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Integrating the Hoek—Brown Failure Criterion into the
Holmquist—Johnson—Cook Concrete Material Model to Reflect the
Characteristics of Field Rock Mass in LS—DYNA Blast Modeling

Byung-Hee Choi, Choon Sunwoo, Yong-Bok Jung

Abstract In this paper the Hoek-Brown (HB) failure criterion is integrated into the Holmquist-Johnson-Cook
(HJC) concrete material model to reflect the inherent characteristics of field rock masses in LS-DYNA blast
modeling. This is intended to emphasize the distinctive characteristics of field rock masses that usually have
many geological discontinuities. The replacement is made only for the static strength part of the HJC material
model by using a statistical curve fitting technique, and its procedure is described in detail. An example is also
given to illustrate the use of the obtained HJC material model. Computation is performed for a plane strain
model of a single-hole blasting on a field limestone by using the combination of the fluid-structure interaction
(FSI) technique and the multi-material arbitrary Lagrangian Eulerian (MMALE) method in LS-DYNA.

Key words Hoek-Brown failure criterion, Holmquist-Johnson-Cook concrete material model, rock mass blasting,
LS-DYNA, fluid-structure interaction, multi-material arbitrary Lagrangian Eulerian method
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E | = pe
2| 85 | 8235 | 5% 235t E3s
: Tl o7 0.5 0.3 0.1
BLOCKY - very well interlocked
undisturbed rack mase consisting a 0.3 0.35 0.4 0.45
of cubical blocks formed by three
orthogonal discontinuily sets E 50,000 | 40000 | 25,000 | 5000
v 0.2 0.2 0.2 0.25
Tl 0 0.2 0.1 0.04
VERY BLOCKY - imerlocked,
partially disturbed rock mass with @ 0.4 0.45 0.5 0.5
angular blocks formed by four or
more discontinuity sets E | 25,000 | 15000 | 5000 1,000
v 0.z 0.25 0.25 0.25
e 008 | 004 | 001 | 0.004
BLOCKY/SEAMY - falded and
faulted with many intersacting a 0.5 0.5 0.55 0g
discontinuities forming angular E 3000 1.000 700 500
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v 0.25 025 03 0.3
e 003 | 0015 | 0003 | 0001
CRUSHED - poorly interlocked,
heavily broken rock mass with a a 0.5 0.55 0.6 0.65
michure of angular and rounded E 1.000 ann 500 00
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v 025 0.3 0.3 0.3




18 LS-DYNA 2} SEZof|A SHERME)

S4E BIF6| #fet Hoek—Brown |7 [Z=nt

Holmquist—Johnson—Cook 23 2|E IZREo| M=

1995ide] 7]240] THA] ZgEjol(Hoek et al. 1995)
74 kel HB 7124021 4] (1ol GSleological
strength index; Z|AsHd] F=x|a)7F )=
2 o vk el e ekl otk 4 s,
a®t my/m; 9 FES the AlE o] A=Ak

GSI > 259] Hliat ghato] ol
( GSI—100 )

mb/ m; =e B 3

( GST—100 )
s=e 0 4)
a=05 (5

GSI < 259] gt ¢FRto] caf:
s =0 (6)

GST
a =0.65 — % (7)

alx]k Z=4go] 20024l o]s2o]Ha(Hoek et al.
2000, m,, 59k a2l o] AbgAl A

(GST=100,
m, =m;e 28—14D ®)
_L X aans o
a=7 + 6(6 e ) ©
(GSI=100, 10
s =e 973D (10

7R DO ERloZ 19953 7|40 4 GSI
are Ash RATomA AeAse] AAsd
Bl BAE ARSI ehe] Weht Selolst
o <1 9V g T Y=g debis 2
4 D mo] HA e omu = ol
o U WS e ghle] A D = 177};494 4ol
= ZH=tl(3E 3). X4 DY Oﬂb'h__ ZA 4= 9l
ole] Ee AU W et FRKe
Do dfgt Ag g2 W} AlSs3E Ft] As

2—1146}- T m, 94_ GSI %}:o /\},_Q_O],L :7__7].] AT E
2lojel RocscienceAle] Roclab =2 73Ho. AL85]o]

