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Experimental Verification of Improvement of Damping

Performance by Structure Interconnection

Tadayoshi AIDA (Dept. of Civil Eng.) Toshihiko ASO(Dept. of Civil Eng.)
Keiichi MORI(Grad. Stud., Civil Eng.) Toshiyuki FUJII(Chief Eng. Mitsubishi Heavy Industry)
Interconnection of the neighboring structures using a member, consisting of a spring and a damper, is an

improvement method of damping performance of structures. When the first mode displacement is adopted

as the displacement in free vibrating state, interconnected structure system is become a two-degrees-of

—freedom (TDOF) system with two masses and three springs connected in series. The maximizing method

of damping performance of the above TDOF system can be used for maximizing the damping

performance of the structures interconnected. In this study, a rigid frame with one story was adopted as a

structure. The theoretical tuning method of a connecting member, by which damping performance of rigid

frames is maximized, was verified experimentally and the effectiveness of tuning method became clear.
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Table 3.1 Geometrical constants of models

3) 3

Table 3.3 Converted spring constant of

columns
HRITMRE | Model 1 | Model 2
k (N/cm) 10.864 3.2189
([ 47 F A= 250
\/7 3215.6 33 {Model 1: M, =5.3857kg
Model 2 : M, =5.3773kg

Table 3.4 Natural circular frequencies

BRI\ Model Model 1 | Model 2
A MRS (rad/sec) | 14.20 7.737
I A 5 # (sec) 0.443 0.815

T—AUBEHR Model 1 Model 2
(H7:mm)
TVE | behel 50-40-300 50-40-300
OE | bet-H | 50-1.5-400 50-1.0-400
AR B-h-1 | 150-40-300 150-40-300
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Table 3.2 Weight of horizontal elements of

models

TRERE() Model 1 Model 2
AL 4619.9 4615.5
R R 4 H 301.4+300.7 | 299.2+299.0
X HafEE e 163.7 163.6
aFt s EE( 5385.7 5377.3

Ha(kg) |5.3857 5.3773
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Table 3.6 Weight of horizontal elements of
models with damping devices

P2 E | Model 1 @ Model 2 @
DIRRE g (ke £ sk
REe1 5.3857+0.1996 5.3773+0. 2929
=5.5853 =5.6702

Rug 2 5.3857+0. 2327 | 5.3773+0. 2929
=5.6184 =5.6702

bR 5.3857+0. 2695 | 5.3773+0. 2929

=5.6552

=5.6702

3.1.3 Ef5IZTRDFHETT L T DR
(1) ERERRIERDOFET

1) BEERICB T 2BERLEIRE
AREBRIZBWNTIL, VU 3 A A VTR
EIRIBSE DRI EZEZ RO =ZODREEIED
AR A ST,
RAET : 2V a A A N OB
DIRER & =1cm

REE2 2V 3 A A LR DR
DIZIERE X =2cm
WHES : v U a3 A A L O

DIREHE S =3cm
FRRO=ZSOREDHREEDODERIT FROE

DThHo,

Table 3.5 Weight of damping devices
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Table 3.7 Length of horizontal part of spring

142.92+2.96=145.88 | 53.67+46.7=100.37
144.05+2.94=146.99 | 53.69+45.53=99.22

e el AR ATt
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Table 3.8 Spring constant of connecting

springs
o fEiE
N/en No.1 | No.2 | No.3
FH5EME | 2.310 | 1.318 | 0,554
e 2.297 | 1.310 | 0.558
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Table 3.9 Natural circular frequencies and
damping coefficients of individual models
with damping devices

A M IREN R | =R

o ‘rad/sec c : Nsec/cm
Model 1 »1:12.03 0.0312
Model 2 w2:4.25 0.00684

(2) BMFIEE “REE1” 2B 2 REER
TR & BRERERE
Model 1 3L U Model 2 DEE mi BEL UV me
I% Table 3.6 £V . JIREE"17IZET B [EA MRS
Bo1BLPwaldTable 3.9 LY TEEOE@EY TH
Do

m, =5.5853kg, m, =5.6702kg
w, =12.03rad / sec, w, = 4.25rad / sec

- THQ.9OB LUK(2.100 L v, Kopt BLO
Copt X FREDO LY I HZBND,

K, =1367N/cm, C,, =0.3962N Eec/cm
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3.10 TR 7, ZOHAE, v a A A VidiEE
WX 0 REMEN AT D T2 DR E O WER K
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RENE 24T - 72. 2 Z Tl 2 MO Z1T - 72,
H1EHDOER%EZ Case 1 . 2 HDERE
Case 2 & LTCUTOREICIIR L, RITIX
Model 1 D [EA O R (Table 3.9 FOfE) b
AU, ZOEZEARPEMNHELFIK Z &8Ik,
PR E O A RO FR LTz, o, #IC
R EE E OWEAR R C & R O fol ks
F25 Copt D HE(C/Copt) 718 LT,
AREBRTIX, B BHIREEE D O RRE 2
T LB, IRENEE S ZEGHR S hnid, FERIER
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R IE D 72 D T b O R HIZIE£ <
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Table 3.10 Damping coefficients of model 1
constrained by a couple of damping device

