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Abstract- Interaction between building, type of foundation and the geotechnical parameter of ground may trigger a significant 

effect on the building. In general, stiffer foundations resulted in higher natural frequencies of the building-soil system and 

higher input frequencies are often associated with other ground. Usually, vibrations transmitted to the buildings by ground 

borne are often noticeable and can be felt. It might affect the building and become worse if the vibration level is not controlled. 

G+15 building is prone to the ground borne vibration due to closed distance from the main road, and the construction 

activities adjacent to the buildings. This Work investigates the natural frequency and vibration mode of G+15 multi storey 

building with the presence of foundation system and comparison between both composite and R.C.C. systems. Finite element 

modelling (FEM) package software of GA is used to perform the vibration analysis of the building. The building is modelled 

based on the original plan with the foundation system on the structure model. The FEM staad provi8 results indicated that the 

structure which modelled with rigid base have high natural frequency compare to the structure with foundation system. These 

maybe due to soil structure interaction and also the damping of the system which related to the amount of energy dissipated 

through the foundation soil. Thus, this work suggested that modelling with soil is necessary to demonstrate the soil influence 

towards vibration response to the structure. 
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I. INTRODUCTION 

 
A  sandwich  structure  is  a  fabricated  material  that  

consists  of  two  thin, stiff facing  sheets  joined  to  either  
side  of  a  low  density  core  material  or  structure.   

 

The separation of the facings by a lightweight core acts to 

significantly increase the second moment of area (and 

hence the bending stiffness) of the material cross-section 

with only   a small increase in weight [1]. This 

construction is often used in lightweight applications such 

as aircrafts, marine applications, wind turbine blades, 

industrial platforms and floors.  

 

The face sheets of sandwich panels provide structural 

stiffness and protect the core against damage and 
weathering. During loading, the face sheets take both 

compressive and tensile loads and core is subjected to 

shear loads between the faces, thus providing high bending 

stiffness.  Sandwich structures are used in applications 

requiring high stiffness to weight ratios,   since for a given 

weight, the sandwich structures has a much higher 

moment of inertia compared to solid or I-beam 

structures[2]. 

 

 

II. LITERATURE REVIEW 

 
P. RavikanthRaju, Ch. Rajesh (2017) The study of free 

vibration is an important prerequisite for all dynamic 

response calculations for elastic systems. The current trend 

in the aerospace industry of using composites and 

sandwich material to lighten aircraft in an attempt to make 

them more fuel efficient has caused a recent resurgence 

into research to develop a reliable method of predicting the 

vibration behavior of sandwich structures. 

 
K M Ahmed [1], investigated the flexural vibration 

characteristics of curved sandwich beams by using the 

finite element displacement method.The vibration 

characteristic of a curved sandwich beam is analyzed by 

him using the principle of minimum total potential 

energy.Finally, he concluded that the element with four 

degrees of freedom per node is relied upon yield 

reasonable estimates of the natural frequencies of curved 

sandwich beams. 

 

S HE and M D Rao [2], described an analytical model for 

the coupled flexural and longitudinal vibration of a curved 
sandwich beam system. The governing equations of 

motion for the forced vibration of the system are derived 

using the energy method and Hamilton’s principle. They 
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used Rayleigh- Ritz method for solving system resonance 

frequencies and loss factors. To evaluate the effects of 
curvature, core thickness and adhesive shear modulus a 

parametric study was conducted by them on the system for 

resonance frequencies and loss factor.  

 

Bozhevolnaya and J Q Sun [3], evaluated numerical 

analyses of free vibrations of simply supported and 

clamped curved sandwich beams and investigated effect of 

the curvature on the Eigen modes and their frequencies.  

 

P. Bangarubabu, et.al.  Studied the effectiveness of the 

sandwich structures; the effects of distributed viscoelastic 

layer treatment on the loss factors are studied. The 
dynamics of bare beam with free and constrained 

viscoelastic layers are investigated. The viscoelastic layer 

is bonded uniformly on the beam. Frequency dependent 

young’s modulus and loss factors are considered in the 

model of viscoelastic material. From the experiments it is 

observed that beams with constrained viscoelastic layer 

provide higher loss factors than free layer. The dynamics 

of sandwich beams is modeled using hexahedral element 

(3-D element). The predicted Eigen frequencies obtained 

from the model are compared with the experimental 

results in cantilever boundary condition using free and 
constraint layers. Modal strain energy approach is used to 

predict loss factors. Results show that higher loss factor is 

obtained using constrained viscoelastic layers. 

