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ABSTRACT
ELASTIC MODELS OF ROCK DUE TO EXPLOSION PRESSURES

Basic theories of wave pulse initiated from conventional blasting were
reviewed. Mechanics of various stress wave forms of explosion pressure were proved
to find the optimum solutions. The modelling of rock blasting for many bench blasting
patterns in order to find the volume of rock that will be used in engineering works has
been suggested. This will encourage the field workers or engineers having their

precise, accurate, safe and quick decision.
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receiver node
arbitrary function

radius of blasthole
positive time decay constant

second positive time decay constant
longitudinal (dilatation) propagational wave velocity

detonation wave velocity
primary (longitudinal) wave velocity

constant for Rinehart’s function

dilatation (change in volumes per unit volume)
Young's modulus

base of the natural system of logarithms

oriented strain
radial strain

tangentiai strain

.
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volumetric strain

tangential strain in z direction
principal strain in radial direction
orincipal strain in tangential direction

constant for Rinehart's function

modulus of rigidity

variable for integration

imaginary unit

Hanke! function

length of cylindrical charge

Lame’s constant, also a variable for impulse
number of spherical charges/source
constant of the second exponential pulse
number of charge sources

a variable for integration, and also a constant of the first

exponential pulse
Poisson's ratio

function of cvlindrical wave, also a scalar potential

function
angular freguency for circular oscillation

angular frequency for Rinehart’s function
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variable (applied) pressure

constant (detonation) pressure
displacement potential function for spherical wave
radial distance from center of cavity (blasthole)

density of material
specific gravity
horizontal shear wave

vertical shear wave

another tangential stress (in 3D)

radial stress

tangential stress

Detonation time of expioded charges

time (real)

time (retard), also a variable for integration pulse
phase angle in cylindrical coordinate system
phase angle for the first exponential pulse

phase angle for the second exponential pulse

phase angle for spherical puise

operator in cartesian coordinate

radial particle displacement
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radial particle velocity
axis in cartesian coordinate system
transformed function

axis in cartesian coordinate system

axis in cartesian coordinate system

cohstan@ for Rinehart's function
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dstonation velocity (c,) §3nine1 dilatation (longitudinal) wave velocity (c ) 2RINH
1641 induced stress wave mmim@aumhmwmﬁmm outward Uz downward 68
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Unstressed - region

" Unexploded
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guuazaNIauldasaanuuuLNuinule

nwﬁa:nﬁmmss:nﬁw’l@h:ﬁaaﬁunéaﬁﬁdﬁﬁmwam (source of ignition)
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yasumuBanifezaglulfitemmue fuahlifmsiadmelu niulasei
gasnzaanlunaiusin lasflffiSeuuy exothermal

nIzuIumMITaImsndedufiiten 2 uuy  wuuuinfie deflagration uss
wwufizasfia detonation  UFATmuuuuIn (AiSunin deflagration) azfiaglunn
Ujfsewesmsndelasldiagszide (explosive reaction) uwiUiRTuuAises (A
(3unin detonation) axfietuldidadsnzmsnifinenzay
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mﬁuqﬂgurfnmwmmﬁ:mm §Tanundt “hot spots” aviLllu spots 4 rialiifie
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1. WRIRTUIIMNANUNAANUUL adiabatic compression PpINBITh
aninds (entrapped) mulusasnsufiiduiagzda  (explosive

mixture )

2. duwsunmnanyeuiiiiaanmniea’ (frictional heat) sutllus
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mmnm'ﬂwmaaumaawumszm'\o solid ingredients TINUURZNY

3. fumsvinanutaufiifieineunile (viscous heat) NEnnT
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dead-pressed '«nMumaﬂmmmwm@mﬁmmwmamummn (very dense explosive)
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Fum or high order detonation
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/ %.._m.s.__..,.____, Deflagration

TIME

gﬁﬁ 3 Pressure - Time profiles fU explosive reaction stages
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283UfATevaIn1sszilie 32w deflagration reaction MU detonation reaction

UFR3n  deflagration  azfiefanuduligannusslfionuu (il
Wisunuln3en  detonation) ﬁauﬁa:ag'luamu:mxén fmiudgnsevas
detonation ﬁwLﬂumni’s\qszLﬁ@ﬂi:mﬂﬁ'\,ﬁmwﬁwaan‘mnﬁm‘%n ziinTntas
Anuau-181 IndifssiuTagedadszian deflagration Lwi":'mqsznﬁ@m:mﬂﬁ'lﬁ
mmﬁmaamﬁ:xﬁ@gw:ﬁﬁ’m'nuﬁmﬁﬂ%u'lwﬁ';egumn TanaAunasfiiadaiiu
transient wave  INUWAINITENILG (decay) lmamacfinsfilugreduunandan
suizidiasulngazld high explosive "fmtﬂu’a’mqs:mﬂﬂﬁ'\ﬁmmﬁwaamss:xﬁﬂg\a

S / .\ Explosion
‘r/(fﬁi Cavity

Transition

Zone

Seismic
Zone

U7 4 TruzsInisuanin (fragmentation zones)
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ﬂﬁﬂg}mﬂﬁﬁﬁﬂﬁiﬁﬂ shock wave, plastic flow, crushing Wa2 cracking Wiond 3
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srumarasnfuiasanmisideazliziuuy nonplanar Tuszuzmylng's

o al o & Y .3 . . ] (3 P
a:‘l@ﬂﬂuwamﬂuzﬂuuumm spherical wave wia2 cylindrical wave adnelsAanuiiie
Asanfiafunadidafinadunadiudinannianiduraimzdalauds
infinite 3eWUTRilvasg uldIvat nonplanar wave front aziAnwiuviniwsunsnls

JUuuYvas planar wave front unwldiuszozlnasingasuda

3.1 MITAATIEVARWNTINGM

Mt unNasuILNTINauUWIafiSunin  spherical wave pulse

maﬁﬂqmanamﬁnq (small spherical element) lu polar coordinates

Warhwualiil compressive stresses nazvhuuiagnamaudnfdisuanas
laufinaguina9uas spherical coordinate MIUAUAY (coincide) A@FuiNATITBTTLIY

polar coordinate ﬁouaﬂﬂugﬂ'ﬁ 5 Wi 8

drudiusidneg Ainssvhuuge P luuwaiadl (radial direction) s
Yszgndlnguesmuialaufivasiladi (Law of motion, F = ma)

5o}

Of’:(rde) (rdd) - (c,+ 3 r' dr) (r +dr) - dO (r+dr)dd

+ 20y sing-zg(r +dr) - dddr + 20¢sin9§(r +dr)-dBdr = mA (1)

Tunadiasaas (Hadid (dimension) vaviadawialidn 18nas  AIxu
(d8/2) uaz (dds2) swTnunusn sin(d0/2) usz sin(ads2)  awddu
manfssgasrasrumsi 1 azlihdalunsdwnunneddniaonn  9ldrums

Tmaifiutsslwing (simplified equation) fa

r+2____r,___.____=p.'_ (2)
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3R 5 laszunsurssuwanuidudauningrsmandng Alaums
oot wualwlafinmanu (rotation)

gﬁaﬁmm’imﬁﬁmmaﬁwaﬁmq 193U dilatation wave, Tg = Ty,
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r = a
where v =0; w=20

2
i v

WadamsvaumIn 4 sunsodeuldluimayrasmaidfsudiunisuge

d

a71u308% Fautasaunisn 4 JJusumsingle

o T e T F T 7 a2 )

A = . [ i - )
way u Tuilu displacement Tuuuwasedl Waliswiilu  displacement
potential fale
90 (6)
Or
iBunuAIRIlL equation  @awen displacement potential  uazyiins

factoring NHWIIYINMT integrate ilaifisuny r  9x'lel general equation of motion
29I ARUNRTRULIATNTINAY

Feo) 1 &b

r ' 02 6 t2

(7)

b . N . dl 1 Bt X od -Jd
Tunidluaslwsansenszuen (cylindrical cavity) Pagluianiiiaiasnd

. o . e J kg
gnwuuudssanuazansldauis  infinite LLa:Twsamms:uanugnm:ﬁwmu
impulse load mulu ltRensdisuudasdumislufismsaeaiuasiaingg

nIzyan
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Tymiaunoutlvidlozsuydind compressive stress nszvhuwiag

o
QB & @ Qs

1ing (element) Agnealasdad 2 Wuiuesnanaudn 2 14 dduduniazas

&
t i

o Bt am e, Y s P
30 P Geagfiguinaevesing (i 2 §8) asgniwualas russ B duuaasluzud 6

u

bg -

. ARC LENGTH .
={r+dr) d6

ARC LENGTH
=t U0

3U7 6 laszunsuvasuwianadudauuiagginsinszuaniing
niiauwnas lagldfinmmyu

lunsaifillsvunas (symmetry) (laifisuniuuny (axis) dvasaMuLAL-
\law (shear stresses) wufiadnnaziidnvinuaud ussdnual tangential stresses Lal

A (independent) Nusn3al 6

)
ot -3

darhmamedussdn g uuaded (radial direction) dmivdagfidldn
body force (Hugud szlarunmrrasniunsinszuanuuusuwas

oo

a. (rdB) - (C.+ 3 ; - dr) (r+dr)dB + 20y singgi(dr) = mA (8)
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do  (0-0,) Fu

or r - B+ (9)
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gun1sthaansil

Sy 1.0y 1 By

o T dr T gp (10)
where Y/ 1TudWariTue9 cylindrical wave wuali

(1) O(ru
R an

3.3 Mechanism of stress wave from blasting

~Tumsudligwimssndalusuiranssudsfinananudiadseredniie
PIFIMTIUREUEUNUITDS elastic wave auLTlu solution 284 equation of motion V84

afunidunemnsuzanda (93Uf 7) Wlnaauduassu (vanish) 1 intinity

FUNTITYBIARUNTINANAURNAUATEY boundary condition fia

& Q)
G o 2

g

where u = —=; v = 0; w = 0
Or
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gﬁﬁ 7 ANMMzUaY stress situation &ﬁaﬁwmwmmﬁwhmwmz
e : doa
mLﬂugﬁm@mmaﬂnammmﬁ@ elastic wave MA@

Tag explosion pressure

lumandieensaian transform calculus  #vad Dirac delta function
NN simulate wiksAMNARAnTEY P(Y) Tldanusuiuirssanuduluum
ol (radial stress) Nyamuluzasings dmuald r = a (f1 a fefafivesnguinn:)

(A + 2@)%% + 2 | = P() (13)
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‘i' ﬂ? [ B ; a4 W 1 ot 1
mgmmnﬂumsmmwmhm Lame’s constant (¥iNuUeNU8d  shear
modulus WREAIMLA LW Poisson’s ratio fdtalavinny 0.25

o o L . & o o o =
fPTUWINTULLL periodic function § audunnIzausouaaniu
Eﬂma{! Fourier integral Fun1IN satisfy AvanzUad boundary condition fa

—pcz'[au /ar+‘2u / Br]

r=a
= 1721 JZ IO:O P(Y)" " Vanay (14)

d o , . , o 4 =
La@aINIIMY solution 4BY motion equation (Fun1In 12)  Tudu

J iy o kg o
diverging  pressure  pulse nAuiadlnTInTingy  SaiwualA potential

displacement, ¢ TeuvivAu

¢ - %)-e"“ (15)

where

(- a)
C

T = t

o i o P T B r: w . '
dmnauiwaidulag ldfeReiudues r uas t fiazle solution Twal

(17270) A(n) P(Y) " 0 (16)

¢

where

A(n)

arbitrary function

lavinITau solutions ¢4 9 ideaniufiazleen solution 1@w3

d = 1s2m jz JO:O A(n) P(Y)E" P dn ay (17)
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suffamnuuiutues u = (69/0) usz (Ou/Or) ansuntsh 17

WYI%eT resulting expressions atlu boundary condition 293runsh 14 alodln
ool o '
- pc? /Zﬁaj[ :g. A(n) {4 /3% - 4in/3ac - /CQE ‘
=D - Q0D .

(V)" YV anay = 'g/mﬁz r:o P(Y)e" Y anay  (18)

NFUNIIA 18 TUBRINe A R 9e U RS FUNNTRANYINNYG BIRUA I

arbitrary function, A(n) dsviniu
2 . 2 24
Aln) = (a/p)- {n + 4inc /3a - 4¢” / 3a } (19)

R RIT expression 283 A(n) adlusumsn 17 1 displacement
potential, @ mammmsﬁ satisfy NURANIZLEY boundary condition 1eiin formal
solution §wiunnsindaufiansedunasninaliifie aritrary form vasANEuRnTEY
moluzaslwsenssnau (spherical cavity)

-2
i

I e e B

2T pr nz + dinc/3a . - ACQ/SaQE

PNUNRLIEANTONIET  unit function - UBIAMNARKLIAIY BNl
' & { Y & ' o
Duhamel's integral atnalsAmuaumsh 20 dnuniiisldaunrasnuedl  unit

tunction 1#8991n P(t) § Fourler integral representation (@awmiﬁ 14) 18 dwn
P00

il integral 283A" j lP()] ot asag

- Q0

qeundauaufinszhmelulnssisefunldluziuuuees  exponential

pressure pulse ununazidu unit function form  sufa

P) = P e ™ for t20

= 0 for 1< 0 (21)
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fmuald P \unanuduiadaed iunudinasnuduudy (inital
pressure) AlAngsgafadanriniL detonation pressure unx dmualiFyansal o
\{iudrnafiung positive time decay

anduvasuuas ¢ lurun1sfi 20 durnidelasld ¥ integration unsviims

it

factoring vaa@afiiludru (denominator) luiawaruasle

d) _ 2iaPo .. Jw | em’c - (dn)
T pr -0
[n+i0t} {n+2c(i+«/§)/33] [n+2c(i—»\/§)/33]

(22)

. \d ) L . : eyt :
31_1 integral Trauuiizansoezld theorem of residues lauid path of
integration Yn1rdszfiudrlasa1fdu contour (gUfi 8) wiskunkageda (pole) -

