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Design Methodology

Structure member design means selection of a cross section that will safely and
economically resist the applied force.

LRFD method is used for the design of the structure. In this method, each member of
the structure is designed to satisfy Serviceability and collapse criteria.

Economic usually means minimum weight (lightest cross sectional shape, minimum

amount of steel).

There are three different philosophies to design any structure.
Allowable Stress Design(ASD).

Plastic Design.

Load and Resistance Factor Design (LRFD).

Structural Plan

Taking Architectural plan as base, the column positions are decided to provide proper
structural frame without disturbing the parking plan. Column orientation is taken to

provide maximum rigidity along spans and also proper Resistance to lateral (wind&

earthquake) loads.
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Outline

1.  Code Design Methodology to the Structural Design

2. Description of the Project worked on

3. Determination of the dimensions of the structural elements

4. ETABS (Super Structure Design)

5. ETABS model gl

6. Earthquake & Wind loads 8 e |
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Commercial Building G+47/ stories + 3 basement for parking with GL.
~’c = 35Mpa for horizontal element (Slabs and Beams)

=’c = 50 Mpa for Vertical element (Columns, Walls, and Foundations)
-y = 400 Mpa (longitudinal reinforcement)

-yt =240 Mpa ( transversal reinforcement)

Qa = 300 KN/m? (Bearing capacity of soil)

Height of the basement 3.5&5.3m (Vary)

Height of the typical stories 3.6m
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Project Information

Location of Building Arizona

Building Type Commercial Purposes

3B+ G + 47 Floors
Number of Floors

= =

(3 BASEMENT WITH GROUND FLOOR) P e

al iR
S
Typical Height of Floor to Floor 3.60 m & 4.3 m (Vary) gz;%
Total Height of Building 185.00 m '? EEE}
o5

8 .’Et".

o 71.90 m (With Basement) | Efg’%g—'{é:

Length of Building 27.40m (Tower) g
B

66.0m (With Basement) 2 8

Width of Building :

35.1m (Tower)
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Project Information

Loads Considered

Dead, Live, Wind & Seismic loads

(ASCE 7-16 & UBC-97)

Analysis Performed

FEM, Modal Analysis , Response
Spectrum Analysis, P-A Analysis (with
modified stiffness)

Checks

Serviceability, Stability, Irregularity &
Modal checks (as per ACI-318 & UBC 97 )

Design & Detailing

As per AC1-314

Foundation System

Raft + Pile Foundation
Allowable Settlement=50mm

Foundation Checks

Ground bearing pressure (GBP),
Settlement, Punching Shear, Crack width

& Reinf.
Soil Structure interactions

Software Program Used

ETABS, SAFE, Spread sheets & Auto cad
CSI Detailer

_____________

v —
o

e

- TR



Tower Design with different Seismic systems

Shear wall earthquake system, Special frame earthquake system, Dual system
(shear wall with special frame)

Choose the correct structural system from a lot of structural forms, floors
systems with collaboration with design software modeling techniques and
designed codes

Viscous damper earthquake resistant

Benefits of using outrigger in high rise tower design

Show the effect of sub-modulus parameters (foundation type & bearing
capacity of soil) on the structure response of tall buildings (story displacement,
story drift, foundation settlement, and column forces).
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Architectural
Drawings
Typical Basement Plan
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Typical Floor Plan
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Typical Floor Plan
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Description of the studied Building

The building used in this study was designed for Arizona site of US. The structural

system used to resist lateral forces is Special RC shear wall, Outrigger System & Dampers in Three-

dimensional model of the studied building is shown in Figure 1. Floor plans are shown in Figure 2.
More details are shown in Table 1.

Figure 1. Three-dimensional model of the studied building.




Structural Framing

Typical Plan

Figure 2. Three-dimensional model of the studied building.



Description of the Project

o Assume thickness of shear walls

o Assume all columns & beams

o As per Stability Systems

o We will use the American code for the structural design




CHECKS TO BE TAKEN

STEP-1 EXTRACT STRUCTURE FRAMING FROM ARCHITECTURAL DRAWINGS.

Taking Architectural plan as base, the column positions are decided to provide proper structural frame
without disturbing the parking plan. Column orientation is taken to provide maximum rigidity along

spans and also proper Resistance to lateral (wind& earthquake) loads.

STEP-2 GENARATES MATHMATICAL MODEL IN ETABS

o Check the materials concrete, rebar, steel etc

o Prominently these are Concrete fck & Steel fy, fu. Once the material properties are entered, define
Beam, Column sizes in the Frame section list of ETABS.

o Check section sizes of framing members.

STEP-3 REMOVE ALL ERRORS AND CHECK INSTABILITY .

o Check errors joints to joints, joints to frames, joints to shells, frames overlap, shell overlaps etc.
o Check the instability/warning




Step-4 perform modal analysis as per self weight free vibration
conditions (all checks must be taken & optional)

THREE FUNDAMENTAL TRANSLATIONAL NATURAL PERIODS,
TX1=ASSOCIATED WITH ITS HORIZONTAL TRANSLATIONAL OSCILLATION ALONG X

TY1=ASSOCIATED WITH ITS HORIZONTAL TRANSLATIONAL OSCILLATION ALONG Y
TZ1 = ASSOCIATED WITH ITS ROTATIONAL OSCILLATION ALONG Z

Rz value should be less than 10%. In mode 1&2

- Guidelines for fundamental time-period = 0.1* N (N= No of levels)

« The fundamental lateral natural periods of the building in the two principal plan directions are away from each
other by at least 10 percent of the larger value. (Optional Check)

« The natural period of fundamental torsional mode of vibration shall not be exceed 0.9 times the smaller of the
natural periods of the fundamental translational modes of vibration in each of the orthogonal directions in
plan. (Optional Check)

«  The first three modes together contribute at least 65 present mass participation factor in each principal plan
direction. (Optional Check)

Another check the submission of all the modes at least should be cross 90%.

NOTE- This provision is not applicable to buildings with large podiums in the lower story's.




Step-5 perform gravity analysis

o (Calculation of DL, SDL,LL, OHT, LMR etc. & check gravity deflection
as per desired codes).S/350

Step-6 perform linear static analysis (equivalent static method)

Check Load combination

Check the mass source

Live load reduction factor

Check Static Seismic Forces as per Code Provisions
Check Base shear as per Code Provisions

Check deflection against EQ allowed = H/250

O O O O O O




Step-7 Perform Dynamic Analysis

o  Check that the Response spectrum is correctly scaled (Scale factor = (Ex / Spec x) x Existing Scale factor)

As per ASCE 7-16 FX or FY of RS max. > = 0.85 x calculated base shear (EX or EY)
o  Check Vertical Earthquake Effects (Full EQ load of one direction plus 30% of EQ load of other directions)
o  Check the mass participation factor in first three modes & all modes (Optional)

o  Check that the participation factor is compliant to codes or not.

o  Check load combinations

o  Check Dynamic Seismic Forces as per Code Provisions

o  Frequency Check

o  (NO of modes all 90%, Max. allowable frequency is 33 Hz)

o  Maximum deflection against EQ allowed = H/250

o Inter storey drift ratio should be less than AM = 0.7R AS times the story height.

o  Story Stiffness

o  We need to take here stiffness of upper story should not be much greater than the stiffness of story below.

o  Eccentricity & Accidental Torsion

o  The eccentricity between the centre of mass and the geometric centroid of the building at that not exceed 15% of

the overall building width along each principal axis considered at each level.

o  Check the Pounding effect & Expansion Joint



Step-8 All Irregularities checks (plan & elevation irregularities)

Table 5 Plan Irregularities

Torsion
Re-entrant Corners

iii. Openings in Floor Slabs
iv. Out-of-plane Offsets
v. Non-parallel Frames

A building is said to be torsional irregular, when,

@)

The maximum horizontal displacement of any floor in the direction of the lateral force at one end

of the flooris more than 1.5 times its minimum horizontal displacement at the far end of the same
floor in that direction; Amax >1.5Amin

The natural period corresponding to the fundamental torsional mode of oscillation is more than
those of the first two translational modes of oscillation along each principal plan directions

In torsion ally irregular buildings, when the ratio of maximum horizontal displacement at one end
and the minimum horizontal displacement at the other end is the range of 1.5 -2.0

The floor slabs are stiff in their own plane (this happens when its plan aspect ratio is less than 3)
The maximum plan aspect ratio (L,/B,) of the overall building shall not exceed 5.0. In case of an L

shaped building, Z, and B, shall refer to the respective length and width of each leg of the
building.




ii) Re-Entrant Corners

o Abuilding is said to have a re-entrant corner in any plan direction, when its structural
configuration in plan has a projection of size greater than 15 percent of its overall plan
dimension in that direction.

iii) Openings-in Floor Slabs

In buildings with discontinuity in their in-plane stiffness, if the area of the geometric cut-out is,
o Less than or equal to 50 percent, the floor slab shall be taken as rigid or flexible depending
on the location of and size of openings; and

o More than 50 percent, the floor slab shall be taken as flexible.
iv) Out of Plane Offsets

Conditions shall be satisfied, if the building is located in Seismic Zones lll, IV and V:
o Lateral drift shall be less than 0.2 percent in the story having the offset and in the story below;
and

o The forces and moments due to earthquake effects in the elements connecting the two vertical
elements with out of plane offset elements, the vertical element supporting the offset, and
connections shall be enhanced by a factor of at least 2.5.




Non Parallel Frames

o To check if the structure needs to take in consideration the orthogonal effects that the seismic loads
o To take into consideration the orthogonal effects - response spectrum

o Full EQ load of one direction plus 30% of EQ load of other direction

Vertical Irregularities

o Stiffness (Soft story)

o Mass

o Geometry

o In Plane Discontinuity
o Strength (Weak Story)
o Floating Columns

o Modes of Oscillation
i) Stiffness Irregularity (Soft Story)

o A soft story is a story whose lateral stiffness is less than that of the storey above.
o The inter-storey drift shall be limited to 0.2 percent in that storey and all story below, if any, with

stiffness irregularity.

o Lateral translational stiffness of any storey shall not be less than 70 percent of that of the storey abov




ii) Mass Irregularity

o Mass irregularity shall be considered to exist, when the seismic weight of any floor is more than 150
percent of that of the floors below.

iii) Vertical Geometry Irregularity

o Vertical geometric irregularity shall be considered to exist, when the horizontal dimension of the
lateral force resisting system in any storey is more than 130 percent of the storey below.

iv) In Plane Discontinuity

o In-plane discontinuity in vertical elements which are resisting lateral force shall be considered to exist,
when in-plane offset of the lateral force resisting elements is greater than 20 percent of the plan
length of those elements.

o In buildings with in-plane discontinuity and located in Seismic Zones Il, the lateral drift of the building
under the design lateral force shall be limited to 0.2 percent of the building height;

o Buildings with in-plane discontinuity shall not be permitted in Seismic Zones Ill, V and V.

v) Strength Irregularity (Weak Story)

o A weak storey is a storey whose lateral strength is less than that of the storey above.




vi) Floating Columns

o Such columns are likely to cause concentrated damage in the structure.

o This feature is undesirable, and hence should be prohibited, if it is part of or supporting the primary
lateral load resisting system.

vii) Modes of Oscillation

o The first three modes together contribute at least 65 percent mass participation factor in each
principal plan direction.

o The fundamental lateral natural periods of the building in the two principal plan directions are away
from each other by at least 10 percent of the larger value.

NOTE- This provision is not applicable to buildings with large podiums in the lower story's.

Step-9 check lateral stability system

Dual System
o Buildings with dual system consist of moment resisting frames and structural walls (or of
moment resisting frames and bracings) such that both of the following

conditions are valid:

o Two systems are designed to resist total design lateral force in proportion to their lateral stiffness,
considering interaction of two systems at all floor levels; and

o Moment resisting frames are designed to resist independently at least 25 percent of the design
base shear.




STEP-10 APPLY WIND ANALYSIS

The maximum deflection against wind allowed is H/500.
Check Base shear as per Code Provisions
Check story drift

If the frequency of the building is less than THz then wind dynamic analysis needs to be done by
considering the guest factor.

Check Wind Tunnel Test as per CTBUH Code Provision

o Considered R-Wind for Wind Simulation as per CTBUH Code Provision

o Performance-based Wind Design (PBWD) of Building Structures

O O O O

@)

STEP-11 CHECK P-DELTA ANALYSIS

o Second order analysis is used in the analysis where the lateral sway caused by
secondary moments are important. Second order effects or P delta effect is used in those
structures in which the structural elements are subjected under the effect of external
compressive loads.




STEP-12 APPLY CREEP & SHRINKAGE ANALYSIS

o Check the elastic deflection
o Check the creep deflection
o Axial shortening of columns effects

STEP-13 APPLY AUTOSEQUENCE ANALYSIS

o Check the performance of a structure with the various loads applied in a single step differs
significantly from that when the loads are applied in stages.
o Check the deflection

STEP-14 APPLY BUCKLING ANALYSIS

o Calculates buckling modes

o Check the buckling factor

o Stable the structure, buckling occurs lateral to the direction of load application which is the
suddenly failure.




Step-15 apply non linear static analysis (pushover analysis)

Nonlinear Static (Pushover) Analysis Procedures

o The Capacity Spectrum Method (ATC 40, FEMA 356)
o The Displacement Coefficient Method (ATC 40, FEMA 356)
o The FEMA 440 Improved NSPs (FEMA440, ASCE 41-06/13)

Determine the capacity or pushover curve total seismic force against deflection

Determine the :

o Capacity curve

o Demand Curve

o Performance point.

Check the effects of Material Nonlinearities (Effect of material properties)
o Cracking in concrete

o Crushing in concrete

o Yielding in steel

o Creep and shrinkage (time-dependent)

o Check the performance of the structures where is subjected to gravity loading and a
monotonic displacement-controlled lateral load pattern which continuously increases
through elastic and inelastic behavior until an ultimate condition is reached.




Step-16 Time History Analysis

o Scaling base shear performed.
To determine the structure response with respect to ground motion records.

o Check the combined story response plots (to display the max. drift or displacement
or shear over turning moments)

o Check the response spectrum curves
o Check the structure performance with respect to ground motion records.

O




Step-17 Apply Vibration Analysis

o Considered this building in an area of high seismicity and high winds needs to be carefully
designed to ensure the adequate stiffen a building in order to reduce the dynamic
response under wind loading. However, this has the effect of increasing the seismic base
shear that is attracted. By adding supplementary damping to the structure, it is possible
to reduce the flexural stiffness of the building to minimize seismic base shear, and at

the same time control the wind response.

