as shown in
Figure 29 and Figure 26.

By ~0-62
) +tay +a,

Our 7672(
f, 779

t (19)
Where; o, /f, < 1.
The reduction factors can be calculated as follows:

fy

— 036 — Iy 20

a, =036 0.36 |- (20)
B hs 2 hs B —0.472 o1

aps = (10692 (5 ) +3595——288)( (21)

Furthermore, the strength ratio, o, /f,, for hollow steel sections stiffened with two stiffeners can be
calculated using Eqg. (22). Where B, and g, are strength reduction factors according to the yield strength and
stiffeners length, respectively. The value of g, and g, are determined from the parametric study, as shown in Figure
30 and Figure 27.

Our (909 4B

4= (77 e_—1000t>+ﬂhs +5, (22)
y

Where oy, /f, <1
The reduction factors can be calculated as follows:

%l 7) 000275
= [22-(0.13-0.0027—) + 0.0027— - 0.16 (23)
By 779 t + t
If §< 538, can be calculated as follows
h 2 h 1.25
Bhs = <—0.11 (ES) + 0.04? - 0.004) (?> (24)
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And when ? >53

2

h, h, _4B_
B, =(-23 (—) +8——0.75 | e 0001 (25)

B

VI. CONCLUSIONS

This research aims to predict the behavior of
hollow steel columns under monotonic loads and
determine the effect of the main parameters on ultimate
strength capacity. based on the study of verification, A
parametric investigation was carried out to create three-
dimensional finite element models that simulate the
stiffened and unstiffened hollow steel columns under
axial compression loads. These models focused on
both the local and global buckling and were divided into
two cases. Case 1, study effect of the local buckling on
the ultimate strength and behavior for stiffened and
unstiffened hollow steel short columns. Case 2, study
the stiffeners' effect on the steel tube ultimate strength
for long columns. The non-linear finite element (FE)
analysis is used in the study to understand the effect of
main structural parameters such as KL,/r, stiffener
length, the ratio of width-to-thickness B/t, and the yield
stress on the hollow steel column performance. The
conclusions that can be drawn are as follows:

1. The simulation of the behavior of hollow square
columns using (FE) analysis can be done with about
(1:3)% grade of accuracy. in addition to this, the
(FE) analysis can reduce cost and time when
compared with experimental work. The idealized
elastic-plastic material model of the steel tube and
the actual material models, as well as the actual
initial imperfections and manufacturing errors in the
real connections employed in experimental studies,
were the main causes of the insignificant variations
between the FEA results and experimental testing.

2. The study was conducted on the effect of the
stiffeners length and proposed a novel equation to
calculate the optimal stiffeners length in case of
stiffened sections with one stiffener (SS) and
stiffened sections with two stiffeners (DS) for short
columns.

3. When increasing the width-to-thickness ratio (h,/t)
of stiffeners about the optimum stiffener length, the
value of o, /f, decreases due to local buckling of
the stiffener.

4. The current FE model produces good predictions of
the steel box columns ultimate strength compared
with the analytical methods. For the unstiffened steel
tube columns, the average variation in the ultimate
strength depending on the results from the present
FE models and the effective width method by
Uy[24] is about 4%. Furthermore, the average
variation in the ultimate strength obtained from
present FE models and the modified (DSM) is about

© 2023 Global Journals

6%. While for stiffened columns, the average
variation is around 6% between current FE models
and the effective width method by Norsok. Thus, it
can be concluded that the proposed method can
accurately predict the ultimate load capacity of short
columns.

As a major result of the conducted analysis, a novel
equation to calculate the ultimate strength of box
steel sections with one and two stiffeners was
presented.

The presence of the stiffeners remarkably increases
the ultimate strength of slender sections in the long
columns. But on the other hand, it has no effect on
the ultimate strength of compact sections.

