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Abstract

Rockbolt is the major support components of tunnel excavation. It is use to resist
joint sliding and stable suspension rocks. There are two ways that how rockbolt resist
joint sliding: resist shearing force by strength of materials, or constraining dilation of
joint surface that surface behavior will change from sliding up to shearing off.

Because joint sliding is an interface-separated phenomenon, The tools we use must
describe the feature of joint separated and dilation if we want to evaluate support effect.
So this study using distinct element method simulation software PFC®" to investigate
the nonlinear and anisotropic behawvior of jointed roek mass from microscopic of joint
deformation and macroscopic of rock deformation.

This study first analysis the mecha}r]ics of=intact rock ‘with results of uniaxial
compression test torobserving the effect; of parameters in PFC®°# Then we simulate
behavior of smooth joint to observing th'p effects of geometry-that induce friction
problem in particle mechanics to‘predomi;\ate. Key technology of simulating joint
surface in PFC®®. Finally we combinedthe. results  to building jointed rock mass
numerical model in PFC®P:. The results,of simulation is Well, and we can consider the
nonlinear and anisotropic behavior of regular jointed rock mass through PFC*P.

After establish the application of DEM method to jointed rock mass, this study
investigate effects of rockbolt constraining joint surface dilation through separating the
support effects of anti-dilate and anti-shear. We clarify the mechanism of rockbolt
during joint surface shearing by numerical simulation. In the future, we can deeply
analysis the limit strength of joint which is constrained by rockbolt if we can establish

parameters setting, and it will improve the analysis and design of engineering.

Keywords : rockbolt, simulate rock, DEM, jointed rock mass, PFC.
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(=) N.Cho £ (2007) :
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(=) Cundall (2000) :
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(=) #HE %(1992) :
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—e— Peak strength + Peak strength (MPa)

(MPa) —O— Young's modulus
—o—Young's (GPa)
modulus (GPa)
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. 1.9
e 81 16
5.50 - 18
/ 5 7 T5 .
= 5.00 o 75 & &
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6

—<¢— Numerical

—¥—Lab sample 1
—s—Lab sample 2

Stress (MPa)

ﬁ 1 2 3 4 5
Axial strain (x10e-3)

F2.13 ERREFRIFR R E > FARRES I REEFLF
(Kulatilake > 2009)
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Start

Perform laboratory experiments to estimate the Young's modulus,
E, the tensile strength, o, and the coefficient of friction, g, of the
model material

¥

Estimate the normal particle contact stiffness, K,, the normal
contact bond strength, 5, using Equations 5 and 6 respectively,
and assume that the value of the coefficient of internal friction
determined in the laboratory could be used for the particle
friction coefficient

L

Estimate the shear components of the micro-mechanical
parameters assuming K, = K,/2 and §, = §,

Y

Perform uniaxial compression test on prismatic samples of the
model material o determine stress-strain behaviour

Y

Perform simulation of uniaxial compression test
using a PFC' model

.

Is modulus of particle
assembly equal to modulus
of model material?

Is uniaxial compressive
strength of particle assembly
equal (o that of the model
material?

Estimation of micro-
mechanical parameters of
intact model material is
completed

Adjust K, K., 5, and 5,

B2.14 A%k = B 2 7 4 By Az (Kulatilake » 2000)
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(2) John Hadjigeorgiou % % (2009) :

John Hadjigeorgiou % * (2009) % €@ B 43 :& {7 k(B 2.15) » LR G2 LR
12 PR B 3 A (B] 2.16) 0 1t 2 U HOR T HE B PR R ek
(T4 HETE G B o A RPN Lo

|

®2.15 #-

B12.16 B 47 k== 2 2 8.8 % 1525 (John Hadjigeorgiou % 4 > 2009)
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2.3 # RS
(=) G Grasselli(2005) :