Case | Model 1+ | Model 1 | & 2= %£ | C/Copt
NORAE | S &

Case 1 0.3058 0.00312 | 0.3027 0.764
Case 2 0.3072 0.00312 | 0.3041 0.764

@ Wi DHIZ X HEBREBOEAHE
B L E— FIREL
FIE@IZHEV, [ Model Z#iEAa0 2 CTlEfs
L7z RBBIZ DWW CEA MR L & & — FEG=
ZRbi-, #F % Table 3.11 (/R L7z, RENK
DG 2 FTB ORISR LT,

Table 3.11 Natural circular frequencies and
modal damping ratios of models inter-
connected by plate-type spring

Mode\/Z#43 | No. 1 No. 2 No. 3
1st & ME | 6.47 5.82 5.03
mode | Bi# w1 | (6.83) (6.09) (5.21)
E— KiE | 0.00225 | 0.00193 | 0.00136
= &,
ond A MR | 13.53 12.85 12.35
mode | B w, |(14.1) (13.10) | (12.50)
E— KiF | 0.0437 | 0.00198 | 0.00238
=&,

(6) RiThB L OHRERIC L 5 EHBRE
DEA MHRE$ & £ — FEEL
PLTFIZ, Case 1 3L W Case 2 ([ZBITHEA
MR ENEL & & — R kb O FHAME 2 BE iR fE & 4k
{Z Table 3.12 & Table 3.13 (2”7,

Table 3.12 Natural circular frequencies and
modal damping ratios of models inter-
connected by plate-type spring and
damping device in case 1

Mode\i¥#2 | No. 1 No. 2 No. 3

1st A MR | 6.61 6.48 5.51
mode | B w1 (7.38) | (6.89) | (5.97)
E— FE 0237 |0.280 |0.420
=& (0.168) | (0.300) | (0.493)

2nd A M | 13.09 12.08 11.22
mode | B w , (13.02) | (11.60) | (10.88)
E— FiE 0206 |0.296 |0.223
=<, (0.318) | (0.286) | (0.224)




Table 3.13 Natural circular frequencies and
modal damping ratios of models inter-
connected by plate-type spring and

damping device in case 2

ModeN\/E¥4 | No.2 | No.3

1st A M| 7.66 6.28
mode | i w1 (6.90) (5.98)
E— F#E|0317 |0.224
=&, (0.302) | (0.496)

2nd A MR | 12.31 | 12.32
mode | B o , (11.58) | (10.86)
E— F#E|0152 |0.133
=&, (0.287) | (0.224)
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MRS 5k & & — FoE b 2 1 3R E A AT 2 X
DRDEZHLDTH B,
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DThod,

Table 3.14 Natural circular frequencies and
damping coefficients of individual models
with damping devices
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Model 1 @ [EA DR RIEH(Table 3.14 H1 0> fE)
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Table 3.15 Damping coefficients of model 1

constrained by a couple of damping

device
Case Model 1+ | Modell | JE % | C/Copt
NREE | R E [
Case 1 0.5280 | 0.00374 | 0.5242 | 1.344
Case 2 0.5188 | 0.00374 | 0.5151 | 1.321

A M AREN R | R
o ‘rad/sec c : Nsec/cm
Model 1 | »1:11.88 0.0374
Model 2 | w2:4.25 0.0122
(2) BEEE “KRE 2B 3REES
TR & BRERERE

Model 1 3L Model 2 DEE m1 B L P me
X Table 3.6 LY. (RIS 5 [EA HIESE)
Bo1BLWPws2ld Table 3.14 LY Feco#w b T
5D,

m, =5.6184kg, m, =5.6702kg
w, =12.03rad / sec, w, = 4.25rad / sec

> THREQRIOBLOHX(R210 LY., Kot BELD
Copt X FFED X IITHEZBND,

K,, =1332N/em, C,, =0.3900N Bec/cm

(4) ITRDOHIZ X 2 EEIRE O EAF H R
Bl = — FEEL
FNEDIZHE, W Model Z AR I34aD A Tiik

L7REEIZHOW T A HIREI R & & — FEEL

R, FER%E Table 3.16 (TR L7z,

Table 3.16 Natural circular frequencies and
modal damping ratios of models inter-
connected by plate-type spring

