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Kareem and Sun(1987); Modi et al. (1987)
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TLD oslgis

Tuned Liguid Damper

T5Ds TLCDs Controllable TLDs

Shallow Deep LCVAS DTLCD HTLCD PTLCD

I50: Nmed Sloshing Damper, TLCD: Tuned Liguid Column Damper, LCFA: Liquid
Column Vibration Absorbers, DILCD: Double Tuned Liguid Column Damper, HILCD:
Hybrid Twned Liguid Colisnn Damper, PILCD: Prassurized Tumed Liguid Column Damper,
ER: Electro Rheological, & MR Magneto Rheological
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Tuned Sloshing Damper (TSD)

Tor D < 0.15 - shallow Tor D

> 0.15 - deep
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il
Tuned Liquid Column Damper(TLCD)

Sakai et al. (1991)
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Liquid Column Vibration Absorber (LCVA)

(Hitchcock et al. 1997; Chang and Hsu, 1998)
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Double Tuned Liquid Column Damper (DTLCD)

(Kareem, 1993) Sl oo iz g (sl SO 90 o g Ygane o5l
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Hybrid Tuned Liquid Column Damper(HTLCD)
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Pressurized tuned liquid Column Damper (PTLCD)




_ www.icivilir (irac (uwaigo ¢ (jUgaiiils gols Uiy -H

Controllable Tuned Liquid Damper
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Gold Tower in Chiba, Japan
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Tamura et al. 1995
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Hotel Cosima in Tokyo LS'°3|"“ 6‘“;%)"

Shimizu and Teramura, 1994
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Millennium Tower, Tokyo Bay, Japan

Sudjic, 1993

control mode from passive to active
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Shangai Financial Trade Center in China ‘S'D}lw ‘slbé y» )U
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BHARADWAJ NANDA AND KISHORE CHANDRA BISWAL(2011)
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Structural vibration control using modified tuned liquid dampers

Avik Samanta a & Pradipta Banerji(2010)
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Table 1. List of 20 far-field recorded earthquake ground motions.

Earthquake Earthquake no. Station name Component (") PGA (g)

Loma Prieta (1989) 1 Foster City Redwood Shores 0 0.258
2 Hayward-Bart Station 220 0.156
3 Sago South-Hollister Cienega Rd 261 0.072
4 Hollister-South Street and Pine Drive 0 0.369
5 Richmond-City Hall Parking Lot 190 0.125
6 San Francisco Bay — Dumbarton Bridge 267 0.129
7 Woodside — Fire Station 0 0.099
8 San Franscisco International Airport 0 0.235
9 Yerba Buena Island 0 0.029
10 Olema — Point Reyes Ranger Station 90 0.102
11 Agnew — Agnews State Hospital 0 0.166

Northridge (1994) 12 Camarillo 180 0.125
13 Alhambra — Fremont School 360 0.08
14 Los Angeles — Baldwin Hills 90 0.239
15 Los Angeles — Hollywood Storage grounds 90 0.231
16 Los Angeles — Obergon Park 90 0.355
17 Mt. Wilson — Caltech Seismic Station 90 0.133
18 Pacoima — Kagel Canyon 90 0.30
19 Rolling Hills Estates — Rancho Vista Sch. 90 0.116

20 San Pedro — Palos Verdes 90 0.095
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Table 3. PSAs for different structures (& = 2%) under harmonic excitation (base acceleration amplitude = 0.5 m/s?) at
resonant frequency and comparison of percentage reduction in them by standard and modified TLDs.

Percentage reduction in ap,, by optimally

Percentage designed modified TLD

reduction in amax

Structure  Peak acceleration by standard TLD 1= 2% u= 4%

frequency without TLD,

(Hz) @max (M/s%) £=2% u=4% % Reduction Optimum Kg/KF° % Reduction Optimum Kp/KF*
1.5 12.44 46.67 62.94 59.64 0.08 71.61 0.15

1.33 12.39 42.90 59.18 56.53 0.10 70.09 0.15

1 12.16 45.83 62.83 59.21 0.08 71.67 0.18

0.75 11.74 43.87 61.00 56.39 0.10 69.78 0.18

0.67 11.38 39.22 57.89 53.97 0.10 66.84 0.25

0.50 10.49 35.77 55.43 55.00 0.10 69.85 0.25
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Table 4. PSAs for different structures (£, = 2%) due to three different recorded ground motions, and comparison of percentage
reduction in them by standard and modified TLDs.

