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Effect of Strength Parameter a in the Generalized Hoek-Brown Failure
Criterion and the Reinforcement Thickness on the Elasto-plastic
Behavior of Circular Tunnel

Youn—Kyou Lee and Kyung—soon Park

Abstract In the design stage of a tunnel, the wall convergence is commonly estimated through an elasto-plastic
analysis of the tunnel, which has been a topic drawing many researcher’s attention so far. Despite its importance,
however, the elasto-plastic behavior of a circular tunnel excavated in a generalized Hoek-Brown rockmass is still
poorly understood. In this study, a simple numerical method based on Lee & Pietruszczak (2008) for the elasto-plastic
analysis of a circular tunnel surrounded by reinforced annulus is proposed. It is assumed that the tunnel is excavated
in a strain-softening rockmass obeying the generalized Hoek-Brown failure condition. The commercial code FLAC
is used for the verification of the proposed method. The influence of the Hoek-Brown strength parameter 2 and
the thickness of the reinforcement annulus on the elasto-plastic behavior around the tunnel was discussed by
conducting some example analyses. The results show that the influence of these two parameters on the distribution
of stresses and displacements is substantial.

Key words Circular tunnel, Elasto-plastic analysis, Generalized Hoek-Brown failure condition, Strain-softening

8 E248A) A Wl 2o B3] Ty e Bolol +RENR, B SRe ge draEe
HE B3 e A FAloIch 22y Urkshe Hoek-Brown ¢gtel Z2kel dgejde] vty AL 1
o= Bsta ofx7kx| ezt ujRlgl AlAolut o] W o|Ai: Lee & Pietruszezak (2008)2) A7S
Fulo] 9PoR BAE AU Ba S Y3t dUY SANNYS Adeidd. B
Hoek-Brown 172718 u}2t Mg EAs} ohile] 2% 02 Agstart A WY 4%
il AT =) FLACO] o] &= 3tk oA 3141 53l Hoek-Brown Z=4= a9t 57kd|o] £} €ld
o) gl ATl viAe FFE AR A48T} o] £ gt HdFo) 39 W W) Exof w]X
G AT 2 Ao vehde.

#alo| PP, Basls, Lukshe Hoek-Brown w27, WMy Eeist

-

o ofN i

spo

LB oo a
mTY

e N e w2 of
24

1LME

el A A S 15 el ot sAls)

D 2T SR AB AR Bas 7IHEE Ao R T ey sido] sEal Qi
Y pAltista diehel S opArel et Ak oj9} BlEo] Htzze] 27|x|Qto] 2HESH= ot
* WAIAA} ;- drjo00@nate.com - N _ N =
;‘(j_/':oa] © 20084 11% 4%_} Oﬂ %Z—!‘% ‘%]_‘%] Ei‘éoﬂ EH?J: %-/—‘\—}\6] H/_\:]' Q}\] 0:]7‘(_‘10]
A A : 20084 119 179 = 2olA w2 dA7AEe] FaE B3 3k 53

20



A9 W W 750l thek o2, i wel
272 1:1]4 WA o olRoixa ¢ I‘J{Sharan 2003,

2005; Carranza-Torres, 2004; Park & Kim, 2006; ©]

o451, 2006; Lee & Pietruszezak, 2008; Park et al.,

EE7k &Fri(Peila & Oreste, 1995; Osgoui, 2006;
o]¢d9F, 2008). 1L} Peila & Oreste (1995)= &4
FHolA B WHES] MSkE 11881X] 9= Brown
et al. (1983)9] sjAu S AREsal Qo gEdt

8 A8 Hoek-Brown it} 2441 9] 744 49]
%% s arstA] oAl qlof siA A} gl st
2L 7] otk E3E 0]91H2008)= ¥
FEIgel WA UBRAE Aarioks 4ol 9
= Aow ould el wde spAEle e
o Osgoui (2006)-2- x| HelRcl 2 W A+ 2

e F= o oded s FHAaedS 71
Blo] 6ﬂ&1° Fe3hgl7) ol olE w3t Augt 4
I g Ve ofgek oje] Eeluit AvE
HE O 5= ko] AFE T R da Qur
8}l Hoek-Brown §FHF mElg Ao 21-8-6F o4+

