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Identification of Dynamic Characteristics Us1ng Vlbratlon Measurement Data
of Saemangeum Mangyeong Offshore Observation Tower and Numerical
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Abstract : In the case of small observation towers located at sea, it is necessary to confirm the change in dynamic
characteristics due to the influence of environmental loads. In this study, the dynamic characteristics were ana-
lyzed and the numerical analysis model was designed through field dynamic response measurement on the
Mangyeong Offshore Observation Tower (Mangyeong Tower) located near the Saemangeum Embankment. As a
result of the measurement, the natural frequency was found to increase slowly as the tide level is lowered. In addi-
tion, it was confirmed that the same mode has two frequencies, which was judged to be a phenomenon in which
the natural frequency was partially increased when the pile and the ground contacted by scouring. For numerical
analysis, the upper mass, artificial fixity point, scour depth and fluid influences are reflected in the structural char-
acteristics of the Mangyeong Tower. In addition, the model updating from the estimated natural frequency and pat-
tern search algorithm was performed. From the model updating, it is expected that it can be applied to future
studies on stability of Mangyeong Tower.
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(a) Location map of Mangyeong Tower

Fig. 1. Location and appearance of Mangyeong Tower.
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Fig. 2. Specification of steel pile of Mangyeong Tower.
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Fig. 4. Measured acceleration responses for Mangyeong Tower.
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Fig. 5. Natural frequency analysis according to the tide level using
PSD method.
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Time Tide level
[m] 1st bending mode 2nd bending mode Ist bending mode 2nd bending mode
weak axis strong axis ~ weak axis strong axis = weak axis strong axis = weak axis strong axis

12:40~13:10 497 0.9814 0.9858 4.1482 4.1519 0.8804 0.8894 4.0717 4.1250
13:10~13:40 4.82 0.9893 0.9937 4.2084 4.2245 0.8887 0.8932 4.0716 4.0881
13:40~14:10 4.59 0.9864 0.9932 4.1342 4.1670 0.8988 0.9091 4.0888 4.1104
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14:40~15:10 391 0.9900 0.9950 42317 4.2436 0.9120 0.9145 4.0897 4.1338
15:10~15:40 3.52 0.9933 0.9994 42460 42801 0.9160 0.9259 4.1657 4.1948
15:40~16:10 3.12 0.9948 0.9984 42365 4.2758 0.9193 0.9288 4.1783 4.1895
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Table 2. 1st, 2nd natural frequency according to tide level

Table 22] AT}Z Table 18] A=3t7) vlw

£ 2.5827%¢ll

ASE LH53

& Aoz mesgct. 21gke

o] A% 600 kg, 7ML

o]E‘:_ 74_0_ o]- 2= 011:]_

&4, RMSE %t

2 AbgaHA] gk, FA o] gt 1
%Zrulfr%— o] g-3le] Aol Agtoz welw A (m,),
7P 2ol 1(h,), 7PEa7R 2] 2(,.)E AR
Hog FalelA 24T 5 QleA Fsiginh AT

500 kg, 7P o1 4m M

g Zol 2= 6m

41804 A vk} 2
A% 2ol 1, 2%

Z}ZF 5m, 6 m

2 1834901, Table 30 F4F 2 ZZk(Final values)?}
0] uhE RMSE 3k YeRiSIt. sfiM A= 7g 5 A
= AT 500.2266 kg, 7787 ZlolE AlEel B

7352} "Wolzl A5

HL2A7F 0.0003% Tlvto]l o, ojuje] 11f

39 7RIA A3k 2L, o]w] RMSE #k

77} 3.9987 m, 6.0000 m= FH o] F
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When pile surface is attached to the scouring surface [Hz]

When pile surface is detached to the scouring surface [Hz]

Tldf:nﬁzvel 1st bending mode 2nd bending mode 1st bending mode 2nd bending mode
weak axis strong axis weak axis strong axis weak axis strong axis weak axis strong axis
497 0.9557 0.9558 43377 4.3420 0.8789 0.8790 4.0495 4.0532
4.82 0.9593 0.9594 43384 4.3424 0.8822 0.8823 4.0498 4.0534
4.59 0.9648 0.9650 4.3396 4.3439 0.8873 0.8874 4.0502 4.0539
4.28 0.9725 0.9726 43412 4.3455 0.8943 0.8944 4.0509 4.0545
391 0.9824 0.9825 43417 4.3460 0.9033 0.9034 4.0506 4.0542
3.52 0.9909 0.9911 4.3480 43523 09112 09113 4.0543 4.0580
3.12 1.0013 1.0014 4.3499 4.3541 0.9207 0.9208 4.0545 4.0581
Table 3. Convergence process and results estimated by pattern search
Tidal Boundary Mode Target values Initial values Error Final values Error
level condition (Hz) (Hz) (%) (Hz) (%)
S wea 1.0518 0.9557 9.1367 1.0519 0.0105
S, stromg 1.0520 0.9558 9.1445 1.0521 0.0105
Attached Fr et 47178 43377 8.0567 47181 0.0069
197 S, strong 47222 4.3420 8.0513 4.7225 0.0092
97 m
S wea 0.8861 0.8789 0.8125 0.8861 0.0000
S, stromg 0.8862 0.8790 0.8125 0.8861 0.0000
Detached Fr et 4.0968 4.0495 1.1546 4.0967 ~0.0025
S, strong 4.1000 4.0532 1.1415 4.0999 -0.0025
i 1.1029 1.0013 9.2121 1.1030 0.0100
S swong 1.1030 1.0014 9.2112 1.1031 0.0100
Attached S wea 47391 4.3499 8.2125 4.7395 0.0092
112 Jo. srong 47434 43541 8.2072 4.7438 0.0092
12m
S weak 0.9290 0.9207 0.8934 0.9290 0.0000
S strong 0.9291 0.9208 0.8933 0.9291 0.0000
Detached S wea 4.1004 4.0545 1.1194 4.1003 —-0.0025
Jo. srong 4.1036 4.0581 1.1088 4.1035 0.0000
RMSE (%) 2.1961 0.0741
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Table 4. Comparing the results of the final estimate with different initial values

Initial values

Final values (Hz)

RMSE (%)
(m, Iy, ) m, (kg) By (m) By (m) ¢4
(600 kg, 2 m, 8 m) 500.1836 3.9988 6.0000 0.1348
(600 kg, 5m, 11 m) 500.1680 3.9989 6.0000 0.1282
(400 kg, 2 m, 8 m) 500.1758 3.9989 6.0000 0.1254
(400 kg, 5 m, 11 m) 500.1758 3.9989 6.0000 0.1254
1.1500 | m Ir-1itial value P f, srons 4.8000 I [2 weak f2 strong
_ 1.1000 WFinal value g __4.6000 - mFinal value
i 1.0500 - mideaurensat ot i m Measurement value
> Y 4.4000 -
§_ 1.0000 - %’ a2000 | T weak f1 strong
E 0.9500 - fl, weak fly strong E
T — £ 4.0000
2 0.9000 - \ 2
z z
= [ l - l l
0.8000 - ‘ T 3.6000 -+
D A A D A

1st bending mode

(a) 1st bending mode

2nd bending mode

(b) 2nd bending mode

Fig. 13. Comparison of measurement results of natural frequency (* D: detached condition, A: attached condition).
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