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Final tunnel Initial tunnel
volume V, volume V,
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Hy '\ .
"\/( " Undeformed tunnel shape

Homogeneous linear elastic soil: £, v Vg]umﬂ 1055 Vl = (VI'VE)NI‘ l OU (%]
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——— Underformed shape
- = - Bobet (2001)'s shape I
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n
Wtotal = Z Wi
=1

= Area;z;y;

Wi =
/ Areq; 7 %tk

le G\f = Y o
o, is the vertical stress

v is the unit weight of the overlying rock
L l z is the depth below surface

Fix of Lateral —
Deformation o,
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Depth below surface (m)

oy = 0027 z .

& ALSTRALIA
¥ UNITED STATES
& CANADA =
O GCANDINAVIA

§ SOUTHERM AFRICA

0 OTHER REGIONS -z

| 1 1 | l 1

0

10 20 30 40 50 60 7O
Vertical stress a,(MPa)
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Variation of vertical stress component with depth

Variation of vertical stress Location and depth
References ay (MPa) with depth z (m) range (m)
Herget (1974) (1.9 = 1.26) + (0.0266 = 0.0028)z World data (0-2400)
Lindner and Halpern (1977) (0.942 = 1.31) + (0.0339 = 0,0067)z  MNorth America (0-1500)
Brown and Hoek (1978) 0.027z World data (0-3000)
McGarr and Gay (1978) 0.0265z World data (100-3000)
Herget (1987) 0.026z-0.0324z= Canadian Shield (0-2200)
Arjang (1989) (0.0266 = 0.008)z Canadian Shield (0-2000)
Baumgadrtner et al. (1993) (0.0275-0.0284)z KTB pilot hole (800-3000)
Herget (1993) 0.0285z Canadian Shield (0-2300)
Sugawara and Obara (1993) 0.027z Japanese Islands (0-1200)
Te Kamp, Rummel and Zoback (1995) (0.0275-0.0284)z KTB hole (0-9000)

0.233 + 0.024z South Korea (0-850)

im and Lee (1995)
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y =22 kN/m3
Z=30m

A

y = 25 kN/m3
Z=40m

Yy = 27 kN/m3
Z=60 m
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v
k=oc,/0,
(SIS Cadlad ¢yg0s Sl buzmo (gl ¥
Ko = v/{1 —v) e B 2o 5l gl S

Sty s ik
v is the rock’s Poisson’s ratio R

Q
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Oo,=Y"2 C,=Y*2

Ko=v/(1—-v) Oh1 = Oho

c,=k*0o, !l k =?

bl oolgar (o5 50

Z1

o) J 35S 9 6l (wy0 095



ﬂ%@l w03 ) SLS SHbI (Slul> g il @398
Insitu stress aJsl sl joi »

Strong
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state of stress : X
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500 —

1000 —

G,=k-c,=k-y-z
k=c,/0c,

1500 —

2000 —

Depth below surface (m)

2500

3000
0

(b)
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M. . "
!!l ;!: al stress, o, the maximum and mini-
Trunrhorizental stresses, ay and gy, the mean
Kya =0 /0y

Viaraation of @, ap, apa (MPaland K Lacation and d
Referenices with deptly 2 (m) range (m)
Vaoight {1966a) o, = 8.0 + 0,043z World data (0-1000)
Herget (1974) e = (8.3 = 05) + (0.0407 = 0.0023)z World data (0-800)
Van Heerden (1976) Kjja = 0448 + 248/ 2 (r = 0.85) Southern Africa (0-2500)

Worotnicki and Denham (19768) @y, = 7.7 = (02021 = 0.002)z (r = [1LB5)

Haimson (1977)

Lindner and Halpern (1977)
Brown and Hoek (1978)

Aytmatov (1986)
Li (1986)

Rummael (1986)
Herget (1987)

Pine and Kwakwa (1989)

Arjang (1984)

Baumgartner ef ol. (1993)

Sugawara and Obara (1993)
Hast (in Stephansson, 1993)

Stephansson (1993)

Te Kamp, Rummel and
Zoback (1995)
Lim and Lee (1995)

= 4.6 + 0025z
= 1.4+ 0,018z (r = 0.95)

e = (436 = 0.815) + (0.039 = 0L.0072)=
Ky, varies between 0.3 + 100/z and
0.5+ 15N /=
{my + o) between 9.5 + 00752
and 5.0 + 0,058z
= 072 + 00412 K\, between
03+ 100/ and 0.5 + 440/

Ky = 0,98 + 250/z; K;, = 0.65 + 150/2
My, = 9,86 + 00371z
T, = 3341 = 00111z
Kpa= 125+ 267 /2
H" - I.'“.:l + 35?.|FZ
Kn=1.10+167/z
= 15 + 0028z
o, =6+ 0012
apy = 88 + 00422
iy = 364 + 002762
By = 591 + 003492
o = 304 + 0023z; 0y, = 16,0 + 0011z
oy = 175 +0.0133:
dis = 2.5 +0.013z2

Australia (0=1500)
Michigan Basin (0-5000)

Morth Amernca ((=1500)
World data (0-3000)

World data (mostly
former L'SSE) (0-1000)
China (0-500)

World data (500-3000)
Canadian Shield (0900}
(900-2200)
(0-2200)

Carnmenellis granite
Cornwall, UK (0-2000)
Canadian Shield
(0-2000)

KTB pilot hole (800-3000)

Cajon Pass hole (800-3000)

Japanese Islands (0-1200)

ay =91+ 00724z (r = 0.78) Fennoscandia overcoring (0=1000)

7 =533 = 00542z (r = 0.AY)

g =104 + 004462 (r = 0.61)
ap=5 + 0.02862 (r = 0.58)
apy = 6.7 + (LUM4:z (r = 0.61)
ap = 08+ 003292 (r=0.91)
gy = 28 + 0.0399z (r = 0.79)
ay, = 22+ 00240z (r=0.81)
Ay = 1583 + 0.0302z
ay, = 6.52 + 0.015722

Fennoscandia
Leeman-Hiltscher
overcoring (0-700)

Leeman-type

overcoring (0-1000)
Hydraulic fracturing
{0-1000)

KTB hole (0-9000)

My = 1858 + 0.018: (r = 0.869)

Sl oolgs ipe= 2657 + 0,032 (r = 0.606)

South Korea overcoring ((-85(0)
Hydraulic fracturing (0-250)
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NF : Pure normal faulting (Extensional) é"‘ﬂ"s" {..5““ ‘-“'JM >

{Stress scale P = 0)

NS : Dominantly normal faulting with a
strike-slip component
{Stress scale P = 0.75)

SS : Pure strike-slip faulting
(Stress scale P = 1.5)

TS : Dominantly thrust faulting with a
strike-slip component
(Stress scale P = 2.25)

TF : Pure thrust faulting (Compressional)
(Stress scale P = 3)
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(Sfress axes and faults} O

principal stress axes

* 0, max
1_—'> G, int

A

sy (8 min
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\
F=./
i \ 3a*
Ty = — (1+K}(l +(I—K)(l+—4)::0529]
T T 2 L r=} r

i 2 3a*
go=2la-k)(1+Z2 -2 )sin2e
2 L r2 4

-
i e’ {1+K)—{1—K) 41 —v) — Ll cos26
4Gr r?
__p (1— K){20a1 2~u)+HE in 26

e 4Gr | r2 >
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Vertical applied stress pg
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THErbrrer

STRESS COMPONENTS AT POINT (r, 8 )

Radial B 4p, ((1+ %) (1 =a2/r2) + (1 - K) (1 = ba2/r? + 3a4/¢")Cos 26)

Tangential o, = ipp ((1 +K)(1+22/¢2) - (1 - k) (14 3a"/r")Cos 28 )

8

Shear = ypz(=(1-%) (1 +2a2/r2 - 33%/r*)Sin 28 )

T
ré

PRINCIPAL STRESSES IN PLANE OF PAPER AT POINT (r.8)

Max imum op = ifo_ + u&.'r + {Hur - ua:'z + Trg .
Minimum g = Hur - dﬂ} . {Hdr - HB:'Z + Trg]’

Inclinationgstleadisdd> diFpction Tan 2a = 2rp5/(0p - ar) o) J 35S 9 6l (wy0 095
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/{":\ \ rl a’ S T
> < ,{i L~ I.T||H=E {|+K}(|+? +”_K'(t+r_'l cos 20

- -'I:j.l - .2 3
P g Mty 1
; / lr,...—i {I-K}(!Tj-r—_‘)hm_ﬂ]
- 7
\“ i —F—|:I1+K1—H—-‘f:[-i:l—lr]—:—‘lcuxifi}
r?

r

-
s

T T HH=—E? [:I-E’IIEH “:l':l'i-;_;:\iﬂ:"]

For 8 = 0 and very large r (Far from Tunnel) Jg 3l ;99
Orr — KP, Unee—"0, Or9 — 0

3,5 o p Ba2 ddgl Combog L oG ( Jigs 31 H90 alold o

Sllgluol olgs i yo 003 J S 9 6l oy 095



(L

(Fijip

Ty

M

gy =

rl - a3t B e e S e e i £ b i e
- L=+ K0 ==l il =t —— | 05 20
] Fe = r s e e e el i el e S e e i i s
rT { il 3 S N S U SIS S S AR S P PP S
==+ K){1+=]+d K114~ |cos2b
= = r U e S SR S i ol e e R
2 ; i
_p ( Kl(!-‘l-z"- 3;!)'.;_‘"1&] I e L S T SR PR S S S S S s S SR P A
= - o0 T T e
=L o % P T T T e e S =
8] ¥
L [ B . . s i i e e i i e o T e i e e
=—E (1+ K=l =K1t —v) — — ycos 2B
4 F P e ™ e T e e e e e e
¥ b
e S B i ol I S e e e e e ==
= -1 [(1= K 1200=20) 4 = 1 sin26 -
# L —l——l——.——l—.-i—,.!"/ .i'\"l\“iq.-ﬂ—-l—-l--h-
i el I e e el
e L T N . . T W P G s R sl o
—_—— e e e e e SR e I i i R
L S . . il e e
B R e e s e o s i e i i ol e
e e el i S R s i i ol i ol i i Sl i ol ol ol il o
I S I R . e ol e e i i e
U I R S S SR s o i e i e e
i i S e =i =l ol e e S
-, e o e o e e o e e e e b e e = e e
Slledaol olgs i po IS TN 5

o0 ) 3 ) $Lad B sbl Il g il @39
Socw | luzxe 30 glopld Fgd oo i 20399 >

(Kirsch (1898)) i )5 (158 »




I w0 1 S ol Al g i 3939
| vl Sac¥l bz 30 lo pls Figi Jo> S 23395 #

f—__ﬂ:j:l}ﬂu}n = oy (KiI'SCh (1898)) ‘_;J; L:JS:’G >

/ ’::,j’_h ,‘: i, - {I+K}(I -{%)—H—RI(I—J—--——) H:|
\ | g = L {|+A}(:+—_,)+:|—m(t+—) u]
. __ e o =3 :{l - .'L'}(I " 37“- E 3:.—:4)55-1 m]
—%[Il+ﬁ'j—“—Ki[4[l—1r]—:—;lc:15.!ii:|
iy = -—% [:l - .ﬂ.’IlZH - 2v) + ;::‘Ihinlli]
Forr = a (on the surface of Tunnel) Jisits e ea)
Tpg = P[(l -+ K) +2(] — K}LD‘\ZB]
gy = 0
T = 0
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BB 'K) + 2(1 — K)cos20] L5 5,4 59,
o= 0
g9 = 0

o)) Lad gl b Jigh 50 59,
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/ 'ﬁjh}é “:— 0ga = pl(1 + K) + 2(1 — K)cos20] b ; 9,

