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This paper discuses improvement in computational performance of the 3-D distinct el-

ement method for the tunnel blasting analysis. For this purpose, the time increment in

time integration method is set adaptively to each element based on its velocity, so that

the computation time can be saved. To make ensure the dynamical consistency under

different time increments, the time integration is achieved in terms of the impulse. Fur-

ther enhancement is attempted by parallelizing the calculation process of contact force

between elements. Homogenization of computation time is achieved by optimizing the el-

ement allocation to each processor based on the performance in the previous time interval.

Through numerical examples, efficiency of the proposed methods is validated.
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(a) normal (b) tangential

Fig.1 Contact units between vertices

Fig.2 Relative displacement and local coordinate system
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Fig.3 Failure model in shear stress

(73 I
f i \k 7
kn/
H '
§ Uy
/ ug Uy

Fig.4 Failure model in normal stress
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Fig.6 Time integration with different time increments

9, 1 DORFE S MIC B 5 EEB IO FF AR RK
e %, ZEMEHKELUEZMHEIZHEETS. ZOFT, i &
RO YA 5 % B KME Ato ICREL, TNEEE 1/2
ELUTWE, BREE |vi| 25 Aty < £/ |vi| & BT TR
NEPRET .

WRMBEMIE, Bt &N OBEHRREL & A —HT
LAY FMT 5. A X Fig6 DRIC 1 HE 2/BOHE
HEEMEEZ 2 256, 2HBERDORL to = t 1I2B W THSf
NF 2RKDB. 8, MhO@ITEEROREFME D RZIT
HbH. EL, 1 BREZOKMBS 2T 5HAE 64 TH DY,
PERIETIE 61 B W T OAEMAHFEAT S 5. K84
DAR—=BUZ &2 ZORGFRMES LOMELZ RHT 2720
12, Wil o (I2 B B BT ISR 5 % #0072 T Fio At
EMBEODNBRIIMAT S HEELHS. ZNIED, i BE
FOBRBEOMZ t, TTO1ATY TRICYZERICINE X
NEHMOBMS, ZHWT, RAD LI ICEEEH 217 5.

Si

ms

k1 k
vith=vi+

3)

ZIT, vV BEEOEE+ 1 AT Y THOEE, m;
BERTHS. &b, BEEEDIZOWTHRMKIZU TEER
5.
3.2. GtEDIFIE

E B R O X 5 72 2 3R RHEEMHEE L LT, MPI 4
HUZ & B W HIFHRIC D WTHRET T 5. 3 ZESE MR O M 514k
I, REL D CHESEE L, BEAEH RO 5L
kD HENREZSND. §IE LR T-HEAER O KB %
FITHKRELTED, AE)AMBREEAD TRPBRET SN
Tz D, l, FEERN T, Mh < BEfEX 2 sk
FWAEEICREI NS, ZDROD, FHAME L, EHEY 1
RAEFWAEBEDOAMMPBET DI EDNEEL VS, —F
TEERBEARILTULES WV EIZES . fEoT, ik
DENC L BVERAR N ENRELIT D 2 RAES TR
{, TOFFEIIFERMBITEL CWiRWeEZ NS, T2
T, AW TR EEANGFERR O M H L K SRITHET 5.
EMBELIRT ORNE % Fig.7 1253, TR O KK
disd, HDM b o] B 72 fE i 13 B 5 M AloH 8 B & OV REfiloh
FRTHD. KM T, BYIZEAEINRELS, BIE
EZUNMTLIETCORBREHETI2HELHD. FiHD
RIETIE, REZICHEMUTVWAEEIHEEL TWEED,
DR 2 MFNTIT O BRIZ, &£ 7 uky iz Uillhaigs
WWEFZEEZE DY THIERW. LiL, BEDRETI,

parallel
computation

=il

Fig.7 Flowchart of DE analysis
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Fig. 10 Analysis domain and its discretization
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Fig.11 Pressure waveform

Table 1 Parameters in DE-analysis

Density 2390(kg/m?)
Adhesive stress 6.66(MPa)
Coeflicient of friction 0.58
Energy release rate of fracture 99.67(N/m)
pre-fracture

Spring constant (normal) 450(GN/m?)
Spring constant (tangent) 90(GN/m?)
Damping coefficient (normal)  22.6(MN-s/m?)
Damping coefficient (tangent)  10.1(MN-s/m?)

post-fracture
Spring constant (normal)

1.5(GN/m)

Damping coefficient (normal) 3.08(MN-s/m)
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(a) Numerical result
(t=0.001s)

(b) Experimental result
(t=0.02s)

Fig. 12 Comparison of numerical and experimental results
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