Demolition Information
All information provided by the USDOL & USEPA @:
http://www.osha.gov/SLTC/constructiondemolition/

http://www.osha.gov/doc/outreachtraining/htmlfiles/demolit.html
http://www.epa.gov/region4/air/asbestos/demolish.htm

Demolition
Demolition work involves many of the hazards associated with construction. However, demolition incurs
additional hazards due to unknown factors such as: deviations from the structure's design introduced during
construction, approved or unapproved modifications that altered the original design, materials hidden within
structural members, and unknown strengths or weaknesses of construction materials. To counter these
unknowns, all personnel involved in a demolition project must be fully aware of these types of hazards and the
safety precautions to take to control the hazards.
Demolition hazards are addressed in specific standards for the general and construction industries.

Standards
This section highlights OSHA standards, standard interpretations (official letters of interpretation of the
standards), and national consensus standards related to demolition.
OSHA
Note: Twenty-five states, Puerto Rico and the Virgin Islands have OSHA-approved State Plans and have
adopted their own standards and enforcement policies. For the most part, these States adopt standards that
are identical to Federal OSHA. However, some States have adopted different standards applicable to this topic
or may have different enforcement policies.
General Industry (29 CFR 1910)
Construction Industry (29 CFR 1926)









1926 Subpart D, Occupational health and environmental controls
1926.62, Lead [related topic page]
1926 Subpart E, Personal protective and life saving equipment
1926.100, Head protection
1926.103, Respiratory protection
1926 Subpart J, Welding and cutting
1926.350, Gas welding and cutting
1926 Subpart L, Scaffolds
1926.451, General requirements
1926 Subpart M, Fall protection [related topic page]
1926.501, Duty to have fall protection
1926.502, Fall protection systems criteria and practices
1926.503, Training requirements
1926 Subpart T, Demolition



1926.850, Preparatory operations
1926.851, Stairs, passageways, and ladders
1926.852, Chutes
1926.853, Removal of materials through floor openings
1926.854, Removal of walls, masonry sections, and chimneys
1926.855, Manual removal of floors
1926.856, Removal of walls, floors, and material with equipment
1926.857, Storage
1926.858, Removal of steel construction
1926.859, Mechanical demolition
1926.860, Selective demolition by explosives
1926 Subpart Z, Toxic and hazardous substances
1926.1101, Asbestos

Standard Interpretations


Application of the asbestos standard to demolition of buildings with ACM in place. (2002, August 26).



OSHA standards addressing reverse signal alarms on excavators. (1995, May 10).



Demolition regulations do apply to the removal of ceilings and interior non-load bearing walls and
partitions. (1994, January 27).



Review of Rope Grab Knot. (1993, January 13).



Clarification of 29 CFR 1926.855(b) and (f). (1979, July 5).



1926.850 demolition work and the use of clamshells. (1974, September 17).



Search all available standard interpretations.
National Consensus
Note: These are NOT OSHA regulations. However, they do provide guidance from their originating
organizations related to worker protection.

American National Standards Institute (ANSI)


ANSI A10.6-1983, Safety Requirements for Demolition Operations

Hazards and Solutions
Before starting a demolition the person or persons in charge of the demolition should be adequately prepared
for the task with regard to the health and safety of the workers. These preparatory operations involve the
overall planning of the demolition job, including the methods to be used to bring the structure down, the
equipment necessary to do the job, and the measures to be taken to perform the work safely. The following
references aid in recognizing and evaluating hazards and solutions in the workplace.



Hurricane Preparedness and Response. OSHA. Includes information such as news releases, public
service announcements, fact sheets, frequently asked questions, and more.



Working Outdoors in Warm Climates [26 KB PDF*, 2 pages]. OSHA Fact Sheet, (2005, September).



Personal Protective Equipment. OSHA Publication 3151-12R, (2003). Also available as a 629 KB PDF,
46 pages. Discusses the types of equipment most commonly used to protect the head, torso, arms,
hands, and feet. Additional topics include requirements, hazard assessment, selection, and employee
training.



Excavations. OSHA Publication 2226, (2002). Also available as a 533 KB PDF, 44 pages. Highlights key
elements of the Excavation and Trenching Standard, shows ways to protect employees against caveins, and describes safe work practices for employees.



