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Abstract: High rise building structures are highly
affected by lateral loads and wind forces. To enhance
lateral force outrigger systems are devel oped, which are one
of themost popular and efficient, becausethey are easier to
build and they provides good lateral stiffness. With therise
of building height, deep beam become concrete walls at
least of one story height. Axial shortening effect between
core and perimeter structure has to be considered.In the
present work 20 story reinforced concrete structure has
taken with outrigger walls attached from core to the outer
perimeter column. By changing the different position of
outrigger level are kept for analysis.The building without
and with outrigger are compared with bareframe. Theseare
different building models analysed (a) Bare frame of twenty
story building (b) Bare frame with core shear wall building
(c) Outrigger system at top of building (d) Outrigger system
at top & 0.75 Height of building (€) Outrigger system at top
& 0.50 Height of building (f) Outrigger system at top & 0.25
Height of building. Non-linear static analysis results were
compared. The analytical methods used in the work are
pushover method. In this work, various parameters like
pushover curve, displacement vs base force, story
displacement, hinges formation are obtained for all the
models.Outrigger at optimum level at 0.5 Height gives
better results in both displacements and base force. To
sustain peak lateral loads these systems are provided half of
the height. These study gives has inelastic behaviour of
structure.

Key words: High Rise Building, Hinges Formation Non-Linear
Static Analysis, Outrigger System.

I. INTRODUCTION

Today’s increased in population leads to requirement of
high-rise buildings in metropolitan cities. In tall buildings
during the occurrence of lateral loads which has higher sway
by more slenderness. When building height of structure
increases there must be a good lateral load resisting system
other than shear walls to avoid from lateral load effect, since
the shear walls are up to certain story high. Outrigger systems
are one of the best effective system, which are easier to build,
cost saving and provide better lateral stiffness. In outrigger
braced structures where, central core connects to the outer
column, which are efficient structural form.
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Outriggers are deep, stiff beam which connects exterior
columns to core wall to keep the columnsin their position in
turn reducing the sway, these are stiff arms engaging outer
column to central core tries to tilt, outrigger level induces a
tension-compression couple in the outer columns acting in
opposition to that movement acting on the core at that level of
outrigger system. This concept is same as boat, the coreinthe
tall building may be related to the mast of the deliver, the
outrigger performing like the spreaders and the exterior
columns just like the remains or shroud of the ship.
Outriggers are strong enough to generate above and below
the location as restraining moments. The base moment gets
lesser by either increasing the number of outrigger levels. Itis
more efficient for an outrigger system, rather than increasing
the numbers with lesser stiffness it’s better to building with
strong outrigger wall.

II. OBJECTIVES

The following are the main objectives of theproject:

e Themain objective of the work in the present study to
check the behavior of reinforced concrete framed
model of without and with outrigger system using
ETABS.

e The models of different types are anayzed by
Non-linear static analyses with a parameter of Base
Shear Displacement and formation of plastic hingesin
total structure.

e To study the lateral behavior of outrigger at different
optimum levels of outrigger in total height.

[11. MODELLING OF THE STRUCTURE

Modelling data and material properties

In this work, six models are considered to understand the
behaviour the structure by the applied lateral force. A 20
Storey model of plan dimension 18mx18m consists of
building models, building details, loads and load
combinations. The characteristic strength of concrete M25
and steel of Fe500 were taken. The 59.5m total height of the
building models. From top to bottom al column sizes are
same. Non-linear analysis is carried out and results were
compared with al the six different models.

Table- 3.1: Models of building in present study

BUILDING
MODEL DESCRIPTION

1 Bare frame

2 Core shear wall

3 Outrigger at top of building

4 Qutrigger at top and 0.75H of
building

5 Outrigger at top and 0.50H of
building

6 Outrigger at top and 0.25H of
building
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Table- 3.2: Details of modeled building infor mation

Material Data
Plan dimension 18m X 18m
Column size 750mm X 750mm
Beam size 350mm X 600mm
Slab thickness 150mm
Floor to floor height 3m
Base height 2.5m
Grade of concrete M25
Grade of steel Fe500
No of stores 20
No of baysin x-direction
No of baysin y-direction
Bay width in x-direction 6m
Bay width in y-direction 6m
Live load 3 KN/m?
Wall load 12 KN/m?
Floor finishes 1.5 KN/m?
Shear wall thickness 250mm
Outrigger wall thickness 250mm

L oad combinationstaken into consideration

Load combinations which are considered as per IS code

provisioni.e., IS 1893:2002, clauses 6.3.2.1 are as follows: -
e 15DL +LL)

Processrequired in Pushover Analysis
The sequence of stepsinvolved in a pushover analysis:
e Takeanew model
o Defineal the material and section properties
e Assign al the properties and loads to the respective
Members Define and assign load combination and
load patterns
e Design and check whether the all members are
passing
Assign all hinges to columns, beams and walls
Again, overwrite all hinges assigned members
Set the load cases for linear and non-linear
Modify the non-linear configurations
Run the analysis
Check the results for pushover curve and deformed
shapes.
Building models
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Fig. 3.1: Bareframe (a) elevation view (b) 3D view

In the bare frame model as shown in Fig. 3.1 plan size of

18x18m of 4 bays of 6m both the sides. The total height
building is 59.5m, with all the reinforced concrete members
beam sizes of 350x600mm and column sizes of 750x750mm
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and slab thickness of 150mm. All the loads of afloor finishes
of 1.5 KN/m? , wall load of 20 KN/m? on outer and inner
beams live load of 3 KN/m? are applied for all six models.

