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A generalized damping model and its application in
seismic response analysis of concrete gravity dam
QIAN Xiangdong, LI Chen, SHEN Renjie
(College of Mechanics and Materials, Hohat University, Nanjing 210098 , China)

Abstract: Based on the generalized rheological model of viscoelastic materials, a generalized damping model and the dynamic
equilibrium equation of structure are derived. The exponential function and Gaussian function are selected as the convolutional kernel
functions of the generalized damping model. The seismic response of the Koyna Dam is calculated by the Newmark direct integration
method, and the effects of relaxation parameter and time integration step on the seismic response of the dam are also analyzed. Seismic
responses of the dam with the generalized damping model and the viscous damping model are compared at last. The results show that
the seismic peak response with the generalized damping model is greater than that with the viscous damping model, and the larger the
relaxation parameters, the closer the peak response with the generalized damping is to that with the viscous damping. Meanwhile, the
exponential model has higher requirements for the time step of numerical integration than the Gaussian model.
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Table 1 Peak seismic response of the dam

ENGLEIEERS NG PR St 7 AN [ B [R5 K- i/
l%ﬂ)?u. M%‘J’tk?%ﬁ/ IR /m (m-s) (m-s?)

Hon (=) 0.01s 0.005 s 0.0025s 0.01s 0.005 s 0.0025s 0.01s 0.005 s 0.0025s

R b e © 0.0326 0.03406 0.03433 0.763 0.7756 0.7885 27.65 30.54 31.48

70 0.0362 0.03850 0.03869 0.9292 1.0040 1.0450 39.35 45.99 45.24

SR 100 0.03374 0.03616 0.03657 0.8164 0.9052 0.9442 33.40 39.23 40.34

FHE 130 0.0321 0.03494 0.03565 0.7476 0.8555 0.8952 30.17 36.06 37.77

160 0.0308 0.0341 0.0351 0.6978 0.8234 0.8671 27.94 34.08 36.13

190 0.0295 0.0335 0.03471 0.6567 0.7900 0.8485 26.19 32.68 34.93

70 0.0376 0.0398 0.0401 0.9424 0.9970 0.9936 35.35 41.86 44.19

R 100 0.0367 0.0391 0.0395 0.9090 0.9572 0.9512 32.98 39.4 41.06

FRUSELE 130 0.0360 0.0388 0.0392 0.8812 0.9422 0.9413 31.29 38.23 39.84

160 0.0348 0.0386 0.0390 0.8375 0.9369 0.9354 29.72 37.49 39.12

190 0.0331 0.0385 0.0389 0.7784 0.9330 0.9330 28.12 36.97 38.66

3.5 GRS

M 4 ~6 AT LU 25 BRI B0 T, SIS 107 14 P 1] A48 PRI AR — 25, SR W BEL SR A A i 2 8
e BRI S A% s B2 w7 ) IR TR]AS AL AR I AN R, ICIET 4 RTTEL 5 0T ARt BARFA B S K
P 22 AN 52 W 8 ) o ) 2P AR, IEL 0] i 7 ) WA LA 52 00, DG 38 e SO THUA, A% 3 S i e 2, Bt s it 2 08
AR AN IS R W S P U (AN P/, A 5t 2 0B, i o7 D 3 28t ELJE 189 ) 7 DAL, 5 T T 5% 7)™ SCRHL
JERT A HE I T A AT