284 integrand fazl& general solution 784 displacement potential fagNMTA 23 13

i :
8%

(b ] aPO/pr [-e°at+e‘mt/x/5.{(1/\/_ - Ot.)o))a(sin ®7T)+cos (D‘t}]

v{(a)/\/_- ay + mz}

for T20
= 0 for 1T<0O (23)
where (O = angular frequency for circular oscillation
_ 2+/2 ¢
" 3a
and A = G, orthe Poisson’s ratio is 0.25

sumIf 23 dhaunilide ; . |
§nTURAUWRENTINAY (spherical wave pulse) @eldumnunanulu Geophysics
Journal fiinulay Joseph A. Sharpe (1942) Famwnsnhumsaudndidansdn
ﬁﬁwé’:y'lugmmwm analytical form LTw msuwlasudiunys (displacement) auiia

wasaume (particle velocity) tlusu
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Eﬁﬁ 8 Contour NITLUNT evaluation 189 integral
! & . . &
Tugumsf 23 I%Eﬂmmmmmwwm (pole)
T8 integrand

P w g
3.4 giniieannadnIInizian

Rt &; g ol Bt @ B am Qs mﬂ,
Wunwel a.e 1942 audithpiu  SEnITmamansranduneeafiaz
w1 general solution of displacement potential §IRTUARUNRINTINTTLANNININLUG
[ g ¢ g} mé( g & ‘! Bt ¢ d gy o Qe
Unnghdtlifdlefdsrumasnialummisunseiuiadnsinssuan - Sufiinle
AGRENIINUNAIINTDY G. Harries AARUWIY First International Symposium on Rock
Fragmentation by Blasting (1983) luwihfi 423 283 Volume 1 fifludasfiu

cylindrical explosive charge “in

“MNo analytical results for cylindrical charges similar to those for spherical
charges are known to the writer. Numerical results by Selberg (1952), Miklowitz

(1960) and Jordan (1962) have been published.”
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gaanlanmmununuuamaiduldldlimmsumafuiadnsins:
uanlusnusme analytical form results iNalUSoufiBuRUFUNTVBIRRUNRANTINAY

mmanmsﬁﬁ\1ﬁa“aﬂsJmunﬁﬁuw"lwmmm?aunﬂﬂuma’:mmnﬂunmmuwwa
k] -{ 3 ‘lﬂ o L ar
a:agﬂwamumuﬂma:mana'lﬂ A%

3.4.1 Unal1uuad Selberg

seiberg  (1952) ifluyaaalunguusnfinmmaumianuiuiuiszning

B N -3 Bt N . d L

expanding stress waves Nl decayed time ®1W3U cylindrical wave form 4 Selberg e
%1 solutions 1lu complex variables 3MNUUIILT numerical calculations WA

FUWUT TN AMUUTBIBRIRANTININ stress AU time

o s

@ g [ &
FTUInAUnanAmIMILNAUEY Selberg Nk

1. Selberg laastarmwuad iy eylindrical cavity 139

r> a; r=\/x2+y2; -0 < z < (24)

gﬂﬁ' 9 ijugﬂmﬁﬂ%amﬁu transient stress wave ﬁﬁnﬁﬂmnﬂqum:
NINTUANAET latnua WilSadvasmguinziiiy ra” wizetly infinite elastic
medium
AY

U 9 32UU coordinate FMSUARUNRFIN
myszidareinguianzginsanszuan
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2. Wea1mn t= 0 Mauau P(t) ntzvif boundary surface r = a

smafgudunsidluauadal  (radial displacement, u) flagluuwn

radius vector (x, y, 0) 3zlannusuNus

0
v -1 (2

Idenenuiduuwiiad (radial stress) dnuvinriy

u
c. = (A+26)-y - 26G-— (26)
ﬁﬂﬁ@%ﬁ%ﬁ%mmwm one dimensional wave equation
' 2
& 1 0 1 0
vgw . M__E_‘Lg + _,_.M = “En_"_‘wij. (2“}7)
Or r Or ¢ Ot
2
where V'~ = aperator for which in cartesian coordinates
o & o°
= + =
0 oy 07
fUNHU84 Laplace transformation (in s plane)
e o ~st
W (rs) = WY-e -dt (28)
0

aungras differential equation ladmualden W usz two first

derivatives of \J/ 114 continuous function Wafinunum

Al 1 ow S

c

wufinazle ransform of Y Sauily

Y= YK, (~) (30)
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3. Selberg laviiniswien second solution {K (s)} 281 differential
n
equation
L

2 2
s°K” + sk’ - (s+n)K = 0 (31)

@93NUU Selberg ﬁﬂuqmﬁ' s —>» + 00 uazld Hanke! transformation

UIFIUNTIINA root VAIFUMIT 31
ot muald r = a alddtdauds
o (a, s)
¥

Y(s) = - . 7 (32)
(A +2G) KO(-CE) + ?;%3 K(—f)

ilwleen radial stress laani3via inversion

sa 2Gc 87
w+ioo (A +2G) K (——) + =k (—)
1 oy C sr 1
g = —
r 2T i sa 2Gc sa
w-io (A+2GYK | — | + — K| —
o\ ¢ sa 1\ ¢
- G (a s)- e -ds  for w> 0 (33)
r

4. Werhnmd o, ldud AxanInazme stresses dulu 3 4@ f
1 0, illlu axial stress (luuuaunu z) Ao Og filuen tangential stress [a3an

NUWNY z URE radius vector (x, y, 0)]

G

4

ay (34)

H

U
Cg A + 2G- = (35)
INnIawasRunsh 26 wi 18 ldanudunutuas impulse stresses 11
polar coordinates

2(7\+G)
G, + Gy = —5— O | (36)

z
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5. Selberg & derived sumsBnmampiunsumunnefite complex
integral B84 imaginary part U real parl ARDAIUITUAUUS an asymptotic expression
Us2¥iNN3 transformations %%ﬂﬁxﬁ?ﬁﬁmma& wave front 13U cylindrical divergent
wave Ngﬁ%ﬁ’nm‘ﬂa& impulse stresses 284 cylindrical wave JAdARINUATYAY

spherical wave

s
@

nuha ﬁ@;m wave front @1 radial stress o r=a
r {

G = Gn = _3\'__.__, a . p (38)
Y © A+2G T 0

Q
[

a
7

) " P, (37)

A -

6. AMURUANUTIEWIN transient cylindrical stress wave WU

a4 0 e 3 I [ 5 y @ -2
- lunsdluas static equilibrium 1 stresses aardduaas@IwyIING ¢
4 . X
Warzszmaluuwadedl r (Rndw
- lundlpas dynamic wave front 81 stresses aaauludaTidmrinay -

1
- m B ] PR 4
r2 mew:wm'};mmwm rANATR

3.4.2 3

Heelan (1953) ldlauanasulu Geophysics Journal 13a4nTsANMIARY
37N eylindrical source i finite length {ﬂﬁﬁmﬁm%gﬂmm stress tensor m'kmgmmwm
radiated energy Uas Hesian galaus divergent wave systems @yTHaY8s primary

wave NU shear wave anany

UslAUnANE M TUNAITMYDY Heelan g
1. ARUWANIIN oylindrical wdssamiu 3 ssuy  leefeanusuwusnu
senineedu P (primary) fuadu SV (vertical shear) udsulfswlienusuas radiation

wave angle () lTuvhusadmnuifianufuiusuesniu P fuadu SH (horizontal
shear) usskdsiUfouldenudrwas radiation wave angle 638
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2. INWANTIRUIWWLI lateral pressure 283 amplitude 7l stresses
nizvinNuiiues “equivalent cavity” @A% SV & amplitude 1.6 1¥iNU84 maximum

amplitude 183ndu P lufiemafivhyy 45° Auunusamguinnzsada

3.4.3 uneauad Jordan

Jordan (1962) Asandgwmesizgndwnanisuddansdin Nivngu
eEnTInTzuanfinueanueruiiv infinite  lag'leiaus solution vadinlu Journal of
Mathematics and Mechanics Iunﬂiﬂﬂwaﬁwfmad transient elastic wave NITWIAAIY

i ‘l
AURAIN

a7UNRIMUDY Jordan fa

1. Jordan lBinafiauas double Fourier transform integral (lumiima
solution UBIRUNNT) Tnu3tTnes Debye ®13U steepest descent (lumiWﬂ

asymptotic expansion U84 dilatation and shear wave stresses)

2. Jordan (@waUusIINT numerical analysis IWNIMANMIASTBIARY
o &l o = i as S o .
WRETILNS wave front namIuUTRouIznIITzuEMInUYNT ignition source Tafida
ARUWAN ARAAAU attenuation TaInRUNRALLaITNINg infinity

3. AMUFUNUTIZNING stress wave NU finite source gnwaamﬂw

JUNTAN wafihaulawudy ¢ attenuation 289 dilatation wave luszuzlndfiuunu
1
waulznIInszuenddwyiiny r 2 &A1 attenuation 1u7:u:'lnammmuﬂqmm:

- & s | -1 N ) . . .
nsanTzuandauviny r o udstelsAanunansznuwes damping Ua dispersion 289

ARUNAF L lelunAadae

3.4.4 Snyg1nwnsung Aso

Aso (1966) lewenunuwn solutions L83 displacement values #1%3U
cylindrical wave pulse lanendy an asymptotic expansion of a Bessel function 3%
mIuntyrifiszafienfenuiTues Selberg wanenefuasef Selberg 14 one complex
root 87U Aso I two complex roots FuSiinarn lnasniac e lefamznsdia

complex roots occur in conjugate pairs

G

& B o @ 3 :
agﬂﬂszmuwaﬂmmuwamumas Aso Uashh



1. mnmn’mﬁuﬁaﬁmamwaﬂﬁﬂsj

S e (39)

where \J/ = scalar potential and function \J/(r, t) is potential function

in 1t plane which satisfies the wave egquation

G0
G G [

daun dawnle Laplace transform siaein potential function, / idlds

wuulnaues transformed potential function, \ (7, 1) ugeslaasgumadhasng

]

W s) j:ow(r, ) -e™ - at - (40)

B

where s Laplace transform parameter

Miridausumendunasnsentzuenm i ldlniluinsuwes W (1, s)

av
o

5. * 2 .
+ ;-ng%- - %W = 0 (41)

¢l

138w solution 2a4 differential equation IAIUNRTINTZNING zerath order

Besse! functions NV imaginary parts
W (r,s) = AK (sr/c) + BI (st/c) (42)
where A, B are functions of "s” only
uiFuNIIA 42 Trsuuidinay I_(st/c) Yl# solution i infinite Tuatus

fszaz ¢ lwwwadeldnlng infiniy Sadasriliney 1 (s/c) iflugud  Mldld

solution Mty

Wﬁ(n s) = AK_ (sr/c) (43)
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2. 97 solution T8 1 U Aso lavihmImeraudniidaadinuas radial
stress WRs tangential stress 3NNV inversion U84 complex variables UWRzWRDAM

path of integration #3U infinite arc ¥dd imaginary plane T quadrants Gh:i‘)

3. lumsw solution 183 closed curve LﬁaW\‘gWﬁ"J (pole) v03 integrand
uk Aso l@lEnnwf Cauchy residue theorem uszld asymptotic expression 7l
nsuitgnn |

UNTEINI IOFUNUTUBIAT stresses NU strains Lﬂuwaé’wﬁ'qﬂﬁ'mﬁﬁmm
W d t dapann

P w+100
crr! = Zm \[_ zdf = \/_ (44)
where é = sa/c

G - :2_..Jw“w \[— A |2
6 2Ti Ju-io A+2G g o' Reza VT

r-a
t—> —
c

(45)

gumMsf 44 usz 45 Twunldsnmsuitgmlugniizves dynamic

¥ W & o ] 1‘!’
wave front TN@BINIIWT static case Afnuald m_t_hﬁjgm

Po weioo 52 ect& /a 22
= —2-. —— g = P —
Gr 2T i W-i00 r2 é 0 r2
t —» 00
(46)
2
16 = _fQ_ . J‘mm a e . dé = P a
9 27 w-io0D rz ° r2
t—» o0

(47)
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3.4.85

Daneshy (1969) V&ﬁmmzﬁﬂzymm”ﬁ derived #1Uad displacement
potential sudndudadld Laplace transformation tfievnfin radial stress AinTzviniu
eylindrical  cavity Lkmﬁa“’fh numerical inversion legnas integration in the complex
plane  ¥INITUATIERTTNY  integration  wadWariTulu  s-plane  (plane Al
transformed) 2z1fit 984U Bessel function MImkadwEazldenann

v
4mf

Daneshy 34l@ua solution §1MIU viscoelastic wave equations N3tk

kg 3 . R . R o o
fRINT numerical inversion of the Laplace transformation Imwmagﬂmu

1. #3815 Papoulis Method (1957) #1mILnIw time function 1w
d 3 5g0 o H
nItiuas expansion of f(1) TIEWIAT critical radial stress INNIIWNRBANT numerical

inversion 283 L-transforms

2. Warttunle a6 wnItiuas numerical inversion hekn

(n) #{t)—> constant ast —» 00

AAANABIUDY inversion wrngiuiagiunsy

fudtuandrzeana (1) Muwfowedsmaneld 33ms2e9 Papoulis usz3Tmsuas
Bellman (1966) azlinaswsnvnela

- (1) f(1)—=>0
dndudaslditvas Salzer (1958, 1961) TrTzazAULT
m‘ G B & 8 J § e g t df mﬂ?
2484 interval (0, t) ﬂNaawfmtmmgnmamu@gﬂmwmmfa%mmm (1) MuUfaw

LR INUNY

G9laifl numerical method 3Flafiaslinaswigndasdniud
- al @ m \ ¥ e o & o ®
large “t" mailafiasyin iR lededs numerical 19 laRnanilenIosasenidu mediuam

ol A . o P ¢
AAPARIVBINTILUBET frequency of oscillations LRUTY
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3.4.6 InuBnusuas Almone

Aimone (1982) Lauauwanilnifisiaasuuy 3 ffves stress wave
@28n13 superimposing stresses 11691 a finite number of spherical expanding point

° o Y PR
sources Naa';;ﬂmmmmmas Aimone 4a3%

1. 13uAUIIN closed form spherical wave equation (Emmiﬁ 5 Wi 9)

AM1AN radial strain ﬁa&ﬂugﬂ analytical form @14 Duvall's solution  MNWWARIAN
d’ ] B si[ ‘é h i) . N &
peak strain Ny13jal 0 fuunu x (@31]“(1 10) F49'liein oriented strain, € iy

