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MBC analysis for rock mass behavior in excavating research shafts and
galleries in consideration of Excavation Damaged Zone

Takayuki Mori*, Seiji Morikawa**, Kazuto Tabei** Keita Fwano*

Abstract

JNC Tono Geoscience Center planed a comprehensive geoscientific research program
for the construction of an underground research laboratory in order to conduct the research
and evaluation of geological environment.

So far, based on mechanical data from 1,000-m borehole tests, several numerical analysis
models, which consider the behavior of joints in a rock mass, have been applied to this site,
and the discontinuous rock behavior around the shafts and galleries has been predicted.
However, none of these analyses considered the “Excavation Damaged Zone™ .

In this study, in order to grasp the extent of the Excavation Disturbed Zone, MBC
analysis considering the Excavation Damaged Zone was carried out and the following
results were obtained,

1. Using several parameters relevant to the rock and joints, a parametric study was
performed to verify the effect on and sensitivity of the behavior of the Excavation
Disturbed Zone. The results showed that joint frequency and Young’s modulus of
the rock were much effective parameters.

2, Based on the parametric study, several analyses for shaft and gallery were
conducted. As the joint density increased and the area of the Excavation Damaged
Zone expanded, the joint opening area increased and the equivalent shear stiffness
decreased.

3. Two contrasting cases were also analyzed: one was assumed that pre-existing
joints progress in the Excavation Damaged Zone, and the other assumed that
joints tangential to the excavation wall are generated in the Excavation Damaged
Zone. It was found that Excavation Damaged Zone tends to be larger in the former
case than the lafter case.

4. From these results, prediction analysis for Excavation Disturbed Zone considering
the Excavation Damaged Zone was found to be practical. Through the in-situ
monitoring data for shafts and galleries, the validity of these analyses will be
verified.

This work was performed by Kajima Corporation under contract with Japan Nuclear Cycle
Development Institute,
JNC Liaison : Tono Geoscience Center, Mizunami Underground Research Laborairy,
Underground Research Group
*: Kajima Technical Research Institute, Kajima Corporation
*% : IT Solution Department , Kajima Corporation
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T RAREOEREATHY &/, 7/ FEREETIREBOTANEICEATS
ERARB L ESRFAOBFINEEETH S,

=5 tang, & <0 (3. 1. 3)

R

tod &Y

E3. 1. 2 ERZETIEREERTH

Fi, BRO—FOETHEABITRONELCTEE, OB TRAROBONES
B, ANVATU—IZREZBOERELTWS, -T, BELEBIERTEER
BRI - SRR OYIGES AT, Ac) BAROTAWEICERT 3N
HWoeaHAWTROLIITREINS,

AE,;'=%—(AE;T'tana+A5:') (3. 1. 4)

AT =%(A3§'-Aa",{'tana) (3. 1. 5)

X TaldBRATHD, BAMTARDEZRILTWERE, TRVZEUCTVWSER
BT BHENEMIROEEERZFH T HOEFEELTWS,




_ ~Ac/ tang a>0
Aol = "
Aorf'tanqb a <0

(3. 1. 6)
EBIT, TRYZELCTWAHEICBTBEMAESE, BAKGROTRODHEED
T, ERAAICREMNZECRENWSO LTS, CHRBIMRS 1 L1 7—a »nE
BEZRRICKB T A LA FT—2a VITHATHEL, ERTEZNSTHS, ZhiZ
&0, BROENEMBLOER - BREMORS (AR ] AE)ETNDEIHT S
B - g MR (Al ], Al JORBRIRRO LS ITRENS.

Az’ |= Az Jsine (3. 1. 7)
Az’ |= Alz? ]cosa (3. 1. 8)
Alz” |=0 (3. 1. 9)

3. 1. 4 BRESUEBOIN - OVFHEE
BRESUEROEN  OTHERIIUTOL S CHEOBRADEEELE 2 LIZ
LOHAZND, M3. 1. 3IGRTEICHS L DORBAFICERL, TOREE
BETHREEMAE—ME BT, THIOTERES CTHB IS AT 5, ZL
TABETRAF MEALTRAD0ETS, ZOME () % b) AREEERL
B—2RE), ( MBRZVEWEAY Y MEE] |, @ M DHEINZABORME]
D 3DITHTB. TTT, MEQIBITBAY v b OEMLEAIES O AT | &2
Uy MZUEFT 2 TS AT - AT DBIRRRCRAIEIZ LV U TO LS ItE45
hs.