Aeluie 7is] 8 4= QlEEhe, ofH Egat 4
o

=
et ot $24el il B3 g A
O

A UCS(o,) e} A=dsad o iy Fafopt gk

100MPaEtt A 212 o, Fhof dis] GSI AlA
Eﬂo o]_Q_U} ol—ﬁ]—__q Oﬂl%(Em)% 5} ] _‘_]6‘]— Xﬂol'
OS24 Hoek et al.(2002)2] ®7Alo] Hoek and
Diederichs(2006)0]l ©J5] GSIet D2 Zalshe shto]
Aoz sgulo] heat 2ol AXEILE

1—D/2
1 +6(75+250— GSD /11

E =10° x [MPa] (11)

2.2 Mlofoll Cifgt QS Ak

2 g Sl ek & Aejd Bake] eul
Awg F402 RMR, Q 2 GSlo| ojg ekt
= AN ofolck:

RMR
003<14:0] ZAh UY=L ghite] Ayt A 2
R BREE, ARHOR qho] B B
3t Ak} o] x|olo]| Husls tjckREo] olgFow
el B o3t cderrhol gAEE0] EAIsH
AJefe] otk ghito 2 cpEc

el AN RMR QRS St 2
e 4 % 59 2Tk 9 g RQDO) A
ARHOELL FUHORE ART 5 ol Aol
oI7] el ool Aol FHT g
ARt ©] A9 RQD 24 shie] wHH
ol ot W9IE FolAe el el WE
B G BAGAE 2 Holt 4714
opr,

the B ghitel Z9E AAHOE RMR
o 9041 7 HE 9 ke Ltk A=
Y W total RMR ZHe oF 579) grow
T 5591 55 ehilolet. @oRehite] A9 35

Ago| gho @ IV 53¢l B3 hto] Hu, o] ¢
Rkl dEo] HA| me| QHgAel JaFe 1|
7 9k



P
0%
T
rx
10
A
02
0

it

el A ghutel et e De] Atz
Aojgute]  og  From R
< #Has R
gl e A EE VA4 2HCIH s Do
ofgt FHerA Y wahg X4t R
MR PREAZE QU FelA 9Al 9l E(invert) D =05
BHo] gl A9 Abat Zol el 4R 4 g AHE ¢&
Aotedold e Eae wwhe ghvEw 2m Ei Do og
37k SR o2 YA EA '
D =07
S ERARA A | FEd ww
g web geolgto]
D =10
&% U
R AR 2 gpmel AEuume AR wEHF D =10
AAR gefolke] o3 HzhaA ek At
AR Aol s Fgulol 2 Hipping) FHORE AW & D =07
AETLH A AR