OSHA Technical Manual (OTM). OSHA Directive TED 01-00-015 [TED 1-0.15A], (1999, January 20).
Demolition. Includes information on preparatory operations, special structures demolition, and
safe blasting procedures.



Preventing Silicosis and Deaths in Construction Workers. US Department of Health and Human
Services (DHHS), National Institute for Occupational Safety and Health (NIOSH) Publication No. 96112 (Alert), (1996). Outlines the hazards of crystalline silica exposure in the construction industry.



Marilyn Mosher et. al., Appellants, v. State of New York, respondent. New York Court of Appeals,
Cornell University Law School, Legal Information Institute, (1992, October 29). This New York court
case determined that safety precautions during construction, excavation, and demolition operations
are not limited to building sites.



For additional information, see OSHA's Safety and Health Topics Pages on:
Asbestos
Confined Spaces
Fall Protection
Lead
Occupational Heat Exposure
Occupational Noise Exposure
Respiratory Protection
Scaffolding
Trenching and Excavation
Welding, Cutting, and Brazing

Additional Information
Related Safety and Health Topics Pages



Construction Industry
Training



Construction Industry Safety and Health Outreach Program. OSHA, (1996, May).
Demolition. Describes safety regulations for demolition, such as preliminary operations,
engineering survey, utility location, medical services and first aid, fire prevention and
protection, special structures demolition, and safe blasting procedures.
Other Resources



IEC Safety. Independent Electrical Contractors (IEC).

Construction Safety and Health
Outreach Program

U.S. Department of Labor
OSHA Office of Training and
Education
May 1996

PREPARATORY OPERATIONS
Before the start of every demolition job, the demolition contractor should take a number of steps to safeguard
the health and safety of workers at the job site. These preparatory operations involve the overall planning of
the demolition job, including the methods to be used to bring the structure down, the equipment necessary to
do the job, and the measures to be taken to perform the work safely. Planning for a demolition job is as
important as actually doing the work. Therefore all planning work should be performed by a competent person
experienced in all phases of the demolition work to be performed.
The American National Standards Institute (ANSI) in its ANSI A10.6-1983 - Safety Requirements For Demolition
Operations states:
"No employee shall be permitted in any area that can be adversely affected when
demolition operations are being performed. Only those employees necessary for the
performance of the operations shall be permitted in these areas."

Engineering Survey
Prior to starting all demolition operations, OSHA Standard 1926.850(a) requires that an engineering survey of
the structure must be conducted by a competent person. The purpose of this survey is to determine the
condition of the framing, floors, and walls so that measures can be taken, if necessary, to prevent the
premature collapse of any portion of the structure. When indicated as advisable, any adjacent structure(s) or
improvements should also be similarly checked. The demolition contractor must maintain a written copy of this
survey. Photographing existing damage in neighboring structures is also advisable.
The engineering survey provides the demolition contractor with the opportunity to evaluate the job in its
entirety. The contractor should plan for the wrecking of the structure, the equipment to do the work,
manpower requirements, and the protection of the public. The safety of all workers on the job site should be a
prime consideration. During the preparation of the engineering survey, the contractor should plan for potential
hazards such as fires, cave-ins, and injuries.
If the structure to be demolished has been damaged by fire, flood, explosion, or some other cause, appropriate
measures, including bracing and shoring of walls and floors, shall be taken to protect workers and any adjacent
structures. It shall also be determined if any type of hazardous chemicals, gases, explosives, flammable
material, or similar dangerous substances have been used or stored on the site. If the nature of a substance
cannot be easily determined, samples should be taken and analyzed by a qualified person prior to demolition.
During the planning stage of the job, all safety equipment needs should be determined. The required number
and type of respirators, lifelines, warning signs, safety nets, special face and eye protection, hearing
protection, and other worker protection devices should be determined during the preparation of the
engineering survey. A comprehensive plan is necessary for any confined space entry.
Utility Location