Orr = 0

a9 =0

o) ) sLad g b Jigi 50 89 ~

at point A: (09o)a = oA = p(3 — K)

— O, a;]y_&

0
at point B: 0 g (090)g =0 = pBK — 1) o

K=0 UA-:Spa

Oop = —p
K=10'99=2p
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vertical applied stress p;

boundary stress og

Ratio
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(Toen = M‘}H h“m )° 1_9‘ ")-.’."5 J-‘j-’ Jj—” uu-n é.a)y >
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TJog — p[(l -+ K) -+ 2(1 = K)CDS 29] tJ"S" J)'e $9)

Boundaru stresses at

l' Fo¥ jre 59

- 6 =0, (oye)a=0a=p3—K)
nda 2
Boundarv stresses a 0 — :g_‘ (0os)s = 0 = p(3K — 1)

A

. 0.4 0.6 0.8 1.0
: horizontal applied stress _
vertical applied stress

Ratio
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radial distance r
hole radius a

Ratio

Variation in ratio of tangential stress oy to vertical applied stress p, with
radial distance r along horizontal axis for k=0
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Radial displacement
reaches its final value
at about one and one
half tunnel diameters
behind the face

Radial displacement reaches
about one third of its final value

- - at the tunnel face
Direction of

tunnel advance ; -
Radial displacement starts about one half a

tunnel diameter ahead of the advancing face
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Left: Typical elastic tangential o; and radial o; stress distribution near a circular tunnel. When
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line of a flexible lining: 2 support reaction line of a stiff lining:
Ueq tunnel wall displacement at the equilibrium state: u, and u,
tunnel boundary displacements before the installation of the

flexible and stiff supports
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Arching can be described as a transfer of stresses between a yielding
ground mass and its adjoining stable masses, resulting in a
redistribution of ground stresses (Terzaghi, 1943). When the yielding
mass tends to move downwards, the shearing resistance will act
upward and reduce the stress at the base of the yielding mass.

Stress Distribution

(_
r
F
l ' 1 L
S 0 I L M A S 35
' S +
\Ir—& Yielding Section
L- 21, —l of Support
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PRESSURE ARCH CONCEPT

Arching - Fracture processes around a mine opening, 1
leading to stabilization by an arching effect. E'"”‘“’?“' “{”“““\
b

Y Ly AN
R\ Hean
17250 "

B
e

=

_)( . 7.// DE- STRESSED \\\
/ FRACTURED
f —-.______.--—
s ’/ ROOF ZONE \_ i
YY Y1 | oeAm moor, | I EAM RUDF N‘"’ ) ol S
I Abutment
RIB I RIB Superincumbent pressure
X 4 . i intradosal  pressure Datum line
Stress Distribution Above a Small 3 -
Mine Opening Pressure arch formation around mine
opening (After Dinsdale, 1937)

Abutment Pressures
When an opening is created in a coal seam, the stress that was present before the

opening was created is re-distributed to the adjacent coal pillars that are left. The areas
within the remaining coal where the vertical stress is greater than the average are called
..Eblutmgnts and hence the stresses in those areas are called abutment pressures. o A
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Major Pressure Arch

»Minor pressure arches can form independently from pillar to pillar when
the strength of the pillars in situ exceeds that of the abutment pressure,

~If the pillars yield or fail because of excessive pressure, their load is
transferred to neighboring barriers or abutment pillars and a major
pressure arch
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Differential
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STRESS AROUND A ROADWAY

HORIZONTAL STRESS LOADS THE ROOF AND FLOOR
e R T T L 3 A P e NN v e s |

| AFTER EXCAVATION, HORIZONTAL STRESSES COMCENTRATE IN AS THE LOWER ROOF BEDS SOFTEN, STRESSES ARE
THE STIFF (BRITTLE| BEDS IN THE ROOF ANDFLOOR | REDISTRIBUTED INTO HIGHER STIFF BEDS
UNBOLTED ROOF UNBOLTED ROOF

e T R P T ) T TS P e, Y™\
THIS FAILURE ZOMNE WILL CONTINUE TO MIGRATE
FURTHER INTO THE ROOF EVENTUALLY A LARGE FAILURE ZONE
IF NO REINFORCEMEMT IS INSTALLED WILL FORM ABOVE EXCAVATION
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Rock
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class Rock condition

Rock load factor Hp

Remarks

I Hard and intact Zero Light lining required only if
spalling or popping occurs.
I Hard stratified or Oto0.5B Light support mainly for
schistose protection against spalling.
Load may change erraticall
mn Massive, moderately 0to0.25 B ) : )

jointed

from point o point.

v Moderately blocky 0.25 B 1o 0.35 (B + H)  No side pressure
and seamy
v Very blocky and seamy  (0.35t0 1.10) (B — H;)  Little or no side pressure
Vi Completely crushed 1.10 (B + Hy) Considerable side pressure.
but chemically intact Soitening effects of seepage
toward bottom of tunnel requires
either continuous support for
lower ends of ribs or circular ribs.
VIl Squeezing rock— (1.10to 2.10) (B + H,)  Heavy side pressure, invert
moderate depth struts required. Circular ribs
ded.
VIl Squeezing rock— @10 0AsE (B by 0 o enee
great depth
IX Swelling rock Up to 250 ft. (80 m), Circular ribs are required. In

irrespective of the
value of (B + H,)

extreme cases, use of yielding
support recommended.

B = tunnel span in meters; H, = height of the opening in meters; and H, = height of the loosened rock mass
ahove tunnel grow developing load (Figure 5.1).
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1- Intact rock

2 - Spalling

3- Rock burst

4 - Stratified rock

5 - Moderately jointed rock
6 - Poping

7 - Seamy and blocky rock
8 - Crushed rock

9 - Squeezing rock
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Rock class and ock load -, L bl e %
condition RQDWLAH H) Q')M‘nﬁks)-‘\b - 1% W) ﬂ\)‘é WBJ &‘J)" ws; »
I. Hard and intact 95-100 Zero Same as Table 5.2
Il. Hard stratified 90-99 0-0.5B Same as Table 5.2
or schistose
. Massive moderately  B5-95 0-0.25B Same as Table 5.2
jointed
IV. Moderately blocky 75-85 0.25 B-0.35 Types IV, V, and VI reduced
and seamy (B + H,) by about 50% from
Terzaghi values because
water table has little effect
on rock load (Terzaghi,
1946; Brekke, 1968)
V. Very blocky and 30-75 (0.2-0.6) Same as above
seamy (B + H,)
V1. Completely crushed  3-30 0.6-1.100 Same as above
(B + Hy)
Vla. Sand and gravel 0-3 (1.1-1.4) Same as above
(B + H)
VII. Squeezing rock at MNA (1.10-2.10) Same as Table 5.2
moderate depth (B = H,)
VIIl. Squeezing rock at NA (2.10-4.50) Same as Table 5.2
great depth (B +H,)
IX. Swelling rock NA Up to 80 m Same as Table 5.2
irrespective of the
value of (B + H,)
B = tunnel span; H, = height of the opening; and H,, = height of the loosened rock mass above the tunnel
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Steel sels Rock bolt Conventional shotcrete
Weight  Spacin Total thickness fom)
Construction  of sieel E Spacing of  Additional ; Additional
Rock quality method 1eis pattern bolt  requirements Crown Sidles supports
Excellent Tunned boring; Ligiat Mone to Mone i Rare Mone o et Mone
ROD =90 machine occasional occasional occasional
Dirilling and Light Mone Lo Mane 1o Hare Mone (o M Hore
blasting wocasional oocasional pecasicnal
Ciood Boeing | ight Occasional Occasionad or  Occasional mesh Local application  MNone MNone
R 75190 machine of .50l 8m 1.5 L.Bm andstrag 510 7.5 cm
[l lling and LLigh 1.5 0 1.8 m Lt 1.dm Occasional mesh  Local application  MNone Mt
blasting and sraps 51| 7.5cm
- Faar Bawirey Lightto 1.5to1.8m L2 L.Bm  Mesh and strags 5t 10 cm P Rock bolts G‘I-
RQD 5010 75 machine medium a5 required “
T Drilling amd Lightto, L2to1.5m 08910 1.5m  Maesh and straps 10 cm or 10 cm Rock bolls
Blxstimt mechum a5 reguined e OF o \
Poor Boting Mediom 06w 1.2 m 09w i.5m Anchoragemay be 10to 15cm 100 15 ecm Rock bolt
Q ROy 23 to 50 machine circular hard 1o obtaing as recpuired
coswslefabile mesh 1.2 1.8 m 1
d and straps requined center io
E center) :
Drrilling and Mediom 0210 1.2m 061 l.2m  As above 15 om o 15 cm or As above
blasting o heavy e more
circular
Very poor Boeing Mediom 06 m Gbio 1.2 m  Anchorage may 15 cm or maore on Medium sets as
ROy <25 machine 1o by b impossibile; whole section recyuired
qirclar 1005 mesh anc
straps regjui e
[rrilling and Heavy  Obm 0.9 m As abowvie 15 om of more on Modium to
blasting circular whale section heavy sets s
reguired
Viesry poar Boah misthosds. Wery (.6 m Ob1o 09 m  Anchorage may be 15 cm or more on Heavy sels as
SLUBEZING heavy impossible; 100% whole section reguired
ancd swelling citcular sk and siraps
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Classification of Singh et al. (1995) W M Geﬁ“ 6“ J’.’