£ obdE mjAg

S Agolet

o] A A= Lee & Pietruszezak (2008)2] Bl
A S S8slel BETY Qo) Rgawt
A DT 4 9l 71t vl glabeg wjorst
ek RS AuistE Hoek-Brown w327 2(Hoek
et al, 2002)% wl=n] §Ee olFel Hak AT
L HEENEE) A%o] Vel Blog syslgch
Lee & Pietruszezak (2008)7} A|otgt whaAd st
B Aol By B WalE wejshn
glom 1 gabge olul AFHich Bt ohiet o
8131 Hoek-Brown J}J,] HAAL Ag8t 4= gloa
2 RS a9 9 e 4 = Qlo] Bk AY
% U] g o WS ALY 5 ol

Akt sl el WS el HY A9

& otEgke

et 21

2.1 ZEHo| HE
Fig. 12 A4 2719 2712A%((p )0l 2488kt
Uiz ool =AkE AFE gl Y
(b-d)= 270} o]Fo|xl s T
el wgolls R AR E(p,)o] 28kl 9lew
Ae] Aeged S7HA BAEIE BAFSITh
U A5 8(p)2 Eldatolyd Fofl &5k eldrie]
7P3H?<Ii Ao ;HDW":% o] oA ARgH
Es}t ©go] AE-g Fig. 20 Ueflth &2
g:s?.]oﬂ eb4)(elastic), Psoftening), FHFyresidual) ]
3714 T A)elo] A Hrk. AS FET oh

~ -,
~ Naturalrock .
~ -

Radiee.

-

Fig. 1. Axisymmetric model of a reinforced circular tunnel.

4

o

Strain softening

elastic residual

* softening!

Fig. 2. Strain-softening model.



22 QHI5LE! Hoek—Brown LHn|RZAAQ| ZIEZ XA

9] et HE F71ek WA AAle) st
% 755 ol A

I~

dhlke] = R = o2 72 A9kslE Hoek-
Brownz}# zA2lof 2oJ3) AA =)

Srolm Thaat e

A 2AREERE()S] T
A ItLee & Pietruszczak, 2008).

—(w, —w, )L ¥
w(“y)v{wp ( - T)'Y* o 0<y<y @)
@ v=q
1714
w,, w, = AEARLE0] A7 RS Ve

\2*
flr
L
u
X
O}H

o] AlAtshs aAdAHHREES] dA

(2008)7} AQkRt A ‘éﬂ’ﬂ‘ﬂo“ﬂ%
4 HEES] #3kE nEska jlo] tE siay
of vl w8 H MARZE o HUsH| AXE
e 4= glom I HEAdo] oju] AFE A sARE
o] AL B AT a4 g ol A8tz of
o] wrh
o] o LoflA] Lee & Pietruszczak (2008)7} A|Qkst
gt SfAHS 3-85to] F2HE Yy Ed ol
4 dolz 2AH 75‘—?—01] gt kst gy sl
= Algkelsit)y. HdFHo] YA ZolR B}
¥¥ E'd(Fig. 1) Fig. 33 go] BAEA| g2
7 bE 7= €% Eld(Fig 3(a)@ 27Fo] F §h
dE 7 9% EE(Fig. 3(b)= 22 sto] 448
oIk ol Helsl = UEYe 77 2,

T R B UL =

2B oM =

4 o (T rl'L‘ oEE

2%t BHY 2Z70[7t HEElZe] EtaY

sl olxls g

LA, A& o R 7143 4= 9lom o] & ¢
tol] th3l Lee & Pictruszezak (2008)7} A|Qtet h4Ad
s H8stel way e 4 - Sk

o] gdtolld Aok 4 IS THERHA AdwEE
chet Aok 94, BAER] ok A EY(Fig. 3(2)
of tisf dele] AEH o, G dAste] T 3
A& 433t ol ElLH ARY 7= p; <o
<p HYE 7MLk o] siMANE B © 9% HE
(Fig. 3(b)<] &l A Loz dAste] AFEdof
oia) g s4-S et Bd v dojlA ALt
B0 $9 o, A AR HEY AR