AT, -AF! =K Az’ | (3. 1. 10)
AT, - AT =K Alz] (3. 1. 1D
CITK,, KBRENTNAROERIR, #RAHOROBHETSH Y,
_I?:",,=)b:§/2 (3. 1. 12)
I?,=Ig§/—2— (3. 1. 13)

EEHEND, TIT, ERBFICH LU TEELSERE, G REROSMERETA
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BRIETH Y, £ ZAROREYTHETH 2, BROTHERESR, BRORERTEE
BROEFBUZRTINIA I OEEERIRETH DA, BHOHERMEERT/ITA
—YIERENICEZAEL TEDH I EEFEL S, BROTEESFBDREL A2z,
ITR, TOMEEYTELLTAWTVS, £k, 2 BT » FEROWIKIC

B 2EBRILONT AT THS,
AT AT

Ac?
LS ITLTE ) = AR

{a) Original problem (b} Homogeneous problem

+
ATLATI ~ AT
—]

(c) Sub-preblem {d) Cut-out joint

H3. 1. 3 HEOCERGLHE

EMNOBEESEEERZETS E, &R EA) vy MBI 2WHFEOHMNEMBIED T
L L 2Uhidisinn,

Alz? ]= Al ] (3. 1. 14)

n n

Alz: )= Al ] (3. 1. 15)

CZT, Alm | B& VAR EENTNREOERITMB & CEHRTR OB EAIES O
FEHETHS. R(3. 1. 4)~R(3. 1. IDEERITHHILD, BROTND
H L OB BT OFHENEGIN N E S OREE L TRO NS, TORE, m &
Ho®ZRty ~OFIGHENEMBIIE,

_ ~—(m) —(m)
A[u,f(’") =Y™Ao, +Y™Ao, (3. 1. 16)
A[—J(m)]__ YA Ly mpASe

u!™M|=Y"A0,  +Y Ao (3. 1. 17

ERESD, TTTac, ac P EEEBAMAO m BEOBE Y MW 32EERT
VAN THD, Yo, Yo, y;m)&[ﬁﬁm} I3

tan ™ + tan ™

Y = — sin ‘™ (3. 1. 18
K
_ (m) (m)
Y;gu) = : tangﬁ—(m)tano! sine ™ (3. 1. 19)
K



tan ¢ + tan o™ .

VA — cos o (3. 1. 120
K
— tan 6™ tap g™
ym -1 g 1% s (3. 1.2
K
E™ =KV sina™ (tan g™ + tana™) + K+ cosa™ (1- tang™ tana ™)
(3. 1. 22)

BB, B, ™R3, 1. 12, (3. 1. 1) THABN3, chickb, =(3.

1. 1)0% 2 ROBROERICLSFFOTHELNFEI NS, INZ2ARDT
Fd™ E2EEL, v b7 AERTHE,

(A% | 00 0 00 01fach)
Aen 00 0 00 0 ||aon
<AE§3:* =___]_~__ 0 0 YnE:m) 0 0 Yn(sm) *Aggs:_ (3. 1. 23
vsd 00 0 00 0|5
=N I R a4 | =

L7x5, B3, 1. )EREEEICERL T, FHGHES 0T 585 0BG
27 VU NERTHIE,

A =S DLET,G AT, (3. 1. 20
(3. 1. 1)ER(3. 1. 20,5
A%—=[D§H+ZD,§H(E‘"’,E"”’) AG, (3. 1. 25

BT, ARESUABOERNERI 7517 A, &Rty hoFrizkt
THEROEMEBEAME ZEMBEAKRIEE" OBEK LS. LaLads, Rd
KBNWTINGERATHY, AREZFUEROBRAEZHITZITEET, 7%
EDDINENRDD, HH - FHVCHEE”, ¢ 2UTOFETEELTWS,

