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Seismic Velocities for Intact Rock Materials

Compression Wave, V, (m/s)
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qQu To Er A% Ratio Ratio
Intact Rock Material (MPa) (MPa) (MPa) () aJ/To Erlau
[Baraboo Quartzite 320.0 1.0 88320 0.11
Bedford Limestone 51.0 16 28509 0.29 323 559
Berea Sandstone 738 12 19262 038  63.0 261
(Cedar City Tonalite 1015 64 19184 017 159 189
(Cherokee Marble 66.9 18 55795 025 374 834§
Dworshak Dam Gneiss 162.0 69 53622 034 235 331
Flaming Gorge Shale 35.2 02 5526 025 167.6 157
Hackensack Siltstone 122.7 30 29571 022 415 241
John Day Basalt 3550 145 83780 029 245 236)
Lockport Dolomite 90.3 3.0 51020 0.34 29.8 565)
i Shale 752 21 11130 029 363 148
[Navajo Sandstone 214.0 8.1 39162 0.46 26.3 183
Nevada Basalt 1480 131 34928 032 113 236)
Nevada Granite 1411 117 73795 022 121 523
Nevada Tuff 13 1136499 029 100 323)
[Oneota Dolomite 86.9 44 43885 034 197 505)
; Palisades Diabase 2410 114 81699 028 211 339)
+ Across the intact ri Pikes Peak Granite 2260 119 70512 018 190 319
Quartz Mica Schist 55.2 05 20700 031 1004 375)
Solenhofen Limestone 2450 40 63700 029 613 260
Taconic Marble 62.0 12 47926 040 530 773
+ Alon g the o] lanar surface [Tavernalle Limestone 97.9 39 55803 030 250 570
Statistical Results: Mean = 135.5 5.6 44613 0.29 39.
| S.Dev. 93.7 4.7 25716 008 35
Note; 1MPa = 10.45tsf = 1451 psi

| 10 100
Lardl (O | L ] 1 1 1 a
[H
te: Coates 4
I:i:umznlqs - Very Weak ]wannl snong[ Very slronq_l“gs‘, =
Very Low | Low |Mo¢-uv{ High I Very High R‘,’é'aam"' §
1 Facmml Woderate B Geological Society c
Weak Weak snmh ]5"““1|s\:“m'\o ?'"m":" lu’s?‘éﬁ ]
Soil Rock 1l o
S e o [ o [wesum [ on Juoman [PRGV [R50 "ot v e S Traxid .
Jennings
Solll Very Soft I Soft |m-s | Very Hord ! Extremely Hord lusv:) Tp =
Bieniowski shear
Soil Very Low Low Fhﬁ-n High | Very High .
[ | [ l J“gn strength
[ Very Low ] Low M@.‘I High |v;.—,n;¢r.]{|55'§g) -
g
=T, 0 © c,= G
WEAK | meEoium | sTrRonG |PRoPOSED 1‘_" 0 3(: ) u ™ G 1
ension | ompression _
e e i NI e e o T < ; presg G =normal stress
os 1 2 5 10 20 S50 100 200 500 -« T
Uniaxial Compressive Strength (MN/mz)

Intact Rock Specimens

T
|
T 1
203 /u =0.04 £0.01

~
)
a
£
°
_g‘ 153
Fook---- s ]
o phic
@ Igneous
2 Trend
2 5T - s 7 g~ +SE. —
2 — - -SE
I
03 + + + t + measurements an
0 100 200 300 400 500 600

Compressive Strength, qu (MPa)

Dr Hasan Ghasemzadeh 2



K.N.T. University of Technology

Tunnel Quality Index ()
10 40 w0 40 100

Case histories:

&
S 2 ® Serafim and Percira (1983)
& = Bicniawski (1978)
s 6 |
2
= .
E o Fm=2 RMR - 100
2 wf
=
3
HE e
E ok

T
30 40 50 60 0 80 %0
Geomechanics Rock Mass Rating RAMR

T
0

E,. at £,<10°

10‘ - # Magnus clay (atter Jardine, 1985) . |
= London clay (after Jardine. 1985) ~
WSand (ML TSS . Y=0.5 assumed) /' -
OrSand (static) B v
4

