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Abstract

The present paper tries to investigate the influence of rock mass quality
characteristics on blasting results. In order to come to some conclusions,
blastability and quality of rock mass were put together using the already known
classification systems. Taking into account the quantity of blastability index (Bl) for
every possible structural appearance of the poor rock mass, the relation of
discontinuities characteristics and blastability index are investigated. The
estimations of the above trial gave arise on a new classification system being called
“Blastability Quality System (BOS)”, which can be an easily and wide use tool as it
is a quickly calculator for blastability index (BI) and rock mass quality.
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Hepilnyn

H mapoioo epyacio npoomabel vo ektiunoer v emiopocn twv YopoKTHPLOTIKOV THG
To10TNTAS THS Ppoyoudlag oto amoteléouota avativacng yio Ty EKoKapl fpoywony
oynuoTiou®y. Me okomo v ektiunon avty, 1 SVVATOTHTO. AVATIVOLNS Kal 1] TOIOTHTO
ppoyouclos ovvoéovior ollomoidviog To. HON YVWOTA GLOTHUOTO TOLIVOUNOHG.
Aoupévoviag vaowyn wmyv i tov Asgikty Avvarotnras avativaéng (Bl) yia ke
wEpimTwon QTwyns moiotntag Ppoyoudlog, umopesi vo. extiunbei 1 oyéon Twv
XOPOKTHPIOTIKDV TWV ATVVEXELDV Kol Tov Agixty Avvatotnras Avativaéns (Bl). Me
OVTA TO, OTOLYELO. ONUIOVPYOVUE VO, VEO OVOTHUA TACIVOUNONG TOD OVOUGLETOL
«2votnua Asixkrn Avorivaéng kou Hoidtnrag Ppoyoualas (BQS)», 1o omoio umopei va
xpnoyoroinlei evkoAo Kar Vo, OmOTELETEL EPYOLEID Yo, TOV GVVOLAGUO TOL Agiktn
Avvaromyrog Avativaéng (Bl) kou tye moiotnrag s fpoyouclag.

Aé&eig Klg1did: Xnpoyyes, ekoropns, avativaln, ooaThiote Taivounong.

1. Introduction

Many rock mass quality classification systems —RQD (Deere, 1989), Q (Barton et al, 1980), RMR
(Bieniawski, 1989), GSI - have been developed for drilling and excavation ability estimation, but
not for blasting calculations (Jimeno et al, 1995). The several rock types of rock mass, which are
affected by numerous stages of alteration in varying stress conditions, may be explored in a
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different manner under specified blast design, explosive characteristics and specified legislative
constraints depending on structural characteristics.

The present paper investigates the influence of rock mass quality characteristics on blasting
results. Rock blastability (Kaushik & Phalguni, 2003, Murthy et al, 2003) is quantified using the
blastability index, which is calculated based on geotechnical characteristics. Rock mass quality
can also be estimated using the already known classification systems. The relation between
discontinuity characteristics and blastability index for every possible structural appearance of the
poor rock mass is estimated. The above estimations can be used in a new classification system
called “Blastability Quality System (BQS)”.

The rock mass in this study is poor and friable, shared with lack of blockiness due to close spacing
of weak schistosity or sheer planes and disintegrated with poorly interlocked, heavily broken rock
mass with mixture of angular and rounded rock pieces (Hoek et al, 1998). Although the quality is
very poor, a light blast may be needed as the small rock pieces are tightly connected.

2. Connecting Blast Ability and Quality Ability

The laminated and sheared rock mass,

with lack of blockiness due to the close Table 1 — Specific gravity influence (SGI).
spacing of weak schistosity or sheer — _
planes and disintegrated rock mass, specific gravity of
with poorly interlocked, heavily broken SGI rock (tm’)
rock with mixture of angular and 25*specific g3raV|ty of
rounded rock pieces, which are rock (¢m7)-50
described by the lower part of the GSI -22,5 11
diagram (Hoek, 1983, Hoek & Brown, -20 1,2
1997, Marinos and Hoek, 2000) , is -175 1,3
divided into eight parts (Fig.1); A - GSI 15 14
about 0-12, B — GSI about 12-23, C - 125 15
GSI about 22-23, D — GSI 7-17, E — : :
GSl about 18-28, F — GSI about 16-36, -10 1,6
G- GSI 35-43,H - GSI 42-50. -5 17
L -5 1,8
Taking into account the parameters of 25 19
the Blastability Index (Scott, 1996) (BI : .
= 05 x (RMD+JPS+JPO+SGI+H) 0 2
(Lilly, 1986), the Blastability Index (BI) 2,5 2,1
is calculated for every possible 5 2,2
combination of the above parameters, 75 23
which refers to powdery/friable rock 10 2.4
mass. That means RMD (rock mass 125 25
description) is equal to 10 (powdery / ’ :
friable rock mass). JPS (joint plan 15 2,6
spacing) is used equal to 10 for closely 17,5 2,7
spacing, 20 for intermediate spacing 20 2,8
and 50 for widely spacing. JPO (joint 22,5 2,9
plane orientation) is used equal to 10 for 25 3

horizontal  discontinuities, 20 for
inclined discontinuities where the
excavation drives against dip direction, 30 for inclined discontinuities with strike parallel to face,
40 for declined discontinuities where the excavation drives with dip direction. SGI (specific
gravity influence) is calculated using specific gravity of rocks (t/m?) (table 1). 2400 different rock
mass combinations are estimated (tables 2, 3, 4).

