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" This paper was written shortly after this author had presented a video lecture titled “Why rock mechanics and rock engineering?” at the invitation of the ISRM. The lecture
addressed the more general topic of the importance of rock engineering in the 21st century, and may be of interest as complementary to this article. The lecture (~ 45 min) may be
heard at https://www.isrm.net/gca/?id=1309.

¥ De re Metallica, published in Latin by Georgius Agricola (born George Bauer, in Saxony) in 1556, was the primary text for mining engineers, especially in Europe, for
approximately two centuries. The first English translation was published in 1912 by Herbert Hoover (President of the United States, 1929-1933), a mining engineer, and his wife
Lou Henry Hoover (https://en.wikipedia.org/wiki/De_re_metallica).

Tt « .. sub-Saharan Africa is the cradle of mankind from which Homo sapiens emerged some 100 000 to 200 000 years ago and there is abundant evidence in Swaziland of
early Homo sapiens’ activity about 43 000 BC or 41 000 BC ...” (http://www.sntc.org.sz/cultural/ironmine.html). The earliest known mines in Europe (at Spiennes, Belgium)
date from 4300 BCE. Flint nodules were mined to a depth of 16 m in chalk (http://whc.unesco.org/en/list/1006). Excavation tools included picks made from deer antlers (https://
en.wikipedia.org/wiki/Grime%27s_Graves [Tools]).

2095-8099/© 2017 THE AUTHORS. Published by Elsevier LTD on behalf of the Chinese Academy of Engineering and Higher Education Press Limited Company.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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" The recent YouTube video (2 min) titled “Is mining important?” reaffirms this fact (https://www.youtube.com/watch?v=]XoQQB0 3SM).
* As measured by gross domestic product per capita (https://en.wikipedia.org/wiki/List_of countries by GDP (PPP) per capita).

" http://www.un.org/apps/news/story.asp?NewsID=38512#WZ-mT1SGNGN
¥ Also see http://www.klasslooch.com/leon_commission_of inquiry.htm
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¥ http:/timesofindia.indiatimes.com/city/kolhapur/Koyna-earthquakes-triggered-by-reservoir-claim-seismologist/articleshow/50815347.cms

" https://en.wikipedia.org/wiki/Philosophi%C3%A6 Naturalis_Principia_Mathematica
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" The criterion is also applied for estimating the effect of confining pressure on intact rock (http://www.sciencedirect.com/science/article/pii/S1674775514000559).

* A concise explanation of the Q system is provided on the website https:/en.wikipedia.org/wiki/Q-system_(geotechnical engineering).

" This relationship must be assumed, since field-scale data are generally not available. This is part of the uncertainty discussed earlier in this article. Development of massive
parallelization techniques in computing allows such assumptions to be varied, and analyses repeated, to assess the sensitivity of the analyses to this assumption and to other

uncertainties discussed in this paper.
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" Some additional discussion of the DEM can be found at http://www.itascacg.com/software/pfc/distinct-element-method.
¥ See also ARMA Newsletter at http://armarocks.org/documents/newletters r2/2017 issue 20 winter .pdf
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" Comment by President Obama on 2 April 2013 in Brain Initiative (https://obamawhitehouse.archives.gov/the-press-office/2013/04/02/remarks-president-brain-initiative-and-

american-innovation, para. 8, last sentence).



584

EH AR SORE B RS M SR A5 B 24 RS I 75 e B ) R AR %
ZPEHI . LynchHIRowland[ 391424 1T — M BLIE
AUMERI P18 [40-43]. FT A IXEESC R G ik B R 4™
i JOST BT 75 R RE 2 5 B i RS U BB . 3 A
Griffith )73 o] LR 2 [12]. & 7[44] 8~ N2 Fh
I RG] T AR EAEIR R, CaRuik,
AEXT T HoAh RGO, 5 AR AR K
(1), BRI DR 3 B M e B4 Y FEAE BB XE P T A R R 2
th[45], AT ORVE I IERE D

REFRESHEERSTRR (&7, HEIRATIAR
AR TR S A, ARITA I RRIRE A . AT &
WA RGE, JRACA B8 2, JF B5e TR B 2 Al
8 FHVE 25 2 B K 22/ RSB T 28 55 A8 B0 R
AV “X TS AT S, HFReLhimkae 3 &
B, REAE254%, REN TS ARk, AR
HEIE 2 EAT B BE B 1930 %~60 %. ” [46]

