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TABLE.3,| G-System: Support Measures for @ Range 10 to 1000° @ OF s, = (-)“?( T
Suppon _Condﬁ:on_:iﬁs_c’(cir}__ Span/ESR I Span £ESR Notes
Category Q RQDJ, Ji Ja {m) (kg:cm?) (m) Typs of Support (Table 5 6)
1€ 106 - 400 <0.01 20-40  sb(ulg)
2¢ 1000 - 400 <0.01 30-60  sb (ulg)
3 1000-4C0 «20.01 46-80 sb {utg)
4° "1000-400 <0.01 65-100 sb (utg)
5¢ 400-100 ' 0.05 12-30  sb(ulg)
[ 400 ~-100 0.05 19-45 sb (ulg)
7€ 400-100 ’ 0.05 30-65  sb (utg)
8¢ 400 - 100 0.05 48-88 sb (ulg)
9 100~40 *>20 0.25 8.5-19 sh (utg)
<20 B (utg) 2.5-3 m
10 100-40 230 0.25 14-30 B {utg)2-3m
<30 B (utg) 1.5~2 m + cim
11°¢ 100-~40 =30 0.25 23-43 8 (tg) 2-3m
<0 B (ig) 1.5-2 m + cim
12° 100-40 EX Y 0.25 40-72 B (lg) 2-3m
<30 B (1g) 1.5-2 m + cIm
13 40-10 =10 >15 0.5 5-14  sb (utg) !
>10 <15 B (utg) 1.5~2m ) |
<13 =15 B (utg) 1.5-2m |
<10 <1.5 B (ulg) 1.5-2m + S2-3 am !
14 40-10 =10 =15 0.5 9-23 B (13) 1.5-2m + cim i, 0
<G 215 B (i) 1.5~2m + S (mr) 5-10 cm Al
<15 B (ulg) 1.5-2 m + &m i
i5 40-10 >10 .05 15-40 B (1g) 1.5-2 m + ckm T
<10 B (ig) 1.5-2m + S (mr) 5—10 cm Y
1§ 40-10 >15 0.5 30-65 B (ig) 1.5-2m + cim V. VI
<15 B (tg) 1.5-2m + S (mr) 10-15 cm 1LV, VI

° Akter Barton et al. (1974).

® Approx.

€ Original authors’ estimates of support Ksulioa cass records avalatde for retiable eshmation of suppon requirements The type of support 0 bs used
in categanes 1-8 will dapand on ths blasting tvchniqua. Smooth-wall tlasting ard thorough barring-down may remove the need for suppon. Rough-wall
blasting may resull in the need for single appicatons of shoicrete. especially where the excavabon hesght is >25 m. Future case records should diflerentate
categories 1-8, Key: sb = spot boltng: B ~ systematic bohing: (utg) = untensioned, groutad; (fg) tensioned (axpendng-shell typa for competent rock
magsas, grouted post-tansioned in very poor quelity rock massas: S = shotcreis; (m¢) = mwsh-reinforced; caim = chamn-link mesh; CCA = cast concrets

erch; (s7) steal-reinforced. Bolt mpacings we ghven i meteis (M), Shotorete or cast concrete arch thicknass s given @ cantirneters (am).
¢Swo note Xil i Table 5.6.