Suitable dampers to be considered :
o Viscous Dampers

o Base Isolation

o Tuned Mass Damper etc.

Checks to be taken:
o Story shear

o Base shear

o Story drift.

o Point Displacement
o Mode shapes

o To make structure stable against seismic & wind and reduces reinforcement hence
make structure economical.




STEP-18 PERFORMANCE BASED DESIGN (PBD ANALYSIS)

o Actual forces that appear on structures during earthquakes are much higher than
the design forces specified in the Standard.

— Design philosophy adopted

o Minor shaking (<DBE) No damage to SE No damage to NSE
o Moderate shaking (DBE) No damage to SE Some damage to NSE
o Severe shaking (MCE) No collapse Damage to NSE

Check the effects of Material Nonlinearities (Effect of material properties)

Crac
Crus
Yield

Cree

O O O O

O

KIng In concrete
ning In concrete

ing in steel
p and shrinkage (time-dependent)

Check the structure performance with respect to ground motion records.




STEP-19 MEMBERS & CONNECTIONS DESIGN

o All the structures elements need to well within the strength design limit criteria.

o Members and connections of reinforced and prestressed concrete structures shall
be designed (as per code provision) such that premature failure does not occur

due to shear or bond.

o Some provisions for appropriate ductile detailing of RC members are code provision.

o To resist large displacement during EQs without collapse.




STEP-20 FOUNDATION SYSTEM ANALYSIS AND DESIGN

o Check the materials concrete, rebar, steel etc prominently these are
Concrete fck & Steel fy, fu

Check section sizes of footings as per reaction forces.

Consider suitable foundation system as per reaction forces & SBC of saill
Check load combinations

Check deflections

Elastic Deflection

Immediate cracked deflection

Long-term cracked deflection accounting for creep and shrinkage
Total deflection

Check soll pressure

Check punching shear

Check crack width

Check UPLIFT by Non linear analysis & Overturning

o o o o o o o o o o o o o

Design the foundation system as per code provisions




STEP-21SLAB SYSTEM ANALYSIS AND DESIGN

o Check the materials concrete, rebar, steel etc. prominently these are Concrete fck
& Steel fy, fu

Check section sizes of slabs as per reaction forces.

Consider suitable slab system as per loadings (waffle, ribbed, flat, solid slabs etc.)
Check load combinations

Check deflections

Elastic Deflection

Immediate cracked deflection

Long-term cracked deflection accounting for creep and shrinkage
Total deflection

Check punching shear

Check crack width

Design the slab system as per code provisions

o o o o o o o o o o o




Step-22 CSI detailer to structure detailing and drawing generations

To extract drawings
Detailed views

Bills of materials (BOM)
Bills of quantities (BOQ)

Reinforcement Details for slabs, beams, columns, and walls, grouping similar beams
and columns in the process.

Rebar Schedules.
o Rebar Cages

O O O O O

O

o Detailing Rules

Step-23 Revit Structure And Tekla Structure (Optional)

o To modeling, detailing and extract all sheets like erection, shop drawings &
fabrications etc.

o To extract CNC data as per need for fabricator.
o In Revit structure import dxr file perform the detailing and extract the sheets.

o In Tekla structure import by extension integrator perform the detailing and extract the
sheets.

o In RCDC import MDB file perform the design and detailing and extract the sheets
structure can also optimize in RCDC.




Building Materials

Rebar Fyt240, Fy400
Grade of Concrete Fc 35MPa, FccoMPa
Non Structural Walls Light Weight Block

Glazing Panel Glass Sheets

Sand Reinforcement



Section Properties

400mmx550mm
Beam 650mmx900mm
Frame Section
750mmx900mm
1000mmx1300mm
Colng 1400mmx1400mm
250mm thick
Wall Section Shear Wall 300mm thick
Shear wall & Core walls
Slab Section General Slab 250 thick mm
Parking Slab 225 thick mm
Staircase Slab 230 thick mm

Service Slabs 220 thick mm




Slab Loadings

[ASCE Table C3.1-1 b Minimum Design Dead Loads (Kn/m2)

Loads on Slabs Dead Load Live Load
ASCE Table C3.1-1b |ASCE Table 4.3-1

General Slab 1.44KN/m? 3KN/m?

Asphalt block (51 mm), 13-mm mortar

Staircase Slab 1.TOKN/m? 3KN/m?

Solid flat tile on 25-mm mortar base

Parking Slab 1.2KN/m? AKN/m?

Solid concrete fill 30mm

Terrace 1.53KN/m? 1.5KN/m?

Ceramic or quarry tile 19mm) on 13 mm mortar bed

Bath/WC 1.1J0KN/m? 2KN/m?

Solid flat tile on 25 mm mortar base

Service Slab 1.58KN/m? 2.0KN/m?

Marble & Mortar on stone-concrete fill

Other Slabs 1.53KN/m? 2.0KN/m?

Terrazo (25mm) on stone-concrete fill

OHT 16.0KN/m? 0.75KN/m?

LMR-1 7.0KN/m? 0.75KN/m?

LMR-2 5.6KN/m? 0.75KN/m?




Frame Loads

ASCE Table C3.1-1b

1. Typical Height of the beam | 75 mm
2. Density of the Block 10KN/m3
work including
finishing
3. Thickness of the block 200 MM
work
, External Wall Load (Thickness of wall) x (Height of Floor-Depth of Beam) x (Density
Calculation of Material)
= 0.2 X (4.0-0.75) X 10
=6.5 KN/ m
5. Internal Wall Load (Thickness of wall) x (Height of Floor-Depth of Beam) x (Density
Calculation of Material)
= 0.15 X (4.0-0.75) X 10
= 4.8 KN/ m
6. Parapet Wall Load (Thickness of wall) x (Height of Floor-Depth of Beam) x (Density
Calculation of Material)
=0.2X1.0X10
=2.0 KN/ m
7. Loads on projections Loads on projections which is window

which is window glazing

glazing Loads= 5KN/m




Podium & =
Backstay effects 3

« Any lower part of a tall building structure that contains additional
seismic-force resisting elements in comparison to the tower above, can ma -
be considered a podium. -

Elements of podium — i —
- The reinforced concrete perimeter walls at the below-grade levels. .
- Floor diaphragms at the below-grade levels. :

- Supporting soils (Passive Earth pressure).

- Backstay effect is the transfer of lateral forces from the seismic-force

L] L] L] L] L] L] L] L] L] A_‘
resisting elements in the tower into additional elements that exist within the 3 X
. ."A..’.".'(.'(.‘.’.‘(.'T.‘(.".'ﬁ'(.'&'.’.".‘f.".‘(.‘ :
podium. e

- This effect imposes different boundary conditions (restraints) on the tower

Reference:

Modeling and acceptance criteria for seismic design and analysis
of tall buildings”, PEER/ATC 72-1:2010




Podium &
Backstay effects

Movement of Main Tower
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Two critical stage of

Trying to resist lateral
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movement of tower

Causes increase in stresses
in podium elements

Resistance by podium floor
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Modal Analysis

e The modal analysis determines the inherent natural frequencies of vibration

e Each natural frequency is related to a time period and a mode shape

e Time Period is the time it takes to complete one cycle of vibration

e The Mode Shape is normalized deformation pattern

e The number of Modes is typically equal to the number of Degrees of Freedom

e The Time Period and Mode Shapes are inherent properties of the structure and do not depend on the
applied loads

e The Modal Analysis should be run before applying loads any other analysis to check the model and to
understand the response of the structure.

In structural engineering, modal analysis uses the overall mass and stiffness of a structure to find the
various periods at which it will natural time period.

Modal analysis helps to determine the vibration characteristics(natural frequencies and mode shapes) of a
structure or component, showing the movement of different parts of the structure.




Modal Analysis
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1" Translational Mode of
ascillation
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Equivalent SDoF Structure
for 1** Mode of Oscillation




Modal Analysis Results

= Guidelines for fundamental time-period be 0.1* N (N= No of

levels). [ASCE CI: 12.8-8]
Therefore 0.1 x 53 =5.3 < 4.6, Hence OK

THREE FUNDAMENTAL TRANSLATIONAL NATURAL PERIODS,

TX1=ASSOCIATED WITH ITS HORIZONTAL TRANSLATIONAL OSCILLATION
ALONG X

TY1=ASSOCIATED WITH ITS HORIZONTAL TRANSLATIONAL OSCILLATION
ALONG Y
TZ1=ASSOCIATED WITH ITS ROTATIONAL OSCILLATION ALONG Z

The submission of all the modes at least should be cross 90%, ,
Hence OK [ASCE Cl: 12.9.1.1]

Modal 1 4.603 0.3307 0.2524 0.3307
Modal 2 3.899 0.1436 0.2959 0.4743
Modal 3 3.481 0.1724 0.0505 0.6467
Modal 60 0.039 0.0077 0.0027 0.9998




Gravity Deflection

Max. allowed span/350 (or) 20mm

Maximum deflection=13.57mm

Near Column deflection =10.127mm

Axial shortening = 3.443mm

Max. Deflection Axial shortening x Creep coefficient = 3.443 x 3 =
10.329mm

Span/350= 5.425 x 1000/350 =15.5mm

Therefore maximum deflection is less
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Earthquake Design

SEISMIC ANALYSIS

NON-LINEAR ANALYSIS
LINEAR ANALYSIS

. Nonlinear Static Analysis
—> Equivalent Static Analysis (Pushover analysis)
— Dynamic Analysis Nonlinear Dynamic or

—~ Time History Analysis

— Response spectrum analysis

—> Modal time history analysis

Displacement




Earthquake Design as per ASCE/-16

Regular < 73m Static
Regular > 73m Dynamic
Irregular < 21m Static
Irregular > 21m Dynamic

Irregular number of stories 5 and above Dynamic
Eccentricity between center of mass and rigidity > 20% Dynamic

Static Analysis Base Shear=V = Cs.W ASCE (Cl. 12.8-1)

Where,
Cs= Seismic response coefficient
W= Seismic weight of the building

Specification

Site class

Long-Period Transition Period
Site coefficient, Fa

Site coefficient, Fv

Calculated coefficients

SDS =(2/3) *Fa*Ss
SD1=(2/3)*Fv*ST

Response Modification, R
System Over strength, Omega
Deflection Amplification, Cd

Occupancy Importance, |
Ct(ft)

: B (S§1=0.2 & Ss=0.5)

. 8
‘0.9
:0.8

:0.12

.0.2667

: 6 (Table 12.2-1)

: 2.5 (Table 12.2-1)
: 5 (Table 12.2-1)

- 1.25 (Table 1.5-1)

:0.02: 0.75 (As per ASCE (12.8-2)

base




Earthquake Design
Stability Checks

ASCE 7-16 Auto Seismic Load Calculation

This calculation presents the automatically generated lateral seismic loads for load pattern EQX according to

ASCE 7-16, as calculated by ETABS.
Direction and Eccentricity
Direction = X

Structural Period

Period Calculation Method = Program Calculated

Coefficient, Ct [ASCE Table 12.8-2]
Coefficient, x [ASCE Table 12.8-2]
Structure Height Above Base, hn
Long-Period Transition Period, TL [ASCE
11.4.5]

Factors and Coefficients

Response Modification Factor, R [ASCE
Table 12.2-1]
System Overstrength Factor, QO [ASCE
Table 12.2-1]
Deflection Amplification Factor, Cd [ASCE
Table 12.2-1]
Importance Factor, | [ASCE Table 1.5-2]
Ss and S1 Source = 0.75

Mapped MCE Spectral Response
Acceleration, Ss|ASCE 11.4.2]

Mapped MCE Spectral Response
Acceleration, S1[ASCE 11.4.2]

Site Class [ASCE Table 20.3-1] = B - Rock
Site Coefficient, Fa [ASCE Table 11.4-1]
Site Coefficient, Fv [ASCE Table 11.4-2]

Ct = 0.02ft
x =0.75

hn = 643.37 ft

TL= 8 sec

R=6
Qo =2.5
Cd=5
| =1.25

s = 2.29¢
S1=0.869¢g

Fa=0.9
Fv=0.8




Seismic Response
MCE Spectral Response Acceleration,

S ms [ASCE 11.44, Eq. 11.4-1] SMms = Fa Ss Sms = 2.061g

MCE Spectral Response Acceleration,

S m1 [ASCE 11.4.4, Eq. 11.4-2] SM1 = Fv $1 Sm1 =0.6952¢g

Design Spectral Response Acceleration,

S bs [ASCE 11.4.5, Eq. 11.4-3] Sps =2/3 Swms Sps = 1.374g

Design Spectral Response Acceleration,

S b1 [ASCE 11.4.5, Eq. 11.4-4] Sp1 =2/3 Swm1 Sp1 =0.463467¢g
. S

Equivalent Lateral Forces C.= R.

Seismic Response Coefficient, CS [ASCE

12.8.1.1, Eq. 12.8-2] .,
Come =7 R

[ASCE 12.8.1.1, Eq. 12.8-3] 7)
[ASCE 12.8.1.1, Eq. 12.8-5] Comn = max (0.044 5,:10.01 ) =0.07557
[ASCE 12.8.1.1, Eq. 12.8-6] s,

Comn=0.5 E} for 5, = 0.6g 0.00 0.0 1.60 2.40 3.2 4.00 4.80 E+3

! Comn S G5 Cpn Force, kN
Calculated Base Shear Applied Story

Direction Period Used W Vb

(sec) (KN) (KN)

X 3.577 0.090521 86539.2207 78358.3836



Earthquake Design

Stability Checks
ASCE 7-16 Auto Seismic Load Calculation

This calculation presents the automatically generated lateral seismic loads for load pattern EQY according to

ASCE 7-16, as calculated by ETABS.
Direction and Eccentricity
Direction =Y

Structural Period

Period Calculation Method = Program Calculated

Coefficient, Ct [ASCE Table 12.8-2]
Coefficient, x [ASCE Table 12.8-2]
Structure Height Above Base, hn
Long-Period Transition Period, TL [ASCE
11.4.5]

Factors and Coefficients

Response Modification Factor, R [ASCE
Table 12.2-1]

System Overstrength Factor, Qo [ASCE
Table 12.2-1]

Deflection Amplification Factor, Cd [ASCE
Table 12.2-1]

Importance Factor, | [ASCE Table 1.5-2]
Ss and S1 Source = 0.75

Mapped MCE Spectral Response
Acceleration, Ss[ASCE 11.4.2]

Mapped MCE Spectral Response
Acceleration, S1 [ASCE 11.4.2]

Site Class [ASCE Table 20.3-1] = B - Rock
Site Coefficient, Fa [ASCE Table 11.4-1]
Site Coefficient, Fv [ASCE Table 11.4-2]

Ct = 0.02ft
x = 0.75

hn = 643.37 ft

TL = 8 sec

Ss = 2.29g
S1= 0.869g

Fa =0.9
Fv = 0.8




Seismic Response
MCE Spectral Response Acceleration,

S ms [ASCE 11.44, Eq. 11.4-1] SMms = Fa Ss Sms = 2.061g

MCE Spectral Response Acceleration,

S m1 [ASCE 11.4.4, Eq. 11.4-2] SM1 = Fv $1 Sm1 =0.6952¢g

Design Spectral Response Acceleration,

S bs [ASCE 11.4.5, Eq. 11.4-3] Sps =2/3 Swms Sps = 1.374g

Design Spectral Response Acceleration,

S b1 [ASCE 11.4.5, Eq. 11.4-4] Sp1 =2/3 Swm1 Sp1 =0.463467¢g
. S

Equivalent Lateral Forces C.= R.

