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Damping problem in discontinuous defor mation analysis method
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Abstract: This paper quantitatively investigates the viscous damping and numerical damping in the discontinuous deformation

analysis (DDA) method. The motion equations of the block system are first developed based on the Newmark method; and the

relationship among the viscous damping ratio, the dynamic coefficient and the time interval of each step in DDA is developed

based

on the kinetic theory of viscous damping. The constant acceleration integration scheme in DDA, the partitions and the damping ratio

of the numerical damping are discussed; and the calculating formulations of the damping ratio for the combined damping are obtained.

An example of the block vibration is analyzed under simple harmonic motions; and the proposed formulations are validated by

comparing the DDA calculations to the theoretical solutions. The simulation results show that the viscous damping significantly

affects the low frequencies; and the numerical damping can quickly eliminate the interference of the high frequencies. If the two

dampings are combined, the frequency-dependence can be reduced. The study results provide a theoretical basis for the vibration and

wave calculation using the DDA method.

Keywords: discontinuous deformation analysis (DDA); damping problem; Newmark method; viscous damping; numerical damping

1 DDA 3
discontinuous deformation analysis DDA
=l DDA
DDA Hatzor Tsesarsky D
DDA
2014-04-10
(973)  (No.2015CB057905) (No. 11272331)
(No.91215301) NSFC- (No. U1402231)

1986 E-mail: xdfu@whrsm.ac.cn



2058 2015

DDA Koo® Chen!” 4 5 3
Sasaki™ o (1ol ] []%]{D},m = {F} 2l 6
DDA
[R1=[K]+——[M]+-L—[C] 7
PAL PAt
DDA 1 1

(£}, = {Fh ”M]{W

DDA 1 .
o

{D}, +E{D}" +

2 Newmark 2p
v Y gl r o ;s
[C]{ S, +[ ’ lj{D}n +[ . 1)Az{D}n}
DDA [12] 8
L({Dy. {D})=T({D}) -V ({D}) I 3 DDA
{D} (D} a1
ry DDA ;
mi+cx+kx=0 9
m c k
[13] *
k c
ia_zj_a_VZO 2 0= ; gzzwm 9
dr o{D} o{D}
i ¥+ 20E% + 0’ x =0 10
[M]{D} +[C){D} +[K]{D} = (F} 3 10 » |
D} (Ml [C] o< <1
(K] {F}
&=1
Newmark 3 £>1
{D},,, ={D}, + At{D}, +Af(m—r){b}df ~ ¢=l1 . =2 om
{D}, + At{D}, +(%—ﬂJAt2{D}n+ﬂAt2{D} = & :Ci 1
{D}, +At{D}, +A7t2[(1 —2p){D} ,+28{D},., |
4
At £
{D},., =D}, + [ {D}dr ~ g
(D}, +(1-7)AHD}, +yAt{D} = 5

(D}, + At (1= ) 1D}, +7(D} ., |

At 3 By Fig.l Freevibration of singledegreeblock in
Newmark various damping states



7 2059
3.2 DDA 7 y =1
DDA B=1/2
3 41
DDA 3 (4]
Newmark 3
1 0=0<0.1 50=0
112
DDA
DDA gg 2 0.1=02<4 0.3333=r<0.999
1=0<4
88
0 1
gg<1 3 4==0<50 r
1

éjviscous

10'

1 2
AE Em[vz—(gg'V)] (1-gg®)mv
/e T d i, Y,
Y d
13
fo _(1-gg)m
C=——=
v 2At
11
£ ZLZM
viscous Cr 4a)At
15 22 =0.99
0 Q=wAt
DDA
0.5
0.4
£03
502
0.1
0.0 L '
107 107 10°
o)
2 DDA 0
Fig.2 Curve of viscous damping
ratiovs. 2 in DDA
4 DDA

DDA

02

0.0 !
107 107 10° 4 10" 50 107 10°

03333 '