M1 ATRIE O FEBRAUEOL T | BEE B AR R 120 980N , Wi 5 WA (R BT O, W] Newmark
HHBUMEAATERIERLE MRS R T AR e e . R, O 1 BRAIETH IR S5 SR RS B2 7R 25 PF AR /R 1 L
N, TR DR AT RER B/ NI TRIE A, 5580 % TR BHE AL E 1 rp i 3 I (E A st 2 e 19
AR FT AT e FRORSCOEL AR , W 70 (1 A 0 2R L O R S (L, (A% 3 S 0 w7 e (T L2
HREIRY ARGt ORI TR R A4 PR RS AN [, 0T P 7 e (L ) e i A, ST T R i S I ., 7 W
W (B A SR R/ N A7 eR B S B R AL . D U T AR 2 L IO 2R AR i S B 70 57178
P2 190573 Tl 120 KT o 1oy WA (ELUR 2 O T 280 BELJE F0 ey 7 e (L, 22 DA D0 — 8008 30 2 s BELJE 45 R Y
s IR Ar=0.005 s B, 35 ORAR R BH TR AR ) i R (E AN B A it 255 e O R Al — 2K
TR B S 5 RS AT G R BT 6 BB H . 24 Ar=0.0025 s i, FRECRIAE R B A
TP o7 V(A B Bl o (8938 AT O — BGE I i B 25 R A 5 i, 242K ) Newmark FL4EAH
IR SRRSO AR R BB RURT I T] 2 A K R T i B AR i B e AR R

4 %

ARSCRRAEREFPERRH ) ORI G 1 1 T SCBLJEZ5A B T3 2207 2 6 T 20 i 0 3l s FELJE A5 28 ]
PAM Voigt-Kelvin MR G 2 SCRIERRL B — MR, LA Koyna JREE L H T IUN], 647 T 2T
SCRHJERERE B M R0 1 3BT 53T 735 SR P o ok B g A e 8 2 b SCREL R B Y, O 5 b il B e
B AEE AT T A, IR A F R ) SCRHL e AR Fy i J57 e P49 DR 26 BEL S RS Y A ey R0, PRI
AT A EER AR R BELJE AR FEA TR BB b O3By AR R W2 0 A7 o SR T B9 Newmark B2 FR 731 0 465 BURZ pR K
AT AT BIR ], 2 — b P ) s ol g 732 | SR8 2 [ ik U T 15 000 ek 5O L, TG T4 A B 1Y
BB R G WA SCE B A5 R, 8B AR 2b i BELE AL R0 S AR 23 b 18] 28 B8 2R w8 T i
W AR R RS AR, ARSI R AT T BRI R0 s 3, B0 e HA B 2O 53085 B FAE I 119
SN A AEE— D SRR 2 ], ARG BEJE B PR s 28w BB TSR E A BRI, O T
SR B 3 A R S5 b A5 AL B4 B R 7, W e — 2P T AR SR R Bl 0 2 ROR B BT, LU SE TR e L
FOEHAR 28



104 WK AR R ) w50 &

SENW:

[ 1] RAYLEIGH J W. Theory of sound [ M]. New York: Dover Publications,1945.

[ 2 ] CRANDALL S H. The role of damping in vibration theory[ J]. Journal of Sound and Vibration, 1970, 11(1) ;3-18.

[ 3] EDWARD M , KERWIN J R . Damping of flexural waves by a constrained viscoelastic layer[ J]. The Journal of the Acoustical
Society of America, 1959, 31(7) :952-962.

[ 4 ] ERIC E U, EDWARD M K. Loss factors of viscoelastic systems in terms of energy concepts[J]. Journal of the Acoustical
Society of America, 1962 ,34.954-957.

[ 5] BRay, ARk, #5220 )], R3h TR 24k, 1989,2(3):42-51. (CHEN Qian, ZHU Demao. Dynamic
analysis of viscoelastic structures[ J]. Journal of Vibration Engineering,1989,2(3) ;:42-51. (in Chinese) )

[ 6 ] BAGLEY R L. Fractional calculus:a different approach to the analysis of viscoelastically damped structures[ J]. AIAA Journal,
1983;21(5) :741-748.

[7 ] 5B, SRR, S Bs B i AT 240 SRR [T ). TR )57, 2002, 19(2) :95-99. (ZHANG Weimin, ZHANG
Chunyuan. Thermodynamic analysis and application of fractional exponential model[ J |. Engineering Mechanics, 2002, 19(2) ;
95-99. (iin Chinese) )

[ 8 ] GOLLA D F, HUGHES P C. Dynamics of viscoelastic structures: a time-domain finite element formulation[J]. Journal of
Applied Mechanics,1985,52(4) ; 897-906.