€ = €00 + syismze (48)

where SXi and Syi are the principal sirains in the radial

and tangential directions

y
4 y
Rl V .
> €y i 5
p Ej
— Strain Gage
ot r; €x
Ay i
. / e
B X Strain Gage

Oriented Normal

N Point Sources to Borehole Axis

‘ﬂ' o ] dl N d! o3 Bt
3UN 10 usedumiefing strain gage LWilafiouny
ﬁquLaﬂzs:Lﬁ@ &1WTUISUY cartesian coordinates

o e s A
FIWTIUNTIU 2 U
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2. 3 nauwes Starfield and Pugliese (1968) lévinns simplified n3dl
283 2 §flee strain luuwiasandunguinne fe

€ () = €,(t)cos 6 (49)
& P i = : Y @ o =t P -
9afladfl Aimone afinudt mﬂﬂmgmaﬂmﬁmﬂm 3 faRdnIRudn

tangential component of strain, €, i ldaae

3. IWSUTIUU  polar  coordinates  ITWIANRUWHTUBIENITIURLY

dunia (displacement) Tu r, 8 usz z W{iaifisuny u, v usz w (Achenbach, 1973)

g = %: (50)
Ou u

g - 1 F (s1)

g = ws:n@ . gtj + usin® + veos© (52)

Wlasan radial symmetry haifimaidBoudiuvslaluunn tangential ¢ia

L3

wave front (v = w = 0) 32l volumetric strain () ﬁﬁmgmﬁm"sﬁum dilatation

(A) tendin
U
& = E +E€+E = =+ 2-- (53)

| ; ) . LA - .
FINBUIIWIET displacement, radial strain 71830 solution was Duvall -

W89 radial stress fU tangential stress WwnIdk 3 H@ e

4. Aimone IeiguaitdiwinuBs 3 36 wImIfAwIm principal stresses
ﬁ&ﬁ@Zﬂﬁma‘m’ﬁﬁﬂizLﬁ@%aﬁ multiple, long, cylindrical charges lapadudiuiu a
finite number 783533438 WLI% time-delayed point sources Malunguinnzfiiaan

spherical expanding waves filia3INN17 superimposed 11 recsiving nodes (@31 11)
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re
e
i P S
[
T Td
YA
/‘b:md\e spherical charge
i
T, !
N T, {Source)
P
_____ B SR
ke
7
T, z

N M sources {detonated at times T,... T,)
Stress at node A = 3= [Pi(t)]
=1
1

M spherical charges/source (M-= 4 in this case)

3N 11 demedieaufuiusszwing receiving nodes (A) M
separately exploded charges (ﬁgnuﬁuﬂu 4 spherical

sources fivhmagaszidedwiuluan t, v t,)

Y3 o B AAJ ] &) ::
Fmsduinlanly computer code 174 3 J@aliazudvaanilu 3 Tuasu

PYUABUUTN UART node W84 point source 'lwgum:a:gnﬁﬂmm‘[mﬁau

Maasnuantivasfin (179) usriagizda uszwmoaiandudsnamansivinu

TURIUNRRY AMAMUIUNNRUMTAS (a8 solution w84 Duvall) lawn

f1un leUazLLRI9N local coordinates 1Uiflu global coordinates

duaaufisn fas principal stresses Wi 3 ﬁaazqnﬁ'\msmﬁ'mﬁuu
AULIAT (summed over time) lasandn polynomial solving routine Toglsdn gigen~
values  LREMITUIAVBIAIAINUIAUT normal URT shear stresses AAWILNIMIEN
eigen-vectors  Lamfiannazataatdudnl g siuazld Newton's method ifaurd

ﬂt’gﬁw 84 non-linear equations
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3.4.7

Harries (1973, 1983, 1990) @Ay solution was Favreau (1969)
Aruninguinnzandaagiuamnaas thick walled cylinder atnual¥RAufiazvins

sudonlv perfectly elastic isotropic medium

ﬁaﬁm%ﬁwmwmmﬁw auauInnITIziiie  (explosion pressure)
‘?‘%Lﬁ@mUlmﬁ%i‘;m%mﬁ%ﬂmnmm simple polytropic state R1UNI0 T adiabatic equation
UIEIUINT detonation product gas pressure [HENYRL wall stress LhanuisaYi
fugud) vl laen displacement 28y cavity wall #1%3U cylindrical or spherical
geometry uszdalddnuas particle velocity Filluariduas szueme (1) iy retarded

time (T)

s o

; P = [ a &
S84 Harries UTziaunaning EHE 1

] . ) BE L P al“ . .&
1. #1283 particle velocity 9xiisasallugasu 1/r (a3UN 12) &9 pulse
attenuation 2ztiluluau @ model Alauauuslay Kjarntannson (1979)

1,500

1,000

PARTICLE VELOCITY (m/sec.)
500

-500

@ 0.0% 0.1 0.15

TIME *  (millisec.)

gﬁﬁ 12 HRLDY attenuation on pulse 0 spherical charge
(lu3udl attenuation 4 @1 @iz 0, 0.025, 0.05, 0.10)
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2. PINMTUATIEARANTINARBINLIY  dominant frequency fiAaan
cylindrical charge g=diendanin frequency Afasn spherical charge fiﬁlﬁumuﬂuﬂ‘
ket taawn  lasdaiawuin frequency 289 cylinder Uszuitw 1/6
(YN2D3 sphere

3. 35mIu84 equivalent sphere mmmﬂizqnﬁmlﬁﬁu long cylindrical
charge twfis Herinsdmdeniafivamnsinanfivh S inessaimsanaurindy
JSuiasuaansinszuan (G'fmS‘J@hmmm'nf]mé’udmguﬁnmwamnnau) lae33ms
fanTndassuuLad a long cylindrical charge lawld equivaient spheres 16 o9
me'lu;;ﬂﬁ 13 Frasnail

Y
&
TN
CC(»-.
o=
><V A (xy)
{
(><D
>
(B
>l
- (1)
P
%
<\ A
2 w X

Ul 13 nmdaluumnfsasmadinesuuy a cylindrical charge
Taudl wave path 3 Uw? ﬁqﬂéﬁ&ﬁu (t,) ﬁqﬂnm
rwly (1) uazgaravie (1)
Path OA corresponds to t
Path OBA corresponds to t
Path OCA corresponds to t,
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PNmsAnERUMIARuRaTIaImMITzlemuanBoaluuni 2 vnld
grursndazgnana invesaiuWadfimidifanisueninessfuunldlunisasnuuy
o P - & L s e g 9 P
dmaadintiaeans (mathematical model) vsinfuwammsnayla 2 wuy fa wyy
41889989 exponential pressure pulse NuLuyaIses non-exponential (step

function) pressure pulse

4.1 wuUIIaasBsamaAIgaT1ad expor

General solution 2246 displacement potential TILgRd LI UFNATA 23

#aa 3.3 unfl 3 1w solution ﬁawiﬁmﬁmuﬂﬁﬁw single exponential pressure puise

mmmwmammnmw%@ﬁuﬁﬂamﬁuﬁﬂ@%mmi@mmﬁ@ uLRY U.S.
Bureau of Mines) usz¥nmatiufindrvasennuiaiea (strain) lagld strain gages uas

wWasuganagaultiiesy 9in r = a W r = 24, r = 5a URLIUDY r = 0O WALES

MINARDINUIT general solution Ta3e displacement i Hasasinswann lWinane
me &‘ @ &: [ @ [ 2 et ng -3 ¥ [

sufidedu danuisiinmuauauname Indldemadufinsevaglugtuuulnidu

P() = P, (e*" - e Pty  for B>a (54)
where O and @ are constants of pressure pulse parameters

1N method of superposition 4 laenuas displacement potential
@mmﬂum&mm 23 w278 3.3 wih 15 @ﬁ@mmﬂ%

aP /py B ) 1 Oﬁ
@ = 2 ce-e % wt/& sin WT+cos WT

(Fe) o #%)
:j;=~(l) + @

aP / QY A BT, ot 5 B
Q) z 5 @
(#8) -

S

sin (0T +cos OF

-

(55)
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Wadssmamenaaudian auTuaaInTfguduniizasayna
(particle displacement, u) mﬂmul.‘%waammm (particle velocity, v) @7272139
(acceleration, A) anuAIualwuwISAL (radial strain, €) uazf1zay dilatation, A

a i o -4
FIUFAI LURUMIN 56 11987195

u=—a-—r,
oy
TS
\Y
A= =,
t
. du
rOr’
Ou
A =5 *2 = € + 28, (56)

A 4 3 . . . L o kP ' et d
Fadarin partial derivatives UR73 Mlile final equations @FUMIN 57,
58, 59, 60, U8z 61

Lo

A o e - &
FUIRIVILRUNIN 57-61 U 3

U

o ldvinnsaTegaunuUINEiwns

=)

Bygruanmnvssuninmssnuunaniids  AeRuwiunsamieg Taanale

maaumnnww"gmﬁaumié’aﬂmu,ao ﬁwm'}gnﬁamnama

FUNNIFAMMEUBIMUUI R OIARUNATNTINAUNS double exponential decay

puises ‘leun

9aP (a) (a Zn) e—nmr/\/E (a 2m) e‘m(Ml‘/5
0k bt 0§ I L (A P Boion: L B,
4pc? \ ' r 8 ) 3-2n+n” r 3 ) 3-2m+m’
~OT /-2
2443
° . (?—) sin ((DT+9) - { sin ((DT+G1—93)-'
1

) J2J3-2n+0?

i () lore) - wlove o)

(57)



v o= SaP( ){ (a 2n) n0T/2 (a_Zm) E—mmmﬁ |
~2pe 3-2n+r’ 2 ) 3-oman?
< [ 6,-0 ) 6. -20
+ﬁd3_2n+ﬂ { 3(?) OT+ - Zsm WT+ 3j
-(D’E/«\/E ¢
ij 2*@&/5(—?}5;:(@%62«-@3) mm@ -26_ }
2+ 3-2m+m
(58)
- R(2) {2 2) ey
~ papr r3 ) 3.on40 3 ) 3 omem>
~OT /A2 ‘
_VF?/ {3 mr+@ ﬂ%)—z mt+@ }
2\,3~»2n+n
m‘fmf
,\/_ [3 sm (JM’+ ~2@) 2—\/-3m mr«»@ -30 ]}
23~ 2m+m°

(59)
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oF (a) 2(3)2 4n a  4an° | o TOT/V2
1.4 2 22, .
4pc2 r r 3 r 9 3-2n+p°

2 ot /Af2

a
r

4 (
+ 3 sinlOT+0 -
-mt/f
2( )sm CDT+ 2)

f\/3 2m+m

3—2m+m2

)Esin(mt+e1) 43 (s ( )sm((z)’r+9 e)

R () or-6,-0) anforeo -0 )]

3607 /A2

e
\/5\/3—2n+n2

39-co'c /-\/E

(60)

o001 /2 o T /2
— + >
3-2n+n 3-2m+m

- sin (oa'c + 81 - 293)

_ \/Z_x/3—2m+m2

* sin (COT+92 - 293)

(61)



-3 f

@

G W G ] mm s a&’
ATTUTUNNDVEINT parameters PEITUNIN B7-61 Uash

O = n® /2 (62)

B = mo /42 (63)

, = tan T (64)
@2 = tan’ ﬁ@m? (65)
9, - tan”' /2 (66)

AUaIRTINIATEA IUUUIFUNT (tangential strain Eg) Amuiduluuun

mil (radial stress : ©) uazAUARIULIAFURT (tangential stress : Cp) fimansn
wildannguianadin wufa

- (67)

AA + 2GE .(68}

aQ
[

Og = AA + 268, (69)
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. P 4
4.2 mejaauﬁamﬁﬂmamwag non-exponential spherical pulse

o

Tnsalvanuauinsziuduniaaweaisy (unit function form) wufa
fn time decay constant (Q) audnlndgudaunisii 21 wi 14 zulfsugluuudu

WU WINTY

P(t) P, for t=20

0 for 1< 0 ) (70)

P(t)

Conventional solution 284 displacement potential solution Wadzes o

LY W g
i lndaud

2aP 3 ~OJ'C/»\/§ -1

= —————Oé— -1 =+ 5°e ¢ sin ((D’t+tan \/5) for T=0
3pWr

=0 for T<O (71)

{ i 4 - 5 ot o .
N solution  Augeslugunsf 71 duull  dmaUfoudiunus
A‘ [ L ] el G ] z Y
(displacement) «naomémﬂwmamamﬂwmuﬂaﬁ’nwaamww@awummm'lu

ya3lnss AlAldsluuy single exponential pressure puise wasuiliugiuunlnaivas

step function ¥nlW1& general solution TasMIUABUSUARIUBIARNG AIFUNITENN
. :
aedh

P
u = %?- = f;ffao[(21/r)2—\/3/2'(a/r)2

. e_m'“‘/5 - sin ((D’t + taer/E) +J2(asr)- e_mt/‘[z— + sin (D’C]

for T20 (72)

= 0 for T<O

where A = G, or the Poisson’s ratio is 0.25

e 4 L R LG
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Tuvuaadsrnuen displacement, u U843 double exponential pressure

ol &

pulses annifasuanzanuawdunihowaisn  Amldlesassnnsumsi 57

U
4

G . G o i 3 i LA S
YIIRITE 4.1 LWEIUainUanTas Ol ny ﬁ 1WWHHN€MU

Conventional eguations U843 double spherical pulse fiiwualay Duvall ‘ﬂﬂﬁ'
Qﬂﬁﬁ&ﬁ%‘ﬁﬂmﬂmwnﬁhﬂmL‘%ﬁmﬁﬂﬂ’mﬂ{“ﬂENﬂﬁ%ﬂﬂﬂmwi‘%zﬂﬂmimﬁﬂ

© &
4.3 LULIIRDSIBIANAEIENTUDI general spherical pulse

Qs -k
& ol

msmw@%ﬁmmmﬂmmams@%m‘%amam‘arﬁu"l;m Wunazlidrvas

q

] k s 3 TR * ‘i
Lame’s constant (A) ldiviiAud1was modulus of rigidity (G) tanald n3adnioniie
Afig dnasfBaBangdinuas Poisson's ratio Wdniludasdduviniu 0.25 (Runaldas
aglutatszano 0.2-0.5)

sugdywildndnumivualuinds 4.1 sz 4.2 duazfmualien
Poisson’s ratio \¥inAU 0.25 ﬁﬁ%’ﬂﬁuﬂﬁwu’hm displacement potential function,
faasaldiy general spherical pulse ﬁ%ﬁ@ﬁ%&:’m%ﬂﬁa Rinehart (1975) lani3u
Furinnua il transient pressure pulse wiuy a single exponential decay form uazdl

oo me ) Y {
solution ®¥1%WTU displacement potential function 4%

aP _ ; ;
o = rﬁgr. —-eatfj@g;f'exr "cos(mo‘t-g) (73)