£7, BRHOMNENHEIETICH 20, BENAEEEERIZH2bDEL, R(3.
1. 20)DE™, MR TABREEHOEEEEK E, HTANEEEHE G ICTBEEMA TS
B2TH, BRENISTSAT ATV ERD B, KRIZ, TORDSNEHGE
BOALTIAT ATV e REMRESEPICAREHIbOELT, F8EE
v MIHTSHE", ¢TEREFEL, BE, R(3. 1. X IBRNZERNI S TS5A
TUAT IR ENS, LEOBERFEEZELDTRI. 1. 4ITRT,



PaqAyrOALTIATARMI I (T
{1 hrEAETAZROILTSAT R) ICH
R B,
— E — G
K“‘16(1_v2)’K5 16(1-v)

3nd, x(2-v)L

0 0 o0
[cFl-=lo ¥, .

0Y Y.
BL. Y, ¥, Y, T 2K, K. ¢. caDEK

-

TPaA bR T AT LATRY IR
[CF & R ERA N b EHERERITERL, A
HEBAFOATS5SATF AT M) v i AICE)i
Bhgbis,
(BRHOEBEEBRT M) vy 72 [T

13
[crF =z} -lcF ]z ]

[c]=[c,]+[cFF]
(7L, B£0HEE. [CFFl=[o0D
N

[cel=[z.}[c}Hz.T
(OTFROBESHY MU v I X 1 [Td
[CGINEBEYaf OO TSATFT AT
r) w7 Z[CF1 &R B
0 0 0
0 Y, Y,
0 Y, Y,

'{E-b‘ Ynn' Yns’ st’ Yss I'i (b « U @EE&

[eF]==

(ﬁﬁm%%%ﬁvhu;&z [T
[cFr]-[1.JcF](z,]

[c]=lc; ]+[cFF]
(2L, BEOHE, [CFFI= o)

3. 1. 4 EHRMNSBEIVTSAT U AOEEFIE?



3. 1. 5 MBCEFILDIH

MBC EFNVREMERETCTINO—DTHY, AROVBABITRD - BHOD
On Off CXONA YU ZTRORS - 0T #BEHEERT, £/, MBC TIHERZEX 3.
1. 2ITRLEXDIC, BREFLEETNELTVWSDT, BHOBAKTADIZX
D, F1U1T7—3alzZTa8ERH5, BTIR, SHEIIOWTERS,

(1) HEERETTI

ERFTOBECHE LV LAREHITICROE S FRICE 2EE S, —DIiF
Hx DBERHZERLE LU TETIMETZHETHD, 5 1 DEIBRE2FDEREZEM
HEFRICBEMA DEMEREETIN EERSETH B, MBC EF IMISMERET
FNO—ETHYD, EXIcHi--> T4 0BEBETTIMELL, FOEFICEIE
REBENICBWTESERERZTOI 2 &IcLY, ERNEEBRAEZRDTHS, Z0O#
R EMZERAED—RIZBITHHBOBHEEA5 DL L TRITZToTWS,

(2) " YUZ7ROERR

MBC 5, ®3. 1. 5 0EH7O—ICRT LD, BEROBAMTRD - B
0D On - Off ik DN )7 ROBEEHETSH, DFED, AENSEARTRD -
BO7T3ROaBIIABEERORE 2B OSFEEETH 2, A 2EOEBRON
AVEBROBEREITEL, AENEABNTRD - BOLABRIEAROERICL DHEI
HAMERTT 5. lH 5 MEHEESBEENRE L ASHEOSMERETTIIVICKSER
BITFREROLLBEZIT>Tw5, MREERRES3. 1. 6IRTIIICKEERo,=3
MPa, $HEISF1g=5MPa DM ARENSKFEIET o, % 0 TR SR DL
HORBZREL TS, ABRERALES 30° , £E%B60° , A%B560° 03ty
FZERELTWS, BERO—AZ2K3. 1. TIRT. o.=1.29MPa Dk T,
RELEBRESBRB/NINoAES 60° OAENTROES2EZLTEREREA
L, TN DSBS TN VDT HOEWREEZ L THhAENH 5. K 3.
1. 7HiZH5 NAPIVWBROKBEZER L 20T &8k E 7 )l Nonlinear
Analysis Program Including Softening), EQM243 11w 7 R )V bEIR %2 & BATRE/S S
E#t T T )V (EQuivalent Rock-bolt Model), MYM®ISE &R E 7)1 (Multiple Yield
Model), CTM®Z > Fw 757 2 WEF N (Crack Tensor Model), DTMP{EET >/
I EF IV (Damage Tensor ModeD) %3,
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3. 1. 6 BFRE? 3. 1. 7 BA-OFHER?