G. Grasselli(2005[10])i& 7 # >t # F &3P T IR fo 2 375 » ¥ 2 F i
BRSSO > BB ARV S RE R RIREFET A Z R R E B A (R
2.17) - GGrasselli 45 !t 127 @ & 3L 5 5 4 THpURpr - § AR R} E—Fio 2
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140007 e
I'. Ewoltion of lonzitudinal sirain on the upper surface of
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— T
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= _ \
F 2000 "'.,
2 6000 \
= 9
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22000
= 0
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2 -2000 il
-4000 L Exolution of longinudmal strain on the lower surface of I
6000 - 20 mm bolt (f=30deg) with the ncreasing of shear strass T

-3 0 5 10 15 20 25 30 33 40 45

Distance from the joint [cm)]

F2.17 5 R dh b Sl s (GGrasselll » 2005) ©

(=) Hossein Jalalifar(2009) :

Hossein Jalalifar(2009) 4 * &5 74 » LR E# 23t & 125 & ¢ pldp 2 1k /% (1
2.18) > T i@ * = MflciE A 17 THIR T B LE%(B 2.19) c W FEKRE R A&
BPH R FRASTFEEEALES 2T Y > @ ATRTORED AL RS (B
220) o d SR AR R R S PETE S P2 A A F o REHRFE AR

RIREAIRE o HERATE Y RE AT
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B2.18 AR HE\eS™ae 7 5 _ ‘, ” L7 Péﬁé;(Hosseln Jalalifar » 2009)

B2.19 = % L ;@‘Walahfar » 2009)

Shcar joint

Compression zone

—~ X

Shear and tension zone

o T one T e 30w
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(2) Ziping Huang # 4 (2002) :
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Law of Motion Force=Displacement Law
(applied to each particle) (applied to each contact)
= resultant force + moment = relative motion

= constitutive law

contact forces

PRy s
@
o ﬁ%¢ﬁe&

'n._l.i

e i B AP i
A uﬁﬁ‘jf
ENESECEIR R e 4 | o .
) -
g~¢ﬁ&ﬁ%@%§*§% — 5 %% %
i Ei [
NS R e Lﬁw ﬁ#ﬁ}ﬁzﬁﬁ% Slic o A R E K

i ot
AEEGRG APk §Y R

23



32 R EH T B HD

?FEE;?JEEE’ %&Tﬁ}'ﬁﬂ“wm,ﬁ%\'O,ﬁLﬁﬁ .78 2 fgm’;ﬁfﬁw i,

m;

SRR T BEE A R RS RUEE  BU AR PR N AR

ARt B2 G e 3 & $ a4t 0 40 Potyondy ¥ Cundall(2004) ~ Cho % 4

i

(2007) ~ % % #(2008)2 77§ $H405 A 2 B2 P enREIS] VBB E > A %

-

ERG AT M- TR RELEE BE R RESA IRAY AT

FHERRN-FAIPALAFELRL N P RERE T RTE R R B

il LS
AN it g ;i jﬂ’%f'!“‘_i-_,:r :-'_il';-‘!": !.-“ -.
_H.‘_: ' “I $ o —-ié._' Y DA
321 B % W@,IL ’

. 4 \5‘ s 2
1 2R E &

= =
FEEETDNE T SN A

. -
Bkl eSS AN
Bk T ﬁvﬁ%_fi{-ﬁ-‘i': e A -
%mréﬁﬁJﬁ%¥ﬁ; BIERTT B R el st gk
R 50 Al R f&fﬁf 6;'%};:*@?* 2 AL S X

i e

PFC3D e S F > o » 1 & P a0 A w A R A RS
(contact bond model)# T 74E % #3% (parallel bond model) » & = & * 5% 14
TSR 24 o TEESH AR SMTRE B SE LR 0 seH Ay
ARELFER S > RANPENLLFV I S0P R RPBEERRE -

PFC3D %@k 23 6 > A & & 5 = A 384 > &~ wld !

