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Classification,
Definition

and
Chemistry
of

Explosives




Dangerous Goods Ordinance Cap. 295
Category 1 Dangerous Goods (Explosives)

m Divided into 8 classes based on chemical
compositions of the explosives

m Class 1
m Class 2
m Class 3
m Class 4
m Class 5
m Class 6
m Class 7
m Class 8

Gunpowder

Nitrate mixture

Nitro-compound

Chlorate mixture

Fulminate (detonators)

Ammunition

Firework (aerial shells, fire crackers)
Other




UN Dangerous Goods
Classification System

m Class 1 Dangerous Goods — Explosives
m 6 Divisions 1n Class 1
m Class 1.1 to 1.6

m Definition according to the explosion hazard
and sensitivity

= Normally, blasting explosives are in Class 1.1
and detonators are in Class 1.4







Explosives
= Category 1 Dangerous Goods

in DGO
= Class 1 Dangerous Goods in

United Nations Classification for

Transportation of Dangerous
Goods




Effect of Explosion

m Shockwave
m Gas

m Heat

= Sound

® Smoke
m Light




Explosion Chemistry
for ANFO

 ANFO — Ammonium Nitrate and Fuel Oil
NH4NO3 + CH2

= 3NH,NO,+CH, => 7H,0O + 3N, + CO, + Heat

(oxidizer) (fuel) (gases) (energy)

m Less Fuel Oil produces NO which oxidizes to
NO, 1n air as toxic brown fumes




About 6% of Fuel Oil in ANFO

achieves oxygen balance
and maximum effective energy

BULK ANFO ENERGY
EFFECT OF FUEL OIL
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Explosives are substances or articles capable
[1)% reaction in itself

of producing
at such a temperature and pressure
and at such a speed

as could cause damage to surroundings.




m | kg of explosive can expand to 1,000 litres of
gas 1n milliseconds and releases up to 5,000 kJ
of heat

m Velocity of detonation (VOD) — speed at

which the detonation proceeds through the

explosive column — ranges from 2,000, to
7,500 m/s.




Regulation of
Explosives
under

Dangerous Goods
Ordinance




Dangerous Goods Ordinance Cap. 295

includes the following subsidiary legislations:

m Dangerous Goods (Application and
Exemption) Regulations

m Dangerous Goods (General) Regulations

m Dangerous Goods (Government Explosives
Depots) Regulations

m Dangerous Goods (Shipping) Regulations




In Hong Kong, the

of
explosives are regulated by the
Dangerous Goods Ordinance (DGO)

Cap. 295




Dangerous Goods Ordinance Cap. 295:
To ensure safety and security on the use of
explosives in Hong Kong

Authority :

The Commissioner of Mines is the Director of
Civil Engineering and Development

The duties are undertaken by the Mines

Division




Commissioner of Mines

m Prior to 1964, Commissioner of Police and Director
of Fire Service shared the authority of Commissioner
of Mines

m In 1964, Commissioner of Labour took over the
authority as Commissioner of Mines

m In 1991, the authority of Commissioner of Mines
was transferred to Director of Civil Engineering and
Development




Dangerous Goods Ordinance Cap. 295

m Section 6 - No person shall
any dangerous goods
except with a licence granted by the
Authority.




Licences and Permits
= [Licence to
= [Licence to
= Removal Permit

m Permit to

= Mine Blasting Certificate ,which 1s

1ssued under Mining Ordinance Cap.285




Explosives for Rock Blasting

Boosters Detonating cords




Cartridged Explosives

UN Number : 0241




Detonators

UN Number : 0361
Class : 1.4




Explosives Manufactured on Site

Ammonium nitrate prills Bulk ANFO




Approval of Explosives for Use in Hong Kong

m Explosives suppliers to submit application to
Commissioner of Mines

= UN No. (Orange Book)
m Hazard Classification
» Material Safety Data Sheet (MSDS)

m List of approved explosives for use in Hong Kong
maintained by Commissioner of Mines

m The list can be obtained from the CEDD Mines
Division Website




Average Consumption of Explosives by Types
for 1995-2007

Cartridged

~— Explosives

Emulsion
57%




Average Consumption of Explosives in
Various Activities for 1995-2007

Tunnel

Form ation
51%

e




Storage of Blasting Explosives

s Government Explosives Depots at
Kau Shat Wan and Kowloon Hill

m [Licensed Mode A Stores
(Site Magazine)




Government Explosives Depot at Kau Shat Wan

10 Underground
magazines

8 Surface
magazines




Transport of Explosives from KSW to Blast Sites

m Mines Division's fleet of explosives delivery
vessels and trucks

m Daily delivery of the required quantities of
explosives from Government explosives
depots to blasting sites

= Contractor to pay scheduled delivery fee
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Government’s Explosives Delivery Vessel
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Government’s Explosives Delivery Vessel
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Flooding Control Valve
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(Site Magazine)
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Licensed Mode A Store (Site Magazme) General Layout
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Fire fighting
equipment




