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CLASSIFICACOES DE MACICOS ROCHOSOS

CLASSIFICAGOES A SEREM ESTUDADAS

Classificacao de Terzaghi - 1946

Rock Quality Designation Index (RQD) - 1967
Rock Structure Rating (RSR) - 1972

Rock Mass Rating (RMR) - 1976

Indice Q (Rock Tunnelling Quality Index) - 1974
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INDICE Q (ROCK TUNNELLING QUALITY INDEX) - 1974

INDICE Q (ROCK TUNNELLING QUALITY INDEX)

Desenvolvido no NGI (Norwegian Geotechnical Institute), sob a lideranga do
Eng. Nick Barton, tem base em um grande nimero de estudos de casos de
escavacoes subterraneas civis e de mineragao.

O indice Q (Rock Tunnelling Quality Index) considera seis diferentes parametros:
- Indice RQD.

- Nimero de familias de juntas (J,).

- Rugosidade da descontinuidade ou junta mais desfavoravel (J3,).

- Grau de alteragao ou enchimento da junta mais fraca (J,).

- Fluxo de agua (J3,,).

- Condicoes de tensao (SRF - Stress Reduction Factor).



INDICE Q (ROCK TUNNELLING QUALITY INDEX)

A qualidade total do macico é entao dada por:

- indice RQD.
_ RQD J,- Jw - Namero de familias de juntas (J,).
Q - 3 ’ J_ ’ SRF - Rugosidade da descontinuidade ou junta mais desfavoravel (J,).
n a - Grau de alteragdao ou enchimento da junta mais fraca (3,).
- ), J . - Fluxo de agua (3,,)-
A B C - Condigoes de tensao (SRF - Stress Reduction Factor).
Onde:

Quociente A: medida direta do tamanho de blocos ou particulas.
Quociente B: representa as tensoes de cisalhamento entre os blocos.
Quociente C: representa as tensoes ativas na regidao analisada.

INDICE Q (ROCK TUNNELLING QUALITY INDEX)

1. ROCK QUALITY DESIGNATION RQD
A Very poor 0-25 1. Where RQD is reported or measured as < 10 {including 0),
B. Poor 25-50 a nominal value of 10 is used to evaluate Q.
C. Fair 50-75
D. Good 75-80 2. ROQD intervals of 5, i.e. 100, 95, 80 etc. are sufficiently
E. Excellent 80 -100 accurate.
2. JOINT SET NUMBER J,
A, Massive, no or few joints 05-1.0
B. One joint set 2
C. One joint set plus random 3
[ Two joint sets 4
E. Two joint sets plus random 3]
F. Three joint sets a9 1. For intersections use (3.0 < J.))
G. Three joint sets plus random 12
H. Four ar more joint sets, random, 15 2. For portals use (2.0 « J,)
heavily jointed, 'sugar cube’, ete.
J. Crushed rock, earthlike 20




INDICE Q (ROCK TUNNELLING QUALITY INDEX) g{‘\ = (m

3. JOINT ROUGHNESS NUMBER
a. Rock wall contact

b. Rock wall contact before 10 cm shear
A. Discontinuous joints
B. Rough and irregular, undulating
C. Smooth undulating
D. Slickensided undulating
E. Rough or irregular, planar
F. Smoath, planar
G. Slickensided, planar
¢. No rack wall contact when sheared
H. Zones containing clay minerals thick
enough o prevant rock wall contact
J. Sandy, gravely or crushed zone thick
enough to prevent rock wall contact

1.5
1.5
1.0
0.5

1.0
(nominal)
1.0
{rominal)

1. Add 1.0 if the mean spacing of the relevant joint sel is
greater than 3 m.

2. J,=0.5 can be used for planar, slickensided joints having
lineations, provided that the lineations are oriented for

minimum strength.

INDICE Q (ROCK TUNNELLING QUALITY INDEX)

4. JOINT ALTERATION NUMBER
a. Rock wall contact

A. Tightly healed, hard, non-softening,
impermeable filling

B. Unaltered joint walls, surface staining only

C. Slightly altered joint walls, non-softening
mineral coatings, sandy particles, clay-free
disintegrated rock, elc.

D. Silty-, or sandy-clay coatings, small clay-
fraction (non-softening)

E. Saoftening or low-friction clay mineral coatings,
i.e. kaolinite, mica. Also chiorite, talc, gypsum
and graphite etc., and small guantities of swelling

clays. (Discontinuous coatings, 1-2 mm or less)

0.75

1.0

2.0

3.0

4.0

drdegrees (approx.)