@) (b)
Fig-3.2: Coreshear wall (a) :
elevation view (b) 3D view S

In the reinforced concrete framed building at the center a
ridged core shear wall placed as showninfigure 3.2. Thewall
size of 6x6m with a thickness of 250mm in a 4x4 bay frame,
where each bay has 6m of length on the both X and Y
direction. With a story height of 59.5m height core wall has
taken from bottom of base. And one side of core wall has
openingin X- axisfacing direction for access of stair case and
elevators

i

@ (b) ¥
Fig. 3.3: Outrigger at top (a) elevation view (b) 3D view

In reinforced concrete framed building at the center a ridged
core shear wall isplaced as shownin figure 3.3. Thewall size
of 6xém with a thickness of 250mm and depth of one full
floor height i.e.,3m to which at the top reinforced outrigger
wall attaches its inner edge to core shear wall and outer edge
to perimeter column in al four sides with a width of 250mm
is equal to the core shear wall. With a story height of 59.5m
height.

e

@
Fig. 3.4: Outrigger at top and 0.75H (a) elevation view
(b) 3D view
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In reinforced concrete framed building at the center aridged
core shear wall is placed as showninfigure 3.4. Thewall size
of 6xém with a thickness of 250mm to which at the top
reinforced outrigger wall attachesitsinner edge to core shear
wall and outer edge to perimeter columnin all four sides with
awidth of 250mm is equal to the core shear wall. And second
outrigger wall attached at 0.75H.

Total height of the building i.e., 45m from the base of
structure. The dimension of the second outrigger wall are
same as top outrigger wall, with a depth of 3m. These floors
are used as mechanical floor.

(@

Figure 3.5: Outrigger at top and 0.75H (a) elevation view
(b) 3D view

In reinforced concrete framed building at the center aridged
core shear wall isplaced as shownin figure 3.5. Thewall size
of 6xém with a thickness of 250mm to which at the top
reinforced outrigger wall attaches itsinner edge to core shear
wall and outer edge to perimeter column in all four sides with
awidth of 250mm is equal to the core shear wall. And second
outrigger wall attached at 0.50H. Total height of the building
i.e.,, 30m from the base of structure. The dimension of the
second outrigger wall are same as top outrigger wall, with a
depth of 3m. These floors are used as mechanical floor.

(@
Figure 3.6: Outrigger at top and 0.75H (a) elevation view

(b) 3D view

In reinforced concrete framed building at the center a ridged
core shear wall is placed as showninfigure 3.6. Thewall size
of 6x6m with a thickness of 250mm in a 4x4 bay frame,
where each bay has 6m of length on the both X and Y
direction. With a story height of 59.5m to which at the top
reinforced outrigger wall attachesitsinner edge to core shear
wall and outer edge to perimeter columnin all four sides with
awidth of 250mm is equal to the core shear wall. And second
outrigger wall attached at 0.25H. Total height of the building
i.e,, 15m from the base of structure. The dimension of the
second outrigger wall are same as top outrigger wall, with a
depth of 3m. All the loads of a floor finishes of 1.5 KN/m?
wall load of 20 KN/m?on outer and inner beams liveload of 3
KN/m?2.
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IV. RESULTSAND DISCUSSION

A) Comparison of pushover curves

The curve which is taken from values obtained by
displacement versus base force. All the values are taken in x
Non-linear static analysisis performed on six models of a)
bare frame b) core shear wall c) outrigger at top d) outrigger
at 0.75H e) outrigger at 0.50H f) outrigger at 0.25H. All the
building models graphs are having different ultimate point
and collapse point according their strengths
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——— shear wall OT at top OT at 0.75H
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Fig-4.1: Comparison on pushover curve of all models.

It has been observed in the figure 4.1 that by introducing
outrigger system in model has increases in base force with a
better then the bare frame model. But in the al the curves of
six model outrigger system which is placed at 0.75H and
0.5H are observed that are getting more base shear values
then other four models. The reason for increasing of
displacement and base shear is due higher strength and
gtiffnessin structure.

Table- 4.1: Details of modeled building infor mation

Modds Displacement Base shear
(mm) (kN)

Bare frame 2330 51,504
Core shear wall 1993 70,751
OT at top 2180 78,931
OT at 0.75H 2062 80,129
OT at 0.50H 1846 98,961
OT at 0.25H 1941 93,465

B) Hinges formation

10
m LS
m CP

@ (b)
Fig- 4.2: Hinge formation of models (a) Hinges of bare
frame modé (b) Hinges of core shear wall model
In the fig- 4.2 (&) shown the hinge formation of bare frame,
the first hinge formation at a roof displacement of 1.474m
with a base shear of 36,064kN and at the collapse
displacement of 2.353m with base shear of 41,374kN.
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The frame was capture at inner frame of XZ @ Y=-12 the
hinge is in range of B-D. The first hinge is observed at
(X=+12) immediate occupancy level at top of roof.

