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Effect of Rock Damage Induced by Blasting on Tunnel Stability
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SYNOPSIS : Rock damage induced by blasting can not be avoided during tunnel construction
and may affect tunnel stability. But the mutual interaction between tunnel blasting design and
tunnel stability design is generally not considered. Therefore this study propose a methodology to
take into considration the results of the blasting damage in tunnel stability design. Rock damage is
evaluated by dynamic numerical analysis for the most common blasting pattern adopted in road
tunnel. Damage zone is determined by using the continuum damage model which is expressed as a
function of volumetric strain. And the damage effect is taken into account by the damaged rock
stiffness and the damaged failure criteria in tunnel stability assessment. The extend of plastic zone
and deformation increase compared to the case of not considering blast-induced rock damage.
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Hdds 24 202 Aste] FHAH FHod dEL(rock damage)o] LA T FREER
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TH Foz Qe grtEio] TR glon gwrEFGoez e EEUAGC AdE AT
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AatE L § B(stress wave)dl 23 FAHFH sty M2 2@ete BAsAIT ThAgE
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damage mechanics)® EFAFE  AHEstq  AFFHEAT. FAHEH FAHHAM FHr|E2
Zhou(2000)7} Aitd FAFAH7ES ALt GH2 Qg dutEgo = Qlto R (stiffness)
7 92 7] & (failure criteria)e] W3Hgot ¢ubdg wigde TEE R @& FAFE MPE €T Lin
¢} Katsabanis(1997)9] FAWAA S ALsgon 4indriE Wate S4E ¢ AAZ=ASF
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2. WTSIEY Yy MR
2.1 Wnsts

waFe PARAN U VHAZ, OASYIAZA0D PR & Atk WRAEAY wael
T A7l g4I dRAARY JASEA i 4&3—5, AFREYPH, TTHFRLEYEHES FHL51d
A (1), (2% Zo] 78 F Y FAE A" 28 7 4 AvH(Kim, 2001).
_ _D 20— by
uy = ST+ 327 A=(g5) 7] (1)
px = pm. ux. CS (2)
¢, = c+Ku, 3

A7NN, up o Den D VA& E, 545 AREE, @h3Re] wr
4, WU WE LRAY, gB 2ARIT, ¢ K= 474 FA% SRS YRS U G u
Agsolm dgos ARHE g SN ol

A E W (decoupling) FAZAS] WHsEE YWHOE A2 HAY 5,9 2OR =7): Abel-Novelol
Aere A Ao ZRE 4 @sh 2ol P 4 UTHEAH, 1993).
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AN, f L, e, V, D/ 2427t 3teke] vloyz], Fw, FEE(covolume), TatF £, dAZFHY A
ol
22 Wnsizol ity &Mu

WaletFEe wutg 2 FEgutdA A3 (shock wave)FH 2 AFHT YR F22 Astd A&
A, gy ez gubulo AaEg. duFolM Al wet duEHE ¥ Fee 219 19 2o
(Henrych, 1979).

sty 22 FAsFo GNUE Adgste A, AN EL FHIEAZIEES HE5H
oF sttt} Zhao(2000)€ BL X AIPS A Pste 4(6)37% &2 Hoek-Brown ##7|&E& A¢Hst A

01— 03+ ch(mo‘g/acd-i- 1.0)0.5 6)

A7NN, 6., 03, mE 3 Y ¢4, & F¢¥ Hoek-Brown #37|F Aot ¢, 53 95
7 Eol AN 2ot A&l 77}2 R o E S A i e =

6= Alog(dld.) + o, (7

A7, Gy 0, A, 6= 27 A AFAFEMPas), JAARNT AFAZEE(MPa), ABAS, 9
ARHHE Askgol
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3. WOz oI gtutma|e} &4
3.1 WnE F9 etutna)