XLVII, No 3 - 1695




GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)
From the lithology, structure and surface
conditionsof the discontinuitiesestimate the
average value of GSI.Do not try to be too
precise Quotinga range from33 to 37 is more
realisticthanstating that GSI=35Note thatthe
table does notapply to structurally controlled
failuresWhere weak planar structural planes

p tin an unfavc ientationwith
respect to the excavationface, these will
dominatethe rock behaviour. The shear
strengthof surfaces in rocks that are prone to
deterioratiorasa resultof changesin moisture
contentwill bereducesif waterispresent. When
working with rocks in the fair to very poor
categories a shifttothe right maybe madefor
wet conditions.Waterpressureis dealt with by
effective stress analysis.

STRUCTURE

INTACT OF MASSIVE -
intact rock specimens of
massivein situ rock with

3 few  widely  spaced
e discontinuities

SURFACE CONDITIONS

A

Very owh fresh tnweahered suf aces

VERY GQOD

DECRE

7~
90

/

GOOD
Raudh, slightly weahered, ion shiredsufeces

ASING SUR

7

R

Al
Smaoth, mocerately weathered and diered sufaces

7
i

/

PCOR

Slickensiced  highy weahered sufaces with
canpat coairgsof iilings ar arguarfragnents

{FACE QUALITY

N/A

wedhered surfaces with soft

i

clay aaairgsgrgf

VERYPOCR
7 Slikensice,

N/

N/A

\ /
. |[BLOCKY - well interlocked
% \Jundisturbed rock mass
consistingof cubical blocks

formedby threeintersecting

\
N / discontinuity sets
N \ )(

80

/

70

60

partially disturbed mass with
A X=#7/" \Imulti-facetedangular blocks
Y 5./ |formed by 4 or more joint
¥ \; /X] sets

<
3
>3
©
o
e}
2

5
g
g
8
R

OCK|PIECES

L

Rt =xx 1+
AT

Nt FBLOCKY/ DISTURBED /

TR \\(& SEAMY-folded withangular
/ [ H\*\' '\, '|blocks formed by many

I\ AN\dintersecting  discontinuity
X sets. Persistenceof bedding
planes or schistosity

INTERLOCKING O

o
Z

/

«L_|DISINTEGRATED- poorly

{linterlocked, heavily broken
rock mass with mixture of
angular and rounded rock
pieces

L -~
=
R
V%= / LAMINATED/ SHEARED-
", /77 / |Lackof blockiness due to
close spacing of weak

// /|schistosity of shear planes

Figure 1 — Eight part division of GSI diagram.
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The blastability index, of a rock mass with closely spaced discontinuities is calculated as shown in
table 2. The blastability index, of a rock mass with intermediate spaced discontinuities, is
calculated in table 3. The blastability index, of a rock mass with widely spaced discontinuities, is
calculated in table 4. The parameters of Bl calculation are also presented in the above tables,
where the different rock mass types are numbered from 1 to 2400.

Subsequently, the above rock structures are grouped according to RMR range and GSI parts,
taking into account rock mass hardness a well as discontinuities’ spacing and orientation.
Additionally, the calculation of the range of Bl is presented in tables 5, 6, 7, 8, 9, 10, 11, 12. GSI
range is calculated, in tables 5,6,7,8, for every rock mass type with a specific RMR. The different
types of rock mass are also numbered from 1 to 2400 and they are grouped together according to
RMR range. In the same tables, GSI parts are equivalent to RMR range. Actually, 90000 rock
mass types are investigated. In tables 9, 10, 11, 12 the blastability index is appeared for the above
grouped rock masses in addition to the GSI parts. In the same tables the RMR range is equivalent
to the GSI parts.

Table 2 — Bl calculations for closely spacing discontinuities.