/J’ """.,

Loy

| Terzaghi's classification

e,

Recormmended support

s

)
1 Hard and intact a I Hard and intacy a [t} -
L] Huarid stratificd Qw058 Il Harel stratiliend or 0.0:=-0007 L] —_
ot s hislona ac histoas
L[} Masshve, moderanely 0w 025 B n Sassive, moderarely 0.0-0.0:4 i
fainted jointnd
(1% Mokerabely blocky, 035 B0 s |y Motberately blocky, 0.04=01 0-0.2 p, Irwerts may
weanwy, and I8+ Hi Ay, very jointed b required
jainteed
N Very blocky and (L35m 1.1 LY Very blocky and wamy, 0,1-0.2 05 p, Irrverts may
seamy, shattered 1B+ Het shatered highly jodraed, b repuined.
arched thin shear 2one o arched nosol
tail preferred
W Compleely crushed L+ Hl VI Complerely crushed 02-01 3-1op, Inwerts esseniial,
Ina l:lmnit.ﬂ!}l Intact Tugt cl'h"md:.:"r archaed roal
unakered, ewsendial
thick shisar and
laul rone
il Squeezing mck 12 Ml Sepueering mck condition
Al o erate deptl B+ H)
- b ;. WilA, AU sepuezinmg 08004 Depends on lovwerts esserial, In
T g bo 3% peinLary stress excavation (kexible
vitloh=s, fh, suppeit peelerred
vy excoed p, Cincular st tion
with wnss
recommenched
VIE Moderaie sgue? ing 0.4-0.6 o -
futa = 3 to 5Tl
il Squeezing mck a1 AR WIIC High squeezing 6.0-14 =t ~to-
preat choply B+ H {ufa =5%)
1% Swulling roeck UptoBiim Wil Swelling rock
WVillA A el el limg 0, 3=01,8 Deperchontype  Inverts essential in
and conbent of exCavation, arched
swelling clays, e esseritial
Py MY
enceed p,
Vil Moderate swelling 0.B=1.4 =l =
WVIHE High swelling T4=2 0 i o=

P, — wETIE M e peew e fy, — havipnrial sgpsey piesaiier B —wilen o wpae od opendng N, - gt slipenneg u, - radial unese] chosurer 5 - W02 thenshes pore —
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six parameters (representing causative factors) are determined for each structural unit:
1. Uniaxial compressive strength (UCS) of intact rock material

2. Rock quality designation (RQD)

3. Joint or discontinuity spacing

4. Joint condition

5. Groundwater condition

6. Joint orientation

Slladiol Lolg> i po Ow0) J S 9 5l oy 0952



Loael L LU
orelered

For Pun bow fenge - umansl

550 WP

5.5 | 1=5] =1
Ly s | s

el
ity it =] T i F 1 ]
Dedl s Dugify FUAD - 10 LT e Lo T o T L.
g kA 1] 13 3 1
Spacrg # bt »iE agm 200 800 v i~ 200 e )
L] R o B |- ] 3
ey g B Erai e i) Sihey spugh iurtacei e e ] Sof (nipE > #E e
Corsans gl AReanhiuin [ SparEsn s | e Sepmae < | mm o Gagn + 3 mem il o Sepatater ) M
|G E| [R5 ih ] Sty etahoed ex's High j et e o SeparEtan 15 Fm Corsruma
i LinwerTwind Wik moin Cortnuam
Ruryg X is & L] ]
Iriflesm pm 0 Hirw i [ER-] 4.9 ]
e gt iV m)
Coyrstam | (ord wbed premi b z a1 g1 032 02-05 »05
§ W e proapsl m)
Cemmameial i oncdibiorn Compsiedy &y S el Drgpesj Fizamg
Wang 15 n ] i ]
W8 BRI ATHSRTAE N FOR ONSCONTINETY DRERTATIONRS (S Fi
Sam and dip cowrivizm Vory st Favinanki P Urisvoanbe ey Linf ;vourabs
Turreds & mmes ] i ] " LF
Awngs F aurciatiofe 2 E ' 13 15
] t ] o4 A
£ ROCE WSS TLASSE S DE TEHMRE LT ¥ RON TOT KL RUATIMGS
g e 11 e el o e N ol
g rusrrite I ¥ 1 i T
Desarpran Wy g 10 D i, Fi W P o Wy pler 1
I_L'I MEANP OF BOCK CLASSES
Rl P i | E L] N L
E = ks S heals ] 2 for iS5 gpan | B 10 N 1 v 2o 5§ 1 npan T0 w2 5 o ppan 0 ' 1w apn
i o otk iy iF i Xt a0l =0 -0 100 - 26t 20
P i g o reacw v (e » Mo M. = 15 L]
§ COMTELAMES 108 CUASSIRCATION OF [NCrm T ALY ol
Concomiruty gl pEsEFc 1 1-3I= 3w W-Xm *Hm
5arg i : 2 ! 2
S T T Vv afiimes St 10 mm -5mm 31 -0
g B 4 ] 1 [
Bt e I Fough Syt roogh Srooih Secharmaied
i i L | | 1]
[T —— - [T — [IFY TR p— Bl Wik = 5§ o Ry —
|Eatrg § i i i ]
VeI Lirwartmiil BT etpiatey waAfimED Ry W [ ]
Im 2 - 3 | i
F U0 FECE O DS ON T Ty 5 L AKD P CNNENTATION R TRl 10
Strag jorpendca 5 onil el S pwied I Lo mim
Doy melfy cip - Ohp &5+ 00 Corvent oty chin = Qip' 30 = 457 Drp dgi - B2 Dp - 4¥
VALt ] Yy i Far

v agarat Sp - Dhp £5-90

Evraw mgmans | ey - [ng 3044

- emipecyn of qras

SOl

| oolg>  ipors

Fmi

RMR (S 00 ) ’

o) J 35S 9 6l (wy0 095



& A S e 2 . &oof o (WX}
A CLATSS LATIN PARANE TR e? AL R C % o

For ar-atie R o vt
ol Pl +10MPE - 10NPs 2- 4 M (B L Far Bl how f@Age - ke * - ™
o Al e mrpreeE el ] Il I ' °g
prefered
bt ik . & }
I il Ul cor 250 W 0 « 350 WP 50+ o) WPy 25 - 51\ S+25 1:5 L
wrorgh W WPa | W
Raerg LH 12 r s i 1 ¥ LS
- s
Dol coww Chssity G000 o, - 1005 P, - GO, A - TEm % . 508, <35 RMR ; i ) ao r
1 Rty 0 7 L} i 3 6 s J
fipmry of daoorbrubes »im -2 m 000« (8] rm (K1 - X e « (i mm
L] Hatng P 15 ks '] -]
Wy roagh surisees Blghiby roogh worisces Blighty raugh wrbsem Siceprded oo Bt gy wl e ek
oo F ket 7 m Sl MR SEnarin < | Py Sagparbin © 1 R o Goxgy® < 5 o thisk o SaREEa - 4 e
o) BT Sigrily ] Wil Haghy vell BP 8] W o Separaton 54 mm Conirims
4 Urwvattermt sl wok Cavrmrin
] 1] & x ia ]
Infowpor Fom Peare L3 ] w5 =L -] U3
Larns barigl .m)
erourien | ool wabed presa i o Q1 a1,-02 02-35 *03
§ | ibejor paropal m
Cares Coriaoes Cormplotely dry g el Drgprg Fiowrg
Rateg 1! " 3 1 o
B HA TNG ADRTSTMENT FOR IISCONTERNUNTY CRENTATIONS fSe F
Siren prd o otenors ey fmvourati'e E piouraiim For Lird ey arnbm ey Unfavourabie
Turre b e ] 2 -] 14 1
Ratirga Fardslors ] -2 T 15 25
] i' s k-l 4
L GOCK MASS CLASSES DN TERRSRE D FROM TOTAL RATINGS
ey 120 - 11 [T 004 4 - «n
Class Fustes' ] [ ] W v
[y Yy ol ek Ciood rek F e s Pod R Ve g e
[ N AR (O HOLK CL ﬁ.._‘az'&
CLEii Fust | i ] [ v
A i b 0y e 1% e | e 51 10 = apan 1 menak oy 5 ncan TR T 20 P e A
Cohegize of ek mams (V) &0 300 -4 P w0030 4 500
Frichon sngi of oo mass [degi T -4 -] 15-= PR
E GLEDELINES FOR CLASSFICATION OF INSCONTINUITY codilione
Durordy lengih (FRaEron «im 1-3m 1-Wm C.Hm »Xir
LHang i 4 i ]
SOPNENDT | IpEFLEE ow <1 mm LR 1= & mm »§mm
| Haung £ - L] ]
Houghress Wy pough Fougr Saghty raugh Sty Skl T
| Buting ] - ] .|
Irililng Igouga | Mo Hor! g < & mm i Mng * S rem St Wiwig = S e Solt Wl > 5
[ ] L] i |
Wealhung Urmetwred Sapdy wralered B oy weafien:] T waE el Do
B L 1 L ]
F EFFECT OF DISCOMTIRLITY 5.TREL AND IP ORIECNTATION B TUSNELLING
Tl §armerche i b Ll mia Stk il ale 0 LARs B
Dirovm il iy - (i 5 - TG Drive with dip - Dep 20 - 45 D5 - Dig 20 - &5
iy iR THOLN Wy e Ful
Dirive agene i - D 45-50 [ T e N p—
P =i B Fur

RMR jous =4+ 8+ B Ot ot J0lg |Q&F——>> (51732 GSI = RMR' g — 5 for GSI > 18 or RMR > 23 003 J S 9 65l oy 0952



L o wiigo (S0 00
ﬂﬁD " Rock Mass Rating 3 2

' ! _ RMR (S 00 ) ’
6. Joint orientation

TABLE 6.8 Assessment of Joint Orientation Effect on Tunnels

Strike perpendicular to tunnel axis

Strike parallel to Irrespective
Drive with dip Drive against dip tunnel axis of strike
Dip Dip Dip Dip Dip Dip Dip
45°-90° 20°-45° 45°-90° 20°-45° 20°—45° 45°-90° 0°-20°
Very Favorable Fair Unfavorable Fair Very Fair
favorable unfavorable

TABLE 6.9 Assessment of Joint Orientation Effect on Stability of Dam Foundation

Dip 10°-30°

Dip direction
Dip 0°-10° Upstream Downstream Dip 30°-60° Dip 60°-90°
Very favorable Unfavorable Fair Favorable Very unfavorable
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TABLE 6.8 Assessment of Joint Orientation Effect on Tunnels

Strike perpendicular to tunnel axis

Strike parallel to Irrespective
Drive with dip Drive against dip tunnel axis of strike
Dip Dip Dip Dip Dip Dip Dip
45°-90°  20°-45°  45°-90° 20°-45° 20°-45° 45°-90° 0°-20°
Very Favorable Fair Unfavorable Fair Very Fair
favorable unfavorable

TABLE 6.10 Adjustment for Joint Orientation

Joint orientation
assessment for  Very favorable Favorable Fair Unfavorable Very unfavorable

Tunnels 0 -2 =5 =10 —12
Raft foundation 0 -2 =7 =15 -25
Slopes* 0 -5 —-25 =50 —60
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TABLE 6.11 Design Parameters and Engineering Properties of Rock Mass

RMR (rock class)

Parameter/

S.  properties of 100-81 80-61 60-41 40-21 <20

No. rock mass (1) (1 (1) (1v) (V)

1 Classification of Very good  Good Fair Poor Very poor
rock mass

2 Average stand-up 20 years for 1 year for 1 week for 10 hours for 30 minutes
time I5mspan 10mspan 5mspan 2.5mspan for 1 mspan

3 Cohesion of rock  >0.4 0.3-0.4 0.2-0.3 0.1-0.2 <0.1
mass (MPa)*

e ey

4 Angle of internal ~ >45" 35-45° 25-35° 15-25° <15°
friction of rock
mass

5 Allowable bearing 600440 440-280  280-135 135-45 45-30

pressure (T/m*)

6 Safe cut slope (°)  >70 65 55 45 <40

(Waltham, 2002)
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py— [100 ;OORMR] - v- B foropenings with a flat roof

py = support pressure; Y = unit weight of rock; and B = tunnel width

~ 7.5B%"- H”> —RMR
A 20 RMR

B = span of opening in meters; H = overburden or tunnel depth in meters
for estimating the short-term support pressure for arched underground openings in
both squeezing and non-squeezing ground conditions in tunneling by conventional
blasting methods using steel rib supports