TAGLE B.A  Q-Syotam: Support Kemaucea tor Q@ Rarngs 1 W 107

Support M Span/ESR [=ad Span/ESRK Notes
Catagory Q RCO/J, Jid, (rn) (kg 'ar?) (m) Typs of Support (Table 5.6)
17 10-4 >30 1.0 35-9 sb {utg) |
>10, <23 B (utg) 1-1.5m |
<10 =6 gl 1-1.5m+ S2-3cm |
<10 <6 S2-3cm i
18 10-4 >5 >10 1.0 7-15 B (lg) 1-1.5m + cm I, IH
>5 <10 B {utg) 1~1.5m + clm {
<5 =10 B (ig) 1-1.5m + S2-3 cm [l
=5 <10 B(utg) 1—1.5m + S2-3 cm {
18 10~4 =220 1.0 12-2% B {g) 1-2m + S (mr) 10-15cm | AEEREAY
<X B(tg) 1i-1.5m + S (mr) 5-10 cm 11
20 10-4 >35 1.0 24-52 B (ig) 1-2m + § (mr) 20~25 cmn I, V. Vi
<35 8 (ig)1-2m + S (mw) 10-20 cm [
a0 4-1 »12.5 <0.75 1.5 2.1-65 8 (utg) t/m + §2-3 cm |
<125 <Q.75 S 25-5cm 1
>0.79 B {utg) 1m |
2 4-1 >10, <38 >10 1.5 45-115 B (ug) tm + cm |
<10 >1.0 §$25-7%5cn |
<3 <10 Butg) 1 m + S (mv) 2.5-5com !
230 ' B(utg) 1 m I
23 -1 =15 1.5 8-24 B@g) 1-15m + 8 {mr)10-1Scm LIV VI
<15 B(uig) 1-1.5m + S (mr) 5-10m t
24 4-1 »30 1.5 18-46 B(ig)1-1.5m+ S (mr)15-30cm L V. Vi
<3 B(tg) 1-15m + S{mr) 10-15cm LWV

% Aler Barion ot ol. {1974).

® koprox.

¢ Saa note Xl Table 58
¢Saa tootrote ¢ n Table 52

&



TABLE &3 Q-System: Support Messures for Q Rengoe 0.1 10 1.0*

Suppon ) Condtional Factors Span'ESR Pt Span ESR Notes
Category Q RQO J. Ji1d, (m) (kg cm?) (m) Type of Support® (Table 5 6)
25 1.0-0.4 ~10 »0.5 2.25 15-42 B (ulg) 1 m + my or cim !
=10 >05 B{utg) 1 m + S (mr)5cm t
<0.5 8(g) 1m+ S (M)5cm |
25 1.0~0.4 2.25 32-75 Bg)tm+S(m)5-75cm vill, X, X!
. B(utg) 1 m+ S$25-5cm 11X
27 1.0-0.4 =12 2.25 6-18 B(tg)1m+ S{mr)75-10cm 11X
<12 B(ug) tm + S(mr)5-7.5cm 11X
>12 CCA20-40cm + B(1g) 1 VL X, Xt
<12 S{mf) 10-20cm + B (1g) 1 m Vil X, X1
28” 1.0-0.4 =30 2.25 15-33 B (ig)t m + S (mr) 30-40 cm LV, Y, I
=20, <30 B(g) 1 m+ S (mr) 20-30 cm 1,0V, X
<20 8 (1g) 1m + § (mr) 15~20 cm Lo IX
CCA (sr) 30-100am + B{lg) tm IV, VIl 3. X!
29 0.4-0.1 >5 >0.25 3.0 1.0-3.1 2lutg) 1 m+ S2-3cm
=5 >0.25 B (g) 1 m + S (mr) 5 cm
=0.25 B(ig) tm+ S (M)5cm
30 0.4-0.1 =5 30 2.2-86 B(g)1m+§25-5cm 1X
<5 S {mr) 5-7.5 em iX
B{tg)1m+ S{m)5-75cm VHI, X, X
N 0.4-0.1 >4 3.0 4-145  Bg)1m+ S(mr)5-12.5cm tX
<4, =15 S {me) 7 5-25cm . IX
<15 CCA 20-40cm + B (1g) T m X, XI
CCA (3r) 30-50an - Big) 1m VI, X3
az¢ 0.4-0.1 =20 3.0 11-34 B(1g) 1 m + S (mr) 40-60 cm IV, X X
<20 B (1g) 1 m + S (mr) 20-40 cm LV, X,
* Ahor Barton et &l (1374).
> Approx.
“For kay, refor 10 Tabla 5.2, lootnole c.
“Sese notn Xi in Tabie 5 6.
TABLE 3.4 Q-System: Support Measures for Q Bange 0.001 to Q.1°
Support Conditional Factors  gpaESR P SpanvESR Notes
Category Q RQD/J. NENN (m) (xg/cra®) {(m) Type of Suppont© (Tabts 5.6)
k<] 0.1-0.01 =2 6 1.0-38 B (g 1m+ §(mr)25-5cm X
<2 S (mr) 5-10 cm IX
S (mv) 7.5-15 am Vili, X
34 0.1-0.01 =2 »0.25 [ 20-1 B(g)1m+ S (me)5-75mn IX
<2 >0.25 S (my) 7.5-15 om X
<Q.25 S (mw) 15-25 ¢m 5.4
CCA (8r) 20-80cm + B {lg) T m Vill, X, 3
357 0.1-0.01 »15 [ §2-28 Bf(ig) 1t m+ S (m)30-100 cm i, UX, X
=15 CCA (s7) 60-200cm + B (1g) ' m VHI, X, XL 8
<15 BOg)1m+ S (m)20-75cm X, X4, B
<15 CCA (sr) 40-150cm + B (Ig) 1 m VL X XL B
35 0.01-0.001 12 1.0-20 S {mr) 10-20cm IX
S (mr) 10-20 am + B (3g) 0.5-1.0m Vi, X. id
37 0.01-0.001 12 1.0-85 S {mr) 20-60 ¢ 1X
S (mr) 20-60 cm + B (1g) 0.5-1.0m VI X, X
ag® 0.01-0.C01 =10 12 4.0-20 CCA (1) 100-300 cm IX
=10 CCA {3r) 100-300cm + B(lg) 1 m  VILX 1 X
<10 S (mr} 70-200 cm 1X
<10 S (mr) 70-2C0 cm VI, X, X

