Blasting related failures

K FMan
Mines Division, CEDD
3 March 2007



Definition of explosives

m Explosives— capable by reaction in itself of

producing
= at such atemperature and pressure
= and at such a speed
= as could cause damage to surroundings.

m ] kg of explosive expands to 700 to 1,000 litres of
gas in milliseconds and releases up to 3,000 to 5,000
kJ (1 kg gasoline releases about 48,000 kJ)

= Velocity of detonation (VOD) of 2,000 to 7,500
m/sec.



Use of explosivesin Hong Kong

m Rock blasting

= Entertainment (fireworks display, film
making, stage show)

m Life saving
= Ammunition and industrial use
= Demolition blasting



Aver age consumption of explosives
In Hong Kong

(year ending 2006)

= About 1,960 tonnes/yr In past 5 years
(average 6.5 tonnes per day)

m About 2,100 nos. of blast per year
(average 7 nos. per day)



Rock blasting




Entertainment -fireworks display

m 2~ 3timeper year
m Time: 20:00to 20:23
= Venue : Victoria Harbour

s Daily
= Time: 19:00, 20:00 or 21:00

= Venue : HongKong
Disneyland




Fireworks used / confiscated in Hong Kong
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Life saving
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| ndustrial use

Safety cartridgesfor 'T‘"hSmoke gener ators

industrial fastening tools

Fire extinguisher
actuators



Demolition blasting (L ok On Pai Dewatering Plant)




L egislations in the control of explosives

Cap. 295 - To ensure safety and security on the use of
explosives (Category 1 danger ous goods) in Hong
Kong

Authority : Commissioner of Mines

(Director of Civil Engineering and Development) for
regulatory control of use of explosives on land

Duties : undertaken by the Mines Divison CEDD



Danger ous Goods Ordinance Cap. 295

m Dangerous Goods (Application and
Exemption) Regulations

m Dangerous Goods (General) Regulations

m Dangerous Goods (Government Explosives
Depots) Regulations

m Dangerous Goods (Shipping) Regulations




L icences and Per mits

= Licenceto

m Permit to

= Licenceto

= Removal Permit

= Mine Blasting Certificate
(issued under Cap.285)



Explosivesfor rock blasting

Cartridge explosives Detonating cords



Ammonium Nitrate prills Bulk ANFO



Ammonium Nitrate Fuel OIll
(ANFO)

AN Prill Diesel fuel
. /
3NH,NO, +

Two seperate non explosive components
mixed together to form an explosive



Use of explosivesin blasting work

e Site formation

e Quarrying
e Tunneling



Bench blasting - Blasting parameters

Burden - the distance between two rows of holes

Free Face

Burden § Burden




-Spacing - the distance between holesin the same row
Drill depth - the depth to which the pattern needsto bedrilled
-Subdrill - depth added into the drill depth below grade level

bench helght

hole
depth

sub-gl




Blast Parameters

BENCH
HEIGHT

BLASTHOLE
DIAMETER




Bench blasting



Proceduresfor bench blasting

Blast Design
Marking Out
Drilling

Hole M easur ement
Protective M easures
Priming

L oading
Stemming

. Connecting

10. All clear

11. Firing the Shot
12. Misfires

13. Housekeeping
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Blast cages sand vertical screens




Blast cages and vertical SCreens




| nserting detonator into booster




L oading detonator and booster into blast hole




L oading bulk ANFO from mixing truck




L oading bulk emulsion into blast hole




L oading stemming into blast hole
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Preparing surface connection
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Completed surface connect
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W arning gongs

m For aperiod lasting from 5 minutes prior to the blasting until
all charges have been fired, warning gongs shall be beaten
continuously...




Temporary road closure
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Video for blasting
Good #1




Video for blasting
Bad #1




Sensgitive

Blast /' T receivAer

Adver se Effects ?
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Case No. 1
399 Yip Kan Street, Wong Chuk Hang
12 July 1981

Ref. SR Hencher (1981). Report on Slope Failureat Yip Kan Street
(11SW-D/C86) Aberdeen on 12t July 1981. GCO Report No. 16/81.