, MPa
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TABLE 6.12 Guidelines for Excavation and Support of Rock Tunnels in Accordance with the Rock Mass Rating System

Supports
Rock bolts (20 mm diameter,

Rock mass class Excavation fully grouted) Conventional shotcrete Steel sets
Very good rock  Full face; 3 m advance Generally, no support required except for occasional spot bolting
RMR = 81-100
Good rock Full face; 1.0-1.5 m advance: Locally, bolts in crown 3m 50 mm in crown where required None
RMR =61-80  complete support 20 m from long, spaced 2.5 m, with

face occasional wire mesh
Fair rock Heading and bench; 1.5-3 m Systematic bolts 4 m long, 50-100 mm in crown and None
RMR = 41-60  advance in heading; commence spaced 1.5-2 mincrownand 30 mm in sides

support after each blast; walls with wire mesh in

complete support 10 m from crown

face
Poor rock Top heading and bench; 1.0- Systematic bolts 4-5 m long, 100-150 mm in crown and Light to medium ribs spaced
RMR = 2140 1.5 m advance in top heading;  spaced 1-1.5 mincrownand 100 mm in sides 1.5 m where required

install support concurrently with  wall with wire mesh

excavation 10 m from face
Very poor rock  Multiple drifts; 0.5-1.5m Systematic bolts 5-6 m long,  150-200 mm in crown, 150 mm  Medium to heavy ribs spaced
RMR <20 advance in top heading; install  spaced 1-1.5 mincrown and in sides, and 50 mm on face 0.75 m with steel lagging and

support concurrently with
excavation; shotcrete as soon
as possible after blasting

walls with wire mesh; bolt
invert

forepoling if required; close
invert

Shape: Horseshoe; width: 10 m; vertical stress <25 MPa; construction: drilling and blasting.
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Norwegian Geotechnical Institute (NGI) originally proposed the Q-system of rock mass
classification on the basis of approximately 200 case histories of tunnels and caverns.

Q= [RQD/JH] [Jr/Ja] [JW/SRF]

J» = joint set number, J; = joint roughness number for critically oriented joint set,
J, = joint alteration number for critically oriented joint set, J,, = joint water reduction
factor, SRF = stress reduction factor to consider in situ stresses and according to the
observed tunneling conditions, and J, = volumetric joint count per m> (see Chapter 4

a. Block size It represents overall structure of rock mass (Table 4.5)
(RQD/,):

b. Inter - It has been found that tan™'(),/).) is a fair approximation
block shear  of the actual peak sliding angle of friction along the
strength clay-coated joints (Table 8.7). This has been later modified
Ue/)2): by Barton (2008) as given in Eq. (8.16).

c. Active stress It is an empirical factor describing the active effective
(Jw/SRF): stress

Sllgluol olgs i yo Ow0) J S 9 5l oy 0952
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Q = [RQD/J4]J;/Ja]Jw/SRF

QLgdu.i..gcm) >

TABLE 8.2 Joint Set Number (J,) TABLE 8.9 Classification of Rock Mass
Condition ). Based on Q-Values
A Massive, no or few joints 0.5-1.0 Q Group Classification
B | Onejolntee £ 0.001-0.01 Exceptionally poor
C One joint set plus random 3
! £ 0.01-0.1 3 Extremely poor
D Two joint sets 4
0.1-1 Very poor
E Two joint sets plus random 6 Lil i
F Three joint sets 9 =4 . vioor
G Three joint sets plus 12 4-10 Fair
d
ik 10-40 Good
H Four or more joint sets, 15
random, heavily jointed, 40-100 1 Very good
“sugar cube,” etc.
100-400 Extremely good
J Crushed rock, earth-like 20
400-1000 Exceptionally good

For intersections use (3.0 - |,). For portals use (2.0 - |,,).
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Equivalent dimension (De’) of a self-supporting or an unsupported tunnel

De = 2.0(Q%*), meters

De" ___ span,diameter, or height in meters (B;) ESR: excavation support ratio
ESR
Type of excavation ESR
A Temporary mine openings, etc. 2-5
Permanent mine openings, water tunnels for hydro 1.6-2.0

power (excluding high pressure penstocks), pilot tunnels,
drifts and headings for large openings, surge chambers

G Storage caverns, water treatment plants, minor road 1.2-1.3
and railway tunnels, access tunnels

D Power stations, major road and railway tunnels, civil 0.9-1.1
defense chambers, portals, intersections

E Underground nuclear power stations, railway stations, 0.5-0.8
sports and public facilities, factories, major gas pipeline
tunnels

shigal|chye increased by 1.5 times, Q by 5, and Q, by 5, for temporary supports. o J s 5 5l sy 0952
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REINFORCEMENT CATEGORIES:

1) Unsupported
2) Spot bolting, sb
3) Systematic bolting, B
4) Syslemalic bolting.
(and unreinforced shotcrete,
Sllebel ool> GAGem), B(+S)

g0y

e

5) Fibre reinforced shotcrete and bolting, 5-9¢cm, Sfr+B

6) Fibre reinforced sholcrete and bolting, 9-12cm, Sfr+B

7) Fibre reinforced shotcrete and bolting, 12-15cm, Sfr+B

B) Fibre reinforced shotcrete >15cm, reinforced ribs of
shotcrete and bolting, Sfr, RRS+B

9) Cast concrete lining, CCA G0y J S 9 55L0eSS wy 0952
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REINFORCEMENT CATEGORIES:
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2) Spot bolting, sb 6) Fibre reinforced sholcrete and bolting, 9-12cm, Sfr+B
3) Systematic bolting, B 7) Fibre reinforced shotcrete and bolting, 12-15cm, Sfr+B
4) Systematic bolting. 8) Fibre reinforced shotcrete >15cm, reinforced ribs of
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p, = (02/3,)Q™'
ERsli02/1,)0, '/
py = ultimate roof support pressure in MPa

pn = ultimate wall support pressure in MPa
Q,, = wall factor

Range of Q Wall factor Q,,
>10 5.0Q
0.1-10 25Q
<0.1 1.0Q

0.2:]3/4

Py =— J” - Q7!3, MPa
< Jdr
b ¥ 51 oS W o) y0 adiws olusy L5
0:2:0° ~1/3
‘;walgﬂe;"» 3= F Ques MEPa 003 S 9 51455 oy 093
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TABLE 8.14 Empirical Correlations for Overall Modulus of Deformation of Rock Mass in the Non-Squeezing Ground Condition

(GSI & RMR << 100)

L S wgo (S 09

Authors Expression for Ey (GPa) Conditions Recommended for
Bieniawski (19781 Eg = 2 EME = 100 q. > 100 MPa and RMR > 50 Dams

Serafim & Pereira (1983) Ey = 10/RMK 1ava0 g = 100MPa Dams
Nicholson & Bieniawski (1990)  E4/E, — 0.0028 RMR? § 0.9 g"MR2282 —

Verman (1993) Eq = 0.3 Ha, 10RMR-20V18 x = 0.16 to 0.30 (higher for poor rocks) Tunnels

ge < 100 MPa; H =2 50m; | =1
Coeff. of correlation = 0.91

Mitri et al. (1994)

E4/E. = 0.5[1-cos(mr RMR/100]]

Singh {1997) by = QP36 K02 Q<10 )y=1 Dams and slopes

E. = 1.5Q"% g" ' Coeff. of correlation for E, = 0.96; J,, < Dams
Hoek et al. (2002} D S 103/a0) g < 100 MPa

= (I _E) % Al g D = disturbance factor (Table 26.4)

(B i Qe E lm MPH
- Y . qplicsi-10)40)

= (1-2)

Adachi & Yoshida (2002) f g 1 DIOGIRS008A] For weak rocks, R = In situ average
Schmidt hammer rebound number

Barton (2008) = 101Q - q/100]"" < E, Q=0.1-100 Tunnels

Q. = 10 = 200 MPa

Zhang & Einstein (2004)

Enf — 10M0186 RQD-1.91
f

For 0 < RQD < 100

Preliminary analysis

Hoek & Diederichs (2006)

1=-D/2

Ei= [ﬂ.ﬂ! -

1+ exp{(60+ 15D - GSI)/11)

Tunnels, caverns, and
dam foundations

The above é'?::rrela‘taons ar@?x‘ﬁlﬁl 1o provide a mean value of modulus of deformation.

03 S 9.550eSS pwy0 0952
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Table 5.7 Empirical correlations between RMR and Q.

Correlation 7 Reference

RMR=9.0InQ+44 Bieniaswki (1976), Jethwa et al. (1982)
RMR=59InQ+43 Rutledge & Preston (1978)
RMR=54InQ+55 Moreno (1980)
RMR=46InQ+56 (Drill core) Cameron-Clarke & Budavari (1981)
RMR=50InQ+61 (Insitu results)

RMR =10.5InQ +42 Abad et al. (1984)

RMR =8.7InQ+ 38 Kaiser et al. (1986)

RMR =9.1InQ +45 Trunk & Homisch (1990)
RMR=70InQ+41 (Bore cores) El-Naqga (1994)
RMR=70InQ+44 (Scanlines)

RMR=15InQ + 50 Barton (1995)
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GEQLOGICAL STRENGTH INDEX, FOR
JOINTED ROCKS (Hoek and Marinos, 2000)
From the Bhology, siructisre and surface
conditions of the discontinuities, estimale
the average value of GS1. Do nal iy lo
be oo precise. Quoling a range from 33
to 37 is more realistic than stating that
GSI = 35. Nole that the table does nol
apply to structurally corirolied faflures.
Where weak planar structural planes are
present in an unfavourable onenfation
with respeci to the excavation face, these
will dominate the rock mass behaviour
The shear sirength of surfaces in rocks
ihat are prone to delerioration as & result
of changes in moisture content will be
reducad is water is present  When
working with rocks in the fair to very poor

ERIELAld (e ceoplio  siitil >

B LS o Coglie il Ll

S 03y SilSegs; (sle sl il S.als
] odih 431;,'

ghightly weatherad, won siained surfaces

09y ol o e gan adb ple S
b S ooy (SGlg; sl
D9 (50 08 (e riimns

Shckensided, highly weathaned surfaces with compact
coalings or filings or angular fragments

VERY PIOOR
Slickensided, highly weatherad surfaces with soft clay

coalings or fillings

SURFACE CONDITIONS
Viery rough, fresh unwealhered surfaces

is dmmmm:-m.nm
STRUCTURE
INTACT OR MASSIVE - intacl

2 vERY GOOD

%
§
|

N

BLOCKY - well interlocked un-
disturbad rock mass consisiing
of cubical blocks lormed by thres

Interseciing discontinuity sais

] VERY BLOCKY- interiocked,
TELL parially disturbed mass with
S| muitifaceied angular blocks

2| formed by 4 of more joint sets

A BLGGKWDIETLHEDM
AT

GSI=RMR -5

DISINTEGRATED - poorty infer-
locked, heavily broken rock mass
with midure of angular and
KifzcRy rounded rock pleces

=== DECREASING INTERLOCKING OF ROCK PIECES
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TUNNEL BEHAVIOUR CHART (TBC) FOR ROCK MASSES (V. Marinos)*

ROCK MASS STRUCTURE
(A5 in GS1, Hoek & Marings, 2000)

Small overburden

{Rock masses for up to several hundreds metres®* )

