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T, Ts NRC
Unit Weight (KN /13 1% 24.04 24.53 27
Uniaxial compressive strength, MPa Oci 8244 127.13 87
Tangent modulus, MPa Eso 22.160 31.610 19.300
Cohesion, MPa Ci 20 26 24
o . 42 4 37
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Maior principal stress (Pa)
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Minor principal stress (WPs)

Analysis of RockiSoil Strength using RocData

Hoek-Brown Classification
intact uniaxial comp. strength (sic) = 80 MPa
GSI=25 mi=13 Disturbance factor = 0
intact modulus. (E1) = 34500 WPa

Hoek-Brown Criterion
mb=0893 $=00002 a=0531

Mohr-Coulomb Fit
conesion = 2780 MPa _ friction angle = 25.19 deg

Rock Mass Parameters
tensie strength = -0.022 MPa
uniedial compressive strengih = 0.956 UPa
global sirength = 8758 UPa
modulus of deformation = 2065.02 UPa

‘Shear stress (MPa)

Normal stress (MPa)
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Major principal stress (MPa)
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Analysis of Rock/Soll Strength using RocData

Hoek-Brown Classification
intact uniaxial comp. strength (sigc) = 53 MPa
GSI=60 mi=12 Disturbance factor=0
ntact modulus (EI) = 38540 MPa
Hoek-Brown Criterion
mb=2876 $=00117 a=0503
Mohr-Coulomb Fit
cohesion = 3264 MPa _ friction angle = 35.04 deg
Rock Mass Parameters
tensle strength = -0216 MPa
uniaxial compressive strengt
global strengih = 12.549 MPa
moduls of deformaton = 20092 80 WP
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Shear stress (MPa)
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Normal stress (MPa)
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Major principal stress (MPa)

Minor princpal stress (Pa)

Analysis of Rock/Soll Strength using RocData

Hoek-Brown Classification
ntact uniaxial comp. strength (sigc) = 76 MPa
GSI=35 mi=10 Dsturbance factor = 0
intact modulus (E1) = 32190 WPs

Hoek-Brown Criterion
mb=0981 300007 a=0516

Mohr-Coulomb Fit
cohesion = 2546 MPa  fricton angle = 26 09 deg

Rock Mass Parameters
tensie strength = -0.057 MPa
uniaxial compressive sirength = 1,830 MPa
global sirengih = 9,445 MPa
modulus of deformation = 3650.57 WPa

Shear stross (MPa)

Normal stress (MPa)
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p =289
o, =vh = pgh h_—m‘gr"n = 2800 x 9.81 X 700 = 18540900 Pa = 19.2276 MPa

o, = 19.2276MPa
on = ko, — p— = 18.5409 x 1 = 19.2276 MPa

)_:‘).: Js‘ O9) o JB‘A_>9].SL)._> ‘51_»4‘ GLQJM_:)JQLM‘ h = 03 90y = 01 )_:‘)Jb

<l ay = 03 = 19.2276 MPa
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h h —p il c€n3 2700 % 9.81 x 700 = 18540900 P 18.5409 MP
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v =VR=PI T 00m @ @
o, = 18.5409MPa
op = ko, = 18.5409 x 1 = 18.5409 MPa
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Ll 0y = 03 = 18.5409 MPa

TR 09)
p=3 gr3
o, =Yh = pgh h=—7g:)nm = 3000 % 9.81 x 700 = 20601000Pa = 20.601 MPa

o, = 20.601 MPa
oy = ko, — p— =20.601x 1 =20.601 MPa
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Lewl oy = 03 =20.601 MPa
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p=27,5
0, =vYh=pgh —————————= 2700 %x9.81 x 700 = 18540900Pa = 18.5409 MPa
h=700m
o, = 18.5409MPa
op = ko, = 18.5409 x 1 = 18.5409 MPa
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Ao Aoy =
2cos® 3 3 S¢St

C*=C+ f-1)
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Tb Tb = 260 kN
— - -
A, A,=S, xSy =125%x1.25

Ads, = o =1664*N/ ,=0.1664 MPa

T 15625

A T, T, = 260 kN
=— >
%32,5,10 "4, A, =S, xS, =1x1

260
~ Mgy = =~ = 260 kN/ 2 =026 Mpa
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(Indraratna and Kaiser, 1990) s ls (3l cweglis) wlego

_ mdpAn d, =25mm,r; =64m,S5,S; = 1.5625

= = 0.186
1 S.Sr - A =tan@, = tan30 ~F
td, Ar; d, = 25mm,r;, = 6.55m,S,S+=1
ﬁ — b/t N b i L°T N ﬁ — 0297
2,510 §, S, A =tan@, = tan30
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¢t =c+Ztana a=2+2 (f-)
2 4 2
sl 095 Joles (S
Ao, c =7.010 Mpa ,Ao; = 0.1664 Mpa
c*=c+Ttana—> P = 7.1765 Mpa
24 =Z+7 = 63.445
P93 (95 Jole (S
Ao c = 2.78 Mpa ,Ad; = 0.26 Mpa
c*=c+Ttana—> T 0 = 2.985 Mpa
(24 =Z+7 = 57.595

ey 095 Jolee (S iz
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Aos c = 3.264 Mpa,Acz; = 0.26 Mpa
c* =c+Ttana—> P = 3.52Mpa