Percentage
reduction in s

bi j':ﬁii‘i;rtn Percentage reduction in a,,,, by optimally designed modified TLD

structure o= 2% o= 4%

Ground motion Gy
Structure frequency (Hz) (m/s®) p=2% p=4% % Reduction Optimum Kp/KF % Reduction Optimum K/ Ki*

El Centro
2 10.8 12.60 7316 12.90 b 23467 #
1.5 7.68 16.86 19.87 1722 15.28 202 15.28
1.33 5.26 25.18 2528 29.37 0.97 3028 0.44
1 6.02 17.74 7512 21.63 0.07 3247 0.27
0.67 2.08 5.29 12.74 1227 0.08 20.18 0.20
0.5 1.87 22.47 2298 23.59 0.07 27.54 0.10
Dumbarton
2 2.97 5.45 4.75 641 1.09 1622 0.10
1.5 268 —4.87 —4.19 1347 0.03 1567 0.05
1.33 4.28 37.45 .07 40).68 0.44 5029 "
1 3.67 13.12 2213 2781 006 4291 0.08
0.67 1.58 8.17 15.55 13.59 0.08 233 0.14
0.5 2.25 3442 50,00 3966 91.19 50.00 0.91
Mexico City
2 1.77 20.29 16.41 20.64 2.19 29491 0.06
1.5 2.46 2292 3589 23492 12.12 3689 366
1.33 1.74 7.50 9.18 1026 0.97 963 "'
1 2.11 19.4 17.36 19.61 1.82 17.35 0.46
0.67 3.05 12.01 0.77 20.55 0.05 2935 0.12
0.5 Q.45 20.1 31.58 58.21 0.10 53.73 0.11

*very high values of KyKF.
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Figure 15. Time histories of floor displacement and relative Figure 16. Time histories of floor displacement and
displacement of TLD for a typical structure with different displacement of TLD for a typical structure with different
modified-TLDs under Dumbarton ground motion (structure: modified-TLDs under Dumbarton ground motion (structure:

£ =1Hz, & = 2%). f.=1Hz, & = 2%).
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Figure 17. Time histories of floor acceleration and TLD
acceleration relative to the structure for a typical structure
with different modified-TLDs under Dumbarton ground
motion (structure: f; = 1 Hz, & = 2%).
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Figure 18. Plot of TLD liquid elevation time histories near
right end wall for different modified-TLD under Dumbarton
ground motion (structure: ff = 1 Hz, £ = 2%, Depth of
liquid = 0.033 m).
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Table 5. PSAs for a typical structure (f; = 1 Hz, & = 2%), due to normalised far field earthquake motions, and comparison of
reduction in them by standard and modified TLDs.

Percentage
reduction in G, by
standard TLD on
shear-beam

structure = 2% u = 4%

Percentage reduction in a,,,« by optimally designed modified TLD

Equation no. a . (m/s) p=2% u=4% % Reduction Optimum K,/ KFF % Reduction Optimum K,/ KF

1 .39 11.21 7.4 22.36 0.09 3500 0.18
2 13.19 36,70 43.76 3662 * 46.76 0.37
3 10.17 9.50 11.47 10.04 * 13.29 (.82
4 11.05 1227 22.33 12.11 * 21.78 *

5 15.39 20.40 3230 2183 0.27 3284 *

b 9.97 15.38 21.06 24 86 0.09 3199 0.18
7 12.24 20.12 36.48 56.90 0.36 37.28 *

8 7.05 2295 36.05 2408 * 3896 0.27
9 1.73 29.16 39.95 31.78 0.36 4292 0.18
10 11.46 11.91 19.64 11.96 * 2023 *

11 1.66 10.99 21.35 1513 0.82 30.19 0.46
12 6.19 —1.19 —7.44 1580 0.18 2491 027
13 4.27 26.00 48.32 20.40 0.27 48.50 365
14 3.19 24 88 3815 26.05 0.37 37.60 *

15 3.81 —5.50 —10.42 10.95 0.03 845 0.07
16 1.46 11.77 12.83 12.52 0.04 1432 0.06
17 1.80 46.00 34.78 4541 0.82 36.79 *

18 7.78 22.50 32.09 2298 * 3295 027
19 3.22 046 50.03 3810 0.36 5546 027
20 4.20 5.63 11.72 23.03 0.05 36.28 0.07

*very high values of Ko KF.
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Experimental study on damping characteristics of the
tuned liquid column damper with magnetic fluid