4 ng U { P 33 [ J-Y s Qe
dasfidneg uaunsf 73 Taunlivediusiiavesing Tadvaslny.
UszgUTI2aINRF fansrh dnuald

v o= (cra) (1-2Vv) 7 (1-V) (74)
W - s (y-af (75)
O, = (cra)(1- 2“%% /7 (1-V) (76)

£ = tan {(x-oc)/mo} | (77)
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IINRUNMTA 73 1lavinms differentiation wazlfanadfiiwgunisn 62-66

wswTomdaImaUisudiuni (u) fManuseunma (v) fanueToaluuwl

adl (€)) uaze1uad dilatation (A)

Expression fAtnunzdmiuiiu analytical form iRevinimsuinlasand

ADuRILAaS MeUARUNIIT 78-82 wihfl 37-39

(78)
abP
a 1 .
v = 20 a (‘c‘:— - ;) eOL‘E
- ner
o - 9
+ Te c(DO + r(Do cos (DOT - C_,

(79)
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(80)

I
\p
1
=
1)
S
S
@
(o]
bS]
TN
e
= o
1
n|n~v1
N
o
N3
nT
2@0
o
1 2@
o
52 I3
N
(I——
K
e
&
&
+

(81)
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P 2
A = & o o O
npr 3
2 2
- - ®
+ Ne d x Q -cos((DT-(:)
c2 (DO 0

(82)

Analytical equations ﬁixqmiwmuﬁ'm?au@iaums?‘; 76 femumaf 82
Falaifilu niteratures lotufin'ly nasandile derived 1137n solution a9 Rinehart wdn
;ﬁ%ﬂ‘lﬁmaauﬁaumﬁ"immmﬂﬁ'w Poisson’s ration \uenaudslilinedi 0.25
wueld ufanoamend Poisson's ratio vy 0.25 tiawSeuifisuniy conventional
spherical pulse A% solutions 284 Sharpe Nu Duvall mafiuuuy exponential UR
step “function spherical pulse IJS'm{]i’l analytical resuits ﬁgﬂﬂu hand calculation Ny
computer calculation lenalnfidsaiufiimela aunInagllaiuuudines general
spherical pulse 17‘{Lauam'lmi'l.umu’n?u{fﬁuam&aﬁammsna:ﬂs:qnﬂﬂ@?ﬁm‘m
goumant 53Lwimtﬁmmd'maﬁ'r'ﬁa‘ﬁmaam"iLquJé"w‘lﬂ"lﬁmmﬁﬁu'mﬁmaﬁaq
ﬂaamuﬁirﬁmaammﬁuﬁm:ﬁﬁm%ﬁmsamnﬁ"uﬂugﬂ exponential form %38 unit

form ﬁvlﬁ

] & o . . @ o g .
aflalugacsduras displacement potential, ¢ leétmualdliny single
o v . o .
spherical pulse maﬁm;ﬂmai\.ﬁnmaa superposition WININTIWN  displacement
potential funution AlEMU double spherical pulses MNUUAY differentiation NLWAIZEY

Arzmandaudsdng g vasaunsfi 78-82 lugtuuyln

@t

FUNTSUDY double spherical pulses ﬁ‘lﬁgnmm@umﬂuuuuﬁmmL'Tm

mﬁ@mam{mmﬂﬁvmﬂnauﬁﬂﬁﬁ;ﬁiu'lﬁtaumﬂuummﬂm lasgnihuidawiu

3

lisunsufiaes
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unn 5

SIRTz aRRUULTMTBLG

Mmamw@m‘?aﬁmmmﬁmﬁ%ﬂmmﬁamg%‘zg’m long cylindrical charge
Hueduiadfirn v huuaninluuns free vertical face uszRAwWadgnilu spherical
charge Yhl¥Aunansinluun free horizontal face udluantizfiiuedelumeswn
Wavmammbeniundiasfuuuuiuiule  (bench  blasting) axﬁaﬁwagm‘m
eylindrical charge \u&ulsenavwes concentrated charge ®R18 charges $23M%

k2

wiLULIansuadaIwIziiaTuiinle

5.1

Mnguuuiusmatiavaswsadauuy bench blasting fauaaslumn
sufadraiguf 14 sunsnazsuy@ivnirszida (explosion) aasiagszifialunguian:
JUnsanszuany wWisufsulanumsiziievas concentrated charges

126°

55° ¥ T

40"

40'

160"

T

*izih\ay
35
H
108"

OPERATING ROOM

40

40"

26’

Eﬁﬁ 14 Eﬂgmm‘%avﬁmmﬁmmmmmﬁwwﬁmﬁmmwﬂuﬁfﬂ@
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U.S. Bureau of Mines l@imINauitmimesaumt simulation technique
AwnnzzunumIsenuuuuizifesislumesury (Duvall, et al., 1966; Starfield
and Pugliese, 1968)

MmluauuInfzdimstufindianueisevasnas (strain pulse) Tums
as g4 ol & = W R . . 3
UwhnmMeswIn 3n3di 15 uam'lﬁmumgﬂumﬂmao cylindrical charge test tufin
A Y . . @ :
granite gneiss T3iasraIATIdBIM NI strain propagation ALMIWATYEY
strain pulse Mifia3N pulse superposition SullluwarnmuAviagssiadueunsy

FINITYIE (T (a series of incremental charges arranged in a line)

Ground Surface

10

B ~ Level
@ - -G~ -G G~

oy

20

A - Level E
30 ~5~f 5@~ 5-@-5-0~-5-B~5-0~-5-8~5

Distance, feet

Distance in feet

40

50 ”

. 50 pet high pressure gelatin - HPG.

Prilis and fuel oil {65 pct Nitro - Carbo -
Nitrate) - PFO

Shot holes

3 in, diameter
Gage holes

jUf 15 gﬂwﬁ'ﬁé’mmmﬁ%mmu.a:'nﬁwaﬁﬂqszmﬂ
Altlu cylindrical charge test



- D

€x

7
"O‘—""DGX?’
p
T
! 1
{ 0] .
L 7
! 2
-
o |2
? o]
k4
£ 30 ft
[&]
- &
m\N 5
[N
& L3
-
: 3
»
u
2l £
. 30 ¢

?

Point of detonation

fm?

3Uf 16 Juyusmadiauas incremental charge studies

fivnnanesaulufu granite-gneiss

d’mgﬁﬁ 16 @,ﬁ,mqmmmwwmﬁmasm%ﬁwmmﬂﬁﬂ%mmﬁmmm
Tanaziia WavnmauBsufisunsswinanmsdwmiufivnmyiasss lddanu
mjuﬂ’a@ﬂﬁmﬁmzﬁuﬁmwﬂﬂ (%ﬂﬁ? 17) Taefien amplitude was duration aq
compressive pulse %ﬁ%ﬁmﬁﬂﬁmmﬂ ugen duration wa9 tensile pulse 71M62INNTT
AumaunIaitease

Plewman and Starfield (1965) lelausunsmsiemzidaymizes

. 2 . & :

superimposing incremental pulses &mﬂﬂgﬁmwumm strain waveforms WaTBUUVIUEY
a ) a ot o g d w s 9

nuzUse (shape) YaanasnuInTEiase uasdslasdusznauduiifientasfia gage

- . . . , o s ' au w
position, gage orientation LAY velocity of detonation %mmmagﬁﬂmmwaﬁmﬁ



GAGE DISTANCE, ft

in./ln.

STRAIN, 10

30
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EXPLOSIVE, HPG

2.5 inx27 ft

Charge Size

‘—“1

b

1 i 1 J 1 L I { ] i { ]

o 0.4 0.8 1.2 1.8 2.0 2.4

100

80

60~

- -’t
»
e e

#
-

TIME, 10" sec

b)

Eﬂ?{ 17 madiuufisudiseniennesanueIse
lumeasuununmsdwimdianueioe
a) \Due strain puise YaIRIzIdauUY HPG #isaenle
Uk level B 1893202 20, 25 Uaz 30 Wa anudey
b) nTiduLsziiiudn incremental pulses $1uau 11 Was
Agandld nriduiudunadwsvaswad
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Soidtion Fwmiunsatneussaiaiiuuuudnesds finite difference wad
long cylindrical charge %@mmmmﬂm Starfield and Pugliese (1968) Tauvinms
wilinuudeas (model) samilu a set of charge segments (%ﬁ“ﬁ 18) lasudas
segment NUNUAIL equivalent spherical charge nmiuAv MWL
381860 (elastic variables) WamIMTUiudiumis auidu uazaaioe oald
nxesliluidasmINamaTn solutions 289 Sharpe uazvad Duvall luun? 3 ussund 4

Ex, .
& EPandiey
g Wavef&’@mg
Equivalent
% Concentrated charge
’ AN
%,
o9
L
. e (t— —
p(t-1)
= L 1

JUN 18  uyude89LTs finite difference \WBLLEAS detonation and

wave generation %amqmmmmﬁmwmmaﬂM’n

c, = detonation velocity
¢, = longitudinal (dilatation) or primary wave velocity
t = real time

L. = length of cylindrical charge
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swndalenduniissfunuuenaniadszss ananiuntsvin lwauuen
ﬁmﬂuﬁauﬁmm:auﬁa:mmmmm’f'ﬂiﬂﬁdauda‘lﬁﬁmdﬂ'ﬁdnuﬁ'\aﬁ Agadntu
gasstetartosmwaasnilasfuinaan

fondndwdadaudinurznivanudaimsidifienisuandnaasnaafud
gunawfavir lgnuldise Auarudainsbilanuieme (wSassess sou
v al o gal ol . al
wan) vad rock slope UBLYIEA WARWITIMAUNTRUNGA (optimum result) Wawleu
Wisunuaunaawdsiaegildusaniuanusuiusvesdldeiunanisuanyin
vasiu daugasluzn 19

| 5
4 |
! ] /
- B —3ke— B —3e ./ c
{ [
! l//
. i |
@ \L/’l
@ ! 1 2
8 |
& i
= a 1
z ] 3
- =] | |
| 4
1

MAXIMUM SIZE OF FRAGMENTS

7 = DRILLING AND BLASTING
2 = LOADING AND HAULING

3 = CRUSHING

4 = SECONDARY BLASTING

S5 = TOTAL COSTS

U 19 mIneninuasfufismnmdany
fldsnaens g lumswawiniiasitu
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mﬁﬁmmmﬁmﬁmﬁﬁﬂﬁ’mﬁmnﬁn% (well fragmented) ALUMIUGNAN
WuUWaN (loose fragmented) 184NadTRG SsuiiDunansznuaeluludasenuls
wBIFN Mﬁmlm‘%amwmmn (loading) n13au&s (transportation) WszmIUatay
(crushing) aafUsznaufiflummiinadzas optimum resutt Ivanue 9 Tfia  Hees
agﬂmmé%ﬁma%%ﬁ?&m&ﬁ'ﬁa 5.2.1 favade 5.2.5 eedeludl

%ﬁm&mz@;mm%mN%@W@,ﬁ@ﬁ"immw’mgﬁﬁ&mﬁmmﬁqt‘% Fudunas
fnsddsznauvan 3 adnefe

1. dudeneudaad wiadungurasisgluiagiide Haluasa
A7TNT0% WIY shock W39 impact ANLEHaR wiaidunaTiuratanuiau anuFuas
AUNIIAT )
2. %’%agﬁmm'zﬂumtwﬁm (ignition) WAIR8IWA  (decomposed)
WUt 194 detonation w38 defiagration

3. %%agﬁ'ﬂwﬁwﬁgﬁﬂ detonation Izinsuantdanuainnusauuse

AadudSuiaiyinle

muUnAnIdaatdagwsIIMUIINNRUEY detonation of explosive iiua
s 2 Py @ o & e ' P Y as
FamsuanAnueIfin ATuFussiousaINuindn uas ar blast strevdnidsslyle
Uszinainglanizdendn fa granuler prills of ANFO (Ammonium Nitrate/Fuel Oil)

5.2.2 m@m:mwa&gmwm*’émmmﬁ@

sUupndnata (geomety) sanguinzIziiiaasenauituin free
faces vasmiemIzide  Jwalesassdansuendinzesiiv  namuinme  rock
mechanics M&VIag (strength) sufududmind field stresses &ﬁwga%u Sanudn
ﬁﬂﬁ’mﬁmﬁ?a%ﬁmmﬁmauwmmwmﬂ@ﬁﬁauwlmﬂ’aﬁ'u (constrained) lWmIiaRaudl
Jwldldon Tuane? ssozsewiivguanzuss free face wiedu [wiaviWdiwau

4o Xyl . o dove & X L .
free faces fivzifinduladay] Hunesiaguieflddanfiviu (Ravily burden

waaNIaUANIN LA UNIRTINUINNEI R free faces ﬁw"m%%ﬁ@zmﬂ%mmimq
pHAVIIEN ‘ ,

PMNNENINARAIRRIIATINLG nmaeessiauuygidss (inclined hole)
liwfamandnitendinsaesndanuunuds (vertical hoie) TeldiBoud
Al munToifiuszoseas burden FMSUMTRITUWLEDS Mﬁ“ﬂkﬁe’s’amﬁm%‘mmmﬁ@
(Hafoutumnanzuwids)
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5.2.3 Specific charge

Tywindaszauagassanaifediwusesiogidanlslunadli

Auuanvin  udwdanssimiissusatvundazlddt wudanszilenls auuaaus

dludrfirasmstaanugnsanuawmisziiae (blastabity) ueuwianssulom
azlfdn Sruwwlanrmfenls ey, aasfu