1. Values of ¢r, the residual friction angle,

are intended as an approxmate gulde

25-35 to the mineralogical properties of the
25-320 alteration products, if present.
20-25

8-16




4, JOINT ALTERATION NUMBER
b. Rock wall contact before 10 cm shear
F. Sandy particles, clay-free, disintegrating rock etc.
G. Strongly over-consolidated, non-softening
clay mineral fillings (continuous < 5 mm thick)
H. Medium or low over-consolidation, softening
clay mineral fillings (continuous < 5 mm thick)
J. Swelling clay fillings; i.e. montmorillonite,
(continuous <5 mm thick). Values of J
depend on percent of swelling clay-size
particles, and access to water.
c. No rock wall contact when sheared
K. Zones or bands of disintegrated or crushed
L. rock and clay (see G, H and J for clay
M. conditions)
N. Zanes or bands of silty- or sandy-clay, small
clay fraction, non-softening
0. Thick continuous zones or bands of clay
P. &R (see G.H and J for clay conditions)

4.0
6.0

8.0

8.0-12.0

6.0
8.0
8:.0-120
5.0

10.0-13.0
6.0-24.0

¢r degrees (approx.)

25-30
16-24

12-16

6-12

6-24

INDICE Q (ROCK TUNNELLING QUALITY INDEX)

5. JOINT WATER REDUCTION

A Dry excavation or minor inflow i.e. < 5 I/m locally

B. Medium inflow or pressure, ocecasional
outwash of joint fillings

C. Large inflow or high pressure in competent rock
with unfilled joints

D. Large inflow ar high pressure

E. Excepticnally high inflow or pressure at blasling,
decaying with time

F. Exceptionally high inflow or pressure

1.0
0.66

0.5

0.33
0.2-0.4

0.1-0.05

approx. water pressure {kgl!cm2}

<1.0

1.0-25

25-100 1. Factors C to F are crude estimates;
increase J,, if drainage installed.

25-100

=10 2. Special problems caused by ice formation
are nol considerad.

=10

!3;]
NG
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6. STRESS REDUCTION FACTOR SRF
a. Weakness zones intersecting excavation, which may

cause loosening of rock mass when tunnel is excavated

A Multiple occurrences of weakness zones containing clay or 100 1. Reduce these values of SRF by 25 - 50% but
chemically disintegrated rock, very loose surrounding rock any only If the relevant shear zones influence do
depth) not intersect the excavation

B. Single weakness zones conlaining clay, or chemically dis- 5.0

legrated rock (excavation depth < 50 m)
C. Single weakness zones containing clay, or chemically dis- 25
tegrated rock (excavation depth > 50 m)

D. Multiple shear zones in competent rock (clay free), loose 7.5

surrounding rock (any depth)
E. Single shear zane in competent rock (clay free). (depth of 50
excavation < 50 m)

F. Single shear zone in competent rock (clay free). (depth of 25
excavation = 50 m)

. Loose open joints, heavily jointed or 'sugar cube', (any depth) 5.0

INDICE Q (ROCK TUNNELLING QUALITY INDEX)

6. STRESS REDUCTION FACTOR SRF
b. Competent rock, rock stress problems
”cJB? oy 2. For sfrongly anisotropic virgin stress field
H. Low stress, near surface > 200 >13 25 (if measured): when 55o4/03<10, reduce o
J. Medium stress 200-10 13-0.66 1.0 to 0.8o, and oy to 0.Bap. When oy/aq > 10,
K. High stress, very light structure 10-5 066-033 05-2 reduce o and o to 0.6a, and 0.6, where
(usually favourable lo stability, may a. = unconfined compressive strength, and
be unfavourable to wall stability) D’t. = tensile strength (point load) and =, and
L. Mild rockburst {massive rock) 5-25 0.33-016 5-10 oq are the major and minor principal stresses.
M. Heavy rockburst (massive rock) <25 <0.18 10-20 3. Few case records available where depth of
c. Squeezing rock, plastic flow of incompetent rock crown below surface is less than span width.
under influence of high rock pressure Suggest SRF increase from 2.5 to 5 for such
M. Mild sgueezing rock pressure 5-10 cases (ses H).
0. Heavy squeezing rock pressure 10-20
d. Swelling rock, chemical swelling activity depending on presence of water
P. Mild swelling rock pressure 5-10
R. Heawy swelling rock pressure 10- 15

12
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RESULTADOS FORNECIDOS PELO SISTEMA Q

INDICE Q (ROCK TUNNELLING QUALITY INDEX)

O Sistema Q define o indice ESR (Nivel de Suporte da Escavagao) associando o
uso ao qual se destina a escavacao e o grau de seguranca do sistema de suporte
para que se mantenha sua estabilidade.

