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Abstract - This paper presents a unique approach for testing the distributed mass system on shake table. The unique 
approach consists of use of ‘G- Sensor’ embedded in the smartphone device with the help of mobile application VibSensor. 
This research paper shows the validation of the sensor with its comparison of results with standard uniaxial accelerometer. 
Thus, giving a complete experimental test set up for a distributed mass system 
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I. INTRODUCTION 
 
The dynamic analysis of structures is carried out by 
considering a lumped mass system at a discrete 
location. This lumped mass system considers a 
spring- mass – damper unit.The number of lumped 
masses at each level define the degrees of freedom 
(DOF) considered. As the number of spring – mass – 
damperunits (DOFs) increase more accurate are the 
results obtained. The DOFs can be increase 
infinitesimally. 
This led to the concept of system with distributed 
mass system. The examples of such system are 
beams, towers, chimneys, bridge, dams etc. 
Literature review provides with various analytical 
methods for predicting the modes of such distributed 
mass systems. In this paper, an experimental test 
setup is developed to test distributed mass system on 
shake table in order to study their modes. 
 
II. LITERATURE REVIEW 
 
The practical method of predicting a structures 
response is done by discretizing the structure in 
lumped masses at various levels. 
This method is adopted for computational ease and to 
help in developing programs for predicting the modes 
of a structure up to certain finite DOFs. 
This use of discretization of structures though 
practical is not completely accurate. Since as we go 
on increasing the DOFs, the response prediction of 
structure becomes more accurate. 
Thus, a distributed mass system analysis of structure 
gives a more reliable analysis of structure. 
Also, for a few structures discretization of mass is 
critical i.e. tower, chimneys, dams, bridges etc. for 
such structure use of distributed mass system analysis 
is used. 
 
The equations for calculating the modes (up to 3 
modes) for a cantilever distributed mass system 
considered in this paper are as given below. These 
equations are formulated on the basis of Rayleigh’s 
method. 

1stMode:  

3.516
√퐸퐼
퐿 √푚

 

2nd Mode: 
 

22.03
√퐸퐼
퐿 √푚

 

3rd Mode: 

61.7
√퐸퐼
퐿 √푚

 

 
III. METHODOLOGY 
 
Initially, a distributed mass system (chimney like 
structure) is designed. The distributed mass system is 
designed in order to meet the testing criteria of the 
shake table. The specifications of horizontal shake 
table used are stated in Table 1. 
 

Sr. 
No. Description Value 

1 Maximum payload 30 kg 
2 Sliding table dimension 400 x 400 mm 

3 Circular mounting plate 
dimension 

390 mm 
diameter 

4 Motor 1HP 
5 Frequency 0-25 Hertz 
6 Frequency Control 5% 
7 Amplitude 0 to 10 mm 

Table 1: Specifications of Shake Table 
 
The dimensions of this structure (distributed mass 
system) are; internal diameter = 17.3 mm, external 
diameter = 21.3 mm and length = 2 m. These 
dimensions were decided dependent on achieving at 
least two modes of vibration in the available 
frequency range. The design of distributed mass 
system was carried out by taking under consideration 
various sections and sizes to meet the testing 
conditions. The distributed system is provided with a 
base of 75 x 75 x 3 mm and a top plate of 100 x 100 x 
3 mm. The distributed mass system is then attached to 
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a base plate to secure it to the shake table (Figure 1). 
The estimated modes of the chimney structure are 
calculated by using Rayleigh’s method. The literature 
review gives the equations for the calculation of 
modes of distributed mass system by Rayleigh’s 
method. 
The unique approach of measuring the frequency 
response of the distributed mass system with the help 
of ‘G- Sensor’ present in the smartphones was used 
with the help of application ‘VibSensor’. The 
attaching assembly and provision of the same are 
shown in Figure 1. 

 

 
Figure 1: Distributed mass system mounted on horizontal 

shake table 
 
The ‘G- sensor’ present in the smartphone is 
validated with the help of standard sensor (uniaxial 
accelerometer) on a standard test steel frame 
available with the shake table apparatus. 

 

 
Figure 2: 3- Storey shear Frame 

IV. VALIDATION OF G-SENSOR WITH 
ACCELEROMETER 
 
For the purpose of validation of the sensor and 3 – 
storey frame was considered (Figure 2). The shear 
frame was initially tested for its 3 modes of vibration. 
The sensor is initially placed at the top storey, 
followed by the second and the first storey. 
The results gives by the accelerometer are recorded 
with help of FFT analyzer and data acquisition 
software RT Photon Pro. Table 2 shows the 
accelerometer readings. 
 

Sr. No. Accelerometer Results 
(Modal Frequency) (Hz) 

1 Mode 1: 2.93 Hz 

2 Mode 2 : 8.93 Hz 

3 Mode 3: 12.45 Hz 
Table 2: Accelerometer Results 

 
For the same frequency range, the ‘G- sensor’ was 
mounted on the frame. The data was acquired with 
the help of smart phone application VibSensor. Table 
3 shows the results of the sensor. 
 

Sr. No. G- sensor Results 
(Modal Frequency) (Hz) 

1 Mode 1: 2.7 Hz 

2 Mode 2: 8 Hz 

 Mode 3: 12 Hz 
Table 3: G-sensor Results 

 
The comparison of the results stated above show an 
acceptable limit of error < 8% 
The ‘G- sensor’ was thus validated and used for 
testing the distributed mass system. 
 
V. EXPERIMENTAL TESTING OF THE 
DISTRIBUTED MASS SYSTEM AND RESULTS 
 
The previously specified distributed mass system was 
placed on the horizontal shake table. The calculated 
natural frequencies of the structure are stated in Table 
3. 
 

Sr. No. Equation for mode 
shapes 

Value 
(Hz) 

1 3.516
√퐸퐼
퐿 √푚

 3.41 

2 22.03
√퐸퐼
퐿 √푚

 21.3 

3 61.7
√퐸퐼
퐿 √푚

 59.85 

Table 3. Predicted Modal Frequency of Structure 
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The structure was then mounted with the ‘G-Sensor’ 
on its top most position to measure its natural 
frequency. 
The first mode was successfully captured by the 
sensor giving a value of 3.9 Hz. On removing the 
average error from the measured ‘G- Sensor’ reading, 
we get the final frequency as 3.6 Hz. 
 
CONCLUSION 
 
This research paper concludes the following: 
1. The distributed mass system was successfully 

designed to satisfy the shake table testing 
parameters. 

2. The attachment assembly for the distributed mass 
system on the shake table provided a rigid base. 

3. The result of the accelerometer in comparison 
with the unique use of G - sensor embedded in 
smartphones gives results in close agreement. 

4. The testing of the distributed mass system with 
the help of G - Sensor gives reliable values of the 
first mode (Natural frequency). 
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