One of the most important elements of the pre-job planning is the location of all utility services. All electric,
gas, water, steam, sewer, and other services lines should be shut off, capped, or otherwise controlled, at or
outside the building before demolition work is started. In each case, any utility company which is involved
should be notified in advance, and its approval or services, if necessary, shall be obtained.
If it is necessary to maintain any power, water, or other utilities during demolition, such lines shall be
temporarily relocated as necessary and/or protected. The location of all overhead power sources should also
be determined, as they can prove especially hazardous during any machine demolition. All workers should be
informed of the location of any existing or relocated utility service.
Medical Services and First Aid
Prior to starting work, provisions should be made for prompt medical attention in case of serious injury. The
nearest hospital, infirmary, clinic, or physician shall be located as part of the engineering survey. The job
supervisor should be provided with instructions for the most direct route to these facilities. Proper equipment
for prompt transportation of an injured worker, as well as a communication system to contact any necessary
ambulance service, must be available at the job site. The telephone numbers of the hospitals, physicians, or
ambulances shall be conspicuously posted.
In the absence of an infirmary, clinic, hospital, or physician that is reasonably accessible in terms of time and
distance to the worksite, a person who has a valid certificate in first aid training from the U.S. Bureau of Mines,
the American Red Cross, or equivalent training should be available at the worksite to render first aid.
A properly stocked first aid kit as determined by an occupational physician, must be available at the job site.
The first aid kit should contain approved supplies in a weatherproof container with individual sealed packages
for each type of item. It should also include rubber gloves to prevent the transfer of infectious diseases.
Provisions should also be made to provide for quick drenching or flushing of the eyes should any person be
working around corrosive materials. Eye flushing must be done with water containing no additives. The
contents of the kit shall be checked before being sent out on each job and at least weekly to ensure the
expended items are replaced.
Police and Fire Contact
The telephone numbers of the local police, ambulance, and fire departments should be available at each job
site. This information can prove useful to the job supervisor in the event of any traffic problems, such as the
movement of equipment to the job, uncontrolled fires, or other police/fire matters. The police number may
also be used to report any vandalism, unlawful entry to the job site, or accidents requiring police assistance.
Fire Prevention and Protection
A "fire plan" should be set up prior to beginning a demolition job. This plan should outline the assignments of
key personnel in the event of a fire and provide an evacuation plan for workers on the site.

Common sense should be the general rule in all fire prevention planning:







All potential sources of ignition should be evaluated and the necessary corrective measures taken.
Electrical wiring and equipment for providing light, heat, or power should be installed by a competent
person and inspected regularly.
Equipment powered by an internal combustion engine should be located so that the exhausts
discharge well away from combustible materials and away from workers.
When the exhausts are piped outside the building, a clearance of at least six inches should be
maintained between such piping and combustible material.
All internal combustion equipment should be shut down prior to refueling. Fuel for this equipment
should be stored in a safe location.
Sufficient firefighting equipment should be located near any flammable or combustible liquid storage
area.



Only approved containers and portable tanks should be used for the storage and handling of
flammable and combustible liquids.

Heating devices should be situated so they are not likely to overturn and shall be installed in accordance with
their listing, including clearance to combustible material or equipment. Temporary heating equipment, when
utilized, should be maintained by competent personnel.
Smoking should be prohibited at or in the vicinity of hazardous operations or materials. Where smoking is
permitted, safe receptacles shall be provided for smoking materials.
Roadways between and around combustible storage piles should be at least 15 feet wide and maintained free
from accumulation of rubbish, equipment, or other materials.
When storing debris or combustible material inside a structure, such storage shall not obstruct or adversely
affect the means of exit.
A suitable location at the job site should be designated and provided with plans, emergency information, and
equipment, as needed. Access for heavy firefighting equipment should be provided on the immediate job site
at the start of the job and maintained until the job is completed.
Free access from the street to fire hydrants and to outside connections for standpipes, sprinklers, or other fire
extinguishing equipment, whether permanent or temporary, should be provided and maintained at all times.




Pedestrian walkways should not be so constructed as to impede access to hydrants.
No material or construction should interfere with access to hydrants, Siamese connections, or fire
extinguishing equipment.

A temporary or permanent water supply of sufficient volume, duration, and pressure, required to properly
operate the firefighting equipment, should be made available.
Standpipes with outlets should be provided on large multistory buildings to provide for fire protection on upper
levels. If the water pressure is insufficient, a pump should also be provided.
An ample number of fully charged portable fire extinguishers should be provided throughout the operation. All
motor driven mobile equipment should be equipped with an approved fire extinguisher.
An alarm system, e.g., telephone system, siren, two-radio, etc., shall be established in such a way that
employees on the site and the local fire department can be alerted in case of an emergency. The alarm code
and reporting instructions shall be conspicuously posted and the alarm system should be serviceable at the
job-site during the demolition. Fire cut offs shall be retained in the buildings undergoing alterations or
demolition until operations necessitate their removal.