[ 9 ] WOODHOUSE J. Linear damping models for structural vibration[ J]. Journal of Sound & Vibration, 1998, 215(3) :547-569.

[10] ADHIKARI S. Structural dynamic analysis with generalized damping models; analysis| M]. New York:John Wiley & Sons Inc,
2014.

[11] MURAVYOV A. Forced vibration responses of a viscoelastic structure [ J]. Journal of Sound and Vibration, 1998, 218(5) .
892-907.

[12] PAN Y, WANG Y. Frequency-domain analysis of exponentially damped linear systems[ J]. Journal of Sound & Vibration,
2013, 332(7) : 1754-1765.

[13] WAGNER N, ADHIKARI S. Symmetric state-space formulation for a class of non-viscously damped systems[ J]. ATAA Journal
2003,41(5) :951-956.

[14] ADHIKARI S ,WAGNER N. Direct time-domain integration method for exponentially damped linear systems[ J]. Computers &
Structures, 2004, 82(29/30) :2453-2461.

[15] CORTES F, MATEOS M, ELEJABARRIETA M J. A direct integration formulation for exponentially damped structural systems
[J]. Computers & Structures, 2009, 87(5/6) ; 391-394.

[16] LI L, HU Y. State-space method for viscoelastic systems involving general damping model[ J]. AIAA Journal, 2016, 54(10) .
3290-3295.

[17] WANG M F, WANG Z H. Time-domain integration methods of exponentially damped linear systems[ J|. International Journal
for Numerical Methods in Engineering, 2018, 114(4) . 347-374.

(18] BUBAR, LT, ARR A BLJE 28 G2 i A 0 137 3 M O RS ANBUY Ok [T ] 3B T35 2441, 2009, 26 (5) :638-644. ( DUAN
Zhongdong, SHEN Hongyu. Precise integration method for time history response analysis of non-viscous damping system|[ J].
Chinese Journal of Computational Mechanics, 2009 ,26(5) :638-644. (in Chinese) )

[19] ERMIA, 2527, 22 TR B 4 o Jy IR 280 5 BEL e by R o 137 23 A [ ] 3D R 24 ( A SRR AR ) ,2021,49 (4) ¢ 342-
348. (QIAN Xiangdong, LI Zhendong, LI Chen. Non-viscous damped seismic response analysis of concrete gravity dam[ ] ].
Journal of Hohai University( Natural Sciences) ,2021,49(4) . 342-348. (in Chinese) )

[20] LIU Q. Explicit computational method of dynamic response for non-viscously damped structure systems[ J]. Mechanics Research
Communications, 2016, 71 . 48-55.

[21] PUTHANPURAYIL A M, CARR A J, DHAKAL R P. A generic time domain implementation scheme for non-classical
convolution damping models[ J]. Engineering Structures, 2014, 71 88-98.

[22] SHEN R, QIAN X, ZHOU J. Direct integration for non-viscous structural systems and its simplification [ J]. Mechanics
Research Communications, 2019,95. 8-15.

[23] SHEN R, QIAN X, ZHOU J, et al. A time integration method bhased on the weak form Galerkin method for non-viscous damping
systems[ J]. Mechanical Systems and Signal Processing, 2021, 151.1-18.

[24] #HET. FhidE 2 M. R D A ELTR2 Mk, 1990.

[25] WOODHOUSE J . Linear damping models for structural vibration[ J]. Journal of Sound and Vibration, 1998, 215(3) :547-569.

[26] ¥ EAE. 15BN e B R H A B IR 5k 45 H 3l 1 e P O [ D . JE st A nt 28 Ry, 2013.

Wk F 3812022 -05 -20 Sl . Xl et )