The unstiffened columns with the ratio of width to
thickness B/t =50 and KL,/r from 30 to 80
collapsed as a consequence of the combination of
global and local buckling (G and L). In addition,
these columns collapsed according to the global
buckling when KL, /r > 80. For stiffened sections
with one stiffener, when the columns with B/t = 50
and KL,/r < 30 collapsed by the local buckling
only (L). In addition, these columns collapsed as a
consequence of the combination of global and local
buckling (G and L) when the 30< KL, /r < 51.
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Seismic Behaviour of Tall Structures with RC
Shear Walls and Columns Configuration by
ETABS (2021)

Bimlendu K Gautam ® & Abhay K Jha °

Abstract- Shear wall System Commonly used in the Tall
Structures to resist/Sustain the Lateral forces Exerted due to
Winds, Earthquakes, Due to Shear Wall's high in-Plane
Stiffness and Simultaneously has Capacity to take Gravity
Loads, Inclusion of Shear Wall has become very inevitable in
Tall Structures to resist Lateral forces. It is important &
necessary to Find the Structural Configuration is effectively
Safe or not. Hence In this article, The Structural analysis is
conducted on Basement+G+31 Tall Building of Total Height
of 108m in order to determine the Base Shear, Maximum
Storey Displacement, Maximum Storey Drifts, Storey Shears,
Overturning Moments and Axial Forces over the Critical Load
Combination. For this Purpose, different zones are selected to
investigate the effect of Lateral Forces, If Building is Either on
Shear Wall Configuration or on Column Configuration. A
detailed study on behaviour of both columns and RC Shear
Wall is conducted with eight model made on CSI ETABS
(2021) Software in the present study. Building models,
included with Shear Wall Configuration in different seismic
Zones and Column Configuration in different Seismic Zone.
Each of these models has Subjected to Response Spectrum
method of Analysis as referred in IS 1893:2016. Building is
assumed as Commercial building located in all Seismic Zones
of India. The comparison of analysis results shows that how
both Type of buildings are performing under lateral or seismic
loads in Different Seismic zones and determining the seismic
parameters like base shear, Max. Storey displacement, Max.
Storey drifts, Storey Shear, Overturning Moments and Axial
forces are checked out under the Critical Load Combination. In
this present study software results shown Max. Storey
displacement 38% lesser, Max. Storey drifts 38% and Axial
reaction 19% lesser in case of Shear wall. Storey Shear 3%,
Overturning Moments 4% and Base Shear 3% greater in case
of shear Wall Configuration, which is marginal.

Keywords: RC shear wall, base shear, max. storey drift,
max. storey displacement, storey shear, response
spectrum method.

[. INTRODUCTION

hear walls are essential structural components that
Seffeotively withstand both gravity and lateral loads

exerted on buildings. Their primary function is to
provide lateral stiffness to buildings, thereby effectively
resisting seismic forces that may arise from an
earthquake. They provide lateral support for buildings.
Shear walls are generality important in tall/high-rise
buildings subjected to wind, seismic and other lateral

Author a: e-mail: str.bkgautam@gmail.com

forces. They are constructed from the foundation to the
top story. Shear walls resist shear forces and uplift
forces. Shear walls transfer horizontal forces to other
components in the load path. They should be located on
each level of the structure. Shear walls can have
openings for windows and doors. The size and location
of Shear Wall affects the seismic response. Owing to
their numerous benefits to structural design, shear walls
have become increasingly popular in building
construction. However, their placement is crucial and
requires careful evaluation. Ideally, in a floor layout,
shear walls should be positioned as close as possible to
the center of mass to prevent any additional moments
that may arise otherwise. Therefore, it is imperative to
utilize the appropriate number of shear walls with the
appropriate cross-sectional area.

This study investigates the story Response
parameters in all seismic zones using Shear Wall and
Columns in RC framed structures. G+31 buildings are
considered in different seismic seismic of India. Finite
element software ETAB v 21 is used for analysis.

[I. OBJECTIVE

To analyse/Investigate the Seismic Behavior of
the B+G+31 building of 108m height on Shear Wall and
Column Configuration by Etabs software and find
various parameter such as Max. Story Displacement,
peak story shear, base shear, axial forces, Overturmning
Moment and story drift, in all seismic zones using Linear
Dynamic Method on FEM based software as per IS 1893
(Part-1): 2016.

[1I. METHODOLOGY

In general Structures are analysed in Software
for finding more frequent results for multiple iterations,
Therefore, A building is analysed in Etabs Software
Which is FEM Based and Having good Ul. Linear
Dynamic Method (Response Spectrum) used for
analysis on multiple modes (Shapes).

