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Loads Considered Dead, Live, Wind & Seismic loads

(ASCE 7-16 & UBC-97)

Analysis Performed FEM, Modal Analysis , Response 
Spectrum Analysis, P-∆ 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
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Typical Basement Plan

Typical Basement Plan









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.



Figure 2. Three-dimensional model of the studied building.
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NOTE- This provision is not applicable to buildings with large podiums in the lower story's.
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           As per ASCE 7-16 FX or FY of RS max. > = 0.85 x calculated base shear (
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i) Stiffness Irregularity (Soft Story)
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Material Properties

Rebar Fyt240, Fy400

Grade of Concrete Fc 35MPa, Fc50MPa

Non Structural Walls Light Weight Block

Glazing Panel Glass Sheets



Frame Section

Beam
400mmx550mm

650mmx900mm

Column

750mmx900mm

1000mmx1300mm

1400mmx1400mm

Wall Section
Shear wall & Core walls

Shear Wall
250mm thick

300mm thick

Slab Section General Slab 250 thick mm

Parking Slab 225 thick mm

Staircase Slab 230 thick mm

Service Slabs 220 thick mm





1. Typical Height of the beam 75 mm

2. Density of the Block
work including
finishing

10KN/m3

3. Thickness of the block
work

200 mm

4. External Wall Load
Calculation

(Thickness of wall) x (Height of Floor-Depth of Beam) x (Density
of Material)
= 0.2 x (4.0-0.75) x 10
= 6.5 KN/ m

5. Internal Wall Load
Calculation

(Thickness of wall) x (Height of Floor-Depth of Beam) x (Density
of Material)
= 0.15 x (4.0-0.75) x 10
= 4.8 KN/ m

6. Parapet Wall Load
Calculation

(Thickness of wall) x (Height of Floor-Depth of Beam) x (Density
of Material)
= 0.2 x 1.0 x 10
= 2.0 KN/ m

7. Loads on projections
which is window glazing

Loads on projections which is window
glazing Loads= 5KN/m



•

•

•









▪

•

Case Mode Period (sec) UX UY SUM UX SUMUY RZ SUMRZ

Modal 1 4.603 0.3307 0.2524 0.3307 0.2524 0.0347 0.0347

Modal 2 3.899 0.1436 0.2959 0.4743 0.5483 0.0331 0.0678

Modal 3 3.481 0.1724 0.0505 0.6467 0.5988 0.356 0.3238

Modal 60 0.039 0.0077 0.0027 0.9998 0.9999 0.0002 0.9977
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Seismic Response

MCE Spectral Response Acceleration,

S MS [ASCE 11.4.4, Eq. 11.4-1]                                                        SMS = Fa SS SMS = 2.061g

MCE Spectral Response Acceleration,

S M1 [ASCE 11.4.4, Eq. 11.4-2]                                                        SM1 = Fv S1 SM1 =0.6952g

Design Spectral Response Acceleration,

S DS [ASCE 11.4.5, Eq. 11.4-3]                                                         SDS =2/3 SMS                  SDS = 1.374g

Design Spectral Response Acceleration,

S D1 [ASCE 11.4.5, Eq. 11.4-4]                                                         SD1 =2/3 SM1                  SD1 =0.463467g

Equivalent Lateral Forces

Seismic Response Coefficient, CS [ASCE

12.8.1.1, Eq. 12.8-2] 

[ASCE 12.8.1.1, Eq. 12.8-3] 

[ASCE 12.8.1.1, Eq. 12.8-5] 

[ASCE 12.8.1.1, Eq. 12.8-6] 

Calculated Base Shear

Direction Period Used 
(sec)

Cs W 
(KN)

V b 
(KN)

X 3.577 0.090521 86539.2207 78358.3836

Applied Story Forces



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]                                        Ct = 0.02ft

Coefficient, x [ASCE Table 12.8-2]                                          x = 0.75

Structure Height Above Base, hn                                           hn = 643.37 ft

Long-Period Transition Period, TL [ASCE

11.4.5]                                                                                     TL = 8 sec

Factors and Coefficients

Response Modification Factor, R [ASCE

Table 12.2-1]                                                                           R = 6

System Overstrength Factor, Ω0 [ASCE

Table 12.2-1]                                                                           Ω0 = 2.5

Deflection Amplification Factor, Cd [ASCE

Table 12.2-1]                                                                           Cd = 5

Importance Factor, I [ASCE Table 1.5-2]                                  I = 1.25

Ss and S1 Source = 0.75

Mapped MCE Spectral Response

Acceleration, Ss[ASCE 11.4.2]                                                 Ss = 2.29g

Mapped MCE Spectral Response

Acceleration, S1 [ASCE 11.4.2]                                                S1 = 0.869g