A/A RMD JPS | JPO SGI H BI A/A RMD JPS | JPO SGI H BI
001-20 10 10 10 from -22.5 to 25 1 4.25-28 401-420 10 10 30 from -22,5 to 25 1 14,25-38
2140 10 10 10 from -22.5 to 25 2 4,75-28,5 421440 10 10 30 from -22.5 to 25 2 14,75-38.5
4160 10 10 10 from -22,5 to 25 3 5,25-29 441-460 10 10 30 from -22,5 to 25 3 15,25-39
61-80 10 10 10 from -22,5 to 25 4 5,75-29,5 461-480 10 10 30 from -22,5 to 25 4 15,75-39.5
81-100 10 10 10 from -22,5 to 25 5 6,25-30 481-500 10 10 30 from -22,5 to 25 5 16,2540
101-120 10 10 10 from -22.,5 to 25 6 6,75-30,5 501-520 10 10 30 from -22,5 to 25 6 16,75-40,5
121-140 10 10 10 from -22,5 to 25 7 7.25-31 521-540 10 10 30 from -22,5 to 25 7 17,2541
141-160 10 10 10 from -22,5 8 7,75-31,5 541-560 10 10 30 from -22,5 to 25 8 17,7541,5
161-180 10 10 10 from - 9 8,25-32 561-580 10 10 30 from -22,5 to 25 9 18,2542
181-200 10 10 10 from - 10 8,75-32,5 581-600 10 10 30 from -22,5 to 25 10 18,7542,5
201-220 10 10 20 from - 1 9,25-33 601-620 10 10 40 from -22,5 to 25 1 19,2543
221-240 10 10 20 from -22,5 to 25 2 9,75-33,5 621-640 10 10 40 from -22,5 to 25 2 19,7543,5
241-260 10 1 20 from -22,5 to0 25 3 10,25-34 641-660 10 10 40 from -22,5 to 25 3 20,2544
261-280 10 1 20 from -22,5 to 25 R 10,75-34,5 661-680 10 10 40 from -22,5 to 25 4 20,75-44,5
281-300 10 1 20 from -22,5 to 25 5 11,25-35 681-700 10 10 40 from-22,5 to 25 5 21,2545
301-320 10 10 20 from -22,5 to 25 6 11,75-35,5 701-720 10 10 40 from -22,5 to 25 6 21,7545,5
321-340 1 10 20 from -22,5 to 25 7 12,25-36 721-740 10 10 40 from -22,5 to 25 7 22,2546
341-360 1 1 20 from -22,5 to 25 8 12,75-36,5 741-760 10 10 40 from -22,5 to 25 8 22,75-46,5
361-380 1 1 20 from -22,5 to 25 9 13,25-37 761-780 10 10 40 from -22,5 to 25 9 23.2547
381-400 10 1 20 from -22,5 to 25 10 13,75-37,5 781-800 10 10 40 from -22,5 to 25 10 23,7547,5

Finally, three useful diagrams, of composite rock mass quality and range of Blastability Index
(BI), derive from the above estimations (Fig. 2-4). Figure 2 refers to rock mass with close spaced
discontinuities. The above rock planes may strike parallel or perpendicular to tunnel axis. The
underlying rock, which strike parallel to tunnel axis, may be extremely soft of medium hard or
hard and very hard. The blastability index is calculated to be between 14 and 41 for the first case
and between 17 and 42 for the second case. Taking into account the surface conditions and the
structure of the rock mass, we can estimate the GSI and RMR range. Furthermore, the underlying
rock, which strikes perpendicular to tunnel axis, may consist only of gradient discontinuities, when
the tunnel drives with dip direction, or consist of gradient and perpendicular discontinuities, when
the tunnel drives against dip direction. The blastability index is calculated to be between 19 and 47
for the first case and between 4 and 37 for the second case. Taking into account the surface
conditions and the structure of the rock mass, we can estimate the GSI (Hoek., 1994) and RMR
range.

Figure 3 refers to rock mass with intermediate spaced discontinuities (Deere and Deere, 1988).
The rock mass may consist of horizontal or gradient discontinuities. In case there are only
horizontal discontinuities, the rock mass may be extremely soft to soft or medium hard to very
hard. The blastability index is calculated between 9 and 34 for the first case and between 11 and
37 for the second case. In case of gradient discontinuities, the rock mass may strike perpendicular
to tunnel axis when excavation drives against dip direction, the rock mass may strike
perpendicular to tunnel axis when excavation drives with dip direction, and the rock mass may
strike parallel to tunnel axis. Where the rock mass strikes perpendicular to tunnel axis, when

XLVII. No 3 - 1697




excavation drives against dip direction, the rock mass may be extremely soft to medium hard or
hard and very hard. The blastability index is calculated between 14 and 46 for the first case and
between 17 and 47 for the second case. Where the rock mass strikes perpendicular to tunnel axis,
and excavation drives with dip direction, the blastability index is calculated to be between 24 and
52. Where the underling rock strikes parallel to tunnel axis, the rock mass may be medium hard, or
extremely soft to soft. The blastability index is calculated to be between 14 and 46 for the first
case and between 19 and 44 for the second case. Taking into account the surface conditions and
the structure of the rock mass, we can estimate the GSI and RMR range.

Table 3 — Bl calculations for intermediating spacing discontinuities.

A/A RMD | JPS | JPO SGI H Bl A/A RMD | JPS | JPO SGI H Bl
801-820 10 20 10 from -22,5 to 25 1 9,25-33 1201-1220 10 20 30 from -22,5 to 25 1 19,25-43
821-839 10 20 10 from -22,5 to 25 2 9,75-33,5 1221-1239 10 20 30 from -22,5 to 25 2 19,75-43,5
841-860 10 20 10 from -22,5 to 25 3 10,25-34 1241-1260 10 20 30 from -22,5 to 25 3 20,25-44
861-880 10 20 10 from -22,5 to 25 4 10,75-34,5 1261-1280 10 20 30 from -22,5 to 25 4 20,75-44,5
881-900 10 20 10 from -22,5 to 25 5 11,25-35 1281-1300 10 20 30 from -22,5 to 25 5 21,25-45
901-920 10 20 10 from -22,5 to 25 6 11,75-35,5 1301-1320 10 20 30 from -22,5 to 25 6 21,75-455
921-940 10 20 10 from -22,5 to 25 7 12,25-36 1321-1340 10 20 30 from -22,5 to 25 7 22,25-46
941-960 10 20 10 from -22,5 to 25 8 12,75-36,5 1341-1360 10 20 30 from -22,5 to 25 8 22,75-46,5
961-980 10 20 10 from -22,5 to 25 9 13,25-37 1361-1380 10 20 30 from -22,5 to 25 9 23,25-47
981-1000 10 20 10 from -22,5 to 25 10 13,75-37,5 1381-1400 10 20 30 from -22,5 to 25 10 23,75-475