TSRk e Rk~ B

24



D HREEDRK R DRK D PR R R O, T R R R T

3. 1 2 i ik

SR TR AR L 2T AR e E p

25



$HA | RH LA %
L @Rk c _k _Kk
2L 4R
EASE | womgk H23BE e BR*
B4 4 Y LIS T Y
pemsork | E=k(RW+R®)
e ST R K Y23 B R s TR

¥
R
9
B

RodER RO, |t EE RAERRER

o hEE R T, PRI SRR

gL e 4 1

- %Puig,i&m sub 7 fr;’ fo & L e dt S Rk g
5 m 2 H s | | | anj"’ ~a4oooo 5
P S P N SR E Y s fw;sf_i P T

MR =Ep - e e 4 AE H r::_é
*;azﬂgsgaagﬁ%&ﬁ—a%ﬁ:@%iﬁw’azsk DR D

PRATR 0 A EFIREE g P B AT SR R -

B2 BWMAFEFZHR
H $h /R 475 & (uniaxial compression strength) ¥ & Hdst s i 2L 1 S8 1
FRG LB R R AL F AEH BB R R 0 E PR R T
RE o
AR £ 3L HE R R AR R R B A R PR AESR i
PR M HRER Y TR H= A7 R TR 7 0 4 %) 8 Lac du Bonnet

26



= # (Potyondy £ Cundall » 2004) ~ + .1 & 7) # (% 2 %> 2008) % 7 T ikt # (1
»1992) > FHz F R 2 L% 5 0.14m % 0.055m > #cik TAhck 3.2

B S % 4cB 320 s RFL S04 % 4 5%p - BY 7 TR B R R

£ RFF R fﬂﬁ%] R EHERAO)MBEHRLEEITREZBR - R A VEH

Ripsg B2 HRB R L T48MPas 5 7 4 g 2 B2o o s BB i i@ * 2

B R EdTR I 3.39MPac m A H $h/R 5 b 2 4 ¥ Hirpic2 R g E LB R

< o

FPNRERTED o AT 2‘ ”T]{_IZAL £§% “"rf-*',f'ﬂﬂ *’7 28 ph R EERR W R E

I RS S RT %'—éﬁ% P %Tﬁ (% a?\ﬁ T is %ﬁ.ﬂ_‘__%‘u BBk LT G
- r ..‘T'_' 1
Fp A r

b i-

éﬁ%%%%@
|

B(A L m)mn B
B (24 4.__1)_, L
PLIR e 2 Parlc'.'&f Son
e et o7 i /E’z T % 3
# fi**féi#%“ff.:-‘-ﬁf\t :

o *%m .

AL D &? ‘3§ﬁﬁﬁﬁﬁ’%f%#—umﬁl # 2

BoL % /ﬁrmﬁrﬁ ° ; M ggwﬁ_&% ﬁ%‘ﬁé{%iﬁ 4 ,?,E;f;&; tp f?'lzif&’ 1L

Blop Bl BRGHNABNFRER T, TP mEEEY BURET 4 B

: ‘ﬁ % }f' .'9: I
WA ﬁ'_ksé rent A
I%:g’:*;:fﬁ fe A A B A
1 };@" R IELE S

27



%32 L HERMOR 2L Sdkd ~ B

J
] iy 54 PACES PR
. - = - o p
S LA K, BRW | u K wp | o, |wAE® | 4| R | XpEw
Lac du Bonnet
s 1.664 2¢8
= p#
e 2 EfR(RY 2] 2 1| 1]0.003| 16 | 2600
ALEBE %L " fR 0.839 A —XL 3.96e7 ' |
1l K
=T ool f| o= | 8455e5

#33 ~pg BB kel % g%t 2 Poyondy &' Cundal(2004)2 1+ #

Lac du Bonnet granite Potyondy & Cundall - 2004 | ##=% i * ¥k
E (GPa) 69 72 69
o . (MPa) 200 175 200
Kn/ Ks 2.5 0.5
° 59°(1.664) 26.6°(0.5) 59°(1.664)