SPECIAL STRUCTURES DEMOLITION
Safe Work Practices When Demolishing a Chimney, Stack, Silo, or Cooling Tower

Inspection and Planning
When preparing to demolish any chimney, stack, silo, or cooling tower, the first step must be a careful,
detailed inspection of the structure by an experienced person. If possible, architectural/engineering drawings
should be consulted. Particular attention should be paid to the condition of the chimney or stack. Workers
should be on the lookout for any structural defects such as weak or acid-laden mortar joints, and any cracks or
openings. The interior brickwork in some sections of industrial chimney shafts can be extremely weak. If the
stack has been banded with steel straps, these bands shall be removed only as the work progresses from the
top down. Sectioning of the chimney by water, etc. should be considered.

Safe Work Practice
When hand demolition is required, it should be carried out from a working platform.













Experienced personnel must install a self-supporting tubular scaffold, suspended platform, or kneebraced scaffolding around the chimney.
Particular attention should be paid to the design, support, and tie-in (braces) of the scaffold.
A competent person should be present at all times during the erection of the scaffold.
It is essential that there be adequate working clearance between the chimney and the work platform.
Access to the top of the scaffold should be provided by means of portable walkways.
The platforms should be decked solid and the area from the work platform to wall bridged with a
minimum of 2-inch thick lumber.
A back rail 42 inches above the platform with a midrail covered with canvas or mesh should be
installed around the perimeter of the platform to prevent Injury to workers below. Debris netting may
be installed below the work platform.
Excess canvas or plywood attachments can form a wind sail that could cause collapse of the scaffold.
When working on the work platform, all personnel should wear hard hats, long sleeve shirts, eye/face
protection, such as goggles and face shields, respirators and safety belts, as required.
Care should be taken that the proper number of workers are assigned to the task.
Too many people on a small work platform can lead to accidents.

An alternative to the erection of a self-supporting tubular steel scaffold is to "climb" the structure with a
creeping bracket scaffold. Careful inspection of the masonry and a decision as to the safety of this alternative
must be made by a competent person. It is essential that the masonry of the chimney be in good enough
condition to support the bracket scaffold.
The area around the chimney should be roped off or barricaded and secured with appropriate warning signs
posted. No unauthorized entry should be permitted to this area. It's also good practice to keep a worker, i.e. a
supervisor, operating engineer, another worker, or a "safety person", on the ground with a form of
communication to the workers above.
Special attention should be paid to weather conditions when working on a chimney. No work should be done
during inclement weather such as during lightning or high wind situations. The worksite should be wetted
down, as needed, to control dust.

Debris Clearance
If debris is dropped inside the shaft, it can be removed through an opening in the chimney at grade level.








The opening at grade must be kept relatively small in order not to weaken the structure.
If a larger opening is desired, a professional engineer should be consulted.
When removing debris by hand, an overhead canopy of adequate strength should be provided.
If machines are used for removal of debris, proper overhead protection for the operator should be
used.
Excessive debris should not be allowed to accumulate inside or outside the shaft of the chimney as the
excess weight of the debris can impose pressure on the wall of the structure and might cause the
shaft to collapse.
The foreman should determine when debris is to be removed, halt all demolition during debris
removal, and make sure the area is clear of clean-up workers before continuing demolition.

Demolition by Deliberate Collapse
Another method of demolishing a chimney or stack is by deliberate collapse. Deliberate collapse requires
extensive planning and experienced personnel, and should be used only when conditions are favorable.