Seismic Response Coefficient, CS [ASCE

12.8.1.1, Eq. 12.8-2] 5,

Cone =7 R
[ASCE 12.8.1.1, Eq. 12.8-3] 7)
[ASCE 12.8.1.1, Eq. 12.8-5] Cone = Max (0.044 Sy 1,0.01) = 0.07557
[ASCE 12.8.1.1, Eq. 12.8-6] s,

Comn =05 {E} for 5,=0.6g 0.00 0.80 1.60 2.40 3.20 4,00 4.80 E+3
F ES.!IH‘l 5 l'.:_,. 5 ES".“ Force, kN
Calculated Base Shear Applied Story

Direction Period Used Cs W Vb
(sec) (KN) Q)
Y

3.577 0.090521 86539.2207 78358.3836



Linear Dynamic Analysis

These methods take into account the ground conditions like soil type & zone

sensitivity of an structure & predicts behavior of a building under the action of
Earthquake forces.

Response Spectrum Method:

Simplified method of dynamic analysis for buildings [ASCE Ch: 12.9]

Response spectrum method can be carried out for any building using
Design response or site specific response spectrum. =

Dynamic Analysis Performed on High-rise Buildings, Tall
and Irregular Structures

Oagrereoment (n

Response of structures under seismic loadings

b . - »
ov w — - - o
) R~

Response (Displacements, Drifts, Forces and Stresses) I T

Physicel Mode 1 Mode 2 Mode 3 Mode n
Domain RN LG & Hiu®s J 2N




Response-spectrum analysis (RSA) is a linear-dynamic statistical analysis method which measures the
contribution from each natural mode of vibration to indicate the likely maximum seismic response of an
essentially elastic structure. Response-spectrum analysis provides insight into dynamic behavior by
measuring pseudo-spectral acceleration, velocity, or displacement as a function of structural period for a
given time history and level of damping. It is practical to envelope response spectra such that a smooth
curve represents the peak response for each realization of structural period.

Response-spectrum analysis is useful for design decision-making because it relates structural type-
selection to dynamic performance. Structures of shorter period experience greater acceleration, whereas
those of longer period experience greater displacement. Structural performance objectives should be taken
into account during preliminary design and response-spectrum analysis.

Damping and RSA:
RSA provides insight into how damping affects structural response. A family of response curves may be
developed with variable levels of damping. As damping increases, response spectra shifts downward.

The International Building Code (IBC) is based on 5% damping. This accounts for incidental damping
from hysteretic behavior, which is not explicitly modeled during RSA.

» Provides the maximum seismic response of a structure By How a response spectrum curve is obtained?
measuring the natural mode of vibration

045

Need for Response spectrum method ou [

Response 4
» The time history data is not available N |

S 02 \

> Determine the peak seismic response of a building - e

Response 2 z e

. . . . Response 1 20: ————

> Find accurate results for structural design applications o

0.0g as0 100 150 200 250 300 350 400 4 50

Period (Sec)

Mode 4 Mode 2
Mode 3 Mode 1



Modal Combination & Directional Combination:

Peak responses of each mode are combined to give total building response. So
the responses from different mode must be combined.

We have two combination section in RSA, oneis in Modal Combination,
Another one in Directional Combination.

Here Combination ways for Modal Combination:
1. Absolute Sum of All the Peak Responses together (This is not very
realistic as it assumes all peak responses occur at same time). Let's say

we just have 2 modes to combine in a Response Spectrum analysis, From
equations we end up with an equation like the following:

R? = R1? + 2*¢*R1*R2 + R2°
Now, one extreme is where epsilon=1. This is basically just summing up the

modal response:
R? = R1? + 2*R1*R2 + R2? =(R1+ R2)?

R=R1+R2
R=|R1| + [R2| (in practice)
Which is very conservative.




Modal Combination & Directional Combination:

2. Square Root Sum of the Squares (SRSS) (This can be used,
however when terms are squared all values are positive and
there is no correspondence between response results like that
would be in time history analysis.) Let's say we just have 2
modes to combine in a Response Spectrum analysis. Now,
consider ¢ =0. Then we have the following:

R? =R1% + R22
R = SRSS(R1% + R22), This is the SRSS method. Basically,
another way to think of it is that we don't account for modal

interaction (interaction of modes 1and 2) since we neglect the
R1*R2 term and just take the SRSS.

> For structures with well separated frequencies, SRSS provides a
good estimate of total peak response.

3. Complete Quadratic Combination(CQC) (This is commonly
used). The CQC uses value of epsilon in between O to 1
(O < epsilon/damping co-eff < 1) to calculate the total response,
so we get somewhere in-between. In other words, CQC account
for some interaction of modes when the modes are closely
spaced.

» CQC is used for structures having closely spaced frequencies.
This is default & preferred modal combination.

4. General Modal Combination technique (GMC) is used to
combine the modal results. This is the same as the complete
modal combination procedure described by Equation 3.31in
Gupta (1990). The GMC method takes into account the
statistical coupling between closely-spaced Modes similarly to

I" Fixed-Base Mode

W
W

AL

Displacement

Force Shear

2" Fixed-Base Mode and | Pinned-Base Mode

5

{ 4

Moment

M,

Displacement

Force Shear

3" Fixed-Base Mode and 2" Pinned-Base Mode

|

W
Vi

Moment

M,

Displacement

Force Shear

— Fixed-Base Wall — Pinned-Base Wall

the CQC method, but also includes the correlation between modes with rigid-response content

Moment




Directional Combination: For each displacement, force, or stress quantity in the
structure, modal combination produces a single, positive result for each direction
of acceleration. These directional values for a given response quantity are
combined to produce a single, positive result. That’s why we need to apply the
directional combination type to specify directional scale factor (drif) to be used.

Here Combination types for Directional Combination:

1. Select, DCT as Absolute to combine the directional results by taking the sum
of their absolute values. This method is usually over-conservative.

2. Select DCT as SRSS to combine the directional results by taking the square
root of the sum of their squares. This method is invariant with respect to |
coordinate system, i.e., the results do not depend upon your choice of

coordinate system when the given response-spectrum curves are the same. = + +

This is the recommended and default method for directional combination. Dy.

Wilson explains that combined directional effects id be accounted for more ﬁ_

effectively by using an alternative method in which the SRSS combination of ’ ’ 3
two 100-percent spectra analyses is applied in any direction, or along either iy o M o
orthogonal axis. This method is valid because design forces and results are

independent of the reference system used. Further, this method also accounts

for independent and simultaneous ground motions which occur normal to

those along the principal direction.

3. The Complete Quadratic Combination in 3 directions CQC3 Conclusion: From the discussion on Modal Co
method is the full expansion of SRSS method. Its generic Directional Combination Type we can understa
expression accounts for the model correlation coefficient among ~ default and preferable for Modal Combination a
vibration modes and the critical angle 6 between the seismic and preferable for Directional Combination in u

excitation and the structural axis. It offers the most critical
orientation of the ground motion components.




Three are different methods to combine different modal cases responses in to a response spectrum curve.

ABSSUM-Absolute Sum Method

In this method where the peak response in each model case summed up to formed a single response curve but there

is unlikely to happen as a peak response curve but there is unlikely to happen as a peak response model case
occurring a different time-period.

SRSS-Square Root of Sum of Squares

In this method we will give the almost accurate response of the structure but the main drawback of this method is
that it cannot give the correct result if the frequency is very closely to space.

CQC-Complete Quadratic Combination
In this method we will give correct response even the frequency are very closely to space.

We have to adopt CQC method.




Seismic Dynamic Base Shear

If Building is irregular & Height is more than >21 m than we consider dynamic base shear

Building height is 185m, so required to do dynamic base shear analysis.

Scale factor = (Ex / Spec x) x Existing Scale factor.

As per ASCE 7-16 FX or FY of RS max. > = 0.85 x calculated base shear (EX or EY)

_ Un cracked Model Service Model Strength Model

EQY

Spec-X

Spec-Y

Scale factor for Spec-X
Scale factor for Spec-Y

5974.04
4646.48
5974.04
4646.48
1971.35
1630.49

5974.04
4646.48
5974.04
4646.48
2136.48
1777.23

5974.04
4646.48
5974.04
4646.48
2551.26
2007.14




Maximum Displacement against Earthquake

Maximum deflection against EQ allowed = H/250.

Max. allowed is H/250 = (180 x 1000)/250 =720 mm
ETABS values

%

Spec X = 315.98 mm which is less than max. allowed hence it is safe

:-i;—:_'-z:
. . .o W
SpecY =444 .80 mm which is less than max. allowed hence it is safe EE LR
e
HE s San
_ — W =] |
Maximum Story Displacement Maximum Story Displacement | :’=El:= o
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I I I
120 160 200

I 1 1
! ! i ] 0 50 100 150
240 280 320

| | | |
200 250 300 350
360 400
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Displacement, mm

1 1 I
400 450 500

Max: (315.002374, T.O.PARAPET), Min: (0, Base)

Max: (444.078531, T.O.PARAPET}); Min: (0, Base)

Maximum Displacement=315mm Maximum Displacement=444mm
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Inter Story Drift
The maximum inelastic response is defined as:

Ani=0.TRAs
Where M ®

R is the structural system coefficient

For structures with a period less than 0.7 seconds, the maximum story drift is limited to

Ax <2.5% (T < 0.7 seconds).
Where h is the story height.

For structures with a period greater than 0.7 seconds, the maximum story drift is limited to:

Ap=2% (T = 0.7 seconds).

Timeperiod-5.164

Max. story drift SpecX=0.002442
=0.002442X0.7X6X100

=0.94017

0.94 which is below 2% so are safe for X dir.

Max. story drift Specy=0.001724
=0.001724X0.7X6X100
=0.66374

0.66 which is below 2% so are safe for Y dir.




ECCENTRICITY CHECK

Building dimension along direction (X) = 88.5m
XCM =40.28

XCR = 34.97

E =40.28-34.97 =5.31 _ 1
5.31/88.5 X 100 = 6.01% Hence OK Dy -

Building dimension along direction (Y) = 65.5m YCM = 37.16
YCR = 36.99

E=37.16-36.99 =0.18

0.18/65.5 X 100 = 0.3% Hence OK

[ASCE Cl: D.3.1]

« The eccentricity between the center of mass and the geometric centroid Ex <15% * DX
of the building at that level shall not exceed 15% of the overall building Ey <15% * Dy
width along each principal axis considered at each level.




According to Code Torsional Amplification Factor

D max/ D avg >1.2
Torsional Irregularity exists

D max/ D avg > 1.4
Extreme Torsional Irregularity exists

D max = maximum drift (R1 or R2)
D avg = (R1+R2)

Story max./ avg drift in Spec-X=1.27

Story max./ avg displacement in Spec-X=1.215
=(1.215/1.2)2

=1.025

=0.05 x1.025

=0.05125

Story max./ avg drift in Spec-y=1.29

Story max./ avg displacement in Spec-X=1.32
=(1.32/1.29)2

=1.04

=0.05 x1.04

=0.052

iad

hrr.'r: )
1.20,,

"

[ASCE Cl: 12.8.4.3]
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FIGURE 12.8-1 Torsional Amplification Factor, A,




Soft Story
[ASCE Table 12.6-1] Type of Irregularity Graphic Interpretation

Story Stiffness SpecX |a. Stiffness irregularity
A=13867/5103.00 (soft story)
B=72924702.51
C=24811168.36
D= 3657013.60
A<70%B

=190 > 70% (OK) |b. Stiffness irregularity

(extreme soft story)

Stiffness
A< 70% B
or
A<80%(B+C+D)
3

> O U

|
|
|

A<80%(B+C+D)/3
A avg= 33797628.15
=410> 80% (OK)

Stiffness
A<60%B

or

A<70% (B+C+D)
3

= O O

Story Stiffness SpecY
A=109054208.00 A soft story is a storey whose lateral stiffness is less than that of
B=53605863.31 the storey above.
C= 24817594.37
D= 5207631.87
A</0%B
=203 >70% (OK)

A<80%(B+C+D)/3
Aavg= 2/877029.85
=391> 80% (OK)




Mass irregularity shall be considered to exist, when the seismic weight of any floor is more than
150 percent of that of the floors below.

Heavy Story
[ASCE Table 12.6-1] %)
“ ‘ o
Mass in Spec-X “ L | 45 s 81508
A= 6146148.81 HEIRY
B= 6257045.81
B< 150 -
=98% < 150% (OK)

Mass in Spec-Y

Wi, Wi > 1.5Wiy
A= 6146148.81 W Wi > 15Wis
B= 6257045.81 ME
B< 150
=98% < 150% (OK)

ELEVATION

4B MASS IRREGULARITY




P-DELTA ANALYSIS CHECK
[ASCE ClI: 12.8.7]

Check P Delta effect according the ACI code
PAL 0.5

6 = Gmax =

, < 0.25
Kbsxcd ‘BCa’

If ©,,.x > 0.25 the structure is potentially unstable
and shall be redesigned. (We need to include P-delta)

If © < 0.1 the structure is stable ( No P-delta)

Define — P-Delta options

Iterative based on loads

Load pattern scale factor
DEAD 1.2
SDL 1.2
LIVE 0.5

 Itisalso known as|Second Order Analysis.