A General Outline of the method is used as below:

Selected a Real geometry of almost Square
Shape and Done the Analytical modelling on Etabs,
followed through the assignments of defined x-sections,
Loads and their Combinations, Diaphragm, Support
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Conditions at base. And Lastly Analysed the structure option either building will be analysed on columns or on
on Selected Modes and Load Combinations. Shear Wall. So, in this Study, comparison of Parameters
Like Max. Story Displacement, Max. Story drift, Story
Shear, Base Shear, Overturning Moment, Axial Force is
done on the both of the Structural System.

a) Present Work Description
Taking a B+G+31 story Tall building, modelled
and Analysed in ETABS 2021. Analysis Done on both
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Figure 5: Bird Eye View (Extruded) With Column  Figure 6: Bird Eye View (Extruded) With Shear Wall

b) Specification of the Model

Following data used for analysis of as above mentioned RC frame building model.

Table 1: Building Specification

SPECIFICATION DATA
Model B+G+31
Plan Size 43mx44m
Total Building Height 108m
Floor to Floor Height (5.2x1)+(4.2x2)+(3.35x2) +(3.0x3) + (3.2x6) + 3.6+ (3.2x16) +-3.9+ (3x2)
No. of bays along, X-direction 5
No. of bays along, Y-direction 6
Column size 1200x1200,1000x1000, 600 dia.
Beam size 200x500, 300x500,300x600,400x600
Slab Thickness 150mm

Shear wall Thickness

400thk., 300thk.(For Lift only)

Inner Wall Thickness

230mm AAC Block (Density- 1000kg/m3)

Outer wall

230mm AAC Block (Density- 1000kg/m3)

Table 2: Material Property

SPECIFICATION DATA
Grade of Concrete For Column/Shear Wall- M40
For Slabs/ Beams -M30
Grade of Steel Fe500
Density of Brick 1000Kg/m3
Unit weight of RCC 2500kg/m3
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Table 3: Seismic Parameters

SPECIFICATION DATA
Seismic Zone Zone I, I, IV & Zone V
Zone Factor corresponding to seismic zone 0.1,0.16 ,0.24,0.36 (as per table 2 of 1S:1893(Part-1-2016)
Importance Factor 1.2 (as per table 6 of 1S:1893(Part-1-2016)
Response Reduction Factor 3 (as per table 7 of IS:1893(Part-1)-2016)

Type of frame Ordinary RC moment resisting frame (as per Table-7; IS

1893:2016)
Damping Ratio 5%
Soil Type Medium Soil (Type Il)

c) Load Calculations
1. Dead load (Table 2 as per IS 875(part1):1987)

» Onfloor slabs:

Self-weight => 0.150 * 25 =3.725 KN/m?

Partition wall (assumed) = 6.4 KN/m

Floor finish (assumed) = 1.5 KN/m?

DL on floors => 3.725 + 1.5 = 5.25 KN/m?

(As per clause 7.3.1, table 8 of 1S1893 (part 1): 2016, for imposed uniformly distributed floor loads of 3KN/m? or
below, the % age of imposed load is 25%.)

Total DL on the floor => 5.25 + (50/100) x4 = 7.25 KN/m?

» On roof slabs:

Self-weight => 0.150 * 25 =3.725 KN/m?

Floor finish (assumed) = 1.5 KN/m?

DL on floors => 3.725 + 1.5 = 5.25 KN/m?

(As per clause 7.3.2 of IS 1893 (part 1): 2016, for calculating the design seismic force of the structure, the
superimposed load on top roof need not to be considered.)

Total DL on roof =5.25 KN/m?

2. Liveload (Table 1 as per IS 875(part 2):1987)

Live load on floors = 4 KN/m?
Live load on roof = 4 KN/m?

3. Seismic Calculations (Linear Dynamic Method)
Response Spectrum Analysis: Qik =Ak oik Pk Wi

Where, Qik is Design lateral force at the floor | in mode k.

Ak is the Design horizontal acceleration spectrum value for the mode k of vibration.
oik is Mode Shape coeff. at a Floor | in mode k.

Pk Modal Participation factor of the mode k.

