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The behaviour of G+9 space frame building of regular and irregular configuration under earthquake
is complex and to act as simultaneously with earthquake loads. In this paper an industrial G+9 space
frame building is studied for earthquake using STAAD-PRO V8I. The behaviour of building ability
to dissipate energy and effect of the lateral deformation. This paper is concerned with the effects of
two type irregularities on this seismic response of a structure. Lower stiffness results in higher
displacements of upper stories. Tall structures were found to have lower natural frequency hence
their response was found to be maximum in a lower frequency earthquake. It is because low natural
frequency of tall structures subjected to low frequency earthquake leads to resonance resulting in
large displacements earthquake engineering is to design and build a structure in such a way that the
damage to the structure and its structural component during an earthquake is minimized. The
component of the building, which resists the seismic force, is known as lateral force resisting
system. The damage in a structure generally initiates at location of the structural weak planes
present in the building system. The weaknesses obtained occur due to presence of the structural
irregularities in stiffness, strength and mass in a building system. The structural irregularity can be
broadly classified as plan and vertical irregularities. The maximum deflection produced in the
structure, weight of steel required by the structure and percentage of failed member has been
considered as measured. Optimization is a process of subjecting all members present in the structure
to minimum usage thereby ensuring the utilization ratio of each and every element more than 80%.
It is to be noted that the structural properties not be compromised.

Copyright © Kuldeep Kumar Chaudhary er al, 2018, this is an open-access article distributed under the terms of the
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INTRODUCTION

and geometry of structure. The structure having this
discontinuity is termed as irregular structures. The difference in

Many buildings in the present scenario have irregular
configuration both in plan and elevation which in future may
subject to devastating earthquakes. In case, it is necessary to
identify the performance of the structures to withstand against
disaster primarily due to earthquake. However, the behaviour
of the structures with these irregularities is not avoidable in
construction of buildings. However, the behaviour of structures
with these irregularities during earthquakes needs to be studied.
Adequate precautions can be taken. A detailed study of
structural behaviour of the building with irregularities is
essential for design and behaviour in earthquake. Several
related studies have focused on evaluating the response of
regular structures. However, there is a lack of understanding of
the seismic response of the structure with irregularities. During
an earthquake failure of structure starts at point of weakness.
This weakness arises due to discontinuity in mass, stiffness,
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usage of a specific floor with respect to the adjacent floors
results in irregular distributions of mass, stiffness, and strength
along the building height.

The growing interest in space frame structure has a witnessed
worldwide over a last half century. It forms to accommodate
large unobstructed area and satisfy the requirement for
lightness economy and speedy construction. New and
imaginative application of space frame are being demonstrated
in the total range of building types such as sport arenas,
exhibition pavilions assembly halls transportation terminals,
airplane hangars, workshops warehouse. They have been used
not only on long span roofs but also on mid and short span
enclosure as roofs, floors exterior wall and canopies. But the
space frame highly statically in determined and their analysis
lead to extremely tedious computation if done by hand. The
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difficulty of complicated analysis as such system has
contributed his limited use. A space frame or space structure is
a truss like, lightweight rigid structure constructed from
interlocking struts in a geometric pattern. Space frame can be
used to span large areas with few interior supports. In practice
the rigid jointed frames such as building frames are usually
three-dimensional space structure.

METHDOLOGY

(G1+9) Industrial building (both RCC & Steel) is analysed &
design on STAAD- PRO Software by considering following
loads. Earthquake & wind analysis is done for Delhi Region
(zone -IV) for both steel as well as RCC building. Keeping the
loading conditions, span of beams same applying Indian code
provisions for (G+ 9) industrial buildings. It is observed that,
by using ISMB sections as columns.

Analysis of space frame
Seismic Analysis

Seismic analysis is a major tool in earthquake engineering
which is used to understand the response of buildings are in
seismic excitations in a simpler manner. In the past the
buildings were designed just for gravity loads and seismic
analysis is a recent development. It is a part of structural
analysis and a part of structural design where earthquake is
prevalent.