Strength

240MPa —
® [
200MPa — Py ®
— Material: Lac du Bonnet granite
| Input strength: 200 MPa
St il
. Average deviation: 3.4%
40MPa
A A A A
Material: Mushan sandstone
Input strength: 39.6 MPa
Average deviation: 1.67%
20MEe Material: Gypsum
Input strength: 3.39 MPa
Average deviation: 6.37%
2 ¢ L 4 o—
e | | | e
0 1 2 3 4 5

®13.2 Lac du Bonnet ?‘:fi;'l 25 H\_‘\_L. R rid ~ F %2%;1’&% PR RE ) PR R

[ 5
S5 LS

29



0.03m

SN 0.125m

W33 151 £ & (1692) e fo s Wih B s ki A )

1
| p—

Strength
3.7MPa
[
3.6MPa [
L]
3.5MPa ®
3.4MPa
®
Particle number
3.3MPa
0 10000 20000 30000 40000 50000

F3.4 45 7 I3 Bchosity £ & (1992) 7 2] B R x

30



Uniaxial compression strength (MPa)
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X108
PFC3D 3.00
Settings: ModelPerspective
Step 245634 13:16:44 Mon Mar 22 2010 2.29
Center: Rotation
X: 3.108e-002 X: 0.000 =4
Y: 5.685e-002 Y: 0.000
Z:8.914e-002 Z: 30.000 ol
Dist: 1.220e+000 Mag.: 2.44
Ang.: 22.500
1.6
Wall
: 1.4
PBond Locations
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PFC3D 3.00

Settings: ModelPerspective
Step 61325 13:21:03 Mon Mar 22 2010
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Center: Rotation
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Shear stress Impact of changes in radius

2.0x10°

1.6x10°

1.2%70°

8.0x107

4.0x107

0.0x10°

®3.18

Radius
r0.25

— | =——r0.3125
— | =——r0.5
— r0.625
—_—r1.25

friction angle = 30°

| | I | J | Disolaqement
0 0.2 04 06 0.8 1
s ‘ Lz e R

44



3.4 &2 4 8 L

RS ERBL GG 2R S BB MR BRI - B 319 5 4
£ 5 (199 + AN §ILHR 4 BB b mE > 2 ER L EHELE B
Fok T A FRREGPP L AL FRG > L B2 G LT
WA T RGEHRE L phidk o A ST H o 2 RERR YR
R AR 2 A 4T R

@3&)gip”"nﬁ%@Eﬁ%fﬁﬁﬁﬁ’%*ﬁéiﬂ%aiﬁﬁﬁ
B LR 0125x0141:§3'|“' 'ngﬂﬁ?sﬁﬁ T (7 R Rk e

"4

§%@,,¢pzﬁ4§; s ééngqfﬁquh?,_ig,
tMEWwa7zﬂ%mgo
PR L‘én@%

o AR R A e

*@ﬁ%kyﬁaa%am
§% %ﬁ%*% ]

F% o ¥ - fa;;%fr;ﬁ 7 Ak Sl

%ﬁ@@%’ﬁi%§ ?hﬁA ‘Ew%%%’“wiﬂﬁ%

Bl EEN AREE P'E.(.}f ?ﬁi B %ndalltaﬁﬁo)#g IHie e 5 15 &
o -ﬁ?-.'- -—-'F'E_'__.I{ '}I':.