Wi Seismic weight of the floor i.

User will provide Ak and Wi. In these Ak can be provided by specifying Seismic parameter configuration. Wi
can be provided by specifying self-weight contribution in X, Y, Z direction with factor 1 and dead load and
appropriate live load in all three directions. Response Spectrum Method 53 of analysis shall be performed using the
Design Spectrum-

ETABS utilizes following procedure to generate the lateral seismic loads:

User provides the value of Z | as factors for input spectrum. 2 R

Program calculates time period for the first 12 modes or as specified by the user.
Program calculates S,/g for each and every mode in respect of time period & damping.
The program calculates design horizontal acceleration spectrum A, for different modes.
The program also calculates mode participation factor for different modes.

The Peak lateral seismic force at every floor in each mode is calculated.

All the response values for each mode are calculated.
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The peak response values are combined as per method (ABS or SRSS or CSM or CQC or TEN) as defined

by the user to find the final results for modes.

e The Design Base shear VB (Calculated from the Response Spectrum Method) is compared with the base shear

Vb (Calculated by empirical formula for fundamental time period).

o [fVBisless than Vb, all of the values (Response) are multiplied by Vb/VB as per clause 7.8.2 (1I51893:2016).

Calculation of Time Period

Ta=0.09h/Vd
Where h = 108m
d=44

Ta=1.4661 sec
As per IS Code 1893 (part-1) — 2016.

The Design Horizontal Seismic Coeff.(Cl. 6.4.2/151983:2016)

Ah= {(Z/2)*(Sa/g)}/(I/R)

I=1.2, R=8, Sa/g= 1.36/Ta

Case | (Zone ll, Z=0.1) Ah=0.115
Case ll (Zone lll, Z=0.16) Ah=0.184
Case lll (Zone IV, Z=0.24) Ah=0.276
Case IV (Zone V, Z=0.36) Ah=0.414

The Design Seismic Acceleration Spectral Value (Cl. 6.4.6/ 151983:2016)

Av= {(.667*Z/2)*2.5}/(R/)
[=1.2,R=3

Case | (Zone ll, Z=0.1) Av=0.0670
Case Il (Zone lll, Z=0.16) Av=0.1072
Case lll (Zone IV, Z=0.24) Av=0.161
Case IV (Zone V, Z=0.36) Av=0.24

d) Load Combinations

Load combinations that are to be used for Limit state Design (LSM) of reinforced concrete structure are

listed below.1.5(DL+LL)

1.2(DL+LL+EQX)
(DL+LL+EQ-X)
(DL+LL+EQZ)
(DL+LL+EQ-2)
(DL+EQX)
(DL-EQX)
(DL+EQ2)
1.5(DL-EQZ)

. 0.9DL+1.5EQX
10. 0.9DL-1.5EQX
11. 0.9DL+1.5EQZ
12. 0.9DL-1.5EQZ

1.2
1.2
1.2
1.5
1.5
1.5

©oOo~NO O A~WN =

IV. RESULT AND DISCUSSION

Results are extract and study about the Parameters like Maximum Story Displacements, drifts, story shear,
Overturning moments, base shear and axial forces. By these results, These Story Response parameters will be

discussed which affect the tall structures.
Table 4: Model Cases

411,

Case |- Shear Wall & Seismic Zone |l

41.2.

Case II- Shear Wall & Seismic Zone lll

41.3.

Case llI- Shear Wall & Seismic Zone IV

4.1.4,

Case IV- Shear Wall & Seismic Zone V

4.1.5.

Case V- Column & Seismic Zone |l

4.1.6.

Case VI- Column & Seismic Zone llI

41.7.

Case VII- Shear Wall & Seismic Zone IV

41.8.

Case VIlII- column & Seismic Zone V
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a) Story Response - Maximum Story Displacement

Maximum Story Displacement Defined as Displacement occurred at each story level, generally high
rise/multi-storey/tall Buildings, has maximum storey displacements at top floors, as height increases story
displacements increases. Following are the Result extractions from model done in Etabs 2021, for the story
response- Max. Story displacement. This Parameter is being analyzed for Critical Load Combination is 1.5DL-1.5
Egx.