There must be a clear space for the fall of the structure of at least 45 degrees on each side of the intended fall
line and 1½ times the total height of the chimney. Considerable vibration may be set up when the chimney
falls, so there should be no sewers or underground services on the line of the fall. Lookouts must be posted on
the site and warning signals must be arranged. The public and other workers at the job site must be kept well
back from the fall area.
The use of explosives is one way of setting off deliberate collapse. This type of demolition should only be
undertaken by qualified persons. The entire work area shall be cleared of nonessential personnel before any
explosives are placed. Though the use of explosives is a convenient method of bringing down a chimney or
stack, there is a considerable amount of vibration produced, and caution should be taken if there is any
likelihood of damage.
Demolition of Pre-Stressed Concrete Structures
The different forms of construction used in a number of more or less conventional structures built during the
last few decades will give rise to a variety of problems when the time comes for them to be demolished. Prestressed concrete structures fall in this general category. The most important aspect of demolishing a prestressed concrete structure takes place during the engineering survey. During the survey, a qualified person
should determine if the structure to be demolished contains any pre-stressed members.
It is the responsibility of the demolition contractor to inform all workers on the demolition job site of the
presence of pre-stressed concrete members within the structure. They should also instruct them in the safe
work practice which must be followed to safely perform the demolition. Workers should be informed of the
hazards of deviating from the prescribed procedures and the importance of following their supervisor's
instruction.
Table 11-1. Categories of Pre-Stressed Construction
There are four main categories of pre-stressed members. The category, or categories, should be
determined before attempting demolition, bearing in mind that any pre-stressed structure may
contain elements of more than one category.
- Category 1. Members pre-stressed before the application of the superimposed loads and having
all cables or tendons fully bonded to the concrete or grouted within ducts.
- Category 2. As Category 1, but having the tendons left ungrouted. This type of construction can
sometimes be recognized from the access points which may have been provided for inspection of the
cables and anchors. More recently, unbonded tendons have been used in the construction of beams,
slabs, and other member; these tendons are protected by grease and surrounded by plastic
sheathing, instead of the usual metal duct.
- Category 3. Members that are pre-stressed progressively as the building construction proceeds
and the dead load increases, using bonded tendons, as category 1.
- Category 4. As category 3, but using unbonded tendons, as Category 2.
Examples of construction using members of Categories 3 or 4 are relatively rare up to this time.
However, they may be found, for example, in the podium of a tall building or some types of bridges.
They require that particular care be taken in demolition.

Pre-tensioned Members
These usually do not have any end anchors, the wires being embedded or bonded within the length of the
member. Simple pre-tensioned beams and slabs of spans up to about 7 meters (23') can be demolished in a
manner similar to ordinary reinforced concrete. Pre-tensioned beams and slabs may be lifted and lowered to
the ground as complete units after the removal of any composite concrete covering to tops and ends of the
units. To facilitate breaking up, the members should be turned on their sides. Lifting from the structure should
generally be done from points near the ends of the units or from lifting point positions. Reuse of lifting eyes, if
in good condition, is recommended whenever possible. When units are too large to be removed, consideration
should be given to temporary supporting arrangements.

Pre-Cast Units Stressed Separately From the Main Frames of the Structure, with End Anchors and
Grouted and Ungrouted Ducts.
Before breaking up, units of this type should be lowered to the ground, if possible. It is advisable to seek the
counsel of a professional engineer before carrying out this work, especially where there are ungrouted
tendons. In general, this is true because grouting is not always 100 percent efficient. After lowering, the units
can be turned on their side with the ends up on blocks after any composite concrete Is removed. This may
suffice to break the unit and release the pre-stress; if not, a sand bag screen, timbers, or a blast mat as a
screen should be erected around the ends and demolition commenced, taking care to clear the area of any
personnel. It should be borne in mind that the end blocks may be heavily reinforced and difficult to break up.

Monolithic Structures
The advice of the professional engineer experienced in pre-stressed work should be sought before any attempt
is made to expose the tendons or anchorages of structures in which two or more members have been stressed
together. It will usually be necessary for temporary supports to be provided so the tendons and the anchorage
can be cautiously exposed. In these circumstances it is essential that indiscriminate attempts to expose and
de-stress the tendons and anchorages are not made.

Progressively Pre-Stressed Structures
In the case of progressively pre-stressed structures, it is essential to obtain the advice of a professional
engineer, and to demolish the structure in strict accordance with the engineer's method of demolition. The
stored energy in this type of structure is large. In some cases, the inherent properties of the stressed section
may delay failure for some time, but the presence of these large pre-stressing forces may cause sudden and
complete collapse with little warning.
Safe Work Practices When Working in Confined Spaces
Demolition contractors often come in contact with confined spaces when demolishing structure at industrial
sites. These confined spaces can be generally categorized in two major groups: those with open tops and a
depth that restricts the natural movement of air, and enclosed spaces with very limited openings for entry.
Examples of these spaces include storage tanks, vessels, degreasers, pits vaults, casing, and silos.
The hazards encountered when entering and working in confined spaces are capable of causing bodily injury,
illness, and death. Accidents occur among workers because of failure to recognize that a confined space is a
potential hazard. It should therefore be considered that the most unfavorable situation exists in every case and
that the danger of explosion, poisoning, and asphyxiation will be present at the onset of entry.

