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• Introduction



Energy Dissipation Systems (Vibration Control Systems)

Static Damper
Passive Energy Dissipation Devices

Viscous Damper Viscoelastic Damper Metallic Yield Damper Friction Damper



Viscous Damper

•Relies on the viscosity of a fluid passing through an orifice.

•Provides damping only )erutcurts eht ot ssenffits lanoitidda on(.

C

Viscoelastic Damper

•Contains a material with both elastic and viscous  seitreporp.

•Provides damping + some additional stiffness.

C   & K



Metallic Yield Damper

•Dissipates energy through the plastic deformation of metals (steel plates or braces).
•Provides both stiffness and damping.

C   & K

Friction Damper

•Relies on friction between metallic surfaces.
•Provides mainly damping, and sometimes additional stiffness
depending on the design.

C   & K



• Methodology

Objective:
Develop a user-friendly tool inside PLPAK (BEM) to incorporate static dampers by modifying the global system matrices

Direct modification of:
✓ Global stiffness matrix [K]

✓ Global damping matrix [C]

Features of the Tool:
✓ Control over the number of dampers.
✓ Define orientation (horizontal / vertical).
✓ Select specific floors for damper installation.
✓ Real-time 3D visualization of dampers in the structural model.

Validation:
✓ Comparative analysis with ETABS (FEM).





Add this matrix between two degrees of freedom that are 

linked by damper in overall matrix to structure.



• Proposed Optimization Technique
The method aims to determine the optimal number of dampers on each floor to achieve a target structural response,

particularly minimizing the displacement of the top floor under dynamic loading. The contribution of each damper to the

floor displacements is quantified using an influence matrix. This matrix is generated by calculating the change in

displacement resulting from adding a single damper at each floor, effectively capturing the effect of individual dampers on

the overall structural response. These influence values are then used within the optimization model, which seeks to

minimize the absolute difference between the actual top-floor displacement and the target displacement, while

simultaneously minimizing the total number of dampers.







Influence matrix

Target displacement

Actual displacement





• Case Studies
BEM (PLPAK)

Building 1: 6-story Building 2: 10-story Building 3: 20-story



FEM (ETABS)

Building 1: 6-story Building 2: 10-story Building 3: 20-story



Building 1: 6-story

Dimension of slab = 10.5*10.5 m  

Dimension of column = 500*500 mm 

Thickness of slab = 200 mm 

Spacing between column = 5 m

Story height = 4

Number of stories = 6

Damping ratio = 0.05

Rigid Diaphragm 

Static Damper: C = 1000 KN. s/m  , K=0 KN/m  , N=2

Time History:

• Comparison: BEM (PLPAK) vs FEM (ETABS)



Max drift FEM = 0.018 mm
Max drift BEM =0.012 mm

Max drift FEM = 0.011 mm
Max drift BEM = 0.008 mm

Reduction in ETABS =
18 − 11

18
× 100 = 38%

Reduction in PLPAK =
12 − 8

12
× 100 = 34%



Building 2: 10-story

Dimension of column = 500*500 mm 

Thickness of wall = 400 mm

Thickness of slab = 250 mm (Shell thick) 

Story height = 4

Number of stories = 10

Damping ratio = 0.05

Rigid Diaphragm 

Static Damper: C = 50000 KN. s/m  , K=10000 KN/m  

, N=2

1992 Cairo Earthquake

Time History:



Max drift FEM = 0.0292 mm
Max drift BEM =0.029  mm

Max drift FEM = 0.014 mm
Max drift BEM =0.0136 mm

Reduction in ETABS =
29.1 − 14.1

29.1
× 100 = 52%

Reduction in PLPAK =
29 − 13.6

29
× 100 = 54%



Building 3: 20-story

Dimension of column = 1000*1000 mm 

Thickness of wall = 300 mm

Thickness of slab = 200 mm

Story height = 4

Number of stories = 20

Damping ratio = 0.05

Rigid Diaphragm 

Static Damper: C = 50000 KN. s/m  , K=25000 KN/m  

, N=2

Time History:

Analyses using EGY spectrum matched time histories



Max drift FEM = 0.070 mm
Max drift BEM = 0.068 mm

Max drift FEM = 0.050 mm
Max drift BEM =0.045 mm

Reduction in ETABS =
70 − 50

70
× 100 = 29%

Reduction in PLPAK =
68 − 45

68
× 100 = 34%



• Comparison between MR Dampers and Static 
Dampers

MR Damper: C = 1000 KN. s/m  , N=1

Building 1: 6-story





Building 3: 20-story

MR Damper: C = 100000 KN. s/m  , N=1Static Damper: C = 50000 KN. s/m  , K=25000 KN/m  

, N=2



Max drift Without Damper = 0.068 mm 
Max drift BEM (Static Damper) = 0.045 mm
Max drift BEM (MR Damper) =0.026 mm
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