'Aher Barton et al. {1974).

* Approx.

“For kay, reler to Table 5.2, lootnols ¢
“Spa note Xil n Table 5.6,

*Sea nota Xl o Table $.8
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BK1 6LS 55 05 ol Lol 5lesal s ol S e (\; e
No. depth Lug CR RQD |Flow Tape| Lithology
(m) % %

1 11.70-16.30 5.6 700 35-70 Turbulent Gray,Marly Limestone Joint filling Calcite
Moderatly to highly weathered

2 16.0-21.0 14.79 100 18-50 Turbulent same as abovei

3 20.55-25.55 2.25 100 30 Turbulent same as abové, slightly weathered

4 25.60-30.60 1.0 100 12-83 Dilation same as above, Mod to slightly wtothered

5 30.50-35.50 0.11 100 60-80 Laminar same as above, unwealhered

6 35.00-40.00 0.05 100 . 73-77 Laminar same as above

7 40.0-45.0 0.11 100 20-74 Laminar Gray shaly Limestone. Unweathered,
calcite fillings

8 45.00-50.00 1.0 95-100 30-77 Dilation sarme as above

9 50.00-55.00 0.77 100 30-80 Laminar same as above

10 55.0-57 0.82 100 40 Laminar same as above

h




BE2 6L 15 0540 olebejl jheaad o AR SRR

No. depth Lug CR RQOD |{Flow Tape | Lithology
(m) % %

1 7.15-12.15 31.7 00 75 Dilation Dark gray, marly limestone. slightly weathered

2 12.0-17.0 1.7 700 50-85 Dilation Light gray marly limestone slightly weathered
to unwealhere(j

3 17.0-22.0 0.57 100 33-58 Laminar Brownish gray:to gray, marly limestone mod.
weathered to unwetathered

4 22,0-27.0 1.16 100 30-50 Laminar Dark gray marly limestone with stylolitc
unweathered (fresh). no layering

5 27.0-32.0 2.2 100 10-85 Laminar same as above

5 32.0-37.0 1.93 100 20-90 Turbulent same as above. filled with calcite & clay,
unweathered

7 37.0-42.0 0.63 90-100 0-35 faminar same as above

8 42-47.10 4.2 100 10-85 Void filling same as above

9 47.0-52.0 0.75 100 15-60 Dilation same as above

10 52.0-57.15 0.57 100 30-65 laminar same as above

11 57.15-62.25 0.99 100 0-50 Turbulent same as above

12 62.25-67.75 4.0 100 22-82 Difation same as above

13 67.20-72.20 3.3 100 10-70 wash-out same as above

14 72.20-77.2 0.59 100 20-50 laminar same as above




BK3 618 55 054 ol bl el o -8 - ¥
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No. depth Lug CR RQD |Flow Tape| Lithology
(m ) % Yo