Table 5: Summary of Max. Storey Displacments

SUMMARY OF MAX. DISPLACEMENT
CRITICAL CASE 1.5 DL-1.5EQX

ON SHEAR WALL ON COLUMN
X-DIR | Y-DIR X-DIR | Y-DIR
ZONE Il 182.17 9.798 288.655 | 12.486
ZONE Il | 265.887 | 12.292 | 427.734 | 22.814
ZONE IV | 377.639 | 17.404 | 613.269 35.75
ZONEV | 551.48 32.263 897.968 | 57.587

600
551.48
s00 |s —o—X-DIR
s
E\
400 w
E 377.639
Q
]
300 &
a
z
200 9
(%]
%
<<
100 =2
0 9.798 12:292 177404 32263
ZONE Il ZONE Il ZONE IV ZONE V
MAX. STORY DISPLACEMENT(FOR SHEAR WALL CASE)
1000
900
—o—X-DIR Y-DIR 7.968
800 <
=
700 &
S
600 = 613.269
Q
<
500 5
a
400 &
&
300 x
<<
=
200
100 57.587
0 12.486 22:814 3575 :
ZONE Il ZONE Il ZONE IV ZONE V
MAX. STORY DISPLACEMENT(FOR COLUMN CASE)
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b) Max. Story Drift

Story Response - Maximum Story Drift Story Drift is defined as relative (Inter-storey) displacement between
the stories. Higher Drift Causes the horizontal displacement of the story/building in the case of lateral forces
application like earthquake and winds. Building sway laterally in case of higher drift occurred.
Total drift of th i floor = Ai Inter-storey drift of i floor (8) i = Ai —A (i—1)
Drift Index Drift Index = deflection/height

Following are the Result extractions from model we did in Etabs 2021, for the story response- Max. Story
Drift. Followings are the tables and their graphs in eight cases, are formed for the analysis for critical case 1.5DL-
1.5EQx.

Table 6: Summary of Max. Storey Drifts

SUMMARY OF MAX. DRIFT
CRITICAL CASE 1.5 DL-1.56EQX
ON SHEAR WALL ON COLUMN
X-DIR | Y-DIR | X-DIR | Y-DIR
ZONE Il | 0.002127 | 0.000109 | 0.003403 | 0.000148
ZONE Il | 0.003182 | 0.000158 | 0.005148 | 0.000264
ZONE IV | 0.004585 | 0.000223 | 0.007468 | 0.000419
ZONEV | 0.006737 | 0.000405 | 0.011027 | 0.000655
0.012
0.008
1027
0007 —o—X-DIR —@—Y-DIR 6737 0.01 —o—X-DIR —#—Y-DIR
0006 = e
o 0008 & 0.007468
0005 & S
8 0.004585 0.006 g
0004 . % 0.005148
0003 S 0.004 g
0.002 0.002127 0.002
o0t 0000145~ -6:000767— 000047000655
B-0-000109-M—0:000158—-0:000279-000405 0 ' ' '
0 ' ' ZONE Il ZONE Ii ZONE IV ZONE V
ZONE Il ZONE Ill ZONE IV ZONE V
MAX. STORY DRIFT (FOR SHEAR WALL CASE) MAX. STORY DRIFT (FOR COLUMN CASE)

c) Story Shear
Story Response — Story Shear Defined as the Forces acting on each story of the building due to lateral
forces like wind and earthquakes.
Building having lesser stiffness have lesser story shear on each level of building and vice versa.
Following are the Result extractions from model we did in Etabs 2021, for the story response-Story Shear.
Followings are the tables and their graphs in eight cases, are formed for the analysis for critical case 1.5DL-1.5Egx.

Table 7: Summary of Max. Storey Shear

SUMMARY OF STORY SHEAR
CRITICAL CASE 1.5 DL-1.5EQX
ON SHEAR WALL ON COLUMN
X-DIR Y- DIR X-DIR Y- DIR
ZONE Il | 11643.7931 9.793E-07 11312.6635 | -0.00001882
ZONEIII | 18297.9481 | -0.00002998 | 17777.3674 | -0.00004049
ZONE IV | 27147.0281 -0.0000218 26374.9719 -0.0001
ZONEV | 40720.1684 -0.0001 39561.2795 -0.0002
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d) Overturning Moment

Story Response - Maximum Overturning Moments

Overturning moment defined as the Total moment of building with developed through Lateral forces applications.
Overturning moment in x- direction = Seismic Force in X-Dir x Height of building from N.G.L

Overturning moment in Y- direction = Seismic Force in Y-Dir x Height of building from N.G.L

Following are the Result extractions from model we did in Etabs 2021, for the story response- Max.
Overturning Moment.
This is nothing but the torsion generated over the building due to lateral forces.