"\
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'M; =Rxh

First Order Analysis {

‘M, = (Rxh) + (PxA)

Second Order Analysis




WIND ANALYSIS
[ASCE Ch: 26.0]

WIND SPEED =200 mpa [ASCE fig. C26.14-2]
EXPOSURE TYPE = [ASCE Cl: 26.7]
TOPOGRAPHICAL FACTOR, kzt =1.0 [ASCE Cl: 26.8.1]
Ground elevation Factor = [ASCE Cl: 26.11]
GUST FACTOR =0.85 o

DIRECTIONALITY FACTOR, Kd =0.85 [ASCE Cl: 26.6]

Maximum Displacement against Wind

The maximum deflection against wind allowed is H/500.

Max. allowed is H/500 = (180 x 1000)/500 =360 mm
ETABS values

WLX=38.2 mm which is less than max. allowed hence it is safe

WLY = 55.7 mm which is less than max. allowed hence it is safe




WIND ANALYSIS

Maximum Story Displacement Maximum Story Displacement

T.O.PARAPET

ISTF.FL. 4

| | ' ' ' ' ' ' ' ' 0.0 60 120 180 240 300 36.0 420 480 540 60.0

0.0 4.0 8.0 120 16.0 200 240 280 320 360 400 .
Displacement, mm Displacement, mm

Max: (36.999132, Between 22 and 38). Min: (0, Base) e

Maximum Displacement WLX=38.2mm Maximum Displacement WLY=55.7mm




CONSTRUCTION SEQUENCE ANALYSIS (CSA)

CSAis a nonlinear analysis approach in which the structure is analyzed at various stages corresponding to the
construction sequence and the partial required loads are applied sequentially at every stage.

The performance of a structure with the various loads applied in a single step differs significantly from that
when the loads are applied in stages. The phenomenon known as Sequential Construction Analysis is used to
analyze the structure at each story.

Time Dependent effects

« Creep
« Shrinkage
- Concrete Strength,fc ... - Inactive elements Active elements

o Modulus of elasticity

= T T Emem T s

Cons. Stage 1 Cons. Stage 2 Cons. Stage 3




CONSTRUCTION SEQUENCE ANALYSIS (CSA)

Determined the creep & auto-sequence deflection

Span/350
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CREEP & SHRINKAGE ANALYSIS

Determined the creep & auto-sequence deflection
Span/350

Creep, along with shrinkage (decrease in direct strains over time) and aging (change in elastic modulus

with age), are time-dependent material behaviors which may be applied to concrete objects using staged-
construction analysis.

The deflection including the effects of temperature, creep & shrinkage occuring after erection of partition
& the application of finishes should not normally exceed span/350 or 20mm which ever is less.

The control of deflection

1) Limit of strength
2) Limit of serviceability

Serviceability

1) Cracking structure does not fall, structure become serviceable, will
2) Drift lock not good.
3) Shrinkage

4) Ground bearing pressure

In which we have considering load combination: (DL+ LL) for serviceability for unfactored

Shorter span/350 or 20mm which ever is less (does not this value exceed)

Check for deflection on more deflected slab like cantilever slabs, large span slabs, there check it.
To control it by increase slab depth & beam depth.




Determined the creep & auto-sequence deflection
Span/350

SPAN/350=14.28mm b |
SHORTER SPAN=5m
Virtual deflection=13.468mm

Axial shortening of columns= 3.570mm :
Real deflection= 9.898mm
For creep for1year=1.065x 1.1= 1.1/715

L
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Axial shortening of columns in tall buildings

In tall buildings, columns carry huge loads which effectively compress the column along its axis. This is
commonly known as ‘axial shortening’. The axial column displacements generate significant forces

within the structural elements they support, and can also cause failure of surrounding non-structural
elements.

Causes of axial shortening

1. Elastic deformation (Ai): Instantaneous deformation that depends on the magnitude of load, strength
of concrete and age of concrete at the time of load application.

2. Shrinkage (As) and creep (Ac): Time and deformation dependent on concrete properties, amount of
reinforcement, volume/surface ratio, ambient humidity conditions, magnitude of sustained load
(affects creep only) and loading history. As a rough guide, 40% of the inelastic deformation takes

place within the first 28 days, while after three to six months, 60% and 70% of the total deformation
will occur, increasing to 90% after two years.
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Buckling Analysis

Buckling occurs physically when a structure becomes unstable under a given loading configuration, and
mathematically when a bifurcation occurs in the solution to equations of static equilibrium. The two
primary means for performing buckling analysis include Eigenvalue and Nonlinear buckling analyses.
Buckling must be explicitly evaluated for each set of loads considered because, unlike natural
frequencies, buckling modes are dependent upon a given load pattern. When evaluating buckling, any
number of load cases may be defined, each of which should specify loading, convergence tolerance, and
the number of modes to be found. Since the first few buckling modes may have similar factors, we
recommend finding a minimum of six modes.

Modify Buckling analysis to include P-Delta important for incremental buckling loads

A/

e WA &'AV :
Y

=
s

P-Delta load + BF X applied load = buckling load

A =y
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Buckling Analysis

Buckling modes calculated 1

Buckling Factor X Applied load = Buckling Load
Loads applied x Buckling factor = Buckling loads

For mode 1= 3.281

3.281 x (DL + LL) = Buckling load
P-Delta load + BF X applied load = buckling load (DL+ SDL+ O.5LL) + 3.281X (DL+LL) = buckling load

APPLIED LOAD UP = BUCKLING FACTOR DOWN

TABLE: Buckling Factors

Case Mode Scale Factor
Buckling 1 1
Buckling 2 1.21
Buckling 3 1.119
Buckling 4 1.132
Buckling 5 1.392
Buckling 6 1.311




Time History Analysis

Time-history analysis provides for linear or nonlinear evaluation of dynamic structural response under
loading which may vary according to the specified time function. Dynamic equilibrium equations, given by
Ku(®) + Cd/ 4 ult) + M d?/4 u(t) = r(t), are solved using either modal or direct-integration methods. Initial
conditions may be set by continuing the structural state from the end of the previous analysis.

This method calculates the response of a structure subjected to earthquake excitation at every instant of time
(hence the name Time History). Various seismic data are necessary to carry out the seismic analysis i.e.
acceleration, velocity, displacement data, etc., which can be easily procured from seismograph data’s

analysis for any particular earthquake. It is an important technique for structural seismic analysis especially
when the evaluated the structural response is nonlinear.

Time function

CSl Software handles the initial conditions of a time function differently for linear
and nonlinear time-history load cases.

Linear cases always start from zero, therefore the corresponding time function must also start from zero.

Nonlinear cases may either start from zero or may continue from a previous case. When starting from
zero, the time function is simply defined to start with a zero value. When analysis continues from a
previous case, it is assumed that the time function also continues relative to its starting value. A long
record may be broken into multiple sequential analyses which use a single function with arrival times.
This prevents the need to create multiple modified functions.




Non linear cases two types

e Fast non linear analysis (FNA)
e Direct integration time history analysis

Fast Nonlinear Analysis (FNA)

Fast Nonlinear Analysis (FNA) is a modal analysis method useful for the static or dynamic evaluation of
linear or nonlinear structural systems. Because of its computationally efficient formulation, FNA is well-
suited for time-history analysis, and often recommended over direct-integration applications. During
dynamic-nonlinear FNA application, analytical models should:

» Be primarily linear-elastic.
» Have a limited number of predefined nonlinear members.

» Lump nonlinear behavior within link objects.

Direct-integration time-history analysis

Direct-integration time-history analysis is a, nonlinear dynamic analysis method in which the
equilibrium equations of motion are fully integrated as a structure is subjected to dynamic loading.
Analysis involves the integration of structural properties and behaviors at a series of time steps which are
small relative to loading duration. The equation of motion under evaluation is given as follows:

Mi(t) + Cu(t) + Ku(t) = F(t)




Comparison between FNA and direct-integration time-history analyses

Nonlinear modal time-history analysis, also known as Fast Nonlinear Analysis (FNA), is generally more
accurate and efficient than direct-integration time-history analysis. The accuracy of FNA depends upon
the sufficiency of suitable mode shapes, similar to how direct integration requires small enough time steps
to accurately characterize dynamic behavior.

Damping is handled differently between these two analysis methods. FNA limits proportional damping at
the frequency extremes to 0.99995 that of critical, while direct integration uses imass- and stiffness-
proportional damping n which damping at very low and very high frequencies may exceed critical.

We recommend using the default Convergence tolerance (1e-4) during FNA application, and for direct
integration, a tolerance equal to or less than 1e-3.

Results may be sensitive to physical parameters, loading conditions, and the analytical technique applied,

especially with irregular structures and advanced nonlinear systems. Since FNA is an accurate and efficient
analysis method, it may be worthwhile to apply this technique to a series of models which simulate variable
computational scenario. For example, foundation springs and substructure may be included, then omitted,

to provide a comparison study.



https://wiki.csiamerica.com/display/kb/Comparison+between+FNA+and+direct-integration+time-history+analyses

Time History Analysis

« Provides for linear or nonlinear evaluation of dynamic structural response under loading which may vary
according to time function.

« Define the target response spectrum
« Matching the time history with target response spectrum

« As per ASCE 7-16-Scaled time history has to be greater than target response spectrum from O.2T to 1.5T

[ASCE CI: C16.2.3.1] Linear Model

E Response Spectrum ASCE 7-16 Function Definition d

Function Damping Ratio

Function Mame RSM (MATCHED) D:amping Ratio 0.05
Parameters Function Graph
0.2 Sec Spectral Accel, Ss 229
1 Sec Spectral Accel, 51 0.865
Long-Period Transition Perod g
Site Class B b
Site Coefficient, Fa 0.9
Site Coefficient, Fv 0.8 , . . | i i
5.0 &0 T.0 BD 8.0 1000
Calculated Walues for Response Spectrum Curve
SDS =(2/3) " Fa " Ss 1.374
SD1 =(2/3)"Fv " 51 0.4635
Function Paints Plot Options
Period Acceleration (@) Linear X - Linear Y
o | .
0.0675 - _ - () Linear X -Log Y
Convert to User Defined 0.3373 1374 _
06 07724 O Log X-Linear Y
0.8 0.5793 Loa X -Log ¥
1 0.4635 O Log X-Log
1.2 0.3862
14 0.331
1.6 0.2857
o cancel 138 v ||0.2575 v




Time History Analysis

« As per ASCE 7-16-Scaled time history has to be greater than target response spectrum from O.2T to 1.5T
[ASCE CI: C16.2.3.1]

E Time History Matched to Response Spectrum

Time History Function Mame THS-X

Method to Lise for Spectral Matching

() Spectral Matching in Frequency Domain (®) Spectral Matching in Time Domain

Choose Input Response Spectrum and Reference Time History

Target Response Spectrum RSH b o Response Spectrum Acceleration Units g Units o

Reference Acceleration Time History HOLLISTE-X o 'ﬂ Time History Acceleration Linits g Units W

Target/Matched Response Spectrum Reference/Spectrally Matched Acceleration Time History




Time History Analysis

Base Shear

.Scale factor = (Ex / Spec x) x Existing Scale factor.
As per ASCE 7-16 FX or FY of THX max. > = 0.85 x calculated base shear (EX or EY)

EQ-X
EQ-Y
THX-X

THY-Y

72145.8763
72396.7837
71142.2374

71236.7249

[ 3DView | TimeHistoryPlot | v X
BERE W% £ dieL;
v Name E+3

Name THPlot4 240 -

v Plot Definition Legend
Load Case THX-SC Base FX. kM
Horizontal Function Time 200 +
Vertical Functions 1 tem: Base FX

v Response Recovery
Recovery Exent Al Jii=
Start Time (sec (

End Time (sec 120 4

+ Legend

Legend Type Integrated
8.0 4
4.0 4

Base FX, kN

-12.0 4

=

ED.-x”wwﬂ

-4.0 -

8.0 -

-16.0 , ,

0.0 30 6.0

8.0 120 15.0 180 210
Time, sec

240 270 300




Time History Analysis

Base FX Base FX

Base Shear Max.=18407.34KN Base Shear Max.=10948.72KN
Time=7/.5 sec. Time=10.9 sec.

Time History Time History
Summary Description Summary Description
This ks Bmea RSNy respanse oulpul FF 3 spadiiad kaad Casa. This ks Bme NiSIONy FSspanss oulpul #F 3 spaciiiad §a3d o35,
Input Datz Input Data
Nama THMmRL Wamsa THRAS
Laad Casa THX-5Z Load Cas= THX-5C
Flot Plot
E#3 E+3
4.0 15.0 -
Legend Legend
Bace P, kN Basa FY, kN
2l 12.0
16.0 8.0
12.0 4

. "M b S N\ Il m A/

g .1“ U” VWW g i M \/

Base FX, kN

A0

=12.0 4
=1Z.0

"1&“ = 1 1 1 1 1 (] 1 1 1 1
oo 3.0 60 2.0 12.0 15.00 18.0 0 24.0 27.0 300 -15.0 i i i i i i i i i
0o 3.0 5.0 9.0 1240 16.0 18.0 2.0 24.0 270

Time, sec



Time History Analysis

Non Linear FNA

E Time History Function Definition - From File

Time History Function Name

Function File

File Name Browse...

