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A Study on Design of Support for Cavern
in Jointed Rock Mass Using Block Reaction Curve

Young-Joo Lee and Hi-Keun Lee

ABSTRACT

Generally, support design is carried out by the ground reaction curve concept in NATM. But
this concept has too many assumptions to be applied directly to construction site, especially
where rock mass is good in quality and plastic region induced by over-stress is not considerable,
thus behavior is influenced dominantly by discontinuities. In this study, the block reaction curve
(BRC) of the rock mass was studied numerically, and the support design was carried out by BRC
concept. Discrete element program, UDEC was used to get displacement and stress at each time
step. The block model is Mohr-Coulomb, and the joint model is Barton-Bandis. Properties of the
block and the joint were acquired in the laboratory test. Simple models were analyzed to
understand the process of designing the support by BRC. In the case where same-shaped key
blocks exist at roof, sidewall, and floor of cavern, stability of each block was examined, and the
support was designed using BRC. And influence of initial stress state on BRC was examined by
applying different coefficients of geostatic stress(K) to same model. Stability of the cavern under
construction was examined and the support was designed by BRC analysis.

2 o

YutE o2 NATMZHollA A He] AAe ehibksZAe] MdS B8 3=l 2l gk
Ae el 1 ﬂrZHMl oJgt Fall7t AzbslAl ok Ao HEs ], wehd F£2 Bolduio] o) o
HH Ago] g Wiz Aol M= A FHA 2 FHBelr|7t @it B ATl gl B8 o
& %%HP—‘LT—H < °1¥*F°4 HENRE T A4 A HE *éﬁlﬂ‘iiﬂ Zv7kol 2LEA ol A o] Qe &

£ A1 A a4t L2 el UDECE Ag+3th 252 Mohr-Coulomb R wllo]r, it
< Barton-Bandis 2®o|v}. &3 Boiguie] E4& A AQE Folo] Telic). BE5NEFAS
ol &3¢t A HAANHE olasty] fsto] kst BRAS A3t U3 4] 7] 8Fo] FF
A, Fd, vliebol] EAE 4, 7 B5) b4 del 9l A Re] AAE ﬂﬂ%iv} w3 27]Agke] ok
£ Yot fislod, ZAAFKIE Delste] shAsirglet. Hal A4F0) FEol it et 4 wet gl =
E*éﬂ & BERE-FAE o) Bslo] AAleld)

k

0

* 19959 29 2 W4
D B4, Qo BRAAR
2) 324, Agvista o AU P 25

11



12

.M B

AsEEe Agdesr del duA A Fll
NATML qhite] ApA| AAH g o] 8+, AEE 5
B B ko] AFE A5 E Iasle] o] A
5 Al Foll Hbdsls AR o1, P Al FHH e
2 <delA glek. o]l NATM 39| F8 ARAA
7Rd-2 ohulul-2-5-4 (GRC, Ground Reaction Curve)
£ o] &3t ojFojFt ey GRCE =34 oNA
AH7IA FHAEE FHsl7] wiiEel AA AA Algel
ukgsl7lellE oled- Aol et 2% kg &
A2 7P AL o] MdE AlFoll vhedsler) g2
ol2 g2 Frh.

QA B2 Ae dgEY AL 300 m o=
AZ7t ZA g, GAo] F& A4 o] FolAn
Qict. oj2dt Aol AAE = F5 A5, FE59 <t
BAL BAtel A3t £&A4AZY FEE PR
the Edgell o walshe E552] A%l 2
ogg-& et whebA £ dTollA e el o
WS = 559 AgE FAst Ao ARAMAE
58 & JE EF59-LF4BRC, Block Reaction
Curve}g fE38to] 359 A A7t d A EAAE
Egkel. o] A g BE| gt HAA Hrle 2 A
Q) Floll eiA] o] FoiH . & B8] FAI &
A&l e vhdE 55 ol &l &5 B2 74
tro] Hrtsiied, o]l F4 o 2= NATMe]| 93t
Ago] E71gslch. BRC si4-2 oleidt A H7}
7F obd 50 Wi E FHslod, Zh2zhe] W gjebAlellA
E5ol| 2 gsle e AT ZH 552 MHA o]
T4 HAE S Ho4g Qi

wdk e BEo|l@go] B5E ZA(rigid
body)Z 7FR3la A7) afFoll AA| EZel] &
EE9 Wiy a6 o SO AEEE WY F
gich. B8 715529 A% 55 AAY L FAY
T A Fo9] ghibEo] HEE WA | 5Fl 7}
A SHEEE Aoz Ao dd
stk

w2t B dFdAE 558 HEvs3E S sl
s 4stsict. BRCE F-E317] il A es Zgaey
(Discrete Element Program)¢l UDEC3} 2. ol
A gt 22 aas A-8etgit.