Large overburden

INTACT ROCK STREMGTH (o)
Indicative Hmit: 0~ 15 Mpa
Low o, High o,

INTACT ROCK STRENGTH [o,)
Indicative limit: 0~ 15 Mpa
Lowa, High a,

7 INTACT OR MASSIVE

Intact mck spacimans or massive
I sty rock with lew

wadely spaced discontinuities

OVERBURDEN (H) LIMIT: ~150 m

H LIMIT: ~100 m

R T

i g discontimulty
LSt | snls. Pertenn of Bedding ples
T achistesity, It 8 understood that
B the rock mass is disturbed and
anisobropy can be developed

Laminated or folisted and
sheared weak rock mass. Foliation
prwvails over any other discontinuity
sef, resulting in compiete lack of
BOCkIneSS (this drawity e i nol

g dxspansd salh B Sifwr'y Srirwing Sfded |

LAMINATED/ FOLIATED/SHEAREDY Al

OVERBURDEM [H) LIMIT: ~70 m

L S wgo (S 09

Ch: chimney Type Failure: Frequent
Wedge Failure (in Very Blocky Rocks)

farmed by 4 or more joint sats
BLOCKYMDISTURBED/SEAMY

discontinuity sats.
of bedding plands of schisloasty

REASING INTERLOCKING _'ﬂll-' ROCK F!tE._EES

DISINTEGRATED - poory inler-
[esciond, haarvily broken rock mass

b

.... LAMINATED/SHEARED - Lack
of blockiness due 1o closa spacing
| of weak schistusity or shear planes

1)

/

St: Stable ground

Gravity induced L H
mmmm =

feq:Smu:Ing ground

failure Ch:Chimney type faillure Rv:Ravelling ground
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INIMCATIVE TUNNEL SUFPORT MEASURES FOR EACH TUNNEL BEHAVIOUR TYFPE®
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RHE'.‘ of functions

i ey (el G ( gw) s

Prtective Provide g zone of profection against ground movement near From life-of-infrastructure
sub-surface and surface infrastructure and natural features _ to permanent &, . .}Lﬂ.g . I | ..1
Barrier ﬁmidulmnf:wlimuhufﬁ:kmwmbetwm two seis of | From life-of-mine { 1040 J J u ) A & 3"
waorkings to limil interaction between their respective stress felds years| (o permancent
Provide o solid barrier against innush, gos mignetion and sponianeous
combustion
Protcer sub-surface and surface namral and man-made mfrastructure
| from mining-induced grourd movement |
Main Local or regional load beanng structure | = Life-of-mine (1040
Development | Restrict strata displacement around main development roadways to  Years), of
safe and serviceable levels = From life-of-
Act us ventilation infrastructure to
Protect sub-surface and surface natural and man-made infrastructure | oot
from nuning-induced ground movement
Panel Local load bearing structure | = Life-of-panel
Provide roof, rib and floor stability within a panel for duration of (1-2 years), or
production - From life-of-
Restrict sub-surface and surface ground movement imfrastructure to
- G - — —c o | PETENCI ;
Interpancl | Regional Joad bearing structure between adjacent panels | — Life-of-mine (1040
Pmidulwfﬁﬂﬂnly wdes:puulmhnm two adjacent panels to | yearsh or
fimil the interaction of their respective stress fields = From life-of-
Restrict the spread of a pillar system instability infrastructure to
Provide 3 solid barrier against inrush, gas migration and spontancous Pt
combustion |
Chain Protect companion gateroads from abutmen? stoess = 1-3 years, or
Provide 0 ventilation pathway and 2nd egress = Life-of-infrastructure,
Function as a poaf seal up o permanent for partial
Somerimes used to provide regional support and restrict sub-surface | B 1 et
; | and surface ground movement !
Yield Localised, low stiffness suppon — |=l-dyem
Limit damage 1o immediote roof and floor strata, miligate pressure
bursts {coal burnps. rock bursis)
Provide localised stress relief around a roadway |
A _ Iupbvemﬂmm in some bord and pillar mining layouts
Highwall “Temporary, local support 1o current drivage or punch — Howrs 1o days
Sometimes used 10 provide regional supporn = Sometimes permancni
Fender Local suppon and goaf edge control | 3-5 days, then encouraged
Break off point for cantilevering rof 1o fail
Barrier WMI

‘s,uuwu =7 38t cdze conrol

Local support lo protect retreal path from or through sn intersection

to fml

1-3 days, then encouraged i 1
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Table 4.1 Types, functions and typical life expectancy of coal pillars

PRL) Ps-&-ﬁﬂ

Type Range of functions Typical life expectancy
Protective Provide a zone of protection against ground movement near From life-of-infrastructure
sub-surface and surface infrastructure and natural features to permanent
Barrier Provide a zone of separation of sufficient width between two sets of | From life-of-mine (10-40
workings to limit interaction between their respective stress fields years) to permanent
Provide a solid barrier against inrush, gas migration and spontaneous
combustion
Protect sub-surface and surface natural and man-made infrastructure
from mining-induced ground movement
Main Local or regional load bearing structure — Life-of-mine (1040
Development | Restrict strata displacement around main development roadways to years), or
safe and serviceable levels — From life-of-
Act as ventilation stoppings 1nfrastmctu:'e to
Protect sub-surface and surface natural and man-made infrastructure prnarert
from mining-induced ground movement
Panel Local load bearing structure — Life-of-panel

Provide roof, rib and floor stability within a panel for duration of
production

(1-2 years), or
— From life-of-

Restrict sub-surface and surface ground movement

infrastructure to

permanent
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: P pgbio
Interpanel Regional load bearing structure between adjacent panels — Life-of-mine (1040
Provide a sufficiently wide separation between two adjacent panels to | years), or
limit the interaction of their respective stress fields — From life-of-
Restrict the spread of a pillar system instability infrastructure to
Provide a solid barrier against inrush, gas migration and spontaneous poiimats.
combustion
Chain Protect companion gateroads from abutment stress ~ 1-3 years, or
Provide a ventilation pathway and 2nd egress — Life-of-infrastructure,
Function as a goaf seal up to permanent for partial
Sometimes used to provide regional support and restrict sub-surface SERIERRHON YA
and surface ground movement
Yield Localised, low stiffness support - 1-3 years
Limit damage to immediate roof and floor strata, mitigate pressure
bursts (coal bumps, rock bursts)
Provide localised stress relief around a roadway
Improve percentage extraction in some bord and pillar mining layouts
Highwall Temporary, local support to current drivage or punch — Hours to days
Sometimes used to provide regional support — Sometimes permanent
Fender Local support and goaf edge control 3-5 days, then encouraged
Break off point for cantilevering roof to fail
Barrier against a goaf fall.
Stook Local support to protect retreat path from or through an intersection | 1-3 days, then encouraged
Sitenol Spafedge control 10 SR}, 05 oo 092
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A = ABCD, pillar area = A, area mined A=A - A,
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(Plan View)

A = ABCD, pillar area = A, area mined A, = A — A,
Ay = WLy

A = (Wo + Wp)Lp + We)

Am = WolLp + We) + Wy
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(Vertical Rlock
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FP Pillari reaction
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W = yHA = SyA = F, = SpA,
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A = ABCD, pillar area = A, area mined A, = A — A,

v is average specific weight of overburden

H is height of overburden block (seam depth)

Sv is average overburden stress (before excavation)

A is cross-sectional area of an overburden block

Sp is average pillar stress

Ap is pillar cross-sectional area

Am is the excavated area (entries and crosscuts)
A=Ap+Am

compressive stress safety factor FSC _ —

Sp average pillar stress
Cp Pillar compressive strength

o) J S 9 6l (o y0 0952
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A = ABCD, pillar area = A, area mined A, =A—-A, 7

v is average specific weight of overburden

H is height of overburden block (seam depth)

Sv is average overburden stress (before excavation)

A is cross-sectional area of an overburden block

Sp is average pillar stress

Ap is pillar cross-sectional area

Cp Pillar compressive strength

Am is the excavated area (entries and crosscuts)
A=Ap+Am

FSc is the Safety Factor

extraction ratio R (or Recovery Factor)

(FSc)(Sy)

R=1-—
CP
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pillararea=w_*1

(b 6‘-’ Cgw) 3o

(b 9 361 gy 5o) Ny JT o L3-'L:-'-~’19*-°

tributary area=(wp+w¢)*(lp+wc)
pillarload=5r*H*(wp+w¢)*(lp+wc)
d, *H*(wp+wc)*(lp+wc)

(WP g IP)

&=5_*H=(sg "8 )*'H

O+

pillarwidth (wp), pillarlength (Ip), entry width (we)
crosscut width (wc), depth (H), density of the
overburden (6r), pillarstress (od), original in situ

Pillar Area

Surface

Tributary Area
Plan View

- e

+w:

L

|

| Tributary
| Area

| Load
I

I

b oo o e - —

W W h
L P

Cross-Section View

verticakbsiress'£aid ~extraction ratio (e)
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(‘W’FI +we)*(lp+wc) " i
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% | 1
| | =
* I i,
(wp+wc) (1P+w )_ 1 // i |
* = = [ |
(WP l?) 1 2 Pillar Area I Tributary Area j ¥
Plan View
Surface ; :
Q= _.E’._. | : Tributary :
& W
(1-e) : :
pillarwidth (wp), pillarlength (Ip), entry width (we) ‘ 4
crosscut width (wc), depth (H), density of the o= h
overburden (6r), pillar stress (od), original in situ Cross-Section View

verticalgtress (oi), extraction ratio (e) e A
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Strength = kw® h” kPa

Salamon’s analysis gave values of k=7 176 kPa, a = 0.46 and B =- 0.66

0.46

Strength =7176 :{}66 kPa Salamon and Munro (1967)
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free drainage
goafl - total failure and roof detachment
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NOT TO SCALE panel width

Fig. 3.5 A conceplual four zone madel of caving and fracturing above an excavation (Courtesy of Dr Colin Mackic)
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Rock stabilization

Maintaining the integrity of the
excavation, as dewermined by
the engincering objective.

e =

Rock support

Rock reinforcement

Bars. rods or cables are mserted into Structural elements are introduced
into the excavation to inhibit rock

the rock mass, such that the rock

mass is stiffencd and strengthed. mass displacement at the excavation

with the result that it can 'suppori boundaries, e.g. steel arches or
concrele rings as used in tunncls.

itself”,
Continuous Discontinuous Continuous Discontinuous
medium medium medium medium
Behaves as Behaves as a Boundury conditions Boundary conditions
reinforced composite continuous medium ahercd--struciural altered - structural
material, analogous that 1s stiffer and clements apply forces clements apply
to reinforced stronger, because or stresses which forces or stresses
concrete or glass displaceincnt on inhibit displacements inhibiting
fibre reinforced discontinuities s of the continuum. displacement of
plastics. inhibited. individual blocks,
Ay - i i Sgeesa 0SS (0 095
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SUPPORT - CLASSIFICATION

|
| | |

Self support by Support by the use Support by using the
the in-situ rock of natural pillars artificial means
d 4 4 U U
Based on Based on number Based on Based on place Based on its
material used of members rigidity of application life
4 |} U
— Single (prop, stull) - Rigid — Temporary
— Multi members - Yielding — Permanent
(sets, chocks)
— Shield, cantilever. - Civil tunnels in different ground conditions
— Mine development (horizontal, vertical or inclined)
— Mine stopes (stop preparation, stoping, post stoping)

— Brick, stone masonry (in the form of walls, lining)

-~ Wooden (props, stull, chocks, crib sets, square sets etc.)