SAFE BLASTING PROCEDURES

General Safe Work Practices

Blasting Survey and Site Preparation
Prior to the blasting of any structure or portion thereof, a complete written survey must be made by a qualified
person of all adjacent improvements and underground utilities. When there is a possibility of excessive
vibration due to blasting operations, seismic or vibration tests should be taken to determine proper safety
limits to prevent damage to adjacent or nearby buildings, utilities, or other property.
The preparation of a structure for demolition by explosives may require the removal of structural columns,
beams or other building components. This work should be directed by a structural engineer or a competent
person qualified to direct the removal of these structural elements. Extreme caution must be taken during this
preparatory work to prevent the weakening and premature collapse of the structure.
The use of explosives to demolish smokestacks, silos, cooling towers, or similar structures should only be
permitted if there is a minimum of 90 degrees of open space extended for at least 150% of the height of the
structure or if the explosives specialist can demonstrate consistent previous performance with tighter
constraints at the site.

Fire Precautions
The presence of fire near explosives presents a severe danger. Every effort should be made to ensure that
fires or sparks do not occur near explosive materials. Smoking, matches, firearms, open flame lamps, and
other fires, flame, or heat-producing devices must be prohibited in or near explosive magazines or in areas
where explosives are being handled, transported, or used. In fact, persons working near explosives should not
even carry matches, lighters, or other sources of sparks or flame. Open fires or flames should be prohibited
within 100 feet of any explosive materials. In the event of a fire which is in imminent danger of contact with
explosives, all employees must be removed to a safe area.
Electrical detonators can be inadvertently triggered by stray RF (radio frequency) signals from two-way radios.
RF signal sources should be restricted from or near to the demolition site, if electrical detonators are used.

Personnel Selection
A blaster is a competent person who uses explosives. A blaster must be qualified by reason of training,
knowledge, or experience in the field of transporting, storing, handling, and using explosives. In addition, the
blaster should have a working knowledge of state and local regulations which pertain to explosives. Training
courses are often available from manufacturers of explosives and blasting safety manuals are offered by the
Institute of Makers of Explosives (IME) as well as other organizations.
Blasters shall be required to furnish satisfactory evidence of competency in handling explosives and in safely
performing the type of blasting required. A competent person should always be in charge of explosives and
should be held responsible for enforcing all recommended safety precautions in connection with them.
Transportation of Explosives

Vehicular Safety
Vehicles used for transporting explosives shall be strong enough to carry the load without difficulty, and shall
be in good mechanical condition. All vehicles used for the transportation of explosives shall have tight floors,
and any exposed spark-producing metal on the inside of the body shall be covered with wood or some other
non-sparking material. Vehicles or conveyances transporting explosives shall only be driven by, and shall be
under the supervision of, a licensed driver familiar with the local, state, and Federal regulations governing the
transportation of explosives. No passengers should be allowed in any vehicle transporting explosives.
Explosives, blasting agents, and blasting supplies shall not be transported with other materials or cargoes.

Blasting caps shall not be transported with other materials or cargoes. Blasting caps shall not be transported in
the same vehicle with other explosives. If an open-bodied truck is used, the entire load should be completely
covered with a fire and water-resistant tarpaulin to protect it from the elements. Vehicles carrying explosives
should not be loaded beyond the manufacturer's safe capacity rating, and in no case should the explosives be
piled higher than the closed sides and ends of the body.
Every motor vehicle or conveyance used for transporting explosives shall be marked or placarded with warning
signs required by OSHA and the DOT.
Each vehicle used for transportation of explosives shall be equipped minimally with at least a 10 pound rated
serviceable ABC fire extinguisher. All drivers should be trained in the use of the extinguishers on their vehicle.
In transporting explosives, congested traffic and high density population areas should be avoided, where
possible, and no unnecessary stops should be made. Vehicles carrying explosives, blasting agents, or blasting
supplies shall not be taken inside a garage or shop for repairs or servicing. No motor vehicle transporting
explosives shall be left unattended.
Storage of Explosives

