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Fig. 1. The tridents columns installed in the world Trade
Center Twin Tower of New York [10]
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Fig. 2. The plan of the studied structures (The removed
columns are specified with red circles
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Fig. 3. The frame view of axis 1 in the Initial state (before
removing column) and after removing the column
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Fig. 4. The reinforcing upper floors using with V-brace
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Table 1. Steel specifications
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Fig. 5. The reinforcing upper floors using with inverted V-
brace
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Fig. 7. The change of DCR ratio after column removal
in 20-story structures
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Fig. 6. The change of DCR ratio after column removal
in 10-story structures
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Fig. 9. Display the inflection point in the structure (the point at
which the deformation mode of the structure changes from

bending to shear) [18]
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Fig. 11. Drift curves in X-direction for 10-story building
reinforced one and two-floors with V-brace
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Fig. 12. Drift curves in X-direction for 10-story building
reinforced three and four-floors with V-brace
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Fig. 13. Drift curves in X-direction for 10-story building
reinforced one and two-floors with inverted V-brace
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Model Design details of 10-story building

10-Ref. 10-story building

10-RD Redesigned 10-story building

10-1-V One story reinforced with V-brace

10-2-V 2- story reinforced with V-brace

10-3-V 3- story reinforced with V-brace

10-4-V 4- story reinforced with V-brace

10-1-A 1- story reinforced with inverted V-
brace

10-2-A 2- story reinforced with inverted V-
brace

10-3-A 3- story reinforced with inverted V-
brace

10-4-A 4- story reinforced with inverted V-
brace

Table 2. The notation of studied models
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Fig.15. Capacity curves obtained from the push-over analysis
of the 10-story building in the x-direction
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Fig. 16. Capacity curves obtained from the push-over analysis
of the 10-story building in the y-direction
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Fig. 14. Drift curves in X-direction for 10-story building
reinforced three and four-floors with inverted V-brace
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X S aab Ve lsojle g K3 ol Y Jgder

Model A,(m)  Ay(m) u

10-Ref 031 093 3

10-RD 037 094 254
10-1-V 034 079 232
10-2-V 033 083 251
10-3-V 032 084 263
10-4-V 033 077 233
10-1-A 033 065 197
10-2-A 032 065 203
10-3-A 034 068 2

10-4-A 031 051  1.65

Table 3. Overall ductility factor of 10-story building in X-
direction

Y g s aib Ve la osle oy 1SSy i E Jgr

Model A,(m) A,(m) U

10-Ref  0.32 0.92 2.9
10-RD  0.34 0.87 2.56
10-1-V  0.36 0.84 2.33
10-2-V  0.35 0.9 2.64
10-3-V  0.34 0.9 2.64
10-4-V 034 0.9 2.64
10-1-A  0.36 0.84 2.33
10-2-A  0.33 0.89 2.7
10-3-A 0.33 0.89 2.7
10-4-A  0.33 0.89 2.7

Table 4. Overall ductility factor of 10-story building in y-
direction
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X Y

10-Base 27.43 27.43

MRF 25.78 27.74
BR-1V 24.6 27.4
BR-2V 27.4
BR-3V 27.4
BR-4V 27.4
BR-1A 27.3
BR-2A 27.3
BR-3A 27.3
BR-4A 27.3

Table 5. Displacement and performance level of 10-story
buildings

aab Yo (_SLAA)‘L.NJJ,Q&.FCE.«}OKAM‘ NIPRES

X Y
20-Base 40.18 40.18

MRF 36 41
BR-1V 38.5 40.6
BR-2V 37.5 40.5
BR-3V 36.6 40.4
BR-4V 40.4
BR-1A 38.3 40.3
BR-2A 37.3 40.3
BR-3A 36.1 40.3
BR-4A 40.2

Table 6. Displacement and performance level of 20-story
buildings

A.E..Jar' L;Lba)\..néjﬁa&c]a—w}u&ﬂﬁ::; A J}J}-

X Y

30-Base 54.48 54.48

MRF 50.7 55.5
BR-1V 52.5 54.9
BR-2V 52 54.8
BR-3V 51.4 54.8
BR-4V 50.6 54.6
BR-1A 52.7 54.9
BR-2A 51.7 54.6
BR-3A 54.6
BR-4A 50.1 54.5

Table 7. Displacement and performance level of 30-
story buildings
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Fig. 17. Determination of performance point based on
capacity spectrum method [21]
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Fig. 20. The 10-story building reinforced two and four-floors
with V-brace in performance point position
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Fig. 21. The 10-story building reinforced two and four-floors
with inverted V-brace in performance point position
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Fig. 19. Process of forming and distributing plastic hinges in
the moment frame system with increasing lateral load
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Abstrct

One of the essential points of interest for designers in constructing the tall building is to create a large entrance
to the lower floors of the building. Such large openings are mainly because of architectural issues such as high
traffic congestion, aesthetics, and parking. Creating these large openings, if accompanied by the removal of a
column, connects the case with other structural issues such as the effect of the Construction sequence,
progressive collapse, loads during execution, and the presence or absence of auxiliary supports (temporary
piles) and making the problem more complicated. This study considered 36 regular structures of 10, 20, and
30 floors with a height of 40 to 120 meters with the Moment resistance frame system in the ETABS software.
The Iranian National Building Code part 6 has used for load gravity of structures, and the Iranian standard No.
2800 has used for calculation and loading of lateral earthquake loads. After spectral dynamic analysis and
Pushover analysis of the mentioned structures, we examined their behavior from the structural point of view
and the effect of using bracing in one to four upper floors of the removed column. In the studied structures,
evaluated the changes in plastic hinges formation, structural performance level, Demand- Capacity ratio
(DCR) of structural elements, period of the first mode, and drift in the exterior (non-corner) column removal.
Also studied the effect of elimination on the exterior column to create a large entrance to the building on the
probability of progressive collapse of the 10-story steel structure. The results showed that braces to strengthen
the large span beam is a convenient and economical solution. In particular, the V braces show better
performance than the Chevron brace if the number of braced floors above the desired span is before the
building's inflection point. Because when the braces enter the area adjacent to the building's inflection point,
they reduce the building's performance level with failure in the pressure because of the low ductility in the
pressure. The first plastic hinge at any performance level starts from the inflection point. As a result, the use
of low ductility elements in these areas reduces the structure's ductility.

In most cases, V brace structures have smaller elements than structures with Chevron braces and are more
economical. Buildings that are reinforced only by increasing the beam and column sections' dimensions
without adding bracing have more strength than bracing structures. However, many sections' measurements
compared to the braced buildings sometimes increase several times in this case. Therefore, this increase in
strength will be accompanied by an enormous increase in cost. The results of pushover analysis and
performance-based design showed that if the structure was designed from the beginning according to the
standard code design, assuming the absence of columns, the building does not experience a reduction in
performance and is better than using braces with higher ductility.