Yip Kan Street, Wong Chuk Hang Site

m 12.7.1981 — Failure of slope due to blasting work
at No. 399, Yip Kan Street site

= Slope (about 16m height) located at south-western
end of a blasting site failed

= About 1,250 cu.m. of material (soil and rock)

= Debris damaged safety fence at slope toe and blocked
footpath and part of Yip Kan Street

= No injuries or death



Seguence of events

m 30.6.1981 — blasting on SW corner of site
m 4.7.1981 — blasting on SW corner of site
m 5.7.1981to 7.7.1981 — tropical storm with 83.4mm total rainfall

m /.7.1981 — cracks appeared on chunamed slope at SW corner of site and
were repaired

m 10.7.1981 - blasting on SW corner of site

m 11.7.1981 — cracks observed on chunamed slope and rock slope.

Geotechnical consultant recommended closure of Yip Kan Street to
pedestrian and traffic. No further blasting to be carried out.

m 11.7.1981 (8 p.m.) — Minor rockfalls, GCO visited site and observed signs
of imminent slope collapse. Police assisted to evacuate adjacent buildings.

m 12.7.1981 — slope failed at 02:30 hr.



Features of fallure

m Composite failure, both soil and rock
m Failuredid not occurred immediately after blasting

= Lower 8m slope - widely jointed slightly decomposed
monzonite

= Upper 8m slope — reddish brown residual soil, upper 3m
was noteiceably damp

m Sliding within the rock mass occurred along stepped
surface of planar daylighting joints connected by near
vertical release joints
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Slope before failure Slope after failure



SLIP AREA

- CONSTRUCTION SITE —
A l.L. 399 YIP KAN STREET.
BLASTING IN SOUTHWEST CORNER

L ocation Plan of failed area




Brownish red
residual soil

approx. 6m at 75"
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Field sketch of front view of failed slope



Eastern part of slope after failure

Eastern part of slope
before failure



Eastern flank of slope
following removal of
debris




Shattered rock to the
west of the main failure
scar




Removal of soil debrisand trim
back soil slope

16.8.1081

Removal of soil debris continued

30.8.1981

Removal of debris at lower part of
slope and exposure of failure plane

5.9.1981




Release joint from which
block moved in eastern part
of failure




Causes of failure

m Contributing factors
= Low shear strength and adverse discontinuities
= Ground water pressure (heavy rainstorm before failure)

= Blasting — ppv of up to 17.5mm/s at slip location due to
blasting on 4.7.1981

m Progressive fallure

= [nitiated by blasting or water pressures or by movement in
the upper soil slope or a combination of these factors



Case No. 2
Shau Ka Wan
28 February 1991

Ref. NC Evans& T Y Irfan (1991). Landslide Studies 1991 : Blast-
Induced Rock Slide at Shau Kel Wan. GCO Report No. SPR 6/91.



Shau Ka Wan Site

m 28.2.1991 — Fallure of rock slope due to blasting
work at Shau Kel Wan site

= Blasting behind 50m high old quarry face
= About 2,000 cu.m. of material

= Debris damaged 4m high fence at 5m away from toe,
6 container offices and 4 vehicles

= One person injured by impact of rebounding rock
fragment

= Debristraveled up to 30m from toe
= Dust covered streets and cars 100m away




Old quarry face beforefailure




Blasting induced
failure on
28.2.1991 causing
Injuries and
damage to
properties
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Failure surface after clearance of debris




Basalt dye and shear zone




Western release surface
with the shear zone and

basalt dyke




Crest area of thelanddide




L oosening and shattering of rock at crest
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Plan of landslide area showing main geological features




*Rock face composed of medium grained granite with a
number of basalt dykes at western part of landslip scar

*Existed in 1949 with quarrying activities up to 1972

«1986 study report included geological mapping up to
30m rock face from toe

*Original crest level at about 90 m PD
*Blast No. 696 (Portion 3A)

«28 nos. 75mm dia. holes, 10 m depth, 2m x 2m, 700
kg explosives, 29 kg/delay, 0.57 powder factor

e[_ast row of holesat 15m from crest line



Equal Area Equatorial Net

Direction of sliding

Orientation of the diding
surface

Dip angle — 39 deg
Dip direction - 25 deg

180°

33 measurements

Legend :

i Pole to failure plane measured from contoured survey plan at
various locations

+ Mean orientation (39°/025°)




Y Area of assumed
y secondary failure

Contoured plan of dliding surface



Level (mPD)
Level (mPD)

Assumed
secondary
failure

_CROSS SECTION 1 -1 CROSS SECTION 2 -2 CrOSS.SeCtlonS of the
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Height from top to bottom
- about 20 m
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CROSS SECTION 4 - 4
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Peak particle
velocity vs. scaled
distance for Shau
Ke Wan site