10° Range for artificial materials. /A‘_‘ d

N
3 having cementation \)‘ #'Q)
] s

(Tatsuoka and Shi

Dr Hasan Ghasemzadeh

11/26/2015

N S E— |
00 100 2000 4000 dkger)
Unisxial compressive surength. O g1y

Young's modulus, £,
.
T

N N S S—|
500 1000 2000 4000 (kgiem)
‘Uniaxial compressive strength, G

Rocks are much s
Rocks deform elastica
Deformation style in part

Degree and
complete cem

time (strength is inversely proporti




K.N.T. University of Technology

MPa
FAD-WVe
YVE-Y+
Ve0-Yo
=N

Yo-v

VYA-YA
Vv

ACEAT

Gl gl

oplyewms it JNSOR ey
MPax) ."
Y=YV A A1 YA
LY Ys AFVE 5.8
LYY AF-Y s
RO YF Verovy Y5
NUSITN A
USRS Froy TESYYA
ISR Yy-v YN0
R ey (LRI

Jase

i Table 5.5 Some Representative Viscosities (in Pa - s)
Yield Stress
Air 109
Water 102
© Olive oil 10
= . Honey 4
@ “G- Glygerin 8
3 z Laa 10-10¢
b= 6O Asphalt 108
w Pitch 10°
Rock salt
Sandstone slab
Asthenosphere (upper mantle)
Lower mantle
. S ‘Sources: Several sources, including Turcatte and Schubert (1982).
Strain Rate (€) 2
Vi it; ofr
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Ring Shear
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Schmidt Hammer
Hand held, spring loaded hammer measures rebound
from rock surlace; rebound values correlate with UCS
and decline significantly in fractured rock.

Schmidt hardness 20 30 40 S0 60

UCS (MPa) 12 25 50 100200
Very rapid field test may identify weaker or weathered
rock, or loose fracture blocks, in exposed rock face.
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Table 1. Visual description of the rock samples retained in the test
drum after the second after Franklin and Chandra. 1972).

T Description
] Pieces remain virtually unchanged
Il Consist of and small pieces
| 11} Exclusively small ts
|
Table 2. Slake durability index classification (after Franklin and
Chandra. 1972).
D, (%) Durability classification
0-25 Very Low
26-50 Low
51-75 Medium
76-90 High
91-95 Very High
96 - 100 Extremely High
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le 1. Pressure 1 typically used for each test sl
Test Stage Description Pressure Step |
e i Low 0.50-Pyax
Pl Medium 0.75-Pax
3" Maximum (peak) Praax
I: 4" Medium 0.75-Puax
72 Low

A single stage consists of keeping a constant water
interval for 10 minutes by pumping as much water

Table 3. Summary of current Lugeon interprstatinn pragtice
(as 1 by Houlsby, 1976)

«
Q
; PRESSURE STAGES LUGEON PATTERN DESCRIPTION RES?ES:’:‘TAAJJ':E
8
pE— Jr— o o

§ ugeon values Average of Lugeon
z equal regardiess of the
P —— I e ——— N BT

e i e

[y o . Lugeon values decraase moderately wide
z | e Pobens as the water pressures Lugeon value - Dilation:
g o increase.The minimum | correspanding to the =
el piad '-'ﬁn";’;; mﬂﬂ "!!h;ﬂpfs;:w however, a much greater v:
2 T el maximum water pressure sometimes also observed at m
o | e o Lowsst Lugeon greater than the minimum princip:
G| e o m%w water | value recorded. (hydro-jacking) of the fissures within
5| - - Lugeon valve s observed | 10 low or medum_ Dilatancy causes an increase in the ¢
e e er prossure | "2 A2 S and thereby increases the hydraulic conductivi

— N s - Wash-Out: Hydraulic conductivities increase

% o el D;;:‘ me:;s«";fm'rs“ Ww changes observed in water pressure. This behavior it

i = ontinuities’ mfilings lue recorded i

G| ee o are progrossively washed- 5 stoge) permanent and irrecoverable damage on the rock mass,
E mam out by the water out and/or permanent rock movements.

o] . e o - Void Filling: Hydraulic conductivities d as the test p
o8 ot fotd “Efw"';::‘»w ot Finel Lugeon velue changes observed in water pressure. This behavior indicates that eitl
C 3| room R discortinuities are (5" stage) progressively fills isolated/non-persistent discor ities, (2) swelling

i B s discontinuities, or (3) fines flow slowly into the discontinuities building up a
layer that clogs them.
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