Mode\/Z#2 | No. 1 No. 2 No. 3
1st & A M4E | 6.53 5.90 5.06
mode | B w1 | (6.83) (6.09) (5.21)

E— K | 0.00276 | 0.00232 | 0.00206
=&
2nd A MR | 13.55 12.73 12.19
mode | Bi#kw, |(14.10) | (13.10) | (12.50)
E— K | 0.00526 | 0.00266 | 0.00262
=&,

IR TR e e
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KRBV OB FRIEZ N B OFRINITR Lz,

(6) iR L OHEEEEIC L 2ERHRE
DEE PR L £ — FEEL
PLTFIZ, Case 1 BL W Case 2 ([ZBITHEA

MBS & £ — N O FHME 2 #5m e & It

|Z Table 3.17 & Table 3.18 |Z/”7, HRamfElLfE

N DA TRT,

Table 3.17 Natural circular frequencies and
modal damping ratios of models inter-
connected by plate-type spring and
damping device in case 1

Mode\/¥#2 | No. 1 No. 2
1st A M= | 8.49 9.11
mode | B w1 (8.54) (8.83)
E— F#E|0.0834 |0.210
=& (0.167) | (0.869)
ond A M E | 9.82 10.47
mode | B w , (11.25) | (9.04)
£ — K#|0.206 0.128
=&, (0.0.699 | (0.178)

Table 3.18 Natural circular frequencies and
modal damping ratios of models inter-
connected by plate-type spring and

damping device in case 2

Mode\/Z72 No. 1 No. 2 No. 3
1st EA MR | 8.17 8.49 6.28
mode | Bi¥tw: |(8.51) |(8.83) | (4.50)
E—FE [ 0163 |0.216 |0.117
=& [ (0.170) | (0.846) | (1.00)
ond &AM | 8.16 8.73 9.38
mode | Biftw, |(11.28) |(9.04) |(9.37)
E— K | 0218 |0.200 |0.145
=S, |(0.680) |(0.183) | (0.164)

NSO YRIE 17 R U &L DT, dEfEE
O IEREENT Table 3.8 (2R T HIIIZRMRE
(EBR) 24 L, HEiEL v — OB ERKIT
Table 3.15 I[Z/R LIZfEZ AT 5 2 HHERODE
AR L £ — N & 835 S A E AT I
rFOROELDOTH D,
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& AR E RO T FERIT Table 3.19 1Y T

H %5,

Table 3.19 Natural circular frequencies and
damping coefficients of individual models
with damping devices

B A M AREN R | R
o ‘rad/sec ¢ : Nsec/cm
Model 1 ®1:11.83 0.0365
Model 2 2:4.25 0.00822
(2) WEIEERE 3”7 12T 2 REE LR
R L BEB AR

Model 1 3L Model 2 DEE m1 B LV me
I Table 3.6 XV, “IRHE 3”1 D EH MHIEII K w1
BEXRweld Table 3.19 LV Tidmw@y Th 5,

m,; =5.6552kg, m, =5.6702kg
w, =11.83rad / sec, w, =4.25rad / sec

- THQ.9B LUK(2.100 L V. Kopt BLD
Copt I FREDO L Y ITHZBND,

K,, =1328N/cm, C,, =03885N Bec/cm

(3) BMEEBOBBELE DO HI
FHNEGIZHE - T IT & AT THEEEIC
X 0 L2 RRBIC BV T, Model 2 Z @7
WEIIZEZE L., Model 1 @ H HIEENERZ1T
VN, Model 1 [EA O & R E O RN
Do T RBEOWEREEZ KD, KiR%E Table
3.20 ([T d, ZOHAE. YU A A VTRE
W2 KO RMENE T D T2 DR E OB ERE
2 ET 5 & [FRF (I 2 EDE A I D 9~ T D
FEEREEIT-72. 2 Z TIE 1 EIOHA 21T > 72,
5 1EHOER% Case 1 & LTLLFOMERICIE
RLTE, FRIZIE Model 1 O EAE O =R
(Table 3.19 1 OME) &R L, Z OfEAEAREM )
HALGIK Z IRV | HELEE OBRRE A K
ORR LT, 70, RITITHELEE ORI C
& S TSR D B R R I Copt D EE(C/Copt) B 7R
L7z, Flo, RFERTSH, “IRRE 17L& AERICHEER
L OWRARBOEITF 5 D TR
274> b5 1 HHEROBEFEZY I 2 b—
Tavitk Ry, 0L X OWMERE R
EOWRERE & Lz,
Table 3.20 Damping coefficients of model 1
constrained by a couple of damping device

Case Model 1+ | Model 1 | 38 % 2% | C/Copt
NIRRE | T A
Case 1 | 0.6879 0.00365 | 0.6843 | 1.761