1001-1020 10 20 20 from -22,5 to 25 1 14,25-38 1401-1420 10 20 40 from -22,5 to 25 1 24,25-48
1021-1039 10 20 20 from -22,5 to 25 2 14,75-38,5 1421-1439 10 20 40 from -22,5 to 25 2 24,75-48,5
1041-1060 10 20 20 from -22,5 to 25 3 15,25-39 1441-1460 10 20 40 from -22,5 to 25 3 25,25-49
1061-1080 10 20 20 from -22,5 to 25 4 15,75-39,5 1461-1480 10 20 40 from -22,5 to 25 4 25,75-49,5
1081-1100 10 20 20 from -22,5 to 25 5 16,25-40 1481-1500 10 20 40 from -22,5 to 25 5 26,25-50
1101-1120 10 20 20 from -22,5 to 25 6 16,75-40,5 1501-1520 10 20 40 from -22,5 to 25 6 26,75-50,5
1121-1140 10 20 20 from -22,5 to 25 7 17,25-41 1521-1540 10 20 40 from -22,5 to 25 7 27,25-51
1141-1160 10 20 20 from -22,5 to 25 8 17,75-415 1541-1560 10 20 40 from -22,5 to 25 8 27,75-515
1161-1180 10 20 20 from -22,5 to 25 9 18,25-42 1561-1580 10 20 40 from -22,5 to 25 9 28,25-52
1181-1200 10 20 20 from -22,5 to 25 10 18,75-42,5 1581-1600 10 20 40 from -22,5 to 25 10 28,75-52,5

Figure 4 refers to rock mass with widely spaced discontinuities. The rock mass may be extremely
soft to soft, medium hard to hard, or hard and very hard. In case the rock mass is extremely soft to
soft the discontinuities may be horizontal or gradient with strike perpendicular to tunnel axis,
when excavation drives against dip direction, gradient discontinuities with strike perpendicular to
tunnel axis, when excavation drives with dip direction, or strike parallel to tunnel axis. The
blastability index is calculated to be between 24 and 54 when the discontinuities are horizontal or
gradient with strike perpendicular to tunnel axis, when excavation drives against dip direction. The
blastability index is calculated to be between 39 and 64 when strike is perpendicular to tunnel axis,
when excavation drives with dip direction. The blastability index is calculated to be between 34
and 59 when the strike is parallel to tunnel axis. Concerning medium hard to hard rock mass, the
blastability index is calculated to be between 26 and 51 where the discontinuities are horizontal.

Table 4 — Bl calculations for widely spacing discontinuities.

AJA RMD | JPS | JPO SGI H Bl A/A RMD | JPS | JPO SGI H BI
601-1620 0 50 10 | from-22,5t025 | 1 24,2548 | 2001-2020 10 50 30 rom-22,5t025 | 1 34,25-58
621-1640 0 50 10 | from-22,5t025 | 2 | 24,75-48,5 | 2021-2040 10 50 30 om-22,5t025 | 2 34,75-58,5
641-1660 0 50 10 | from-225t025 | 3 | 252549 | 2041-2060 10 50 30 rom-225t025 | 3 35,25-59
661-1680 0 50 0 rom-22,51025 | 4 | 2575495 | 2061-2080 0 50 30 rom-22,5t025 | 4 35,75-59,5
681-1700 0 50 0 om-225t025 | 5 | 26,25-50 | 2081-2100 0 50 30 om-22,5t025 | 5 36,25-60
701-1720 0 50 0 Tom-22,5t025 | 6 | 26,75-50,5 | 2101-2120 0 50 30 rom-22,5t025 | 6 36,75-60,5

