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For
ANFO, K = 2.375E-7. Detonation pressures range on the order
of 9,000-27,500 MPa (9275
kbar), with temperatures from 1,900-4,150 K (3,000-7,000 °F).
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For a decoupled explosive, the borehole pressure is significantly less. If the

constant volume explosion pressures is known, the borehole pressure can be estimated
provided that the ratio y of the specific heat values cp and cv is known (y = cp/ cv)
(Persson et al. 1994). A typical value for y is on the order of 1.5.

ngg = Png

where v is the specific volume of the explosive at the indicated state. For a unit length of
the blasthole, the specific volume only depends on the diameters of the borehole and

charges dg and d, respectively.

Pg = Pg (E) ~ Pg (d—B) (A4)
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Blasting Mechanism
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Basic Prnciple of Blasting

1. Confine energy within blasthole to get efficient
fransfer into rockmass (Figure a)

n

Compressive wave tranamitted through rockmass
(Figure b)

3. Compressive wave reflected as tensile wave from
free are surface

4. Free face (or surface) could be a blast face,
ground surface, or relief hole(s).

5. Gas will penetrate the cracks to enlarge them and
heave the rock (Figure c)

J

AN NI'DTAY 2'TNN 2V YN




Blasting Mechanism
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Vs 1010 1500 1t /sec

Stemming Ejection

Prolile
2.-80 msec

Surtace Uphiting
Prolile

S |o 120 11 /sec

160%
A
j .’

\

Face

Prollle

S ln 200 1 /sec

3 - Vl
' \ \
> ‘{\Onset of MOv(m(‘l‘H
Detonation ! 5 2355 mens \
| / Head se
Al 155 2 . :
/ “ : 1 - |
- l -
Expanded '5 _:
Borehole E;
> >—41
Explosive { ~
Gases \ >
D 7
Prime
5\
\
\ \ /
3 \
\
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Rock Slope Failure Due to Rock Blasting
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Slope Stability of Vibration Analysis
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Analytical Methods: NI'OYIN NIV'Y

(vipap nain'7) n'oLVO -ITIN'OD NWA
(V70 nnan™Y) n'Nanax nwn

+ Pseudo-static Approach
(GEO Report 156 suggested method)
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- Dynamic Approach

- Energy Approach
(GEO Report 15 suggested method)
(for rock slope)




Slope Stability Analysis DVITYT NITYN

[INTA NIAY' NT'7IN
Conventional limit equilibrium methods to be used [e.g. Bishop NIN'0AN V1LPD 2IW'N

(1955), Janbu (1972), Morgensterri& Price (1965), etd] .

»  Limit equilibrium analyses assume the “Factor of Safety”
(FoS) is the same along the entire slip surface.

» If FoS is greater than unny (i.e. FoS > 1.0), the available
shear resistance will exceed the required for equilibrium;
and hence the slope will be stable with respect to sliding
along the specified slip surface as analysed.

» If FoSis less than 1.0, the slope will be unstable.

(Note: There are no “rules” for acceptable factors of safety under

seismic conditions) ZUIN'AY NNINY NIFRTA 7D ©
,07%% ,7'NynY 'k n"Ya N'N2A0I N'OTIN NT'O'OIN'A
AN NI'DTA 2'ThN 7w 1IWR K77 y'9nY
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Slope Stability Analysis

Standard slice in limit equilibrium methods (Fredlund and Krahn, 1977)
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Pseudo-static Approach

Wong & Pang, 1992 (i.e. GEO Report 15) suggested:

where:
Kc =

PPVc = Ke'g / (w-Ka)

the eritical acceleration (m/sec?) at'which the slope has
a Factor of Safety of 1.0 against failure;

the 'acceleration due to gravity (m/sec?);

the circular frequency of the ground motion (2-7r-f).

f is the frequency of ground vibration during blasting;
the magnification factor

Critical Peak particle velocity of ground mass
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Pseudo-static Approach
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« Kc - can be acquired fromsome of the geotechnical

computer programmes such as*"SLOPE/W and OASYS-
SLOPE

+ w - Ground vibration frequency of 30Hz is adopted as
recommended by Wong & Pang (1992).

National Institute of Rock Mechanics (NIRM, 2005) study,
the most common frequency of. ‘ground vibration (w)
reported for construction blasts varies from 10 to 200 Hz,
typically greater than 20Hz.




Pseudo-static Approach DYITVT NIT'TN
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« Ka - Aratio of the “maximum of the net response - e R
acceleration at the mass” to the "maximum of input

acceleration at bedrock”.

The response acceleratiéh at the mass is subjected to
the geometry of the slope and the failure slip.
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Dynamic Approach

Nn'N'T nY'a

By considering Hooke’s law in"the uniaxial conditions, and
Newton’s second law, the compressive stress wave
7UIN'A7? NNMY NIpT™ 7D ©

equation can be written-as: ,07X7 ,77'Nyn7 'k n"'ya N'N2201 N'OTIN NR'O'OIN'A
ANDA NI'DTA 2'Thn 7w WK K77 y'9nY

720 7w n¥'N7n ynxn O = p‘C'V
Where: Y
0 = compressive stress of wave 1IN A¥N7n Y3 NN
C = wave velocity of material
V = peak particle of material nIMN 7700 NN

Noted that “longitudinal (P-) wave velocity, C," in a material is always
greater than “transverse (S-) wave velocity, C, (or C.)"
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Energy Approach N'NANIK YA

The critical particle velocity (PPVc) cab be
estimated as the rock block will be driven to a state
whereby peak shear.is developed at the rock joint:

tan®’, . tanp 1)]1/2

PPVe= [0 o1 (%) sin (Ztanﬁ " Ztang,

Where:
g=9.81 m/s®
f3 = failure plane angle of reck block

d, and ¢', which are empiricaMormulae given by Barton 1990
7UIN'A? NNIMY NI'RT™M 7D ©
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Figure 2-2 Particle motion variation with wave type: (a) compressive: (b) shear; ()
Rayleigh.
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Fig. 34.-Geophones. (a) A geophone cutaway (courtesy of Mark Products). (b)
A schematic diagram of a geophone.
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Y3 (1997) ¥OI IIN DWIN IWYR (T
( EXPLOSIVES MANUFAGTURING INDUSTRIES (1997) 11D || =1 N

|
590 KXG - Charge ‘

TGN Zask Feerier

Testing Tpeort

(2 L
/
Fig. 1. Design of the charge unit, ining 500 kg of for the explosion on §.11
(total of 4 units), and 833 kg for 11.11.99 (total of 6 units)

Fig. 2. Sample photographs of the charges of the three explosions: (a) the 500 kg charge unit was used also for the
2060 kg charge; (b) the 5000 kg charge consisted of six units of about 833 kg each.
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Figure 7. The “onion” charge design of the 25-ton blast. Photos show a cavity sample created during preparation for the blast
and uncovered by an excavator.

Figure 8. Created borehole cavities are
monitored by a special computerized
video camera to measure cavity
dimensions and check for the
presence of large cracks and voids.
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