1 48.10-53.10 0.42 i00 82-94 laminar Dark gray, marly limestone, slightly weathered
to unweathered

2 58.50-63.50 0.62 100 40-60 Dilation same as above;, unweathered, filled with
calcite and c/z;y

3 68.0-73.0 0.56 100 32-50 vaid filling same as above

4 75.30-80.30 0.54 100 30-65 laminar same as above

5 79.70-84.70 0.85 100 62-93 void filling same as above

6 35.50-90.50 0.68 100 52-65 void filling same as above

7 89.90-94.90 0.65 100 78-85 Turbulent same as above

8 94.0-99.0 0.68 100 81-96 void filling same as above

9 99.0-104.0 0.52 100 24-90 void filling same as above

i
;
i
!
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depth Lug CR RQOD |Flow Tape| Lithology

(171 To ¥z -

72.0-77.0 2.68 100 65-92 Laminar Dark gray, marly limestone with calcite filling l(ﬁ

unweathered

77.0-82.0 0.84 100 0.-90 Turbulent same as above & calcite and clay filling

82.40-87.40 1.53 100 90-94 laminar Dark gray ma?/y limestone with calcite, o
unweathered

87.40-92.40 0.67 100 95 laminar same as abave

92.50-97.50 0.59 100 80-95 Larminar same as above :

97.40-'7'02.4 0.69 66-100 30-40 laminar Dark gray, marly limeston with shear breaks 8J

calcite filling, unweathered

102.50-107.5 0.62 100 60-75 turbulent same as above

107.0-113.0 0.71 100 50-79 Turbulent Dark gray marly limeston with colcite,

unweathered

113-118.20 0.71 100 30-80 Turbufent Dark gray, marl?/fmes[on with shear breaks

and calcite filling , Nao layering. unweathered




UDEC 40 )|}_9[ rQ)J .la..u?.: part 1 6)L~Jdm '_AP 0 <\.~«)9.1 d\.ob)J (l.) W}q
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config

round 0.040000003

edge 0.080000006

block -20.0,-20.0 -20.0,20.0 20.0,20.0 20.0,-20.0

crack -2.5,-2.52.5,-2.5

crack 2.5,-2.5 2.5,0.0

crack -2.5,-2.5-2.5,0.0

arc (0.0,0.0) (2.5,0.0) 180.0 24

Jset 30.0,0.0 60.0,0.0 0.0,0.0 1.3,0.70.0,0.0 0

jset 102.0,0.0 60.000004,0.0 0.0,0.0 1.3000001,0.0 0.0,0.0 0

gen edge 1.0 range -4.574258,5.009901 -5.1551156,4.719472

gen edge 2.0

group zone 'User:Marly Limstone'

zone model mohr density 0.0027 bulk 1173.8888 shear 880.4166 friction 38.0 cohesion 0.14
range group 'User:Marly Limstone'

joint model area jks 190.0 jkn 1900.0 nstable 0 jfriction 29.0 jcohesion 0.21 jtension 0 jdilation 0
zdiiation 0 jperm 0 ares 0 azero 0 empb 0 expa 0

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction 0 jcohesion 1000000.0 jtension
1000000.0 jdilation 0 zdilation 0 jperm 0 ares 0 azero 0 empb 0 expa 0 range -
2.5539575,2.784149 -2.5205295,-2.4812055 )

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction 0 jeohesion 1000000.0 jtension
1000000.0 jdilation 0 zdilation 0 jperm 0 ares 0 azero 0 empb 0 expa 0 range -2.517299,-
2.4800322 -2.6134038,0.062210754

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jtriction 0 jeehesion 1000000.0 jtension
1000000.0 jdilation 0 zdilation 0 jperm 0 ares 0 azero 0 empb 0 expa 0 range -2.5890477,-
1.7980962 0.18279779,1.650452

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction 0 jcohesion 1000000.0 jtension
1000000.0 jdilation 0 zdilation 0 jperm 0 ares 0 azero 0 empb 0 expa 0 range -1.9562865,-
1.0774516 1.6680287,2.0635045

t )



joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction 0 jecohesion 1000000.0 jtension
1000000.0 jdilation 0 zdilation 0 jperm 0 ares 0 azero 0 empb 0 expa 0 range -1.3762555,-
0.25134683 2.0371394,2.4941335