Categoria de Escavacao ESR
A Galerias temporarias de minas 3-5
B Galerias permanentes de minas, tineis para hidrelétricas 16

(exceto alta pressado), tuneis piloto ’
c Salas de armazenamento, estagdes de tratamento de agua, 13
tuneis rodoviarios e ferroviarios pequenos, tuneis de acesso ’
D Estagdes elétricas, tuneis rodoviarios e ferroviarios grandes, 10
camaras de defesa civil, interseccdes ’
Estagdes de energia nuclear subterrdneas, estacdes 08
ferroviarias, instalagdes esportivas e publicas, fabricas ’

14



INDICE Q (ROCK TUNNELLING QUALITY INDEX)

Através dos valores de ESR e da largura B da escavacao é possivel estimar o
comprimento L dos parafusos de rocha necessarios:
0,15-B
+ e —
ESR

L=2

Pode-se também determinar o vao maximo livre de suportes V:
V =2.ESR.Q%*

G F E D c B A
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0.001  0.004 0.01 0.04 0.1 0.4 1 4 10 40 100 400 1000
. - . RQD Jr Jw
Dimensao Equivalente (D,) | Rock mass quality Q = 0 X J& X SRF
1) Unsupported 6) Fibre reinforced shotcrete and bolting, 9 - 12 cm
2) Spot bolting 7) Fibre reinforced sholcrete and bolting, 12 - 15 cm
3) Systematic bolting 8) Fibre reinforced shotcrete, > 15 cm,
4) Systematic bolting, (and unreinforced shotcrete, 4 - 10 cm) reinforced ribs of shotcrete and bolting
5) Fibre reinforced shotcrete and bolting, 5 - 9 cm 9) Cast concrete lining
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EXERCICIO

Classificar segundo o Rock Tunnelling Quality Index - Q o macico rochoso em uma
camara com 15 m de largura, escavada em rocha a uma profundidade de 2100 m,
com as seguintes caracteristicas:

- 2 familias de descontinuidades presentes (onduladas, rugosas, nao
intemperizadas e sem marcas de alteracao nas superficies).

- RQD variando entre 85 e 95%.

- Testes resultaram em resisténcia a compressao uniaxial igual a 170 MPa.

- Direcoes das tensoes principais sao aproximadamente horizontal e vertical.

- Tensao horizontal igual a cerca de 1,5 vezes a tensao vertical.

- Macico se mostra imido e nao ha evidéncias de fluxo de agua subterranea.

INDICE Q (ROCK TUNNELLING QUALITY INDEX)

SOLUCAO

a) RQD: valor utilizado diretamente. Neste caso, deve ser tomada a média dos
valores dados. Assim, RQD =

20
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a) RQD: valor utilizado diretamente. Neste caso, deve ser tomada a média dos
valores dados. Assim, RQD = 90.

SOLUCAO

b) J,: para 2 familias de descontinuidades, temos J, =

INDICE Q (ROCK TUNNELLING QUALITY INDEX)

2. JOINT SET NUMBER Jn

A Massive, no or few joints 05-10

B. One joint set 2

C. One joint set plus random 3

0. Two joint sets 4

E. Two joint sets plus random 5]

F. Three joint sets g 1. For intersections use (3.0 < J,))

G. Three joint sets plus random 12

H. Four or more joint sets, random, 15 2. For portals use (2.0 = J.)
heavily jointed, 'sugar cube’, etc.

J. Crushed rock, earthlike 20

22
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SOLUCAO

a) RQD: valor utilizado diretamente. Neste caso, deve ser tomada a média dos
valores dados. Assim, RQD = 90.

b) J,: para 2 familias de descontinuidades, temos J, = 4.