1721-1740 10 50 10 | from-225t025 | 7 27,25-51 2121-2140 10 50 30 rom-225t025 | 7 37,2561
1741-1760 10 50 10 | from-22,5t025 | 8 | 27,75-515 | 2141-2160 10 50 30 | from-225t025 | 8 37,7561.5
1761-1780 10 50 10 | from-22,5t025 | 9 | 28,2552 | 2161-2180 10 50 30 | from-225t025 | 9 38,25-62
781-1800 0 50 10 | from-22,5t025 | 10 | 28,75-52,5 | 2181-2200 0 50 30 | from-22,5t025 | 10 38,75-62,5
801-1820 0 50 20 | from-22,5t025 | 1 29,25-53 | 2201-2220 0 50 40 | from-225t025 | 1 39,25-63
21-1840 0 50 20 | from-225t025 | 2 | 29,75-53,5 | 2221-2240 0 50 40 | from-225t025 | 2 39,75-63,5
1841-1860 10 50 20 rom-22,5t025 | 3 30,25-54 | 2241-2260 10 50 40 rom-22,5t025 | 3 40,25-64
1861-1880 10 50 20 rom-225t025 | 4 | 30,75-54,5 | 2261-2280 10 50 40 Tom-22,5t025 | 4 40,75-64.5
1881-1900 10 50 20 Tom-22,5t025 | 5 31,2555 | 2281-2300 10 50 40 Tom-22,5t025 | 5 41,25-65
901-1920 0 50 0 rom-22,5t025 | 6 | 31,75-55,5 301-2320 0 50 40 rom-22,5t025 | 6 41,75-65,5
921-1940 0 50 0 rom-22,5t025 | 7 32,25-56 321-2340 0 50 40 | from-225t025 | 7 42,25-66
941-1960 0 50 0 rom-225t025 | 8 | 32,75-56,5 341-2360 0 50 40 | from-225t025 | 8 42,7566,5
1961-1980 10 50 20 | from-225t1025 | 9 33,25-57 | 2361-2380 10 50 40 | from-225t025 | 9 43,2567
1981-2000 10 50 20 | from-22,5t025 | 10 | 33,75-57,5 | 2381-2400 10 50 40 | from-22,5t025 | 10 43,7567,5
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The blastability index is calculated to be between 31 and 61 where the strike is perpendicular to
tunnel axis, when excavation drives against dip direction. The blastability index is calculated to be
between 41 and 66 where the strike is perpendicular to tunnel axis, when excavation drives with
dip direction. Concerning hard and very hard rock mass, the blastability index is calculated to be
between 27 and 52 where the discontinuities are horizontal. The blastability index is calculated to
be between 32 and 57 where strike is perpendicular to tunnel axis, when excavation drives against
dip direction. The blastability index is calculated to be between 42 and 67 where strike is
perpendicular to tunnel axis, when excavation drives with dip direction. The blastability index is
calculated to be between 32 and 62 where strike is parallel to tunnel axis. Taking into account the
surface conditions and the structure of the rock mass, we can estimate GSI and RMR range.

3. Blastability Index (Bl) Related to Structural Geology

Taking into account the calculations of Bl for every possible quality of the rock mass, a diagram
which connects the structural description, the hardness of rock mass and Bl (Fig.5) can be easily
developed, where; rock mass quality 1 refers to closely spaced discontinuities (Priest &Hudson,
1976), horizontal formations, and gradient formations where the excavation drives against dip
direction. Rock mass quality 2 refers to intermediate spaced discontinuities and horizontal
formations. Rock mass quality 3 refers to closely spaced discontinuities and gradient formations,
where excavation drives with dip direction. Rock mass quality 4 refers to intermediate spaced
discontinuities and gradient formations. Rock mass quality 5 refers to widely spaced
discontinuities, horizontal formations, and soft gradient rock mass, where excavation drives
against dip direction. Rock mass quality 6 refers to widely spaced discontinuities and gradient
formations (except soft gradient rock mass where excavation drives against dip direction).

Table 5 — RMR estimations for different types of rock mass with specific GSI range.

AJA: AJA: AJA: AJA: AJA: AJA: AJA: AJA: AJA: AJA: AJA: AJA:
GSI(PART) | 001-80 | 81-140 | 141-200 | 201-280 | 281-340 | 341400 | 401-480 | 481-540 | 541-600 | 601-680 | 681-740 | 741-800
RMR RMR RMR RMR RMR RMR RMR RMR RMR RMR RMR RMR
0-12(A) 00828 | 009-29 | 010-30 | 003-28 | 00429 | 00530 | 001-28 | 00229 | 003-30 | 011-33 | 0012-34 13-35
012-23(B) | 012-32 13-33 14-34 007-32 | 008-33 | 009-34 | 005-32 | 006-33 | 007-34 15-37 16-38 17-39

22-32(C) 21-40 2241 2342 1640 1741 18-42 1440 1541 1642 24-45 25-46 26-47
007-17 (D) 4-33 5-34 6-35 009-33 010-34 011-35 | 007-33 008-34 009-35 17-38 8-39 19-40
018-28 (E) -37 9-38 20-39 1337 14-38 15-39 011-37 012-38 13-39 2142 2243 2344
16-36 (F) 27-45 28-46 29-47 2245 23-46 24-47 20-45 21-46 22-47 30-50 31-51 32-52

3543(G) 2644 2745 28-46 2144 2245 2346 1944 2045 21-46 2949 30-50 31-51
42-50 (H) 29-47 3048 31-39 2447 2548 26-49 22-47 23-48 24-49 32-52 3353 34-54

Table 6- RMR estimations for every GSI classification part.

AJA: AJA: AJA: AJA: AJA: AJA:1141- AJA: AJA: AIA: AJA:

GSI (PART) | 801-880 | 881-940 | 941-1000 | 1001-1080 | 1081-1140 1200 1201-1280 | 1281-1340 | 1341-1400 | 1401-1480
RMR RMR RMR RMR RMR RMR RMR RMR RMR RMR
0-12(A) 011-36 012-38 013-37 006-36 007-38 008-3 004-36 005-38 006-39 14-41
012-23 (B) 015-39 64 7-42 01040 011-40 0124 008-39 009-40 01041 18-44
22-32(C) 22-47 234 2449 1747 1848 0194 015-60 1648 17-49 25-52
007-17 (D) 01241 342 443 007-40 008-41 0094 006-36 00641 007-42 1545
018-28 (E) 16-44 1745 3-46 011-44 01245 1346 01040 01045 011-46 1949
16-36 (F) 23-52 24-53 25-54 18-52 019-53 20-54 16-48 017-53 018-54 26-57
3543 (G) 29-56 30-57 31-58 24-56 25-57 26-58 22-52 23-57 24-58 32-61
42-50 (H) 34-58 32-59 33-60 26-58 26-59 28-60 24-54 24-59 25-60 34-63
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Table 7 — RMR estimations for different types of rock mass with specific GSI range.