CCTYV and Infra-red Detector

Flood light
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24 hours Armed Guard and Dog-patrol
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Warning Signs
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Contractor’s explosives delivery truck




Regulatory Requirements
for
Planning, Design and

Construction Stages




Planning for Blasting Work during
Project Feasibility Stage

= Public Projects - Technical Feasibility Statement to
include a Preliminary Geotechnical Appraisal (PGA) to
1dentity key hazards and constraints for blasting

m Private Projects — Geotechnical Assessment at Building
Plan stage to identify key hazards and constraints for
blasting

m Estimate practical rock excavation rate to prepare a
realistic works programme




EIA Study for Designated Projects

= Potential Hazard to Life Assessment (QRA)
for overnight storage of explosives,

1.e. 1f a site magazine 1s planned for the
blasting work

EPD approve EIA Report and 1ssue
Environmental Permit




Design and Contract Preparation Stage

m Prepare Blasting Assessment Report (BAR)

= Follow up recommendations in the approved
EIA Report

= BAR to be prepared by a competent person
with at least 4 years relevant experience 1n
design and supervision of blasting works




Requirement for Submission of
Blasting Assessment Report

m GEO Circular 27 — Geotechnical Control of Blasting

m Hong Kong Government Project Administration
Handbook (PAH) for Civil Engineering Works

m Buildings Department Practice Note for Authorized
Persons (PNAP) No. 178 — Control of Blasting




Main Elements of
Blasting Assessment Report

1. Identification of sensitive receivers

2. Assessment of effects of blasting on sensitive
recelvers

. Outline blast design

. Proposed preventive, protective and precautionary
measures to ensure public safety

. Environmental considerations (vibration, air-
overpressure, etc.)

. Overnight storage and delivery of explosives
. Monitoring
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Issues to be addressed in
Blasting Assessment Report

mFlyrock

mEffect on Slopes

mVibration

mAir Overpressure




Contract Preparation Stage

= Relevant requirements in BAR and EIA
included in contract document

= Supervision personnel requirements and
monitoring requirements included in
contract document

= Programme of works prepared based on
BAR's estimated blasting production rate




Supervision Requirements

m RSS to include a competent supervisor to take
up the overall supervision of the blasting
WOrks.

= The competent supervisor should have at least
4 years of relevant experience in blast design
and supervision of blasting works




Construction Stage

to apply tor Blasting Permit

= Supported by Blasting Assessment Report and
Method Statement

= Application for Mode A Store Licence (site
magazine) for storage of explosives, it
appropriate




Application for a Blasting Permit
by Contractor

m Submission of Documents :

Blasting Assessment Report, Method
Statement

m Site Preparation Works




Revision of Blasting Assessment
Report during Construction Stage

m Contractor can revise it to suit his method
of work or site conditions

= Revision to be endorsed by Project
Department

m Submit to GEO/District & Mines for
agreement




A Typical Method Statement should

include:
= Blast design and sequence —maximum
amount of explosives used, non blast zones,
direction of rock throw etc

= Blast details — hole size, depth, spacing,
burden, powder factor etc

= Details of proposed protective measures and
slope strengthening works

= Arrangements for on site storage and
transport of explosives




A Typical Method Statement should
include:

= Limits on vibrations and air overpressure
= [Location of monitoring stations

= Evacuation and road closure arrangements

= Responsibilities of key personnel

= Contingency plan on loaded explosives not
being discharged on delivery day, mistire,
thunderstorm situation etc.




General Pre-licensing Requirements and
Site Preparation Works

Fabrication of protective measures, like screens &
cages, blast door etc.

Completion of necessary slope strengthening works

Establishment of site magazine, explosives off-
loading point and safe transport route

Clearance of vegetation around blast boundary and
removal of overburden above rock

Establishment of monitoring stations
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Safety Requirements




Flyrock Mechanism for Surface Blasting




Blast Cages and Vertical Screens

For Surface Blasting
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Roof-over Protective Cover
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Roof-over Protective Cover (inside view)
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Tunnel Blast




Mesh and Rubber Mat

ing

Hang
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Blast Door for Tunnel
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Temporary Road Closure




Vlbratlon and Alr Overpressure Momtorlng




Warning Gongs

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




Site Activities
to Prepare for a Blast




Surveying and Mapping of Free Face and Bench




Setting Out of Holes




Checking Hole Depth after Drilling




Inserting Detonator into Booster




Loading Booster with Detonator into Blast Hole




ANFO from Mixing Truck for Charging Blast Hole




>
=
7!
-
=)
=
-
1=
Z
=
=
=
=1y
=
k.
&
<P
‘=
O




Loading Emulsion from Mixing Truck




Loading Bulk Emulsion into Blast Hole
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Preparing Surface Connection




Completed Surface Connection




Ground Cover for Surface Blast
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Responsibilities of Contractor’s Key Personnel