H Masuda, T Oyamada and T Sawada1(2013) abline Gl

tuned liquid column damper with a magnetic fluid (MF-TLCD)
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OPTIMIZED TUNED LIQUID COLUMN DAMPERS FOR EARTHQUAKE
OSCILLATIONS OF HIGH-RISE STRUCTURES INCLUDING SOIL FFECTS

A. Farshidianfar, and S. Soheili(2013)
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Table 1. Structure parameters [ 18]

No. of stories 40
Storey height ( Z; ) 4m
Storey mass (M;) 9.8410°kg
Storey moment of mertia ( [;) 1.31x10° kent’

Ky =2.13x10"N/m
Storey stiffness K40 =9.98x 108 N/m
K, <K; <K

Foundation radius (Ro) 20 m
Foundation mass (M) 1.96<10%kg
Foundation moment of mertia (/p) 1.96%10% keny’

Table 2. Parameters of the soil and foundation [18]

Swaying damping Rocking damping Swaying stiffness Rocking stiffness

Soil Type C, (Ns/m) C, (Nsm) K, (N/m) K, (N/m)
Soft Soil 2.19x10" 2.26x10" 1.91<10° 7.53%10"
Medium Soil 6.90+10° 7.02%10" 1.80<10" 7.02+10"

Dense Soil 1.32-x10° 1.15-<10" 5.75+10" 1.91<10"
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Table 3. Natural and damped frequencies of the structure

o (rad/s) (O] (0%} 3
Soft With Damping —0.02+1.08 —0.24+4.45 —0.62+7.42
soil Without Damping 1.09 4.44 7.40
) _ With Damping —0.02=1.54 —0.21+4.57 —0.58+7.55
Medium soil
Without Damping 1.54 4.58 7.58
) With Damping —0.02=1.60 —0.21+4.58 —0.58+7.57
Dense soil
Without Damping 1.61 4.59 7.59
_ With Damping —0.03=x1.64 —0.21+4.59 —0.58+7.58
Fixed base _ _
Without Damping 1.65 4.60 7.60
—~ 8
. . Yo BF-1-----
Table 4. The parameter settings for TLCD = 4
0.1(m) <1, <33.1(m) = gﬁ
®©
0<n <5l RN
g -4l T
00l=r=<301 ét:n -Br-—------ ==
001<n<051 -8

Figure 3. Kobe earthquake acceleration spectrum
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Table 5. The optmuzed TLCD parameters

Soil Best Absolute Values RMS values
type values U ﬂm Hmar ;'jm
I, (m) 0.7 0.7 1.6 0.7

1=0.7 n 0.30 0.01 0.01 0.01

Soft .

. (m) ? 0.21 0.81-1.01 2.61-3.01 0.61
soil =16 n 0.51 0.11 0.01 0.51
(m) r 0.01 1.41-1.81 1.21-1.81 0.01

I, (m) 0.7 0.7 9.4 0.7

_ 1=0.7 n 0.11 0.19 0.01 0.01
M‘:;“n (m) r  061-081  081-121 0.81-1.21 0.61
1=9.4 n 0.01 0.51 0.01 0.09

(m) r 1.01 0.01 3.01 0.01

I, (m) 0.7 0.7 9.1 0.7

1=0.7 n 0.09 0.25 0.01 0.01
Dense soil  (m) r  0.61-0.81 1.01-1.21 0.81-1.01 0.61-0.81
1=9.1 n 0.01 0.51 0.01 0.11

(m) r 1.01 0.01 3.01 0.01

I, (m) 0.7 0.7 8.5 0.7

1=0.7 0.09 0.29 0.01 0.01
Fixed base  (m) 0.61 1.01-1.21 0.81-1.01 0.61-0.81
1=8.5 n 0.01 0.51 0.01 0.13

(m) r 0.81-1.01 0.01 3.01 0.01
I, (m) 7.0-8.5 8.8-11.5 79-8.5 7.6-8.8

) =8 n 0.01 0.01 0.01 0.01
Ejﬁzn?r? (m) r  0.41-061 0.81 0.61 0.61-0.81
' =11 n 0.01 0.01 0.01 0.01
(m) r 0.81 0.81-1.01 1.01 1.01-1.41

orifice

density p _
T

AN

%

I, = 2L, i

- W

n

= 78
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Table 6. Vibration without TLCD

Absolute values RMIS values
Soil type ; .
’ Hpae (M) Gig (M/S™)  Hpee (1) dig, (m/s57)

Soft Soil 0.76 9.55 0.16 1.99
Medmum Soil 1.06 11.29 0.35 216
Dense Soil 1.06 11.40 0.35 2.18
Fixed Base 1.06 11.44 0.35 219
Single DOF Structure 074 6.77 0.26 145