Inventory Handling and Safe Handling
All explosives must be accounted for at all times and all not being used must be kept in a locked magazine. A
complete detailed inventory of all explosives received and placed in, removed from, and returned to the
magazine should be maintained at all times. Appropriate authorities must be notified of any loss, theft, or
unauthorized entry into a magazine.
Manufacturers' instructions for the safe handling and storage of explosives are ordinarily enclosed in each case
of explosives. The specifics of storage and handling are best referred to these instructions and the
aforementioned IME manuals. They should be carefully followed. Packages of explosives should not be handled
roughly. Sparking metal tools should not be used to open wooden cases. Metallic slitters may be used for
opening fiberboard cases, provided the metallic slitter does not come in contact with the metallic fasteners of
the case.
The oldest stock should always be used first to minimize the chance of deterioration from long storage. Loose
explosives or broken, defective, or leaking packages can be hazardous and should be segregated and properly
disposed of in accordance with the specific instructions of the manufacturer. If the explosives are in good
condition it may be advisable to repack them. In this case, the explosives supplier should be contacted.
Explosives cases should not be opened or explosives packed or repacked while in a magazine.

Storage Conditions
Providing a dry, well-ventilated place for the storage of explosives is one of the most important and effective
safety measures. Exposure to weather damages most kinds of explosives, especially dynamite and caps. Every
precaution should be taken to keep them dry and relatively cool. Dampness or excess humidity may be the
cause of misfires resulting in injury or loss of life. Explosives should be stored in properly constructed fire and
bullet-resistant structures, located according to the IME American Table of Distances and kept locked at all
times except when opened for use by an authorized person. Explosives should not be left, kept, or stored
where children, unauthorized persons, or animals have access to them, nor should they be stored in or near a
residence.
Detonators should be stored In a separate magazine located according to the IME American Table of
Distances.
DETONATORS SHOULD NEVER BE
STORED IN THE SAME MAGAZINE

WITH ANY OTHER KIND OF EXPLOSIVES

Ideally, arrangements should be made whereby the supplier delivers the explosives to the job site in quantities
which will be used up during the work day. An alternative would be for the supplier to return to pick up unused
quantities of explosives. If it is necessary for the contractor to store his explosives, he should be familiar with
all local requirements for such storage.
Proper Use of Explosives
Blasting operations shall be conducted between sunup and sundown, whenever possible. Adequate signs
should be sounded to alert to the hazard presented by blasting. Blasting mats or other containment should be
used where there is danger of rocks or other debris being thrown into the air or where there are buildings or
transportation systems nearby. Care should be taken to make sure mats and other protection does not disturb
the connections to electrical blasting caps.
Radio, television, and radar transmitters create fields of electrical energy that can,
under exceptional circumstances, detonate electric blasting caps. Certain precautions must be taken to prevent
accidental discharge of electric blasting caps from current induced by radar, radio transmitters, lightning,
adjacent power lines, dust storms, or other sources of extraneous or static electricity. These precautions shall
include:







Ensuring that mobile radio transmitters on the job site which are less than 100 feet away from electric
blasting caps, in other than original containers, shall be de-energized and effectively locked;
The prominent display of adequate signs, warning against the use of mobile radio transmitters, on all
roads within 1,000 feet of the blasting operations;
Maintaining the minimum distances recommended by the IMES between the nearest transmitter and
electric blasting caps;
The suspension of all blasting operations and removal of persons from the blasting area during the
approach and progress of an electric storm.
After loading is completed, there should be as little delay as possible before firing. Each blast should
be fired under the direct supervision of the blaster, who should inspect all connections before firing
and who should personally see that all persons are in the clear before giving the order to fire.
Standard signals, which indicate that a blast is about to be fired and a later all clear signal have been
adopted. It is important that everyone working in the area be familiar with these signals and that they
be strictly obeyed.
Procedures After Blasting

Inspection After the Blast
Immediately after the blast has been fired, the firing line shall be disconnected from the blasting machine and
short-circuited. Where power switches are used, they shall be locked open or in the off position. Sufficient time
shall be allowed for dust, smoke and fumes to leave the blasted area before returning the spot. An inspection
of the area and the surrounding rubble shall be made by the blaster to determine if all charges have been
exploded before employees are allowed to return to the operation. Ail wires should be traced and the search
for unexploded cartridges made by the blaster.