Fenaniiaausuasdmanslomaslfinausasfiin “specific charge” 1am
ATMUTFUNUS 'lun"mmm:ﬁm%’uﬂ‘%mmmamwaaﬁu’lmmwuﬁuagﬁ’uﬁ (bank
volume) m‘%amaﬁuﬁaQ'Luamwumﬁnvxmu (loose volume) nUszaumIninalyl
WUNAMUAWILLINTRINI8ENT (mass density) lufiBnSwsundandasudilglums
MIFRRUANAN mmLmn@mﬁLﬁu‘lﬁfﬂlumﬁnﬂmﬁuﬁﬁmmﬁmmiuga (high
density) AUAUATaMURMILEUEITNGN (normal density) ﬁﬁ@hﬁwﬁﬁa@; (strength)
S1RTapAe a:ﬂmngn.ﬁu‘l@ﬁmwa'mﬁm MIURINTzIAR (throw) YadlasRunIanIIWGS

dmi3eya (heave) vaafiu/du \rin

5.2.4 Nam:wumnmé’qLtﬁwaﬁ@qmﬁ@

m’mgmn@mmaﬁm’fﬂqs:tﬁ@ﬁﬁm p3Luuy Isaamwﬁmi’mqsnﬁmlu
wdaansivazivemnuadiniusiian EN’Tﬂt’li:l,ﬁ(ﬂﬁﬂ:lﬁWﬁN’l%l%ﬂ']‘ﬁ:Lﬁ(ﬂaaﬂ

UMNMWBRUNTIT

mﬁmﬂmaﬁﬂqsmﬁﬂﬁﬁﬂﬁm 1éun  weight strength,  sensitivity,
explosive energy, detonation velocity (Iuaw ummaﬁﬁ;Etaua"lﬂum'smﬂszﬁﬂ%
muraimIszidianfa  "WeNMUFUAUTIENIN  blasting  strength AU detonation
velocity” WNITWUINAT detonation velocity 8A84 Lﬁaa@dwﬁumuquﬁnmwamqm
192 uanawnfuﬁﬁaﬁauf?ﬁs:nauguﬁﬁwamzmﬁa detonation velocity fifla 197}
28384 (rock constant) AURWILUUYEIAL URSRNIWIEY compressibility UBINGY

11z Tusenievanisnia

5.2.5 gaulsrainIgantuunInelzIziia

numaaidazimyfmueszossznionguians (burden)  Izoz
ITVIILDITAINGULRNE (spacing) mm‘énﬁgmmaagzm:snﬁﬂ (toe) IzpznNRRAaIY
g [ o irie T, gt o2
m@ﬂuwzgmm: (stemming) aukandluniaianz (driling precision) NMINBIAINIE

Ua (swelling) 283338%AU/An
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| ] 1 J:: Dot mﬂ’u R m}d ] i o= Y IS
fnene g waindusbfndagfldedsiniawraimszidalumsi
IR UIRRITUANTRT (R AAIUNANTZNUN AR TLILRZATINERRLLAAY  NSIRNA18aT

§IUIEWINE spacing/burden 8719RASNIINHUSTNANTENURY WaARzY WUz RnEnw

B

o Y o [ ¢ { [T Y {
Tunsuandnuesfusanssie mueeipungulddnhiwdeliisdansldiedee
SnsnaunenwIaieRusanfanalnar e nsnwwal siope aasd bUdae

5.3 LuuIIassnIIIsdafnluawianisa

arrzdafuluowiensudwingszimmawuiuuuuruiule wiaf
3877 bench blasting nIzuIuwAIAY FAemsuandnasiuiaianuates wia
Dawhiwdeusaan suuuvialiues bench blasting lduaaslilugufl 2o

3U% 20 suwvuvalurssmsszdauuy bench blasting
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qu{iwaaammﬂnﬁ’ﬂmmﬁuﬁmLa‘ua'lugmmwaa packed program a1
A Insdwisunauiunrdmntuduramsadeduialy Tasuvssamily
midwInlIanasAuluuudu  (dense or bank volume) fauwi@nIILanARNL
USunasvadAnuuLnaId (loose volume)

ldsunsudioudrsmmsn@ (C) 14 Visual Basic version 3.0 (I% compiler
Qaﬂ‘ :u o &) @
uazldTolusunsuiiin Blast Modelling (BMODEL) msitlusunsuduiludasnminsu
.. e o Y o = - o YRS o g
mmLmi‘vﬁa"uaadaﬂvlm’mmnLmﬂ:ﬁma‘lmwnmnmﬁhmﬂﬁmu gadialud

1. T2UURU

Tuldsunsuazaandiay S0, iflu defaut Tulisunsy udsnunsnas
fwrm ldlumlandanny (English units) 1laglEdaans

2. gﬂtmwaamﬂm:

Pattern 2aamainzizifavziiliifen 3 uuy (g}gﬂﬁ 21 w1 50)
laun |

N. WYY square pattern UeaasndInves burden/spacing 1Yy
11

9. WUU staggered pattern UAN89IIRIWVEI burden/spacing NNy
1:1.15

f. WUU swedish pattern 3A18@3187U083 burden/spacing LYiInAU
1:4

3. daaudsAduiuduyg

Andutlstesniiduaigliideyjoanulumasuuinsiouas

Tuldsunsu blast modelling

Fautlsimand leur
- A1MNNI198Y bench
- ANFIVEY bench |
- wiieaian swelling factor
- yuAaLBBIved slope
- Phineruesiufsasnisiiuanin
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~ J2p¥ burden

- 3Tz spacing

- ITUT stemming

= Fedly sub-driil

- IR uEUANAITBINRINE
- a’hmmm’a@mmﬁz

- ATUANTIVRNIE

- %hmmqmmzﬁmm

B

3Un 21 glusyrasnsassziauuyeg g
a)  sguare pattern
b) - staggered pattern

c)  swedish pattern
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4. gunmafldiumIsiuan

B

- § P P e
gumn A luldsunsudias

bench height
blasthole diameder (in.) = ———Eo—g—— (83)

burden (meters) = blast hole diameter (inches) (84)

bench height

depth of drill hole = m (85)

b-drill depth = bench height 25 (b 86
sub-anfideptn =1 'gin (diameter) | © 0. (urr..i-en) (86)

stemming distance = 1.3 (burden) (87)

square pattern : spacing = burden
spacing 4 staggered pattern : spacing = 1.15 (burden) (88)
swedish pattern : spacing = 4 (burden)
volume = spacing x burden x height x FIUIUNRNIIE (89)
bench width

FwunguLIE (U0usn) = (80)

spacing

Fwaungauae (una n)

square pattern (éwmuﬁqmm:un WIN) X n

nf_ ..
staggered pattern E{z(mmumum:ummn - n+ 1)}

also

swedish pattern

. 4

(91)
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unin 6

N5 kEldsunsy Ghad1d Ua: SOURCE CODES

Tdsunsuuuudrsasnradeluemudnnmed dutseandy 3 du da
1) TUsunsun1Tiins1einAunNTINaNULY conventional method  2) Tusunsumis
SIATIZAARUNTINGULLL new general method  3) lUsunsumsdemsiliunasiu
amnmrszdatuiule

6.1 L

i ewldsuntudiniudiwindtarndsimiduuasinnrsszidanu
@’35‘&@%%%%@:}'&@1% (c) 1% visual Basic version 3.0 1w compiler #IRILMI
wasanswazldlusunsy Microsolt Excel T78 1WEANURZAINUANT print NI

laser printer

6.1.1

Tdsunsuuuudrsasmissifiadin 199041 BLAST MODELLING éidnudu
wnnele Microsoft Windows version 3.11 Thai Edition udfmunsmshunlfoulu
Microsoft Windews 3.1 Thai Edition 1@ launassn file 1w subdirectory system s
threed.vbx 183 Windows 3.171 &1 copy Unwl file 1@earuitlu Windows 3.1

531 ' df o n&’ Qs
Tsunsy smopeL Wiuldsunsufignwauanlasls Microsoft Visual
Basic version 3.0 il file dynamics link library Mi3sulay Borland C** version 3.1
Auludurasnisdiuln

6.1.2 @auisznouzrasidsuniy

Tusunsuuuudirsanrsrsiefuluudeinssy wie BLAST MODELLING
B ) = [ n&'
wdsrnaudreluUsunsudaavanaldsunsy asdalydl

(=43 st A amd G )
- BMODELEXE (JIultsuntumandisuitaSenldan dos prompt

amy

Idiae  Iepldsunsussvnmadeduleadias visasfieas lusunsussuwinlondud

B

SonlFlunenan e
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- XPLOWTTP.OLL iflu file fivhewlugiumsdwinmasuuudinass
aluszdndatd% conventional timfivusy @t ‘

- XPLODE1P.DLL 1I% file ivhawlusrumsdiwiniwasuuyinaasnin
21dee83% conventional Waifipudy 1imn

- XPLOBN1P.DLL tilu file Airheuludiuuasmsswinuauuuingss
aauszdndatds new general lafinufiu @T

- XPLOPSTP.DLL iilu file Asmlugmwmsduwinuauuiaasniu:
e new general afiuudy 11an

_ BBLAST.DLL iy file Aivnaulugiuuasmsduinmiauszide

- VBRUN 300.DLL il file fiviwihflunsaadasznitelusunsuiy
file .DLL figfraduainmun ©

wananditadl file aufitiiu source code vaslusunsy BMODEL atluusiu
Tusunsuilaae

- file ﬁﬁaqa frm azmdw file vaanideluunsn uszmahaueneg
uunieszealisuns

- file ﬁﬁaqa .C \flu code w83 file aNa CLL Arauludumadiwin
yaldsunsy tudu

- 6.4.3 milgowldsunsu
malEuldsunsy "BLAST MODELLING® Svuaaw ¢3it

1. My llsunsumansernle 2 S3aei
- - Bunlglusunsuann dos prompt ldsunsuazvhmis3anld windows

udrasTnana lisunsuia s uannauus windows

- Gonl#lusunsuain windows lena¥s icon paslusunsy usvims
Sunld winezSonlusunsuny file manager file

o, uuntieninanazs menu 1AelWiBon method TaIMIAATIZE  wia
nagjy Alt + M 2213703 pull down menu Favlsznauday fmasFonldllsunsudng g

3. Wwllsunsufiinrsuaissuaiusdansanay tﬁa@l'ﬁ'mmﬂs
flauddayamudasnisuainaly calculate uaznetly plot Tusunsuazdnisuaas
ﬂ"s':me?'isz'ﬁ*’l@'ﬁﬁan'H TasnstesaunndsWlsunsy print asnma printer 167
yIazvinnng save mwillu bitmap Lﬁaﬁ'\mﬂi”uﬂ;auu‘[ﬂmnm Paint Brush fit®
wanNiHe mm'm?mﬂﬂmmm‘hnwsm’wa"lwﬁagamsﬁﬂmnu.ff'iaﬁ']"lﬂ'l'ﬁmuuu

Microsoft Excel 16
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4. Tulusunsugmiumssadauuuiuiule - bench blasting Tusunsuse
msdmaniszusaaiusans  Alfmwnsofilillsnudime print wihaaves

Tusunsusanmne printer be

6.2.1 MIA1SalayannIN

sUtnauluming 54 fawdf 60 (JUR 22 fapuf 34) uameRed

oy '&: l&‘ &
innguweenauiaieed  AludlueauveITURLLINY n’uﬁﬂawawwmﬂﬁw s
AU ULARINRANWT aRgeFULLuMINAEANH uasfitumougaruuanisls

Tdsunsu

Method

3Uf 22 wdhaed iy startup form w84 Blast Modelling
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_ BLAST MODELLING

New general spherical pulse
Blasting
Exit

FUA 23 unLuus MY start up form

va3lusunsa Blast Modelling

Blasting
Exit

P ” [
TN 24 Eﬂunuvmt.ﬁan’é‘mmuwm §INTU startup form
Y
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Paricie Displacement

JUfN 25 vanwfiilu defautt #7193 conventional spherical pulse

(ilawen dependent variables (isuny OT

3U% 26 @iy detault #1mTU conventional spherical pulse

ARIDINYIMIAUI MLRZRINRAANIT W
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Conventional spherical pulse {1 graph]

JUf 27 emwiily default §1m3u conventional pulse

(iJanen dependent variables AiBURY real time

untitied bap

™~

e o e e
2E-05 JE-05 4E-9% 5E-05 &E-05 TE-05 BE-05 9E-05

3UN 28 e wiiilu default 13U conventional spherical pulse
~ (real time) MAIIMIINITAIUITAUREFINRBANTIN
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= untitled. bmp

‘Puticim D
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1.28
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5. R85

2.4B-05

[:]

JU 30 samwiiu default 1M new general spherical

pulse (DT) #RIMNINITEIUIN UszFInaaanT v
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‘ ‘Ne‘w‘ general éphcrical pulse |1 graph]

Eﬂﬁ 31 amwiiilu default 13U new general spherical pulse

1iJan1en dependent variables \8URY real time

Pasticle Displacement
2. 0BE-04

1. TE-0%

1.38-0%

§.98-05

&.88-05

3.3E-0S

[

time
ZE-08  JB-05 ~ 4E-05 SE-G5  EH-05 IE-05 OB-G5  SE-05  1E-04

Eﬁﬁ 32 aamwiiu default #M3U new general spherical pulse
(real time) BRIMNMIMITA WIS FINREANTIN
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3U7 33 amwidsingiilwuy il default 4849 bench blasting

Y

]
il

7Uf1 34 2an il default §1Iun1Id Utk bench blasting
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NIEITANITHRANTINURAY mmé’uﬁufa’m%’uﬂﬁummaumnmi

suifaliuiintuanifiad99ne default (awdayadumin 61-62) aanidu 4 ga

lwFasmaimsiiensiedunsinauainmesade §dayad (input) A

° o 5 o o . ¥ ar &
fvualiiniiauiuniaves conventional method NUWBY new general method a3da U

P, = constant (detonation) pressure = 10,000 psi.
n = constant of first exponential pulse = 0.25
m = constant of second exponential pulse = ©0
a = radius of blasthcle = 1 in.
r = . radial distance from center of blasthole = 1, 2, 4, 6 in.
E = Young's modulus = 4x10° psi.
8.G. = specific gravity = 2.65
V = Poisson’s ratio = 0.25
- U199 oscil lati

T = oscillatory function with having increment = 90° (last 540°)

s = step of calulation = 1°

lasttime = 1x10% sec.

step = 1x 107° sec.
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ﬂ) BT

gﬂﬁj 35 (Wil 63) ﬁagﬂﬁ? 42 (with 66) Wunsusasfiansh
n  execute  lUTUNTY  WRTWRAANTIWIZWINA1YBY  dependent  variables
[displacement, particle velocily, particle acceleration, radial - strain, radial stress,
tangential slrain, tangential stress, dilatation] AuaIrad OT Taeld solution was

