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Abstract- In high rise building or multi storey building, fs®torey construction is a typical and unavoidable
feature because of urbanization and the space ancygonsiderations. These provisions reduce iffieests of
the lateral load resisting system and a progressillapse becomes unavoidable in a severe earthdoalsuch
buildings due to soft storey. This storey leveluisable to provide adequate resistance, hence daarate
collapse. In the current study the focus is to stigate the effect of a soft storey for multistdrieigh rise
building with different models having identical hling plan. Equivalent diagonal struts are providzesl
suggested in FEMA-273 in the place of masonry teegate infill effect. Soft storey level is alteratidifferent
floors in different models & equivalent static aysas is carried out using SAP 2000 analysis package

Index Terms- Soft Storey, SAP 2000, Equivalent Strut, High Résglding.

1. INTRODUCTION

Multi storey reinforced-concrete framed structure i
recent time have a special feature, The groundgtor
is left open for the purpose of social and funaiion .7}
needs this space is used for vehicle parking, shop :
reception lobbies, a large space for meeting room 0 '
banking hall etc. Such buildings are called ope
ground storey buildings or soft story buildingssuiit
floors. The name soft storey because number df infi
walls are less compared to adjoining floors, whic
reduces the stiffness of the floor in question.
Again when a sudden change in stiffness takes plag
along the building height, the story at which this
drastic change of stiffness occurs is called asofty.
The Indian code (clause no. 4.20) classifies a soft
storey as, It is one in which the lateral stiffnestess Lateral displacement of a story is a function of
than 70 percent of that in the storey above ortless stiffness, mass and lateral force distributed oat th
80 percent of the average lateral stiffness oftlinee story. It is also known that the lateral force wdligttion
storeys above(IS 1893:2002). Soft storey can form along the height of a building is directly relatea
any level of a high rise building to fulfill reqeid mass and stiffness of each story. If the P-defecefs
functional necessity and serve various purposeg& Duonsidered to be the main reason for the dynamic
to various functional need a soft storey is alsgollapse of building structures during earthquakes,
unavoidable and thus it becomes important to studyccurately determined lateral displacements catedila
the performance of a soft storey building and stitlsly in the elastic design process may provide very
effects. important information about the structural behawér

. the system. Therefore dynamic analysis procedure is
required in many of the actual codes for accurate
distribution of the earthquake forces along the
building height, determining modal effects and loca
ductility demands efficiently. The upper storiesve®
as single block as there is presence of infill masp
which makes it stiffer. Hence displacment is mare i
soft storey.

Figure 2. showing use of Soft storey in buildings
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" Figure 1. Soft storey buildings
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2. METHODOLOGY

The study is carried out on reinforced concrete
moment resisting frame building is being modeled
using computer software SAP2000. Further, the
columns are square to focus only on the soft storey
effect, without being distracted by the issues like
orientation of columns. The supports of the columns
are assumed to be fixed. The floor slabs are asbume
to act as diaphragms, which insure integral actibn
all the vertical load resisting elements and arelerex
as four noded shell elements with six degree of
freedom at each node.
Seismic loads will be considered acting in the
horizontal direction as per 1S 1893:2002. The soft
storey effect was produced by providing no infilla
particular storey level, whereas other level haappr
infill effect in same model even intermediate cohsm
Figure 3. failure due to large lateral displaceniersoft Wer_e c_urtalled as would be a funqtlonal used, as a
storey auditorium or hall. The effect of unreinforced maiso
Again During an earthquake, bending moment ankfill was generated using equivalent strut model
shear strength increses on the columns and beams2fgording to FEMA-356 (2000). The single strut
the soft floors than the one in the upper storefs. Model is the most widely used as it is simple and
the walls do not exist in the soft storey floorjurons ~ €vidently most suitable for large structures (Dad a
are stressed more. If the columns are not capable Murthy, 2004). Thus RC frames with unreinforced

resist shear they may be damaged or lead to cellaps Masonry walls can be modeled as equivalent braced
}/ 5 ith infill walls replaced by equivalent
trut.