1. Equivalent Static Analysis
2. Response Spectrum Analysis
3. Time History Method

Equivalent Static Analysis: -The equivalent static analysis
procedure is essentially an elastic design technique. It is
however simple to apply than the multi-model response
method, with the absolute simplifying assumption being
arguably more consistent with other assumptions absolute
elsewhere in the design procedure.

a. Estimate the first mode response period of the building
from the design response spectra.

b. Use the specific design spectre to determine that the
lateral base shear of the complete building is consistent
with the level of the post-enatic response assumed.

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

Time History Analysis: -Time history analysis techniques
involve the stepwise solution in the time domain of the
multidegree-of- freedom equations of motion which represent
the actual response of a building. It is the most sophisticated
analysis method available to a structural engineer. Its solution
is a direct function of the earthquake ground motion selected as

an input parameter for a specific building. This analysis
technique is usually limited to checking the suitability of
assumptions made during the design of important structures
rather than a method of assigning lateral forces themselves.

Dead Loads: -All permanent constructions of the structure
form the dead loads. The dead load comprises of the weights of
walls, partitions floor finishes, false ceilings, false floors and
the other permanent constructions in the buildings. The dead
load loads may be calculated from the dimensions of various
members and their unit weights. the unit weights of plain
concrete and reinforced concrete made with sand and gravel or
crushed natural stone aggregate may be taken as 24 kN/m” and
25 kN/m” respectively.

Imposed Loads: - Imposed load is produced by the intended
use or occupancy of a building including the weight of movable
partitions, distributed and concentrated loads, load due to
impact and vibration and dust loads. Imposed loads do not
include loads due to wind, seismic activity, snow, and loads
imposed due to temperature changes to which the structure will
be subjected to, creep and shrinkage of the structure, the
differential settlements to which the structure may undergo.

Design Wind Speed (V7): - The basic wind speed (V) for any
site shall be obtained from and shall be modified to include the
following effects to get design wind velocity at any height (V)
for the chosen structure.

Risk level

Terrain roughness, height and size of structure
Topography

It can be mathematically expressed as follows:
Where:

V= Vb* K1 *Kz* K3

V, = Design wind speed at any height z in m/s
K= Risk Coefficient

K, = Terrain, height and structure size factor
K; = Topography factor

Risk Coefficient: -Risk Coefficient (K; Factor) gives basic
wind speeds for terrain Category 2 as applicable at 10 m above
ground level based on 50 years mean return period. In the
design of all buildings and structures, a regional basic wind
speed having a mean return period of 50 years shall be used.

Terrain, Height and Structure Size Factor: -Terrain Selection
of terrain categories shall be made with due regard to the effect
of obstructions which constitute the ground surface roughness.
The terrain category used in the design of a structure may vary
depending on the direction of wind under consideration.
Wherever sufficient meteorological information is available
about the nature of wind direction, the orientation of any
building or structure may be suitably planned.

Topography: -The basic wind speed V,, takes account of the
general level of site above sea level. This does not allow for
local topographic features such as hills, valleys, -cliffs,
escarpments, or ridges which can significantly affect wind
speed in their vicinity. The effect of topography is to accelerate
wind near the summits of hills or crests of cliffs, escarpments
or ridges and decelerate the wind in valleys or near the foot of
cliff, steep escarpments, or ridges.
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Problem layout

Design of G+9 storied by taking space frame and compares the
results with regular and irregular space frame as well as steel
variants including are as follows.