Hlisto] Yok % Zko] Xol7h A71% AFEI(Fig.
3@)e) AR o, 7hel o e FEL dUstd
] S SRt B, o, <p 0l 0, B2 3
N7, 0,4 >p 018 o, b@t Za A o, %m pi

2ol ol 2 6 7 Wt Ty Sh4E sl
A ek ol AToIA o, 2 @S SAHE Te-S

ol ~
e ~
/ N
Vi \
1 A
i b \
| o !
p0[$\ ™ ! <]
\ u 1
. ®) ;
N\ /7
N Naturalrock 7
~ v
. -

— -

iy

(a) Circular tunnel of radius &

(b) Circular tunnel of radius d

Fig. 3. Separation of the reinforced zone from natural rock.



23

-

5

&0

Aol 2k
of| Lame’s solution

d

A

A
1

RL

e}

A4

s
% ) of

ofl 471

2

Ao A B

°] &

gok 3tk

8-
i4j=zdof wpet 2

9|

Ui
Aol A

R ey © & © TERT BTG EG P ok T T
LW o B e T S ot Mo Mo AT RO Bo mm_ﬁwﬂo
=N w4 mwmnomoﬂ%%ﬁﬂ@nw#ﬁu%ﬂ@% %Wi%ﬂ
o A = K B = o o o gl T T W ¢ . 'R
o oo — X0 oM o X 0T R
AT%%% n\.ww otwlq_o%m.*q_w%%%qm_ﬂa@ﬁoiz.tﬁl MM‘_____TMM%MO
PR S m%@é%%%%(%@@%frﬂ s <X
o 2 | oo RS QR o B RN
- I [ S — 4 WA BT Z o ﬂﬂ}o% s H X oo
T T SIS R B . - AN SR
o B ooy LD T4 o W o M.ﬂ]ﬂoﬂwﬂaﬁ ue S E gy F
t oF ‘_|X_| ol - -~ T 2 =T Er.c % @ o zi WA o “Q‘ o . T Ko » N o ¥ P
A G2 ;o‘__ e S n o A@vﬂ_rw = | %o ¥ w LH M — X —_—
Phpes 118 = FB ORIEvcesialsBoix pEorEs
T & F5 4 T g PENG g YT AT R B g E x
,wu,LMﬂmmu e = - P} ﬂLﬂL*Vﬂomu_am%Aatﬂﬂﬂ ox#OL:T Hoo_odﬁiﬂﬁku
w DU EE S s o S El (A VI S i ) T ew 3R
Ty xom o =le R newwﬁ%%E%%@%W%ﬂb_wﬂo g AmE 0
Wl R R L = - = , e N I R
o Mmoo s 5, 9 Ho_ewmﬂmmoﬂﬂ{%ﬂz@%mﬂ §2Z553
d.ﬂ'aﬂam < s A - ﬂﬂeﬁyﬂﬂo_axqwﬁW@qﬂa% _uomuﬂﬂmﬂ
T Pooode T PIT W Lrre¥tgTazrTefEe,d F o500
P Ty ~ 2Tz 8 O FEYEpe DO R NVE W ool ELETw
GRS N GRS R - R N S X
o T W B o R e B %o o on T ome K ED Ro o o AU
T T T oY a 5 2 oo T FW
Eg Py LT el £ X W g o
A A O o TR 2T
‘.;WonLT‘DlM;mﬂ&aoLo_vo mxnll.wqor
PR TEIEEEND ZW T & d
Lﬁ.%ﬂﬂm‘ow.n_v@ﬂﬂﬁ m,mcaw&ﬂ_.
N e b v 2=z 2oty g
TE PR LERE 2 i 3 o
Al L EXg i ®
%@MW?MTMMMM%TM oo oo &
R T E I IR
Hﬁ‘wﬂmn,oﬂepﬁﬂo]_o dl‘ur‘_‘u_.e‘m.o
SEEEEIET] IS 1 13 &
oF % < Wt N 3 gl £ ol = s % & ol b my
" oy o ER - o < = o "
B R AN o Koy N i + I St
I_xﬂo# ﬂi B HMO,A];% If o} . oE& o ol
- BT - R AN S G R Sl
Toxaom g 2mwdE |t o ,a o w
PrrawE ok ¢ - ° TR W
;OL 7L ;l._nﬂﬂ_xﬁ_!ﬁ\— O“E — s HLU)
7o . do g w & ol ol o . T - )
Toae N o L do = 88 & §% S E WS
TR OE O oo B T RN T oo &