Stiff upper storeys:
Small displacement between
adjacent floors

Soft ground storey:
Large displacement between
foundation and first floor

For an Infill wall located in a lateral load-resigs

1 : frame, the stiffness and strength contribution fé t

R e s ; infill has!to be considered. Non-integral infill &

Figure 4. Damages in columhs during earthquake subjected_ to lateral load behave like diagonal_tstru
Thus an infill wall can be modelled as an equivalen
compression only strut in the building model. Rigid

1.1 High Rise Buildings joints connect the beams and columns, but pin goint

The National Building Code (NBC 2005) of India CONNect the e_quivale_nt struts to the beam-to-column
(clause n0.2.25) defines a high-rise Building at sgjunctions. This section explains the progedurg to
buildings 15 m or above in height shall be consider calcu_late the modelling parameters (effe_ctlve width
as high rise buildings”. The logic to the 15 meter€&lastic modu_lus and str_ength) o_f an equivalentt.stru
number is explained was that NBC's decided b')ll'he geometric Ch_aracterlstlcs of infilled frameldals
authorities of Bureau of Indian Standards, on thsid 3¢ @S shown in figure 3.1. ’
of the height of a manually-operated extensiondadd _ | " | 1 |;'
of 35 feet (roughly 11 meters) working height. Fire .. £ g
departments around the country use this ladder fi !— , m— ———T—— —‘
buildings of 15 meters height. For tackling fires i
buildings beyond 15 meters in height, specialize
vehicles need to be used by the fire force. Through
India high-rises are defined by the 15 meters nori
except in Mumbai (24 meters) and Ahmedabad (1
meters). This norm for high-rises in Mumbai anc
Ahmedabad is because of the vertical growth in th —
cities. T
1, F
\
Figure 5. Geometric Characteristics of Infilled Feam
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Equivalent area of strufy, =W.t Modulus of Elasticity 500¢/fek = 25000 N/mrh
Poisson’s ratio for concrete 0.3
' _ 4
Width of strut, W, =0.175@h )*“d Compressive strength 25 N/rim
Masonry infill: i
: Density of brick masonry 19 kN
A =, M Poisson’s ratio for brick 0.2
4E.1_ h' Clay burnt brick, Class A, confined unreinforced
masonry
Where, Compressive strength of brick (fm) 10 N/fim

Modulus of Elasticity 550 fm = 5500 N/nfm

E; - The modules of elasticity of the infill Depth is thickness of wall 530mm
material, N/mrf Width of eauival 240 - Xodirecti
T - Thickness of the brick infil. idth of equivalent struts740 mm in X-direction
0 - tan-1 (ht), 570 mmMrdirection
E - The modules of elasticity of the frame
material, N/mrh 3 MODELLING
le - The moment of inertia of column, Mm
h' - Height of brick infill, ) )
I - Length of brick infill, 3.1Analytical Models Considered
h&t - The height & length of the frame, measured1) Model 1. RC frames buildings with soft storey at
between the centerlines of the ground storey and infill at all above
beams & columns respectively, storey.
d - Diagonal length of the brick infill, 2) Model 2 RC frames buildings with soft storey at
We - Width of diagonal strut and ground storey providing Shear Walls
A - a coefficient depending on properties of  3) Model 3 RC frames buildings with soft storey at
infill Sixth storey and infill at all other Storey.
4) Model 4 RC frames buildings with soft storey at
2.2 Description Of Structural Model Sixth storey without Central intermediate

In this work G+12 three dimensional models are column and infiI_I a!t all other storey.
selected for which the soft storey behavior i®) ModelS RC frames buildings with soft storey at

modelled. For this a typical rectangular buildirg i Twelth storey and infill at all other

taken having 5 bays in X-direction each is of 6 m storey . .
span, and the 3 bays in Y-direction each of 4.5ens 6) Model 6 RC frames buildings with soft storey at

each. Height of each story is taken as 3.0 m. Model Twelth di storeyl W'th%m. f_“Centralll
are generated to get displacement, storey drifée ba mtr:erme late column and infill at a
shear and story shear are discussed here in this wo other storey.

2.3 Details Of Structural Elements And Material o e
Plan dimensions 30mx13.5m g SSSSS
Total height of building 39 m | SN
Height of each storey 3.0m s
S!ze of beams 300mmx450mm 3 ssssg
Size of columns 450mmx450mm | ISR
Thickness of slab 120mm S
Thickness of Shear Wall  150mm N

Thickness of external walls 230mm

S T |

Seismic zone " Figure 6. Model 1 showing Elevation and 3D view
Soil condition Medium soil (Typig
Zone factor 0.16
Response reduction factor 5
Importance factor 1
Live load at all floors 3.0 kN/m
Grade of Concrete M25
Grade of Steel Fe415
Concrete:
Density of Concrete 25 kN/n
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Figure 11. Model 6 showing Elevation at secondr ﬁrgimd
3D view

3.2 Assigning Loads

After having modeled the structural componentsdloa
cases are assigned as follows:

Gravity loads

Gravity loads on the structure include the selfghiei

of beams, columns, slabs, walls and other permanent
members. The self weight of beams and columns
(frame members) and slabs (area sections) is
automatically considered by the program itself.