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction 0 jcohesion 1000000.0 jtension
1000000.0 jdilation 0 zdilation 0 jperm 0 ares 0 azero 0 empb 0 expa 0 range -
0.1986168,0.65385306 2.2832134,2.6083822

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction 0 jcohesion 1000000.0 jtension
1000000.0 jdilation 0 zdilation 0 jperm 0 ares 0 azero 0 empb 0 expa 0 range
0.61869967,1.8051268 1.7647007,2.4853454

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction 0 jcohesion 1000000.0 jtension
1000000.0 jdilation 0 zdilation 0 jperm 0 ares 0 azero 0 empb 0 expa 0 range
1.6293598,2.2533326 1.0704211,1.8174307

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction 0 jcohesion 1000000.0 jtension
1000000.0 jdilation O zdifation 0 jperm O ares 0 azero 0 empb 0 expa 0 range
2.1039307,2.5081947 0.14764452,1.0792094

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction 0 jcohesion 1000000.0 jtension
1000000.0 jdilation 0 zdilation 0 jperm 0 ares 0 azero 0 empb 0 expa 0 range
2.4290993,2.5433478 -2.638262,0.15643299

set jmatdf=1

prop jmat=1 jks=190 jkn=1900 jfriction=29 jcohesion=0.21 nstable=0 jtension=0 jdilation=0
zdilation=0 jperm=0 ares=0 azero=0 empb=0 expa=0

change jmat=1 jcons=2

boundary stress 0.0,0.0,-0.53 range -20.910892,20.838285 19.458746,20.838285

boundary xvelocity 0.0 range -20.620462,-19,386139 -20.838285,20.69307

boundary xvelocity 0.0 range 19.313532,20.910892 -20.910892,21.056107

boundary yvelocity 0.0 range -21.128714,21.927393 -20.402641,-19.603962

set gravity=0.0 -9.81

solve ratio [.0E-5

delete range -1.9711792,2.2630463 -2.504112,2.3392477

delete range -2.4911718,-1.837467 -2.4149704,-0.63213855

reset = disp

history ydis -0.0016646252,2.4699113

history xdis 2.4980705,-0.026654283

history ydis 0.64599514,2.3855612

{b)



solve step 120 ratio 1.0E-5

history ydis -0.0016646252,2.4699113

history xdis 2.4980705,-0.026654283

history ydis 0.64599514,2.3855612

solve step 120 ratio 1.0E-5

history ydis -0.0014302471,2.4648259

history xdis 2.4951782,-0.026707388

history ydis 0.6443284,2.378627

cable 0.0 2.4301648 0.0 5.4301648 6 5 4.906E-4 6

cable 1.4925771 1.9507139 3.610153 4.088267 6 5 4,906E-4 6

cable 2.4514794 0.39249754 536814 1.1316514 6 5 4.906E-4 6

cable -1.5239699 1.9307365 -2.8824148 4.6276493 6 5 4.906E-4 6

cable -2.4229407 0.492583 -5.419511 0.9119029 6 5 4.906E-4 6

property mat 5 cb_area 4.9E-4 ¢cb_density 0.0075 ¢b_fstrain 1.0E10 ¢b_ycomp 10000.0 cb_yield
825 cb_ymod 210000.0 cb_thexp 0.0

property mat 6 cb_kbond 7012.0 ¢b_sbond 1.758

struct gen xc=0 yc=0 fang=-50 thet=280 thi=0.] np=25 mat 7

property mat 7 st_density 0.0022 st prat 0.25 st_ycomp 40.0 st_yield 2.0E-5 si_ymod 21000.0
st_yresid 10.0 st_thexp 1.0E-5 if_friction 45.0 if_cohesion 10000.0 if tensile 10000.0 if dilation
0.0 if_kn 1000.0 if ks 1000.0

