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ABSTRACT: A damage identification method for offshore platforms is present in this paper. Simplify an 
offshore platform as a shared chain structure, with the mode parameters before and after damage happen and 
Mass Elimination Algorithm, global stiffness loss along vertical direction can be calculated. The location of 
max stiffness loss can be considered as the vertical damage location. Then, horizontal damage location can be 
considered as the location of max mode shape change. A numerical example is given to demostrate the 
process of the method.  
 
KEY WORDS: offshore structure; health monitoring; damage identification; mass elimination algorithm 
 

1 INTRODUCTION 

Safety of large public facilities and civil structures 
play an important role in social life, accident or 
failure of them will cause huge loss of property or 
human life. So great efforts are made to identify 
damage of civil engineering structures in recent 
years. As structures with complex environment, 
damage identification of offshore platforms is one of 
the most difficult problems in the field of structure 
health monitoring(Jose 1998).  
Traditionally, damage detection of offshore 
platforms is based on mode parameters (mode 
frequency, mode shape, etc), and a FEM modal will 
be used to find the location and level of the damage, 
A predigest method is present in this paper. A jacket 
offshore platform can be roughly simplified as a 
shared chain structure since:  

1. Vertical displacement can be ignored since 
they always have a very small quantity. 

2. One deck has only 3 freedoms (x, y, rotation 
angle) since stiffness inside deck is much 
greater than those between decks. 

Based on assume above, the mass elimination 
algorithm[1] can be used to damage identification for 
location along vertical direction, And then damage 
location in horizontal plane can be detected though 
mode shape change. 

2 MASS ELIMINATION ALGORITHM 

 The modal parameters and the structural 
mass matrix and stiffness matrix of the 
sheared chain structure shown as Fig. 1 have 
the relationship as[3]: 

[ ]{ } [ ]{ }iii MK φωφ 2=                   (1) 

 
where, [ ]K  is the structural stiffness matrix, [ ]M  
is the structural mass matrix, iω  is the angular 
frequency of the ith order, iφ  is the mode shape  
 
vector of the ith order. For the sheared chain 
structure showed in Fig. 1, the structural stiffness 
matrix [ ]K  and the structural mass matrix [ ]M  
can be expressed as: 
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Expanding Eq. (1), one obtain(Pan 2002): 
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                      l=2,3,…,n-1       (5) 
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then, the recursive formulas for stiffness ratios are: 
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l=2,3,…,n-1           (8) 
Equation (7),(8) can be used to calculate stiffness 
ratio when 2 mode shapes are identified. Assume the 
system mass do not change after damaged, and 
abbreviate the damaged stiffness matrix as ][ *K , 
the damaged mode shape of the ith order is iϕ , the 
damaged angular frequency is iϖ . After damaged 
Eq. (4-6) can also be expanded as: 
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If the system stiffness ratio before damaged is 
available, one can educe the ratio among the system 
stiffness after damaged: 
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The system stiffness ratio after damaged can be 
calculated by the recursive Eqs. (12)~ (14), the 
damage location and damage level can be identified 
then. 

3 DAMAGE IDENTIFICATION OF OFFSHORE 
PLATFORM (NUMERIACAL EXAMPLE) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2  The Studied Offshore Structure  
 

Numerical modal is setup for an offshore platform 
using ANSYS FEM software as shown in Fig.2, the 
arrow points the damage location (3rd pile), the 

mn 

kn 
mn-1 

kn-1 

mi 

ki 
mi-1 

ki-1 

m2 

k2 
m1 

k1 

Fig.1  the Sheared Chain Structure 



mode parameters of damaged and undamaged 
structure is given in Table 1. Damage is the 80% 
stiffness lost of the pipe element. The mass 
elimination algorithm is applied to find the stiffness 
change along these 4 piles, table 2 shows the 
calculated stiffness change of the 4 piles, and the 
damage can be found at the 3rd pile (leg) on 
elevation –11.2 meter since the stiffness change is 
the largest inside the table. Damage location in 
horizontal plane can also be identified by the change 
of mode shape, table 3 gives the variance between 
the damaged and undamaged mode shape, it is 
clearly that the pile 3 has the max change and the 
damage inside horizontal plane could be identified. 
Here the variance is defined as the distance of the 2 
mode shape compared with the offshore platform.   
                                                         
Table 1    Mode Parameters of the offshore platform  
 Undamaged Damaged 

M 1 2 3 1 2 3 
F. 0.671 0.723 0.854 0.653 0.708 0.843 
 x y x y x y x y 

1 0.103 0.150 0.170 0.075 0.100 0.147 0.174 0.082
2 0.182 0.250 0.280 0.110 0.176 0.242 0.286 0.123
3 0.266 0.368 0.407 0.169 0.256 0.353 0.414 0.191
4 0.347 0.483 0.527 0.227 0.333 0.462 0.535 0.257
5 0.392 0.548 0.587 0.252 0.377 0.523 0.596 0.286
6 0.424 0.591 0.630 0.271 0.408 0.564 0.639 0.308
7 0.454 0.619 0.660 0.274 0.437 0.591 0.671 0.313
8 0.473 0.634 0.673 0.275 0.458 0.607 0.684 0.315
 
Table 2     Stiffness Change of  Piles 

 
Table 3  Variance of Mode Shape between Damaged and 
Undamaged Platform 
Pile 1 2 3 4 
1st order（x） 0 0 0.74 0.67 
2nd order（y） 0 0.13 0.22 0.09 

4 CONLUSIONS 

A new algorithm for offshore platforms is present in 
this paper, 1st step is apply the mass elimination 
algorithm to mode parameters of damaged and 
undamaged platforms, the damage location can be 
identified with the max stiffness loss. The damage 
location can also be identified by the variance 
between mode shapes. 
The method in this paper is an approximative 

method to identify damage location and after that, 
more accurate method should be use to find the 
accurate location.  
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Elevation -11.2  -4.2    0.0   4.0   7.8   10.4  15.5  21.5 
1 0.94   0.96   0.96  0.99  0.97  0.96  0.96  0.91 
2 0.89   0.95   0.98  1.02  0.99  0.98  0.96  0.97 
3 0.85   1.02   1.01  1.02  0.96  0.98  0.95  0.96 

No. 
Of  

Pile 
4 0.95   0.97   0.96  0.98  0.96  0.95  0.93  0.97 