Real time(Tr) Corrllputauonal
; time(Tc)
Tr, Um * Te, Uc

[ Hl

Install support Ps
at time Tr,s -—
when Us=Um

Determine
Ps, Us, Ts in
calculation time Tc

Fig. 1. Relation of real time and calculation time
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Integrate stresses of each plane into
Shear load (Si) & normal load (Ni)

1

Transform these loads into
global axis force Fy, Fy

—

n-iteration

Calculate resultant force F & its
direction o. Determine the movement
type and calculate support load P.

I

I

Plot support load P vs. displacement u

I

Determine the support load Ps &
displacement u, of support time
(i-th iteration) on BRC

1

Install support at-i-th iteration
(calculation time)

& investigate support effect.

Fig. 2 Procedure of the support design using BRC

£ d7ell4] #td BRCE Yele 3] 559
HgARHE Hrkehe Aol ohvet Ao ARAAY
ARFE AR 5 ALF HYset BAEe] fx
TellA AHGEE 713 Aol olelist on, Mz
2 Fig. 29 Aej=]o] gl

O 42 2290 Bl dhdoln, B5-2 o] f ¢ &4

&vdel g2 Blde] Sgro 2 Hegsita 7}
ket

® AN AEAKYE Bdel el 54, F5ue
2.2 o] FolAu, Foll U LHHEA(x-y)E
$2o) FAFAE YHOZ shof, k)l yilg
ol ghehHz g}l Helait.

© 255 o]FE 24 Foll B+ xitatol 9l
b 24U -1 oleh 812, £00 xikol
i B4me B-20h Helaet.

@ ARspe] A 25 AL g Ao HE

s},

Eld# gz 13

Di : Angle between x(+) & Si(-)
Fig. 3. Determination of block movement type.

o714 E¢E Fob 1 W aF T3l 859 A
SHUE ARY o A, =3 A Ee} PE FY 5 3
o} vl o] WY 729 ARsFE Falr] A
Ae HESHE vjnelFe] Wwasl= ol s
AFF ) AkslF(F)o 2 o] Al F.9
Fie 858 FHATEE W diE (O Ao
o, F.o] B3& vineiy Fug & 3Ed wiE
(HE Zoct. 2 AsHeloll w2 X E ko] At}
B& olest 2ekFig. 3 ¥2). ol wilez 7 2
gebAlolAle] A BE Feb e, o] & BFe} T
%A (centroid)9] W§] u(=vug+ud)ll thall = Egt
P& EAJgt Zlo] B-50] i3t BRC7} €t}

® D: < o< D:-180: &5o] gite g weigo] 7

(stable).
P=F
@ D:-180 0 D,+180 : ¥-Fo] H 1§ wjz} vln
2 A (sliding on plane-1).

JCS

P =Fs +uF, p=tan(JRClog -

+¢r ),
F,

area
® D, + 180<0a<D, : B5o] "HolZ (falling).
P=-F
@ D,+180<a<D, : 80| @ 2% ule} vjne) A
( sliding on plane-2).

On

JCS

P =F, +1iF, ji=tan(RClog™_

+¢r),

— F’l
~area

On



14

2.3 BRCQ| sl x| X|HAMH

2.3.1 BRCoY] 2J3} H-29] ol 4] st

kel FEIA A HgtRe] ARt P7} (+)o]W &
o] ehihfoll A qHAlet % ‘fPEhHi (-Jolwd &-5o]
hiblell4 Weute s A& vhehict. 2%l
4= H¥H<Q BRCE 5‘_04-54. A AY) B B

= 25l oigt &= BRCeluh. AFS 2A] 4%k
A vrol Are o glon], 7k dhAlollA] o] A
ofzhe} Zct.

