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The Boorum & Pease® Quality Guarantee

The materials and craftsmanship that went into this product are of the finest quality. The pages
are thread sewn, meaning they’re bound to stay bound. The inks are moisture resistant and will
not smear. And the uniform quality of the paper assures consistent rulings, excellent writing
surface and erasability. If, at any time during normal use, this product does not perform to your
expectations, we will replace it free of charge. Simply write to us:

Boorum & Pease Company
71 Clinton Road, Garden City, NY 11530
Attn; Marketing Services
Any correspondence should include the code number printed at the bottom of this page as well as
the book title stamped at the bottom of the spine.
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One Good Book Deserves Many Others.
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designed books also available by special order. For more information about our Customized
Book Program, contact your office products dealer. See back cover for other books in this series.
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Estimation of largest kinematically displaceable rock block in an emplacement
drift

From:

CcC:
Subject:

I'have carried out the analysis to estimate the size of the largest rock block that can fall from a roof
of an emplacement drift at the potential repository at Yucca Mountain. The analysis follows the
suggested methodology of Hoek and Brown (1980). The assumption is that the failure is structurally
controlled and the block separates from the surrounding rock mass under gravity load by at least
three intersecting structural discontinuities (here, joints).

The joint set data used in the analysis are as follows (Civilian Radioactive Waste Management

~ System Management and Operating Contractor, 1997):

Table 1. Joint set parameters used in the analysis

Joint
Set

Dip
(degree)

Rock
Density
(tonnes/m®)

Friction
Angle
(degree)

30
30
30 -

Water
Pressure
(tonnes/m?)

2.7 0
2.7 0
2.7 0

Cohesion
(tonnes/m?)

Joint
Direction | Spacing
(degree) (m)

262 1 0
132 1 0
353 1 0

Dip

78
82
84

The dip direction of an emplacement drift is taken as 105°. The diameter of the drift is 5.5 m. For
simplifying the calculation, the drift is assumed as square cross-section with each side 5.5 m in
length.

For a rock block (i.e., a wedge) to fall under gravity without any sliding on at least one of the joint
planes, a vertical line drawn through the apex of the wedge must pass through the base of the wedge
Figure 1 proves that.

Three joint planes are represented on the stereoplot by their great circles; marked 4, B, C in Figure

1. The strike lines of these planes are marked as a, b, and ¢, respectively. The traces of the vertical

planes through the center of the net and the great circle intersections are marked by ab, ac, and bc.
The directions of the strike lines correspond to the traces of the Jomt planes A, B, and C on the

‘ horizontal roof of the drift.

In the plan view, the apex of the wedge is defined by the intersection points of lines ab, bc, and ac,
projected from the corners of the triangular wedge base. The height % of the apex of the wedge above
the horizontal drift roof has been determined by taking a section through the wedge apex and normal

to the tunnel axis. The apparent dips of the planes C and A are 72° and 84°, respectively. These
angles were measured from the stereographic projection.

The base area of the wedge A is: A
A = +/s(s- la)(s- Ib)(s- Ic) = 10.36 m*:

where,

la = length of side a =4.98 m
Ib = length of side b = 6.27 m
lc = length of side ¢ = 4.17 m

la+ b+ Ic
S = ——2—-=7.71m

The volume of the wedge =3 h A = 30 m’, which translates to a block with weight of 81 tonnes.

This analysis estimates the largest block that can be kinematically dislodge from the roof of the
emplacement drift. This should be. the first starting point of preliminary study of rock fall in a
drift/tunnel excavated in a jointed rock mass. As Table 1 shows, this largest rock block will have
several fractures/joints that either will reduce the size of the ultimate block that may dislodge from
the roof or break during an impact with another surface and, thereby, absorbing significant part of
the kinetic energy of the block. That should be the next step of the analysis.

References:

Civilian Radioactive Waste Management System Management and Operating Contractor. Yucca
Mountain Site Geotechnical Report, Volume I. BOO000000-01717-5705-00043 Rev 01. North Las
Vegas, NV: TRW Environmental Safety Systems, Inc., 1997.

Hoek, E. and E.T. Brown. Underground Excavations in Rock. London, UK: The Institution of
Mining and Metallurgy, 1980.
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stepl inc635, t=7.20e-004 |
Velocities

> 6.31e+02
< 6.31e+02 |
| < 5.26e+02 |
| <4.21e+02 |
| <3.15e+02 |
< 2.10e+02 |
< 1.05e+02 |
<2.46e-01 |

max = 7.36e+02
min = 2.46e-01

Velocity (Vs conton, ,o 1.1 Fonne rock block with f R

a»’la[ ’ / S —‘Vﬂl’ ver'l? CAJ VE OC'fy jr 0“"’( molion, e

04 ¢/2t/2 000




00°SE

00°ve

00'€E

00'2¢ ’

00'LE

00°0¢

00'62

00'82

00'.2

00'9C

00'S2

00°'vC

00°€C

00°c2

0012

0002

0061

0081

00'LL .