Blasting Engineer — overseeing all blasting activities
Blasting Designer — blast design and parameters
( hole depth, spacing, burden, charges, etc.)
Shotfirers — charging and firing
Surveyor — setting out of holes and surveying face
profile
Geologist — unusual geological conditions
Earthwork Superintendent — protective measures
Safety Officer — providing training, assessment of
hazards etc




RSS Personnel for Blasting Works

The supervision team should be supported by

A Competent Supervisor with at least 4 years
of relevant experience in design and
supervision of blasting works

A Geologist providing necessary geological
input




Responsibilities of Resident Site Staff

m Check Contractor’s daily blast design
= Survey of blast area

= Supervise the blasting operation. Check blast face, setting
out of holes, hole depth, charge depth, stemming length and
connections

m Supervise and check the safety and evacuation
arrangements etc., prior to firing

= Supervise the safety and security of contractor’s explosives
storage, transport and handling of explosives

m Supervise Contractor's monitoring work and review
Contractor's blast monitoring data




Video for Blasting




Video for Blasting

"‘l"a.-!:.h ¢ _'I.- _




Video for Blasting




Video for Blasting




Video for Blasting




Video for Controlled Failure




Blasting Accidents
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Yue Mun Site Flyrock
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Failure Debris at Slope Toe
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- @8 Blasting induced
™ failure at Shau Kei

' Wan East
Development Site
on 28.2.1991

causing injury and
damage to
properties




Failure surface after clearance of debris




Shau Kei Wan Rock Slope Failure in 1991

m 28.2.1991 — Failure of rock slope due to blasting
work at Shau Ke1 Wan East site formation works

m Blasting behind a 50m high old quarry face

m 2.000 cu.m. of failure debris

® Debris damaged 4m high fence at Sm away from
toe, six container offices and four cars damaged,
one person injured

= Debris travelled up to 30m from toe

® Dust covered streets and cars 100m away




Follow-up on Shau Kei Wan Failure

m GEO SPR 6/91 (1991) Landslide Study Report
1ssued.

m GEO Circular No. 14/92 and 1/94 1ssued.
Blasting Assessment requirement introduced

m GEO Report No. 15 (1992) 1ssued.

Assessment of stability of slopes subject to blasting
vibration




Sau Mau
Ping Road
Failure on

4.12.1997
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Sau Mau Ping Road Blast-induced Failure in 1997

Blasting behind a 30 m high rock slope at Sau Mau
Ping Road

Failure debris 1,000 cu m.
Sau Mau Ping Road completely blocked

The protective rock fence at toe was completely
crushed

No person was injured as the section of road was
closed during blasting
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Flyrock Incident at Jordan Valley on 17




Damage Caused and Findings

m Broke eight windows in five units of a
residential block

m Rock fragments found on the podium of the
building
= Unfavourable rock jointings in free face

allowed rock fragments to fly in an unexpected
oblique direction.




Flyrock Incident on 6.6.2003 at Jordan Valley
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22 May 2003
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Flyrock incident on 6.6.2003 at Jordan Valley




Damage caused and Findings

m Rock fragments landed on Clearwater Bay
Road caused injuries to nine persons

m Four vehicles, including a bus, site hoardings
and two bus shelters were also damaged

m The geology was identified as a likely
contributing factor for the flyrock incident
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Classification of Blasting Accidents
since 1991

15 accidents 1n total
m Flyrock (10)
m Rock slide (2)

m Rockfall in tunnel (1)
Air blast (1)

Pre-mature detonation (1)




Blasting Accidents since 1991 with Casualties

Year No. of accidents Casualty

1991 2 1 death + 1 injury

1992 0

1993 0

1994 4 minor injuries

1995 (0]
1996 1 death

1997 0

1998 0

1999 4 minor injuries

2000 0

2001 0
2002 0

2003 9 minor injuries

2004 0

2005 0

2006 0

2007




Reference Documents

Regulatory Requirements:
® DG Ordinance and Regulations

m Mines Division Practice Notes and
Guidance Notes in CEDD Website

= PNAP No. 173

m Project Administration Handbook




Technical Reports on Blasting :
m GEO Report No. 15

( Assessment of Stability of slopes subjected to Blast
Vibrations )

m GEO Report No. 100
( Method of Assessment and Monitoring of Gas

Pressures for Blasting at Near Field )
m GEO Report No. 102

( A Study of the Effects of Blast Vibration on Green
Concrete )




Investigation Reports on Blasting Incidents:
m GEO Report No. 94

( Sau Mau Ping Rock Slope Failure )
= GEO SPR 6/91

(Shau Ke1 Wan Blast Induced Rock Slide Study)

m GEO Investigation Report on Flyrock Incident on
6.6.2003
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Vibration Prediction
(Li & Ng 1992)

PPV = 644 x (D/N'W)-122

PPV = resultant peak particle velocity (imm/s)

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

W = mass of explosives per delay (kg)

(site specific formula may be proposed
based on relevant blast monitoring data obtained on site)
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