reset = disp

history ydis -0.0014302471,2.4648259

history xdis 2.4951782,-0.026707388

history ydis 0.6443284,2.378627

solve step 100000 ratio 1.0E-5

()
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config

round 0.040000003

edge 0.080000006

block -20.0,-20.0 -20.0,20.0 20.0,20.0 20.0,-20.0

crack -2.5,-2.5 2.5,-2.5

crack 2.5,-2.5 2.5,0.0

crack -2.5,-2.5-2.5,0.0

arc (0.0,0.0) (2.5,0.0) 180.0 24

jset 37.0,0.0 59.999996,0.0 0.0,0.0 1.3000001,0.7 0.0,0.0 0

jset 61.0,0.0 60.000004,0.0 0.0,0.0 1.3,0.7 0.0,0.0 0

gen edge 1.0 range -5.227723,6.026403 -5.30033,5.30033

gen edge 2.0

group zone 'User:M Limstone'

zone model mohr density 0.00271 bulk 2949.4443 shear 2212.0833 friction 31.0 cohesion 0.9
range group 'User:M Limstone’

joint model area jks 570.0 jkn 5700.0 nstable 0 jfriction 29.0 jcohesion 0.2 jtension 0 jdilation 0
zdilation 0 jperm 0 ares 0 azero 0 empb 0 expa 0

joint model area jks 1000000.0 jkn 1000000.0 nstable O jfriction O jeohesion 1000000.0 jtension
1000000.0 jdilation 0 zdilation 0 jperm 0 ares 0 azero 0 empb 0 expa 0 range -2.5051816,-
2.4899905 -2.51521,0.11952934

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction 0 jcohesion 1000000.0 jtension
1000000.0 jdilation 0 zdilation 0 jperm 0 arcs 0 azero 0 empb 0 expa 0 range -2.4950075,-
2.4617488 0.20483328,0.4546778

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction 0 jeohesion 1000000.0 jtension
1000000.0 jdilation O zdilation 0 jperm 0 ares 0 azero 0 emipb 0 expa 0 range -2.4649937. -
2.4203787 0.4343982,0.61691445

joint mode! area jks 1000000.0 jkn 1000000.0 nstable O jfriction 0 jecohesion 1000000.0 jtension
1000000.0 jdilation 0 zdilation 0 jperm 0 ares 0 azero 0 empb 0 expa 0 range -2.4276807,-
2.1737802 0.6404386,1.2342248

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction 0 jecohesion 1000000.0 jtension
1600000.0 jdilation 0 zdilation 0 jperm 0 ares 0 azero 0 empb 6 expa 0 range -2.3326788.-
1.6622534 1.2142987,1.8470598

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction 0 jcohesion 1000000.0 jtension
1000000.0 jdilation 0 zdilation 0 jperm 0 ares 0 azero 0 empb 0 cxpa 0 range -1.7375821 -
1.1876826 1.8771913,2.0881116

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jtriction 0 jeohesion 1000000.0 jtension
1000000.0 jdilation 0 zdilation 0 jperm 0 ares 0 azero 0 empb 0 expa 0 range -1.3910701 -
0.14814651 2.1031775,2.5024195

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction 0 jecohesion 1000000.0 jtension
1000000.0 jdilation 0 zdilation 0 jperm 0 ares 0 azero 0 empb 0 expa 0 range -
0.17827815,0.9215208 2.2613676,2.5099523

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction 0 jeohesion 1000000.0 jtension
1000000.0 jdilation 0 zdilation 0 jperm 0 ares 0 azero 0 empb 0 expa 0 range
0.81606066,1.6823406 1.8545926,2.472288

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction 0 jeohesion 1000000.0 jtension
1000000.0 jdilation 0 zdilation 0 jperm 0 ares 0 azero 0 empb 0 expa 0 range 1.5919464,2.07405
1.425219,1.8771912

()



joint modet area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction 0 jeohesion 1000000.0 jtension
1000000.0 jditation 0 zditation 0 jperm 0 ares 0 azero 0 emipb 0 expa 0 range
2.0062542,2.3452332 0.89038527,1.3574232

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction O jeohesion 1000000.0 jtension
1000000.0 jdilation 0 zdilation 0 jperm 0 ares 0 azero 0 emipb 0 expa 0 range 2.119247,2.533555
-0.13408504,1.3950876

