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INTRODUCTION SCOPE OF WORKOBJECTIVES
›Structural health monitoring 
(SHM) is an advanced and 
multi-disciplinary technology 
that  i s  used  to  monitor 
structures with the help of 
different techniques, sensors, 
m a n a g e m e n t  o f  d a t a 
acquisition, and algorithms.

›For developing countries, its 
need is undermined due to its 
costly deployment. However, 
contrary to the costly belief, 
its use is direly needed in 
densely populated developing 
countries. 

METHODOLOGY

›To analyze the gaps in the 
a p p l i c a t i o n  o f  S H M  i n 
developing countries and then 
to recommend a simple and 
susta inable  approach  to 
achieve its amenities.

›Suggest and achieve a simple 
approach.

›Develop and set up the basic 
concept and instrumentation 
of the said approach.

›Correlate reliably between the 
damage stages and the SHM 
parameters.  

›The scope of our work is to 
d e v i s e  a  s i m p l e  a n d 
sustainable SHM approach 
b y  e x p e r i m e n t i n g  f o r 
r e l i a b l e  r e s u l t s  o n  a 
prototype structure and 
u l t i m a t e l y  i f  t i m e  a n d 
e f fo r t  a r e  g i v e n  o n  a n 
old-built structure.

›Our study is limited to a 
steel structures only, and 
the SHM is performed on a 
locally made shake table 
t h a t   i s  l i m i t e d  t o  1 - D 
motion only  with f ixed 
loading amplitude.
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›Due to recent advancements in technologies, modal techniques have resurged due to better 
equipment availability and data segregation ML algorithms; making them cost-effective.

›The acceleration and displacement curves obtained from local and cheap instruments seem 
to be reliable. Thus, the use of such equipment is recommended for real-life applications in 
a developing nation like Pakistan. 

›Overall the energy dissipation in the joint failure and according to the damage stages was 
well displayed by the acceleration-time and displacement-time curves. 

›An automated system that would generate a warning upon the changes in structural responses 
would result in an early warning system that could prevent countless lives.
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Frequency of Damage Stages

Damping Ratio of Damage Stages

H o r i z o n t a l 
Loading

Transducer

Deflection

Damage Stages Criteria Table
DS 1 to 4 DS 5

Arduino
Microcontroller

Computer System

Fixed Base

Deflection

Fixed Base
Locally Made Shake 

Table Apparatus

Accelerometers

AccelerometersWire for Pulling 
and Releasing Arduino

Microcontroller

Computer System
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*Shows the percentage increase w.r.t to the base frequency of the same damage stages
**Shows the percentage increase w.r.t to the base damage stage frequency for any corresponding damage stage

ENERGY DISSIPATION IN DAMAGE STAGES

ACCELERATION & DISPLACEMENT GRAPHS

Harmonic 
Frequency 

Stage 0  Stage 1  Stage 2  Stage 3  Stage 4  Stage 5 

e0 (J) n0 E0 (J)  e1 (J) n1 E1 (J)  e2 (J) n2 E2 (J)  e3 (J) n3 E3 (J)  e4 (J) n4 E4 (J)  e5 (J) n5 E5 (J) 

1.5 0.084 {-}* 
[-]** 122 10.248  0.104 {-} 

[24%] 118 12.272  0.14 {-} 
[66%] 102 14.28  0.15 {-} 

[79%]  
105 15.75  0.22 {-} 

[162%] 96 21.12  0.23 {-} 
[173%] 120 27.6 

1.7 0.17 {102%} 
[-] 88 14.96  0.2 {92%} 

[18%] 109 21.8  0.23 {64%} 
[35%] 89 20.47  0.2 {33%} 

[18%] 96 19.2  0.24 {9%} 
[41%] 102 24.48  0.41 {78%} 

[141%] 113 46.33 

1.8 0.19 {126%} 
[-] 127 24.13  0.23 {121%} 

[24%] 134 30.82  0.26 {86%} 
[37%] 108 28.08  0.31 {107%} 

[63%] 126 39.06  0.251 {14%} 
[32%] 104 26.104  0.49 {113%} 

[158%] 108 52.92 

1.9 0.21 {150%} 
[-] 165 34.65  0.32 {208%} 

[21%] 141 45.12  0.31 {121%} 
[48%] 129 39.99  0.36 {140%} 

[71%] 94 33.84  0.35 {59%} 
[67%] 93 32.55  0.54 {135%} 

[157%] 152 82.08 

2.1 0.3 {257%} 
[-] 93 27.9  0.35 {236%} 

[17%] 162 56.7  0.42 {200%} 
[40%] 142 59.64  0.45 {200%} 

[50%] 110 49.5  0.46 {109%} 
[53%] 84 38.64  0.78 {240%} 

[160%] 96 74.88 

2.1 (ii) - - -  - - -  - - -  - - -  - - -  0.91 {296%} 
[203%] 160 145.6 

2.1 (iii) - - -  - - -  - - -  - - -  - - -  0.98 {326%} 
[227%] 91 89.18 

2.1 (iv) - - -  - - -  - - -  - - -  - - -  1.03 {347%} 
[243%] 122 125.66 

2.1 (v) - - -  - - -  - - -  - - -  - - -  1.9 {726%} 
[533%] 186 353.4 
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Sides
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Columns
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