Duvall

gﬂﬁ 43 (wif1 67) flagdft 50 (Wil 70) Wunmusasay

FuWusvas6n dependent variables NudAtLas 1981 lawld solution 284 Duvall

Eﬁﬁ 51 (wihf 71) DagUf 58 (wihfl 74) Wlunmwusainn

FUWUTUBI67 dependent variables fuAUes T lauld solution 4as Rinehart

gﬁﬁ?ﬁ 59 (i 75) ﬁagﬂﬁ 66 (win 78) ilunsvuassanu -

FuUNuSU8A" dependent variables fud1was 1281 lauld solution Y89 Rinehart



PARTICLE DISPLACEMENT , x 10e-3

PARTICLE VELOCITY , inch/sec
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PARTICLE ACCELERATION ,

RADIAL STRAIN , x 108-3
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RADIAL STRESS , x 10e3 psi

TANGENTIAL STRAIN , x 10e-3

2.00

0.00

-2.00

- -4.00

-6.00

-8.00

-10.00
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PARTICLE DISPLACEMENT , x 10e-4

PARTICLE VELOCITY , inch/sec

120.00
100.00
80.00

60.00

inch

40.00

20.00

0.00

-20.00
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100

TIME , x 10e-6 sec

gﬂﬁ 43 aMUTUWUTIZWING particle displacement

Ay time lun3dluas conventional method
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'Lun'srﬁmaa conventional method



PARTICLE ACCELERATION ,

RADIAL STRAIN , x 10e-3
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RADIAL STRESS , x 10e3 psi

TANGENTIAL STRAIN , x 10e-3

35.00
30.00

25.00

20.00

15.00
10.00
5.00
0.00

- -5.00

-16.00

-60-

0~ __A0—r8083 60 70 80 90 100

© TIME , x 10e-6 sec
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Tunsdiluas conventional method
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TANGENTIAL STRESS | x 10e3 psi

DILATATION , % 10e-3
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PARTICLE DISPLACEMENT , x10e-3

PARTICLE VELOCITY , inch/sec/sec

inch
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RADIAL STRESS , x 10e3 psi

TANGENTIAL STRAIN , x 10e-3
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PARTICLE DISPLACEMENT , x 10e-3
inch

PARTICLE VELOCITY , x 10e3
inch/sec
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Eﬂﬁ 59 ANURNWUIITZWING particle displacement

AU time un3diuas new general method
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PARTICLE ACCELERATIO
% 10e9 inch/sec/sec

RADIAL STRAIN , x 10e-3
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TIME , x 10e-6 sec

gﬂﬁ 61 AMUFUNUTIENING particle acceleration

v time lunydivas new general method

TIME , x 10e-6 sec

JUN 62 aMuFuRuSIENIe radial strain U time

lunsdivas new general method



RADIAL STRESS , x 10e3 psi

TANGENTIAL STRAIN , x 10e-3

-77-

40.00

35.00
30.00 \

25.00 \
\T

20.00 ,
\

15.00

10.00

5.00
0.00
-5.00

7 80 g0 100

-10.00

-15.00

2.00

TIME , x 10e-6 sec

JUT 63 ANURUAUTIEWIN radial stress 11U time

lunstiues new general method
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TANGENTIAL STRESS , x 10e3 psi

DILATATION , x 10e3

25.00

20.00

15.00

10.00

5.00

0.00

5.00 -

-10.00

10.00

8.00

6.00

4.00

2.00

0.00

-2.00

-4.00

-78-

I
$ i‘ i b
! ! i i
| | | |
] ! . |
o ]
T T
1 ] v ]
\ 5 ? ; !
| ‘v | T i
5@ ﬁp 70 80 90 100
- - - f i ]
| i - )
f | l ,
! 1 |
TIME , x 10e-6 sec
Eﬁﬁ 65 PIMUFUNUTTEWING tangential stress
AU time lwnsdivas new general method
E i 5 |
AN | | |
i ‘L ] |
\\ | |
| |
r = Ba E |
j :
! !
| |
ro= 4 &
| .
? |
! ! 1 ?
=P G g 2 & S % S =
J ! . =
f = Qa } 1 | i
! 'r % 1 |

TIWMIE , x 10e-6 sec

3171 66 aTUFUNUIT=NIS dilatation NU time

lunsdilzas new general method



~7G-

6.3 Source codes maa’fﬂmnm BMODEL

Tuniinft 80 §¢ 97 flu source codes waslusunsudidsudianiun®
#1v5ultsunsy BMODEL

. Fa . . o i

Source codes filel print wikdu FmdAlslumsdwimnidana file .DLL

#WmTU source codes dmviniluzUuuudn mvaziuy MILFAINRANT LA
p1aun gaulanzg lanssamnidansluuduldsunsaes §3301016 print 1013

s

=l 1 ﬂ' [:] = ﬂ%’
TURsLBuaUaY source codes WaRz lUTUATUA T lUNITAIWITE Taath

1. File XXXX.C I¢ print tNau&®9 source codes Lidaudwninf 80

2. File XPLOWT1P.C ld print LNaua®4 source codes Miauaniing

83 Hamiaf 86

3. File XPLOPS1P.C '|& print LABL&® source codes Wenauaming

87 Samihfi 89

]
st

4. File XPLODE1P.C lo print \1fNau&ad source codes LIasudniing

1
a“

90 DInYNR 93

5. File BBLAST.C l#WuW source codes laasudning 94 fantind
a7



FAS v v e i
Calculate "potential/displacement/velocity/acceleration/

radial strain/tangential strain/radial stress/tangential stress/
dilatation® of rock particle near EXPLOSION

with varying poison ratio.

-80-

FILE XXXX.C

COMPARE WITH EQUATIONS

#include<windows.h>

-alpha.t -beta.t
P = Po.{e - )
alpha = n w/sgrt(2)
beta = m w/sgrt{2)
input :-
Po = p0
n = n
m {INFINITY) x=0,m=any
m x=1,m=m
omega*torgue ,degree = wt
CAVITY RADIUS, in = a
DISTANCE FROM CENTER OF CAVITY,in = I
YOUNG'S MODULUS, psi = young
POISSON''S RATIO = poisson
SPECIFIC GRAVITY = 8g
output =:-

DISPLACEMENT POTENTIAL
PARTICLE DISPLACEMENT
PARTICLE VELOCITY

f

il

PARTICLE ACCELERATION =

RADIAL STRAIN ="

TANGENTIAL STRAIN =
RADIAT, STRESS =
TANGENTIAL STRESS =

DILATATION

*/

#include<math. hs

#include <stdio.h>

#includexxxx.h"

fee
u in

= v in/sec

acc in/sg.sec
radstrn
tanstrn
radstrs psi
tanstrs psi
dil

int FAR PASCAL _export LibMain( HANDLE hInstance,WORD wDataSeg,

}

}

if (wHeapSize>0) UnlockData(

return

1;

WORD wHeapSize,LPSTR lpszCmdLine) {
0); return 1;

int FAR PASCAL _export WEP( int nParam) {



#define
#define sqgr(x)
#define e(x)

#define arctan(x)

pi
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(M_PI) -
((x)*(x}))
exp (x)

atan{(x))

void FAR PASCAL _export XxxxX
(double p0,double n,double x,double m,
double wt,double a, double r,

cbl
sb2
cb2

[

[

]

double

double

double
double
double
double

M

loe density */
Lame's Constant */
mue */
alfal */
omegal */
torque ) */

young, double poisson,double sg,

FAR *potential,double FAR *displacement,

*yelocity,double FAR *acceleration,
FAR *RadStrain,double FAR
*RadStress,double FAR *TanStress,
FAR *dilatation

*TanStrain,

cos{ omegal*torqgue - betal ) */
/* cos( omegal*torque - beta2 ) */
/* sin( omegal*torque - betal ) */
/* sin( omegaO*torque -~ beta2 )} */

sgrt (sgr (omegal) +
a*P0/1/r/ (sgr (omegal) +

sqrt (sqgr (omegal) +
a*P0/1/r/ (sqr (omegal) +

sqgr {n*omegal-alfal
sqr {(n*omegal-alfal
sgr (m*omegal-alfal

1)
)
1)
sqr (m*omegal-alfal))

exp (-n*omegal*torque/sqrt (2) ) */
exp (-m*omegal*torque/sgrt (2)) */
/* exp(-alfal*torque) */

sg*1000.0/9.81/0.454*sqr(sqr (0.3048/12.0)) ;
poisson*young/{(1l.0+poisson) /(1.0-2.0*poisson);
young/2.0/{1.0+poisson) ;

sgrt{ (lame+2.0*mue) /1) ;

c*{(1.0-2.0%*poisson) /a/(1.0-poisson);
c*sgre(1.0-2.0*poisson) /a/{(1.0-poisson);
(r-a)/c;

(a0-n*w0) /w0 );
(a0-m*wQ) /wl );

double 1; /*
double lame; /*
double mue; /*
double ¢;

double al; /*
‘double w0; VA
double t; /*
double betal,betal;
double cbil; /*
double cb2;

double sbi;

double sb2;

double rtwl; /*
double scalel; /*
double rtw2; /*
double scale2; [/*
double ewtl; /*
double ewt2; /*
double eat;

double rt2=sqrt(2.0);
1 =

lame =

mue =

C =

a0 =

w0 =

// t = time -
t=wt/wl*pi/180.0;
betal = atan(

beta2 = atanf

sbl = sin(w0*t-betal);

cos (wO*t-betal);
sin(w0*t-beta2) ;
cos {(w0*t -beta2);

*/
*/

*/
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rewl= sqrt{sgr{wld) + sgr(n*wl-ald)):
scalel= a*p0/1/r/(sqr(w0) + sqr(n*w0-a0));
rew2=  sgrti{sgr(wl) + sgr(m*w0-a0));
scale2= a*p0/1/r/ (sqr{wd) + sqr (m*w0-a0) ) ;

ewtl= exp(-n*wl*t/rv2};
ewt2= exp(-m*wi*t/rt2)

eat = exp(-al*t);

*potential = scalel*( -ewtl + rtwl/wQ*eat*cbi );
if {x!=0.0) *potential -=
scale2* ( -ewt2 + rtw2/wlreat*cb2 );

*displacement = scalel*{ (1.0/r-n*w0/rt2/c)*ewtl +
rtwl/wl *eat * {({al/c-1.0/r) *cbi+wl/c¥*sbl) ) ;
if (x!=0.0) *displacement -=scale2* ((1.0/r-m*w0/rt2/c)*ewt2 +
rtw2/w0 *eat * ((al0/c-1.0/r)*cb2+w0/c*sb2)) ;-

*veloclty = scalel*( n*wl/rt2* (n*w0/rt2/c-1.0/r) *éwt 1
rewi*eat * { (w0/c-al*al/c/w0+al/xr/w0) *cbl
(2.0/r-2.0%a0/c) *sbl));

if(x!=0.0) =*velocity -=
scalez* ( m*w0/rt2* (m*wd/rt2/c-1.0/1r) *ewt2 +
rtw2veat * ( (wO/c-al*al/c/wl+al/r/wl) *ch2
{1.0/r-2.0%a0/c)*ch2) ) ; '

+ o+

+

*acceleration= scalel*( sgr(n*w0/rt2)*(1.0/r-n*w0/rt2) *ewtl +

rtwl*eat * { (a0¥al0%*al/c/wl -3.0%*a0*wl/c
+w0/r -a0*a0/r/wd) *chl +
(3.0*al0*al/c -w0*wl/c -2.0%a0/r) *sbl)) ;

if(x!=0.0) *acceleration -=scale2*( sqr(m*w0/rt2)* (1.0/r-m*wl/rt2) *ewt2 +
rtw2*eat * ( (a0*a0*ald/c/w0 -3.0*a0*w0/c
+wl/r -al*al/r/wld)*ch2 +
(3.0%a0*al/c -wl*wl/c -2.0%a0/r)*sb2)) ;

*RadStrain= scalel*( (rt2*n*w0/r/c -2.0/r/r -n*n*w0*w0/2.0/c/c) *ewtl +
rtwl*eat* ( ((a0*al0-w0*w0)/c/c/w0 +2.0/r/r/wo
-2.0*al/r/c/w0) *cbl +(2.0*%a0/c/c -2.0/r/c)*sbl) ),

if(x!=0.0) *RadStrain -=scale2*( (re2*m*wl/r/c -2.0/v/r
-nrmrwlrwl/2.0/c/c) *ewt2 +rtwlreat®
{ ((a0*al0-w0*w0) /c/c/w0 +2.0/r/r/wl -2.0%*a0/r/c/wi) *ch2 +
(2.0%a0/c/c -2.0/r/c)*sb2)};

*TanStrain=*displacement /r;

*dilatation= scalel=* | -n*n*wl*w0/2.0/c/crewtl  +

rewl*eat/c/o* | (a0*a0/wl0-w0)*cbl + 2.0*a0*shl Y
if({x!1=0.0) *dilatation -=scale2*( ~-m*mrwlrwl/2.0/c/crawtl  +
rew2*eat/c/c* ( (a0*a0/wl-w0) *cb2 + 2.0*%a0%*sb2 ));

*RadStress:mue*(*dilataticn)+2,0*mue*(*RadStrain);
*TanStress:mue*(*dilatation)+2,U*mue*(*TanStrain);

}
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FILE XPLOWT1P.C

/*xplowtlp.cC

Calculate "potential/displacement/velocity/acceleration/
radial strain/tangential strain/radial stress/tangential stress
/dilatation" of rock particle near EXPLOSION using

WILBUR I. DUVALL's model.

modified from explodelp.c

input omega*torque instead of time

COMPARE WITH EQUATIONS

-alpha.t -beta.t
P = Po.{e -e )
alpha = n w/sqgrt{2)
beta = m w/sqrt(2)
input :-
Po = p0
n =n
m {INFINITY) x=0,m=any .
m X=1,m=
omega*torque ,degree = wt
CAVITY RADIUS, in = a
DISTANCE FROM CENTER OF CAVITY, in =r
YOUNG'S MODULUS, psi = e
POISSON''S RATIO = poisson
SPECIFIC GRAVITY = 89
output :-
DISPLACEMENT POTENTIAL = fee
PARTICLE DISPLACEMENT = u in
PARTICLE VELOCITY = v in/sec
PARTICLE ACCELERATION = acc in/sg.sec
RADIAL STRAIN = radstrn
TANGENTIAL STRAIN = tanstrn
RADIAL STRESS = radstrs psi
TANGENTIAL STRESS = tanstrs psi
DILATATION = dil
create Mon Mar 27, 19%4
programmer - Damrong Guoy
*/