20 LS-DYNA 2} DEIZof|A] SiEttte] EM4S HiHs7| I8t Hoek—Brown LIix|7 |Z&=ut
Holmquist—Johnson—Cook Z232|E IZREO| M=

E 4. 20169 ZAFY¥ RMR B4 W 53

}E4E | RQD 212 A8t s 24
2o — — BRMR
Bd| % [#d[ om |[®H B3| 2ol [ 84 A8 | 302] ¥ |34
x01 |7 | 1207590 | 17 | 20-60 | 10 &5 % 10 1 5 5 2 5 18 67
x02 |7 | 1207590 | 17 | 20-60 | 10 &5 % 10 1 5 1 6 5 18 67
x03 |7 | 1207590 | 17 | 20-60 | 10 & % 10 1 5 1 6 5 18 67
x04 |7 | 1207590 | 17 |60-200 | 15 & % 10 1 5 1 6 5 18 72
x05 | ®EEZ4| 7.0 | 50-75 | 13 6-20 8 &5 % 10 4 4 3 2 3 16 54
x07 | ®EF| 7.0 [ 7590 | 17 | 20-60 | 10 |EHR| 4 1 5 1 6 5 18 56
x08 | ®EF<Q| 7.0 | 50-75 | 13 | 20-60 | 10 &5 10 2 4 3 0 3 12 52
x08-1 | e | 40 | 25-50 | 8 6-20 8 &% 10 2 1 0 0 1 4 34
x09 | EF| 7.0 | 50-75 | 13 | 20-60 | 10 &5 & 10 1 4 3 2 5 15 55
x09-A | A9t | 40 | 25-50 | 8 6-20 8 &3t 10 2 1 3 0 1 7 37
x10-7 | HE<F| 7.0 | 50-75 | 13 | 20-60 | 10 &5 & 10 4 5 5 0 3 17 57
x10-9F | &3}t | 2.0 | 25-50 | 8 6-20 8 & % 10 4 0 0 0 0 4 32
yll | ®BE| 7.0 | 50-75 | 13 | 20-60 | 10 A& 7 2 4 1 0 5 12 49
yOIR |7 ¢+ |12.0| 7590 | 17 | 20-60 | 10 A& 7 1 5 5 4 5 20 66
yOIL 2 | ®E¢ | 7.0 | 50-75 | 13 6-20 8 & % 10 2 1 3 2 3 11 49
yOIL_ 1|7 | 12.0| 7590 | 17 | 20-60 | 10 & % 10 1 4 3 2 3 13 62
y02 |XEd| 7.0 | 50- 5| 13 | 20-60 | 10 & % 10 1 5 5 2 5 18 58
E 520039 2AFEE RMR B4 2 53
/x4 | RQD 22 A8 ga%d 24
TR Qﬁg@ em [ 3 B4 | 2ol |24 AR [zug]se]ma]
x0-1 58.1 5 85 17 | 20-60 | 10 Az 15 2 6 3 6 5 22 69
x0-2 76.5 7 90 18 | 20-60 | 10 &5 10 1 1 3 6 6 17 62
x0-3 69.5 6 65 13 | 20-60 | 10 A 7 2 4 3 2 5 16 52
x0-4 62.2 6 50 10 6-20 8 ZBes 7 2 0 3 2 3 10 41
x0-5 67.6 6 85 17 | 20-60 10 &% 10 1 1 3 2 5 12 55
x0-6 58.0 5 85 17 | 60-200 | 15 5% 10 1 5 5 2 5 18 65
x0-7 75.0 7 60 12| 20-60 8 A 7 1 1 3 0 3 8 42
x0-8 50.6 5 45 9 6-20 8 A 7 2 4 3 2 5 16 45
x0-9 523 5 85 17 | 20-60 8 &5 10 1 4 3 2 5 15 55
x0-10 | 485 5 85 17 | 20-60 10 e 7 2 5 3 6 6 22 61
z0-2 66.1 6 85 17 | 20-60 10 Ao 7 2 1 5 2 5 15 55
z0-3 87.2 7 80 16 | 20-60 10 Ao 7 2 4 3 2 5 16 56
70-4 33.8 4 55 11 | 20-60 | 10 &5 10 2 4 3 2 3 14 49
70-5 96.3 8 80 16 | 20-60 | 10 &5 10 2 4 3 2 5 16 60
70-6 69.9 6 70 13 | 20-60 | 10 &5 10 2 1 3 2 3 11 50
70-7 68.2 6 65 13 | 20-60 10 5% 10 1 1 3 2 6 13 52
70-8 80.9 7 80 16 | 20-60 10 ZBes 7 1 1 3 0 5 10 50




ZiHs| - MOE - HEE 21
GSI 3k
s ils . - oplums s
From the ihology, siuckns and sursce P g § ] 735—‘] }—}\H 432 GSI H]' —,—go]—OZ] -+
conditons of the discontinuithes,
e e e i oL 15 i il i &GS gre 79 1 2 % 63 2} x07) AAHo
st L G 2 os e 100w 907 et ezl el
En S T § DT BE| ae en wan o gege 28 dehin
e S R HEARNDCIE L A= R R s
SERLETIE RS 8lel | g H gg Rk 2l s e el GSI e o
e e b £ ;s . § ‘j z g A k5l opdle] AoL =
1 oot wih by ofecir shess anohse. 5 | G5 33 gk §§§ 632 B s IS S 20~80 HY9] 7k 7IAH
e e = | wF 59 Yme| e ZAWTY 19 A X7H),
1 W] ok kel A9 1040 wsle] g AHe
- g,_/ 7 o 32 Aro] g zheth Y 19] FA AR
& /
— 31 Qg
| B Sl / | (0¥ 08 A GuE dyos Q ALY
| £ /| & o8 PHERE FPsIROM, Y Q e
| tormed by many intersecting 2 -
G s 3|/ / S5 79 ek o)l Aol AR Q 2 Tk
DISINTEGRATED - poody inter ‘g/ 33k oHlo]l Ao 1.0~13.3 WY S 7R o
B / _ S
== WY VAN o arael 2% Q 2o 0lolo], e Bz
o o g o ava 6.1 74wo] grow Hgo] RbIES UERdch