Basically, this is the moment that turns building with the central axis due to forces causes due to lateral
forces at each of the story.
Torsional rigidity can be seen if overturning moments are lesser in below cases.
Followings are the tables and their graphs in eight cases, are formed for the analysis for critical case 1.5DL-1.5Egx.

Table 8: Summary of Overturning Moment

40000000 40000000
32749983 32749983 327482933983 £ 3149275190 —33492759—31+495592751
=2
- |
: :
0 0€E
€ o0
g ZONE I ZONE IIl ZONE IV ZONE V g ZONE Il ZONE Il ZONE IV ZONE V
-2000000% -2000000 2
[
5 . i . S m28751610 26222370 —~275126488979
2 27420738 5955858 28528641620
-40000009 -4000000
o
Overturning Moment (FOR SHEAR WALL CASE) Overturning moment (FOR COLUMN CASE)

e) Base Shear
Base Shear is defined as Total Force act at foundation level or lowest level of building due Seismic Building Weight.

Base Shear = Seismic Weight of the Building x Design Horizontal Coeff.(A,)

VB =AhXW
Ah_Z21 =2
2R g
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Where,

f

A, is the outline flat seismic coefficient, which relies upon the seismic zone factor (Z), response reduction
factor (R), importance factor (), and the normal reaction speeding up coefficients (S,/g). S,/g thus establishment
relies upon the idea of soil (shake, medium or delicate soil site), characteristic span and damping of the structure.
Followings are the tables and their graphs in eight cases, are formed for the analysis for critical case 1.5DL-1.5Egx.

Table 9: Summary of Base Shear

Sh'\g:"intfzar Shear Wall | Shear Wall | Shear Wall | Shear Wall
Zone ll Zone lll Zone IV ZoneV
Wall Case
Critical Case KN KN KN KN
1.5DL-1.5EQ+X 11644 18298 27147 40720
Msaﬁé:ra}ie Column Column Column Column
Zone ll Zone lll Zone IV ZoneV
Column Case
Critical Case KN KN KN KN
1.56DL-1.5EQ+X 11313 17777 26375 39561
45000
40000 ]
2
2 35000 =
z =
= 30000 -
< 25000 —
s 20000 __—
o 15000
2 10000
@ 5000
0
ZONE | ZONE Il ZONE IV ZONEV
—o— ON SHEAR WALL X- DIR 11644 18298 27147 40720
ON COLUMN X- DIR 11313 17777 26375 39561

Max. Axial Force

Followings are the tables and their graphs in eight cases, are formed for the analysis for critical case 1.5DL+1.5LL.
At node no 29 in critical case, max. Individual axial force is found in all eight cases.

Table 9: Summary of Max. Axial Force

On Shear On Column %
Wall DIFFRENCE
MAX. FZ
(AXIAL ZONE Il 56726.213 67351.3876 -19%
REACTION-KN)
ZONE Il 56726.213 67351.3876 -19%
ZONE IV 56726.213 67351.3876 -19%
ZONEV 56726.213 67351.3876 -19%
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g) Discussion on Results

1.

Max. Storey Displacement- As the seismic zones
increases, Maximum story displacement increases
in both cases either Building Analyzed on shear wall
or on columns, When Critical Load Combination
found 1.5DL-1.5EQX, In Various Zones |1, Ill, IV, V the
max. Story displacement found 37%, 38%, 38%,
39% lesser Value in case of Building being analyzed
on Shear wall respectively. Building’s max. Story
displacement is under allowable limit. As per IS
1893:2016).