The wall loads have been calculated and assigned as
uniformly distributed loads on the beams.

Wall load

Wall load = unit weight of
brickworkxthickness of wallxheight of wall.

Unit weight of brick work =19 kN/th
Thickness of wall =0.23m
Wall load on floor levels = 19x0.23x3 =

13.11kN/m (wall height = 3m)

Liveloads

Live loads have been assigned as uniform area loads
on the slab elements as per IS 1893

(Part 1) 2002

Live load on floors =3.0 kN/fm

Percentage of Imposed load to be considered in
Seismic weight calculation, as per IS 1893 (Part 1)
2002, since the live load class is up to 3 kN/rA5%

of the imposed load has been considered.

The seismic weight

The seismic weight of each floor is its full deadd
plus appropriate amount of imposed load.

The defined load patterns are as shown below unrdig
4.9 having Dead load, live load and horizontal
earthquake load in both i.e X direction and Y dii@t

as per IS 1893(Part 1):2002.
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Graph 2: Comparison of Displacement of Model 1 &
Model 2 in X-direction

P

Figure 12. showing Defined load pattern

Comparison of Displacementsin
8.00 X- Direction (mm)

4. RESULTSAND DISCUSSIONS

4.1 Displacements 5 —o— Mode
§2'OO —=— Mode
©

The data of displacement is collected for in X
direction for seismic loading from that all the leig | &
models and shown below fa 01234567 8910111213

Table 1.Displacements of Various Models in X dii@tt& ) Fl_oor Level
Y direction Graph 3: Comparison of Displacement of Model 3 & Mlod

m Displaciments T 4 in X-direction

Floor] ‘Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

No. Ux Uy Ux Uz Ux U Ux Uy Ux Uz Ux Uy
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

1.3568 | 0.1835 | 02024 | 0.2686 | 0.3687 | 0.2680 | 0.3681 | 0.2686 | 0.3685 | 0.2677 | 0.3674 Compariwn of Displacernentsin

1.9397 0.4958 0.7565 0.6239 0.8726 0.6231 0.8720 0.6236 0.8709 0.6216 0.8680 . .
2.4950 0.8638 1.3359 0.9978 1.4337 0.9972 1.4339 0.9968 1.4292 0.9935 1.4242 X - Dl r mtl On (mm)
3.1065 1.2463 1.9383 1.3856 2.0449 1.3867 2.0481 1.3822 2.0351 1.3776 2.0276 5 OO
3.7546 1.6354 2.5737 1.7668 2.6837 1.7646 2.6873 1.7737 2.6772 1.7676 2.6670 * )
4.4285 2.0254 3.2340 2.2581 3.4534 2.2809 3.5191 2.1652 3.3436 2.1576 3.3302 N /(
5.1154 2.4096 3.9075 3.9737 5.3815 4.8511 6.3434 2.5500 4.0213 2.5406 4.0045 4 OO " pN
5 5.8019 2.7805 4.5805 44244 6.1528 5.3315 7.1877 2.9202 4.6966 2.9090 4.6759 -

3.00

6.4737 | 3.1297 | 5.2389 | 47712 | 6.8234 | 5.6781 | 7.8795 | 3.2674 | 5.3548 | 3.2542 | 5.3299

Sl oo JeJe o[-

7.1240 | 34952 | 58756 | 5.1526 | 7.4804 | 6.0636 | 8.5385 | 3.6378 | 5.9887 | 3.6219 | 59593
7.7130 | 3.7268 | 64509 | 5.3842 | 8.0745 | 6.3023 | 9.1435 | 3.8534 | 6.5569 | 38345 | 6.5220

11 | 5.
12
13

Comparison of Dislacements Pt Mod
For easy comparison of displacements of selecteqd  1-00 W o
building, plots of the floor level versus displacants 0.00 ¢

in both transverse and longitudinal direction arden 01234586, 78 910111213

for different models and all imposed on same graph. Graph 4: Comparison of Displacement of Model 5 & Mod
6 in X-direction