AJA: AIA: AJA: AJA: AJA: AJA: AIA: AJA: AJA:
GSI (PART) 1481-1540 1541-1600 1601-1680 1681-1740 1741-1800 1801-1880 1881-1940 1941-2000 2001-2080
RMR RMR RMR RMR RMR RMR RMR RMR RMR
0-12(A) 1542 16-43 1343 20-58 8-58 00843 15-58 23-58 006-43
012-23 (B) 17-45 20-46 1545 22-60 0-60 011-45 17-60 25-60 008-45
29-30, 36-37, 42-43, 31-32, 3940,
22-32(C) 3342, 40-57, 46-55, 24-25, 35-57, 43-57, 22-23,
26-53 27-54 44-4549-50 | 59-62,64-65 | 57-58,62-63 | 28424445 | 59-62,64-65 | 59-60,64-65 | 26-45,49-50
007-17 (D) 16-46 847 1345 20-58 28-58 00845 15-58 23-58 006-45
018-28 (E) 20-50 21-51 16-60 23-60 31-60 011-60 18-60 26-60 009-60
36-37, 44-45, 31-32, 34-40,
16-36 (F) 29-57, 40-57, 48-57, 30-69, 3557, 43-57,
27-58 28-59 59-62,64-65 | 59-62,64-65 | 59-60,64-65 | 65-68,70-71 | 59-62,64-65 | 59-60,64-65 | 22-62,64-65
3543 (G) 33-62 34-63 33-71 40-71 48-66,68-71 28-71 35-57 43-66,68-71 26-71
4445, 52-53, 3940, 47-48,
42-50 (H) 37-65, 48-65, 56-65, 3245, 43-65, 51-65,
35-64 36-65 67-70,72-73 | 67-70,72-73 | 67-68,72-73 | 67-70,72-73 | 67-70,72-73 | 67-68,72-73 | 30-70,72-73

Table 8 — RMR estimations for different types of rock mass with specific GSI range.

aSl (ParT) AJA: 20812140 AJA:2141-2200 AJA:2201-2280 AJA: 2281-2340 AJA: 2341-2400
RMR RMR RMR RMR RMR
012 (A) 13-58 4546,49-68.72-73 16-33 2361 31-63
012-23 (B) 15-60 2360 2050 2565 3365
22:32(C) 29-30,33-62,64-65 37-38,41-60,64-65 32-50,52-55 39-70 47-65,67-70
007-17 (D) 358 2158 16-50 2363 163
01828 (E) 560 2460 165 2665 4-65
16-36 (F) 29-33,34-62,64-65 37-38,41-60,64-65 70 39-70 47-65,67-70
3543(G) 3371 41-66,68-71 576 4376 51-76
4250 (H) 37-38,41-70,72-73 42-46,49-68.72-73 4078 47-78 55-73,75-78

Looking at the above diagram, we can easily conclude that
¢ The wider the spacing of discontinuities is, the bigger the Bl is.

e The Bl is lower in horizontal formations than in gradient formations.

e The BI is higher where the excavation drives with dip direction than where it drives
against dip direction.

Table 9 — GSI estimations for different types of rock mass with specific RMR range.

AJA: AJA: AJA: AJA: AJA: AJA: AJA: AJA: AJA: AJA: AJA: AJA:
001-80 81-140 141-200 | 201-280 | 281-340 | 341-400 | 401-480 | 481-540 | 541-600 | 601-680 | 681-740 | 741-800
RMR BI: 4-29 BI: 631 Bl: 7-32 BI:9-34 BI: BI: BI: BI: BI: BI: BI: BI:
2 = : = 11-36 12-37 14-39 1641 1742 1944 2146 2247
GSI GSI GSI GsI [<]] GSI Gsl GSI GSI GSI Gsl Gsl
(PART) (PART) (PART) (PART) (PART) (PART) (PART) (PART) (PART) (PART) (PART) (PART)
0-20 ABDE ABDE ABDE ABCDE ABCDE | ABCDE ABF%) E ABF%)E ABCDE ABD ABD ABD
2140 ABCDEF | ABCDEF | ABCDEF | ABCDEF | ABCDE | ABCDE | ABCDE | ABCDE | ABCDE | ABCDE | ABCDE | ABCDE
GH GH GH GH FGH FGH FGH FGH FGH FGH FGH FGH
41-60 FGH CFGH CFGH FGH FGH CFGH FGH FGH CFGH | CEFGH | CEFGH | CEFGH
61-80
81-100
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INTERMEDIATE SPACED DISCONTINUITTES

Horizontal discontinuities

Gradient discontinuities

Strike parallel to tunnel axis and strike Btrike parallel to tunnel axis
perpendicular to tunnel axis when
excavation drives against dip direction Strike perpendicular to tunnel

