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X 1, Classification of rock masses

T 2 Classification of rock masses
Strength S-1 S-2 S-3 S-4
Weathering D-1 D-2 D-3 D-4
grade

RQD(%) RQD(%)>75 | 75>RQD(%)>50 | 50>RQD(%)>25 | RQD(%)<25

Good rock Fair

Classification
masses rock masses

Poor rock masses

H 2, Strength of intact rock material(after ISRM, 1995)

Qualitative Compressive . .
B
T B description strength(MPa) Point lord strength(MPa) Rating
g-1 Exceptionally 5950 58 15
strong
100-250 4~-10 12
S-2 Very strong 50-100 9-4 7
S-3 Midium strong 25-50 1-2 4
S-4 Weak 5 95 Use of uma;gal compressive 2
strength is preferred
S-5 Very weak 1-5 1
Extremely weak <1 0
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H 3, Engineering characterization of weathering/alteration(after ISRM, 1979¢)

Term for
Grade | weathering Description
/alteration
No visible sing of weathering. Rock fresh, crystals bright.
D-1 Fresh . . . ..
Few discontinuities may show slight staining.
Penetrative weathering developed on open discontinuity
Slightly surfaces but only slight weathering of rock .material.
D-2 Discontinuities are discoloured and dis-coloration can
weathered . . .
extend into rock up to a few mm from discontinuity
surface.
Slight discoloration extend through the rock mass. The
D-3 Moderately [rock material is not friable(except in the case of poorly
weathered {cemented sedimentary rocks). Discontinuities are stained
and/or contain a filling comprising altered materials.
Weathering extends throughout rock mass and the rock
D-4 Highly |material is partly friable. Rock has no lustre. All material
weathered |except quartz is discoloured. Rock can be excavated with
geologist’s pick.
Rock is totally discoloured and decomposed and in a
Completely |friable condition with only fragments of the rock texture
D-5 .
weathered |and structure preserved. The external appearance is that
of a soil.
Soil Residual |Soil material with complete disintegration of texture,
soil structure and mineralogy of the parent rock.

H 4, Discontinuity aperture(after Brown, 1995)

Aperture Description Remarks
<0.1lmm Very tight
0.1-0.25mm Tight Closed
0.25-0.5mm Partly open
0.572.5mm Open
2.5-10mm Moderately wide Gaped
>10mm Wide
1-10cm ©]4 Open
10-100cm Extremely wide Open
>1m Cavernous
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H 5. Maximum, minimum and mean values of Sandstone and Shale on the seismic
velocities and the dynamic elastic modulus

Rock Masses Min. Max. Mean |EFHX
V,(m/sec) | 3,001.00 5,015.00 3,892.78 487
V,(m/sec) | 1,038.00 2,994.00 2,191.27 395

Good rock ImaSSes E,(GPa) 8.06 5756 3255 10.51
G,(GPa) 2.80 24.22 13.11 468

K,(GPa) 9.07 37.47 2321 6.18

Vg 0.06 0.44 0.26 0.07

V,(m/sec) | 2,070.00 | 454000 | 3,137.90 662
V,(m/sec) | 521.00 2,326.00 1,323.42 366

Fair rock masses E,(GPa) 2.07 32.81 13.35 6.59
G,(GPa) 0.71 1461 492 2.73

K,(GPa) 6.73 4125 20.13 8.80

vy 0.12 0.47 0.38 0.07

V,(m/sec) | 527.00 207000 | 1,368.37 355

V,(m/sec) | 182.00 1,330.00 703.27 237

Poor rock masses E,(GPa) 0.17 9.21 3.38 2.15
G,(GPa) 0.06 418 1.33 0.92

K,(GPa) 0.42 7.87 3.03 1.73

Vy 0.10 0.44 0.31 0.08

E 5 A BRFFo] Agn AU 538 GWRFA AW, e, AGHt o8
2 :IL-v—?S}Oq 7t vl BAS AL 27,

Akl M V,=3001m/sec™5,015m/secel W l, V,=1,03872,994 m/sece] ¥l
E,=8.06GPa~57.56GPa, G,;=2.80GPa~24.22GPa, KA;=9.07 GPa™37.471GPa, v,=0.0670.44
o] W el &3t Ut

2) REYHAME V,=2,070m/sec™4,540m/sec] Hlol, V,=52172326 m/sece] el
E;=2.07GPa~32.81GPa, G,=0.71GPa~14.61GPa, K,;=6.73 GPa™41.25GPa, v,;,=0.1270.47¢]
Heel &35k

3) dghit ot ME V, =527m/sec™2070m/sece] B oll, V,=18271,330 m/secd] el
E,=017GPa™9.21GPa, G;=0.06GPa~4.18GPa, £,=0.42 GPa ~7.87GPa, v,=0.1070.442] =
Aol &3t JvdE AL & F Uk

AUASES YEFEES ulm 2AE FH9 ol FHY 54 A4Y & A
AYl ot AeHEEE GFHEE Hste] G ol wesHol e Ry Bald) U
2@ Hge Yelis Aoz Q9A Utk AuTHE RHARE A% 9 FF) Hake o
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A gy WA AgnEE £ V,/V, o #3948 ¥8& JESHY v L@ﬁ}(Cementatlon)
U ade] Ax, e dele ¥ed FAHsed A8 TP 2HE IS 7 AW
7Y, 1987).