Max. Storey Drift- As the seismic zones increases,
Maximum story displacement increases in both
cases either Building Analyzed on shear wall or on
columns, When Critical Load Combination found
1.5DL-1.5EQX, In Various Zones II, lll, IV, V the max.
Story drift found 37%, 38%, 38%, 39% lesser Value
in case of Building being analyzed on Shear wall
respectively. Building’'s max. Story drift is under
allowable limit. As per IS 1893:2016).

Story Shear- As the seismic zones increases, Story
Shear increases in both cases either Building
Analyzed on shear wall or on columns, When Ciritical
Load Combination found 1.5DL-1.5EQx, In Various
Zones I, 1ll, IV, V the max. Story Shear found 3%,
greater Value in each zone, Building being analyzed
on Shear wall respectively. Story Shear Found
Greatest in Value on Ground floor.

Story Overturning Moment- As the seismic zones
increases, No Change in Story Overturning Moment
in both cases either Building Analyzed on shear wall
or on columns, When Critical Load Combination
found 1.5DL-1.5EQX, In Various Zones II, I1l, IV, V the
max. Story Overturning Moment found 4%, greater
Value in each zone Building being analyzed on
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Shear wall respectively. Story Overturning Moment
Found Greatest in Value on Ground floor.

Base Shear- As the seismic zones increases, Base
Shear increases in both cases either Building
Analyzed on shear wall or on columns, When Ciritical
Load Combination found 1.5DL-1.5EQx, In Various
Zones I, 1l IV, V the max. Base Shear found 3%,
greater Value in each zone, Building being analyzed
on Shear wall respectively. Base Shear Found
Greatest in Value on Basement Level.

Axial force/Reaction- As the seismic zones
increases, No Change in Axial Force in both cases
either Building Analyzed on shear wall or on
columns, When Critical Load Combination found
1.5DL+1.5LL, In Various Zones I, lll, IV, V the max.
axial force found 19%, lesser Value in each zone
Building being analyzed on Shear wall respectively.
At Column/Node No. 29 max. axial force Found.

V. CONCLUSION/SUMMARY AND FINDINGS

Based on the result obtained the following

conclusions can be drawn by Etabs 2021.

1.

Maximum Story Displacement found 38% average
lesser if Building Analyses over Shear Wall in
comparison of as on Column.

Maximum Storey Displacement Found at 108m Ivl.
For critical case 1.5DL-1.5Egx

Max. Storey displacements is min. In Zone Il (Shear
Wall case) is 182.17mm and maximum in Zone V
(Column Case) is 897.968mm. This Building is Safe
Up to Zone IV for Shear Wall Case and Safe up to
Zone Il for Column Case. (Refer Table no. 4.10)

As Inter Max. storey Displacements or Max. Story
Drifts relates with Storey Displacements, Max.



10.

11.

12.

13.

14.

15.

16.

17.

Storey Drift Found 38% average lesser if Building
Analyses over Shear Wall in comparison of as on
Column.

Maximum Storey Drift Found at 46.9 m Ivl. In each of
Model Case, For critical case 1.5DL-1.5Eqgx

Max. Storey Drift is min. In Zone Il (Shear Wall case)
is .00212 and maximum in Zone V (Column Case) is
0.011027. This Building is Safe Up to Zone IV for
Shear Wall Case and Safe up to Zone Il for Column
Case. (Refer Table no. 4.19)

Storey Shear Found 3% greater if Building Analyses
over Shear Wall in comparison of as on Column,
Which is Marginal.

Storey Shear Found Greatest in Value at Ground
Floor 0.00 m Lvl. In each of Model Case, For critical
case 1.5DL-1.5Eqx

Storey Shear is min. In Zone Il (Column case) is
11312.6 kKN and maximum in Zone V (Shear Wall
Case) is 40720.17 kN. (Refer Table no. 4.28)

Storey Overturning moment Found 4% greater if
Building Analyses over Shear Wall in comparison of
as on Column, Which is Marginal.

Storey overturning moment Found Greatest in Value
at Ground Floor 0.00 m Lvl. In each of Model Case,
For critical case 1.5DL-1.5Eqx

Storey overturning moment is min. In Column case
is 31492751 kN-m and maximum in Shear Wall
Case is 32749983 kN-m. (Refer Table no. 4.37) for
Each Seismic Zone.