(3) #1v45F—>a>»

MBCEFIV T, K3. 1. 8IZFRTLIBEREEFTIAREREL TS0,
BAETH(3. 1. NORTEEEEMMEINEZRZ, TOETEARKT DL
BL, BFIOETIRBEOTA205M 15 —afEL3, Z0L5IZ, MBCEF
VT, EFEEATICIBWTHARZEORAKMITRDICXVEORSANERETE S,

FERAOU A<D
iTE B HBEE
TABT RO BABTRDE

3. 1. 8 M AT7—2a>rDA A%

3. 1. 68 MBCEFIDHNIA—-FLERBIEORMR

3. 1. 5 (2) TMBCEFNWENAVZTHOBRRXTHD iRz, AR
L TORIPRBREIEL, BERTANTAY -HOLZBREAaROEBICL0E]
ERBEICET T 5. BO&BCFETEOEERAOARTH S, BEOLAEORED
BICELTE, 8ROFHTE, FHEE, BRA, sEEETONENAHRME R
Br52%, FETIE, MBCEFNOENT A—FHARRAIEICSABHEIONT
HEHT B,

(1) BROFMTE (L : 8EHORX)

BROEHRHEAWS EFH[OTHESOMBRERTR(3. 1. 201K (3. 1. 1),
(3. 1. 13, (3. 1. 16)~(3. 1. 2DMBUTOLIICEEETERTES,
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- —7 ' r —7 L
A{:‘nl AD’nI
A;; Agiz
—J ! ZJ A—J !
fren L L sfaon (5. 1. 20
Aep | - d™E Ao
Asn Aon
LA;;I ) m LAE’;I Vo
[0 0 0 0 0 0
0 0 0 0 0 0
0 o (tan 6" + tan @™ )sin ™ 0 o &= tan ¢™ tan ™ )sin o™
Is]- k"L /E k"L /E
0 0 0 00 0
0 0 00
0 0 (tan¢"™ + tan &™) cos ™™ 00 (1-tan g™ tan a“) cos ™™
K7L /E k"L /E
(3. 1. 2D
ZZT, ‘
k™1 /E = —sina™ (tang™ +tana ™) + cosa ™ (1- tan¢“™ tan ‘™)

AL+v)

n

(3. 1. 28)

#oT, R(3. 1. 2DDI[Slidg™, o™, v DBEETHS., LoT, R(3. 1. 26
XU, BETESRANICEINTNE, EhTE, aROBEEEARNZEDT S,

(2) BEOFHER (d)

(3. 1. 20005, BROLHBESLARIZENTIE, RoTL, 820
WEEAIEICEEMT 3, b b, EEEEZ 2EICT20L, FFTHEEERICTEO
BEUCHERERS,

(3) BFEREHEIORE (E)

(3. 1. 2005, HBREEFOHNESEARICEMTNIE, Aotk BROM
MV ARG B, £/, R(3. 1. )05 HBEEHROIL TSI TIAEEA
BOALTIAT CAOTHICEET 5720, BEEHTES I DFEEIMMONTA—F
IZHRKREN,
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(4) BROBKAE (a)

BROFYEHES EHNEMESOBRGRERTR(3.1.16) ,(3.1.1D0Y™,
Yy, v, vWRRA(3. 1. 18~(3. 1. 2D/ SRERACERTHD, EBRA
ZELTENE, ROTLEOBROBESET S, YW IIBRHEELTZHROEH
AT BHOLLTEERT, Y ARAAORAMEAICHT2BEOLS TS 2%
T YN IEBRREERTIHAOEIICNTEZRANTNOOLLTIEET, Y™ i
- BRAROBABGIITHT S HABTRODOLPTIRET, 4 E0HEEFr — 20y
HORBENTERAZELSE, ¥, Y™, Y™, y™ 23E L EERERS3. 1.
9IRT, BRACAROBIEREHEICELT 50, HISHRORTREMT O/
T, BRAZEMEIEDIEICRY, BROBAORFETIYV REMNLTSED, &
HOVABERICHFET Y™ EEILTWS, £z, Y, YMiRy™, vkt
NREEORERNS W, 0T, BT 5 4ABEORERKTOME T, ERAZMMNS
WBHZLILLD, BFEFEOLLTL, BABMEBRLIZKRBEEZI NS,