00'9L 00000 0005°55- 0815°C 0020'8€

00°S1 0051 0050°VS- 0SEY'e 0Lig'L

00'vl 0068°¢ 001915~ 0SEP'C 0Eiv’L .

00°€l 00059 0000°61- 0SEY'2 0€9t°L

00°¢t 00000 0005~ 0859'¢ 020€°L 00816 00209t~ 0SEY'C 02’1

00'LL 0040 0092t~ 01592 0LpS'S 005221 0052 0SEVT 0009°L

00'0L 009L°S 00¥L'6€- 0159'C 0519} 00vL'SL 009€°01- 0SEPT 0£99'L

00'6 00£9°6 00.8°9€- 0.59°C 0989°1 004281 0092°2e- 0SEY'T 062l

00'8 008L°€L 002L'EE- 0459°C 08EL°L 0081°1L2 0020°vE- 0SEVe 0£8L°L

00°L 0012’81 0062°0€- 0.59°C 0564’4 0062'S2 0012°0€- QSETC 08€8°L

009 0068'2C 001.9'92- 0L89°C 0r98'L 00v8'8T 0099'9¢- 0SEVT 0988°L

00°s 00v6'LC 009522 0.69°C 0Sv6'L 0086°CE 002522 0SEY'C 0LS6°L

00t 000L°EE 00081~ 0.69°C 0820°C 00€E"LE 0021°8L- 05eb'T oLs0°e

00°¢ 0052°'8€ 00SZ¥i- 0459°C 0€€TT 00EY' LY 00.8°€L- 0SeY'C 0651°C 00S6°9¢€ 00551~ 0ZLve 0000°82

00'C 0980tV orLy'6- 0159'C 08ere 0986°'SY 0yLS°6- 0SEY'T 0092C 0i96'CY 06£5°6- 0459°C 0E9Y'T

00'L 0E61°6Y 0200°S- 0159'C 0525°C 064805 0129°%- 0SeY'T 0LvEe 0299°'6v 08€8°%- 0.59°C 0€€SC 0CLL0S 082Lb- 0SeY'T 0€SE°C

000 000685 00000 0.69°C 0.89°C 0005°'SS 0000°0 0SEYr'c 0SEY'e 000595 0000°0 0,59 0L59°2 0005°SS 0000°0 0Sev'2 0SEV'T

(sur) () AEEVL (semor ,01 %) (sanop 01 x) () AEEVL (seinor 01 %) (samnop 01 x) () ?:5; (setnop 01 X) (swinop 01 x) (ww) AEEV. (seInor 01 X) (sagnop 01 x)

owy 210 19510 | o) sug [E10)L ABiaug 10 1dsia e ABiaug 1D lasia| o ouz 101 AB. 10 1dsia AB1ous fe10)L ABaaug
N dm-sa anjosqy anauny dm-sa anjosqy ansuy dm-sa Jnjosqy opauny dm-sa anjosqy anaupy

