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ABSTRACT:

Many buildings in the present scenario have irregular configurations both in elevation and plan. These in
future may be subjected to devastating earthquakes. It is necessary to identify the performance of the structures to
withstand against disaster for both new and existing buildings. Now a day’s opening in the floors is common for many
reasons like stair cases, lighting architectural etc., These openings in diaphragms cause stresses at discontinuous
joints with building elements. Discontinuous diaphragms are designed without stress calculations and are thought-
about to be adequate ignoring any gap effects. In this paper an attempt is made to try to know the difference between a
building with diaphragm discontinuity and a building without diaphragm discontinuity.

This present paper makes a humble effort to portrait the behavior of the five different multi storied buildings
with diaphragm openings under response spectrum analysis using ETABS v 9.7.4 To achieve this objective, various
models with varying diaphragm openings were analyzed and compared for seismic parameters like maximum dead
load, base shear, maximum storey drifts, and response spectrum results.

Key Words: Diaphragm Discontinuity, Response spectrum Analysis, Maximum Dead Load, Base Shear, Maximum
Storey Drifts.

1. INTRODUCTION

1.1 GENERAL

In multi-storied framed building, damages from earthquake generally initiate at locations of structural
weaknesses present in the lateral load resisting frames. This behavior of multi-storey framed buildings during strong
earthquake motions depends on the distribution of mass, stiffness, strength in both the horizontal and vertical planes of
buildings. In few cases, these weaknesses may be created by discontinuities in stiffness, strength or mass along the
diaphragm. Such discontinuities between diaphragms are often associated with sudden variations in the frame geometry
along the length of the building. Structural engineers have developed confidence in the design of buildings in which the
distributions of mass, stiffness and strength are more or less uniform. There is a less confidence about the design of
structures having irregular geometrical configurations and diaphragm discontinuities.

The recent earthquake including the last Nepal earthquake (2015) in which many reinforced concrete structures
have been severely damaged or collapsed, have indicated the need for evaluating the seismic adequacy of existing
buildings. In multi-storied framed building, damages from earthquake generally initiate at locations of structural
weaknesses present in the lateral load resisting frames. This behavior of multi-storied framed buildings during strong
earthquake motions depends on the distribution of mass, stiffness, strength in both horizontal and vertical planes of
buildings. In few cases, these weaknesses may be created by discontinuities in stiffness, strength or mass along the
diaphragm.

1.2 CONCEPT OF DIAPHRAGM DISCONTINUITY

According to 1S-1893:2002: Diaphragms with abrupt discontinuities or variations in stiffness, which include
those having cut-out or open areas greater than 50 percent of the gross enclosed diaphragm area, or changes in effective
diaphragm stiffness of more than 50 percent from one storey to the next. In structural engineering, a diaphragm is a
structural system used to transfer lateral loads to shear walls or frames primarily through in-plane shear stress. Lateral
loads are usually wind and earthquake loads.
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Fig.1 Diaphragm Discontinuity

Two primary types of diaphragms are rigid and flexible. Flexible diaphragms resist lateral forces depending on
the area, irrespective of the flexibility of the members that they are transferring force to. Rigid diaphragms transfer load
to frames or shear walls depending on their flexibility and their location in the structure. Flexibility of a diaphragm
affects the distribution of lateral forces to the vertical components of the lateral force resisting elements in a structure

1.3 OBJECTIVE OF THE STUDY
A detailed literature review is carried out and the major findings of the review are
i) International Building Code (IBC) suggests that for buildings with diaphragm separation, the code prescribes
arise of twenty five percent within the design forces found for connections of diaphragms.
i) American Concrete Institute Building Code, | 318-08 doesn't address the result of a gap on the floor.
iii) ASCE 7-05, Section 12.3.1.2, permits diaphragms of RCC slabs or concrete crammed metal decks with
span-to-depth ratios of 3:1 or less.
Based on the literature review, the salient objectives of the present paper identified as follows:
1. To investigate the seismic performance of a multi-story building with different diaphragms i.e., model-1 and
model-2 , model-3, model-4, and model-5, through a detailed case study.
2. To evaluate the effect of diaphragm discontinuity on these five models.

1.3 SCOPE OF THE PAPER
In the present paper, a typical multi storey building is analyzed using commercial software ETABS V9.7.4 by
response spectrum analysis. The analyses have been carried out considering and ignoring the diaphragm discontinuity
and the results so obtained have been compared. This study is done for RC framed multistory building with fixed support
conditions. The results of this report is based on one case-study.

1.4 METHODOLOGY
a) A thorough literature review to understand the seismic evaluation of building structures and application of
response spectrum analysis has been carried out.
b) Select an existing building with diaphragm discontinuity.
c) Design the building as per prevailing Indian Standard code for dead load, live load, and earthquake load.
d) Analyze the results and arrive at conclusions.

