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Abstract

The viscoelastic equation is one of the main mathematical and physical equations for studying seismic
waves and fracture mechanics problems. To uniformly and precisely solve for the approximate solu-
tions of displacement u and velocity U, in space-time, by analyzing the equation’s properties, in-
termediate variables ¢ =u, areintroduced to reformulate the original problem as a system of equa-

tions. Then, a temporally discontinuous space-time finite element framework is established to obtain
the approximate solutions of both displacement and velocity fields. By using finite element analysis
and combining with Lagrange interpolation based on Radau integration nodes, the optimal error es-

timation of displacement with respect to the L ([0 T ] TH! (Q)) -norm and velocity with respect to the

L ([0 T ] L2 (Q)) -norm is derived. Finally, a numerical example was provided to demonstrate the fea-

sibility of the method and the rationality of the theoretical results of the error analysis.
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PtE, BC, ::(3e2°tn+2)]/2 . Hﬂﬂi“J ,710 “_o Rk, <M, 3%
<cC,, {Z (ck max +ck2 (
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+ "VE(;Hl
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m
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m
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@|f . ‘Aum) ?

] Z}M
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2q
) lh+ckm (

) mD} +ck#20nm{mn_l
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]

m
2 }1/2
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r+Lh
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J |:771 }

(22 HIE. FKIEAIE23), 7EHo(Q) . Vv 5|V %, ||V(u—U)||S||VEO||+||V,00||, FIFH 5| 2
3215

HA|lo-Z|<|E|+|e» FIFEIH 3.2 15
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hm O-t

max||a Z||<cC {max max(

osmsn I,

r+l,h

+“Au

+“Vu @)

+|ac |+ o))+ N, max

Lm<n

r

max [u—U|, <cC {max max( hio,|  +[hiu )+ max k¢ max(“o- (@)
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5. BEHESG
G BN —YEL MR BB A E BB S, TSR T VR R 22 70 M7 45 R A & B
ot —Uy = F(X,t), x€[0,0.5],te(0,1]
u(0,t)=0,u(Lt)=0, te[0,1] (24)
u(x,0)=sin(2nx), xe[0,0.5]
HAREAE N u(x.t)=e"sin(2nx), f(xt)=e"sin(2nx). fEHUE T HERE S, 0 ERH R0,
I 1] _E R 2 1 22 A D 68 R 4

2 1 rpoRG i ) (24)EP, 2 () EHCRE 2 PRk =0.001, i) EHCGEK 5008 h =1/8,1/16,1/32
I, ALFEI |u - U||L orl )%Diﬁifﬁlﬁ||a—z||Lw([0yT]YLz(Q))E@Ll&cﬁﬂﬁ%ui%%mh M AT, B 2 (P K

hTﬁﬁ#%ﬁﬁJWth”ﬂwmﬁﬁwﬁﬁ—m,k—ﬂmmﬂw%WﬁM%ﬁ:M,w%?%
RIS, SERHE S LR &

U, —u

Table 1. The time step k =0.001, the error and convergence order in the spatial direction
F* 1. BHESA k =0.001 B, =Z=(8)75 16 EIRZ= R Esi

h [0 =Vl oryie e lo =2l pory 2 &
1/8 7.0555e-01 2.7778e—02
1/16 3.5529e-01 0.9897 7.0153e-03 1.9854
1/32 1.7796e—01 0.9974 1.7583e—-03 1.9963

7 2 A E A AP K h = 0.0005 I, TN () AP 7 0 B k =1/2,1/4,1/8 ), 3ol 1 (RS T
Ju-U]. ﬁuiﬁéﬁbﬁ”a—z"ﬁ )E@W@zmu&ﬁ%mﬂ R ATE, BEERT DK k AW

(loTIHY () (loT] (@)
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LRI, o o)) MCOPT I E — W RAVEL, iR Ay B4 A 4
SRR, ZISIFﬁTmHjEI‘J TDG-TSFE #¢ SRS SR AR 5, 00 T 2R S 10 IE
Witk SEAh, LRI 2 40 BIRIL h =140,k =120 Y, AEHT AR RIHLAE ARG B I Bkt L B

Table 2. The spatial step h=0.0005, the error and convergence order in the time direction
F= 2. AP h=0.0005 B, BiE)75[a)_EiRZ=FAUT SO

k ||U -u |||_°° (l0T]HY@) esidiny "U -Z ||L°°([0,T],LZ(Q)) s gty
1/2 9.6107e—02 1.5454e—-02
1/4 2.8251e—02 1.7663 4.5121e—03 1.7761
1/8 8.1389¢-03 1.7954 1.2198e—-03 1.8871
1 B
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Figure 1. Comparison chart of the exact solution u and the numerical solution U
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Figure 2. Comparison chart of the exact solution o and the numerical solution Z
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FUEH] TR ESWTE RGN . HITASC R R TR NS TE o S IHFRA PRz 07 R
FF AL Ak g ) 5, IR Brouwer ANzl a2 # . Gronwall 51 BEAN Lipschitz 254217 R 1 2 #t
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