#include<windows.h>
#include<math.h>
#include <stdio.h>
#include"xplowtlp.h”

int FAR PASCAL _export LibMain( HANDLE hInstance,WORD wDataSeg,

WORD wHeapSize,LPSTR lpszCmdLine) {

if (wHeapSize>0) UnlockData(0); return 1;
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int FAR PASCAL _export WEP{ int nParam) {

return 1;
}
#define pi {M_PI)
#define sqgr(x) {(x)*{x))

#define arctan(x) atan{(x))

void FAR PASCAL _export xplowtlp
(double p0,double n,double x,double m,
double wt,double a, double r,

double e, double poisson,double sg,

double FAR *potential,double FAR *displacement,
double FAR *velocity,double FAR *acceleration,
double FAR *RadStrain,double FAR *TanStrain,
double FAR *RadStress,double FAR *TanStress,
double FAR *dilatation
X

double p,alfa,betha,c,mue, loe,omega,tor,thetal, theta2, theta3l,

fee,u,v,acc,radstrn, tanstrn, radstrs, tanstrs,dil, epsl;

BOCL super; /* I think this wvariable is not used
unsigned char i: /* I think this variable is not used
char ch; /* I think this wvariable is not used

/*1.input f£rom parameter passing */
/* preliminary prepare some temp. var */
#define eomtrt2{azaa) exp(-{(double) (aaa))*omega*tor/rt2)

double nz2,m2, rt2,rt3, rt2rt32nn2,rt2re32mm2, w,zl,22,23;
double ar,ar2; :

/*2.begin L4
loe=sg*1000.0/9.81/0.454%sqr (sqr{0.3048/12.0} ) ;
mue=e/2.0/(1.0+poisson) ;

c=sqrt (3.0*mue/loe) ;
omega=2.0*sqgrt(2.0)*c/3.0/a;

/* change from tor=t-{r-a)/c;*/
tor = wt/omega*pi/180.0;
alfa=n*omega/sgrt (2.0);

if (n==1.0)
thetal=pi/2.0;
else

thetal=arctan(sqrz (2.0)/{1.0-n)};
thetal3=arctani{sgrt{2.0)};
if (x==1.0) {

betha=m*omega/sqgr (2.0} ;

if (m==1.0)
thetal=pi/2.0;
else
- thetalZ=arctan(sqgrt (2.0} /{1.0-m) )} ;
}
elsel /* add by Damrong * /

betha=0.0;
thetaZ2=0.0;

*/
*/
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/* make life easier */

n2 = n*n; m2 = m*m;

rt2 = sqrt(2.0); rt3 = sqrt(3.0);

rt2rt32nn2 = rt2*sgrt(3.0-2.0*n+n*n);
rt2rt32mm2 = rt2*sgre(3.0-2.0%*m+m*m) ;
w=omega; zl=thetal; z2 = theta2; z3 = theta3l;
ar = a/r; ar2=ar*ar;

/* start */

fee=a*p0/loe/r/(sqr(omega/sqrt (2.0) -alfa) +sqr (omega) ) *
(-exp(-alfa*tor) +exp (-omega*tor/sqrt (2.0))*
((1.0/sqgrt(2)-alfa/omega) *sin (omega*tor) +cos (omega*tor) ) )
+{ x==0.07? 0.0:a*p0/loe/r/ (sqr (omega/sqrt (2.0) -betha) +sqr (omega) ) *
{exp (-betha*tor) -exp (-omega*tor/sqrt {2.0) ) *
((1.0/sqrt(2)—betha/omega)*sin(omega*tor)+cos(omega*tor))));

u=9.o*a*p0*a/4.0/loe/c/c/r*((a/r-2.0*n/3.0)*exp(-n*omega*tor/sqrt(2.0))
/(3.0—2.0*n+n*n)-x*(a/r—2.0*m/3.0)*exp(—m*omega*tor/sqrt(2.0))

/(3.0-2.0*m+m*m) -~exp (-omega*tor/sgrt (2.0)) /rt2rt32nn2*

{(a*sin (omega*tor+thetal) /r

-2.0/sgrt (3.0) *sin{omega*tor+thetal-theta3))

-x*exp (-omega*tor/sqrt (2.0)) /rt2rt32mm2* (a*sin (omega*tor+thetaz) /r

-2.0/8grt (3.0) *sin(omega*tor+theta2-theta3))) ;
v=3.0*p0/2.0/loe/c*a/r* (-n*(a/r-2.0*n/3.0) *exp (-n*omega*tor/sqgrt (2.0))

/(3.0-2.0*n+n*n) +x*m* (a/r-2.0*m/3.0) *exp (-m*omega*tor/sqrt (2.0))

/(3.0-2.0*m+m*m) +exp (-omega*tor/sqgrt{2.0)) /rt2rt32nn2>

(sgqrt(3.0)*a/r*sin{omega*tor+thetal-theta3s)

-2.0*sin(omega*tor+thetal-2.0*thetal))

+x*exp (-omega*tor/sqrt (2.0)) /rt2rt32mm2* (sqrt (3.0) *a/r*sin (omega*tor+

theta2-theta3)-2.0*sin (omega*tor+theta2-2.0*theta3)));

acc=p0/loe/a * a/r *

(n2z * (a/r-2.0%*n/3) * eomtrt2(n) / (3.0-2.0*n+n2)

-(x==0.0 2 0.0 : m2 * (a/r-2.0*m/3.0) * eomtrt2(m)/(3.0-2.0*m+m2))
- eomtrt2(1.0)/rt2rt32nn2*

(3.0*a/r* sin(w*tor+zl-2.0%z3)

- 2.0*rt3* sin(wrtor+zl-3.0%*z3)

)

+ (x==0.0 ? 0.0 : eomtrt2(1.0)/rt2rc32mm2*

(3.0*a/r* sin{w*tor+z2-2.0%z3)

- 2.0*rt3* gin(w*tor+z2-3.0%23)))});

radstrn=9.0/4.0*p0/loe/c/c*ar*

(- { 2.0*%ar2 - 4.0*n/3.0%ar + 4.0*n2/9.0 ) * eomtrt2(n)
(3.0-2.0*n+n2)
(x==0720.0: ( 2.0*ar2 - 4.0*m/3.0%ar + 4.0*m2/9.0 )
eomtrt2{(m) / (3.0-2.0*m+m2))
eomtrt2(1.0) / rt2rt32nn2 =*
2.0*ar2*  sin(w*tor+zl)
4_0*rt3/3.0%ar* sin(w*tor+zl-2z3)
4.0/3.0* sin{w*tor+z1-2.0%23))
(x==0.07?0.0: eomtrt2(1.0) / rt2rt32mm2 *
2.0*ar2* sin{w*tor+z2)
4.0*rt3/3.0%ar* sin{w*tor+z2-2z3)
+ 4.0/3.0* sin(w*tor+z2-2.0%2z3))));

[P R T R |

+

—
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tanstrn=u/r;
dil=pl/loe/c/crar*
{-n2*eomtrt2(n)/(3.0-2.0%n+n*n)
+ {%==0.070.0 : m2%eomtrt2(m)/(3.0-2.0*m+m*m) )
+ 3.0%eomtrt2(1.0)/re2rt32nn2 * sin{w*tor+ 21-2.0%z3)
- (x%==0.070.0: 3.0%eomtrt2(1.0)/rt2rt32mm2 * gin(w*tor+ z2-2.0%2z3)
radstrs=mue*dil+2.0*muerradstyn;
ranstrs=rmue*dil+2.0*mue*tanstrn;

/*3.ocutput*/

*potential = fee;

*displacement = Uj

*yelocity = V;

*gcceleration = accy

*RadStrain = radstrn;

*TanStrain = tanstrn;

*RadStress = radstrs;

*TanStress = tanstrs;

*dilatation = dil; B

| B



-87-

FILE XPLOPS1P.C

/*xplopsip.c

Calculate "potential/digplacement/velocity/acceleration/

radial strain/tangential strain/radial stress/tangential stress/
dilatation" of rock particle near EXPLOSION

with varying poison ratio.

COMPARE WITH EQUATIONS
~alpha.t -beta.t

P = Po. (e -e )
alpha = n w/sqgrt(2)
beta = m w/sqgrt(2)
input :-
Po : ' = p0
n =n
m (INFINITY) x=0,m=any -
m X=1,m=m
TIME, sec = time
CAVITY RADIUS,in = a
DISTANCE FROM CENTER OF CAVITY,in = r
YOUNG'S MODULUS, psi = young
POISSON''S RATIO = poisson
SPECIFIC GRAVITY = Sg
output :-
DISPLACEMENT POTENTIAL = fee
PARTICLE DISPLACEMENT = u in

PARTICLE VELOCITY = v in/sec
PARTICLE ACCELERATION acc in/sqg.sec

]

RADTIAL STRAIN =" radstrn
TANGENTIAL STRAIN = tanstrn
RADIAL STRESS = radstrs psi
TANGENTIAL STRESS = tanstrs psi
DILATATION = dil

#include<windows.h>
#include<math.h>
#include <stdio.h>
#include"xplopsip.h”

int FAR PASCAL _export LibMain( HANDLE hInstance,WORD wDataSeg,
WORD wHeapSize,LPSTR lpszCmdLine) {
if (wHeapSize>0) UnlockData({0); return 1;

}

int FAR PASCAL export WEP( int nParam) {
return 1;
}



#define pi
#define sqgr(x)
#define e{x)
#define arctan(x)

=88 -

(M_PI)
({x) = {x))
exp {x)
atan{(x)}

void FAR PASCAL _export xplopslp
(double p0,double n,double x,double m,

double 1;

double
double

double

double
double
double
double

)

double lame;

double mue;
double ¢
double al;
double wi0;
double t;

time,double a,

double r,

young, double poisson,double sg,

FAR

FAR
FAR
FAR

FAR *dilatation

/*
/10:
/*

/«»‘c
/ak
/w

double betal,betaz;

double cbi;

double c¢bhz;

double sbil

double sb2;

/s\-

loe density
Lame's Constant
mue

alfal
omegal
corgue

*potential,double FAR *displacement

*/
*/
*/

*/
*/
*/

’

*velocity,double FAR *acceleration,
*RadStrain,double FAR *TanStrain,
*RadStress,double FAR *TanStress,

cos{ omegal*torque - betal )} */

/* cos{ omegal*torque - beta2 ) */

: /* sin{ omegal*torgue - betal ) */
/* sin( omegalO*torgque - beta2 ) ¥/

7

double rtwl; J* sgrt {sgr (omegal) + sqgr{n*omegal-alfal))
double scalel; /* a*P0/1l/r/(sqgr(omegal) + sqgr{n*omegal-alfal))
double rtw2; . /* sqrt (sgr (omegal) + sgr{m*omegal-alfald))
double scale2; /* a*P0/1/xr/(sqgr(omegal) + sgr{m*omegal-alfal))
double ewtl; /* exp{-n*omegal*torque/sqgrt(2)) */
double ewt2; /* exp(-m*omegal*torque/sqgrt(2)) w /
double eat; /* exp(-alfab*torgue) * /

double rt2=sgrt{2.0);

1 = 8g*1000.0/9.81/0.454*sqgr(sqgr(0.3048/12.0));

lame = polsson*young/{1l.0+poisson)/(1.0-2.0*poisson);

mue = young/2.0/(1l.0+poisson);

c = sgrt{{lame+2.0*mue) /1) ;

a0 = c*(1.0-2.0*poisson) /a/(1.0-poisson);

wl = cr*ggrt (1.0-2.0*poisson) /a/(1.0-poisson) ;

£t = time - (r-a)/c:

betal = atan({ (al-n*wl) /w0 );

tetaz = atan

{al-m*w0) /w0 );

sbl = sin{(w0*t-betal);
cbl = cos{wO*t-betal):
sb2 = gin{wl0*t-beta2};
cb2 = cos{wl*t-beta2):

*/

=/
=/
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rtwl= sqgrt (sqgr(wl) + sgri(n*w0-al));
scalel= a*p0/1/r/{sqgr(w0) + sgr(n*w0-al));
rtw2= sgrtisgr{wld) + sqgr{m*w0-a0));
gcale2= a*p0/l/r/(sqgr(wl0} + sqgr{m*w(-al));

ewtl= exp(-n*wl*t/rt2);
ewt2= exp(-m*w0*t/rt2);

eat = exp(-al*t);

*potential = scalel*( -ewtl + rtwl/wO*eat*cbl );
if (x1!=0.0) *potential -=
scale2* ( -ewt2 + rtw2/wl*eat*cb2 ):

*displacement = scalel*( (1.0/r-n*wQ/rt2/c)*ewtl +
rtwl/wl *eat * ((a0/c-1.0/r)*cbl+w0/c*sbl));
if (x!{=0.0) =*displacement -=scale2* ((1.0/r-m*w0/rt2/c)*ewt2 +
rtw2/wl *eat * ({a0/c-1.0/r)*cb2+wl/c*sb2));

*velocity = scalel*{ n*w0/rt2* (n*wl/rt2/c-1.0/r)*ewtl +
rtwi*eat * ( {w0/c-a0*a0/c/w0+al/r/wl)*cbl +
{1.0/r-2.0%a0/c)*sbl)); .

if(x1=0.0) *velocity -=
scale2* ( m*wl/rt2* (m*wd/rt2/c-1.0/r) *ewt2 +
rtw2*eat * ( (w0/c-al0*a0/c/w0+ald/r/wl)*cb2 +

{1.0/r-2.0%a0/c)*sb2));

*acceleration= scalel*({ sqr{n*w0/rt2)*{1.0/r-n*wl/rt2) *ewtl +
rtwl*eat * ( (a0*al0*a0/c/w0 -3.0*al0*w0/c
+w0/r ~a0*al0/r/w0)*cbl +
(3.0*a0*a0/c -w0*w0/c -2.0%*a0/r)*sbl));
if(x!=0.0) *acceleration -=scale2*{ sqgr(m*w0/rt2)*(1.0/r-m*wl0/rt2)*ewt2 +
rtw2*eat * ( (a0*al0*al0/c/w0 -3.0*a0*wl/c
+w0/r -al0*a0/r/wl)*cb2 +
(3.0%a0*a0/c -w0*w0/c -2.0%al/r)*sb2));