ﬁ

Mwmsmwmm

LY

NA

/

Y 1 07 SVAEOIA Z4E GSI ko] .
¥ 6. 2016 =4 GSI ZF
GSI
i g e e e
x01 45 80 45-80 62.5
x02 60 85 60-85 72.5
x03 55 85 55-85 70
x04 52 75 52-75 63.5
x07 50 80 50-80 65
x08 20 60 20-60 40
x08-¢ oF 10 40 10-40 25
x09 45 75 45-75 60
x09-¢ oF 25 55 25-55 40
x10-7} 55 80 55-80 67.5
x10-2F 20 40 20-40 30
x10-H4] 10 35 10-35 22.5
x11 40 75 40-75 57.5
yOIR 40 75 40-75 57.5
YOIL 2 35 60 35-60 475
yOIL_1 35 75 35-75 55
y02 40 75 40-75 57.5
x05 25 60 25-60 42.5




22 LS-DYNA 2} DEZofA] SiEittte] EM4E HiHsY| I8t Hoek—Brown LIix|7 |&=ut
Holmquist—Johnson—Cook Z232|E IZREO| M=

E 7. 20160 RAPIEAA EAH QFk

AT RQD | Jr 3 | SRF ¥ | In  BY | Ja 3 | w  FH Q
x01 80 F 1.0 J 1.0 F 9.0 B 1.00 B 0.66 59
x02 80 F 1.0 J 1.0 F 9.0 B 1.00 A 1.00 8.9
x03 80 F 1.0 J 1.0 E 6.0 B 1.00 A 1.00 133
x04 80 F 1.0 J 1.0 E 6.0 B 1.00 A 1.00 13.3
x07 75 F 1.0 J 1.0 F 9.0 B 1.00 A 1.00 83
x08 60 F 1.0 J 1.0 F 9.0 B 1.00 A 1.00 6.7

x08-1 35 H 1.0 A 10.0 F 9.0 K 6.00 A 1.00 0.1
x09 60 F 1.0 J 1.0 E 6.0 B 1.00 A 1.00 10.0
x09-A 35 H 1.0 B 5.0 H 15.0 K 6.00 A 1.00 0.1
x10-7F 80 F 1.0 J 1.0 E 6.0 B 1.00 A 1.00 13.3
x10-2F 35 E 1.5 A 10.0 g 6.0 G 6.00 A 1.00 0.1
x11 60 F 1.0 J 1.0 F 9.0 F 4.00 A 1.00 1.7
y01R 80 F 1.0 J 1.0 D 4.0 G 6.00 A 1.00 33
yOolL 2 60 F 1.0 J 1.0 H 15.0 C 2.00 A 1.00 2.0
yOlL 1 80 F 1.0 J 1.0 G 12.0 A 0.75 A 1.00 8.9
y02 60 G 0.5 J 1.0 H 15.0 C 2.00 A 1.00 1.0

A= 41y 5 Az 4 ol

SR ARgElE JEAEE o] ofet
Qfgte] grojojof atm, thRE AAEZAue} ok
5 23 23k ARgSHA "ok mhr|er]e
2 4] (D2 EFE=h= HBY] UukAle ARg3I97] of
Tol| 9bH9] AZUZAE(a,,), GSI L] m (4]
o] ol W2 EREE AREIIAY AWAE At
£ Aglele] AR)E ot alldell AR anke]
B4 vy Ay or ek 4= 9tk

FFH 0" QMR 3 Foll GSI 3k alidoll A
83tk GSI g2 & 4= §lal RMRo[Y Q gk of
= e 4 RS ] IAKE o8t
GSI 7] 9AE ARgsih Q gk obkel 24
e ok ASEE oA 35 22 A
& 259 ARE AHsh= dl F2 ARgHC