45



'“g_joint set 2!

| -joint set 1—

/
/ joint set 3—
/]
/]

e
BI3.20  HoRE 12 # M A0 7 4

46



BSOS LM S EERIE

BEERGRER T S BmE R 2 L R 7 TR FE £ 97% 2

Pk Sl > 4ok 34

#.3.4 1§ £ £(1992)F 32 2% S Hc

4 240 S Hcis
312 foHe (GPa) 4.466
H R % R (MPa) 3.388

S
N Y 43°

O UER s S 8 AR SRS LRz 2 Sl C S HEG %
o B L REEFEGEG T%&;é 3 ﬁi SUEP AR AR L NG
|
\

BEATELE @a~$’&g%ﬁ$

351 R EHE 7 $ K T

RERE P SEEK TN Fhed 35 g EM LK L PR

\\\Xr
<l

Potyondy ¥ Cundall(2004)z_ 77 7 = % > &HEM RO N @i 2 g o R
Mo 7Bl e B RIVRG 2 U ERKRTERAE o BEGEEH tan3l” > #
550601045 48> 6 0 & w4t R %4 Potyondy ¥ Cundall(2004)2_ #= 5 >
PRWER 2P FERZEE IR RV RERRBE > ra bR RT
%% Potyondy ¥2 Cundall(2004) » 2 &2 w4t RAPF o 422 L0 2 1 B3k
FERIEELAF BB EH RO R EFEET G 0 FW ]S
0.125x0.1x0.3m > 3* M & 5 0.3 #gp L jzm 5 & 48 > » w £_0.004m ¥ 0.0025m >

47



SERHA W 5 9791 2 40107 #7 o Heig B ¢ chat B A Bt R B 3 R T B

> 2 % PFC®® fici® #-

Moo ¥ L B 2 L BB I FE RPN BHRTEICH LRI o
FRADMAPR AP 2RI REFRFE S U P ERRHRFE T 0 ZTEFAI S
QM%’ﬁEﬂwﬁﬁaﬁ%’\E?”OS«ﬁ#’yﬂﬁﬁOSFﬁﬁﬁﬂ%
B2 kAo

%35 B EHA Y WP £ & (1992) & 52

LLES

Al FlsRspktndp s & o FIIRIEP B3R R 5 &7 22 3t

S8 LA

K

1 5%

_—

= Td:

E_ =4.466GPa

 PEC3D s seafie & o2 A -

2

O-GQEﬁ},i%ﬁ i i

431°)

—k(

V4RO et g

T edERT R K
E, =4.466GPa
g s | TTREBAR 2
et Ao, |3.388MPa
o GERE R T 3.388 MPa
griFLEat g 1

0.0025 % 0.0040m = f&

Az

s

FEde & ] L Tl 1.6
¥ e F p 2600 kg/m®
LM 0.3

48




352 AWM S EKE
he34 Forit > FRGET TG0 LRA LA N

10— Th o @a R Fes b ord 4t RhY L SR

(-]

Pk ST (P E 0 FESEFEEAERIL T3 g1 56

&
i
L

LR B R A RS EAY > FIT A BEIE Y B S R gk i
§10r i SR EHARRR L G FREE AR SEE S p g
v R B FITETE G > @ 2 e s ) e

Bl B R end B & T g, ﬁ&lﬁ% TG R S N T B AR R 3N
M4 W84 0 & 2 4 eI (Cundall 5 2000)° e SRTETRTIE S (Y MRS SR
F OB R SRR 2 BB ] T R AR TR IF R B E X
B % Bor 0 i OB e P R R A E20~30 B 2 BT AT 7
?%ciipiﬂ’%ifﬁﬁéiéﬁi§25§o

zu—rwvﬁ%ﬁ’#ﬁyﬁ'ﬁ#?ﬁ%,aéarﬁgﬁgao

%%iﬁﬁga%ﬁ#@m@igy%wﬁiﬁﬁiﬁv%’ﬁ%#%ﬁ@
3 S AR N Wﬁ”ﬁ&ﬂmﬁﬁlhmﬁ4mﬁﬁﬂhoﬁﬁ%
P’P%W@i?%F%W$UH€?%iT%ﬂ@»JZ%E%T%ﬂ’j%
WK E A KRETHPRLE TEEZS R MR AT SR 2R