C:MProgram Files\Computers and Structures®\ETABS
19 Time History Functions*"MEWHALL-1.TH

Header Lines to Skip 2
Prefix Chars. Per Line to Skip 0
Mumber of Points per Line 8
Convert to User Defined View File
Function Graph
Bo0 —
-0 7 I I I |
0.0 8.0 12.0 18.0 24.0

NEWHALL-1

30.0

YValues are:

() Time and Function Values

(® Values at Equal Intervals of 0.02
Format Type
(® Free Format
() Fixed Format
Characters per tem
i — i
| | | | |
J8.0 420 48.0 54.0 0.0




Time History Analysis

« We can see the various effects on seismic waves on our building model graphs each graph represents
the variation effects for different stories

 As per ASCE code the maximum story drift value not exceed is AM = O.7R AS

E Combined Story Response X
Control Data
Tower Tl Load Case TH¥-5C w Load Step 0 Iil Direction Graph 1 Type Displacement ~ | [ ] Animate '
Slower
Story Response
Legend
= Minimum
-— Maximurm _TOPAR
‘_I_, Step 0
/ \ -
| _ 138
- 32
=27
- 22
T
-1
-5
- IST F.FL
" I ] / \ — Base
| | | | | | | | | | [ | | | | | 1 | | | | | | | | | | | | | | 1 1 1 1 1 1 1 | | |

-240-168.0 -8.0 00 80 160 240 320 400 480 560 0.00 030 0.80 080 1.20 150 180 210 2.40 2.70 3.00 E-3 -16.0-12.0 -8.0 -40 00 40 &80 120 160 200 240 E+3 -380 -300 -240 -180 -120 -850 0 80 120 180 240 E+3
Displacement {mm}) Drift (mm/mm} Shear (kN) Owverturning (KN-m)

(-19.912, 22.136)

Imput Function
E-3

a0
500
250

. — L;ffxifﬁ\ /fﬁﬁH“H_ff#\ /f“\\hv/

-250

ccel (misec?)




Time History Analysis

For THX in X direction we can see the max. response here 0.33 sec, 7.585018 value of PSA for min.
damping i.e. O damping for maximum damping it is very less for damping factor O.

Damping

)
&

v  Name
Mame RSFromTH1 8.00 -
v Show Legend
Time History Case THX-5C —— Damping 0
T.0.PARAPET 7.20 1 —— Damping 0.02
Coordinate System Global E Damoi ﬂ.I}E
Response Direction X B 640 - amp?ng '
Vertical Axis E Damping 0.07
kem Plotted PSA < Damping 0.1
Scale Type Linear (n 380 1
Units Cumrent Units n‘_
Horizontal Axis E 480
ttem Plotted Period E =
Scale Type Linear s
Widening (%) 0 S im0
Frequencies/Periods T
Include Default fes E
Include Structural Yes T 320 4
Include User No E
User Values None E
=1
1]
=]
g
[11]
=
']
o

Damping Ratios 0;0.02;0.03; 0.05; 0.07. 0.1
v Legend
Legend Type Integrated 180 -
0.80 -
e
Dm | | | | | | | | | |
0.00 0.50 1.00 1.50 200 250 3.00 3.50 400 450 5.00
Story Period, sec

The stary at which the time history results are obtained.




Outrigger
Structural System

« The outrigger truss is a simple trusses spanning over the full height of that story and across the full
width of building.

« The role of the outrigger trusses is to make the columns act together in resisting overturning moments
acting on the building.

 The pairs of columns generate couples of axial tension and axial compression to counter the
overturning moments; this reduces the overall bending effects in columns.

Perimeter Columns/Wega Columns

Core Structure

Ooﬁ'ri%crs

* Interior Lateral structural systems provided to improve the overturning stiffness and strength of
high-rise buildings.



Outrigger
Structural System

Qutrigger are rigid horizontal structures designed to improve building overturning
stiffness and strength by connecting the core to closely spaced outer columns

This form consists of central core either braced frames/ shear walls with horizontal
cantilever “outrigger” trusses or girders connecting the core to outer columns and
makes the structure to behave as partly composite cantilever

The outriggers are in form of walls in reinforced concrete building and trusses in
steel structures. Multilevel outrigger systems can provide up to five times the
moment resistance of a single outrigger system.




Compare Outrigger Structural System
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Compare Outrigger Structural System
Vs
Conventional Structural System

Conventional System Outrigger System

Maximum Story Displacement Maximum Story Displacement

S S S S ST RS " S
Displacement, mm Displacement, mm

Maximum displacement=659mm Maximum displacement= 40Tmm
SpecY SpecY

I
200

1]




Compare Outrigger Structural System
Vs
Conventional Structural System

Conventional System Outrigger System

Story Overturning Moment Story Overturning Moment

T.0.PARAPET 4 T.0O.PARAPET %
43 4 43
38 4 B
324 2
27 4 27
22 4 2
16 16
" "
34 5

ISTF.FL. 4 ISTF.FL. 4

Base \'l ‘\'\o Base - \'l ‘\'\'\v
| | | | | | | | | | | | | | | | | | | |
0.00 0.40 0.80 1.20 1.60 200 240 2.80 320 3.60 400 E+6 0.00 0.40 0.80 1.20 1.60 200 240 280 320 360 400 E+6
Moment, kN-m Moment, kN-m

Overturning moment=2454867 Overturning moment=3110924

SpecY SpecY




Compare Outrigger Structural System
Vs
Conventional Structural System

Conventional System Outrigger System

Story Shears Story Shears
T.O.PARAPET - T.0.PARAPET
43 43
38 38
32 4 32
27 4 27
22 - 72
16 16
3
ISTFFL - FL. - g’.
4 " . 1 "
Base - 4 Base = ]
I 1 | ! | I 1 | 1 g 320 40.0
Force, kN Force, kN

Story Shear=70867 KN Story Shear=72769KN
SpecY SpecY
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Outrigger Structural System
Connection Arrangement
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Vibration Analysis
[ASCE Ch: 18.0]

Damping Plays important role in design of Earthquake Resistant Structures, which reduces
the response of the structure when they are subjected to lateral loads. There are many
different types of dampers in use. In the present study Fluid Viscous dampers (FVD) are used
to evaluate the response of RC buildings.

The main task of a structure is to bear the lateral loads and transfer them to the foundation.
Since the lateral loads imposed on a structure are dynamic in nature, they cause vibrations in
the structure. In order to have earthquake resistant structures, fluid viscous dampers have
been used.

The viscous fluid dampers (VFD) are the more applied tools for controlling responses
of the structures. These tools are applied based on different construction technologies in order
to decrease the structural responses to the seismic excitation.

TYPES OF DAMPERS

Dampers are classified based on their performance of friction, metal (Flowing),

Viscous, Viscoelastic, shape memory alloys (SMA) and mass dampers. About the advantages
of using dampers we can infer to high energy absorbance, easy to install and replace them as
well as coordination to other structure members.

Friction dampers

PVD Damper

Pall Friction Damper

Metallic Dampers

Lead Injection Damper (LED)
Shape Memory Alloy (SMA)
Viscous Dampers

Mass Damper

Lead Rubber Damper LRM and Rubber Damper HDRB
Regulatory Mass Damper TMD
Passive Seismic Controlling System

VVVVVVVVYVYYVYY




Viscous Dampers

In this damper, by using viscous fluid inside a cylinder, energy is dissipated. Due to ease of
installation, adaptability and coordination with other members also diversity in their sizes,
viscous dampers have many applications in designing and retrofitting.

These types of dampers are connected to the structure in three ways:

- Damper installation in the floor or foundation (in the method of
seismic isolation).

« Connecting dampers in stern pericardial braces.

« Damper installation in diagonal braces.

PISTON ROD CYLINDER COMFRESSIBLE

SILICONE FLUID

ACCUMULATOR
HOUSING

W

- e b o U o R L o e o

SEAL RETAINER CHAMBER 1
ACCUMULATOR
SEAL PISTON HEAD CONTROL VALVE
WITH ORIFICES pistonrod piston  dampmg medmm  cylinder

Figure a: Longitudinal Section of Viscous Damper Figure b: Fluid Viscous Damper Cross-se



MODELLING OF DAMPERS

The dampers used in modelling these buildings are from Taylor Devices Inc. made in USA.
They provide two types of FVD with data that can be used in ETABS for modelling of
structure. They are: -

1. Fluid viscous dampers & lock-up devices clevis - clevis configuration.
2. Fluid viscous dampers & lock-up devices clevis - base plate configuration.

Any one of these can be used in the structure, since it is easy to fit FVD with base plate is
selected here for modelling of structure here. The details of fluid viscous dampers & lock-up
devices clevis - base plate configuration are as shown below.

SPHERICAL
FULL _ ,
RADIUS ',' BEARING BORE
- L | 4
CLEVIS
WIDTH

L_.L —CYLINDER DIAMETER

PLATE |
THICKNESS
MID-STROKE LENGTH-———e

_ CLEVIS
THICKNESS

l‘ DEPTH

Figure c : Fluid viscous dampers & lock-up devices clevis - base plate configuration.
Courtesy: Taylor Devices.




Dampers




Viscous Dampers

Table 5 : FVD with Different Capacities Force(kN).

SPHERICAL

FORCE ;2::?:?5 Ei‘;ﬂg“ srrglgxe STROKE TH?;:EEES M:Eéﬂ:im E'EE:I’.': TEFcTr:::s :r:d*ﬁ:imnﬂ WEIGHT
(KN) | MODEL | ppyere | LENGTH | (mm) (mm) wioTH | ST TR | DIAMETER | (kg)
(mm) (mm) (mm) (mm)
250 | 17120 38.10 787 +75 43 100 83 33 114 44
500 | 17130 50.80 997 £100 55 127 102 44 150 98
750 | 17140 5715 1016 £100 59 155 129 50 184 168
1000 | 17150 69.85 1048 £100 71 185 150 3 210 254
1500 | 17160 76.20 1105 £100 77 205 162 57 24 306
2000 | 17170 88.90 1346 £125 91 230 191 78 286 500
3000 | 17180 101.60 1441 £125 117 290 203 89 350 800
4000 | 17190 127.00 1645 £125 142 325 273 111 425 1088
6500 | 17200 152.40 1752 £125 154 350 305 121 515 1930
8000 | 17210 177.80 1867 £125 178 415 317 135 565 2625

Fluid viscous dampers with different forces can be used for different types of buildings, since
structure modelled is of low height; smaller devices were used to start analysis. This tabular
data can be fed in program as shown below.

FVD is added to structure after defining in Link properties by adding a new Damper Exponential in
Link Property Data.

ETABS MENU=> Define=> Link Properties=> Add new Link=> Link Property Data.




Compare Outrigger + FVD Structural System
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Compare Outrigger + FVD Structural System
Vs
Conventional Structural System

Conventional System Outrigger + FVD System

Maximum Story Displacement Maximum Story Displacement

1 1 1 1 1 1 1 1 1 1
o 40 80 120 4180 200 240 280 320 360 400
Displacement, mm

1 1 1 1 1 1 1 1 1 1
o &80 160 240 320 400 480 580 &840 7T20 800
Displacement, mm

Lateral Displacement=660mm Lateral Displacement=368mm
EQX EQX




Compare Outrigger + FVD Structural System
Vs
Conventional Structural System

Conventional System Outrigger + FVD System

Maximum Story Displacement Maximum Story Displacement

1 1 1 1 1 1 1 1 1 1
o 40 80 120 4180 200 240 280 320 360 400
Displacement, mm

1 1 1 1 1 | | | 1 1
0 50 100 150 200 250 300 350 400 450 500
Displacement, mm

Lateral Displacement=412mm Lateral Displacement=315mm
SpecX SpecX




Compare Outrigger + FVD Structural System
Vs
Conventional Structural System

Conventional System Outrigger + FVD System

Maximum Story Drifts

0 90 120 1150 180 21.0
Drift, Unitless

Max. Story Drift=0.026251

1 1
0 300E-3

Maximum Story Drifts

24 36 48 60 T2 84 9
Drift, Unitless

Max: (0.010299, T.O.PARAPET). Min: (0, Base)

SpecX

Max. Story Drift=0.010299
SpecX




STRUCTURE MEMBERS & CONNECTIONS DESIGN

o All the structures elements need to well within the strength design limit criteria.

o Members and connections of reinforced and prestressed concrete structures shall
be designed (as per code provision) such that premature failure does not occur

due to shear or bond.

o Some provisions for appropriate ductile detailing of RC members are code provision.

o To resist large displacement during EQs without collapse.




Frame Design

» All the structures all section sizes are very economic and maximum rebar % for column.
« elements need to well within the strength design limit criteria

Code recommends the minimum reinforcement for column and beam should be 1.0% and 0.2% respectively
a good thing about in ETABS is that even in the reinforcement required by column comes out to be less than
1.0% like 0.6% even than it will be report as 1.0% it takes recommendation as per codes seriously

« Check Rebar percentage

Display Concrete Frame Design Results

(@ Design Output Rebar Percentage

() Design Input




Frame Design

The PMM interaction ratio

The demand/capacity ratio (D/C) PMM ratio is the sum of the bending moment
demand/capacity ratio. A PMM value greater than one will be used here to
indicate overstressed members.

The PMM interaction ratio must not be greater than 1.If it is greater means the
columns are over stressed and must increase the section of column.

All columns represented by purple color and the purple color ratio is (0.9-1)
so its safe.

Check B-C Capacity

The Beam and Column capacity ratio must be less than 1.If its greater than
1 we must increase the section sizes or increase the the rebars values.

The ratios are less than 1 its is safe.
Check C-B Capacity

The Column and Beam capacity ratio should be greater than 1.If its less
than 1 we must increase the section sizes or increase the the rebars values.

The ratios are greater than 1 its is safe.




Frame Design

Display Concrete Frame Design Results

(@ Design Output Column P-M-M Interaction Ratios

(_) Design Input




Frame Design

The Interaction surface for section

All columns represented by purple color and the purple color ratio is (0.9-1) so its safe.

Interaction Surface for Section CIR 2300MMM (AC] 318-14) Station 3.5 m

Display Options

(@ Show Design Code Data
(@ Include Phi

() Exclude Phi

() Exclude Phi and Increase Fy

() Show Fiber Model Data

Curve Data
Point P kN M2 kMN-m M3 kN-m
85021.2829 0 0
2 85021.2825 0 9030.2819
3 81432 4278 0 16546 8625
4 70240.194 0 23561.0382
5 574791081 0 28855.9448
6 436252967 0 32108.1676
7 32824 355 1] H199.441
g 208721869 1] 32356.6543
5 6631.0914 0 24041.8991
10 £819.2768 0 12411.9546
11 -18158.8572 0 0
Al 4 4 Curve #1 0deg P M

30 Interaction Surface

Plan 315 IE' deqg
(=]
Blevation 35 E deqg
-
D MM PM3 PM2

Current Interaction Curve

P (kM)

E+3
175 -

150 -
125 -
100 -
T3 -
20 -
25 _
0 -
25 _
50

-10.0 0.0 10.020.0 30.0 40.0 50.0 E+3

M (kN-m)

Done

[ ] Superimpose Dashed Fiber Curve

Mote: Compression is positive in this form.




