BRI, B4BH2H (198353 H) WM RREXR
Applied Mathematics and Mechanics ﬂ])ll}\E.ﬂhﬁzfﬂjﬁi

e o e

N E R EREERRTE

HE % E 4
(hEME TR, 198148 4 A23HED

wm =

ATHEDSFEN T EENFEE, ASCGE(16]0EM b, SPrasiaemstE, #x BE
57K, ERITHEMRSRARSERXR, SHTERAENGETERERRRE ROHELS.

ZEBESTEA, SN THUFANERERETRN, REWEFE E 1. XK
8, RAABESERS “—RBR/N NSRRI,

X, #H—B AT HEFRTERNES. SRR T BEZRSETTERR.

— % H F B
E—EHREEEAILZRERNBERE. E—FRITEDFHITETER
miEi+ Y ok + D kisxs=pi(d) (1.1)
J=1 Jmy
® MX +CX+KX=P (1.2)

Keh, M, CRKRRE. WM (EE) REEN; PRAWRAR X, X, XEHR I
MfES, REMMEERRE. JHENR, MximlE, K MR oo il &b g
BEINERE. Bp

K=§§k“”, M=Zem“" (1.3)

HesRMEOERTAHREIT.

—. ICl. & Tt
1 CHEXRERH
ERFEER, ERNENESNERMRFERBECKE. FxHBERT, X EY
5] g
KO=3\MO 2.1

KAPKAOMABE 2B R TE S RO EMFREERE. FFIEE 4 FRE R & e 28 HIRHRERN
(@HMBENFERARE. SMHEXN (4, Py, P)HE(2.1); 8, &g

* v REE. 239



240 % ___15;7 3 B &
Ke,=LMe,
® Ke;=1;Mo;
AP ZEF(2.2) HBH#ERE
?KP; =P Mo,
ESEA ]

Q'K =4,9:Mp;
FIR .0 R.5), &RNESD
(Ai—A5) (PEMO,) =0

Hpj
0 Y ixj
‘Pquu:{
constant M =y
BRBRAFRERNEE
0 =]
W{K‘Pa‘={
@, Y i=j

FRIAIPL (KM-YH*ER T (2.2) BERIA (2.8), #&A1ER]
PLKM - *KP;=0 % i)
(n=1’2’...)
Hik, HeI (MK HY*ERTF (2.2) #HFH@.7), TITE
Pl (MK ) *M@=0 4 i/
(h=1,2,“')
.9ME.10)MBFOTHER
PIMM-K)*®i=0 % i)

(b=..., —2, 1y O, 15 2’ o

Elﬂ:’ %Fﬁkll][lzl
C=M2_a, (M-'K)®

bmg
e AEE]
PICP;=0 Wi
PICP,=constant W=
FATH
C=M>"a, (M~ K)?
b=0
F 0

P!Cpi=2&04 L i=7
fﬁql;?:%(ab (b=0! Iy 2, 39 """ )?‘ﬁ:Rayleighm}E’ &ﬁ]ﬁ
e, +a,0 = 28iw;

ata,0! = 2804
o |

a,+a,0i =28 505

A, 286 17TRE o Fa,, Bt

)

(2.

(2.

(2.

.2)
.3)

.4)

.6)

7)

.9)

10)

11)



BhRREEREEAREE 41

a,== 28wy / (w;y+as) }

_ 2 (2.16)
o= @itwy
ﬁ‘#ﬂ- /% £i=£j=£§.
i (2.16) FA B EF]
@y E - Lmex
@miv } (2.17)
Glgg/@min
2. |IC|lf&it
C1E:: |
AKfnkF R Bk fng T RIEER, M
HKum<Pma‘( maxllke“m (2.18)
For Prax R 5 SR RS WA TR AN, AL e 2R8I RS h IV A T,
W : A Poax R ITE T TR E—17, (2. 18) &N KoL,
5138 2
£— s T IEEN TR TR &
k.S max (ki) (2.19)
(i= 1y 2y *rey S)
otk k R ARITE.
GERRNER) .
518 3
HEMAImE R EBAERNEATEDRERE, me T mEXNATE, N
IM|e<CPrmax max (177e) {2.20)
GERAER) .
EIE

AKFkZREATBRTRIESERE, M mRREEMATEDRERE, me TmOA
TE, W
ICll.<Prmax(a, max (me) +a, max (Se max &ic)) (2.21)

A HCRRayleighf JRAEME
ap, o, (2.1T)Hi%E.
GBI ABE) .
it
FRHE BT ERNRRRE R ARRG, W
ICH. < max (me) +a, max (m.':tx ki) ) (2.22)