Peak Particle Velocity [ mm/sec )

————————e Blost €96

01 : . .
1 10 100 1000

Scaled Distance, R/VW

Legend :

R Radial distance (m )
W Charge weight per delay (kg)
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maximum char ge weight
and blast damage ( Hoek
& Bray 1981)



Causes of failure

m Blast induced failure, estimated acceleration of
about 1.25g on the failed mass

m Useof relatively high powder factor 0.57 kg/cu.m.
aswith other blastsin the vicinity

m Presence of shear zone and basalt dykein the blast
area

m Sliding surface defined by an undulating joint
belonging to a minor discontinuity set in the rock
face

= Reduction of shear strength of rock joint dueto
accumulated blasting



Recommendations

m Toassessthe effect of blasting on rock mass, static
stability assessments should be accompanied by
dynamic stability assessments

m Total statistical approach of data collection and
analysis may not be ableto identify the critical
joints which have minor or single occurrencein a
rock mass. All critical discontinuities should be
recorded and analysed individually.



Blasting Assessment Report
(Background) (1)

m Submission of documents to assess the effects
of proposed blasting using explosivesis
feasible and practicable and will not adversely
affect adjacent sensitive receivers (i.e.
geotechnical features (rock and soil slopes,
retaining walls), structures and utilities etc.)

m GEO Report No. 15 (1992) — Assessment of
stability of slopes subject to blasting vibration



BAR (Background) (2)

Buildings Department Practice Note for Authorized
Persons (PNAP) No. 178 — Control of Blasting (issued in
June 1995, 2007 revision) for private projects

Hong Kong Government Project Administration Handbook
for Civil Engineering Works— for public projects

GEO Circular No. 27 — Geotechnical Control of Blasting
(revised in July 2006)

GEO Report No. 102 — A Study of the Effect of Blasting
Vibration on Green Concrete



Case No. 3
Sau Mau Ping Road
4 December 1997

Ref.:. BN Leung, SCLeung& C A M Franks(1997). Report on the
Rock Slope Failure at Cut Slope 11 NE-D/C7 along Sau Mau Ping
Road on 4 December 1997. GEO Report No. 94.



Reproduced from Sing Pao dated 5.12.1997

Sau Mau Ping Road slope
failure on 4.12.1997

25m high rock slope
about 60 deg.

1,000 cu.m. of material

collapsed towards Sau
Mau Ping Road

Largest rock block of 150
cu.m.

7.1 m high temporary
protective fence damaged

Affects 4 lanes of road
covering 25m length

Road closed for 17 days to
facilitate removal of
debris, repair of protective
fence and damaged road

No injury or death
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Closed up view of blast area before failure 4.12.1997



Blast damages observed in the vicinity of thefailure site
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Location of
failure site

L ocation of thefailure site
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Reduced Level (m)
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Proposed soil cut slope

Trench blast

'Natural walls' acting as a barrier from
the blasting and construction activity

Existing ground surface —\

Rockhead

Existing —— Protective
Sau Mau Ping fence
Road
L 7 Proposed rock cut slope
r
-'f '
/ //
\F r
/® 7
——” ' i
Proposed site formation platfor;; Proposed
road

Proposed typical sequence of excavation in rock
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Blasting reguirements

= BAR — alowable max. ppv of 18mm/s; blast direction
opposite to Sau Mau Ping Road; natural wall to reduce the
effects of blasting on surroundings; temporary closure of
portion of Sau Mau Ping Road during blasting; provision of
steel vertical screens and steel cages at areas which could pose
a public safety risk

= Contract requirements — 20m wide non-blasting zone
measured from the slope toe ; 7.1m high temporary protective
fence along slope toe



5 kg per hole -~
4 kg per hole —_

B P -3
3 kg per hole —.