2. LITERATURE REVIEW

Swartz and Rosebraugh (1974), Aghayere and Macgregor (1971), and Park and Kim (1992) addressed buckling of
concrete plates beneath combined in-plane and transverse loads. Since concrete diaphragms is thought-about as concrete
plates with beams as web stiffeners, this buckling approach doesn't address openings.

Button et. al. (1984) Studied the influence of floor diaphragm flexibility on 3 totally different buildings, massive
arrange aspect ratio, three-winged (Y-shaped) and separate towered. Notwithstanding the insight given into however
lateral force distribution differs from rigid to flexible diaphragms, openings weren't thought-about.

Basu (2004), Jain (1984) and Tao (2008) have analyzed differing kinds of structures starting from formed, Y -shaped to
long and slender buildings. Although these studies proved to be contributing to understanding the dynamics of such style
of structures, they didn't address the effects of diaphragm openings.

Kunnath et. al. (1991) has developed a modeling theme for the inelastic response of floor diaphragms, and Reinhorn et.

al. (1992) and Panahshahi et. al. (1988) verified it, using shake table testing for single-story RC, 1:6 scaled model
structures, gap effects weren't incorporated within the model and also the projected model’s ability to account for in-
plane diaphragm deformations, confirmed the chance of building collapse, as a results of diaphragm yielding for low rise
(one-, two-, and three-story) rectangular buildings with finish shear walls and building plan aspect ratio bigger than 3:1.

IJTIMES-2018@All rights reserved 42



International Journal of Technical Innovation in Modern Engineering & Science (IJTIMES)
Volume 4, Issue 01, January-2018, e-ISSN: 2455-2585, Impact Factor: 3.45 (SJIF-2015)

3. RESEARCH METHODOLOGY
Table-1 : Modeling Parameters

No of floors G +10
Zone Factor 1
Plan Size 2lmx27m
Beam Size 450 mm x 450 mm
Column size 450 mm x 600 mm
Storey Height 3.0m
Bottom storey 3.5m
Slab Thickness 125mm
Concrete Grade M30
Steel Grade Fed415
Floor finish 1.5 KN/m2
Imposed load 3.5 KN/m2
Unit weight of concrete 24 KN/m3

Configuration is critical to good seismic performance of buildings. The important aspects affecting seismic
configuration of buildings are overall geometry, structural systems, and load paths. Various issues related to seismic
configuration are discussed in this section.

Buildings oscillate during earthquake shaking and inertia forces are mobilized in them. Then, these forces travel
along different paths, called load paths, through different structural elements, until they are finally transferred to the soil
through the foundation. The generation of forces based on basic oscillatory motion and final transfer of force through the
foundation are significantly influenced by overall geometry of the building, which includes:

(a) plan shape,
(b) plan aspect ratio, and
(c) slenderness ratio of the building.

3.1 a) Plan Shape

The influence of plan geometry of the building on its seismic performance is best understood from the basic geometries
of convex- and concave-type lenses . Buildings with former plan shape have direct load paths for transferring seismic
inertia forces to its base, while those with latter plan shape necessitate indirect load paths that result in stress
concentrations at points where load paths bend. Buildings with convex and simple plan geometries are preferred, because
they demonstrate superior seismic performance than those with concave and complex plan geometries.
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Fig 2.Plan shapes of buildings (a) simple shapes undergo simple acceptable structural seismic behaviour, while (b)
those with complex shapes undergo complex unacceptable structural seismic behaviour.

(1) Buildings with different shapes, but same Plan Area Rectangular (or square) columns are good in resisting shear and
bending moment about axes parallel to their sides. Thus, it is important to have buildings oscillating primarily along their
sides — translation along diagonals or torsional motions are NOT good for seismic performance of columns, and hence,
of buildings Further, in regular buildings, the overall motion is controlled by the first few modes of oscillation; the
fundamental mode (corresponding to largest natural period) usually contributes maximum, followed by the 2nd mode,
3rd mode, etc. Thus, it is desirable to have pure translation modes as the lower modes of oscillation and push torsional
and diagonal translational modes to the higher ranks. Primarily, these undesirable (diagonal translation and torsional)
modes arise when there is lack of symmetry in the plan shape of buildings along the sides. It is important to have regular
plan shape of buildings.
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Diagomal tramslational and torsional oscillatory motions

Fig 3 : Oscillatory motions of buildings during earthquake shaking: Diagonal translational and torsional
oscillations are not preferred

4. Modeling in ETABS

The following models are taken for the analysis. The model 1 is a simple model without any diaphragm discontinuity in
the plan . The remaining models (model2, model3, model4, and model5) have discontinuity either externally or

internally in the plan. The necessary details are as per the modeling parameters mentioned in table 1.

S

Pee T s .