Hh o, <Pn.xéomax/@min
@, <S¢+ Prax+&/omir
it
NTFHRAZABL A na<8, HA1E



e X ® B B %

Hc“w <'§’aotmpm ' Allm . AXﬂL ' +6401H(Ay:,+Af,f,) (2.23)

N, tnR B KEE, on BB ERATRETRAEFTRORKE, Ayn M Ax-RETTI A
IR ZERBAE,

Etn . .
) Jm- HFEHE BN
- . .__'E_‘(l_v) tm, = N 3 ;ﬁ;.-—j?.\
l 147 (=20 A NFPEEMERR
s, v RS, ALZATRERGR/NME, ERMEKE
JIEE (hm=max (|Aym|, [Axml|) (2.29)
FilgA
(CN.- T (h2) (2.25)
Ferp Tm=~§—a0rmpm+128a,H (2.26)

3. H{EFLE

EREE 1, ZRNBELEAANC|HER. ATHRARZEEMEDOEE, BORET
DUERIRZ . 321 FIE 3 FHARTED Ao EEER. RITMEERE (&R3) BH
W T W R R A 572 19.09ke/em2(EE, 1967, 7, 29 E-Wigg X(0)=0.39), M
TR REN N ZRLGEZBIHEE & 7 30.9%, THEAYRE —25.7%. BAKERBHER
T, MIFEN T CRIEET)) $A30.9%, THURRD25.7%. SR, BHEKE WE IR
A .

4. HERGE

EEFRMNAAT HHICI 2. EEERNEIT BonaxTonin.
AEHREDRE R, BEFEARMOTEE, T ERPRTES K
PIKo; '

“’3=_q>'fﬂ$7 (2.27)
o
& O = MR R (2.28)
FommBRRAN(1s) R, Mk Rayleighs FIE, HFE—fg, WE
u’Ku/u”Mu= 0 min (2.29)

B UG TIR ST B0 8 B 1R, P2 MCSiME RTIN AR,  BO W] #E an T 3
1. BTN SR TR B 2R B s
2. B R R TR T e

Bidn, JAIEERKETIRE, BEFREM M. REFEEMFELEEN AEM RS

M,=M;-M (2.30)
+H Ms—>t }
nj M, >M (2.31)

WRVKT Rome. BAREEX



RS ART T
Mn—_-M;lM

Rh Mz Bx) M
Z Mzl N M,->M,
F1 RPHFRHREHOHENRRY, R2HBe. o REBVEESSR.

=1 AR SHRBUE(N =15)

~JA = w1 w3 w3 Wy I Wy 3 Pia oy

Bomts | 422628 | 407106 | 38.8608 | 37.1465 | 30.5300 | 8.8915 | 8.3916 | 7.7663 | €.8893

u, 0.1763711]-0 4340711 0.57557!|~0.23527%~0.16707°|—0.51657¢ 0. 5900 H--0.77817Y 0. 9946

Uy 0.26907° |—0.38077° | 0.45367%—0.137677|—0.56937¢|—0.61187"| 0,9906 {—0.72537%|—0.7491"

us 0.9941 |—0.92777' | 0.543871{—0.491572|—0.273675/—0.80987"|—u.647177| 0.55127% 0.24087°
Uy —0.10507% |—0.88167°¢ { 0.10197¢—0.792175—0.61507%—0.61247!|—-0.416271] 0.38967%( 0.12(972
us —0.63437' {—0.9510"1 | 0.9869 }—0.1058 }—0.26337% 0.40367% 0.14117°—0.14167*—0,30487'
us 0.47087¢ | 0.110973 [—0.102972—0.78277%—(.1234 0.78367% 0.21037%,—0.232073 ~0.48987*
u; 0.45177% | 0.140372 |—0.122071{—0.20777%—0.1408 |—0.79627%~0.170673) 0.21067¢ 0.3717°°
Ug 0.176672 | 0.70117% |—0.52527*|—0.1260 0.24377Y 0.93247% 0.172874--0.234975(--0.38997°
Uy -0.18717! |—0.2099 0.15847t 0.3608 0.4754 0.3818 0.130871'-0.2186 |—0.1¢067
Uyo —0.31327! |—0.3529 0.107871 0.4561 0.681371—0.5194 |--0.658072 0.4370 | 0.32017¢
LI 0.41667% | ©.4722 0,107872/—0.3078 0.4340 |—0.1960 0.28777%; 0.5584 E 0.407171
412 0.46577' |~0.5311 |—0.57097! —U.2274"!—0.1993 0.2308 0.F4437' (,5253 J (.38107
Uys 0.38047 | (1.4366 0.77767!! 0.3235 |—0.3267 0.5454 0.721671 0.3785 | 0.2697!
Uya —0.25397! |—-0.2935 |—0.7657°!/—0.4610 0.3969 0.3753 0.40857%) 0.1481 | 0.10937!
Uys 0.15267* | 0.1779 0.651572 () 4708 0.4791 0.89287 0.86737" 0-2278_’{ 0.162272