Site Class [ASCE Table 20.3-1] = B - Rock

Site Coefficient, Fa [ASCE Table 11.4-1]                                 Fa = 0.9

Site Coefficient, Fv [ASCE Table 11.4-2]                                 Fv = 0.8



Seismic Response

MCE Spectral Response Acceleration,

S MS [ASCE 11.4.4, Eq. 11.4-1]                                                        SMS = Fa SS SMS = 2.061g

MCE Spectral Response Acceleration,

S M1 [ASCE 11.4.4, Eq. 11.4-2]                                                        SM1 = Fv S1 SM1 =0.6952g

Design Spectral Response Acceleration,

S DS [ASCE 11.4.5, Eq. 11.4-3]    SDS =2/3 SMS                  SDS = 1.374g

Design Spectral Response Acceleration,

S D1 [ASCE 11.4.5, Eq. 11.4-4]                                                         SD1 =2/3 SM1                  SD1 =0.463467g

Equivalent Lateral Forces

Seismic Response Coefficient, CS [ASCE

12.8.1.1, Eq. 12.8-2] 

[ASCE 12.8.1.1, Eq. 12.8-3] 

[ASCE 12.8.1.1, Eq. 12.8-5] 

[ASCE 12.8.1.1, Eq. 12.8-6] 

Calculated Base Shear

Direction Period Used 
(sec)

Cs W 
(KN)

V b 
(KN)

Y 3.577 0.090521 86539.2207 78358.3836

Applied Story Forces
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The maximum inelastic response is defined as:

Inter Story Drift

Where 

R is the structural system coefficient 

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

Where h is the story height.

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

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
5.31/88.5 X 100 = 6.01% Hence OK

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

• The eccentricity between the center of mass and the geometric centroid 

of the building at that level shall not exceed 15% of the overall building 

width along each principal axis considered at each level.



According to Code







Check P Delta effect according the ACI code

Define             P-Delta options

Iterative based on loads

Load pattern          scale factor

   DEAD                      1.2      

    SDL                        1.2

    LIVE                        0.5



WIND SPEED                                          = 200 mpa

EXPOSURE TYPE                                  = B

TOPOGRAPHICAL FACTOR, kzt         = 1.0

Ground elevation Factor                          = 1

GUST FACTOR                                      = 0.85

DIRECTIONALITY FACTOR, Kd        = 0.85

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

EQ-X 72145.8763

EQ-Y 72396.7837

THX-X 71142.2374

THY-Y 71236.7249
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CBB: Column-Beam-Brace VXB: Vertical X BraceCVR: Chevron Brace

❖ Gusset connection -Primarily transfers axial force but also minor moments and shear forces
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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
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Load 
Case/Combo

FX FY FZ MX MY MZ

Dead 0.00001609 -0.0046 525477.84 5371202.72 -10599787.00 -2.81

Live 6.782E-07 -0.0007 55735.93 567263.87 -1128568.00 -0.67

Live>3 6.696E-07 -0.0007 26800.18 247148.04 -536506.12 -0.08

WX 0.0026 -13019.6153 0.00 1235702.47 45609.18 250.34

WY -6216.3309 -0.0002 0.00 579.47 -5§77736.55 -104.14

SPEC-X MAX. 5980.9973 1699.1763 0.00 4156755.07 441428 27 97836.68

SPEC-Y MAX. 1336.7905 4737.7779 0.00 405315.29 122604.61 -3.48









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 1.5 DL ± 1.5 WX

1DL ± 1WY 1.5 DL ± 1.5 WY

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



b
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Ks tc
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Wind rose taken from 10 years wind speed historical data 





▪

▪





𝑓𝑥 𝑖 𝜃 𝑡 𝑝𝑥 𝑖 𝑚 𝑦 𝜃 𝑡
𝑓𝑦 𝑖 𝜃 𝑡 𝑝𝑦 𝑖 𝑚 𝑥 𝜃 𝑡
𝑚 𝑧 𝑖 𝜃 𝑡 𝑝𝑧 𝑖 𝑚 𝑧 𝜃 𝑡

𝜃
𝜃

▪

▪

▪

▪



 









Re s t a u r a n t Re s t a u r an t

Operational Immediate 

Occupancy

Life Safety Collapse 

Prevention

Less Damage More Damage





Re s t a u r a n t Re s t a u r an t

Operational Immediate 

Occupancy

Life Safety Collapse 

Prevention

Less Damage More Damage
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Nonlinear Models for Building Components

Beams Columns

Infill Wall

Foundations

Beam-column Joints

Shear Walls















Reinforced Concrete Column Steel Rebar Fibers

Confined Concrete Fibers Unconfined Concrete Fibers



Reinforcement Layout

Steel Fibers

Confined Concrete Fibers

Unconfined Concrete Fibers





















info@structurex.live

www.structurex.live

+91-9354734946
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