Frame Design
The Interaction surface for section by CSI COL
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Frame Design

Beam./Column Capacity Ratios

||:E|
L

(® Design Output

() Design Input




Frame Design
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Frame Design
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COLUMN SECTION DESIGN

ETABS Concrete Frame Design
ACI H1B-14 Column Section Design

.

Cedumn Element Detals | Summary )

Lewvel Element | Unigue Mams Section 1D Combo IO | Staticon Loc I Length (mm) | LLEF Type
SRD BAZE F.FL C1353 104 SOl SO0X 1000 DCon22 2855 T | 2500 (g [ Sevay Spueclal
Section Properties
B (mum) | b imm) | de (mmi) | Cover (Torsian] (mm)
Sao 1000 & 273
Matenal Properties
E. (MPa) . (MFa) Lt.Wt Factor (Unitkess) | F, (MPa) f . (MPa)
Z4BS5 55 27T .58 1 413 68 413 58
Design Code Parametars
¢I '¢".‘I:! I#l'.ﬂ-pll'nl ¢'|I" I#'.ll. ¢-.|-'-rr l.'.l..
0. .65 0. 75 0. 75 0.5 i 2
Axial Force and Biaxial Moment Design For P, M . M
Design P, Design M Design M . | Minimwm M2 | Minimum M3 | Rebar Area | Rebar 9%
kM M-y kH-m KM -m kM-m mm* e
1132 2998 I 13777 455 8535 (B o SO 1
Axial Force and Blagial Moment Factors
C. Factor &, Factor &, Factor K Factor | Effective Length
Unitless Unitless Unitless Unitless 1)1
Pda|or Sandiid 3] 02388701 1 1 1 28E59.7
fdinor SendibdZ) 0. 33861% 1 1 1 2B59.7
Shear Design forV . W,
Shear V , Shear W _ Shear @V Shear W Hebhar A /s
kM kN kM kM i
Flajor, W 141.7007 o 141.57007 141.57007 455.55
FAinor, W 250233 o 250233 250233 25 01




BEAM SECTION DESIGN

ETABS Concrete Frame Design
ACI31E-14 Beam Section Design

]

Beam Elemant Detalla |Summary)
Laval Element | Unigua Hama Section ID Combo ID | Statlon Loe | Length [mm) | LLRF Type
IST BASE F.FL B740 JET EEAR 550X 650 DiConz0 1002835 10527 .38 04a55 Sway CDrdnary
Saction Proparties
b [mm] |k (mm) | b,{mm] d , jmim d,.jrmmj d ., {mrmj
S50 B30 550 o B0 &0
Material Properties
E.(MPa) | f' [MPa} | LLWL Factor (Unitlesa) | ¢ (MPa) | r,, [MPa}
Z4R55 58 27.58 1 41268 413,689
Dealgn Code Parameters
®, P Ctim P onaw # vrm P B
s nas .75 075 e 0.85
Design Momant and Flaxural Relntarcemant for Mament, M.
Dealgn Daslgn | -Moment | «Moment | Minlmum | Reguired
-Mament | «+Momant | Rebar Rabar Rebar Rebar
KM - KN -m mm* mm? mm? mm*
Tap (+2 Axlsy | -335.2983 1601 a 1082 1601
Botlem (-2 Axis) a 3] ] 3] 3]
Shear Force and Renforcemeant for Shear, Vv .
Shear v, Shear v _ Shaar ¢V Shear v, FRabar & /8§
EH KN KN LAy mm*=lm
270.70M $12.2526 5B.A525 40 5204 319,32
Torslen Forcea and Torslon Relnforcemant for Torzlon, T,
heT | Tih Tar Area & | Perkmeler, p, | Rebar 4 /s | Rebar 4,
KM-m kMN-m kM-m cm* i mm3'm mm*
&5 G882 17 4181 | 53 8644 218%.1 2044 4 BI01ZE 1288




Shear wall & Core wall Design

e Excellent against lateral loads
e Can be used for column/wall
e Must to have for high rise building

e Minimum thickness : 150mm
e Minimum steel : 0.0025%

Lets design it we can see that piers are design for lift shaft now each
time design pier, pier is another name of column nothing different it

can design one by one here we can see it can design it the shear wall
and provide the reinforcement.




ETABS Shear Wall Design
WALL SECTION DESIGN ACI 318-14 Fler Deslgn

Fier Deaetails

Story 1D Pier 1D | Centroid X (mm) | Centroid ¥ (mm) | Length {mm) | Thickness (mm]} | LLEF
IRD BASE FFL. | P18 33000 18500 3000 300 0.4

Material Properties

E.(MPa) | f_(MPFa) | LLWt Factor (Unitless) | f_[MPa} | f_{MPFa)
24855 .58 27 55 i 413,69 413 &4

Design Code Parameters

II'T [bc_ [l',.. m‘.,'ErEi!'lmiﬂ-} IPM P i Fm
0. .65 0.va 0.5 0.04 0a0zs 0.6

Fier Leg Location, Length and Thickness

Station D Left X, | LeftY, | RightX. | Right¥. | Length | Thickness
Location mm MM mim mm mm mm
Top Leg 1 21500 1E5040 24500 18500 2000 304
Batlom Leg 1 1504 185804 24500 18500 ] ] il 300

Flexural Design fer P, M, and M

Station Reguired Reguired Current | Flexural P. M . M Pier A,
Location | Rebar Area (mm?®) | Reinf Ratic | Reinf Ratic | Combo kN kM-m kM-mi mm*
Top 2280 0.0025 0.a023 Civalz2 | 53430813 | -9.8430 |-18.3214 | 900000
Bollom 2250 000235 D.00Z3 CiwWal22 | 402 4404 | 49676 | -30.94%9 apoaon
Shear Design
Station |0 Rebar | Shear Combo P, n v, LA oy
Location mm‘im kN kN-m kN kN kN
Top Leg 1 TED Dialzo BEAZ 4748 (.26 7722 | 58628 | VOS421T7 | 1264 8971
Batiom Leg 1 720 Dalzio BY758.965356 |-30.2922 | 5.3620 712.5447 | 12710201

Boundary Element Check (ACI18.10.6.3, 18105 .4)

Station (| 0] Edge Goverming P, F Stress Comp | Stress Limit | C Depth | T Limit
Location Length (mm) Combo kM kM -m MFPa MFa mm mim
Top-Left Lag 1 18798 a1 A6EZ 474G |29 TVEE 8.7 .82 2175.B G686.7
Tap-Righl Led i 18798 OWAlalii 652 4746 |29 7722 & 58 552 2178 B HEE.T
Bottam-LeT Leg 1 1903.2 a1 AvTE. 9656 |-50.2922 §.ET .82 22032 G686.7
Baittaom—=Right | Leg 1803.2 OWAdlali1 VTR OESE |-50.2922 CE4 552 22032 HEE.T




SLAB Design

Slab can be analyze and design with the help of SAFE software and slab spread sheets in which
we can easily found out slab reinforcement for any length of span.

For shell thin in which neglect the shear deformation generally used in normal slabs on the
other hand shell thick consider shear deformation The thick plate formulation captures both
shear and bending deformations whereas the thin plate the formulation is based only on
bending deformations and neglects shear deformation generally used in Raft slabs, foundation

pads, transfer slab.

Check for deflection more deflected slab like cantilever slabs, large span slab, there check it, to
control it by increase slab depth and beam depth.




Short and Long term deflections ;
~ Cracked Deflections

Three types of deflections are available, including:
1. Elastic Deflection
2. Immediate cracked deflection
3. Long-term cracked deflection accounting for creep and shrinkage

Immediate - no Shrinkage or Creep

Long Term - Sustained Loads
with
For Elastic Deflection Creep & Shrinkage

Section uncracked used
Load Combination = 1D (Dead) +1L (Live) +1SD (Super Dead)

For Immediate (Short term) cracked deflection

Section cracked used
Load Combination = 1D (Dead) +1L (Live) +1SD (Super Dead)

For Long term deflection

Section cracked used (with creep and shrinkage)

Load Combination (Sustained)= 1D (Dead) +0.25 L (Live) +1SD (Super
Dead) 2> we consider 25 % live load as sustained load.

But with doing so, we are missing with rest of 75% live load deflection.

For Accommodation of 75% live load

. .- DEAD+SDEAD+0.25*LIVE) w/ Creep & Shrinkage
Long term Deflection Combination ( 4

= (1D +0.25 L +1SD {with C & Sh}) +[1D +1L +1SD] -[1D +0.25L +1SD] +
(DEAD+SDEAD+LIVE)

(DEAD+SDEAD+0.25*LIVE)



Allowable Deflections:

Immediate Deflection = Span /360
Long term deflection = Span /250

Max. deflection = 18mm




Resultant stresses
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Footing

All engineered construction resting on the earth must be carried by some kind of interfacing element called a
foundation. The foundation is the part of an engineered system that transmits to, and into, the underlying soil
or rock the loads supported by the foundation and its self-weight. The resulting soil stresses except at the
ground surface are in addition to those presently existing in the earth mass from its self-weight and
geological history. The term superstructure is commonly used to describe the engineered part of the system
bringing load to the foundation, or substructure. The term superstructure has particular significance for
buildings and bridges; however, foundations also may carry only machinery, support industrial equipment
(pipes, towers, and tanks), act as sign bases, and the like. For these reasons it is better to describe a
foundation as that part of the engineered system that interfaces the load-carrying components to the
ground. It is evident on the basis of this definition that a foundation is the most important part of the
engineering system.

A mat foundation is a large concrete slab used to interface one column, or more than one column in several
lines, with the base soil. A mat foundation may be used where the base soil has a low bearing capacity and/or
the column loads are so large that more than 50 percent of the area is covered by conventional spread
footings. It is common to use mat foundation for deep basements both to spread the column loads to a more
uniform pressure distribution and to provide the floor slab for the basement.

The geotechnical engineer needs to compute the bearing capacity of the soil immediately below the footing.
If the bearing capacity is adequate, settlement needs to be computed. Settlement can be immediate or long
term. Both immediate and long-term settlements should be computed.

|_| _ _

New '

Weak soil layer 1

Biagring soii

Weak soil layer 2




Footing

Piles are used primarily in areas where near-surface soil conditions are poor. They are made of timber,
concrete, or steel and are located in clusters. The piles are driven down to strong soil or rock at a
predetermined depth, and each cluster is then covered by a cap or reinforced concrete. A pile may support
its load either at the end or by skin friction along its entire length. The number of piles in each cluster is
determined by the structural load and the average load-carrying capacity of each pile in the cluster. A
timber pile is simply the trunk of a tree stripped of its branches and is thus limited in height. A concrete pile,
on the other hand, may be of an reasonable length and may extend below groundwater level as well. For
extremely heavy or tall buildings, steel piles, known as H-piles because of their shape, are used. H-piles are
driven through to bedrock, often as far as 30 m (100 ft) below the surface. H-piles can be driven to great
depths more easily than piles made of wood or concrete; although they are more expensive, the cost is
usually justified for large buildings, which represent a substantial financial investment.

Weak soif

Bagring soi - " - "




Pile Specifications

Pile Data from Geotechnical Report

Pile Diameter/width (D) =1T000MM & 90O0OMM
Safe load of pile (Capacity) = 660KN

Length of Pile (L)= 10M

Spring constant (K=EA/L)

Due to SBC is low, and settlement is more than our allowable limit
Preferred Raft + Pile Foundation

732 @ 10 C/C

!
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Geotechnical Report for Foundation Recommendations

Residential Project up to G+2
Minimum SBC: 8Tonne/m2 or 120 kN/m2

Commercial Multi-storey Building
Soil Test is Must
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Geotechnical Report for Foundation Recommendations

To determined during logging based on the standard practices prescribed by
BS 5930:2015 as well as the values of the unconfined compressive strength
obtained in the laboratory, based on which the final strength descriptions
were adopted. The adopted scale of rock strength based on the unconfined
compressive test and as per BS-5930 standard requirements is seen in table-2

Table-1: Relative Density of Granular Soils Based on SPEN Values.

Term SPT N-values (blows/300 mm penetration)
Very loose Oto4
Loose 41010
Medium dense 10to 30
Dense 30 to 50
Very dense over 50

Table-2: Strength Scales of Rocks Cores Based on Standard UCS Test Value

Term Unconfined Compressive Strength (MN/m?)
Extremely weak 060-10
Very weak 1.0t 5.0
Weak 5010 25
Medium Strong 25 to 50
Strong 50 to 100
Very strong 100 to 250
Extremely strong > 250




Geotechnical Report for Foundation Recommendations
Table -4: General Stratigraphy

to Brbwn, silty, fine to medium grained, calcareous SAND.
0.50 m
0.t5°0 Medium Dense to very dense, locally dense, brown, silty, fine to medium

185/2 35 m grained, calcareous SAND.

1-35/%-35"‘ Extremely weak to weak, very thinly to thinly bedded, brown,
o

1213 m SANDSTONE, partially weathered, very closely to closely spaced,
(End of BH) horizontal to sub horizontal fractures/Very dense poorly cemented SAND.

*Depth is related to existing ground level
2.2 Groundwater

At the time of investigation, ground water table level encountered below the existing ground
surface is shown in table no. 5; vanations in ground water table are anticipated due to seasonal
and tidal fluctuations or by artificial induced effects. Therefore reconfirmation is recommended
prior to any works related to the ground water regime.

Table: 5 — Groundwater level records

BH-01 4 60

BH-02 12.0 4 .50
BH-03 440




Geotechnical Report for Foundation Recommendations

6.1.4 Bearing Capacity of Shallow Foundations
Table-6ea): Allowable Bearing Pressure for Strip /7 Isolated / Pad foundation
Eoundation Depth of Maximum | Allowable bearing Modulus of Subgrade;
< s foundation Foundation Pressure Reaction ‘
ypP Below EGL(m) | Width(m) (kN/m°) (kN/m°) |
1.0 150 18000
Shallow 2.0 250 30000
(Strip / Isolated) 20 d
Limiting seftlement ’
4.0 500 60000

Table-6ch): Allowable Bearing Pressure for rafi foundation

Foundation
Type

Shallow
(Raft / Basement
Raft)
Limiting selliement
of 50.0mm

Deptl; of Size of Allowable bearing Modulus of Subgrade
foundation Foundation Pressure Reaction
Below EGL(m) (m) - (kN/mY®) (kN/m’”)
3.00 - 4.00 43x50 650 39000
6.00 - 7.00 43x50 700 42000




Geotechnical Report for Foundation Recommendations
Factor of safety

Bearing capacity of sall 300 Kn/m?2 o
Allowable settlement 50 mm | ‘fftEEI plate
Allowable settlement 0.05 Kn/m?2 - -
T g
Bearing capacity u 900 Kn/m2 LN
ko =4 -
K=p/A 18000  Kn/m3 s =

b «—— Settlement

d=1 in. (25 mm.)