At Adel BFel AABTL V,=05430x V, o F@RBA o] mEHYLT, 0w
AARATE 096622 vj¢ £ FUxE Holm Uty 1)
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2
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Azt Mol EEolMe GEvhs AuntsEste] 4By e A oo BAL
3} 2o,

AA PF 5 V,=05430x V, (L)
7t ; V,=0.5645x V, (1.2)
BE; V,=04208x V, (1.3)
Akt o3t ; V,=05188x V, (1.4)
4,000
Sedimentary rocks
Vs=0,5430 % Vo

i3} (R?=0.8646)

% @ : Fresh rock-mass

~ 3,000+ Vs=0.5645 x V,

1S {R2=0.6602)

) M : Slightly weathered rock-mass

= Va=0.4208%V,

> (R*=0.5205) ®

G 2,000~ A Moderately--highly

e weathered 1ock-mass »

Cg Vs=(.5188xV, "

2 {R=0.7748)  , s

§ 1,000 o =

f

@ >

0 T T T T . T
] 1.000 2,000 3,000 4,000 5,000 6.000 7,000

P-wave velocity (Vp, m/sec)
8. 1. Relationship between P—wave velocity( V,) and S—wave velocity( V) of

Sandstone and Shale
3. Y0 £52 X EMne] HEHA
FEAEE FAY B9 SHL Pt BAE B 320 s FRage
o, & @70M AHE8 9= SIGYEA E,;, G, K& GPag A23 1, g4dd&=(V,
VO)E m/secE AM&38gch,
3.1 YEO&E2t SEHEAISt] Hlm(E,/V,)

At Hde] 3% F AGnA e dFHE e FUAAS B FREE EXE 2
e 3d. 244 ReFe AXNY,
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E,; = 266x10°x V,? - 1.80x10°x V, - 1.35 (3,000< V, <5,100) 2.1)

g ol 22432 FAM ] FEHL, ARATE 078212 Aol dE BA 0] EEHU
dE HFGAE

E; = -166x10°x V,” + L77x10"x V,, - 2500 (2000< V, <4,600) 2| (2.2)
28 BANE /MW ARASTE 0548622 i AFHA e AAE =&Y, 3)
A olatel Ae FEBEEC I FUAASe] FRBAA L,
E; = 546x10°x V, - 4.09 (750< V,<2,200) (2.3)

olw e} ARAF(R)E 080912 AHA A& 2AE £EAh(1Y. 9

70

€422.60E-06 X Vot~ | BOE-03xVor1.35

soo  (Re=0.7E21)

Dynamic young’s modulus (E«, GPa)

T T T T T T
0 1.000 2.000 3.000 4,000 5.000 6.000 7.00¢

P-wave veiocity (Vs, m/sec)

3. 2. Relationship between V, and E, in good rock masses of Sandstone and Shale

I Eg==1.66E-06 Vet 1 .776~02 X Vp=05.00
5] (R?=0,5457)
5 40
fl:’
5 o]
=
9 g0
£
.« ° o
g 20+ o O
g o o ©
L, 0P e® o
E 0074~ o
[ ol
>
[a)
0 T T T T T T
0 1.000 2.000 3,000 4,000 5.000 6,000 7.000

P-wave veiocity (Vs, m/sec)

33, 3. Relationship between V, and £, in fair rock masses of Sandstone and Shale
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E»=5.46€-03xVy-4.09
(R=0.8143)

et

Dynamic young’s modulus (E«, GPa)
(2]
1

1 I T T 1
0 500 1,000 1,500 2,000 2.500 3,000
P-wave velocity (Vo, m/sec)

12, 4 Relationship between Vp and E, in poor rock masses of Sandstone and Shale

3.2 YEW HEo SHEASLAS| HBBI(G/V,)
A AdY 53 F AGVAAY AEAE RS FAGASFIY YL BAT 2
B 29, 54 BeFE AN 2% FFE BALC FEIH,

G, = 1.08-06X V> — 5.34x107*x V, — 1.36 (3,000< V,<5,100)  (2.4)

A=A

M

o o] 2agrE BA40l F=HIL AAAFTE 0.6784% AFAJo] e A=
EEdu ¥ 453EEd g FADATS] FHABAS

G, = —7.80X107xV,* + 7.51x107°X V, — 10.63 (2,000< V,<4,700)  (2.5)

o 2d BANE 7HAE ARASFE 091852 A A BHE =E3AT.(2™. 6)
ALY B dFHS R i FADAFY FFAANL (2. 7)
Gy = 2.21X107°X ¥V, = 1.70 (750< V,<2,200) (2.6)

olgle] AAAF(RY)E 0.69452 tha A J= ARE £23Ah (29, 7).