& » 4 Cundall(2000) i * 342 /= 0.025~0.04 ¥ -pF » &3 54 % 0.08 ¥ = %

FvX) 5 246 B - AT HBRFIRFTFYARAEHSEAMAE 2 2 P kd
TA e FEAR s A w L 175246 2 35 B LS FE 0 AR FERE
FEEC] 0 BRITT SR TR Vil S Bt A Mo T 43 FE Y

g o

\;\ﬁi

£ T2 % 0 % e Cundall(2000)4, &1 B i ST RCE N LB

Bei X5 15 R 0 ¥ P E H(L002)F * A 1A HI T S0 G B 95 43

49



B AL BBREN CBELHIGRE T AN P wR W R A
B EATE T (43 R )2 AT 15 (28 R)2 B o B - BT TITE T Z TR (S 2 %
it o
RS BRI G 0 S R ) R R G SRR G
GAFE G PR 0.0025 22 0.0040 M A AT L T 2 6T M AR K 0 55
A8 & 2 e AT AR A W] R 9791 & 40107 4F < At o £tk B
4

+ +
76 Bt

G s TR mﬁﬁww) HAE R bR

ra

50



Yyri SEIAMEKESIZ%E
R £ & (1992)4 T HCT) R R R & AT T B HED A 4 R 0 R
W AR S R 2 Bk Fh A RFE S R

Eﬁi‘“f%’}fo

SLBRE R S EE RS2 B
AERFAEER YR AR AWM LR 2P T RS G hd
BHML R UME P il Bk ko AT 4 B EITG RS N
AT R B BB
12 T 5 2 B85 7 2 4 G PRl 2 L8,

2. T 4 ol BRI ARE 2 B

3. 4 A T2 A2 B Y e
'
L) A& % il -
A B N b 2 e
i
|

AR R e 4 L AR RS Y Y S

MR R 0k AR AR 02 S N S -
7401 2 e P N 208 LA SR T E
Number of Belt Friction Ratio of
Case name : . .
particles exist angle belt width
beltl.75_40107_f0.933 40107 Yes 43 1.75
beltl.75_40107_f0.531 40107 Yes 28 1.75
beltl.75 9791 f0.933 9791 Yes 43 1.75
belt1.75_9791 f0.531 9791 Yes 28 1.75
belt2.56_9791 f0.531 9791 Yes 28 2.56
belt3.50_9791 f0.531 9791 Yes 28 3.50
belt0_9791 f0.324 9791 No 18 0
belt0_9791 fO 9791 No 0 0
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%42 BEREGIERETF M T Lty TS

Influencing factor Case name Number of particles Belt exists Friction angle  Ratio of belt width
belt1.75 40107 f0.531 40107
Yes 28 1.75
. beltl.75_9791 f0.531 9791
Number of particles
beltl.75_40107_f0.933 40107
Yes 43 1.75
beltl.75_9791 f0.933 9791
. beltl.75 9791 f0.531 Yes 28 1.75
Belt exists 9791
belt0_9791 f0.324 No 18 0
beltl.75_40107_f0.531 28
40107 Yes 1.75
beltl.75_40107_f0.933 43
e beltl.75 9791 f0.531 28
Intrinsic friction angle 9791 Yes 1.75
beltl.75_9791 f0.933 43
belt0_9791 f0.324 18
9791 No 0
belt0_9791 f0 0
beltl.75 9791 f0.531 1.75
Ratio of belt width belt2.56 9791 f0.531 9791 Yes 28 2.56
belt3.50_9791 f0.531 3.50
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Uniaxial compression strength (MPa)
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75° Belt width difference
? , @ Yang
3 60" __ pelt1.75_9791_f0.531
— belt2.46_9791_10.531

E - bhelt3.50_9791_f0.531
2 .
= 45
i<}
c
o
w2
= o
o 30
a
o
o
e
o
Q
®
i -
=
2 -

0 L ] L ]

0 1 2 3

Uniaxial comﬁ:ression strength (MPa)