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction 0 jecohesion 1000000.0 jtension
1000000.0 jdilation 0 zdilation 0 jperm 0 ares 0 azero 0 empb 0 expa O range
2.4553392,2.5174854 -2.5517602,-0.39045376

joint model area jks 1000000.0 jkn 1000000.0 nstable 0 jfriction 0 jeohesion 1000000.0 jtension
1000000.0 jdilation O zdilation 0 jperm 0 ares 0 azero 0 empb 0 expa 0 range -
2.5781288,2.3310468 -2.5215266,-2.4864993

set jmatdf=1

prop jmat=1 jks=570 jkn=5700 jfriction=29 jcohesion=0.21 nstable=0 jtension=0 jdilation=0
zdilation=0 jperm=0 ares=0 azero=0 empb=0 expa=0

change jmat=I jcons=2

boundary stress 0.0,0.0,-8.77 range -20.69307,20.620462 19.531355,20.620462

boundary xvelocity 0.0 range -20.838285,-19.531355 -20.9835,20.69307

boundary xvelocity 0.0 range 19.458746,20.838285 -20.9835,20.838285

boundary yvelocity 0.0 range -20.765678,20.838285 -20.475248,-19.3860139

set gravity=0.0 -9.81

history unbal

solve ratio 1.0E-5

delete range -2.43571,2.449781 -2.5309052,2.0393925

reset = disp

history ydis 0.007989304,2.4103413

history xdis 2.5079005,-0.07401076

solve step 200 ratio 1.0E-5

solve step 20 ratio 1.0E-5

reset = disp

cable 0.0 2.378928 0.0 5.378928 6 5 4.906E-4 6

cable 0,9821057 2.1838179 2.2990997 4.8991013 6 5 4.906E-4 6

cable 1.7462873 1.6472647 4.08761 3.5495892 6 5 4.906E-4 6

cable 2.2990997 0.8668238 5.114457 1.8748933 6 5 4.906E-4 6

cable 2.4942098 0.0 5.5021586 0.0 6 5 4.906:-4 6

cable -0.9821057 2.1838179 -2.2990997 4.8991013 6 5 4.906E-4 6

cable ~1.7462873 1.6472647 -4.08761 3.5495892 6 5 4.906E-4 6

cable -2.2990997 0.8668238 -5.144457 1.8748933 6 5 4.900E-4 6

cable -2.4942098 0.0 -5.5021586 0.0 6 5 4.906E-4 6

property mat 5 cb_area 4.9E-4 cb_density 0.0075 ¢b_fstrain 1.OEIO ¢b_ycomp 10000.0 ¢b_yield
825 cb_ymod 210000.0 cb_thexp 0.0

property mat 6 cb_kbond 7012.0 cb_sbond 1.758

struct gen xc=0 yc=0 fang=-50 thet=280 thi=0.15 np=25 mat 7

property mat 7 st_density 0.0022 st_prat 0.25 st_ycomp 40.0 st_yield 2.0E-5 st_ymod 21000.0
st_yresid 10.0 st_thexp 1.0E-5 if_friction 45.0 if cohesion 10000.0 if_tensile 10000.0 if_dilation
0.0 if_kn 1000.0 if ks 1000.0

history ydis 0.009730426,2.3886049

history xdis 2.4906042,-0.08069567

solve step 100000 ratio 1.0E-S



Abstact:

Zayanderood river is the most important river in dry region in center of
Iran, witch needs more water resources. So, after building of first and
second Kohrang tunnels, building of third Kohrang tunnel,
Cheshmelangan tunnel and finaly Khadangstan water conveyance tunnel,
increase the annual water inflow.

Khadangstan water conveyance complex include, five tunnels with total
length of 9600 m and two channels with total length of 2550 m.

This tunnel has a horseshoe section with 5 m height and 5 m width in
invert. In this thesis stability analysis and primary support system design
implement by using of experimental methods (RMR , Q), analytical
metods (analysing Rock-support system interaction) and numerical
metods (by using of UDEC 4.0).

According to the results, for primary support system, compound of
Shotcrete (with 5- 17.5 cm thickness) and Rocbolts (with 3 m length, 25
mm diameter and 1.5 m spacing) are introduced and finaly, the safety

factor of the support system was calculated.