7 K&k ® E T ik

BFHBAMBERREN, ATHHEFHRLSHIAENIER, VEENTRORET
BEREBEERN.
EEANEZ te, HMERFGLERE. AELHEBRNERFREERL, BEERXN. PR
WIRARBIT A,
WNREMNBREE KB, ROTTHEFLBRER.
(1)___aM lP —GM lKu" “_'__u(l) _l_au(Z)

1

snrans

u® =M1 (Po—Kua_,— AtKug?, (3.1)
Un=Upn_ 2+9Af u(l)
A
a=0At/6"1®!

BERETIEEER

o(4)=1+0(AD (3.2)
FREFBR

Atoo<lN3 (3.3)

ST ERERRAMIERIE R, AT BRI 05 RDE. WRITHE D
T A



244 B B K B #% ® -
=2 TRIFRZERLEER THEERRETHER
‘, ! £=0.05 } £=0.15
1 | J ‘ l —_— e e
—_ | i | 7o _ “ i a0 } ‘_ — m,,_
1 | — -

1 ‘; { L 213 Rt 6.329 ' 0.354972
1 3 2 2.073 { 0.120572 6.221 0.36157#
; g 3 | 2.01% ‘ 0.12367 6.057 ; 0.370772
1 | 4 1.976 ‘ 0.12697? 5.930 i 0.377972
1 5 | 194 oot 5.85 | 0.28317
1 ] | 1.900 0.1302"? 5.702 1.390672
1 T | 1.848 0.133172 5.544 | 0.3994
1 8 : 1.805 0.135572 5.417 ‘ 0.406572
1 9 | 0.8134 0.19102 ! 2.439 | 0.573272
1 10 ! 0.7951 0.19202 | 2.385 ‘ 0.576272
1 1 ' 0.7668 0.193672 | 2.300 : 0.581072
1 12 0.7346 0.195472 2.203 0.5864™2
1 13 0.7001 0.1974°2 2,100, 0.59227
1 14 0.6560 0.199872 ! 1.968 ‘ 0.69967?
1 15 ! 0.5923 0.203472 1,777 0.610372
H H { {

8 1 f 1.805 0.136672 5.417 0.4065"2
8 2 ‘ 1.776 0.138472 5.330 0.4152"
8 3 L7386 0.1424"2 5.210 0.42737¢
8 | 4 ‘ 1.705 0.145672 5.116 0.4368°¢
8 ! 5 | 1.684 0.147972 5.045 0.4439 *
8 6 ? 1.648 0.151372 4.945 0.4540"
8 1 1.608 0.15532 4.828 0.4669" ¢
8 | 8 1.576 0.158572 4.730 0.47667
8 ! 9 0.7632 0.240372 2.289 0.7121072
8 | 10 0.7473 0.24192 2.241 0.72587¢
8 11 0.1222 0.244472 2.166 0.7334"2
8 12 0.6935 0.2473"2 2.081 0.742172
8 13 0.6627 0.250472 1.088 0.751372
8 14 0.6231 0.2544"¢ 1.869 0.763372
8 15 0.5654 0.260272 1.696 0.7807"2
16 1 0.5923 0.2034™2 1.771 0.610672
16 2 0.5892 0.2100~2 1.767 0.630272
15 3 0.5847 0.219572 1.754 0.658672
15 4 0.5811 0.227072 1.748 0.681273
15 5 0.5783 0.232972 | 1.735 ().698872
15 ‘ 6 0.5743 0.241372 | 1.723 0.72407?
15 1 0.5694 0.25167% | 1.708 0.754972
15 8 0.5654 0.260272 | 1.696 0.7807 "2
15 3 9 ] 0.4090 0.589672 . 1.221 0.1768
15 f 10 0.4044  © 0.59937 1.213 0.1798"¢
16 f 1 0.399 | 0.61607% | 1.190 0.18457
15 | 12 0.3881 1 0.6335"2 ! 1.164 : 0.190171
15 13 0.3783 i 0.654472 | 1.135 0.19637
i ! 14 0.3650 | 0.682372 t 1.095  0.20467
15 | 15 0.3444 | 0.12577% | 1,033 ; 0.2177°1