Whittaker 5(1992)> Wa}g F9 A 9dS 29 29 Zo] 3 crushed annulus), 4] di(frature
zone), TP d|(fragment formation zone)Z FE3IHT} ke Tukd £& o) o FAde} & - AP
7}2g bt MAAAA =i Z AAAUEHS YEllle E4 3 (crushing annulus) S AT B 9jgdod
AN FAg= SHINDET F2 £A4ThE Hgste duibde] MatEEA uhde] AT EE TAATI L
AFgddol 4t YHEECZ g e FAd(fracture zone)E FAst FoF 7f2QtE S 7EE S IF
st} A 2 S FJANA LRETHE FAANAY old FEEL ME FHHAY & 2943 #
A3 vt ZAGH-g A Hol tgdt Av]e guESo R gadn.
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A& Q3tnt A G| ZASIY Liug}d Katsabanis(1997)= S8t 739 A< hute] disly
A&A] £4EDE ANSFAT ARG E07 TIIVETFCE ol 3 A4A &4RdE AMgsto 4nz
A3t hiked =g AFsletn &4999 HAE 78 4 Aok FEEETSTE AT TG A®)

Co= [aB(6—0,)*'tbat+ [a(6—06,)%at (®)

A7\M, a B AR FFR 6§60 A7 TAAARNFE, AP dF AHEFE Wse

(volumetric strain rate)e]t}.
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gubEgel rugAol MAE 9B AFI] A5l FAGH FAARAGAN 3 & (the
probability of frature) p& AH&ate] &4ALDE A(O)% Lol FF 4 Uk webA shuragol o
AN HAE dge 40107 2ol & 4 3tk
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3.3 =48 giite] maI|E

Serafim¥} Pereira(1983)c ®7|x &ite] Hald & vt A WIATES DB EXFGS], RMRS] &
AE A )T 2o] ALEATHY, 0:<100MPa, GSP>2591 73-%). (1003 H(ADNE o83t &8 outel A
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_.|_%c . ( 0 )__ _Oc (RMIZO—IS) 1
E,=\{ 15 -~ 10 =V0 0 (D
GSI, = 40 log(E(l D) )+10 (12)

A714 o= gAY dEAFHEEH.
B A4 oA AL HE 9o Hoek-Brown 33 7)&42 2(13)3 2}

oy =03to0, (mb03 +s)a 13)
A71M, 6.5 gH dFYFFEND mp, s, av G THFY EISY LR wWE GFEorh
ol A2 NAZFERFE oj&3styd Yl E 13 o &4d dutol 44 dEGEPest 3
A g Z1AEH GSIYAlY GSLE didste &89 e mug, sq, aad T8 F AT o]E 4
(13)e]] tigdsled &4 ¢t Hoek-Brown 37| E4 & 48 F+ ¢
¥ 1. Hoek-Brown &3 7| &9 Al m,, S, a
” s a
§ GSI> 25 GSI<25 GSD 25 GSI<25
m, =mfexp(G—Slzg—lw) s=exp( GSIg~100) 0 0.5 a=0.65— %SOI
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ZF T gukEAe ez a¥ 3nFo] AF 44 AHE FuF 3MLE BREHSAT FX8
4 oAt Aashel] 98 ARRHE, 243718 AMegon BE AARE ¢ WAl o8 FAL
WA s Y5 FRARAZREES ALt wEtA AA dgelx e diAbge] 9F A uy] g
o] AFdlA m#atx] gkt
v
Contour Hole
T Remaining Rock
{,L Excavation Line
410cm T i Excavaion Area
Stopping Hole
.

¢_ 470cm *
3 3. 2437 g3 fees 24

& FR(Gurit)E HUAZHZASL F FAZAL AHA(Emulsion) S LAt
® 29 o AAUA GarEAXNE Aodure v|Esld B 33 Zo

H 2 WnstE 3ot TEAIZ

ot g P OAZZZFA=zA
pp(GPa) ».(GPa) »,(GPa) tp(lsec) p,(MPa) »,(MPa) tp(usec)
8.29 6.25 1.58 115 151.6 51.8 93.3

£ 3. sl Mdola etuh SA%

EDEX: Ggug Ax | 2499 A% ToaH] T FESH
(o, , glcm®) ( E,p, , GPa) (E,, , GPa) (v) (o, , MPa)
26 25 6.3 0.23 100
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A 233 A BUA AR 5Tk Dun SAA] Al S0 T QA RT RS Do G
2347 wosEe 455 9P nePy] Btk AA B BAYHE AfE WAkt 9, Lot
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1)}
obgul, HUAF, AN YFYSPES W
(D=0.2), 2(D=0.5)2 TE3¥2en D=0.5, 029 of
(14), (15)%} 2k

—

0.5
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c 0.5
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