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*

*General Description for  UMT Building.

*Gravity Analysis.

*Seismic Analysis. 

*Checking the seismic performance using 

Pushover Analysis

*Detailing



*

*The total area for the building=4000 m2

*Typical floor height=+3.375 m

*A36  for  structural steel 

*Reinforced steel GR60

*Concrete compressive strength=28 MPa



*



Plan Drawing Usage of the Ground 
floor



*

Service load Combinations Ultimate load Combinations



*

General Checks:

• Compatibility Check.

• Equilibrium Check.

• Internal Check.



*

Block 1:

*Block Area=1276 m2

*Period=0.411 second.

*Dead error=1.7%

*Live error=0.7%

*Superimposed error=0.01%

*Max internal Check error=5.66%



Chosen Frames for internal Check Manual And Etabs Results X-
frame

*
Block 1:



Deflection Check Using Etabs

*Etabs max Deflection=17.42mm

*Allowable max Deflection=

𝐿𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑠𝑝𝑎𝑛

240
=

4700

240
=19.58 mm

*Etabs<Max Deflection       ok

*
Block 1:



*

Block 2:

*Block Area=631 m2

*Period=0.654 second.

*Dead error=0.3%

*Live error=0.77%

*Superimposed error= 0.3%

*Max internal Check error=5.66%



Chosen Frame for internal 
Check

Deflection Check.



*

Block 3:

*Block Area=210 m2

*Period=0.476 second.

*Dead error=2.07%

*Live error=0.0%

*Max internal Check error=4.6%



Chosen Frame for internal 
Check

Deflection Check.



*

• General Description for the location parameter.
• Geometry of the structure.
• Vertical and Horizontal irregularities. 
• Seismic Analysis method.



*

General Description for the location

• Occupancy Category



*

General Description for the location

• Ground Motion Parameter

(S1) =1.25*Z=1.25*.2=0.25

(Ss) =2.5*Z=2.5*.2=0.5 



*

General Description for the location

• Soil Type       C



*

General Description for the location

• Site coefficient:

(Fa) =1.3

(Fv) =1.5



*

General Description for the location

• Design Spectral Accelerations 

𝑆𝐷1 =
2

3
∗ 𝐹𝑉 ∗ 𝑆1 𝑆𝐷1 = 1 ∗ 1.5 ∗ 0.25 = 0.375

𝑆𝐷𝑠=
2

3
∗ 𝐹𝑎 ∗ 𝑆𝑠 𝑆𝐷𝑠= 1 ∗ 1.3 ∗ 0.5 = 0.65



*

General Description for the location

• Importance Factor           I=1

• Seismic Design category       D,D

We choose the worst        D



*

Geometry of the Structure

• Frame System Used

Two types of Frame systems

1- Moment Resisting Frame

2- Building frame system





*

Horizontal irregularities. 



*

Horizontal irregularities

• Reentrant irregularity      Exist 



*

Horizontal irregularities

• Diaphragm Discontinuity 
irregularity      Does not exist 



*

Horizontal irregularities

• Out of Plan offset        
irregularity

No discontinuity in the lateral force 
resisting frame        Not Exist



*

Horizontal irregularities

• Non-Parallel Lateral Load 
Resisting System

All the lateral force-resisting 
elements Parallel            Not Exist



*

Vertical irregularities. 



*

Vertical irregularities

• Stiffness-soft story    
Irregularities      

Stiffness Weak Story



*

Vertical irregularities

• Weight mass Irregularity



*

Vertical irregularities

• Vertical geometric Irregularity

horizontal dimension of the seismic force 
system in any story is more than 130% of 
that in the adjacent story

Exist in Block 2



*

Vertical irregularities

• In-Plane Discontinuity in Vertical 
Element Resisting Lateral Force

• in-plane offset of the lateral force 
resisting elements        No       Not Exist  



*

Seismic Analysis Methods

• Equivalent Lateral Force Method (ELF).

• Response Spectrum Analysis(MCER).

• Time History Analysis .

• Static nonlinear analysis (pushover analysis)



*



• Program calculated period

• 90%mass      5 modes needed

*



*

Equivalent Lateral Force Method (ELF).

Block 3:

• Seismic Weight

• V=Cs*W 
• Cs max=SDs*I/R

• Cs =  SD1*I/(T*R)

• Cs min =.04 SD1 *I



*

Equivalent Lateral Force Method (ELF).

Block 3:

• Program calculated period

• Period in X direction =0.592 s

• Period in Y direction = 0.419 s



*

Equivalent Lateral Force Method (ELF).

Block 3:

• Manual period 

• Lower limit of period =

• T = Ct *hn
x =0.425S

• Upper limit of period

• Ta = Cu* Ct *hn
x =1.4*.425=0.595 S

T from program is less than 0.595 & more 
than 0.425          Ok



*

Equivalent Lateral Force Method (ELF).

Block 3:

Base Shear Calculation:

• Base Shear Distribution

Lateral load to stories X :-



*

Equivalent Lateral Force Method (ELF).

Block 3:

Torsional Irregularity Check X-Direction:

• Ratio=
𝑑𝑒𝑙𝑡𝑎 𝑚𝑎𝑥

𝑑𝑒𝑙𝑡𝑎 𝐴𝑣𝑔
<1.2 no 

irregularity



*

Equivalent Lateral Force Method (ELF).