1. Soil parameters

2. Earthquake zone IV th and values of coefficient and
acceleration spectra based on available local data.

3. Wind speed

4. Terrain category & topography

All steel has been designed assuming conformity to IS: 800-
2007 satisfying durability requirements for Delhi. Further
compare the following results are as follows

1. Displacement
2. Storey Drift
3. Base Shear
4. Mode Shape

Other design considerations (Both for RCC & Steel- Space
Frame)

Table I
No. Item Material
M, for slab and beams in RCC
1. Grade of concrete used variant only, Mas f(?r all othc_er
concrete components in all variants
M5 for foundations in all variants
2. Grade for reinforcing steel Fe-415
3. Grade of structural steel As per 1S-2062,250 MPa
4. Earthquake zone Zone-1V As per IS-1893
5 Concrete cover to 20mm
' reinforcement for slab
Concrete cover to
6. . 25mm
reinforcement for beams
Concrete cover to 40mm
reinforcement for columns
3. Imposed load (Live load over 4.0 Kn/m?
floor)
9. Roof Floor Live Load 1.5 Kn/m®

Analysis of Regular Space Frame Plan
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Fig 1 Regular space frame are (50m x30 m)

Fig 2 RCC & Steel Regular Space Frame (Regular Space Frame Staad —Pro 3D
Model)

Analysis of Irregular Space Frame Plan
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Fig 3 Irregular space frame are (50m x30 m)
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Fig 4 RCC & Steel Irregular Space Frame (Irregular Space Frame Staad —Pro
3D Model)
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RESULTS

Displacement

The displacement of all models has been analysis. All
displacement of all models is tabulated in form of graph for

different stories for transverse direction.

Table I Regular and Irregular RCC Space Frame Displacement

Displacement In (mm) Transverse Direction R.C.C

Triangular R.C.C Rectangular R.C.C

Storey 1 7.62 5.99

Storey 2 18.85 16.1

Storey 3 32.02 28.44
Storey 4 45.72 41.49
Storey 5 59.06 54.3

Storey 6 71.32 66.23
Storey 7 81.93 76.77
Storey 8 90.45 85.56
Storey 9 96.7 92.46
Storey 10 101.06 97.83

Displacenent in (i)

Fig 5 Plot for Displacement in (mm) Transverse Direction Rectangular and

Displacement In Transverse Direction

—+— Triangular RCC

0 #— RectangularRCC

Storey Storey Storey Storey Storey Storey Storey Storey Storey Storey
2 3 4 5 [ T i 10

Starey

Triangular RCC

Table II Regular and Irregular Steel Space Frame
Displacement

Displacement In (mm) Transverse Direction Steel
Triangular Steel  Rectangular Steel

Storey 1 322 3.09
Storey 2 8.09 8.28
Storey 3 14.04 14.66
Storey 4 20.44 21.63
Storey 5 26.84 28.74
Storey 6 32.87 35.63
Storey 7 38.23 41.95
Storey 8 42.69 47.43
Storey 9 46.15 51.83
Storey 10 48.8 55.3

Displacement In (mm)

Displacement In Transverse Direction
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Fig 6 Plot for Displacement in (mm) Transverse Direction Rectangular and

Triangular Steel

Storey Drift

Storey drift can be defined as the lateral displacement of one
level relative to the level above are below it: As per clause no.
7.11.1 of IS 1893 (Part-1): 2002, the storey drift in any storey
due to specified design lateral force with partial load factor of
1.0, shall not exceed 0.004 times the storey height.

Table III Regular and Irregular RCC Space Frame Storey Drift

Storey Drift In (mm) Transverse Direction R.C.C

Triangular R.C.C  Rectangular R.C.C

Storey 1 6.941 5.650
Storey 2 11.235 10.174
Storey 3 13.165 12.339
Storey 4 13.709 12.60
Storey 5 14.80 13.10
Storey 6 16.30 13.90
Storey 7 18.10 14.20
Storey 8 18.89 15.38
Storey 9 19.67 16.98
Storey 10 20.2 18.36
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Fig 7 Plot for Storey Drift in (mm) Transverse Direction Rectangular and

Triangular RCC

Table IV Regular and Irregular Steel Space Frame Storey Drift

Storey Drift In (mm) Transverse Direction Steel

Triangular steel  Rectangular steel

Storey 1 2.9195 2.9356
Storey 2 4.883 5.1832
Storey 3 5.9477 6.3882
Storey 4 6.3991 6.9697
Storey 5 7.29 7.1109
Storey 6 8.40 7.96