INDICE Q (ROCK TUNNELLING QUALITY INDEX)

3. JOINT ROUGHNESS NUMBER JJ,
a. Rock wall contact
b. Rock wall contact before 10 cm shear
A. Discontinuous joints 4
B. Rough and irregular, undulating 3
C. Smooth undulating 2
D. Slickensided undulating 1.5 1. Add 1.0 if the mean spacing of the relevant joint sel is
E. Rough or irregular, planar 1.5 greataer than 3 m.
F. Smoath, planar 1.0
G. Slickensided, planar 0s 2. J,=0.5 can be used for planar, slickensided joints having
€. No rock wall contact when sheared lineations, provided that the lineations are oriented for
H. Zones containing clay minerals thick 1.0 minimum strength.
enough o prevant rock wall contact (nominal)
J. Sandy, gravely or crushed zone thick 1.0
enough to prevent rock wall contact {nominal)
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INDICE Q (ROCK TUNNELLING QUALITY INDEX)

SOLUCAO

a) RQD: valor utilizado diretamente. Neste caso, deve ser tomada a média dos
valores dados. Assim, RQD = 90.

b) J,: para 2 familias de descontinuidades, temos J, = 4.

c) J,: para juntas onduladas, rugosas e irregulares, temos J, = 3.

INDICE Q (ROCK TUNNELLING QUALITY INDEX)

4. JOINT ALTERATION NUMBER J, dr degrees (approx.)
a. Rock wall contact
A. Tightly healed, hard, non-softening, 0.75 1. Values of ¢r, the residual friction angle,
impermeable filling are intended as an approximate guide
B. Unaltered joint walls, surface staining only 1.0 25-35 to the mineralogical properties of the
C. Slightly altered joint walls, non-softening 20 25-320 alteration products, if present.

mineral coatings, sandy particles, clay-free
disintegrated rock, elc.

D. Silty-, or sandy-clay coatings, small clay- 3.0 20-25
fraction (non-softening)

E. Saoftening or low-friction clay mineral coatings, 4.0 B8-16
i.e. kaolinite, mica. Also chiorite, talc, gypsum
and graphite etc., and small guantities of swelling

clays. (Discontinuous coatings, 1-2 mm or less)
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INDICE Q (ROCK TUNNELLING QUALITY INDEX)

SOLUCAO

a) RQD: valor utilizado diretamente. Neste caso, deve ser tomada a média dos
valores dados. Assim, RQD = 90.

b) J,: para 2 familias de descontinuidades, temos J, = 4.
c) J,: para juntas onduladas, rugosas e irregulares, temos J, = 3.

d) J,: para paredes de juntas inalteradas, temos J_, = 1.

INDICE Q (ROCK TUNNELLING QUALITY INDEX)

5. JOINT WATER REDUCTION oy approx. water pressure (kg"mz}

A Dry excavation or minor inflow i.e. < 5 l/m locally 1.0 <1.0

B. Medium inflow or pressure, occasional 0.66 1.0-25
outwash of joint fillings

C. Large inflow or high pressure in competent rock 0.5 25-100 1. Factors C to F are crude estimates;
with unfilled joints increase J,, if drainage installed.

D. Large inflow ar high pressure 0.33 25-100

E. Excepticnally high inflow or pressure at blasting, 0.2-0.1 =10 2. Special problems caused by ice formation
decaying with time are nol considerad.

F. Exceptionally high inflow or pressure 0.1-0.05 =10

28
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SOLUCAO

a) RQD: valor utilizado diretamente. Neste caso, deve ser tomada a média dos
valores dados. Assim, RQD = 90.

b) J,: para 2 familias de descontinuidades, temos J, = 4.
c) J,: para juntas onduladas, rugosas e irregulares, temos J, = 3.
d) J,: para paredes de juntas inalteradas, temos J_, = 1.

e) J,,: para escavacdao com minimo fluxo de agua, temos J,, = 1.

INDICE Q (ROCK TUNNELLING QUALITY INDEX)

6. STRESS REDUCTION FACTOR SRF
b. Competent rock, rock stress problems
'T::J'31 oy 2. For sfrongly anisotropic virgin stress field
H. Low stress, near surface > 200 >13 2.5 (if measured): when 55o4/03<10, reduce o
J. Medium stress 200.-10 13-0.66 1.0 to 0.8o, and oy to 0.Bap. When oy/aq > 10,
K. High stress, very light structure 10-5 066-033 05-2 reduce o and o to 0.6a, and 0.6, where
(usually favourable lo stability, may a. = unconfined compressive strength, and
be unfavourable to wall stability) oy = tensile strength (point lead) and o4 and
L. Mild rockburst {massive rock) 5-25 033-016 5-10 oq are the major and minor principal stresses.
M. Heavy rockburst (massive rock) <25 <0.16 10-20 3. Few case records available where depth of
c. Squeezing rock, plastic flow of incompetent rock crown below surface is less than span width.
under influence of high rock pressure Suggest SRF increase from 2.5 to 5 for such
N. Mild squeezing rock pressure 5-10 cases (ses H).
0. Heavy squeezing rock pressure 10-20
d. Swelling rock, chemical swelling activity depending on presence of water
P. Mild swelling rock pressure 5-10
R. Heawy swelling rock pressure 10- 15
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SOLUCAO

a) RQD: valor utilizado diretamente. Neste caso, deve ser tomada a média dos
valores dados. Assim, RQD = 90.