(5) BROEES (¢)

EEAITK(3. 1. HERTIIK, AHOMETHD, BEANAKEINEE, &
HIITABTRD LI <%, LML, BRACERICEBEAICRY I LI T— =
VIZHEET R, DD, BROVHRNES SENEMESORGRERTR(3. 1.
16), (3. 1. 1DDY™, ¥, v&, yMgs(3. 1. 18)~(3. 1. 2)MBEE
BAOKHETHY, BEAVELTIE RATLOBROBMEGELTS Z 000
5. ARDEERT—ADWEOHEMATERAEZLLEE, ¥, Y™, v, vy %
FELZHEEES. 1. 10 I2F7. HCABRCRTRERTOBE T, EEA
ZENEETHEREE WS, AROBORFSTIY™ IETHEML T, &R
DHABERITEH ST Y RETFRILTWS. o T, BBT 5 4 ZOBERTO
HEATIE, ERAEEMEESCLickD, AEEROLLT, BAKERIELIZL
i2BEEALND,
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3. 2 BREROFEEE
3. 2.1 BEOBOE
MBC EFIVE, BFHENKI3. 1. 20E3BERZETHIBREE X, BRE TS
— 0 QEBEENHREINER, TOETRARTXOMNEAL, JOE TIZED 2
£U%. ki GN(3. 1. 16 DEE) AR ELOFEHRNERATIHICLD, B8R
1E%0OBOBNKRES,

Alz J(m)] Y®AG + YA

BERIER 1 ALV ORNEZ2AROEEBBTHRL, 1m YVOROEELT
FRLTWE,

(M)

3. 2. 2 RRFi&Re=xE
BREAPFA TN TELEEIAT G LHOEE) 2HRTIEETHS,

—_! _ _
o, |=~0, tang, &, <0

n

FIT, BABITRODBEL LT IZERRTARES L TEROMANZDWTET
DREFMEEEFS 2HEL, B2EBEO/MINWHEZRHETAHIZLE,

-5 tang
—tJ

FS = 57 <0 (3. 2. 1)

5

ZIZT, BIELTHRS. 2. 1CRTEIRERELO, BERAcOEEZEEL, K
e —BERE IS SRR BT T 5 &, BROEMTEAMTROBRECTHOT 5,
ZOHEER, BROEAOE TRMEZEROEEZITY.

FUBF O A — \ /
— —p e

")
s CATROTS Os

20+2«
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28-2a O

HAMTA LN
BREROHE Eiia HoHE
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3. 2. 3 EMANME

MBC EFNTid. BROBMENSHIILDERFENEL 2D, FMET D HRAN
L OBIERR2S, BERE< Y v 7 337 MY v 7 Ak B, TOER
AR B IR R ABRIME TR T Z &N TERWN, 22T, ZIZTREMBC EFN
LR BEBOHEFHHNEREREZ M T 2/EE LT, U TOoRITRIEME A BRI
G zRWwk,

G = Tuax | (3. 2. 2)
¥ aax

LTl Vi RERZEORKEABUSS, BACANOTAEET, D,

A RIS T AR A B T SME AN G 1T, DUEENIC L 0 BUESI
RAELERAKORAMNRS 2 FNICHT B EEER BARAMOTS) THRTZ &

LUKDB,

3. 2. 4 BKEEK

HHNZAE S AR OB AKIEOCRLITARORE DICERE L, EHMICEKENENY
BE#Z, MBCEITICXVRODAEERZEOBHEOEOENS, Wb 3ERZH
WTEKREREREELE.

—J{m) .|3
1§ L;Oﬂ. +K, (3. 2. 3)
“4

2T [ ]Ed™ RS n BEOABRO 1ALV OMOIREMBTH 5. g L u
FENTNENMEE EAROBRERK, K, BERETROBKRRERT.
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