Extremely soft to soft rockmass Medium hard to very hard
(MOHS 0-4) rockmass (MOHS 5-10) Extremely SOt

axis when excavation drives
(when strike is with dip direction
perpendicular to tunnel axis)
to medium hard rockmass Hard and very hard rockmass From extremely soft to soft
(MOHS 0-7) (MOHS 8-10) rock mass (MOHS 0-4)
BI = 9-34 BI = 11-37 BI 14-46 BI = 17-47 BI 24-52 BI 19-44
v
z
ol = @ g e g e g e g e g €
GEOLOGICAL E£| o s s 5 a s s s aQ s s s Q s s s a s s 5 Q s s B
STRENGTH 2| 3 | ¢ E ¥ | 8| . r 81 8| % E y 818 | % . r g 8| . y g8 8| = E r g
o Q x o o Q 4 @x o Q 4 x o Q o @x (o} aQ o x o aQ o @
3| @ S H g 2 5} 9 K g g <} 9 K g g 5} 9 K g g 5} 9 K g g ¢© S H g 2
INDEX > Q i o] - > Q s S > > Q ra S - > Q & S > > Q ra S > > Q s o] >
wl Z <] -4 % <) & % 5] & % <) |4 % [ |4 % 5} |4
(GSI) Q| & & g & [ & [ & g & g &
s > > > > > >
x
2
STRUCTURE @ DECREASING SURFACE QUALITY IASING SURFACE QUALITY

o> DECREASING SURFACE QUALITY o> DECREASING SURFACE QUALITY
R = .‘\ | ST \E\\ —i= SR, “”‘\\‘E
2oC : : L) b1 ) = 20 ]
INTEGRATED |2 Y A / -
2 ) Javava
2D aMNATED ! | a | wa

wi
a SHEARED O R /

N/A

¢

@ .
Very rough, fresh unweathered surfaces
@

Rough, slightly weathered, iron stained surfaces
@

ickenside, highly weathered surfaces with soft clay coatings or filings
Smooth, moderately weathered and altered surfaces

© Poorly interlocked, heavily broken rock mass with mixture of angular and rounded rock pieces
lickensided, highly weathered surfaces with compact coatings of rillings or angular fragments o

Lack of blockiness due to close spacing of weak schistosity of shear planes

Figure 3 — BQS for intermediate spaced discontinuities.
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Table 10 — GSI estimations for different types of rock mass with specific RMR range.

AJA: AJA: AJA: AJA: AJA: AJA:
AJA:801-880 | A/A:881-940 941-1000 1001-1080 1081-1140 1141-1200 1201-1280 1281-1340
RMR BI:9-34 BIl:11-36 BI:12-37 Bl:14-39 BI:16-41 BI:17-42 BI:19-44 BI:21-46
GSI (PART) GSI (PART) GSI (PART) GSI (PART) GSI (PART) GSI (PART) GSI (PART) GSI (PART)
0-20 ABCDE ABDE ABDE ABCDEF ABCDEF ABCDE(F) ABCDEF ABCDEF
21-40 ABCDEFGH ABCDEFGH ABCDEFGH ABCDEFGH ABCDEFGH ABCDEFGH ABCDEFGH ABCDEFGH
41-60 C(D)EFGH (B)CDEFGH BCDEFGH CEFGH C(D)EFGH (B)CDEFGH CGH C(D)EFGH
61-80
81-100

Table 11 — GSI estimations for different types of rock mass with specific RMR range.

Table 11. GSI classification part for RMR range
AJA: AJA: AJA: AJA: AJA: AJA: AJA: AJA:
1341-1400 1401-1480 1481-1540 1541-1600 1601-1680 1681-1740 1741-1800 1801-1880
RMR Bl:22-47 Bl:24-49 BIl:26-51 BI:27-52 Bl:24-49 BI:26-51 BI:27-52 Bl:29-54
GSI (PART) GSI (PART) GSI (PART) GSI (PART) GSI (PART) GSI (PART) GSI (PART) GSI (PART)
0-20 ABCDEF ABDE ABD(E) A(B)D ABDE ABDE
2140 ABCDEFGH ABCDEFGH ABCDEFGH ABCDEFGH ABCDEFGH ABCDEF ABDE ABCDEFGH
41-60 CDEFGH (A)BCDEFGH | ABCDEFGH ABCDEFGH BCDEFGH ABCDEFGH ABCDEFGH ABCDEFGH
61-80 (GH GH GH FGH CFGH CFGH FGH
81-100

Table 12 — GSI estimations for different types of rock mass with specific RMR range.

Table 12. GSI classification part for RMR range
2 AJA: AA: AJA: AJA: AJA: AJA: AJA:
1881-1940 1941-2000 2001-2080 2081-2140 2141-2200 2201-2280 2281-2340 2341-2400
RMR BI:31-56 BI:32-57 BI:34-59 BI:36-61 BI:37-62 BI:39-64 Bl:41-66 BIl:42-67
GSI (PART) GSI (PART) GSI (PART) GSI (PART) GSI (PART) GSI (PART) GSI (PART) GSI (PART)
0-20 ABDE ABDE ABDE A(B)DE
21-40 ABCDEFGH AB(C)DEF ABCDEFG ABCDEFGH BCDEF ABCDEFG ABCDEF ABD
41-60 ABCDEFGH ABCDEFG ABCDEFGH ABCDEFGH ABCDEFGH BCDEFGH ABCDEFGH ABCDEFGH
61-80 CFGH (CF)GH FGH CFGH ACFGH EFGH BCDEFGH ABCDEFGH
81-100

4. Blastability Quality System (BQS)

The Blastability Quality System (BQS) is a very useful approach as it includes the most useful
characteristics of rock mass, which are easily estimated and used in situ. In addition to its easy and
wide use, it is a quick calculator for Bl and rock mass quality, which make our choice of
excavation, blast (Hino, 1959) and support measures quicker.