 

III. PROBLEM FORMULATION AND 

OBJECTIVES 
 

1. Problem Formulation: 
It is evident that G+15 sandwich beam offer significant 

potential in control of vibration of structures. Furthermore, 

the sandwiches are more beneficial over the due to their 

higher yield stress in pre-yield region, absence of 

sedimentation and free from contamination etc.  

 
The vast majority of the studies have been considered on 

the fabrication of G+15 SANDWICH BEAMs, influence 

of varying rubber material, improvement of its’ 

rheological properties by altering the various parameters 

such as size, percentage of magnetisable particles and 

influence of composition for fabrication of elastomers. 

The application of as tunable vibration absorbers, dampers 

and other vibration controllable devices has been 

extensively explored for automotive and various industrial 

applications.  

 
Further, various prototypes of G+15 SANDWICH BEAM 

sandwich beams have been tested experimentally for the 

applicability of in beam structures for vibration control, 

whereas very limited efforts have been made in sandwich 

plates. Furthermore, the application of in tapered 

structures has not yet been explored. In addition, the 

effectiveness of the partial treatment of in a sandwich plate 

for vibration control has not yet been explored 

theoretically and experimentally, which would be highly 

desirable in view of the lower cost, vibration controller 
design and implementations. 

 

2. Objectives: 
The aim of this thesis is to present the vibration analysis of 

tapered sandwich plates. The principal objectives of the 

proposed thesis to: 

 

The fundamental object of our project design of G+15 

building with compare of two different types of material 

like as RCC and Steel fiber based building design 

parameters. Formulate a numerical model of fully treated 

G+15 SANDWICH BEAM tapered composite sandwich 
plates of three different configurations using the classical 

laminated plate theory (CLPT) and finite element 

formulation coupled with Lagrange’s equation.  

 

Experimental tests are performed on prototype sandwich 

plates and the results are compared with those obtained 

using the numerical model. Further, various parametric 

studies have been performed to investigate the influence of 

magnetic field, boundary conditions and taper angle of 

composite face layers on free vibration characteristics. 

Further, the transverse vibration responses of the various 
tapered composite sandwich plate configurations are also 

studied.  

 

IV. PROPOSED METHODOLOGY 
 

1. Fundamental of Genetic Algorithm: 

Genetic Algorithm Response Spectra: 
The main purpose of the response spectrum analysis is to 

obtain the design seismic forces, with its distribution to 

different storey levels along the height of the building and 

to the various lateral load resisting elements. This method 

is based on the assumption that the dynamic response of 

the structure may be found by considering the independent 

response of each natural mode of vibration and then 

combining in the same way to compute the total response.  

 

For analysis, the mass of the structure is assumed to be 

lumped at the floor levels and only sway displacement is 
permitted at each storey. Thus for planer systems, only one 

degree of freedom per floor and for three degree of 

dimensional analysis three degrees of freedom per floor 

i.e. two translation and one angle of twist around the 

vertical axis must be considered. 

 

The first step in the analysis by the response spectrum 

method is determining the lumped masses at the floor level 

due to dead load and appropriate amount of live load. 

Then the free vibration analysis of entire building shall be 

performed as per established methods of mechanics using 

the appropriate masses and elastic stiffness of the 
structural system, to obtain natural time period (T) and 

mode shapes (Ø). The CL. 7.8.4.2 of IS 1893:2002 gives a 

guideline for the number of modes to be considered.  
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As per the clause the number of modes to be considered in 

the analysis should be such that the sum of modal masses 
of all modes considered is at least 90 percent of the total 

seismic mass.  

 

If modes with natural frequency 33 Hz are to be 

considered, modal combination should be carried out only 

for modes up to 33 Hz. The effect of modes with natural 

frequency beyond 33 Hz shall be included by considering 

the missing mass correction.  

 

As per CL. 7.8.4.5 buildings with regular and nominal 

irregular plan configuration may be modelled as a system 

of masses lumped at the floor levels with each mass 
having one degree of freedom, which is the lateral 

displacement in the direction under consideration.  