K. = Modulus of subgrade reaction or
Subgrade modulus or

Coefficient of subgrade reaction

where q = soi1l pressure, and delta = 1 inch (assumed allowable
settlement)

JOSEPH E. BOWLES, Foundation analysis and
design. Fifth edition. Page 501-505




Geotechnical Report for Foundation Recommendations

The reactive pressure to resist a load is thus proportional to the spring deflection (which is a
representation of slab deflection) and k (Figure 2):

=kl
where: P = reactive pressure to support deflected slab
k = spring constant = modulus of subgrade reaction
A = slab deflection

Typically, the modulus of subgrade reaction is estimated from other strength/stiffness tests, however,
in situ values can be measured using the plate bearing test.




Conclusions

The both approaches are working fine in the design field. Bowl’s Approach
modulus of subgrade (ks) gives conservative and satisfactory values for the design.

The Basic approach is to conservative and on extreme safe side and it follows the
basic philosophy spring constant.

Recommendations

You can use Bowl’s Approach modulus of subgrade (ks) and it is also safe to use.




Foundation Systems

o Foundation system Descriptions

Raft and Raft+Pile Footing of size 90m x 65m with depth of 1.4m & 1.5 m and grade of Fc 25 &
Fc 30 provided.

Drop of size 3400mm x 1800mm
Beam of 400mm x 900mm

Commercial Building G+47 stories + 3 basement for parking with GL.

Material Grades

oF’c = 25Mpa

oF’c =30 Mpa

oFy = 500Mpa

oFyt = 415Mpa

oQa = 300 KN/m?
(Bearing capacity of soil)




Foundation Systems

Base Reactions

+

+

wow L

Load FY MY
Case/Combo

Dead
Live
Live>3
WX
WY
SPEC-X MAX.
SPEC-Y MAX.

0.00001609
6.782E-07
6.696E-07

0.0026

-6216.3309
5980.9973
1336.7905

-0.0046
-0.0007
-0.0007
-13019.6153
-0.0002
1699.1763
4737.7779

525477.84
55735.93
26800.18

0.00
0.00
0.00
0.00

5371202.72
567263.87
247148.04

1235702.47

579.47

4156755.07

405315.29

-10599787.00
-1128568.00

-536506.12
45609.18

-5§77736.55

441428 27
122604.61

-2.81
-0.67
-0.08
250.34
-104.14
97836.68
-3.48




Footing Layout

950mm thick raft T100mm thick raft

1400mm thick raft + Piles




Foundation checks

Settlement

Here maximum settlement for dead load & live load =34.44mm
< allowable settlement=50mm

Hence OK 34.44mm
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Foundation checks
Ground Bearing Pressure

The allowable soil bearing is 300 KN/M? and allowable

settlement is 50mm
Subgrade modulus = (Safe bearing capacity of soil /

Allowable settlement)
= 300/ 0.050 = 6000 KN/M?

Here maximum GBP = 172.21 KN/M? for dead load & live
load < Allowable bearing pressure = 300 KN/M?

Hence OK

172.21 KN/M?




Foundation checks

Service Load Combination Strength Load Combination

1DL +1LL 1.5DL + 1.5LL
1 DL +1 SPEC-X 1.5 DL+ 1.5 SPECX
1 DL + 1 SPEC-Y 1.5 DL + 1.5 SPECY
1DL + 1WX 1.5DL£1.5 WX
1DL + 1WY 1.5DL+1.5WY
1 DL+ 0.8LL + 0.8 SPECX 1.2DL+ 1.2 LL + 1.2 SPECX
1 DL+ 0.8LL + 0.8 SPECY 1.2DL + 1.2LL + 1.2 SPECY
1DL + 0.8LL £ 0.8 WX 1.2DL+ 1.2LL + 1.2 WX

1DL + 0.8LL £ 0.8 WY 1.2DL+ 1.2LL + 1.2 WY



Foundation checks

Under the envelope of service load combination Punching Shear
One way shear can be checked d from the face of

Face of column.

Where d is the effective depth of footing.

Permissible shear stress

Ks x tc
Ks = (0.5 + Bc)
Bc = shorter side of col./longer side shear wall

= 0.230/2
B 0.115 -+ + + -+ + -+ + + -+ H+ + -+ + + =+ + + T T +
Ks = (0.5 + 0.115) + oo S —— 1
KS p— 0.6 -+ — | e = 2] = = _:
1oew Tt EeEm——
tc = 0.25Vfck T Elee w ¢ !
= 0.25.\/25 :' u % 1-:+ + | .h oL C L] = C] _:
= 0.25x5 L o e -t i )_ ]
= 1.25 1 + 4 " i - - -l = ] = =] +
Ks tc = 0.6 X 1.25 T . =
= 0.75 N/mm2 stresses value b NS,
+ T M
N




Foundation checks

STRESS ALONG 313 STRESS ALONG S23

0.52N/m?2 0.64N/m2
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Max stress is O.52N/mm2 & O.64N/mm2 which is less than O.75 N/mm?2
Hence OK




Foundation checks

Crack width Check

Moment in service load envelope and area
of steel is used to calculate crack width

The maximum value of crack width is 0.0125 < 0.2mm  0.0125 mm
For moderate exposure conditions
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Permissible crack width = 0.2 mm , Hence it is Safe




Foundation checks

Uplift by non linear analysis and check overturning

No one portion coming in tension No Tension

Hence OK




All Pile

Bl Allpile - file name: PILEalp

File Edit Run Setup Help
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All Pile

BB Allpile - file name: PILEalp

File Edit Run Setup Help
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Pile Properties
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Pile Loading

BB Allpile — O X
File Edit Run Setup Help
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Soil Properties

R Ainile —
Il Soil Parameter Screen - from ground surface: 0.000 -m — [ X

1
¢

—1. Soil Type: )
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0 5 10 15 20 2h 30 35 40 45 50 55 &0
3. Adpust Values below

6G=70.3 Ib/ft3 | J 11.1 kN/m3
[] 1 ] L] 1 ] ] ] ] n ] 1 1 1 1 ! ] 1 1 ] n 1 ] i |
30 40 50 60 70 80 90 100 110 120 130 140 150

Friction=0.0 J
0 X 0 15 20 25 30 35 40 45 50

C=254 kip/ft2 | J 121.50 kN/n
o 05 1 15 2 25 3 35 4 45 5

K=830.2 Ib/in3 | ) 225.3 MN/m
0 200 400 600 900 1000 1200 1400 1600 1800 2000

e50=0.57% | J

0 0.25 0.5 0.75 1.0 1.20 15 1./5 20 225 2.9

*MN1 iz conected SPT, which does not apply for Rock. CPT is for reference only.
Thiz Screen 1z Lopynghte protected by Livill ech Sottware

v ﬂpplp‘ X Cancel




Summary output

Tffr Cepth - =, f, O M Submittal Repart
|.=_’l£ Capacity - Length M 5] Detailed Report

w 30,480
X% To MS-Excel
‘ o @ \




CSI Detailer
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STRUCTURAL DETAILING AND DRAWING GENERATION




Overview

CSI Detail is an integrated and interactive software product for generating detailing output, such as
detailed views, drawings, bills of materials (BOM), and bills of quantities (BOQ) from ETABS models.

CSI Detail creates a detailed model of the structure, based on its analysis model and the design
process carried out in ETABS. It automatically generates views and drawings that can be used as the
basis for preparing final engineering drawings, as well as BIM files for use in BIM tools. Detailing can
be carried out both for concrete and steel buildings.

REINFORCEMENT DETAILS

CSI Detail generates reinforcement details for slabs, beams, columns,
and walls, grouping similar beams and columns in the process.

3 CsiDetail v12.0.0 Build 1032 - 10 Story Building - v 18 (10 Story Building - v 12) — ] >
File Edit View Detailing Details Drawings Options Help
= - B e . oy |5 = = = B
LD M9 o Allal agea e @a 3o te | EE Ed  EBICEEEEE = EE
_[ Detailing ] - _[_\ﬁﬂn&m.ﬂ:uaﬁnn—] -
etailing —, ~ —
: (D) (E) (F )
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REBAR SCHEDULES

Reinforcement details are presented in the form of tables and schedules for groups of components, as
well as drawn in plans, elevations, and sections for individual elements.
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REBAR CAGES

The rebar cage of individual components or the entire structure can be viewed in an interactive 3D model,

showing individual rebars in true 3D coordinates.
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DETAILING RULES

Detailing is carried out based on an extensive set of preferences and
rules to control bar-size selection, spacing, curtailment and placement.
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EDITING CAPABILITIES

CSI Detail has extensive capabilities for editing reinforcement.
Generated views can be edited or formatted as needed.
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Beam Detailing
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Column Detailing
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Wall Detailing
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Wind Tunnel Test
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E(Uy)

20 :
Positive moment used in
15 Non-Directional Method —
10 / > 4
5 3 Mr\w
0 MY
-5 # j \\V
-‘| 0 \
V§\ Negative moment used in
Non-Directional Method
-15 .
0 90 180 270 360

Wind Direction, deg.

—& Maximum  -#~ Mean ¥ Minimum

Scaled model of proposed
development with its
surrounding

MEAN WIND SPEED

[
L
® Wi tunne II
—pEreiErEn i bl |I
} i/
Sl har .'I " |II
I} s Ill
/ ./
J /
.l'.I ./
f /
-'-. "i
. &
F
/ /
e
» L
A2 a4 (¥ 11 [+1'] 1 1

HORMALIZED MEAR WIND SPEED

Wind
-
‘h-lll
h ll.I
>/
-/
-
i
il
rd
o
f—
i
 —_
i _-; o
S—
|
*_."
:l)-;f”
Force balance

(force sensor)

Pneumatic tubes inside
pressure model, RWDI

Building rmodel

Base moment




Wind Tunnel Test

WIND TUNNEL PROCEDURE: A procedure for deter-

mining wind loads on buildings and other structures, in which
pressures and/or forces and moments are determined for each
wind direction considered, from a model of the building or

other structure and its surroundings, in accordance with
Chapter (ASCE 7-16 CI.31.) & ASCE 49

Wind Tunnel Testing of
High-Rise Buildings CTBUH Technical Guides

Natural Wind Simulation
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Wind Tunnel Test

(Atmospheric boundary layer wind tunnel)

* It has been Jointly developed between
Thammasart University and Asian Institute of
Technology to serve both academic research

and commercial purposes.

« 2.5m by 2.5m and 22m (width by height by
length)

« Equipped with a 160 kW electric motor
« Capable of producing wind speed of 25 m/s

Atmospheric boundary layer: The lowest layer of troposphere that is
directly influenced by the presence of earth surface.




Wind Climate Analysis

The wind climate model is derived from the analysis of
meteorological data and mapped to wind tunnel data to
predict wind loads and responses.

June to November
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In order to obtain reliable and accurate wind I/ .1 AR
characteristics at the specific site, the wind model is | WLV E
combined with terrain analysis and this will be the target BLELELELEl B Rl R L ELF
wind properties for the wind tunnel test.

The example of wind speed and turbulence intensity
profiles is shown in the next slide.

A wind rose is a graphic tool used i N S
by meteorologists to give a clear view '
of how wind speed and direction are
typically distributed at a particular
location.

Wind rose taken from 10 years wind speed historical data

Using a polar coordinate system of . ,
gridding, the frequency of winds over a & Wind Speed

time period is plotted by wind direction, 0 . O

with color bands showing wind speed |

ranges. The direction of the longest

spoke shows the wind direction with the | N i

greatest frequency. wh e B

| ' 8.23 {27 6%)

5.14 (350%)
3.09 (22 6%)
1.54 (0.0%)

Calm-= 0.00 (3.6%)




Wind Profile Simulation
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Testing Results

Wind load obtained from wind tunnel test can be either
point loads or area pressure loads depending on which

technique being used.
= Point loads

= Area pressure loads
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Testing Results

Floor-by-floor equivalent-static wind forces including
dynamic effects based on provided structural

properties.
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Wind Tunnel Test

Detail of measured wind functions

Design wind information

Axis system

Point load calculation

Base moments and point load coefficients

Point Load Calculation

The Floor-by-floor loads for shear forces (X-and Y-axes) and torsional moment (about Z-axis) at level i are
calculated from the point load coefficients and base moment time history functions for each wind

direction.
fx,i,0 (t) = px,i x my,0 (t)
fv,i,0 (t) = py,i X m x,0 (t)
m z,i,0 (t) = pz,i x m z,0 (t)
: : : : Time history of base moments
Lpad F'me functions at level i for wind for wind direction 8 MNm for both Fx, Fy
direction 6 kN
: o MNmM for Mz
for both Fx, Fy Point load coefficients at
kNm for Mz level i

kN/MNm for both Fx, Fy
kNm/MNm for Mz




Wind Tunnel Test

Overview of load definition

Time history functions

3 components (X-,Y-,and Z-axes) of base moment for 36
wind directions

Total number of time history function will be 108 functions

Load patterns
3 components (X-,Y-,and Z-axes) of point load coefficients
Total number of load pattern will be 3 patterns

Load cases

3 components (X-,Y-,and Z-axes) of load being applied
simultaneously for each wind direction

Total number of load case will be 36 cases

File reading
format

Load combinations
Compliance with structural standard code

Define time history functions

3 Base moment ( MX, My, and MZ) time
history functions for all 36 wind directions will
be assigned in Define> Time History Function
Definition

These base moments will be then multiplied
by point load coefficients to obtain Floor-by
Floor loads in Load Cases... later

Therefore, total number of 108 functions will
be added in this step.

i} Time History Function Definition - From File

Time Hetory Function Name

Funiction Fle

Chllssms'afle_ped M Downboads \MEX_Ddsgres cav

Header Lines to Skip [

Base moment abou
degliee wind di

o~

Values are:
() Time and Function Values
® Values at Equal Intervals of (011 |

| MEX_Ddegree]

| Famat Type

Prefte Chars_ PerLine to Sk~ |0

| i# Free Format

MNumber of Points par Line 1

| () Fied Format

Conwert io User Defined View Fie

Funichion Graph

1 [} |
oan 1.20 1.80

Check if time length is correct

(al 4

Characiens per Hem

A

[} | 1 I 1 |
200 2.40 280 3.20 31.80 £00 E+3

Cancel

Timgstep (Second)

F X-axisat 0
rection




Wind Tunnel Test

Define load patterns

Load distributions along the height or load

patterns can be defined by inputting point load

coefficients for 3 components (X-, Y- and Zaxes). Therefore, there will be 3 load patterns
(each for single direction).

rdi Define Load Patterns b 4
Loads Click To:
Seif Weight Auto
Load Type Muttiplier Lateral Load Add New Load
E I - | 0 PS|Userloads S
Fy_2 Wind 0 User Loads Modiy
Fx_3 Wind 0 User Loads e
3 Wind 1] User Loads
Fx 4 Wind 0 User Loads Delete Load
- Wind 0 User Loads
Wind 0 User Loads
Wind 0 User Loads |
Wind v (10 ¥ | User Loads w oK | Cancel




Wind Tunnel Test

Define load cases

Select the Load pattern pre-defined earlie

3 components (FX, FY, and MZ) of load will

be considered simultaneously

Load type will he_#,.

