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Vibration Reduction Effect and Structural Behavior Analysis for Column Member
Reinforced with Vibration Non-transmissible Material

Jin-Ho Kim', Na-Hyun Yi*¥, Jin-Ho Hur’, Hee-Kyu Kim®

Abstract: For elevated railway station on which track is connected with superstructure of station, structural vibration level and structure-borne-noise
level has exceeded the reference level due to structural characteristics which transmits vibration directly. Therefore, existing elevated railway station
is in need of economical and effective vibration reduction method which enable train service without interruption. In this study, structural vibration
non-transmissible system which is applied to vibroisolating material for column member is developed to reduce vibration. That system is cut covering
material of the column section using water-jet method and is installed with vibroisolating material on cut section. To verify vibration reduction effect
and structural performance for structural vibration non-transmissible system, impact hammer test and cyclic lateral load test are performed for 1/4
scale test specimens. It is observed that natural period which means vibration response characteristics is shifted , and damping ratio is increased about
15~30% which means that system is effective to reduce structural vibration through vibration test. Also load-displacement relation and stiffness change
rate of the columns are examined, and it is shown that ductility and energy dissipation capacity is increased. From test results, it is found that vibration
non-transmissible system which is applied to column member enable to maintains structural function.
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Fig. 1 Vibration flow on elevated railroad station
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Table 1 Variation of specimen
Specimens fed” A Py P, 0P,
P [mm] (%] [KN] [KN] [kN]
RC(control) - - 2814.5 2251.6  1463.6

31.3 1819.1 14553 946.0

50 49.0 1126.6  901.2 585.8

%4 Cutting depth from surface, 24, : Eliminated area ratio to origanl
area, >P, : Max. axial loading, ¥P, : Nominal axial loading, > ¢P,:
Max. design axial loading

=isolation
material

(f) Completion

(d) Eliminated concrete cover () Vibration isolation material placing

Photo 1 Manufacturing procedures of specimens

Table 2 Vibration isolation material properties

Compressive  Tensile . Adhesive .
Elongation at Specific

strength strength failure [%] strength avi
[MPal] [MPa] oF mpa &YV

94.0 42.0 2.7 9.8 1.13
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Fig. 4 Overview of impact hammer test
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Table 3 Axial load on test specimen with eliminated concrete cover

. ted A, Py 0.1P,
Specimens [mm] (%] [kN] [kN] 0.1Py/Pyp
RC (control) - - 2814.5 2814 0.1
Plan 30 31.3 1819.1 181.9 0.1

VI-30 VI-30-1  51.10 49.9 1410.1 141.0 0.78
VI-30-2  40.18 40.6 1613.8 1614 0.89

Plan 50 49.0 1126.6 112.7 0.1
VI-50 VI-50-1  72.89 66.0 7517 75.17 0.41
VI-50-2  66.46 61.5 849.4  84.94 0.47

Notes: t.: Cutting depth from surface, A, : Eliminated area ratio to
original area, Py : Max. axial loading, 0.1P, : Applying axial load,
0.1Py/Pyp : Axial load ratio to plan axial load
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Fig. 6 FFT analysis data
Table 4 Impact hammer test results on top, middle, bottom points
Acceleration response
Peak Peak Average Damping Avera?ge P Max. .
. . peak . damping . . Ratio of
Specimen acceleration frequency ratio . Narrow 1/3 Octave Velocity Displacement .
2 frequency o ratio displacement
[mm/s’] [Hz] [%] 0 band [db] band [db] [mm/s] [mm]
[Hz] [%]
Top 4.180 109.95 52.42 85.89 6.051 0.018 1.000
RC  Middle 3.300 110.04 109.89 6.17 50.36 83.47 4.773 0.014 0.778
Bottom 1.380 109.69 42.78 77.73 2.002 0.006 0.323
Top 5.053 88.08 54.07 89.00 9.130 0.033 1.000
VI-30-1 Middle 4.621 88.05 88.07 7.97 53.29 87.43 8.353 0.030 0.909
Bottom  2.649 88.07 50.05 86.50 4.787 0.017 0.524
Top 7.447 88.09 57.44 89.51 13.455 0.049 1.000
VI-30-2 Middle 5.179 88.20 88.20 6.37 54.28 88.60 9.345 0.034 0.688
Bottom  3.502 88.31 50.89 85.44 6.311 0.023 0.469
Top 6.646 74.74 56.45 88.35 14.152 0.060 1.000
VI-50-1 Middle 5.092 74.75 74.79 7.08 54.14 87.27 10.842 0.046 0.767
Bottom  3.343 74.89 50.48 84.57 7.104 0.030 0.500
Top 6.368 81.30 56.08 88.89 12.466 0.049 1.000
VI-50-2 Middle 5.451 81.34 81.30 6.71 54.73 86.47 10.666 0.042 0.857
Bottom 2.780 81.27 48.88 83.32 5.444 0.021 0.429
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Fig. 8 Cyclic loading response
Table 5 Measured cyclic loading test results
Yield Max Failure K, w
Spec1men P,’l/ 6!/ Ty Pmax 6max Tmax Pf 6f Vs (Pxnax/5y) (5 /5 ) ‘u/'uRC
[kN]  [mm] [%o] [kN]  [mm] [%0] [kN]  [mm] [%]  [KN/mm] 7
RC Posi 93.1 26.7 1.09 124.2 49.1 2.00 105.5 136.4 5.57 4.66 5.12 1.00
Nega 75.1 27.4 1.12 100.1 49.1 2.00 85.1 127.0 5.19 3.65 4.63 1.00
VI30-1 Posi 74.0 29.3 1.19 98.7 61.3 2.50 83.9 160.3 6.54 3.37 5.48 1.07
Nega 82.2 27.7 1.13 109.7 49.1 2.00 93.2 129.6 5.29 3.95 4.67 1.01
V1302 Posi 73.6 24.2 0.99 98.1 61.5 2.51 83.4 192.9 7.87 4.05 7.97 1.56
Nega 81.1 29.9 1.22 108.2 61.8 2.52 91.9 136.1 5.55 3.62 4.56 0.98
VILS0-1 Posi 75.0 27.0 1.10 100.0 49.5 2.02 85.0 71.1 2.90 3.70 2.63 0.51
Nega 69.9 23.9 0.98 93.2 49.1 2.00 79.3 67.4 2.75 3.90 2.82 0.61
VI-502 Posi 83.5 26.9 1.10 111.4 493 2.01 94.7 149.7 6.11 4.14 5.57 1.09
Nega 79.5 28.9 1.18 106.0 61.5 2.51 90.1 148.5 6.06 3.66 5.13 1.11
Notes: 7, : yield load, d,: yield displacement, v, : yield drift ratio, 7,,,,: maximum load, 4, ,,: maximum displacement, 7, ,,: maximum drift