©® 8¢ HEHoM 20| olgt=lE: oAl B
o] QbollA} FeiE]7] AlAetid Al 2t Bod el 4]
o] Faely] A&t of Al A= HFo] gl
Holl A °P7e> g Al EAgh

@ S F92| attio| 0|RtE|= chA
a4 Hﬂ}ﬁl%&“& 58 2R e 'r'?'19] AT
BZo] whaAuhh F7-E Gl ol Bat. welA v
253} QrikAo] 9] A Zo] Z7be}a, A\ Kato] £7} o
Zojrt. & qhbAA el A A Ho) Fhasty] AAs)
, BAgHoA ] fel7t oz Ads]7] wii
s Agde|lng o] & B-Fo] thA] by afiRict
Stk A = om:}
22| .E?dﬂglb A

Hgo] A%

_% \‘J Ar

229 gt

o} peidie] S48 002 Hieb] A Aieh
® 250| gatel= g 2E HEAeIAe] Lol
o]

Mgt HEo® HM?ML— A% A1)
= 9 TEE FARR
ol vtE ¥ foz g5e] qhihell ebgdshe|
2—* < 59 vkl Sl B
Foluh, ARAE o] H-Zo)| thzt BRColl
A & 4 ol
2.3.2 BRCol oJ& 2 %o A4
YtH o B5ol i A e SAdLwo) kst
E59 2ok Bdguie) vha 5L o) &l
AAse 357 } aoh olE 859 AFE 7 o
ok AW 55 o] &2l sHAe7] wlliolut. ubeha] A
BEE 7 dT FEER Akt Ao £asE
& Aol wlah ] GolstAl A4 = et
£ AFolA f53 BRCE o] &4 Lol o A%
AAE ARAM ARZE, 5 AR HoNgEE
3h= Zlolvh. NATMoll4e] A A ]elli= AubHel

r]«l

GRCE &3l AEAS HANAL AAIS 4 Qle}. o
Blub ol Al FEE ARANZ A7) 3L, 20

H2D A4S Hsstch. TR S5l vhat LEAA
E aeldt A9t ohng Ale) AAlE B ofele

FAole}. gt BES] M2y} utEA] Beldm g £l
sfjork ﬁwl ol BE HAell L8 shFe] A&
eth uheba] £ dollA e BEo) gt Fdlel st
AR Auk2 ARG Hog e, HEQ) A=
HAel st ek Ee) BAS Tz ol Sl
=

Fig. 49] 2ebga 280 495 ¥, 2|89 A4
£ 45| o|gkxlo} Auigfol H A} B Ao B
ok ol 15bAlek 257e] Aol7k Sl AM oz, ehi
ollA) o] AslA| o]2ks)7] Ao HAA R} Aol
ot wehA] o] A9 A= M9 7h ubkE BARE
POl WAL b= BEZ Ax|eo} ghel. Fig. boll
T AYPAHA ABAA olF2] BRCE Kot} AR
A7) ol dell= E"é‘cﬂ e Holazt sAANA &

EE AXE 8% uwnabde] wigprh o whagst

P
ﬂ\
* | Step—1 | Step-2| Step—3 | Step—4
0
_ < A
B
= 11
us

Fig. 4. Typical BRC of unstable and stable blocks

P
A
+ After supporting
0 =
- S //
- { Equilibrium
Ps WA / point
\N_ /
1
- 11
us ue

Fig. 5. typical BRC of the supported block



ool ex| Mol A% Waleh. olm) B} olsh
2] oo qhubol flwcwa, 2ES) Bt oL

APolth. weba) $ET} 18 A4S obelsh et

AP

Ue — Uy

K (bolt)=

3. 89 x|t FA+ B mE

X2 A2
3128 —I fIX|0y w2 BRCS H|w
Eol3) 3iAke] Ho) 7hzh LE o] A A, 2l upeko))

FANE o oloﬂ el BRCE $%s}od vlzsl B, 4
83 o), ARE AAlste] A}, si4jol AHEE Bele
ag] 63 2k - Bdgie] A 4578 59U,
Tx AA] A 310 moly 47882 23 9
gk Ag Agste] Fableh. AHERE B4 Table 13}
o, Zqhl= K=0.5 o]t

Table 1o LJrﬁ?— BAL A o] 9= HEQ)
& us ool Fels Ao g AAjoddo] ut
A REE g Aol Belgme) 4L vl
HAeg degro g A 2o 75| F2 &
0] 7 Fofl S WHEE 317] A8 Ho|r).