SAU | = UONOW aseg S/W 0 = uoyo aseg S/l | = uoloy aseq S/l O = UOPOY aseg
ySa asie0) ysap auly
%00Y aUUo) 2
/ 0/ / w W | i A
T 1T _
1 tonne Rock
Fine Mesh Coarse Mesh
Base Motion =0 m/s Base Motion = 1 m/s Base Motion = 0 m/s Base Motion =1 m/s
Time |Kinetic Energy| Total Energy .>cmo_=6 DS-wp Kinetic Energy | Total Energy .>Jmo_5m .cm.iv Kinetic Energy| Total Energy Absolute _uw. we Kinetic Energy | Total Energy Absolute U S-wp
(ms) | (x16* Joulesy | (x 10 doules) | DiSPiacement | Clearance | " 100 1o ioey |(x 10° Joutes)| ” ¢ (x10° Joules) | (x 10° Joules) | <P c (x10* Joules) | (x 10* Joules)| P o
{mm) (mm) (mm) {mm) (mm) (mm) {mm) (mm)
0.00 1.2910 1.2910 0.0000 55.5000 1.4660 1.4660 0.0000 1.2910 1.2910 0.0000 55.5000 1.4660 1.4660 0.0000 55.5000
1.00 1.2050 1.2910 . -4.8940 50.6060 - 1.2080 1.2910 -4.6610 50.8390 1.3530 1.4660 -4.4660 50.0340
2.00 1.1330 1.2910 -9.0290 46.4710 1.1270 1.2910 -9.2530 46.2470 1.2510 1.4660 -9.1980 44.3020
3.00 1.0370 1.2910 -13.4800 42.0200 . . 1.0440 1.2910 -13.1200 42.3800 1.0930 1.4660 -13.3400 39.1600
4.00 0.9436 1.2910 -17.3800 38.1100 0.9451 1.2910 -17.2600 38.2400 0.9549 1.4660 -17.1500 34.3500
5.00 0.8676 1.2910 -20.9700 34.5300 0.8673 1.2910 -20.9100 34.5900 0.8491 1.4660 -20.6100 29.8900
6.00 0.8247 1.2910 -24.3100 31.1900 0.8240 1.2910 -24.2400 31.2600 0.7982 1.4660 -23.6200 25.8800
7.00 0.7967 1.2910 -27.2700 28.2300 0.7971 1.2910 -27.2200 28.2800 0.7642 1.4660 -26.5200 21.9800
8.00 0.7700 1.2910 -29.8000 25.7000 0.7706 1.2910 -29.8800 25.6200 0.7471 1.4660 -28.5200 18.9800
9.00 0.7395 1.2910 -32.1000 23.4000 0.7439 1.2810 -31.9600 23.5400 0.7284 1.4660 -30.6000 15.9000
10.00 0.7026 1.2910 -34.1900 21.3100 0.7068 1.2910 -34.0300 21.4700 0.6970 1.4660 -32.1000 13.4000
11.00 0.6608 1.2910 -36.0300 19.4700 0.6646 1.2910 ~35.8300 19.6700 0.6674 1.4660 -33.3700 11.13Q0
12.00 45.0200 2.5910 .__-37.5400 17.9600 . 0.6264 1.2910 -37.2900 18.2100 0.6455 1.4660 -34.4400 9.0600
13.00 0.5910 1.2910 -38.8200 16.6800 0.6439 1.4660 -35.2600 7.2400
14.00 0.5688 1.2910 -40.2500 15.2500 0.6567 1.4660 -36.0500 5.4500
15.00 0.5559 1.2910 -41.4700 14.0300 0.6741 1.4660 -36.6500 3.8500
16.00 . 0.5380 1.2910 -42.7200 12.7800 0.6807 1.4660 -37.1500 2.3500
17.00 0.5100 1.2910 -43.7500 11.7500 0.6718 1.4660 -37.2500 1.2500
18.00 0.4593 1.2910 -44.7800 10.7200 1.4790 1.4660 -37.4700 0.0300
19.00 0.3914 1.2910 -45.6300 9.8700 516.8000 -0.1616 -36.5400 0.0400
20.00 0.3076 1.2910 -46.3800 9.1200
21.00 0.2156 1.2910 -47.0300 8.4700
22.00 0.1427 1.2910 -47.4900 8.0100
23.00 0.0864 1.2910 ~47.8800 7.6200
24.00 0.0622 1.2910 -48.1200 7.3800
25.00 0.0687 1.2910 -48.2300 7.2700
26.00 H 0.0999 1.2910 -48.2600 7.2400
27.00 0.1438 1.2910 -48.2200 7.2800
28.00 0.1855 1.2910 -48.1300 7.3700
29.00 0.2302 1.2910 -47.980C 7.5200
30.00 0.2697 1.2910 -47.7800 7.7200
31.00 0.3044 1.2910 -47.5500 7.9500
32.00 0.3341 1.2910 -47.2500 8.2500
33.00 0.3667 1.2910 -46.7800 8.7200
34.00 0.3981 1.2910 -46.1100 9.3900
35.00 0.4266 1.2910 -45.2700 10.2300
o
T

|
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stepl inc12464, 1=1.90e-002 |
Mises Stress

> 2.58e+08 |

< 2.58e+08
<2.15e+08 |

< 1.73e+08

< 1.31e+08
< 8.82e+07

< 4.58e+07
< 3.37e+06

max = 3.00e+08

min = 3.37¢+06

09

step2 inc269. 1=1.19-002
Mises Stress

> 2.34e+08
< 2.34e+08
< 1.95¢+08 |

— < 1.57e+08

< 1.18e+08
<7.96e+07 |
<4.11e+07
< 2.52e+06

max = 2.72¢+08

min = 2.52¢+06
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