Elast Pattern
(N.T.5.)
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Details of Blast design

Electric cap ——

Explosive -

Cross Section of Blasi Hole
(N.T.5)

BLAST DETAILS

Bench Height : 4.5 m

Burden : 2 m

Spacing : 2.2 m

Initiation System : Electric
Powder Factor : 0.16 - 0.27 kg/m®
Charge Weight [ Delay : 310 5 kg

Delay between consecutive hales : 25 msec

Notes: (1) For location of Blasting Arca '
(2) The blasting pattern and details were provided by the Contractor,




Diagnosis of the failure

= |nsufficient burden between the last row of blastholes and
crest of falled slope (3m or less) and probably reverse the blast
direction towards Sau Mau Ping Road

= Cumulative displacement due to ground vibration alone arising
from blasting could not have resulted in the complete
detachment of the largest rock block from the slope

Conclusion
mS|ope failure triggered by blasting too close near slope crest



Geotechnical Engineering Office —— = Geotechnical Engineering Office lsssNo. 3
GEO Circular No. 27 Revision - GEO Circular No. 27 Revision .
Geotechnical Control of Blasting Date 13.7.2006 Geotechnical Control of Blasting Dae 1372006
Page Tof$ Page 8ofs
meamcnm )] Hm@hmmmismw,ammﬁng;nmmn

of its feasibility and proposed arrangement.
(a) Site plans clearly indicating the proposed arcas of blasting and locations of all sensitive
mvmmdudmswwu.skmfomdmns,mﬂmyspubhcmhmm
dmm,sewmpsmnsmdo&nmgﬂoﬁchmﬂlfuhmmhas

slopm, Is, caverns, eilc. that may be damaged or
dastabﬂxsadbyﬂnpmpmedbhﬂ-mswuﬂm.

(b) Ampmmnmmglhnmmufashﬂymdudmglhemwphy.m.

£t and surf: ﬁmnmhhnns,andﬂnphymlmm:mﬁ,
muwmﬁdmandmhsm

{c) A report containing examination of the conditions of the sensitive receivers on and
adjacent to the site.

(d) A report containing an assessment of the effects of blasting works to demonstrate that
the proposed blasting would not cause any injury to persons or damage to property and
sensitive receivers.

(e) Proposals of p i o be carried out for sensiti ivers, if considered
necessary.

5] A list of fhe alert and ceass works Hmits to be specified for the impl ion of

blasting works, including blasting vibration limite and air-overpressure limits, etc. to
ensure that the blasting works to be carried out would not cause any injury to persons,
damage fo scositive receivers, significant disruption to traffic or undue nuisance to the
public. The lmits proposed shall take into account the existing conditions of all
sensitive receivers. The source of the limits and documentary evidence of consultation
and ag t, where appropriate, with the key stakeholders (e.g. owmers or
maintenance agenis} of the semsilive receivers shall be provided.

® An outline of the blast design to demonstrate that the blasting works could be safely
carried out and the proposed limits and any other ints could be satisfied

(h) A document sctting out methods to be employed, working procedures and sequences
for all blasting works, and the safety management system.

(i) Particulars of the site inspections, surveys and monitoring to be carried out to check

and measure the effects of blasting, including plans showing the locations of the

(1)) Proposals of protective and precautionary measures to be taken, including any
evacuation and closure of public areas (such as roads and other facilities) and wamnings
needed to protect the sensitive receivers and the safety of the public and workers.

&) Proposals of the arrangement for delivery of explosives to the site to demonstrate the
practicability of completing the blasting works and the rock excavation needed within
the construction period.
[3648) Us\pangls§\GEO Ciscalar_mines\GEO Cir27 [15.7.2006]{LS?] i [3648] U:\pmgsS\GEO Circalar,_mines\GBO Cir27 [15.7.2006][LSP)
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Typical Contents of
Blasting Assessment Report

1. Introduction
2. |dentification of sensitive receivers

3. Blasting assessment on slopes, retaining walls,
structures and utilities

4. Proposed preventive, protective and precautionary
Mmeasures

5. Environmental considerations
6. Operational considerations

/. Monitoring (vibration, air-overpressure) and
Instrumentation

8. Conclusions and recommendations



Details of BAR (1)

= 1. Introduction
= Description of Works
= Previous Reports

m 2. ldentification of Sensitive Receivers
= Slope, retaining walls, structures and utilities
= Detail assessment on features within 50 m
= General assessment on features within 50 m ~ 100 m

= General description on sensitive receivers within 100 m ~
300 m



Details of BAR (2)

m 3. Blasting assessment on Slopes, Retaining walls,
Structures and Utilities

m Stability of slopes and retaining walls and their vibration
limits

= Assessment on structures and utilities and their vibration
limits

= Constraint on Blasting

= Estimate allowable ppv (charge weight per delay)



Details of BAR (3)

= 4. Proposed preventive, protective and precautionary
measures

= Stabilisation works to existing soil and rock slopes before
blasting

= Use of blast cages, vertical screens, blast doors etc.
= Temporary road closure