8.2494 | 3.9544 | 6.9732 | 56185 | 8.6153 | 6.5422 | 9.6952 | 4.0926 | 7.0887 | 4.0760 | 7.0641
87128 | 41221 | 7.4209 | 5.7927 | 9.0809 | 6.7218 | 10.1718 | 4.5467 | 7.7871 | 4.7422 | 8.0105

Displacement (mm)
L/
/)

Comparison of Displacementsin
X- Direction (mm) 4.2 Storey Drift

Lateral drift and inter-storey drift are commonlyed
damage parameter in structural analysis. In thidyst
lateral drift of the 3D building frame was analyZed
earthquake load coming from long direction. Inter
—%—Moc Storey drift was also evaluated and tabulated wrich

.gfo.oo - Moc diven by
012 3 45,0 & 910111213  Ui-Uy
Graph 1: Displacements in all Models at All Stoteyels SDi= h;

in X Direction . .
where, Y — U = relative displacement between

successive storey, 4 storey height.

From the above Displacements, the table no 8.2 is

obtained showing storey drift values of all modals

X &Y directions

Table 2. Storey Drift of Various Models in X dirent & Y
direction

12
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orey Dri ]
Fl::u: Model 1 _ Model 2 Mml«i‘:{ o Model 4 _ Model 5 Model 6 g]%r FOr Ce (kN) Moc
R RN R0 N R0 0 RO 08 ROST MO0 CELN RO O REC 50.000 = Mo
00044 00045 00001 .00007 0000 00012 00009 .00012 0000! 00012 00009
| 2 | 0.00014 [ 0.00019 | 0.00010 | 0.00018 | 0.00012 | 0.00017 | 0.00012 | 0.00017 | 0.00012 | 0.00017 | 0.00012 | G Moc
00012 | 0.00019 | 0.00012 | 0.00019 | 0.00012 | 0.00019 | 000012 | 0.00019 | 0.00012 | 0.00019 | 0.00012 | C 40.000
.00013 00020 0001 .00020 0001 00020 .00013 0001 00020
| 5 | 000013 | 0.00022 | 0.00013 | 0.00021 | 0.00013 | 0.00021 | 0.00013 | ¢ 00013 | 0.00021 | @ ® Moc
|51 aoors [-wounes Jiwtcots |-aiones ronast |-ovenee | womee oo [ nomas | 4 ='30.000
|8 | 0.00012 [ 0.00023 | 0.00012 | 0.00022 | 0.00015 | 0.00026 | 0.00016 00012 | 0.00023 | ¢ é/ ] MO(
[0 [ o000ts | Coutag | 00001 | 0.0008s | 00001 | 00038 | oo001s bem [asnoz [ @ 20.000
[ 11 | 0.00008 [ 0.00020 | 0.00008 | 0.00019 | 0.00008 | 0.00020 | 0.00008 00007 | 0.00019 | 0 8 Moc
| 12 | 0.00008 | 0.00018 | 0.00008 | 0.00017 | 0.00008 | 0.00018 | 0.00008 00008 | 0.00018 | 0 o
13_| 0.00006 | 0.00015 | 0.00006 | 0.00015 | 0.00006 | 0.00016 | 0.00006 00015 | 0.00023 | 0 L 10.000
Comparison of Storey Drift 8 0.000 T
A graph is plotted taking floor level versus stookift &
for different models in both transverse and| -10.000 +0—1—2—3 4 6 78 9 10 11
longitudinal direction -20.000
Ctnronr | anral
Storey Drift in X-Direction == Mo Graph 5.17: Shear Forces in all Models at All Store
0.00100 —l—ot Levels
0.00080 Mo
= —»—Mo( 4.4 Bending Moment (kN-m)
&0.00060
& I \ —*—=Mot  The data of shear force is collected for seismacliog
20-00040 - Mot from that all the eight models and shown below
0.00020 Table 4: Bending Moments in the columns in longihadi
: S 0 et e K direction
] [14L4L4L4L4;4L,"U‘
0.00000 __( ‘)ﬁ"—p el Bending Moment (KN-m)
Storey | Model 1 | Model 2 | Model 3 | Model 4 | Model 5 | Model 6
1 2 345 6 7 8 9101112 No. BM BM BM BM BM BM
Graph 5: Storey Drift in all Models at All Storey\els in X oL =509 | 5667 592 5192 5226 9190
Direction 1 -16.065 | 3.163 3.104 3.086 3.112 3.101
2 6.699 4.009 3.648 3.626 3.664 3.65
4.3 Shear Forces (kN) 3 2.891 3.378 3.352 3.25 3.388 3.374
1 3.322 3.304 3.494 3.921 3.252 3.236
The data of shear force is collected for seisnmacliog 5 3.058 1 3.12 ] 0426 ] 3923 ] 306 | 3042
6 2.851 2.9 3786 | 60.941 | 2.827 2.806
from that all models and shown below - T BT BT TR BE —
_ ] 2.235 2.28 551 8.023 2.173 2.145
Table: 3 Showing Shear force values of all Models 9 1.817 1.858 1.271 0.891 1.725 1.676
Shear Forces (kN) 10 1.304 1.34 1.357 1.494 1.232 1.288
Storey | Model 1 | Model 2 | Model 3 | Model 4 | Model 5 | Model 6 11 0.707 0.737 0.665 0.719 -0.14 -0.944
GL 29.456 2.264 4.271 4.254 4.277 4.264 12 -0.186 -0.159 -0.228 -0.147 6.536 11.571
1 5711 | 1841 2.056 2.037 2.064 2.057 Comparison of Bending Moment
2 3.559 2.453 2.298 2.286 2.311 2.302 h . b d . h | .
- TSI BT T O R T Rl T The maximum bending moments in the columns in
1 2159 | 2162 | 2727 | 3445 | 2133 | 2122 longitudinal direction for all models are shown el
5 2.04 2.078 | 4739 | -9.992 | 2.043 2.031 in graphs.
6 1.939 1.971 | 24.704 | 39.756 | 1.028 1.914
7 1.798 1.83 6513 | -12.171 | 1777 1.761 . = Modk
8 T618 | 1648 7.96 3022 | 1583 | 1.566 Bending Moment (kN-m)
9 1.388 1.415 1.159 1.011 1.329 1.283 = Mod
10 1.094 1.119 1.113 1.186 1.142 1.275 _80.000
11 0.77 0.792 0.75 0.788 | -0.659 | -1.83 = Modt
12 0.086 0.109 0.055 0.119 3.792 6.518 560-000 = Mod:
240.000 = Mod
Comparison of Shear Force §20-000 Modi
The maximum shear forces in the columns in C 0.000 - PR TP IS S .
longitudinal direction for all models are shownde! oli 2 3456k 8 0 1011
in graphs fg‘zo 000
-40.000