 

After satisfying the above condition the modal mass is 

calculated using the expression given in the code, 

 

𝑴𝒌 =
  Wi∅ik

n
i=1  𝟐

𝒈 𝑾𝒊
𝒏
𝒊=𝟏  ∅𝒊𝒌 

𝟐
 

 

Where Mk is the modal mass of mode k, g is acceleration 

due to gravity, ∅𝑖𝑘  is mode shape coefficients of floor i in 

mode k and Wi is the seismic weight of floor i. The 

percent mass contributing in each mode is calculated and 

if the total percent of mass is less than 90% of total 

seismic mass, either the number of modes should be 

increased up to 33 Hz or missing mass correction should 

be applied. Now the design lateral force at each mode is 

calculated by the formula, given in CL.7.8.4.5(c), of IS 

1893 (part I):2002 

𝑸𝒊𝒌 = 𝑨𝒌∅𝒊𝒌𝑷𝒌𝑾𝒊 

 

Where Akis design horizontal acceleration spectrum value 

obtained using natural period of vibration (Tk) of mode k, 

Pk is the modal participation factor of mode k and is given 

by, 

𝑷𝒌 =  
 𝑾𝒊∅𝒊𝒌

𝒏
𝒊=𝟏

 𝑾𝒊(∅𝒊𝒌)𝟐𝒏
𝒊=𝟏

 

 

The peak storey shear (Vik) acting in storey i in mode k is 
given by, 

𝑽𝒊𝒌 =  𝑸𝒊𝒌

𝒏

𝒋=𝒊+𝟏

 

 

The peak storey shear force (Vi) in storey i due to all 

modes considered is obtained by combining those due to 

each mode. Code has given various methods for 

combining the peak response quantities (for eg. Member 

forces, displacements, storey force, storey shears and base 

reactions). The complete quadratic combination (CQC) 

should be used when the modes are well separated or 

when modes are closely spaced. 

𝝀 =     𝝀𝒊

𝒓

𝒊=𝟏

𝒓

𝒊=𝟏

𝝆𝒊𝒋𝝀𝒋 

 

Where r is the number of modes being considered 𝜆𝑖  is the 

response quantity in mode i (including sign), 𝜆𝑗  is the 

response quantity in mode j (including sign) and 𝜌𝑖𝑗  is 

cross-modal coefficient given by, 

 

𝝆𝒊𝒋 =
𝟖 𝝇𝟐 𝟏 + 𝜷 𝜷𝟏.𝟓

(𝟏 − 𝜷𝟐)𝟐 + 𝟒𝝇𝟐𝜷(𝟏 + 𝜷)𝟐
 

 

ζ = Modal damping ratio (in fraction) as specified in 
7.8.2.1, 

β = Frequency ratio = 
𝜔𝑗

𝜔𝑖
  

𝜔𝑖  = Circular frequency in ith mode, and 

𝜔𝑗  = Circular frequency in jth mode. 

 

But when the building does not have closely spaced 

modes, square root of squares (SRSS) method should be 

used, then the peak response quantity (λ) due to all modes 

considered shall be obtained as, 

 

𝝀 =    𝝀𝒌 
𝟐

𝒓

𝒌=𝟏

 

 

Where, 

𝜆𝑘= Absolute value of quantity in mode k, and 

𝔯 = Number of modes being considered 

When the building has few closely spaced modes then 

peak response quantities (𝜆∗) due to these modes shall be 

obtained as, 

𝝀∗ =  𝝀𝒄′

𝒓

𝒄

 

 

When the summation is for closely spaced modes only, 

this peak response quantity due to closely spaced modes 

(𝜆∗) is then combined with those of remaining well 

separated modes by CQC method as described above. 

 

After combining the peak storey shear (Vik), the design 

lateral force at roof and floor level is obtained as per 
clause 7.8.4.5 (f) of IS 1893 (part I): 2002 as, 

 

𝑭𝒓𝒐𝒐𝒇 = 𝑽𝒓𝒐𝒐𝒇 

 

𝑭𝒊 = 𝑽𝒊 − 𝑽𝒊+𝟏 
 

Code has also introduced a lower bound on seismic forces 

(Cl.7.8.2), this clause requires that in case of dynamic 

analysis gives lower seismic forces, these to be scaled up 

to the level of forces obtained based on empirical 

fundamental period Ta . 
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V. RESULT AND SIMULATION 
 

1. Design G+15 Building Using Staad Pro: 

STAAD Pro is user-friendly software which is used for 

analysing and designing of structure by the structural 

engineers. STAAD Pro provides a lot of precise and 

correct results than manual techniques. It’s the foremost 

computer code for 3D model generation and multi-

material design. The software is fully compatible with all 
windows operating system but is optimized for windows 

XP.  

 

STAAD Pro software is used for static or dynamic 

analysis for structures such as bridges, low rise or high-

rise buildings, stadiums, steel structures, etc.  

 

First step in STAAD Pro is to specify the geometry of the 

structure and then the properties of the members are 

mentioned. Then the supports are generated and loadings 

are specified on the structure. Finally, the structure is 
analysed. 