E M 19524 Robbins TBMFE Oahe K315] X\, TBMC.
S TS KA NGE[47]. SRUINLEdr. SRS R
TR R A E AT S I B U R RN I A
FOTRFFANAS, S R HE 2F 1 22 DL F- A K AT g AT |
2 5

R R R AR BINH, B T SRR %
GiAEDRIONE . IEWS% S0k [38], AEAE Sl RE
AR — OB A S LT R AR AR X2
VOHRIES S AR “ BB B30T e
), BRREET . “ EIRAEE”, TEpih g ik, T
FENE 2 B ST (R SR U A, R 3 B RS i
Sk 7 TRl AL R T [ 38R0 R 2 8] DA o7 A A 1

-
o
Gl

1. Flame jet

2. Water jet

3. Diamond cutting

4. Percussive drilling

5. Drag bit cutting

6. Roller bit boring

7. Impact-driven wedges
8. Explosive blasting

m
-
o

=

-
o
©

Specific energy (MJ-m2)
=)

10 9. High pressure grinding
mill (HPGM)
1 . . . i . 10. Nietze mill (Mt. Isa)
0.01 0.1 1 10 100 1000 11. Underground nuclear
explosion

Nominal fragment size (mm)

B7. A9E PRSI LU RE R (B0 SCHR (44,

“REIK 7. ERRAERE AT B R T E B LA EOPAT
ThEIE LR, (BRI E E/BEE) REFS5RER
BREBAHE38], WE7Hi7~. Chitombofll Trueman[48]
TR T LR “ERMR” B IR 558 . A AT
TR TR EARRERE, HFRAEAREMN. &
R, AR & T LA BB IR 36 3L

KIS IR T — ME W B IR R R, R4 H, &ifF
— AR T 2 7 1) f ok s R — P R R P AT LT
M— RGN T e 2R T AN A 5] S LB — N EErE T
TR A P 47 1) 25 S FEL A th s ) 2 R SR LK ST AT R
HUGHEAT — RN BUE LR WA E 2 AR IE B
TRIE FARFLIG BT AT 1, U A B B et FL P A7 B
TR RE DL S DTG A o s v ) A% IR 25 R 42 1) JiS 2 I T R
PESE,

DRI SRyl 2 06 200 o5 90 L 5 248 I 8 ) T s K PR AT, 7
BFUCRS LR IR E REBCR B, T2 —A “ )3
EIE " SEE[38]. (fFH—A5WirthD)EIHL FAH
[] F B AN T A mT LA B B S B [38], DI B 5 4%
ANEESPAT )

HTFBPM[295f 551 T DEMI B &S @M AE 71, H
Furtney%%[49 % H K1 9m b5 A5 SO 096 Rt m B3 ans
OB MR A, foirdid v EHUBHXT 5
AN A 2 BB Bl ) R AT R A . BRI L, RS AT LK

Guide holes ° !

—

4

Blast holes
(schematic only)

Launch
gallery

E8. KoL “HRE” iR RGURRE.

" Nuclear explosions result in a wide range of fragment sizes, from solidified, initially molten rock, to very large fragments remote from the explosion. (See Ref. [42] Overview

Fig. 1.9, Fig. 1.10, and para. 2.)

At a distance of one diameter ahead of the tunnel face, the state of stress in the rock is essentially unaffected by the presence of the tunnel face.

A stimulus for the notion of “smart drilling,” as discussed here, was the National Academies Report, Drilling and Excavation Technologies for the Future (1994), which can
be found at https://www.nap.edu/catalog/2349/drilling-and-excavation-technologies-for-the-future: “Rapid innovation in microelectronics and other fields of computer science and
miniaturization technology holds the prospect for greater improvements—even revolutionary breakthroughs—in these systems. The development of smart drilling systems has the
potential to revolutionize drilling.” The remarkable developments in directional drilling for petroleum production (since this 1994 report) indicate the possibilities.
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(b)

T Study of the rock-cutting process led Detournay et al. (see http://www.sciencedirect.com/science/article/pii/S00137952120022447via%3Dihub) to demonstrate that the
compressive strength (and Mohr Coulomb failure envelope) of a rock can be determined by the use of a non-destructive “scratch” test. (A system is now available commercially:

http://www.epslog.com/website/article.php?action=display&catld=2.)

¥ These “observations” include both the critical review of computer predictions by experienced field engineers, and underground instrumentation.
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