Graph 5.21: Bending Moments in all Models at All
Storey Levels
In Model 1 & Model 2 soft storey is kept at saneedt
ground storey level but as Model 2 have shear atall
ground soft floor, the all parameters like

13
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Displacement, Storey Drift, shear force and bending
Moments demands are more in Model 1 at ground
storey as compared to Model 2 as it contain shear

wall.
In Model 3 & Model 4 soft storey is kept at saneedt

These results will help design engineers in fast &
reliable assessment of effects of soft storey.
Thus proper care, expert design, detailing and
execution are needed in soft storey buildings

sixth storey level but as Model 4 has curtailedticzdn REFERENCES

intermediate columns for the purpose of auditoram

hall, the all parameters demands are more in Mddel

at sixth storey compared to Model 3.
In Model 5 & Model 6 soft storey is kept at saneeat
top twelth storey level but as Model 6 have cilethi

central intermediate columns for the purpose of
auditorium or hall, the all parameters demands arg;
more in Model 6 as compared to Model 5 at twelth

storey.

CONCLUSIONS [4]

RC frame buildings with open first storeys arg>5]
known to perform poorly during in strong
earthquake shaking. In this paper, the seismic
vulnerability of buildings with soft first store i
shown through an example building. The drift and€]
the strength demands in the first storey columns
are large for buildings with soft ground storeys
and hence necessary measures should taken to
improve capacities of the columns in the soft first
storey. 71
Model 1 has soft storey at ground storey, WheL
shear wall is introduced as in Model 2 the
parameters like deflection, storey drift, shea 8]
forces and bending moments are reduced. Thus
shear wall in soft storey building can improve the
performance considerably. This will also reducqg]
the financial input finally.

If soft storey introduced at higher level by
curtailing few columns at that particular level for
the purpose of auditorium or hall as in Model 4
and Model 6, the results are critical as compared
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