ABAAA A Eoll thet kX &5 FSe sla 7429
°J€‘r7& (s}t AAAE(o77d Z2ebdd, A8k 2A

42 o2 mu
¢ ghoox

p

2
=

0. =0, (MPa)= FS%

o}7]A] N& 1 HEof that AxEEQ] 7o}
o] 7] A= 7} B2l 3l AL G Erpeli= HE 3}

Table. 1. Properties of the distinct element model for BRC.
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Fig. 6. DEM model for BRC analysis
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3.1.1 59| Aol EAtel 2ol tist BRC o4

Property  Density Bulk Shear Tensile Friction Cohesion
(10° kg/m?) modulus modulus strength angle C (MPa)
K (MPa) G (MPa) S, (MPa) o
Block 0.00262 50000 30000 20 40 50
Property JCS JRC Normal Initial shear Residual Compressive L, L,
(MPa) stiffness stiffness friction strength (m) (m0
K.(MPa/m) K, (MPa/m) angle S, (MPa)
Joint 150 10 50000 10000 15 300 2.0 0.2

Key : Ln ; Field scale joint length, Lo ; Laboratory scale joint length.
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Table 2. Properties of the grouted rock bolt

Steel Grout

Eyea O, G, E; e T Kiona Stond
(MPa) (MN) MN) (MPa) (MPa) (MN/m/m)  (MN/m)
2.1x10° 1.12 1.12 2000 0.2 25 15560 0.27

Dey : 1, ; 1/2 of compressive strength of grout,

Keona ; Shear stiffness of grout per unit length,
Siond 5 Shear strength of grout per unit length.
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Fig. 7. BRC analysis of roofblock (K = 0.5)
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Fig. 8. BRC analysis of sidewall block (K=0.5)
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Table 3. Comparison of the roof block and the sidewall block for various K

Roof block Sidewall block
K P, (MN) u, (mm) u; (mm) P, (MN) u, (mm)
0.5 2.78 1.45 8.12 1.16 3.06
1.0 2.21 1.62 8.29 1.04 341
2.0 2.29 1.85 9.32 3.12 4.19
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Fig. 9. Comparison of roof blocks for various K
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Fig. 11. GRC analysis using Hoek & Borwn criteria
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Table 4. Properties for the GRC analysis

E 8.25x10* MPa S. 283 MPa v 0.23

Equilvalent area of circle (full face excavation) r, 12.83 m

Outer pressure (maximum pressure at the bottom of cavern)P, 9.32 MPa

Intact rock Broken rock

(good quality rock)

(poor quality rock)

m 1.0 0.05

* Lithified argillaceous rock (tuff)”

s 0.004 0.00001
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Fig. 12. DEM model! of the cavern for BRC analysis.
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spacing (m)

Apparent
Joint set Strike/Dip
dip (O Real Assummed
Joing set-1 N72E/80NW 84 1.7 14
Joint set-2 N50E/45SE 39 1.3 12.5
Fault (shear zone) N8OE/86SE 86 * 6m from sidewall
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Table 6. Properties of discrete element alalysis.

Block Density E v K G S, [0) C
property (10° kg'm®  (MPa) (MPa) (MPa) (MPa) ) (MPa)
Test value 0.00262 77000 0.23 51100 33700 22.6 51 51.7
Joint JCS, JRC, K, K, 0, S. L, L,
Property (MPa) (MPa/m) MPa/m) () (MPa) (m) (m)
Joint 209.8 11.3 53900 1530 18.8 82500 0.7 0.07
Fauit 143.0 9.9 53900 1530 14.5 82500 0.7 0.07
Dyke 158.9 10.3 53900 1530 15.6 82500 0.7 0.07
plane
T T T — T T 40 . :
40} .
Gallery sl / Support paint ]
20 L excavation : ] 1 M 1
. ]
0
P / | r Qg 'VW“N T
. 0 L -. .-_.'_:'-:.' ._" —s . 2 20 F |
2 L 2 | i " Bench-2 excavation
S : 1 3 /
g : B § wof - -
2 : Bench-1 § i Instatation of
v excavation & 50 i support for roof block B
Q H4o0f 1 ®» / H
a L )
U=) . 0 - Yoo e Before support. T
sl Support point | 'D g f.“lo:;::::, ;ﬂing
-100 |- All movement is sliding on ptane 2 -
After support 1
-80 ---- Before support 1 Lo 1 L P
0.000 0.002 0.004 0.006 0.008 0.010
. . . , , Displacement of centroid (m)
o0 o002 ooor oo ooos  oot0 Fig. 14. BRC analysis of sidewall block

Displacement of centroid (m)
Fig. 13. BRC analysis of roof block
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