Fig 4. Model 1
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Fig 7. Model 4 - Fig 8 . Model 5

5. RESULTS AND ANALYSIS

5.1 STOREY DRIFT

Drift is defined as the lateral displacement. Story drift is the drift of a multistory building relative to the level
below. Inter story drift is the difference between the roof and floor displacements of any given story as the buildings
ways during the earthquake, normalized by the story height. For example, for a 10 foot high story, an inter story drift of

0.10 indicates that the roof is displaced one foot in relation to the floor below.
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Figure 9. Story drift in a building

The greater the drift, the greater the likelihood of damage. Peak inter story drift values larger than 0.06 indicate
sever damage, while values larger than 0.025 indicate that the damage could be serious enough to pose a serious threat to
human safety. Values in excess of 0.10 indicate probable building collapse.

The results of the analysis are presented in tables and graphs below.
5.1.1 DRIFT IN X DIRECTION
Table 2 . Drift values(meters) in x direction
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Graph 1: Graph for

Storey drift in X direction
From the above graph ,the drift value increases from bottom to top as we go from storey 1 to storey 10. It is
concluded that drift in x direction is more in model 4 as compared to other models, the model 2 is having least drift in x
direction compared to the other models and model 5 is also best after the model.

5.1.2 DRIFT IN Y DIRECTION
Table 3. Drift values(meters) in y direction
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Graph 2: Graph for of Storey Drift in y direction

From the above graph , the drift value increases from bottom to top as we go from storey 1 to storey 10. It is
concluded that drift in y direction is more in model 4 as compared to other models, the model 2 is having least drift in y
direction compared to the other models and model 5 and model 2 has less compared to the other models. In story 9 and 8
the drift values are same for the models 2,3,5 having almost same values.
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5.2 SHEAR FORCE
5.2.1. SHEAR IN X DIRECTION
Table 4 . Shear values(kN) in x direction
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Graph 3: Graph for Shear in x direction
From the above graph, the shear value decreases from bottom to top as we go from storey 1 to storey 10.1t is
concluded that, the shear force in x direction , model 4 is having least values that of compared to other models. The shear
force in model 2 is also less compared to other models but the model 4 having least , the shear force in modell is having
great values than all other models .

5.2.2 INY DIRECTION
Table 5. Shear values(kN) in y direction
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Graph 4: Graph for Shear in y direction
From the above graph, shear value decreases from bottom to top as we go from storey 1 to storey 10. It is
concluded that, the shear force in y direction , model 4 is having least values that of compared to other models. The shear
force in model 2 is also less compared to other models but the model 4 having least model, the shear force in model 1 is
having great values than all other models .

5.3 BENDING MOMENT
5.3.1. IN X DIRECTION
Table 6 . Bending Moment (kN-m) in x direction
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Graph 5: Graph for Bending Moment in x
direction

From the graph , it made a conclusion that, the bending moment in x direction , model 4 is having least bending
moment compared to other models, the bending moment in storyll are very less compared to other story in every model
,and next to model 2 is having less values compared with other models .
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5.3.2 INY DIRECTION

Table 4 . Bending Moment (kN-m) in y direction
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Graph 6: Graph for Bending Moment in 'y
direction
From the graph , it made a conclusion that, the bending moment in y direction , model 4 is having least bending

moment compared to other models, the bending moment in storyll are very less compared to other story in every model
,and next model 2 is having less values compared with other models

5.4 BUILDING TORQUE

Torque is a twisting or turning force that tends to cause rotation around an axis, which might be a center of mass or a
fixed point. Torque can also be thought of as the ability of something that is rotating, such as a gear or a shaft, to
overcome turning resistance. The results of the analysis are presented in tables and graphs below.

Table 4 . Building Torque
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Graph 7: Graph Building Torque
The above graph shows as building torque , the least building torque is absorbed in model 4 than that of

the other models , the story 11 having less torque values that compared to the other storey with different models . Next to
model 4 , model 2 is also having less values compared to other values

CONCLUSIONS

From the above research the following conclusions were made

1.

The values of storey drifts are found to be less in Model 2 and model 5 than all remaining models (model
1,model 3, model 4,) in both X-Direction and Y-Direction. The higher value of Drift value is obtained in model
4. The value of story Drift decreases from top story (11" story ) to bottom story (1% story)

The maximum value of Shear force is observed in model 1 than all remaining models ((model 2, model 3, model
4, model 5) in both X-Direction and Y-Direction. The minimum value of Shear force value is observed in model
4,

The maximum value of Building torque (T) is observed in model 1 than all remaining models ((model 2, model
3, model 4, model 5) in both X-Direction and Y-Direction. The minimum value of Building torque (T) is
observed in model 4.

The maximum value of Bending moment is observed in model 1 than all remaining models ((model 2, model 3,
model 4, model 5) in both X-Direction and Y-Direction. The minimum value of bending moment value is
observed in model 4.
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5. Form the above comparison it is concluded that the model 2 and model 4 have similar values of Drift and the
value of shear force, bending moment and torque has less in model 2, so this model is better than other models
(model 1, model 3, model 4, model 5)
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