Table 1

L

o

A2

2]
=]

iAol AR <

. O

Fig. 4. Division of reinforced zone into small annuli.



24 YuBIE Hoek-Brown IATIAS] BEH4 20} Bl 22O HHEILO EAKN S0l OlXlE ¥Y

o AAlEle] glom  hute] ulE] BAE ol B
AAES] WHghel 24 T7RR= Aoz 713l
BAEaME 2ZARSIYcHPeila & Oreste, 1995).

Fig. 5= E'd8Ho]| 78 2)= X E2|(p,)0] 1.0MPa
d o AFEAS} K] v'=le-2, v =5e-22] 27}X]
750 eH-FHAAAE 2EQd 4'=0.09] Lo digt
AFEE FH| 38 W HAREE A3 Hojrh
T3 e-HAdAA Bl 4'=0.02) Z$-of Tigt &
24 dj4 AaE FLACE o]83}o] sfj43t dite}
A JERRICE v 71 00l 7ol we) HEEd
3 B2 s A mde 7R S-S B
A&t BA-FHA A md ] F9-2l Fig. 5(a)2] 13
Z()oA & 4= Qo] Ajkd a4 oz Akke

RIS T BREFRH (0, 2t

ot
o
c

L FLACS ol g3le] sj43t Zile} Ao Asjat
Qiek. WA wie| A3t o) B ad s el

799 B4 ZukE FLACE olgstel shue dae}
W Fig. 5(b)9) ()] EXISIRO0 MR
#9) w3 FLACS| sl zateh 2 QX5 4leS
¥ % 9k

Fig. 62 HEEAN v =1e-2) AT A 7} {20

TE YPE RN SYRES Hojz) By
H7Fe) S BE et gebe £ 4 glon »
.]

Table 1. Input parameters for verification analysis

g Al(ground reaction curve)2 AE BTt =
g

0.004

This study
O O OFLAC
(1) brittle-plastic (y*=0.0)
@) y° = 1e2
(3)7"=5e-2
Op
= -l o Jarall)
=%
= o
w
bl
5
[}
I i 1T TP 1
2 4 6 8 10 12 14 16 18 20
radial distance (m)
(a) Distribution of stress
0.02 —
> This study
h O O OFLAC
0.016 |
—_ i (1) brittie-plastic (y°=0.0)
i3 1 @)y =1e2
E 0.012 (3)7" = Se-2
@D A
E -t
8 i
S
G 0.008 -
k] E
© e

[=]

2 4 ] 8 10

T
12 14

radial distance (m)
(b) Distribution of displacement

16

18 20

Fig. 5. Comparison of the result from the proposed method
with FLAC solution.

parameter natural rock reinforced rock
deformation modulus (E) 5700MPa 5700MPa
poisson’s ratio 0.3 0.3
uniaxial compressive peak 30Mpa peak 30MPa
strength (o) residual 25MPa residual 28MPa
peak 1.7 peak 1.7
" residual 0.85 residual 1.05
peak 3.9¢-3 peak 3.9¢e-3
: residual 1.9¢-3 residual 2.9e-3
peak 0.55 peak 0.55
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critical deviatoric plastic strain ('y*) le-2 le-2
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