Table 7. Vibration with TLCD

Absolute Values RMS values
Soil type Best 0o Reducti s Reduct
: V] values (m) oReduction o Reduction
H__ u___ H___ H___
Soft =07 1311 757 11.57 16.83
soil 1=16 12.35 6.07 12.70 7.82
) ) =07 13 .87 2220 -1.03 17.26
Medmm soil
=94 12.37 13.58 34 83 10.40
Dense =07 13.62 2302 0.64 17.18
soil =91 12.42 12.47 31.52 10.34
Fixed =07 13.51 2341 523 17.26
base [=8.5 12 .44 11.74 31.66 10.50
Single DOF 1,=8 19.10 225 35.28 7.92

structure =11 15.60 238 34.59 7.65
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An experimental study on tuned liquid damper for mitigation
of structural response

Emili Bhattacharjee, Lipika Halder and Richi Prasad Sharma(2013)

Figure 1 Experimental set-up.
- J

1x1 m,w=140Kkg :cdo iw

6X6X500MIM : ygiw /

4 Figure 2 TLD scale model performance test.
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Table 1 TLD parameters

Case number Type of TLD Container dimensions
Shape Symbol Length {cm) Width {cm) Depth (cm)
Case 1 Rectangular TLD, 30 20 30
Case 2 Rectangular TLD, 20 30 30
Case 3 Square TLDS 30 30 40
Slesl Ll

Table 2 Experimental cases

Base displacement
amplitude {(mm)

External frequency [(Hz)

Excitation frequency ratio (8)

TLD type Water depth ratio
TLDy 005,01, 015 020325,03
TLD, 005 01,015,002 025 03

TLD; 005 01,015,022 025 03

3
3
3

1416, 1.8 19 20 22, 23,24
1416, 1.8 19 20 22, 23,24
1416, 1.8 159 20 22, 23,24

075,085 09510, 1.05 115, 1.2, 13
0.75, 0850095 10, 1.05 115, 1.2, 13
075 0850595 10,105 115 12,13
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Time histories of structural acceleration with and without TLD (for TLD, B = 0.95).
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Time histories of structural acceleration with and without TLD (for TLD,, B = 1.0).
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Framed Structure with Tuned Liquid Damper Response
Behaviour of a Three Storied

Namrata Yannawar, G.R.Patil(2014)

\
- “Column
I' Slab
400 -
Sr Parts Dimensions in mm : {
400 W 5
No. ,‘I’/' ) = =
- 400 —2 >
Depth( D) Width( B) Length( L) i == o~
) . __300
1 Column | D4=3.00 Ba=25.11 L =400.00 L T
2 Slab Dg=12.70 | Bg=150.00 | Lg=300.00 N »



m mh de
/Tgtanh (?)] TLD 5 %
1

ooy JH ol g
96 X100 X 100mm : 150 slxl ol gl,l:h

Ty > 30 o35 Job L

1

2n

fo =

2 — 40 Hz: S5 ;25 ils 3
2.84rad/sec TLD b wil5,s

pow dib (CuxSg0


http://icivil.ir/omran/?utm_source=header&utm_medium=header&utm_campaign=general-header

Sr No. F _ B First Second Third Sr WNo. F v| B First Second | Third e
requency ase floor floor floor requency AsE floor floor floor @
1 29 419 4524 2055 23955
! 32 305 .16 16.06 24.14 ’
2 3 4.07 1194 1211 6808
2 5.2 4 6.74 11 16.48
)
(a)
Sr No. F ) B First Second Third
requency ase floor floor floor
1 43 405 402 309 831
2 44 4.05 4 3.96 7.79

{(z) Highest Frequency of X-Axis without TLD.

(b) Highest Frequency of ¥-Axis without TLD.

(c) Highest Frequency of Z-Axis without TLD. ()
(d) Highest Frequency of X-Axis with TLD (@ Top Floor.

(&) Highest Frequency of Y-Axis with TLD @ Top Floor.

(f) Highest Frequency of Z-Axis with TLD (@ Top Fleor.

Sr No. F ) B First Second Third Sr Mo, F ] B First Second Third
requency ase floor floor floor requencs Ase floor floor floor
1 44 a6.07 833 881 19.69 1 29 3.89 557 10.01 37
2 29 595 617 12.5 20.67 2 4 403 a.77 925 1.69
(e
(d)
Sr No. F ) B First Second Third
requency ase floor floor floor
1 34 iy 13.74 219 iy
2 28 388 352 324 ER|

®
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