Q

3 DDA
Fig.3 Partitionsof numerical damping in DDA method

4.2 DDA
DDA
Q<4 [16-17]
2
Inf 1+ 27
& - 2 16
numerical 20
4 énumerical Q
0<02<0.1
r=l 0.1=0<4
0.284 52
5
DDA



2060 2015

15 16
p()
§total = fnumerical + égviscous 17 l
c A
0.30
0.25
~ 020 B
2015
W2 0.10
0.05 6 DDA
0.00 = = — N Fig.6 DDA model for block under smple
10 10 10 10 ) .
harmonic motion
Yo}
4 DDA Q
Fig.4 Curveof numerical damping
ratiovs. 2 in DDA (18]
mii + cu + ku = p, sin(wt) 18
5
0.0025s 0.998
u(t)=
pO 1 —Eot § .
——]e cos(w,t)+ sin(w,t) | — cos(wt
2 8 Hz 3% 4%
19
_ g2
DDA o, =m\1-¢
6.2
6.2.1
_— e -—- DDA DDA
0.08 .
0.07
0.06
005 ol 0.000 5 s
0.04
0.03 C - 7
0.02 -’
0.01 F.--~ 1 DDA
1234567891011121314151617181920
/Hz
5
Fig.5 Distribution of dampingratioin frequency domain
A
6
6.1 gg=1.000 00 2¢=0.998 75 2¢=0.997 50
=0.996 25 =0.995 00 =0.992 50
DDA B A ggo.%o o 5
6 A 1 mxI m
B 4 mx1 m g
100 GPa 0.3 1.0 g/em®
10 MPa A C p
S
Y Pp(O)=posin(wot) Do . c
Wo po=1000 N wy=0=100 rad/s Fig.7 Displacement-time curve of point C at

0] A different dynamic coefficients



2061

15

19

DDA

1.8 2.0

14 1.6

1.2

1.0

0.0 02 04 06 0.8

o
o™
o
=
©
=
=
=
N
=
2 Q
2 =2
= S
T
0
S M
—_
<
© 5
S
<
(=)
N
(=]
=
[=]
et < < 7
P < = =)
A.A.\.l\.u..w_.\_lhh.\.
A < -
&
A e e i
g o
9]
e e —
= 2 < o -
e
R e
et ¢_\. 4 1l
e A
\\rl.\.l.\.l.\‘u. N\r
o
.- . E— ) T
a .l P =1
e
BE——=N
e i )
el
o~ -
o0
EN
Pty Ross E
L, =
%0 R i
<
TS T e gy
wuwy

1.8 2.0

1.0 1.2 14 1.6
/s
(a) £=0.012'5
0.997 50

o gg=

/s
0.025

Loy
—
o

<

8
o
8
£
©
&
<
[a)
[a)]
g8
05
o)
c
3
5
o
£
[e]
O
o
o
S

solution at different damping ratios

00 02 04 06 038

25r
20

1.6 1.8 2.0

1.4

1.2

00 02 04 06 08 1.0

/s

(b) £=0.025

DDA
Fig.8 Comparison between DDA result and theoretical

solution at different damping ratios

1.6 1.8 2.0

1.4

1.2

0.0 02 04 06 08 1.0

/s
0.025

6.2.2

(@¢

0 gg=0.997 50 —

20

A

0.0125

DD

6

1

0.000 5 s

C

0.001 s

0.0250

DDA
DDA

1.8 2.0

1.2 14 16

1.0

00 02 04 06 038

/s
0.037 5

(b) &=

DDA

DDA
Fig.10 Comparison between DDA result and theoretical

10

6.2.3

DDA

solution at different damping ratios

0.000 5 s

17

0.998 75 0.997 50

10

0.025 0 0.037 5

DDA

DDA
DDA

DDA



2062

2015

DDA

2 DDA

DDA

DDA [19-20]

SHI G H. Discontinuous deformation analysis—A new
numerical model for the statics and dynamics of block
systems[D]. Berkeley: Department of Civil Engineering,
University of California, 1988.

JIANG Q H, CHEN Y F, ZHOU C B. Kinetic energy
dissipation and convergence criterion of discontinuous
(DDA)  for
engineering[J]. Rock Mechanics and Rock Engineering,
2013, 46(6): 1443 1460.