- Steel (rock bolts, wire mess, props, sets, arches etc.)

— Concrete (walls, lining, shotcreting, sets, arches etc.)

- Filling material of various kinds such as sand, waste rock, mill tailings etc.

REF: 2005 Sethsts' sief ufderground Excavations — Methods, Techniques and Equipment 23 Jr5 s 6l opo 092
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R il
System Active/ St Corrosion Ease of Pull-out Where to Where to Relative
passive soft resistance installation resistance use avold cost
Mechanical Achve Lo Medium Cioed Medinm Shos term Long term Cheap
anchors Unlaminated roof Laminated roof
Medium to light Burnt coal
load ribside
Resin point Active Saft Medium Meditim, requires Wery good Short term Long term Cheap
an o Traiming Unlaminated rouf Luminuted roof
Mediuim oo heavy Burni coal
([F75] ribmiche
Full column Passive Suitf Cionnd Medium, requires WVery good Ling term Burt coal Eaxpensive
resin (single training Laminated roof ribside
e Lypel Heovy Joad
Thick weak roof
Close 10 [ace
Full coluwmn Agtive ST G Meditim. requires Very good Long term Burnt coal Expensive
resin (slowi st Traning Laminated roof ribside
combinglion) Heavy load
Beam building
Thick weak roof
High horizontal
siress
Spli set Passve Sulfsh Pasor L] Pooe Burnt coal rihsides Long term Expensive
Wiremesh fill-in Heuwvy Jowsd
Thin kminated Thick layers
layers
Short term
Light load
Trusses Active Suflih Crond Cumbe rsome Very good Jointed arens - Very
(wale Major joints, fmulis Expensive
brusses softh
W straps SLifT Medium Cumbersome Toninted aneas Expensive
Friahle rood
Beam building
High horizontal
slress
Wooden dowel: | Passive ST bug Excellent Easy FPoor Longwall faces Roof Cheap
Wik fibsides in Slooping
Fibreplass Passave Sntf Excelient Easy Giood Longwall faces . Expensive
dhwels nibsides i stooping
Wiremesh and Passive | St af well Grood Cumbersorme em Burmt coal B Expensive
shoicrete instatled Jovimied areas
Friable roof
Long term, densely
) populated ars
Chemical Pussive Saitf Eacellent Cumbersome Longwul] fuce breal WYery
injection Pre-support in very expensive
weak. jomted
REF: 2017 SECORDLPTHEN OF ROCK ENGINEERING FOR UNDERGROUND COALKAININ 0203 7] 9 o4 Ly 0952
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Primary sprayed concrete

Face dowels ¥

(if required)
Stepped joint to
permit overlap of
reinforcing mesh

lining (300 mm thick)
Spiling or forepoling
/ (if required)
BN
THE I I I I I | I |
FAGE - W a TO# HEA¢|HG ¥ ' i [
I I | I I | [ | > | | .
| i i " " : 1| Permanent
e L ﬁ‘::a't‘#e R i
BRI 19 | || concrete
I | | | | lining
| |t Mesh  BENCH 4 | | By
S TR T
N 1
o s 1 I !
. ! b

F 3
r Lattice girders Temporary backfill in invert
Leading edge Trailing edge during construction

* With sprayed concrete sealing layer

REF: 2009 spthyed EiEded RUBTeerion A5 oS Gettanshin sRitground ey IS 3 08 oy 0332
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SUPPORT - CLASSIFICATION
|
| | |

Self support by Support by the use Support by using the
the in-situ rock of natural pillars artificial means
J 4 J U |
Based on Based on number Based on Based on place Based on its
material used of members rigidity of application life
4 J U
— Single (prop, stull) - Rigid — Temporary
— Multi members — Yielding — Permanent
(sets, chocks)
— Shield, cantilever. - Civil tunnels in different ground conditions
— Mine development (horizontal, vertical or inclined)
— Mine stopes (stop preparation, stoping, post stoping)

— Brick, stone masonry (in the form of walls, lining)

—~ Wooden (props, stull, chocks, crib sets, square sets etc.)

- Steel (rock bolts, wire mess, props, sets, arches etc.)

— Concrete (walls, linind, shotcreting,|sets, arches etc.)

- Filling material of various kinds such as sand, waste rock, mill tailings etc.

REF: 2005 Sethsts' sief ufderground Excavations — Methods, Techniques and Equipment 23 Jr5 s 6l opo 092
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—e— Chang and Stille 1993

—— Pottler 1993

—ea— Pottler 1990

—%— Meschke 1996
—e— Golser et al. 1989

—s— Hellmich et al. 1999b
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1

Compressive strength in MPa
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1
1
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Age in days

Figure 2.5 Predictions of strength development vs age

REF: 2009 Sgthved €©feréte Lined Tunnels (Applied Geotechnics-Vol 2)
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Air compressor _|

o Water tank

NI,

®
A C)
Dry cement and aggregate = Pump

delivered by truck or pipe
or in pre-mixed bags

REF: 2009 Sgtaved €4nerdte Lined Tunnels (Applied Geotechnics-Vol 2)
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water injection
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Wet-Mix Process
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REF: 2008 Integration of geotechnical and structural design in tunneling (Hoek)
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2
! Ec[r}z—(’?_fc) }
% - ?uppor! System Yield K= ) 2
{ | (1+V¢)[(1—2Vc)’? +(r-1.) ]
: T
§ Equilibrium ™ o R L
3 2
p H Do 18 (‘?E — I )
max 2 2
I= Ugg "'Tl"'"uﬁm_"'i i L o

Inward Radial Displacement uj ——»

K = support stiffness;

Pmax = maximum support pressure;

Ec =Young’s modulus of concrete or shotcrete;
tc = lining thickness;

ri = internal tunnel radius;

occ = uniaxial compressive strength of concrete or shotcrete:

REF: 2010 TethHicatrantidl for Design and Construction of Road Tunnels—CIVIL ELEMENTS pRAGHTEF S oo o3
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Axial Tnrusl, Mk

Axjal Thrusl, M

Reinforcing
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71 BS=1 Rﬁimnrdng 1
Steel e 1
. e Shotcrete
‘ 12 4
2
=
=
]
e
=
1]
k-

N\

Shear Force, MN

Shear Force, MN

REF: 2008 Infégiatietroégeotechnical and structural design in tunneling (Hoek)
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OShear =0.2(250.5)=1 Mpa = 100 [Ton/m2] e

VBlock=(1/3)(h)(A)=(1/3)*(6)*(5*5)=50 [m3]

WBlock= YVBlock = 2.5*50=125 [Ton]

Lpunch of Block = 4*/ = 4*5m = 20 [m]

Ap = Area of punch =(Lpunch)*(Thickness of Shotcrete)= 20 t [m2]
ool @oyo yio conz p g v g 00g yio i p T a5 390 dxgS

Ap * oShear = S.F * Whblock

20 t [m2] * 100 [Ton/m2]=2 * 125 [Ton]

t=(250)/(2000) = 0.125 [m] = 12.5 cm
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Rock anchor—Rock anchors are tensioned tendons anchored to the
ground over a defined length.

oo Job b (00us yw) 00 ousisS sl y9uils 2,5l

Rock bolt—Tensioned reinforcement element consisting of a rod,
mechanical or grouted anchorage, and plate and nut for tensioning by
torquing the nut or for retaining tension applied by direct pull.

L g Sl £95 31 (651008 b (o) oy Jolids (o0 () 00 oS (55l 1 g9
Sguino plowil S 55 b HglilS Jlosl b (g yw) 0 580 (i b (pindS Jos &5 ()35

Rock dowel—Untensioned reinforcement element consisting of a rod
embedded in a grout-filled hole and bonded to the surrounding ground
along their entire length (fully bonded), by either friction or grout.
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Rock anchor— Active (Jld)
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Rock bolt— Active (Jld)
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Rock dowel—Passive  (Jlé ,.£)
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System Active/ St Corrosion Ease of Pull-out Where to Where to Relative
passive soft resistance installation resistance use avold cost
Mechanical Achve Lo Medium Cioed Medinm Shos term Long term Cheap
anchors Unlaminated roof Laminated roof
Medium to light Burnt coal
load ribside
Resin point Active Saft Medium Meditim, requires Wery good Short term Long term Cheap
an o Traiming Unlaminated rouf Luminuted roof
Mediuim oo heavy Burni coal
([F75] ribmiche
Full column Passive Suitf Cionnd Medium, requires WVery good Ling term Burt coal Eaxpensive
resin (single training Laminated roof ribside
e Lypel Heovy Joad
Thick weak roof
Close 10 [ace
Full coluwmn Agtive ST G Meditim. requires Very good Long term Burnt coal Expensive
resin (slowi st Traning Laminated roof ribside
combinglion) Heavy load
Beam building
Thick weak roof
High horizontal
siress
Spli set Passve Sulfsh Pasor L] Pooe Burnt coal rihsides Long term Expensive
Wiremesh fill-in Heuwvy Jowsd
Thin kminated Thick layers
layers
Short term
Light load
Trusses Active Suflih Crond Cumbe rsome Very good Jointed arens - Very
(wale Major joints, fmulis Expensive
brusses softh
W straps SLifT Medium Cumbersome Toninted aneas Expensive
Friahle rood
Beam building
High horizontal
slress
Wooden dowel: | Passive ST bug Excellent Easy FPoor Longwall faces Roof Cheap
Wik fibsides in Slooping
Fibreplass Passave Sntf Excelient Easy Giood Longwall faces . Expensive
dhwels nibsides i stooping
Wiremesh and Passive | St af well Grood Cumbersorme em Burmt coal B Expensive
shoicrete instatled Jovimied areas
Friable roof
Long term, densely
) populated ars
Chemical Pussive Saitf Eacellent Cumbersome Longwul] fuce breal WYery
injection Pre-support in very expensive
weak. jomted
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Theoretical
Excavation Line y
Spherical Washer
\
Hexagonal Nut Al
\, #9 Threaded Steel Bar

(Grade 75)

Design Line
\/
i

Fully Grout |

6in.x6in. x 3/8in.
Bearing Plate
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Fill with Epoxy or Nonshrink
Mortar to Provide Uniform
Bearing (Form as Required)

Bearing Plate -
Beveled Washer

Heavy Hex Nut
Rock Anchar

Bleed Hole

Fill Trumpet with Corrosion-
/_ Inhibiting Compound f
Steel Trumpet f,f
-0O-Ring /
~Smooth Sleeve (in Free Ring Only)

Centralizer

— Grout Tube
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Bare Presiressing Strand =N N R
i ,
X \_L e

._

Grout Tube (if requi red} Ir

Anchurﬁmut—\ }g@ }%
.