The BQ system (Fig. 2-4) connects the rock mass classification systems RMR and GSl,
structural data, hardness of rock mass, and BI.

Initially, the discontinuities spa-
cing is characterized. Secondly,

Rock mass quality - Blastability index

the orientation of discontinuities [

in addition to the hardness of the 7

rock mass is described. Having Bl 5

completed the above classi- %

fication, the BI range can easily o Sl R P | H
be determined. By visually T 2 3 4 5 6

Rock mass quality

inspecting the rock mass, we can
easily distinguish discontinuity
spacing and orientation. Also, we
can estimate rock mass hardness
using a Schmidt Hammer.

DLower range of BI EUpper range of BI ‘

Figure 5 — Rock mass quality versus Bl.

Finally we can combine structure and surface conditions in order to estimate Geological Strength
Index (GSI) (Hoek & Brown, 1980) and Rock Mass Rating (RMR).
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5. Conclusions

Taking into account the calculations of Bl for every possible poor rock mass quality, the wider the
spacing of discontinuities is, the bigger the Bl is. The Bl is, also, lower in horizontal formations
than in gradient formations. Finally, the Bl is higher, in cases where the excavation drives with dip
direction than where it drives against it.

Evaluating the rock mass quality estimated by the RMR and GSI classification systems together
with the calculated blastability index, a useful system, called Blastability Quality System (BQS), is
created.

This “blastability quality system” can be a useful “in-situ tool”, for estimating poor and friable
rock masses, shared with lack of blockiness due to close spacing of weak schistosity or sheer
planes and disintegrated, with poorly interlocked, heavily broken, with mixture of angular and
rounded rock pieces. It connects rock mass quality, discontinuity orientation, rock mass hardness
and BI. It can be easily applied during the excavations, in order to estimate rock mass quality and
the range of BI very quickly. This is a viable tool for estimating the quantity of explosions and
support measures to be decided using the already known methodology.

6. References

Barton N.R., Lien R. and Lunde J. 1980. Application of the Q-system in design decisions, in
Subsurface space, (eds. M. Bergman) 2, 553-561. New York: Pergamon.

Bieniawski Z.T. 1989. Engineering rock mass classifications. New York: Wiley.

Deere D.U. and Deere D.W. 1988. The rock quality designation (RQD) index in practice, in Rock
classification systems for engineering purposes, (eds. L. Dirkaldie), ASTM Special
Publication 984, 91-101. Philadelphia: Am. Soc. Test. Mat.

Deere D.U. 1989. Rock puality designation (RQD) after 20 years. U.S. Army Corps Engrs
Contract Report GL-89-1, Vicksburg, MS: Waterways Experimental Station.

Hino K. 1959. Theory and Practice of Blasting, Noppon Kayaku Co, Ltd, Japan

Hoek E. 1983. Strength of jointed rock masss, 23 Rankine Lecture. Geotechnique 33(3), 187-223

Hoek E. 1994. Strength of rock and rock masses, ISRM News Journal, 2(2). 4-16.

Hoek E. and Brown E.T. 1980. Empircal strength criterion of rock masses, J. Geotech Engng.
Div., ASCE, 106 (gt9), 1013-1035.

Hoek E. and Brown, ET. 1997. Practical estimates of rock mass strength Int. J. Rock Mech Min Sci
1997; 34(8):1165-86.

Hoek E., Marinos P. and Benissi M. 1998. Applicability of the Geological Strength Index (GSI)
classification for very weak and sheared rock masses. The case of the Athens Schist
Formation, Bull. Engg. Geol. Env. 57(2), 151-160.

Jimeno C.L., Jinemo E.L. and Carcedo F.J.A. 1995. Drilling & Blasting of Rocks, A.A.Bulkema,
Rotterdum, Brookfield Publication, pp160-180.

Kaushik D. and Phalguni S. 2003. Concept of Blastability — An Update, The Indian Mining &
Engineering Journal, Vol-42, No.-8&9, pp24-31.

Lilly P. 1986. An Empirical Method of Assessing Rockmass blastability, Large Open Pit Mine
Conference, Newman, Australia, October, pp89-92.

Marinos P. and Hoek E. 2000. GSI — A geologically friendly tool for rock mass strength
estimation, Proc. GeoEng2000 Conference, Melbourne. 1422-1442.

Murthy, V., Day, K. and Raitani R., 2003. Prediction of overbreak in underground tunnel blasting,
A case study, Journal of Canadian Tunneling Canadien, P109-115.

Priest S.D. and Hudson J.A. 1976. Discontinuity spacings in rock. Int. Jour. Rock. Mech. Min. Sci.

& Gomech, v.13, p.135-148.

Scott A. 1996. Blastability and Blast Design, Rock Gragmentation by Bloastin, (ed) Mohanty,
Balkema, Rotterdam, pp27-36.

XLVII, No 3 - 1705