- 380 -



30

Gs=1 0BE-06xV,A-5.34E-04xVi1.36
o5+ (R>-0.6784)

20

Dynamic shear modufus (Gd. m/sec)
o
{

10
5-
(o]
0 T T T T T T
0 1,000 2,000 3000  4.000 5000 6000 7.000

P-wave veiocity (Vs, m/sec}

3. 5 Relationship between V, and G; in good rock masses of Sandstone and Shale
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218, 6 Relationship between V, and G, in fair rock masses of Sandstone and Shale
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3. 7 Relationship between V, and G; in poor rock masses of Sandstone and Shale
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3.3 ¢f=mt £&(V,) SHEAR(K,)Y A

A
AEREE} FAHASTY 3RS BT A AgdelqE
K, = 1.30x10°% V.2 + 279x10"x V, + 215 (2800< V, <5,000) 2.7)

3} o] 22342 BAA ) FEH T AFAF(RHE 068272 AHAo] & Aoz B
Ath(29. 8)
HEGu A9 dxu& s i3 FAHASS] JuBAE

Ky = 289x10°% V,2 - 556x10°x V, + 7.92 (2,000< V, <4,700) (2.8)
o AT BAAL Y FAAAS(RHE 0902322 v)$ MY Y ARNE =23ATH(Y.
9.

At olste] A FEAS T U FUAAS FRAAYL

Ky = 157x10°x V,2 - 1.62x10°x V, - 0.08 (500< V, <2,200) (2.9)

olz, olY o AAAF(R)E 0926002 w9 ANFA = AR/ £&2HUT (2. 10)

70
= Ksm1 30E-06X V242, 79E -0d x V42,15
o 60 (R%=0.6827)
[©]
X 50+
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=
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E
~ 30
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S 104
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3. 8 Relationship between Vp and K, in good rock masses of Sandstone and Shale
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8. 9 Relationship between Vp and K in fair rock masses of Sandstone and Shale

Ka=1.57€-06% Ve~ 1 B2E-05 xVe~0.08
(R?=0.8704}

Dynamic bulk modutus (Kd, GPa)
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3. 10 Relationship between Vp and K, in poor rock masses of Sandstone and Shale

AuREEs AR BF T Y Ae $220 AAsgon, 2 aFN H8€
G T SIGNZA B, G, K;= GPaS AH&33 o, eadahdw( Ve V)& m/secE AHE
A

4.1 MU SE9 SEHMAISotO] ABBH (E,/V,)
Abgtst Aol 3ol AURS TS FUHAS 29 B BN AAE

i

a3,
11 29. 12, 2%, 139M BoFE RAAY ZE gutd A 23 42 FA 2o S5t

E; = 495x10°x V,2 + 4.49x10°x V, - 1.81 (1,000< V, <3,000) (3.1)
E; = 358x10°x V,2 + 817x10°x V, - 421 (500< V, <2,400) (3.2)
E; = 301x10°x V,2 + 420x10°x V, - 1.29 (250< V, <1.400) (3.3)
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18], 11 Relationship between V, and E; in good rock masses of Sandstone and Shale
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3. 12 Relationship between V, and £, in fair rock masses of Sandstone and Shale

Ecm3.01E-08X Va2H4. 265 -CAXVs-1.29
{R?-0.9641)

o o

3wl

Dynamic young's modulus (Eg, GPa)

T ¥ i
9 500 1,800 1,500 2,600
S-wave velocity (Vs, m/sec)

23, 13 Relationship between V, and E, in poor rock masses of Sandstone and Shale
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4.2 Moot £ STCHA|Qe ABEA(G,/V,)
g g 3ZoA e AdgEEe FAGAS e ABAES MG AAs ¥,
14 29, 15, 2%, 16914 Rd3= AXP 2E oA 23 T2 #AA o] FEFHA,

G, = 2.77X107°%x V,2 — 3.84X107°X V, + 0.22 (1,000< V,<3,000) (3.4)
G, = 2.87X107%% V,? — 481107V, + 0.16 (500< V,<2,400) (3.5)
Gy= 2.15X107°x V,* + 5.43x107*xV, — 0.24 (250< V,<1,400) (3.6)

3 go] 2R BAN0 Frdu AAASFE 0.9923, 0.9992, 0.98762.2 v A1/
ol A EAHN

G=2 TTE~CBX Ve -3 BAE-08% Vet 0,22
25 (R0.9223)
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12l 14 Relationship between V. and G, in good rock masses of Sandstone and Shale
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3. 15 Relationship between V, and G, in tair rock masses of Sandstone and Shale
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112!, 16 Relationship between V, and G, in poor rock masses of Sandstone and Shale
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4.3 MUMAES SHTASZL| HBEA(V,/K,)
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3. 17 Relationship between V, and X in good rock masses of Sandstone and Shale
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3. 18 Relationship between V, and K, in fair rock masses of Sandstone and Shale
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a3l 19 Relationship between V, and K, in poor rock masses of Sandstone and Shale
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