Section B

Grease Filled Strand Sheath

Anchor Spacer/Cenfralizer

T
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b) Petail, gggﬂ@l‘ggsiﬂﬂ protection for strand tendons
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Techniques for anchoring a tendon inside a drill hole. (a) Mechanical, (b) Grouted, (c) Friction
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Type Description Illustration

Resin Grouted e Additional capacity due to side friction

Rock Bolt e develops after setting of the second resin i
e Good for soft and hard rocks
e Withstands blasting vibrations

Expansion shell e Post grouted expansive bolt

rock bolt o Good for relatively good rocks
e Fully grouted
e (Corrosion protection
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Type Description [llustrations

Split set stabilizers | e« Slotted bolt is inserted into a slightly
smaller diameter hole

e Induced radial stress, anchors the system
in place by friction

e Mainly for mining, and under mild rock
burst conditions

e [tslips instead of suddenly failing

» Limited load handling

Swellex Lengthupto 12 m

Hole diameter =32-52 mm
Tensile load= 100 -240 kN
Inflation pressure = 30 Mpa
Instant full load bearing capacity
Fast application

Not sensitive to blasting

Elongation range: 20-30%
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Type Description Illustration
Self Drilling o Drilling. installation, and injection in one | 180 secr oriLLING AncroRs
Anchor single operational step
e No pre-drilling of a borehole by using a —
casing tube and extension rods with
subsequent anchor installation necessary i
e Minor space requirement for anchor
installation
e Optimized machinery and manpower
requirements
Cablebolt e Primarily used to support large
reinforcement underground structures, i.e mining
applications. underground power caverns
elc.
e Can handle high loads
e Tendons are grouted with concrete mix
e At very high loads the governing
parameter is most often the bond between Shear resistance
the tendon and the grout
® (Cable capacity is confining stress Confining pressure
dependent
— Radinl displacomonl
T Tensie lorce
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Fast-setting anchor
cartridge

Slow-setting ‘grout’
cartridges

Reinforcing bar
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direction of

grout travel wooden wedpe 10

hald cable in place
during grouting
(note that grout
tube should be free
in hole)

hole collas

;!I]ug

19mm grout

tithe
19mm grout
tube
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Alternative methods of grouting cables into upholes

Breather Tube Cerouil Tube
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[ End of rebar bolt is threaded for expansion shell. J

Polypropylene sleeve seals the bolt
against corrosion; buttons center sleeve

in hole and anchor it firmly in grout.

[A steel (ube Is welded to the hemispherical de::rme.J

[Hem:‘spherfcaf dgome has a hole for grout injection. ]
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Table 12.1: Split Set specifications (After Split Set Division, Ingersoll-Rand Company).

Split Set stabiliser model SS-33 SS-39 SS-46
Recommended nominal bit size 31 to 33 mm 35 to 38 mm 41 to 45 mm
Breaking capacity, average 10.9 tonnes 12.7 tonnes 16.3 tonnes
minimum 7.3 tonnes 9.1 tonnes 13.6 tonnes
Recommended initial anchorage (tonnes) 2.7t05.4 27t054 45t08..2
Tube lengths 09t02.4m 09t03.0m 09to3.6m
Nominal outer diameter of tube 33 mm 39 mm 46 mm
Domed plate sizes 150x150 mm 150x150 mm 150x150 mm
125x125 mm 125x125 mm
Galvanised system available yes yes yes
Stainless steel model available no yes no
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25 - 28mm diameter

collapsed tube

B 33 - 39mm
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Installation sequence

i ]

1. Drill the hole 2. Install Blind 3. Add Inflation 4. Connect the inflation 5. Inflate the bolt 6. Installation
section and add section with chuck and finish sections until completed
Middle section face plate insertion recommended
when required pressure (300 bar)
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Wedge 4 Fane B E Rock f
’ & f Rock

Slot 4 Cast iron _ EE 17 Polyester | 4/ |
L [ 1.1 - L
4 Shel Cement -. 17 resin
4 grout HRY Split cartridge
4 . e
4 :: / perforated
7 H = 2 sleeve
:  TIHY |
Rock Rock Ribbed ; / ‘J_'-Jwe
4 rebar M NP tie
: b 2517
: Y
A =l L
o . . / 4
b =L b
| F Torque to Y X Fo0-
expand = gi — :
T =) | 7 spin in
T rebar T
(a) Hammer in rockbolt  (b) Expansion (c) Cement grouted (d) Hammer in rebar  (e) Resin-bonded bolt
slot & wedge bolt shell bolts dowel Rock bolts perfo-bolt

different types
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GENERATED BY Im ROCKBOLTS @& 1.1m cenires

PRESTRESSED TO BO0KN (8 tonne)

a CONTOURS ARE IN MPa

F o=

SIGMA 1 (MPa)

Sllglol Lolga iy : A Ow0) J S 9 5l oy 0952



B e L . e
(E_f @qunuwljieéhmlbwjyuswpku
Roof support mechanisms g STy b i J oS b o 355

AT

op == =+

Coal s Sidies mailSo Coal

w e o&n
Pillar : R Pillar kil ;
(55lme gy Slml)

(Galn (5950 J55)

A. Skin Support B. Suspension

I y ; Coal
Pillar Pillar

Stiesl Sg- B8AM Building D. Supplemepta) SUpRest. ..,

35 3! ailSie




@ F @ﬁp uw"" Oélhu‘bw’jj 6'-#3”‘“
/¥ Cdg STy b dw J oS o o 3ilSe0
Biw w0 30 gilee mhw SO slml (il pebe Olm) e e S
Sgu (o0 plxl

Slml (o)) bad 0 By (el b Ehre b i ()59 J5S) Gl i
e ol dw jl cud i (pl @ g WS (0 S p> g (1900 w4 ¢ adgl Ll 0,5 (0
& 3ol g SIS LSl clyls a5 Lol Ciiw & Sow g bawsi adgl Ciiw azilis .Sgdume
D5 (0 S gl adgl i (3 9 LS o 5l g diS 90 (il (0 995 (55l

¥ sl o1 59 (85 Canlid by 55 S5 & 5200 51 &Y Jyod) 5 Sl ancilSia
QL:?"’J':'&“MMQ'”JST@ﬁﬁﬁ@dﬁWﬁ‘ﬂysﬁ*&M)&.@.@dﬂ*&gsu
Sy B9 (0 dlml Sow g iS L Jlail (g9 b bl (( Saol 5900 (b aY ()l
A5 0 slaol 1 el 00 )5 (g S ol gudn Y las sluisl jo &5 o | SEdaol

L 05,0 oy Conglio w8l el gy (38 g ool a 05,0 p dgee liwl) yo (5 Led (59w
o comimed Og (oo Cunglio w38l g wlmle ke LS sl Ll 5 oud (Zokw Saol)
o JLAS (gD (598 9,5 ae g Ul ouliS jguame 9 (LS i Pl sl Wilgi (o panailSo
b oo 581

S blbuol oola (i yo e J S 9 5L 50 8552



@)hﬁg“';‘ﬂéhﬂ‘h@h;ﬁ;éww
g SNy b i J 18 sbe o jilSeo
(ol b @leo sbd s (59 JyS) Glats S

' -, _ Bolt Shafts

b
F

Bolt Heads




@ ) Salee lodl 3 o3liul b (o 35 (Lo psd
g SNy b i J 18 sbe o jilSeo
(L) Cwlro b pi 5o @ oo by Y (b uwd) jo sbw| i B

Shear Force, Vx Shear Stress, Txz = Tax
Ve=q(3-x) Txz = 3vy F-4£)
| 2 2
= -x)f £ - 42
z | % & g K}( T4 )

=
(=]
f—
- 0
- 0
—— O
-
—— O

S —
— - - 1 _—-I
— F
e —_—
— :‘— i NA e
T = -
 —
— = !
- T el Bl
= -
— L, —
= = o = L=
== -
= | - i,
~ ——— -

 In order to sag, layers have to
slide past each other

I
|

e | e N —

» No sliding at mid-span of

-

| ,
each@mé‘? (B 0 J O J S 9 5l (wy 095 |

o, A . =




[ﬁD 63060 o3t 31 0Lt U o 3 99 3 Sbd paSix
gy STy b G J S o o 3lS0
(Jb)h.-hnl-‘?hual.lr.i L..S-l 4.11):-.0(_5&4.1'3' ‘_].ld.u)).u Jl:u‘m.mu.al.‘:-e

=~ ~r..-=l = et

o = = "#“ -
; z -E'mh gt

‘ - f' '.-—J__‘rl 32 :_F :-F\‘- '-. =

wﬂ:‘t‘ L‘*"l - _--q_:'-.; ‘.';“—-#

Artillustration of the effectiveness of angled b"oits installed tuwarcf 1t‘F?E abutment in
gt | ST controlling failure of a laminated coal roof .; uss s st sy o=

EX

o T
‘_HH‘ ot =
..r"




_____
‘_ 8580 slod! 1 03Liwt b o 39 5 LR paSixi

g STy b i J S sl 0 ile
(35 ol s 5 S5 45 1520 (10 Y 3 4d) yoi 3Uoxs! il

-
& i

An example of failed immediate roof suspended off the excavation abutments by means of
sisdong tendons angled over the ribline and trussed across the;excayatins -




@ 7 )hﬁg“';‘ﬂélﬁﬂ‘h@h;ﬁ;é'ﬁﬂﬁp‘ﬂ
Suspensfon Design ol B0 L Cd gy 20

S 39 (Cawl S o iiul glyls a5) ol cadw jo Wb by Cdg )
(po oolw Ve Plos) Lol cadw jo by Cdgo dg05 Jobo -Y
Ogu Jood by Cdgy S oyl £goxo gy WL o OlAb 39 5 Y
b Cwlrs o Giw mhw ) o2 0o Jolo ) Gl Olub g
Ogﬁ@“b&o&uuaym 0339 90 (d.b.o
T 30 Cdg Oly  liS Coglio O o ol Ojgay Cdgo w0 S Cud b -F
é}ﬁ';:t;nd.a.whnuadg.i J'Jé.h.ﬁ.n
Do (o0 drmlno b gy 5 o Jolo Ojgea g2 € gomo (ohlS o )b -0
lao Sl (39 40 B gy (S Card s S 1 ot s —F
311:(5},*(11(:]2/4) P:pr*hr*wh*lh
Wh: width of the bolt support (tributary) area

oy: yield strengtih of a bolt | Ib: length of the bolt suppo'rt area
Hr: height of the rock column or thickness of rock
d: dlameter of the bolt

| o o pr: Rock Unit-Meightes oo

Sb:Capacity of Bolt
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Sb:Capacity of Bolt
oy: yield strength of a bolt
d: diameter of the bolt

BP=pith *w t

P: weight of the rock
Wh: width of the bolt support
(tributary) area
Ib: length of the bolt support area
hr: height of the rock column or
thickness of rock
pr: Rock Unit Weight
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Num. of Bolt in Row=4 :Jlo J=
Wb=2m  Wentry=6m hr=1.5m pr=2.5 (Ton/m3)

Volume roof =Wb*Wentry*hr =2*%6*1.5=18 m3
Weight Roof=2.5%18 =45 Ton

o (Steel)=400 Mpa = 4 Ton/cm?2

oy: yield strength of bolt = oy(Steel)*Reduction Factor=400*0.75=300 Mpa
= 3 Ton/cm?2