In the fig- 4.2 (b) shown the hinge formation of core shear
wall, thefirst hinge formation at roof displacement of 0.458m
with a base shear of 20,286kN and at the collapse
displacement of 2.103m with base shear of 60,752kN. The
frame was capture at inner frame of XZ @ Y=-12 the hingeis
in range of B-D. The first hinge is observed at immediate
occupancy level at top of roof (X=0).

10
LS
m CP

@ (b)
figure 4.3: Hinge for mations of models

() hinges of outrigger at top model

(b) Hinges of outrigger at 0.75H model
In the fig- 4.2 (a) shown the hinge formation of outrigger at
top, the the first hinge formation at roof displacement of
1.249m with a base shear of 51,454kN and at the collapse
displacement of 2.113m with base shear of 76,205kN. The
frame was capture at inner frame of XZ @ Y=-12 the hingeis
in range of B-D. The first hinge is observed as collapse
prevention level at top of roof at (X=0).

Inthefig- 4.2 (a) shown the hinge formation of outrigger at
0.75H, the first hinge formation at roof displacement of
1.237m with a base shear of 51,976kN and at the collapse
displacement of 2.063m with base shear of 80,126kN. The
frame was capture at inner frame of XZ @ Y=-12the hingeis
in range of B-D. The first hinge is observed collapse
prevention level at top of roof at (X=0).
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Figure 4.4: hinge for mations of models

(&) hinges of outrigger at 0.50H model

(b) Hinges of outrigger at 0.25H model
In the fig- 4.4 (a) shown the hinge formation of outrigger at
0.50H, the roof displacement of 1.879m with a base shear of
94,874kN and at the collapse displacement of 1.853m with
base shear of 97,964kN. The frame was capture at inner
frame of XZ @ Y=-12 the hingeisin range of B-D. The first
hingeis observed asimmediate occupancy level at top of roof
at (X=12).
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In the fig- 4.4 (a) shown the hinge formation of outrigger at
0.25H, thefirst yield hinge formation at roof displacement of
0.891m with a base shear of 50,826kN and at the collapse
displacement of 1.972m with base shear of 90,545kN. The
frame was capture at inner frame of XZ @ Y =-12 the hingeis
in range of B-D. The first hinge is observed as collapse
prevention level at top of roof at (X=12).

V. OBSERVATIONS

By the present studies we have observed form al the six

building models listed below:

o Bareframe model has a base shear of 47% lesser than the
outrigger system applied at 0.5H of the structure. Bare
frame model has a 20.2% less displacement than
outrigger at 0.5H structure.

e By comparing building models with bare frame building
displacement values are reduced by 14.02% ,10.16%,
12.9%, 20.2% and 16.69% for shear wall, outrigger at top,
outrigger at 0.75H, outrigger at 0.5H, outrigger at 0.25H
building models respectively. So, its concluded that
building model of outrigger a 0.5H has lesser
displacement.

e By comparing building models with outrigger at 0.5H
building model base shear values are reduced by 27.7%,
19.42%, 16% and 4% for shear wall, outrigger at top,
outrigger at 0.75H, outrigger at 0.25H building models
respectively. So, its concluded that building model of
outrigger at 0.5H has higher base shear.

e Comparison of core shear wall building with outrigger at
top building has increased 10.35% in base shear and
decreased 5% in displacement.

e By comparing the outrigger position at 0.75H building
model with outrigger position at 0.25H building has
improved 12.23% in base shear and reduced 4.36% in
displacement.

VI. CONCLUSION

By the present studies we have conclude from the observation

listed below:

e Bare frame model has shown more difference in base
shear and displacement when compared to outrigger
system. By applying the outrigger system at different
positions of the total height has given improved results
than the core shear wall models.

e As core shear wall has less lateral resistance then
outrigger system due to imbalance in the failure of
exterior columns. And has 25% |esser base shear and 14%
reduction in displacement then the outrigger system at
0.5H.

¢ In hinge formation number of hinges are more in core
shear wall, when compared to outrigger system. But in
bare frame model more collapse hinges have formed at
ultimate state.

e QOutrigger system has a lesser number of collapse hinges
at one end side of framein X direction, when compared to
other building models has reached maximum number of
hinges at al frames.
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e By providing more than one outrigger locations in
building model has decreases displacement when
compared to one outrigger location in a model.

e Finaly, we conclude that outrigger at half of height of
total building shows optimal values compared with other
five models.

VIl. SCOPE FOR FURTHER STUDY

¢ In the present study the pushover analysis is carried out
for the G+19 story buildings without and with outrigger
system. This can be extended to a greater number of
floorsin abuilding model.

¢ The plan layout can be done with irregular plan.

e Further analysis can be carryout with other methods.
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