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Appendix 

The mass matrix 𝐌, stiffness matrix 𝐊, damping matrix 𝐂, and force vector 𝐅 in Eq. (24) are expressed as 

 𝐌 = [

𝐌NN 𝐌NI 𝟎

𝐌IN 𝐌II
N + 𝐌II

E 𝐌IE

𝟎 𝐌EI 𝐌EE

] (34) 

with 

 𝐌NN = 𝐝𝐢𝐚𝐠(𝑚1, 𝑚2, 𝑚3, 𝑚4, 𝑚5, 𝑚6)  

 𝐌IN = 𝐌NI
T = [

0 0 0 𝑚47 𝑚47 𝑚47

𝑚18 𝑚28 𝑚38 0 0 0
]  

 𝐌II
N = (3𝑚0 + 𝑀𝑛𝑎𝑐 + 𝑀ℎ𝑢𝑏) ⋅  𝐈  

 where 𝐝𝐢𝐚𝐠(⋅) indicates a diagonal matrix; 𝐈 indicates identity matrix; 𝑚1 = 𝑚2 = 𝑚3 = ∫ �̅�𝜙1𝑒
2 𝑑𝑟

𝑅

0
, 

𝑚4 = 𝑚5 = 𝑚6 = ∫ �̅�𝜙1𝑓
2 𝑑𝑟

𝑅

0
, 𝑚47 = 𝑚57 = 𝑚67 = ∫ �̅�𝜙1𝑓𝑑𝑟

𝑅

0
, 𝑚𝑗8 = ∫ �̅�𝜙1𝑒𝑑𝑟

𝑅

0
cos 𝜓𝑗 , ( 𝑗 =

1,2,3). 

 

 𝐊 = [

𝐊NN 𝐊NI 𝟎

𝐊IN 𝐊II
N + 𝐊II

E 𝐊IE

𝟎 𝐊EI 𝐊EE

] (35) 

with 

 𝐊NN = 𝐝𝐢𝐚𝐠(𝑘𝑏1,𝑒𝑔, 𝑘𝑏2,𝑒𝑔, 𝑘𝑏3,𝑒𝑔, 𝑘𝑏1,𝑓𝑝, 𝑘𝑏2,𝑓𝑝, 𝑘𝑏3,𝑓𝑝)  

 𝐊IN = [
0 0 0 0 0 0

−Ω2𝑚18 −Ω2𝑚28 −Ω2𝑚38 0 0 0
]  

 𝐊NI = 𝟎  

 𝐊II
N = 𝟎  

 where 𝑘𝑏𝑗,𝑒𝑔 = 𝑘𝑒𝑔 + 𝑘𝑔𝑒,𝑒𝑔 − 𝑘𝑔𝑟,𝑒𝑔 cos 𝜓𝑗 − Ω2 ∫ �̅�𝜙1𝑒
2 𝑑𝑟

𝑅

0
, 𝑘𝑏𝑗,𝑓𝑝 = 𝑘𝑓𝑝 + 𝑘𝑔𝑒,𝑓𝑝 − 𝑘𝑔𝑟,𝑓𝑝 cos 𝜓𝑗 , 

(𝑗 = 1,2,3). 

 

 𝐂 = [

𝐂NN 𝐂NI 𝟎

𝐂IN 𝐂II
N + 𝐂II

E 𝐂IE

𝟎 𝐂EI 𝐂EE

] (36) 

with 

 𝐂NN = 𝐝𝐢𝐚𝐠(𝑐𝑏1,𝑒𝑔, 𝑐𝑏2,𝑒𝑔, 𝑐𝑏3,𝑒𝑔, 𝑐𝑏1,𝑓𝑝, 𝑐𝑏2,𝑓𝑝, 𝑐𝑏3,𝑓𝑝)  

 𝐂IN = [
0 0 0 0 0 0

−2Ω�̅�1 −2Ω�̅�2 −2Ω�̅�3 0 0 0
]  

 𝐂NI = 𝟎  

 𝐂II
N = 𝐝𝐢𝐚𝐠(𝑐𝑎𝑒𝑟𝑜,𝑥 , 𝑐𝑎𝑒𝑟𝑜,𝑦)  

 where  �̅�𝑗 = ∫ �̅�𝜙1𝑒𝑑𝑟
𝑅

0
sin 𝜓𝑗, (𝑗 = 1,2,3). 



Page 2 of 2 

 

 

 𝐅 = [

𝐅N

𝐅I
N + 𝐅I

E

𝐅E

] (37) 

 

with 

 𝐅N = [𝑄𝑤𝑖𝑛𝑑,1 𝑄𝑤𝑖𝑛𝑑,2 𝑄𝑤𝑖𝑛𝑑,3 𝑄𝑤𝑖𝑛𝑑,4 𝑄𝑤𝑖𝑛𝑑,5 𝑄𝑤𝑖𝑛𝑑,6]T  

 𝐅I
N = [𝑄𝑤𝑖𝑛𝑑,7 𝑄𝑤𝑖𝑛𝑑,8] T  

 𝐅I
E = 𝟎  

 𝐅E = 𝐅𝑤𝑎𝑣𝑒  

where 𝑄𝑤𝑖𝑛𝑑,𝑗 = ∫ 𝑝𝑇𝑗(𝑟, 𝑡)𝜙1𝑒𝑑𝑟
𝑅

0
, 𝑄𝑤𝑖𝑛𝑑,𝑗+3 = ∫ 𝑝𝑁𝑗(𝑟, 𝑡)𝜙1𝑓𝑑𝑟

𝑅

0
, (𝑗 = 1,2,3);  

𝑄𝑤𝑖𝑛𝑑,7 = ∑ ∫ 𝑝𝑁𝑗(𝑟, 𝑡)𝑑𝑟
𝑅

0
3
𝑗=1 , 𝑄𝑤𝑖𝑛𝑑,8 = ∑ ∫ 𝑝𝑇𝑗(𝑟, 𝑡)𝑑𝑟

𝑅

0
3
𝑗=1 cos 𝜓𝑗 ; 𝐅𝑤𝑎𝑣𝑒  is the global force vector 

assembled from 𝐅𝑤𝑎𝑣𝑒,𝑖 shown in Eq. (20). 

In the above Eqs. (34)-(36), 𝐌II
E , 𝐌IE, 𝐌IE, 𝐊II

E , 𝐊IE, 𝐊IE, 𝐂II
E, 𝐂IE, and 𝐂IE are all defined by partitioning 

the mass 𝐌𝑡𝑜𝑤, stiffness 𝐊𝑡𝑜𝑤, and damping 𝐂𝑡𝑜𝑤 matrices of the tower FE model obtained in Sec. “FE 

model for tower including foundation”. More specifically, they are 

 [
𝐌II

E 𝐌IE

𝐌EI 𝐌EE
] = 𝐌𝑡𝑜𝑤 

(38)  [
𝐊II

E 𝐊IE

𝐊EI 𝐊EE
] = 𝐊𝑡𝑜𝑤 

 [
𝐂II

E 𝐂IE

𝐂EI 𝐂EE
] = 𝐂𝑡𝑜𝑤 

where the subscripts “I”, “N” and “E” indicate the DOFs are related to the interfacing system, numerical 

component, and experimental component of the proposed RTHS framework, respectively; the superscripts 

“E” and “ N” indicate the term originates from the experimental component or from the numerical 

component. 

 

 

 