_ z‘;bmﬂfé%&&ﬁﬂ%ﬁlﬁfp?k 245
*3 MEo, EeEsH (FTREREAR)
s | a=0 ao=2.95T | [BREW | T | ‘
BLRE l a1 =0 3f=0.591x10-3;_ F@_%@h | %@25/” | IF
77(6 ® ‘ 6)] ! @ ) ® : 7
m T 4 | 1286 | 0.888 0.3974 | 30.9 f Ao
t 10 5.240 3.697 1543 | 294 |
i 16 8.798 6.301 2.498 28.3 |
24 12.76 9.356 3.404 26.6
37 19.09 14.28 4.81 25.1
54 13.72 10.43 3.29 23.5
86 11.45 8.855 2.595 22.6
17 10.43 8.274 2.156 20.6
113 9.264 7.545 1.719 18.5
130 6.517 5.514 1.003 16.3
145 4.622 4.125 0.497 10.7
165 3.776 3.525 0.251 6.66
205 3.051 2.912 0.139 4.5
230 2.561 2.466 0.095 3.7
255 2.0567 2.092 —0.035 —-1.7 A RGN
304 1.748 1.859 -0.113 —6.4
335 1.426 1.566 —0.14 —9.8
371 1.128 1.273 —0.145 —12.8
i " 0.9847 1.134 ~0.149 ~16.1
I S 0.8208 | 1.0 | =021 | -%.T
E: BENZ i=0.2155¢c (MEENBKREFHN %) .=18, 5=6, 0,=0.247 (T-M-Sec)
Va,1=Q+G,Va T &REER (3.4)
AVn+l=q+GlAVn H?qtﬁﬁ%a (3-5)
VERBEEEY, G MG FRRERERE.
AVRREEME, QB RETEMTRINE.
CIR RN
# C=I+MC REXNRIERE, ME{AV. RS TR{AV}, B
lim||AV.—AV|| -0 (3.6)
.
AV, —AV[|<-To-I1AV,— AV| (3.7)

EXANRANGEH, HAVSRILAVRB/NFEE R AR, Mk SRR,
82 £ X &

[1] Houbolt, I, C,, A Recurrence matrix for the dynamic response of elastic aircraft,
J. Aeronaut, Sci,, 17 (1950), 540-550.

[2] Newmark, N, M,, A method of computation for structural dynamics, Proc, Am,
Soc, Civ. Eng., 85, EM3 (1959), 67—94.

{3] Chan, S, P, and H, L, Cox, Transient analysis of forced vibrations of complete
structural-mechanical systems, JLR,k Aeronaut, Soc,, 66(1962),457—460,

[4] Gurtin, M, E_, Variational Principles for linear elasto-dynamics, Archs, Ration,



248 %ﬁ ® lﬂifé ®

Mech, Analysis, 16 (1964), 34—50.

[5] Wilson, E, L,, A computer program for the dynamic stress analysis of underground
structures, Report No, §3—1, Univ, of Calif, Berkeley,(1968).

{61 Zienkiewicz, O, C,, A new look at the Newmark, Houbolt and other time stepping
formulas. A weighted residual approach, FEarth, Eng  Stru, Dyns., 5, (1977),
413—418,

(7] Hilber, H, M, , Collocation dissipation and ‘oversroot’ for time intergration schemes
in strctural dynamics, EARTH, ENG, and STRU, DYNA,, 6(1978), 99—111.

{ 8] Richmyer, Robert D, , Difference Methods for Initial-Value Problems, Interscience
Publishers, New York(1967).

(91 &b, <BHaERART (1978).

(10] Connor, J, J., «iithizhmBHRITER> (1976).

(117 #HHEH HRER. TRY ARE BB, GRITESAST, £BU IIRARS TS (1973),748,

[12) oW, BRER. BHEES, FRILKERBERIMNANKER, BRANSBUIFRIGE,
mEREE, 17, 2(1974).

(131 #%5fn, PR, HHEFKSE, FELKEBFRBBNBENN, HRERAES—-BEFERATE 2R
% (1975),

[14] BEZ HHEEROERETE BERITER (1975).

(151 #2peotspr, BURYS, FEEZRIERMEMBIOYAHFHHR (1978).

{161 BRZFE, DEFMBHAFAERTE, NAKERMIE 1, 1(1980).

[17] Whiteman, J, R,, The Mathematics of Finile Elements and Applications, Academic
Press, London and New York(1972).

Damping Feature of Dynamic Problem and “Velocity”
Finite Element Method

Yang Zhen-rony Yan Rong-ling
(Computer Centre, Academia Sinica, Beijing)

Abstract

In order to reduce the amount of computation and storage of dynamic problem, this
paper based on [16] is to analyse damping feature, and study the relations among the
damping and the material as well as frequencies and the size of mesh of finite element,
give the estimation theorem of maximum norm and a corollary,

Examples have been analyzed numerically, with limited sorm, The influnce of damping
on the dynamic tense stress is assumed to be limited in value, but it can be both positive
and negative,

This means that to consider damping as always tending to decrease the stress incline is
incorrect,

The feature of “velocity” finite element method is summarized further in the paper,

Some mecessary numerical results are given in the appendix,