(X=1+7=63.02

020 (95 Jolee (S ot

Ao, c = 2.946 Mpa ,Ao; = 0.26 Mpa
c*=c¢ +Ttana - P = 3.15441Mpa
a = Z+7= 58.045
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. z (F-5)

1
_1 | [(c+03 tan @)2+Ag5+ostan?al? bid
(Z)* — 2 tan 1 [[ 3 3703 ] _ ;

:Jol 09y Jolee Sl a4l

@* =2tan~?!

o T2 @ = 63445,0, = 192276 Mpa 4915

1
[(c + o3tana)? + Ao; + 03tan2a]7] 7 ¢ =7.010 Mpa,Ao; = 0.1664 Mpa

290 9) Jolme Slasl ay4l;

@* = 2tan~?!

=30.902

1
[(c + o3 tan@)? + Ag; + gstanalz| 7w ¢ =2.78 Mpa, Ac; = 0.26 Mpa
03 2 a =57.595,0; = 18.5409 Mpa
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@* = 2tan~?! = 40.45

o 2 a=63.020, = 20601 Mpa

1
[(c + o3 tana)? + Aoy + 03tan2a]j 7 ¢ = 3.264 Mpa,Adg; = 0.26 Mpa
1020 (95 Jolwe SKlas! aysl;

¢* = 2tan™? = 31922

o5 " 2 a=58045,0, = 18.5409 Mpa

1
[(c + o3tana)? + Aoy + 03tan2a]j T ¢ = 2.946 Mpa,Ad; = 0.26 Mpa
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m* =m(1 + %) (F-0)

03
:Jol 095 Jolee m 2l
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Abstract

The resistence parameters of the rock mass are among the most important
information needed for designing and for checking the stability of the structures which will
be buried in the stone. Determining the right amounts and having the insurance level of the
The resistence parameters of the rock mass is very important in designing issues and in
stability of structures buried in the stone such as tunnels . One of the most important
reinforcing systems in the surface and underground of the stone structures is the rock bolts
and among them the fully grouted rock bolts have a special place ; due to their length of
involvement and the grout used in them. because of the interaction's complexity between
the rock bolts and the joints, The evaluation of the resistance behavior of the reinforcing
connected rock masses(joints) and the rock bolts is a very challenging thing to do. One of
the important things in surveying the reinforcing connected rocks with the rock bolts is the
way the rock bolts are considered in the increase of the rock mass' resistance. because the
effect of rock bolts in restriction of relative movement in length of the joints is not
considered in the numerical method, this method is not suitable. For surveying the
reinforcing effects of the rock bolts, the connected rock mass should be modeled as a
continues equivalent area and the continuous equivalent mechanical parameters must be be
evaluated, considering the reinforcing effects of the rock bolts . In this survey, the
information and data from the Alborz tunnel is used for checking the effect of fully grouted

rock bolts on the resistance parameters of the rock mass. With the help of analytical method

and two solutions which are 1. using the rock bolts' density parameter (B) and 2. using the
additional confining pressure (Ag;), the effects of the rock bolts on the resistance
parameters of the rock mass has been checked. The result of both shows that the existence
of the rock bolts increases the resistance parameters of the rock mass. With the increase of
adhesion parameters, s and m,, the effect of the rock bolts increases in both methods and
with increasing the internal friction angle in both methods and modules increase of
deformability of the rock mass, the effect of the rock bolts will decrease. The size of the
increase in every resistance parameters of the rock mass is more in the density of the rock
bolts' method than in the additional confining pressure method. Also in this method (rock

bolts' density parameter), the effects of the diameter and distance on the resistance



parameters of the rock mass is checked. And it was observed that with the increase of the
diameter and decrease of the rock bolts' distance, the rock bolts' density parameter increases

and with this increase, the resistance parameters of the rock mass will increase too.

In numerical method two modeling like rock bolts' modeling (common modeling)
and equivalent modeling around the tunnel has been done (due to the existence of the rock
bolts). In the equivalent modeling, the movements of the crest, of the right and left walls of
the tunnel has decreased respectively 13, 57, 51 percent. Also the plastic zone around the
tunnel is decreased in equivalent modeling in comparison to the rock bolts' modeling. At
last it was observed that with calculations of reinforcing effects of the rock mass in
analytical way and considering the effects of the rock bolts as the reinforcing part around
the tunnel in numerical method, numerical modeling showed more exact results comparing

to the common rock bolts' modeling.

Key words: Resistance parameters of the rock mass, fully grouted rock bolts,

additional confinig pressure, rock bolts' density, analytical method, numerical method
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