= 5. Environmental Considerations
= Toxic gas, dusts, airblast, possible effects on aircrafts



Details of BAR (4)

m 6. Operation Considerations
= Nos. of blast per day and time of blast
= Nos. of blast faces
= Overnight storage of explosives

= Delivery of explosives arrangement (route and
unloading area)

= No blast zone
= Special blasting time
= Evacuation procedures




Details of BAR (4)

= /. Monitoring and Instrumentation
= Monitoring locations and limits
m Special requirements by authorities

m 8. Conclusions and Recommendations



Blasting Assessment Report
Vibration Estimation

PPV = 644 x (D/NW)122

(LI & Ng, 1992)
PPV = resultant peak particle velocity (mm/s)

D = distance of interest (e.g. Slope, wall,
structure, utilities etc.) (m)

W = weight of explosives per delay (kg)

(Site specific formula may be proposed upon completion of 40 nos. of blasts)
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Tunnel blasting
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Charging

Charging bulk emulsion explosives
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Stemming

- To enhance rock fragmentation

Stemming Explosive

Detonator

Stemming Material




Tunnd blast face




Hanging wire meshes and rubber mats




Blast doorsfor tunnd
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Case No. 4
Route 3 Country Park Ssection
Tal Lam Tunnel —North Portal
16 May 1996



Tal Lam Tunnel North Portal Site Accident
Background information

m 16.5.1996 — A fatal accident arising from a piece of rock fallen
from the crown of an unsupported tunnel as aresult of blasting at
an adjacent tunnel

Route 3 Tal Lam Tunnel contains the north bound tunnel, south bound
tunnel (each 16m wide x 13m high) and ventilation tunnel (13m wide x 10m
high). The 3 tunnels are running parallel to each other at about 13m apart
with the ventilation tunnel in between

Accident occurred at south bound tunnel when blasting was carried out at
ventilation tunnel

2 drilling machine operators and alabourer (deceased) were assigned to
drill holes at the rock face of the south bound tunnel for subsequent |oading
of explosives

The blasting area at the ventilation tunnel face was about 21m from the
south bound tunnel face

s Largest rock fragment about 800mm x 500mm x 200mm
= 4.7kg/delay to 10.5 kg/delay with total 577 kg explosives were used



Seguence of eventson 16.5.1996

3:30 am. to 7:10 am. — loading of explosives in the ventilation
tunnel

7:00 am. — 2 drilling machine operators and a labourer (deceased)
started drilling work at the tunnel face of the south bound tunnel

7:15 am. — warning siren switched on and all personnel inside the
ventilation tunnel were evacuated. Evacuation of all personnel
Inside the south bound tunnel was '« iImplemented as required.

7:20 am. — firing of charges

7:20 am. — the labourer was standing at about 1m from the tunnel
face while the 2 drilling machine operators were working inside
the drilling machines. The operators reported that they both saw a

piece of rock dropping from the tunnel crown, but not certain that
It was the piece of rock that had hit the |abourer.



Causes of the accident

m Use of excessive amount of explosives — the maximum amount of
explosives per delay used for the blast (i.e. 10.095 kg/delay)
exceeded the allowable amount of explosives (i.e. 2.04 kg/delay)
given in the Blasting Permit condition

m Evacuation of all personnel from the three tunnels before the
commencement of any blasting operation was not implemented as
stated in the Contractor’'s Method Statement and set out as
Blasting Permit condition

= Poor communication between the Contractor, the shotfirer in
charge, the shotfirer, the site foreman and other workers on
arrangement of evacuation and their responsibilities

= | ack of efficient communication system between the team of
personnel responsible for the execution of evacuation procedure
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Newspaper 9 June 1987 - La Yue Mun Site Flyrock
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Site formation project flyrock incident 6 June 2003




Site formation project flyrock incident 6 June 2003
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Blasting accident statistics 1980 - 2006
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Blasting accident summary

Y ear No. of accidents Casualty
1991 2 1 death + 1 injury
1992 0) 0)

1993 0) 0)

1994 1 4 minor injuries
1995 0) 0)

1996 1 1 death
1997 0) 0)

1998 0) 0)

1999 2 4 minor injuries
20,00 0) 0)

2001 0) 0)

2002 0) 0)

2003 1 9 minor injuries
2004 0) 0)

2005 0) 0)

2006 0) 0)




End
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