*RadStrain= scalel*( (rt2*n*w0/r/c -2.0/r/r -n*n*wl*w0/2.0/c/c)*ewtl +
rtwl*eat* ( ({a0*a0-w0*w0)/c/c/wl +2.0/xr/r/wl
~2.0*a0/r/c/w0)*cbl +(2.0*al0/c/c -2.0/r/c)*sbi));

if(x!=0.0) *RadStrain -=scale2*( (rt2*m*wl/r/c -2.0/r/r
-m*m*w0*w0/2.0/c/c) *ewt2 +rtwl*eat*

( {(a0*al0-w0*w0)/c/c/w0 +2.0/r/r/w0 -2.0*a0/r/c/wl)*cb2 +
(2.0%*a0/c/c -2.0/r/c)*sb2));

*TanStrain=*displacement/r;

*dilatation= gcalel*({ -n*n*wl*w0/2.0/c/c*ewtl +

rtwl*eat/c/c* (  (a0*al/w0-w0)*cbl + 2.0%al*sbl ));
if{x1=0.0) *dilatation -=scale2*( -m*m*w0*w0/2.0/c/c*ewt2 +
rtw2*eat/c/c* ( (a0*a0/w0-wl)*cb2 + 2.0%al*sb2 ));

*RadStress=mue* (*dilatation) +2.0*mue* (*RadStrain);
*TanStress=mue* (*dilatation)+2.0*mue* (*TanStrain) ;

}
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FILE XPLODE1P.C

/*xplodelp.c

Calculate "potential/displacement/velocity/acceleration/

radial strain/tangential strain/radial stress/tangential stress/
dilatation” of rock particle near EXPLOSION using

WILBUR I. DUVALL's model.

modified from MN7l:explos.pas

COMPARE WITH EQUATIONS

-alpha.t -beta.t
P = Po. (e -e y
alpha = n w/sqgrt(2)
beta = m w/sgrt(2)
input :-
Po = p0 )
o
m {INFINITY) X=0, m=any
m X=1,m=m
TIME, sec = U
CAVITY RADIUS,in = a
DISTANCE FROM CENTER OF CAVITY,in = T
YOUNG'S MODULUS,psi = e
POISSCN''S RATIO = poisson
SPECIFIC GRAVITY = Sg
output :-
DISPLACEMENT POTENTIAL = fee
PARTICLE DISPLACEMENT = u in
PARTICLE VELOCITY = v in/sec
PARTICLE ACCELERATION = acc in/sqg.sec
RADIAL STRAIN = radstrn
TANGENTIAL STRAIN = tanstrn
RADIAL STRESS = radstrs psi
TANGENTIAL STRESS = tanstrs psi
DILATATION = dil
create Mon Mar 14, 1994
programmer Damrong Guoy
note

After I modified the original PASCAL program to C function
and compiled sourcecode, there are warning :-

- declared but never used variable : ch, 1, super, eps0, and p
- be assigned a wvalue that is never used : betha

*/

#include<windows.h>
#include<math.h>
#include <stdio.h>
#include*xplodelp.h”
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int FAR PASCAL _export LibMain(HANDLE hInstance,WORD wDataSeg,

WORD wHeapSize,LPSTR lpszCmdLine) {

if (wHeapSizex>0) UnlockData(0); return 1;

}

int FAR PASCAL _export WEP( int nParam)

return 1;
}
#define pi (M_PI)
#define  sqgrix) ((x)*(x))

#define arctan{x) atan{(x))

void FAR PASCAL _export xplodelp
(double p0,double n,double x,double m,
double t,double a, double r,
double e, double poisson,double sg,

double FAR *potential,double FAR *displacement,
double FAR *velocity,double FAR *acceleration,
double FAR *RadStrain,double FAR *TanStrain,
double FAR *RadStress,double FAR *TanStress,
double FAR *dilatation
) { :

double p,alfa,betha,c,mue, loe,omega,tor,thetal,theta2, theta3s,

fee,u,v,acc,radstrn, tanstrn,radstrs, tanstrs,dil, eps0;

" BOOL super; /* I think this variable is not used
unsigned char i; /* I think this wvariable is not used

char ch; /* I think this variable is not used

/*1.inputfrom parameter passing */
/* preliminary prepare some temp. var */
#define eomtrt2(aaa) -exp(-((double) (aaa))*omega*tor/rt2)

double n2,m2, rt2,rt3, rt2rt32nn2,rt2rt32mm2, w,zl,z2,2z3;
double ar,ar2;

/*2 .begin */
loe=s8g*1000.0/9.81/0.454*sqgr(sqr{0.3048/12.0));
mue=e/2.0/(1.0+poisson);

c=sgrt (3.0*mue/loe) ;

omega=2.0*sgrt (2.0)*c/3.0/a;

tor=t- (r-a)/c;

alfa=n*omega/sqgrt (2.0);

if (n==1.0)
thetal=pi/2.0;
else

thetal=arctan(sqrt(2.0)/(1.0-n));
thetal3=arctan(sqrt(2.0));
if (x==1.0) {
betha=m*omega/sgrt(2.0) ;
if (m==1.0)
theta2=pi/2.0;
else
theta2=arctan{sqrt(2.0)/{(1.0-m));

*/
*/
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elsef /* add by Damrong */
betha=0.0;
theta2=0.0;

}

/* make life easier %/

n2 = n*n; m2 = m*m;

ri2 = sgre(2.0); re3 = sqrt(3.0);

re2rt32nn2 re2*sgre (3.0-2.0%n+n*n) ;
rt2ri32mm2 re2*sqre (3.0-2. 0%Fmem*m) ;
w=omega; zl=thetal; z2 = theta2; z3 = thetal;
ar = a/r; ar2=arrar;

i

/* start */
feexa*po/loe/r/(sqr(omega/sqrt(2.0)«alfa)+sqr(omega))*(—exp(—alfa*tor)+
exp(~omega*tor/sqrt(2°0))*((loo/sqrt(z)-alfa/omega)*sin(omega*tor)+
cos (omega*tor) ) )+
{ %x==0.07 0.0:a*p0/lce/r/(sqr{omega/sqrt(2.0)-betha)+sqr (omega)}*

( exp(-betha*tor)-exp(-omega*tor/sgre(2.0))* N
{{1.0/sqgrt{2)-betha/omega) *sin (omega*tor) +cos (omega*tor))));
u=9.0*%a*pl*ra/4.0/lce/c/c/r*{{a/r-2.0*n/3.0) *exp (-n*omega*tor/sgrt (2.0))
/{3.0-2.0%n+n*n)
—x*(a/r-2.0*m/3,0)*exp(‘m*omega*tor/sqrt(2.0))/(3.0~2,0*m+m*m)
-exp (~omega*tor/sqrt (2.0)) /rt2rei2nn2* (a*sin(omega*tor+thetal) /v
-2.0/sgre {3, 0)*51n(omega*tor+thetal thetal))
~x*exp (-omega*tor/sqgrt (2.0) /rtZrtEmeZ*(a*sxn(omega*t0r+theta2)/r
-2.0/sgrt{3.0)*sin(omega*tor+theta2-thetal)));
v=3.0%p0/2.0/loe/cra/r* (-n* {a/r-2.0%n/3.0) *exp {-n*omega*ror/sqrc (2.0))
o /{3.0-2.0%n+n*n)
sx*m* (a/r-2.0*m/3.0) *exp (-m*omegar*tor/sqart (2.0)) /(3.0-2. 0*m+m*m)
+exp (~omegar*tor/sgre(2.0)) /re2rt32nn2* (sgrt (3.0) *a/r*sin{omega*tor+
thetal-theta3)-2.0%gin(omega*tor+thetal-2.0*theta3))
+x*exp{~omega*tor/sgrt{2.0) ) /rt2re32mm2* (sgrt (3.0) *a/r*sin (omega*tor+
theta2-thetal3)-2.0*sin(omega*tor+theta2-2.0*thetal3))) ;

acc=pC/loe/a * a/r *
(n2 * {(a/r-2.0*n/3) * eomtrt2{n}) / (3.0-2.0%*n+n2) ,
- {%==0.0 7 0.0 : m2 * {(a/r-2.0*m/3.0) * eomtrt2(m) / (3.0-2.0*m+m2))
-~ eomtrtZ (1.0)/rt2rt3z2nn2*
(3.0*a/r* sin{w*tor+z1-2.0%z3)- 2.0%rt3* gin(w*tor+zl-3.0%z3})
+ {%==0.0 ? 0.0 : eomtrt2{(1.0)/rt2rti2mom2~
(3.0%a/r* sin({w*tor+z2-2.0%z3)
- 2.0*rt3* sin(wrtor+z2-3.0%z3})))

radstrn=9.0/4.0*p0/loe/c/crar*
(- { 2.0%ar2 ~ 4.0*n/3.0%ar + 4.0*n2/9.0 } * eomtrt2(n)
/ {3.0-2.0%n+n2}+ (®==020.0: {( 2.0*ar2 ~ 4.0*m/3.0%ar + 4.0*m2/9.0 )
* gomtrt2{m) / (3.0-2.0%m+m2))+ eomtrt2(1.0) / rt2rt32nn2 =
{ 2.0%ar2* sin{w*tor+zl)- 4.0*rt3/3.0*ar* sin{w*tor+z1-z3)
+ 4.0/3.0”*gsin{w*tor+z1-2.0%23))
- (x==0,070.0: eomtrt2 (1.0} / rt2rt32mm2 *
(2.0*%axr2*sin(wrrtor+22)~- 4.0*rt3/3.0%ar* sin(w*tor+z2-z3)
+ 4.0/3.0% sin(w*tor+z2-2.0%23))));
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tanstrn=u/r;
dil=p0/loe/c/c*ar* (-n2*eomtrt2(n)/(3.0-2.0*n+n*n)
+ (x==0.070.0 : m2*eomtrt2(m)/(3.0-2.0*m+m*m) )
+ 3.0%eomtrt2(1.0)/rt2rt32nn2 * sin(w*tor+ z1-2.0%z3)
- {x==0.070.0: 3.0*eomtrt2(1.0)/rt2rt32mm2 * sin(w*tor+ z2-2.0*z3) ));
radstrs=mue*dil+2.0*mue*radstrn;
tanstrs=mue*dil+2.0*mue*tanstrn;

/*3.output=*/

*potential = fee;
*displacement = u;
*velocity = Vv;
*gcceleration = acc;
*RadStrain = radstrn;
-*TanStrain = tanstrn;
*RadStress = radstrs;
*TanStress = tanstrs;
*dilatation = dil;
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FILE BBLAST.C

//bblast.c
#include<conio.h>
#include<stdio.h>
#include<dos.h>
#include<windows.h>
#include<stdlib.h>
#include<math.h>
#include"bblast.h”

int FAR PASCAL _export LibMain( HANDLE hInstance,WORD wDataSeg
. WORD wHeapSize
,LPSTR lpszCmdLine) {
if (wHeapSize>0) UnlockData(0);: return 1;
} .
int FAR PASCAL _export WEP( int nParam) {
return 1;
) _

double diameter,volumeg,burden, spacing, subdrill, stemming, volumew,
tempi,depth, alldepth, number;

int row;

double minhole = 2.5; //minimur drill hole 2.5 inch

double foottometer {double foot) |
return (foot*0.3048);
}

double inchtometer (double inch) {
return {inch*0.0254);
}

double metertofoot (double meter) {
return (meter/0.3048);

Y
§

double metertoinch{double meter){
return (meter/0.0254) ;
}

double degtorad{double degree) {
recturn (degree/180%3.14159);

[

double radtodeg{double radian) {
return (radian*180/3.14159);
}

void FAR PASCAL _export bblast |
double systmv,double heightv,double facev,double widthwv,
double volumerv,double swellv,double holev,double patternv,
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double FAR *Burden,double FAR *Spacing,double FAR *Stemming,
double FAR *Subdrill,double FAR *Row,double FAR *Alldepth,
double FAR *Diameter,double FAR *Number,double FAR *Volumeg,
double FAR *Volumew , double FAR *Ccheck) {

double temp,vol,systm,heightl,widthl, facel,volumer,swell, hole,
pattern,dia, check;
int num,patt;

systm=systmv;
heightl=heightv;
facel=facev;
widthl=widthv;
volumer=volumerv;

swell=swellv;

hole=holev;

pattern=patternv;

// find diameter

patt=pattern;

temp=heightl/50;

if (systm== 1) {
temp=metertoinch (temp) ;

}

else{
temp=12*temp;

}

if (temp>hole) {
temp=hocle;

}

if (temp<minhole) {
temp=minhole;
}

dia=temp;
diameter=dia;

//find burden distance

if (systm==1) {
burden=dia;

}

else{
burden=dia;
burden=metertofoot (burden) ;

}

//find overall depth of drillhole
depth=heighti/sin(degtorad(facel));
subdrill=0.25*burden;
alldepth=depth+subdrill;

//find stemming length
stemming=1.3*burden;

//find spacing distance
switch(patt) {
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case 1:
spacing=burden;
break;
case 2:
spacing=1.15%burden;
break:;
case 3:
spacing=4*purden;
break;

}

//Eind wvolume

row=1;check=0;

tempi=widthl/spacing;

if (tempi<1) { // ERROR: TOO NARROW face width
check = 1;
goto lesstempi;

switch{patt) {
case 1: -
number=tempi*row;
break;
cagse 2:
case 3:

numbersrow/2* (2*tempi-row+l) ;
break;
}
if (systm==1) {
vol={gpacing*burden*heightl*number) ;
telsef
} vol={gspacing*burden*heightl*number/27);

while (vol<volumer) {

if (patt==2]|patt==3){
if { (tempi- (row-1))«=0){ //ERROR: TOO NARROW FACE width
check = 2; .
- goto lesstempi;
}
}
TOW++;
switch(patt) {
case 1:
number=tempi*trow;
break; '
case 2:
case 3:
number=row/2* (2*templ-row+l) ;
break:

}

if (systm==1] {
vol={(spacing*burden*heighti*number) ;

}else{

} vol={spacing*burden*heightl*number/27);



volumeg=vol;
volumew=volumeg*swell/100;

legstempi:

//resaults

*Burden = burden;
*Spacing = spacing;
*Stemming = stemming;
*Subdrill = subdrill;
*ROW = row;

*Alldepth = alldepth;
*Diameter = temp;
*Number = number;
*Volumeg = volumeg;
*Volumew = volumew;
*Ccheck = check;

}
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