Block 3:

Accidental Torsion Calculation

Ratio=
𝑑𝑒𝑙𝑡𝑎 𝑚𝑎𝑥

𝑑𝑒𝑙𝑡𝑎 𝐴𝑣𝑔
<1.4 no accidental 

Torsion

Ax = (
𝑑𝑒𝑙𝑡𝑎 𝑚𝑎𝑥

1.2x𝑑𝑒𝑙𝑡𝑎 𝐴𝑣𝑔^2
)



• SDs =0.65 sec

• SD1 =0.375 sec

*

Horizontal Response spectrum 



*Based on ASCE 7-16

*The base shear from response spectrum must be 

equal or more than 100 % from base shear from 

ELF .If its not a scaling for response must be 

made .

*



*

Response Spectrum Analysis(MCER).

Drift Check

Amplified drift=Cd*Story drift Etabs

Allowable Drift       from Table

Allowable Drift=0.02*h(story)=67.5mm.



*

Response Spectrum Analysis(MCER).

Block 3:

Drift Check

Amplified drift=4.5*Story drift Etabs

Allowable Drift=0.02*3375=67.5 mm.



Equation=0.3Sav*D

Vertical Response spectrum 



*Time history analysis was made from a data for a previous earthquake happened in 

turkey area

*So the data was scaled based on response spectrum for building area 

*3 earthquakes were used and scaled  

*



*



*

Based on ASCE 7-16

The base shear from response spectrum must be equal or more than 100 % from base shear 

from ELF .If its not a scaling for response must be made .



*

*Because the numbers of time history data are less than 7 the 

maximum drift form the 3 file was taken 



*



story load direction equivelant response history

Story4 Y 13.175 14.365 12.475

Story3 Y 12.84 13.785 12.325

Story2 Y 10.54 11.07 10.24

Story1 Y 5.005 5.065 4.78

story load direction equivelant response history

Story4 X 26.265 26.985 25.01

Story3 X 25.285 25.745 23.55

Story2 X 20.31 20.39 18.135

Story1 X 9.39 9.265 7.99



*





*

Block 4 Performance:

Models

• Moment resisting frame



*

Block 4 Performance:

Bracing Model:

• Moment Hinge 

Elastic Perfectly plastic 
Behavior



*

Block 4 Performance:

• Assigning hinges in the 
beginning, middle and end 
of the members.        

Result Failure mode.



*

Block 4 Performance:

Bracing Model:
• Result Push over curve.

Manual check :

Summation of external works 
=summation of internal works

∑P∆ = ෍ 𝑀𝑝 ∗ 𝜃



*

Block 4 Performance:

Bracing Model:

Manual check :

TABLE:  Pushover Capacity Curve X

LoadCase Step Displacement BaseForce

Text Unitless m KN

push over x 0 0.000255 0

push over x 1 0.126329 1260.525

push over x 2 0.166491 1586.268

push over x 3 0.363835 2493.029

push over x 4 0.513835 3147.911

push over x 5 0.630407 3591.762

push over x 6 0.786691 3907.754

push over x 7 0.939921 4128.501

push over x 8 1.096304 4287.505

push over x 9 1.102395 4291.582

push over x 10 1.12826 4299.066

push over x 11 1.274711 4150.062

∑P∆ = ෍ 𝑀𝑝 ∗ 𝜃

sap 2000 result manual result error %

base shear 4299.066 4567.525926 5.8775786



*

Block 4 Performance:

Push over curve in X direction



Response

Modification 8.95

Coefficient, Ra

Overstrength 3.41

Factor, Ω0

Deflection

Amplification 8.93

Factor, Cd



*

Block 4 Performance:

Y direction:

• Assigning hinges in the 
beginning, middle and end 
of the members.        

Result Failure mode.



*

Block 4 Performance:

• Result Push over curve.

Manual check :

Summation of external works 
=summation of internal works

∑P∆ = ෍ 𝑀𝑝 ∗ 𝜃

TABLE:  Pushover Capacity Curve Y

LoadCase Step Displacement BaseForce

Text Unitless m KN

push over y 0 3.73E-06 0

push over y 1 0.049886 382.247

push over y 2 0.066907 504.65

push over y 3 0.084663 545.724

push over y 4 0.084663 545.724

push over y 5 0.08559 546.166

push over y 6 0.120404 556.088

push over y 7 0.400035 328.073

push over y 8 0.550035 200.503

push over y 9 0.700035 73.308

sap 2000 result manual result error %

base shear 556.088 663.7866667 16.22489153



Push over curve in Y direction



Response

Modification 2.41

Coefficient, Ra

Overstrength 1.45

Factor, Ω0

Deflection

Amplification 2.41

Factor, Cd



*

Response Response

Modification 8.95 Modification 4.50

Coefficient, Ra Coefficient, Ra

Overstrength 3.41 Overstrength 3.00

Factor, Ω0 Factor, Ω0

Deflection Deflection

Amplification 8.93 Amplification 4.00

Factor, Cd Factor, Cd

from push-over analysis from code

X direction

Response Response

Modification 2.41 Modification 4.50

Coefficient, Ra Coefficient, Ra

Overstrength 1.45 Overstrength 3.00

Factor, Ω0 Factor, Ω0

Deflection Deflection

Amplification 2.41 Amplification 4.00

Factor, Cd Factor, Cd

from push-over analysis from code

Y direction



*

Beams Detailing



*

Column Detailing

Cross Sections:

𝐿𝑜:

≥ max column dimension.

≥ 1/6 of clear height of column.

≥ 450 mm.

splicing:

500 mm

Transverse steel:

≤ ¼ minimum member dimension.

≤ 6 db.

≤ 𝑆𝑜



*

Footing Detailing



*

Steel Connections:

Beam-Column Flange Connection 

Stiffeners are used

Beam-Column Web Connection

Beam-Girder Connection



Thank you 