ratio, Z;: failure load, ¢;: failure displacement, -;: failure drift ratio, 4 : initial rigidity, p: ductility, y/pp: ductility ratio to RC specimen
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Table 6 Test results based on ACI T1.1-01 acceptance criteria

3.5% & 5.5% drift cycle

Specimen
i PSP EJK,
ACI T1.1-01 Acceptance Criteria =0.75 =0.05
. Posi 0.95 0.30
Drift 3.5%
Nega 0.93 0.30
RC :
. Posi 0.85 0.17
Drift 5.5%
Nega 0.79 0.16
. Posi 0.94 0.32
Drift 3.5%
Nega 0.94 0.30
VI-30-1
. Posi 0.89 0.19
Drift 5.5%
Nega 0.84 0.17
. Posi 0.96 0.27
Drift 3.5%
Nega 0.95 0.33
VI-30-2 :
. Posi 0.90 0.16
Drift 5.5%
Nega 0.85 0.19
. Posi 0.96 0.30
Drift 3.5%
Nega 0.93 0.31
VI-50-2 -
. Posi 0.86 0.17
Drift 5.5%
Nega 0.86 0.18

Notes: P, : Load at drift ratio 3.5% or 5.5%, P, ,, : Peak load, K :
Secant stiffness of drift ratio 3.5% or 5.5%, X, : Initial yield stiffness
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Fig. 9 Normalized stiffness degradation

= A 3+52] 75% o139 ats A TS A oF st
= A ok3}ar QItK(Choi et al., 2010). o]0l Fd AR 2 B
H A 5 VI-50-1 AP A 9] 7350l FA 312 3.5% ol A
of| 9} =]}l o m 2 P 7} th el A Al L]ttt EERC A
Aol At FA 37} 5.5%00 thalA = AESIATE Hohs)

Aol BT 75%013S FASHAL oS SRl
ACI T1.1-01(2002) 9l A= 7F310] 1 5
Aol tlgk 447344 0] 0.0501 FABEES AlFskaL 12

O 0]
= A

A
H, AE5HAA2EL .160)4
o}

o thel FEF SHFAFA ST AL AUL AL B2
o A

o wzkE ARe] sk RO A BAshe 2
2 9 5= itk ol RFAAA 2ol o3 Aol Zws
RS ko RC FEAZA 28 7PsHo] £8E
1% 5= ik,

4.24 AL &Y

AZekgol thet Fx2Eo] WA s B7HE A e s
sl gt olUA] 2be & 888 5 ok o] = FEE
o] F oA S W flolg o= A F 5l 2qtE = ol
UAIE APt A 0= A3, vigt 5o Yokl thgk 7=
£ A%S Hrlshs 8 A7} Atk Fig. 102 F3 oy
A 22t 58L& FA 8 zbE 2 Y9l om, FA oL A] 4

180

160

Y
140

’ 4
120

Cumulative energy dissipation (kN-mm)

100
80
60 —a—VI-30-1
40 —a—VI-30-2
—m— VI-50-1
20 —0—VI-50-2
0
0 2 4 6 8

Drift ratio (%)

Fig. 10 Cumulative energy dissipation
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