Sb: Capacity of 1 Bolt= oy*Area bolt=3[Ton/cm2]*3.14*(1.4"2)=18.46 Ton

2 Sb: Capacity of All Bolt in Row= (Num. of Bolt in Row)* Sb = 4*18.46 =
73.85 Ton

S.F = (ZSb/ Weight Roof) = 73.85/45 = 1.65
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NIOSH’s Analysis of Roof Bolt Systems g, (2lyb b gy e 3 S
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CMRR <21.6+11.5*(logH) B U CMAR il ot
ISG —20+0.26 *(CMRR) CMRR: Coal Mine Roof Rating

100—CMRR 1"
LB=(Is/6.7)(logH)[ = }

ARBS, =SF (0.3(15— Is,. ))+ (5.7 log I—I) (EQ 366
| —(0.35*CMRR )+6.5 |
(L)(N, )(©)
Y A
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Volume of Block= (1/3) A h= 6*8/3= 16 m3 per | meter of Tunnel Length
W Block= 2.5*16= 40 Ton per 1 meter of Tunnel Length

o (Steel)=400 Mpa = 4 Ton/cm2
oy: vield strength of bolt = oy(Steel)*Reduction Factor=400*0.75=300 Mpa = 3 Ton/cm2
Pult:: Capacity of 1 Bolt= oy*Area bolt=3|Ton/cm2]*3.14*(1.4"2)=18.46 Ton

Num. of Bolt (per 1 meter of Tunnel Length) = (FS* W Block)/Pult = (40*1.5)/ 18.46 = 3.25
Density of Bolt = 3.25 Bolt/m2

If the distance of bolt in direction of Tunnel be 1 m. Then
bolt Spacing= width of block/Num. of Bolt (per 1 meter of Tunnel Length) = 8/3.25 =2.46 m
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T =2t , tis the force in a single rockbolt
D9 o0 Jlosl 055 4y (T) b gy cud b £ goxe

N = Wgcosy + T sin «

3 T 50,9 (G308 (5953
Sl (Ko 095 59 WE

R = cA+ (Wgcosy + T sin «)tan ¢,

(38 ply jo Cwoglie) (w38 Ao (594

D = Wgsiny — T cos «
(5 e )0 (o032 (595 4dlg0) (38 0uilS ol gy
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SI=0.5B=0.5*10m =5 m
S2=1.5s=15*08m=12m
S=Min(S1, S2) = Min(5,1.2)= 1.2 m
g Job e (@
L1=2*S=2*12=24m
[2=3*s=3%0.8=2.4m
L3=0.5~0.25 B [B: 6~18m], B=10m =2 L3=0.416 B=4.16 m
L=Max (L1,L2,L3)=Max (2.4,2.4,4.16)=4.16 m
[.=4.16m Consider the Real Work, SUGGEST the L=4 (A ratio of 12 m)
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Cables : L = 0.4 x span

Wl ek (csbes), >
S = Hongrin (eables)
® Mingtan (cables -Fault zone)

W;nléﬂu - bedded sandstone)

- -
Rangipo {bolts)
Portage Mountain |buusi--“"##

Draksicberg (botts)

Poatina (bolts)
Reckbolts : L = 2 + 0.15 x span

Roof Span - m

Figure 13.16: Rockbolt and cable lengths for roof
support in some large caverns in weak rock.
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Excavation category

A
B

Temporary mine openings.

Permanent mine openings, water tunnels for
hydro power (excluding high pressure
penstocks), pilot tunnels, drifts and
headings for large excavations.

Storage rooms, water freatment plants,
minor road and railway tunnels, surge
chambers, access tunnels.

Power stations, major road and railway
tunnels, civil defence chambers, portal
intersections.

Underground nuclear power stations,
railway stations, sports and public facilities,
factories.

ESR
3-5
1.6

1.3

1.0

0.8
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Cables : L = 0.4 x span
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Roof Span - m

Figure 13.16: Rockbolt and cable lengths for roof
support in some large caverns in weak rock.
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Rockbolts : L= 2 4 0.15 x height

LN e WL ER A AN A B 2w LAm om i M 2N 2wk Ow (LR AN U (LT |
H % ko i &8 i3 ‘0 k-]

Ul daehalp beiglet oy

S3leo lod! 31 o3liint b (oo § 59 ) SO i
ko gl JU g dg (2l)b

Roof:  bolts L=2++0.15 B/ESR
anchors L = 0.40 B/ESR
Walls: bolts L=2++0.15 H/ESR
anchors L =0.35 H/ESR
where

|

length in metres
span in metres

anll-- M o
I

|

excavation height in metres
ESR = excavation support ratio
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Rockbolt and cable lengths for support in
some large caverns in weak rock
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g . Support System Yield
% ~Per : T
iy ohy bf
E max o,
§ Equilibrium Pas "o
i K = support stiffness;
. Pmax = maximum support pressure;
L ks Lt Sc = circumferential bolt spacing;
Inward Radial Displacement uj ——#- S¢ = longitudinal bolt spacing;
o [ = free bolt or cable length;
ot Zone A L tamsmenns ¢l =diameter or equivalent of bolt or cable;

Eb = Young’s modulus of bolt or cable;
TS Thr= ultimate failure load in pull-out test;

5 O = load-deformation constant for anchor and
«2  head;
‘ ri = internal tunnel radius

ATy=Aar pae Unit Thrust Capacity, 4 T, ATa
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TABLE 13—ULTIMATE STRENGTH AND LOAD-DEFORMATION CHARACTERISTICS OF TYPICAL ROCKBOLTS.

Bolt
in.

0.63
0.63
0.63

diameter  Bolt
mim ft.
16.0 4.0
16.0 6.0
16.0 4.0
16.0 4.0
19.0 4.0
19.0 6.0
19.0 6.0
19.0 10.0
22.0 10.0
22.0 10,0
22.0 10,0
22.0 10.0
254 19.7
254 6.0
254 6.0
254 4.0
245 6.0

length

B T e A A R e R T T T T
ﬁﬁﬁﬁnnﬂcnﬂﬁﬁﬁﬁﬁﬁﬁa

Anchor type

Expansion shell
Expansion shell
Expansion shell
Expansion shell and resin
Expansion shell

Expansion shell
Expansion shell and resin

Slotted bolt and wedge
Expansion shell
Expansion shell
Expansion shell

Expansion shell
Expansion shell

Expansion shell

Resin anchor

Slotted bolt and wedge
Resin anchor

* Ultimate pull out load determined in a field test.
** Defined by equation 126 on page 255.

Note: The values listed in this table have been determined from published test data and the authors cannot guarantee the accuracy of the results.
For critical
to be used.

Rock type

Good rock
Shale
Unknown
Unknown
Good rock
Unknown
Unknown
Unknown
Gneiss
Sandstone
Sandy shale
Shale
Massive gneiss
Granite
Granite
Good rock
Shale

Thf*

Ib.
11000
13000
9000
14000
11500
20000
22000
22000
48000
44000
28500
13000
72600
57000
64000
20000
36000

L

in/lb
2.8=10-5
4.2%10-5
9.0=10-6
5.0x10-6
2.2x10-5
4.0<10-6
40106
1.3=10-5
5.5%10-6
7.3x10-6
1.2x10-5
2.2x10-5
8.9=10-6
2.5=10-5
3.2=10-6
1.1=10-5
3.5x10—6

Tbf

MN
0.049
0.058
0,040
0.062
0.051
0.089
0.098
0.098
0.214
0.196
0.127
0.058
0.323
0.254
0.285
0.089
0.160

Swlisations, it is strongly recommended that pull-out and load-deformation characteristics be determined from. ficld §

Q
m/MN

0.160
0.241
0.053
0.030
0.126
0.024
0.029
0.074
0.032
0.042
0.069
0.126
0.051
0.143
0.018
0.064
0.020

s g g ol
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-additional 2nd AFC behind the roof supports.
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X CONSTRAINED # ' of vertical permeability but horizontal permeability (B 5359 yiul38)
may be enhanced

L I undisiurbed sirata beyond
angle of draw

highly connected cracking regime - becoming
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h . seam - enhanced vertical permeability
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Fig. 3.5 A conceptual four zone model of caving and [racturing above an excavation (Courtesy of Dr Colin Mackie)
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Strata Control & Strata Behavior Ao | S 9 Sl p g0

» In coal mining, caving essentially means collapsing or falling in;
cavability of the strata means that the strata will fall when the supports

are removed.
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Table 9.1 Immediate roof classification

Roof Allowable Arca of Roof
Class Description Roof Quality Index, L Exposure, m*
[ Very weak L = 0-18. After exposure, roof falls immediately. 1
Top coal is needed for protecting the roof.
I1 Litcle stable L = 18-35. Roof very difficult to control. Full of 1-2
fractures.
III Medium stable L = 35-60. Easily caving. 2-5
IV Stable L = 60-130. Good roof with excellent caving 5-8
(low L) to hardly caving (high L)
Vv Very strong L > 130. Very stable. Artificial caving is necessary. >8

L > 250. Not suitable for caving.
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Roof Contact Pressuitrs:
B s 3T
l'l. i =

Floor Contact Pressure

Pra = Average Roof Contact Pressure
Pg, = Average Floor Contact Pressure
Leg Force up = Leg Force down
.. FyCos B =F,Cos 6
Total Force Up = Py, x canopy area
= Area A, = F,Cos 0
Total Force Down = P¢, x base area
=AreaB,=F,Cos 0
.. Area A, = Area B,

Horigbtitaland vertical forces acting on a shield support G203 S5 9 5145 9 095
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W, = weight of block A + weight of block B

—~ bfm)r,imB(L+ b;” ]COS(I
W

= weight of the block taken as a single ver-
tical force acting at the center of block A

h = caving height
B = center-to-center distance of the shield
supports
2 = angle of seam inclination
§ = caving angle
L = width of cut (web) L _+ unsupported
distance L.+ shield canopy length L _+

ol rear overhang [, 03 555 3 A 3 o5
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MASS SECTIONAL AREA B H Ix Iy Wx Wy
X (kg/m) (cm?) mm mm (cm*) {cm*) (cm?) (cm?)
TH 21 20,9 26,7 127,0 108,0 324 410 60 64
TH 25 25,0 31,9 136,0 118,0 455 558 74 82
TH 29 29,0 37,0 150,0 124,0 598 799 94 106
TH 34 33,8 43,1 171,0 136,5 870 1.182 122 138
TH 36 35,9 [ 45,7 | 171,0 | 138,0 | 928 1.244 [ 128 146
TH 40 39,9 50,9 1720 145,0 1.120 1.440 153 167
TH 42 41,8 53,3 172,0 146,4 1.181 1.499 159 174
TH 44 43,7 55,7 1720 147.8 1.243 1.559 165 181
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R seded Sectional strength modulus Height Width Section area | Weight
W, [em’] H[mm] [ K[mm] [em’] [kg]
V25 83.0 118 135 31.8 25.0
V29 93.7 124 150 37.0 29.0
V32 121.2 137 171 40.8 32.1
V34 124.0 137 171 43.5 34.1
V36 136.5 138 171 45.7 35.9
V44 173.6 150 179 55.9 43.9
. Load-bearing capacity [KN/m
lag e g capacity [kN/m]
V21 V25 V29
Without lagging 3194 390.4 460.6
With lagging 502.4 524.5 639.5
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