4) HiITRDOHIZ X 2 EEIREO B A H R
B L T — FEEL
FNEDIZHE, ] Model Z AR IL4a D A Tiik
L7REEBIZHOW T A M IREI R & & — FEEL
ZRIz, FEF% Table 3.21 (TR L7-, REHEK
OHFREZ FEOFFIMNITR LT,
Table 3.21 Natural circular frequencies and
modal damping ratio of models inter-
connected by plate-type spring

Mode\/Z#43 | No. 1 No. 2 No. 3
1st A MR | 6.56 5.79 5.10
mode | ¥ w1 | (6.83) (6.09) (5.21)
E— FE | 0.00298 | 0.00232 | 0.00147
=&
2nd A = | 13.02 12.68 12.19
mode | B w, | ((14.01) | (13.10) | (12,50)
E— K | 0.00558 | 0.00273 | 0.00276
=&,

(6) HiThs LOERERIC L 2EKRE
DERMREH L E— FEEL
Table 3.22 Natural circular frequencies and
modal damping ratio of models inter-
connected by plate-type spring and
damping device in case 1

Mode\ /¥4 No.1 | No.2

1st A M #E | 8.61 9.11
mode | B w1 (8.81) | (4.48)
£ — F#E|0.107 |0.087
=& (0.123 | (1.00)

ond A M E | 9.52 9.67
mode | Biffw ., (9.45) | (9.04)

Table 4.1 Characteristics of two-degrees-of-
of connecting spring and damper

©) 9

£ — FE|0.093 |0.087
=&, (1.00) | (0.124)

ATz, Casel 128 Té.ﬁlﬂwﬁ@ﬁ?ﬁ&%_
Nﬁiﬁlﬁt@uﬂﬁﬂﬁ%ﬁ Al & (2 Table 3.22 (2
N, PR i?ﬁ%)ﬂ?\j@ﬁfrffo IS OB
VB X DX R ET Table 3.8 1T~ T H
BT GERR ) 28 L. EiE & > S — D=
{%%0% Table 3.20 (/R L7-EA AT 5 2 HHE
FOEA MRS & T — N 2 EEE A
FEMTIC LV RDTZHDTH D,

4. RER{ELIBWRMEL DOLLBRE
A1EEINTZ 1T — A VBT HEMBE
ROITRFEBE BEREOEBIES E
AHERSHE &£ — FEELLOHEGRIZE)
$%% ZEWT., Model 2 (2T ERE O R
R EZEETHOTHREITIED LR VA,
deliﬁﬁ B O A ES SILDH DT,
BEEEORIE 1, 2 8L O03ICLY v arst
ANDFIHENRED D, 1> CTREEIEE OREIC
EOTFRICRT LI IR 572 2 BHE
R &R D HfE LTl T — A O 5 ONT
2 HHERICZHBT D WEMEREZ RKICT 5k
B O (X453 Kopt 35 & OV Jk = 7% 5
Copt IZFtikD@E Y ThHoH, WHTERILT D &
Table 4.1 DEY THD, 4. “RE1’D 2 HHA
FESRIZRB W T, R R O X iRk X ONEERR
BOEBZE S £ — NGB L OEA MRS
BOMEGRZETNT Fig.4.l B3I 4.2 O@Y T
Do “IREE 7B L OREE TR T 2 EE L
Fig.4.1 B X O 4.2 LHEUOFE A 2 Lz,
WZITERE LT,

- -
— —

freedom system and optimum values

T B A Model 1 Model 2 T 10 i

PieE TR | BEMRD | TR | @BEMRED | SR | e
(kg) ¥ (rad/sec) | (kg) ¥ (rad/sec) | (N/cm) (Nsec/cm)

KEE 1 | 5.5853 12.03 | 5.6702 4.95 1.367 0.3962

RHE 2 | 5.6184 11.88 | 5.6702 4.95 1.332 0.3900

KEE 3 | 5.6552 11.83 | 5.6702 4.95 1.328 0.3885

1 R TR e
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Fig.4.1 Behavior of modal damping ratio
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Fig. 4.2 Behavior of Natural circular frequencies
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Fig.4.4 Natural frequencies and modal
damping ratios of interconnected
frames with plate-type spring “No.2”
and damping device under “condition
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Fig.4.5 Natural frequencies and modal

damping ratios of interconnected
frames with plate-type spring “No.3”

and damping device under “condition
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Fig.4.6 Natural frequencies and modal
damping ratios of interconnected
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Fig.4.7 Natural frequencies and modal

damping ratios of interconnected
frames with plate-type spring “No.2”

and damping device under “condition 2”
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Fig.4.9 Natural frequencies and damping
ratios of interconnected frames with
plate-type spring “No.1” and damping
device under “condition 3”
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Fig.4.10 Natural frequencies and damping
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device under “condition 3”
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