 

2. Types of Loads Used: 

The loads which are considered for analysis are,  

 Dead loads  

 Live loads 

 

2.1 Dead Load: All permanent loads in the building are 

considered as dead loads. The dead loads comprise of 

self-weight of the building, weight of wall, weight of 

slab, floor finish and permanent materials placed on 

the building. Dead loads are specified. 
2.2 Live Load: Imposed load is created by the meant use 

or occupancy of a building together with the load of 

movable partitions, distributed and concentrated 

loads, load due to impact and vibration and dust loads. 

Live loads are specified. 

 

3. Design Criteria: 

 

 
Fig 1. G+15 Design Criteria. 

 
Fig 2. G+15 Three dimensional view. 

 

 
Fig 3. G+15 Reaction force assign all design criteria. 

 

 
Fig 4. G+15 support Assignment. 
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4. Deflection About X, Y and Z Direction: 

 

Fig 5. Dead Load All design view. 

 

 
Fig 6. Deflection Along X direction. 

 

 
Fig 7. Y along directional Deflection. 

 
Fig 8. Z along directional Deflection. 

 

5. RCC Based Design: 

5.1 Deflection of RCC material G+15: 

 

 
Fig 9. Deflection of RCC material G+15. 

 

Table 1. Deflection of G+15 Building. 

Distance Deflection 

0 9.405 

0.0762 7.292 

0.1524 5.327 

0.2286 3.51 

0.304799 1.843 

0.380999 0.324 

0.457199 -1.046 

0.533399 -2.268 

0.609599 -3.341 

0.685799 -4.265 

0.761999 -5.041 

0.838199 -5.668 

0.914398 -6.146 

0.9906 -6.149 

1.0668 -6.156 
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5.2 Share Force of RCC Material G+15: 

 

 
 

Fig 10. Share Force of RCC material G+15. 

 

Table 2. Share Force of G+15 Building. 

 

Distance Share force 

0 3.244 

0.0762 3.024 

0.1524 2.803 

0.2286 2.583 

0.304799 2.362 

0.380999 2.142 

0.457199 1.922 

0.533399 1.701 

0.609599 1.481 

0.685799 1.26 

0.761999 1.04 

0.838199 0.819 

0.914398 0.599 

0.9906 0.487 

1.0668 0.384 

 

VI. CONCLUSION  
 

Analysis and design results of G+15 storied building with 

comparison of results of composite column building and 

R.C.C. column building shows that:- 

 The deflection & storey drift in composite structure is 

nearly double than that of R.C.C. Structure but the 
deflection is within the permissible limit. 

 The graph shows that there is significant reduction in 

bending moments of columns in X Direction. 

 The graph shows that there is no significant difference in 

bending moments of columns in Z Direction. 

 Axial Force & Shear force in R.C.C. structure is on 

higher side than that of composite structure. 

 Max. Bending moment in beams of composite structure is 

slightly on higher side in some storey’s than R.C.C. 

Structure. 

 

A technique for combining genetic algorithms with the 

finite element method to minimize the weight of sandwich 
panel with laminated composite face sheets with several 

design variables is described in this paper. The GA was 

successfully applied to obtain the optimal design of 

sandwich panels. It has been shown that the number of 

plies, stacking sequence of facesheets, fiber orientations 

and core thickness could be improved considerably by 

optimization process, which was demonstrated by a 

comparison of the design constraints between initial and 

optimized designs.  

 

The performance of the GA in optimized design of 

sandwich panels was studied, showing that the method is 
very efficient in finding near optimal solutions, and an 

important saving in computer time can be obtained by 

using of suitable values for the GA parameters and when 

results of different analyses are stored. The resultant 

design with reasonable values of design variables proves 

that the optimized values of the design variables are even 

difficult to guess for a skillful engineer with exceptional 

experience. The results demonstrated that when relatively 

small populations associated with a large limit of the 

number of generations are used, better performances of the 

GA are obtained. 
 

Modifications of the standard GA to save previously 

computed fitness values provide significant performance 

improvement. A GA with memory along with multivariate 

approximations of the objective and constraint functions 

individually was applied to the problem of weight 

minimization of a lattice shell with mixed discrete and 

continuous design variables. The use of memory based on 

a binary tree for the discrete part of the design variables 

avoids repeating analyses of previously encountered 

designs. The multivariate approximation for continuous 

variables saves unnecessary exact analyses for points close 
to previous values. 

 

VII. FUTURE SCOPE 

 

There are a number of areas we are currently exploring. 

The first is an extension of the simulation model to a more 
accurate 3D model for dealing with plates. The second is 

an exploration of methods to extend the representation to 

include structural features like stiffeners and more 

complicated geometries to increase the complexity of the 

designs and more closely model real design practice. 
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