b) J,: para 2 familias de descontinuidades, temos J, = 4.

c) J,: para juntas onduladas, rugosas e irregulares, temos J, = 3.
d) J,: para paredes de juntas inalteradas, temos J_, = 1.

e) J,,: para escavacdao com minimo fluxo de agua, temos J,, = 1.

f) SRF: para uma profundidade de 2100 m, a tensao vertical sera igual a cerca de
57 MPa. Neste caso, a tensao principal maior sera o, = 85 MPa (o, = 1,50,).
Sabendo que a resisténcia a compressao uniaxial do material é de 170 MPa, temos
a relagao o_/o, = 2. Para rocha macica, com problemas esperados relacionados a
tensG6es no macico, o valor 0./0, = 2 acusa sérias possibilidades de ocorréncia de
rockburst. Da mesma forma, temos que o valor de SRF deve ser adotado entre 10
e 20. Portanto, temos a média SRF = 15.

INDICE Q (ROCK TUNNELLING QUALITY INDEX)

Através destes valores, temos:

Para relacionar o indice Q as necessidades de suporte em escavacoes, foi
definido adicionalmente o parametro Dimensao Equivalente (D.), obtido por:

_ Extensdo, diametro ou altura da escavagao (m)

D =
N Nivel de sup orte da escavacao (ESR)

No exemplo em questao temos uma galeria de mina permanente (ESR = 1,6).
Assim:

De
1,6

9,4
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Categoria de Escavacao ESR
A Galerias temporarias de minas 3-5
B Galerias permanentes de minas, tineis para hidrelétricas 16

(exceto alta pressao), tuneis piloto ’
c Salas de armazenamento, estagdes de tratamento de agua, 13
tuneis rodoviarios e ferroviarios pequenos, tuneis de acesso ’
D Estagdes elétricas, tuneis rodoviarios e ferroviarios grandes, 10
camaras de defesa civil, interseccdes ’
E Estagdes de energia nuclear subterrdneas, estacdes 08
ferroviarias, instalagbes esportivas e publicas, fabricas ’

ESR (Nivel de Suporte da Escavacao)

INDICE Q (ROCK TUNNELLING QUALITY INDEX)

Podemos determinar o comprimento L dos parafusos e o vao maximo livre de
suportes V através das formulas (Q = 4,5; B= 15 m e ESR = 1,6):

~2+0,45-B_2+0,15-15
- ESR 1,6

L

< L=2,66m

V=2.ESR-Q**=2.1,6-4,5* < V=5,84m
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Através dos valores de D, = 9,4; Q = 4,5 e do grafico abaixo, podemos verificar
a categoria do macico.

ROCK CLASSES
G F E D C B A
Exceptionally Extremely Very r Very Ext. Exc.
poor poor poor Pong Ll Goid good | good good
100 20
_ ii{ T T a3m 25m ]
- 8 2.1 mi-d o
\edg | : =]
%0 T groterd 7m0 _ il i &
15m = | ” 17 /);/ g
q Q
iy pal /]
- 7 7 =
/ f’ ,/ | 1 5
E, 20 L7 /’ / s 5 3
= / b 4 i
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=, [ ot 0
== = n 3
g % Z o /I = I
A e 1 R SOz 1 1 L
=l s / LA o 24
@ f 4 20m__ 4@
o v / [ o
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L 4 / /! R
2 4 £ IR 1 15
/ 7 " 13 m (}\SQ .
i / ” r A=
v B 10m
1_/ af 2 >
0.001 0.004 0.01 0.04 0.1 04 1 4 10 40 100 400 1000

Rock mass quality Q = HTC:E X -%- X %:
Temos entao uma escavacao classificada na categoria 4, que requer um padrao
de parafusos de rocha (com espacamento de 2,1 m e comprimento de cerca de
2,66 m) e 4 a 5 cm de concreto projetado.
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