HATZOR Y H, FEINTUCH A. The validity of dynamic
displacement prediction using DDA[J]. International

deformations  analysis geotechnical

Journal of Rock M echanics and Mining Sciences, 2001,
38(4): 599 606.

HATZOR Y H, ARZI A A, ZASLAVSKY Y, et al.
Dynamic stability analysis of jointed rock slopes using
the DDA method: King Herod’s Palace, Masada, Israel[J].
International Journal of Rock Mechanics & Mining
Sciences, 2004, 41(5): 813 832.

TSESARSKY M, HATZOR Y H, SITAR N. Dynamic
displacement of a block on an inclined plane: analytical,
experimental and DDA results[J]. Rock Mechanics and
Rock Engineering, 2005, 38(2): 153  167.

KOO C Y, CHERN J C. Modification of the DDA
method for rigid block problems[J]. International
Journal of Rock Mechanics and Mining Sciences &
Geomechanics Abstracts, 1998, 35(6): 683  693.
CHEN G Q. Numerical modeling of rock fall using
extended DDA[J]. Chinese Journal of Rock Mechanics
and Engineering, 2003, 22(6): 926  931.
SASAKI T, HAGIWARA K, SASAKI K,
Fundamental studies for dynamic response of simple
block structures by DDA [C]//Proceedings of the Eighth

International Conference on Analysis of Discontinuous

et al.

Deformation: Fundamentals and Applications to Mining
& Civil Engineering. Beijing: [s. n.], 2007: 141  146.

NING Y J, YANG J, CHEN P W. Application study of
DDA method in blasting numerical simulation[C]//
Proceedings of The 8th International Conference on

Analysis of Discontinuous Deformation: Fundamentals

[12]

[13]

[14]

[17]

(18]

[19]

[20]

and Applications to Mining & Civil Engineering. Beijing:
[s.n.],2007: 117 122.

>

0. , 2007, 26(10): 2014

2026.
JIANG Qing-hui, ZHOU Chuang-bing. Some issues in
discontinuous  deformation analysis (DDA) for

geotechnical engineering[J]. Chinese Journal of Rock
M echanics and Engineering, 2007, 26(10): 2014  2026.

[J1. , 2011, 32(8): 2544 2548.
LIU Yong-gian, YANG Jun. An improved DDA method
with adaptive step size[J]. Rock and Soil Mechanics,
2011, 32(8): 2544  2548.

, . M].

,2007.
IRIE K, KOYAMA T, HAMASAKI E, et al. DDA
simulations for huge landslides in Aratozawa area,
caused by Nairiku
of the O9th International

Miyagi, Japan Iwate-Miyagi
earthquake[C]//Proceedings
Conference on Analysis of Discontinuous Deformation:
New Development and Applications. Singapore: Research
Publishing Services, 2009: 153  160.
KHAN M S. Investigation of discontinuous deformation
analysis for application in jointed rock masses[D].
Toronto: Department of Civil Engineering, University of
Toronto, 2010.
[M].

,2001.
HUGHES T J R. Analysis of transient algorithms with
behavior[C]/

Transient

reference  to
Methods  for
Computational Methods in Mechanics Series, Vol. 1.
North-Holland, Amsterdam: Elsevier, 1983.

DOOLIN D M, SITAR N. Time

discontinuous

particular stability

Computational Analysis,

integration in
deformation analysis[J]. Journal of
Engineering Mechanics, 2004, 130(3): 249 258.
CHOPRA ANIL K.

M]. 2 . ,

, 2006.
, , , .DDA
[I1. ( ), 2012,

44(2): 70 75.
FU Xiao-dong, SHENG Qian, ZHANG Yong-hui, et al.
Preliminary research on wave problem calculation using
DDA method[J]. Journal of Sichuan University
(Engineering Science Edition), 2012, 44(2): 70  75.
ZHANG Y H, FU X D, SHENG Q. Modification of the
discontinuous deformation analysis method and its
application to seismic response analysis of large
underground caverns[J]. Tunnelling and Underground

Space Technology, 2014, 40: 241  250.