Load pattern

Damping ratio, typically in
the range of 1.5 to 2.5%
(for structural design)

I--'

iy Load Case Data

(zaneml
Load Case Name

Load Case Type,/Subtype Time History

Mass Source

LY =]

r
Inkial Canditions

WDIR_Odegres

\

v|mﬂmu=rw

Met Applcable
-Pl'lll'iﬂlﬂ (=S 1)

(@) Zero Inbal Conditions - Start from Unstressed State

() Continue from State & End of Nonlinear Case (Loads at End of Case ARE cluded)

i

Monlinear Casa
Leads Applied
Load Type Load Name Function Scale Factor
7 Load Pattem WL_FX MEY_(degree -
Load Paterm WL_FY MBX_[degres i
Load Pattern WL_MZ MEZ_(degree w1
Other Parameters
Modal Load Case Wind THA_Modal- TH v
Mumiber of Outpet Time Steps 12769
Output Time Step Size [ 254
T ™™ biodsl Dompirg |Constant ot 0.025  Modfy/Show
Merbrear Parameters |D:h|t - Modfy/Shaw

oK

SN

There will be 36 load cases according to

-

number of wind direction considered

Analysis method can be performed by modal
superposition or direct-integration, and
both can be linear or nonlinear.

Select the load function pre-defined earlier
For example, the base moment about Y-axis produces
shear force in X direction




Wind Tunnel Test

e Magnitude unit: MNm (base moments)
e Sampling length: Typically 1 hour long
e Time step: 0.11s

Maximum deflection allowed against wind is H/500.
Px=199 mm < 180 X1000/500 = 360 mm

Py =188 mm < =360 mm ........ Safe
Wind Tunel Values for 50 years
| Log 2 Log 3 Log 4 Log 5
FY(KN) |MZ | KN-m) Story Fx | KN)|[FY(KN) |MZ | KN-m) Story Fx | KN)|[FY(KN) |MZ | KN-m) Story Fx | KN)|[FY(KN) |MZ | KN-m) Story Fx | KN)|[FY(KN) |MZ | KN-m)

-& 2036 T.0.PARARPET -7 155 Tad T.0.PARARPET T3 135 2036 T.0.PARARPET 115 -& -1365 T.0.PARAPET 115 = -1365
a0 3573 ROCF -243 437 3683 ROCF 2a1 d4ad 3573 ROCF 444 a0 -Bd23 ROCF 444 214 -Bd23
=25 152 46 -245 471 3139 46 257 437 152 46 335 =25 -odB6 46 335 207 -odB6
27 o126 45 -175 353 1374 45 65 2al o126 45 254 27 -3d.37 45 254 137 -3d.37
21 =047 dd -175 362 1344 dd B2 27T =047 dd 2d5 21 -335d dd 2d5 135 -335d
15 4353 43 172 a6 1310 43 1558 27 4353 43 23T 15 3325 43 23T 137 3325
1= 4867 42 -163 Kata 1574 42 153 265 4867 42 230 1= -3263 42 230 136 -3263
10 4761 41 -165 a=5 1833 41 147 26d 4761 41 222 10 -313:2 41 222 137 -313:2
T 4645 40 -164 a=0 1733 40 143 203 4645 40 214 T -3115 40 214 136 -3115
g 4526 33 -162 342 17da 33 137 203 4526 33 206 g -3035 33 206 13d -3035
-1 4334 e -161 327 1632 e 123 248 4334 e 136 -1 2346 e 136 13d 2346
-5 4251 ar -160 314 16357 ar 122 2d.3 4251 ar 156 -5 -2851 ar 156 133 -2851
-4 4106 a6 -157 307 1581 a6 7 236 4106 a6 175 -4 -2753 a6 175 131 -2753
-1 3348 K -153 304 1521 K 113 230 3348 K 171 -1 -2645 K 171 123 -2645
-16 aras a4 =150 308 1457 a4 105 226 aras a4 163 -16 -2536 a4 163 130 -2536
-22 a614 33 -146 a1 1332 33 105 221 a614 33 156 -22 2423 33 156 130 2423
-2d 3434 32 -142 307 1323 32 a3 214 3434 32 143 -2d -2a03 32 143 125 -2a03
=27 3248 A1 -133 a0 1251 A1 3 206 3248 A1 42 =27 -2178 A1 42 12d -2178
-27 3071 a0 -140 233 L[5 a0 a0 137 3071 a0 135 -27 -2053 a0 135 120 -2053
-26 2325 23 -1d4.3 285 27 23 ata a5 2325 23 131 -26 -1362 23 131 115 -1362
-2d a054 24 -1d5 2aT T6S 24 a1 13 a054 24 136 -2d -2035 24 136 115 -2035
-6 4633 27 227 436 =07 27 133 231 4633 27 205 -6 -3147 27 205 175 -3147
-33 2186 26 -133 260 ad2 26 T3 155 2186 26 107 -33 -1dEE 26 107 102 -1dEE
-33 1370 25 -123 2a0 Fi=1= 25 0 145 1370 25 102 -33 -1321 25 102 a6 -1321
-32 1752 2d -124 240 G675 2d B7 137 1752 2d a6 -32 -1175 2d a6 a1 -1175
-3 1533 23 -120 232 =230 23 Gd 123 1533 23 an -3 1028 23 an ar 1028
-36 1316 22 -7 22T =07 22 G0 122 1316 22 ad -36 -0 22 ad ad -0
-30 1104 21 -114 221 425 21 =7 115 1104 21 Fg= -30 -7d0 21 Fg= al -7d0
-4 33 20 -1 217 adE6 20 o3 105 33 20 T3 -4 -602 20 T3 3 -602




Performance Based Design of Buildings

PERFORMANCE LEVELS
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Performance Based Design of Buildings

Performance Based Design is a process of designing structures for predictable performance for initially considered
loads. This approach is used to design a new building or to evaluate an existing structure. In performance based
design, structural engineers identify the specific performance of the structures in consultation with the owner initially

and then proceed with the design or evaluation of the existing structure.

Performance based design is widely used in connection with the seismic loads. Evaluation of the existing structure or
designing structure of against probable earthquake load finalized initially is done. However, in modern design now,
performance based design issued in wind designs, earthquake designs, blast analysis and design and progressive

collapse analysis.

Further, performance-based design of structures considers the behavior of the nonstructural members also.

Due to the dynamic behavior to be considered in the loads such as winds and blast loads structural engineers have
considered these types of design now.

If this concept is further explained, initially we select an occupancy level that the structure to behave of an initially
finalized load with the owner. For example, consider a 7.5 magnitude earthquake. Then we consider the relevant
load/acceleration values for performance based seismic design. Now we know the inputs and outputs. So we modify
the structural stiffness to used these loads and outputs. This can be identified as the performance based seismic

design of buildings.




Performance Based Design of Buildings

The basic concept of performance based seismic
design is to provide engineers with the capability to
design buildings that have a predictable and reliable
performance in earthquakes.

Thus the Performance-based seismic design is a
process that permits design of new buildings or
upgrade of existing buildings with a realistic
understanding of the risk of life, occupancy and
economic loss that may occur as a result of future
earthquakes.

Performance-based design begins with the selection
of design criteria stated in the form of one or more
performance objectives. Each performance objective
is a statement of the acceptable risk of incurring
specific levels of damage, and the consequential
losses that occur as a result of this damage, at a
specified level of seismic hazard.
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in summary, the following steps can be identified in the performance-based building design of a new building.
Establish the performance objectives for specific inputs to be considered.
Proceed with the initial design

Check whether the desired outcomes are met.

The deformation of the structure is evaluated in terms of a drift of monitoring the behavior of structural and nonstructural
elements. limitations of the drift have been specified by the guidelines such as FEMA 273 and FEMA 356.

The applicable limitations have provided not only for vertical elements but also the other elements.

The guidelines given in FEMA 356 can be used to define the performance levels. It can be specified in terms of the
latera deflection/ drift of the building or as the formation of the hinges.

The occupancy level has three states defined based on the rotation of the element. They are specifying according to the
rotation of the hinge. The following figure extracted from the FEMA 356 indicates the formation of occupancy levels as per

the global displacement. ———— First componen reaches
= =1 IO acceptabdty limit
[n]
cf s

Difarmahcn
First component reaches LS
E ] C acceptabadty lanit
Global r
Force 1 e L& D?L_
Parameter Dresfemriation

First component reaches
CF acceptabality hmil




Performance Based Design of Buildings

As specified in FEMA 356, there are three occupancy levels.
1. Immediate Occupancy

2. Lift Safety
3. Collapse Prevention

The occupancy levels are defined as discussed previously also based on the deformation of the structure. When the
occupancy levels are decided for structural elements, it is done based on the rotation of the hinge.

Though the behavior of the elements is indicated as the above figure, in structural analysis, a more simplified behavior is
considered. The displacement force cure indicated in the ETABS/Sap2000 structural analysis soft manual is indicated as
the following figure.

The variation of each occupancy level is indicated in the above figure. Further, the collapse does not mean they fully
collapse. There is a certain stiffness in the structural member after the loss of its stiffness suddenly as indicated by the range
C-D-E of the above figure.

The behavior of the element is expressed in terms of the rotation of the hinge. The hinge rotation can be indicated in the
following figure. It indicates the relative rotation and the levels in which the hinge indicates each occupancy level.

The above figure was extracted from the ETABS/Sap2000 software.

Force

A Detormation



Performance Based Design of Buildings

Occupancy levels are defined to identify the behavior of the structural
elements and for knowing their conditions. Occupancy levels represent the
condition of the element from the operation level to the failure.

POSSIBLE STEPS FOR PERFORMANCE BASED DESIGN

1.PERFORM INITIAL DESIGN.

2.DETAIL DEFORMATION-CONTROLLED COMPONENTS.

3.RUN AN ELASTIC SLE ANALYSIS USING EFFECTIVE STIFFNESS.
4.PERFORM MCE NONLINEAR TIME-HISTORY ANALYSIS USING EXPECTED
STRENGTHS.

5.VERIFY THAT RESULTS MEET THE ACCEPTANCE CRITERIA

PERFORMANCE-BASED DESIGN CAN BE APPLIED TO ANY TYPE OF LOADS, BUT IS
TYPICALLY SUITABLE
AND TARGETED FOR EARTHQUAKE LOADS
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Create Model as Designed
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Practical Approaches for Nonlinear Modeling of Structures

Nonlinear Modeling
of Materials

Nonlinear Modeling
of Cross-sections

Nonlinear Modeling
of Members

Defining Inelastic
Behavior at
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| evel
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Fiber Modeling Approach

Plastic Hinge Modeling
Approach
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Plastic Hinge Modeling Approach
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Nonlinear Models for Building Components
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Load-displacement relationship of shear walls
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Phenomena Associated with Cyclic Action-Deformation Curves
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Mander Confined and Unconfined
Concrete Model in Tension and
Compression

A shear stress-strain curve is computed
internally from the direct stress-strain
curve. The assumption is made that
shearing behavior can be computed from
tensile and compressive behavior acting at
45° to the material axes using Mohr's
circle in the plane.

idj Material Stress-Strain Plot
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STRENGTH vs. DEFORMATION

ELASTIC STRENGTH DESIGN - KEY STEPS
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CONCRETE COLUMN FIBER HINGE MODEL
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SHEAR WALL FIBER HINGE MODEL

Reinforcement Layout
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MATERIAL STRESS-STRAIN CURVES
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Results
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Results
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Results

@A Combined Sory Response

Cortrol Data

Tipwrmr Ti Load Cass HOM LIN_TH_THM-X - Ll Shep 5 = Direchiors (X = (Graph 1 Tyges Blschan Acosleraton ] Avwreane -
e Fasier

Sory Fesponss

= Gloryt

L] L] ‘ L L} L) L} 1] L] ] L] L] L] L] L] L] L} L) L} I L] L] ] L] Im“
T T T T T T T T T T T T T T T T
80 080 0] 030 000 O30 08l 080 080 100 130 B« 060 020 G 80 080 100 120 g 1EG 180 EOD B0 -4 80 28 20 120 Q0D 1.0 Za0 380 480 00 E -180 130 B - § a0 B0 vRG v} B30 a0 EvE

Abanlute &coelsrabion (misec) Dot {inding Bhaar (kip] Crasriurning ¢ kip. T

280 ma g L] g LR

QK Cancel




Performance Based Design of Buildings
HYSTERETIC BEHAVIOR
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Energy diagram
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ENERGY DIAGRAM w/ HYSTERETIC
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Conclusion

The basic concept of performance based seismic design is to provide engineers with the capability to design buildings that
have a predictable and reliable performance in earthquakes.

Thus the performance-based seismic design is a process that permits design of new buildings or upgrade of existing

buildings with a realistic understanding of the risk of life, occupancy and economic loss that may occur as a result of future
earthquakes.

Performance based design begins with the selection of design criteria stated in the form of one or more performance
objectives. Each performance objectives is a statement of the acceptable risk of incurring specific levels of damage, and
the consequential losses that occur as a result of this damage, at a specified level of seismic hazard.




PRODUCT INTERACTIONS

CSI Detail offers numerous product interactions with various CSI software and third-party products.
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