Q] 217804 AFE REALS T3] HalA
AAE A 325 ARGSEAIRE RocscienceAtel| Al 7H
25 RocLabolgt AZEQJOIE ARSI HE|sch
(79 2 9 3 =), RocLab Ywist = HB 113)7]
F& 7IREe R Sl o] v S $
gt By aLEgejolr}. o] Roclab HB 17|
g qhdshar AEAor Adsie] ARAPE HA

ARt 2ol tiet A= 4 e FIAE 7Y 5
L, s EERAolA ek ol uiyfAs=e] Eat

o714 WA= Z2t] Ofjh et %(excavation
damaged zone; EDZ) 1l2fsto] 2188 4= 9lovt sf
Aol AA| dRte] AsS melshr| flel s ¥
slollke] EDZe gt JE7E gl7] ool D = 0=
&350k

deAtE A SlsiA ol AqRTE AEE
off thet Auir AyES ol8ste] WA 1F 29}
o] HB 2of| 2FAIAA Z+ Al disf 5 Al
AP HEE B, = 148MPad} o, = 71.85MPag tjjat
gro= Fiick. ol gk 2030412} 2ol Ao
2% GSI Bt 28 Agalol 19 30} 2o o

SREES Yesha sla] Last Avkse] e
ok Z uish B HB whslENel A ()9 Ak

24 m, = 2609, a = 0.505, s = 0.00489] Ak
1 2471 A @(10)°]] &J3ff A=l EHHth o]
AIRIES S ke s FaEy
Aell tieh sAlside 9%t ekl S4dgk

ATk HEH 0w T HB wtar|EAle

s g

n% i
B
B o

o
% b
s
i)

4 0-505

I3
+ 0.0048

R (MPa) (12)

o/ = o5 + 71.85(2.669 x




Fs| - MOE - g
Calculate mi, sigci from Lab Data e ‘
~Lab Data
NumherofTests:|9 E: mi: |15.332 sigeit |46, 151 MPa
# sig3 (MPa) sigl {(MPa)
1 -2 0 w0+ *
2 0 33
8 0 59 120
4 0 43 =
< 100
5 5 i} s
B 10 13 Ew
7 15 142 :
8 4 0 £9
g 3 0 e
20
° 2 4« e ® 10 120
By Copy ‘ @ Paste Import... | Minor principal stress (MPz)
+ Cnp%‘daia g;nhm yal.iltr spt;eaﬁheet}i anqc}hen
press Faste ave It entered In the an I~ Plot Mogi's Line Residuals |2194.524
+ Use Import to read data from a RocData file :
or a (comma or tab delimited) text file Apply | [TTORTT Cancel |

28 2. AN ARE olgd m,

D RS X DILKAQAQAKRVSD &

A o,

24

1 [E | ke | 2 %

[ ~Hoek-Brown Classffication———
sigel [T =|MPa <@
5] | |

mi[4819 =
Do
@ E
MR

B8
8N

MPa

& B

Ih

-~ Hoek-Brawn Criterion

P - ol
s U,iﬁﬁ
a 055

~Failure Envelope Hange
Application: Tunnels -
sigamax [T9938  —|MPa
Unit Weight 0025 MN/m3
Tunnel Depth ,r m
~Mohr-Coulomb Fit
c [T MPa
phi |52.227 deg
~Rock Mass Parameters
sigt [

Maior principal stress (MPa)

MPa
sige [4861  MPa
sigem [1577%6  MPa
Erm [16836.09  MPa

By Copy Data

e
Seience
WWW,rocscience,com

01 2
Minor principal stress (MPa)

Ready

Analysis of Rock Strength using RocLab

Hoek-Brown Classification
intact uniaxial comp. strength (sige) = 71.85 MPa
GSI=52 mi=14819 Disturbance factor (D)= 0
intact modulus (i) = 43000 MPa
Hoek-Brown Criterion
mb=2669 s=00048 a=0.505
Mohr-Coulomb Fit
cohesion =1.063 MPa friction angle = 52.22 deg
Rock Mass Parameters
tensile strength = -0.130 MPa
uniaxial compressive strength = 4 851 MPa
global strength = 15.776 MPa
deformation modulus = 16598.09 MPa

Shear stress (MPa)
RN RN

01 2 3 45

MNormal stress (MPa)

a9 3. ==% HB 7|5
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