Storey 7 10.20 8.20

Storey 8 11.96 11.29
Storey 9 12.75 12.1

Storey 10 13.98 12.30

Storey Drift In (mm)
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Fig 8 Plot for Storey Drift in (mm) Transverse Direction Rectangular and

Triangular Steel
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Base Shear Table V Regular and Irregular RCC Space Frame Mode Shape

Base shear is the maximum expected lateral force that will Mode Shape in (cm) Rectangular and Triangular

occur due to seismic ground motion at the base of structure. __RCC

Below figures compares the base shear values of the model’s Trg‘“cg'(‘jlar Recl;a('j‘gglar

directions respectively using linear static method. Storey 1 07627 03308
Storey 2 0.7644 0.3315
Storey 3 0.7597 0.3315
Storey 4 0.7057 0.33
Storey 5 0.7058 0.2788
Storey 6 0.7048 0.2801
Storey 7 0.895 0.2807
Storey 8 0.6582 0.2788
Storey 9 0.6541 0.2584
Storey 10 0.6581 0.258
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Mode Shape In (cm)
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Mode Shape In Transverse Direction

—— Rectangular RCC

—&— Triangular RCC

Fig 13 Plot for Mode Shape in (cm) Transverse Direction Rectangular and

Triangular RCC
Table VI Regular and Irregular Steel Space Frame Mode
Shape

Mode Shape in (cm) Rectangular and Triangular Steel

Triangular Steel  Rectangular Steel
Storey 1 0.9208 0.901
Storey 2 0.913 0.89
Storey 3 0.9 0.876
Storey 4 0.896 0.864
Storey 5 0.877 0.859
Storey 6 0.821 0.846
Storey 7 0.813 0.823
Storey 8 0.79 0.819
Storey 9 0.783 0.79
Storey 10 0.756 0.788
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TRIANGULAR STEEL

Storey 1
Storey 2

Fig 12 Base shear in Triangular Steel

Mode Shape

A mode shape is a specific pattern of vibration executed by a
mechanical system at a specific frequency. Different mode
shape will be associated with different frequencies.

Storey 3

Storey 4
Storey 5
Storey 6
Storey 7
Storey 8
Storey 9
Storey 10

Storey

Displacement In Transverse Direction

1.5.'.'.'.'.'....,.'
IM

—#8— Rectangular steel

—o— Triangular Steel

Fig 14 Plot for Mode Shape in (cm) Transverse Direction Rectangular and
Triangular Steel
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CONCLUSION

1.

The plan configuration of structure has significant
impact on the seismic impact on the seismic response of
structure in terms of displacement, storey drift, storey
shear.

According to results the storey shear (base shear) was
found to be maximum for the top storey and it decreased
to a maximum in the bottom storey in all cases.

Large displacement was observed in the triangular RCC
building with severe irregularity shows maximum
displacement and storey drift.

According to results of it was found that expressive
larger base shear than regular building. And it is
observed that the storey drift for all the stories are found
to be within the permissible limits.

It is observed that the seismic forces are maximum on
the regular structure because of higher plan area.
Minimum displacement was observed in the Triangular
steel building. It indicates that building with safe
irregularity shows average displacement and storey drift.
In the study the different parameters such as soil
structure interaction, soil types, zone types, natural
frequency, natural period, base reaction, storey drift and
lateral displacement are considered and these parameters
important in the analysis of the RCC frame with
irregular space frame structures.

As the number of storey increases in the building, the
lateral displacement, natural frequency, base reaction
and storey drift also increases.

The natural period decreases with the increases number
of stores in the building for regular space frame
comparison to irregular space frame.

The value of lateral displacement, storey drift and base
reaction (base shear) of RCC frame with irregular
building with soil continued is more compare to the
irregular space fixed base and spring model.
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