Base Shear Found 3% greater if Building Analyses
over Shear Wall in comparison of as on Column,
which is Marginal.

Base Shear is min. in Zone Il (Column case) is
11313 kN and maximum in Zone V (Shear Wall
Case) is 40720 kN. (Refer Table no. 4.40), Which is
Greatest in Value at foundation/Base Floor -5.2 m
Lvl. In each of Model Case, For critical case 1.5DL-
1.5EQx.

Maximum Axial force/Reaction found 19% Lesser if
Building Analyses over Shear Wall in comparison of
as on Column, at Node/Column No. 29, for Critical
Case 1.5DL+1.5LL. (Refer Table no. 4.41)

Hence, If all above conclusion taken in the
Consideration, Shear wall performs/behaves better
than Column comparatively in case of tall Structure.
To provide better safety against Maximum Story
displacement, Maximum Story Drift, Story Shear,
Maximum Overturning Moment, Base shear and
Axial Reaction shear wall Configuration is
Recommended to use.

For deliver more safety in the building in All Seismic
Zone, Parametric Properties of Shear Wall can be
improved.

10.

11,

12.

13.
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PREFERRED AUTHOR GUIDELINES

We accept the manuscript submissions in any standard (generic) format.

We typeset manuscripts using advanced typesetting tools like Adobe In Design, CorelDraw, TeXnicCenter, and TeXStudio.
We usually recommend authors submit their research using any standard format they are comfortable with, and let Global
Journals do the rest.

Alternatively, you can download our basic template from https://globaljournals.org/Template.zip

Authors should submit their complete paper/article, including text illustrations, graphics, conclusions, artwork, and tables.
Authors who are not able to submit manuscript using the form above can email the manuscript department at
submit@globaljournals.org or get in touch with chiefeditor@globaljournals.org if they wish to send the abstract before
submission.

BEFORE AND DURING SUBMISSION

Authors must ensure the information provided during the submission of a paper is authentic. Please go through the
following checklist before submitting:

1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code
of conduct, along with author responsibilities.

2. Authors must accept the privacy policy, terms, and conditions of Global Journals.

Ensure corresponding author’s email address and postal address are accurate and reachable.

4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email
address, name, phone number, and institution), figures and illustrations in vector format including appropriate
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references.

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper.

Proper permissions must be acquired for the use of any copyrighted material.

7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the
submission.

w

o

Declaration of Conflicts of Interest

It is required for authors to declare all financial, institutional, and personal relationships with other individuals and
organizations that could influence (bias) their research.

PoLiCY ON PLAGIARISM
Plagiarism is not acceptable in Global Journals submissions at all.

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines:

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize
existing research data. The following, if copied, will be considered plagiarism:

e  Words (language)

e Ideas

e  Findings

e  Writings

e Diagrams

e Graphs

e lllustrations

e lectures
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e  Printed material

e  Graphic representations
e Computer programs

e  Electronic material

e Any other original work

AUTHORSHIP POLICIES

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to
its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings.
2. Drafting the paper and revising it critically regarding important academic content.
3. Final approval of the version of the paper to be published.

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be
appealed before making the major change in the manuscript.

Acknowledgments

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding
for the research can be included. Suppliers of resources may be mentioned along with their addresses.

Declaration of funding sources

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global
Journals and submitting to the respective funding source.

PREPARING YOUR MANUSCRIPT

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese,
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e  Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e Large images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data for
figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and with
a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tips FOR WRITING A GOOD QUALITY ENGINEERING RESEARCH PAPER

Techniques for writing a good quality engineering research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of research engineering then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
qguotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e  Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.

. © Copyright by Global Journals | Guidelines Handbook

XVI



e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

o O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.

The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.
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Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.
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Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

Present a background, such as by describing the question that was addressed by creation of an exacting study.

Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if

appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

O O O

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.
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Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.

. © Copyright by Global Journals | Guidelines Handbook

XX



Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
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Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

A-B

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and
mistake

spelling

Well organized, meaningful

specification, sound
conclusion, logical and
concise explanation, highly
structured paragraph
reference cited

Complete and correct

format, well organized

C-D

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning
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and figures

Conclusion is not cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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