‘ [ '
Bl4.4 &5 ¥ %&}%m%ﬁ@sﬂ%ﬁu 9791 - E¥ss L 28 &
_a 1] T |

0

75° Joint affect in belt width
. Yang curve

X 60" _ pelt1.75_9791_f0.531
. — belt2.46_9791_f0.531
a — belt3.50_9791_f0.531
g -
£ 45°
(=]
c
3
® 2
s o
S 30
@
o
o
£
o
Q
®
8 15°
=
=)

0

0 1 2 3

Uniaxial compression strength (MPa)
W45 @ REBARTEZAER P LATFTRTAZLE

57



413 3EA B S B2 B

PFC®P 4230 ¢ 3 jo o SR si e TIE v 2 B tA 0 B3Rt 4R 0 e
~ WA P g e lE 2 b o T d 322 e T e AL P B
SR TN ERA ISR TR eI R A P 0332 &
#20 PFCP g (7 8 m B iR 3 4 BB E N ek B AT 2 Ak 5]
Bv v M) AR A 333 SR T HFIR P R FERETHE =
BT R F AN TR A BB d i ST de o 3L T R B )

HHS % 0 sk ) @3 ARIR S 0 AR SR S G TR

/:.i':‘!??g’\;??%% °
@461@47P%F@$ﬁ1% B A7 AR R B % o 1 4.6
BEEP 2 BEE L 15 B %piﬁﬁ: 9791 240107 % lip & Ap e A 45

%&%ﬁT’%ﬁﬁwwr%#ﬁﬁaﬁ%z’ Hh@mﬁﬁﬁmwﬁ;fmﬁﬁ
FE et o @47p%*ﬁﬁéﬂgéﬁ%%’wﬁﬁQW1ﬁmw7¢ﬁ

i

2B AAREEN RBE R T "z pg;%fa—w Qv}%t‘%%ﬁﬁ?ﬁ%@f{ﬁ%ﬁfﬁ

3+

=r ﬁ?ﬁ'

N

1B o) ,@T&m@%&*$%”ﬁwﬂ$“w
i

@43%@%%&%&2%%&&&1T’Wﬂmﬂi&ﬁ%%ﬁﬁﬁﬁﬁﬁ
T2 fRR o G E TG SRR R R A (A5~T75 B) o MR B R B R 0 A Y

TMAPFARF L > RA AR FEEPRABRE NS IE 0 R T SR
PR R )L I AWATE M2 R R S E RN R T g
R R R 3 A CHE LR ] A
bR R EFEER TR B R TERR LB F AT B HIRM
AAnEIT LR F > R A PR IRL S AL ST 4 2 AR T AP U B
Pro RB 487 ML &R TFE@RER R B PRELFL &V EmS T

ZRTEILe FHATR o B3 A RITTRY 3 AR A5 RS IT Y

58



RESS AT REARAR G P o RAREARIT > BT ST EIEALR P s o F] E S
PR OSERBEIREFLE v RF 22T R G LT ILAT 0 FHE
R RARE S N AL S AW HETE AL RS N A E R
AAREFS R RTEM o B A AR FIERER- KT EF 0 B AR KL
BA Do ud EFEH A0 A T AV FRAMEILE L 2 FME R
AR Y RERFPARAN I B R Y R SRR A (Ao & S 00 R 2 iE )

245 k(R AL~F 411) - 2% 7 TR NI RZ LR 0 R PE

59



Uniaxial compression strength (MPa)
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Joint affect in friction
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75° Intrinsic friction angle affect
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Stress-Strain Curve in intack rock failure mode
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Stress-Strain Curve in slip failure mode
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Stiffness0.1 2.11e9
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Shear stress Separate 2 effects of rockbolt
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Shear stress Different interface strength-
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Shear stress Different rockbolt stiffness
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