Disposal of Explosives
Explosives, blasting agents, and blasting supplies that are obviously deteriorated or damaged should not be
used; they should be properly disposed of. Explosives distributors will usually take back old stock. Local fire
marshals or representatives of the United States Bureau of Mines may also arrange for it's disposal. Under no

circumstances should any explosives be abandoned.
Wood, paper, fiber, or other materials which have previously contained high explosives, should not be used
again for any purpose, but should be destroyed by burning. These materials should not be burned in a stove,
fireplace or other confined space. Rather, they should be burned at an isolated outdoor location, at a safe
distance from thoroughfares, magazines, and other structures. It is important to check that the containers are
entirely empty before burning. During burning, the area should be adequately protected from intruders and all
persons kept at least 100 feet from the fire.

Demolition Practices Under the Asbestos
NESHAP
SECTION 1
DEMOLITION PRACTICES AND NONFRIABLE MATERIALS
INTRODUCTION
EPA revised the asbestos NESHAP regulations on November 20, 1990 (see 40 CFR Part 61 Subpart M).
Although the NESHAP has not been revised to alter its applicability to friable and nonfriable asbestoscontaining materials (ACM), nonfriable asbestos materials are now classified as either Category I or
Category II material.
Category I material is defined as asbestos-containing resilient floor covering, asphalt roofing products,
packings and gaskets. Asbestos-containing mastic is also considered a Category I material (EPA
determination - April 9, 1991). Category II material is defined as all remaining types of non-friable
ACM not included in Category I that, when dry, cannot be crumbled, pulverized, or reduced to powder
by hand pressure. Nonfriable asbestos-cement products such as transite are an example of Category
II material.
The asbestos NESHAP specifies that Category I materials which are not in poor condition and not
friable prior to demolition do not have to be removed, except where demolition will be by intentional
burning. However, regulated asbestos-containing materials (RACM) and Category II materials that
have a high probability of being crumbled, pulverized, or reduced to powder as part of demolition
must be removed before demolition begins.
PURPOSE
EPA has identified a need to address how specific demolition practices affect Category I and II
nonfriable ACM. The purpose of this manual is to provide asbestos NESHAP inspectors with such
information.

This manual is intended to apply primarily to demolition and cleanup activities for buildings that
contain Category I nonfriable ACM. Although references will be made to Category II nonfriable ACM,
for the purposes of this document, it and all other RACM will be assumed to have been removed prior
to the start of actual demolition activities. Work practices associated solely with building renovations
will not be addressed.
This manual is designed to assist the asbestos NESHAP inspector in identifying practices that normally
do or do not make Category I nonfriable ACM become regulated asbestos-containing material (RACM).
Applicability determinations (both formal and informal) provided by the Regional NESHAP Coordinators
have been incorporated into the appropriate sections of this document in an effort to promote
nationwide consistency in applying the asbestos NESHAP to these demolition practices.
Activities associated with site cleanup such as segregation, reduction, and on and offsite disposal of
ACM are discussed because they may take place during or after the major demolition activities at a
site and consequently may influence a demolition contractor's choice of methods.
DEFINITIONS
The following definitions taken from the November 20, 1990 revision of the asbestos NESHAP
regulation are provided for ease of reference.
Adequately wet means sufficiently mix or penetrate with liquid to prevent the release of particulates.
If visible emissions are observed coming from asbestos-containing material, then that material has not
been adequately wetted. However, the absence of visible emissions is not sufficient evidence of being
adequately wet.
Asbestos-containing waste materials means mill tailings or any waste that contains commercial
asbestos and is generated by a source subject to the provisions of this subpart. This term includes
filters from control devices, friable asbestos waste material, and bags or other similar packaging
contaminated with commercial asbestos. As applied to demolition and renovations operations, this
term also includes regulated asbestos-containing material waste and materials contaminated with
asbestos including disposable equipment and clothing.
Category I nonfriable asbestos-containing material (ACM) means asbestos-containing packings,
gaskets, resilient floor covering, and asphalt roofing products containing more than one percent
asbestos as determined using the method specified in appendix A, subpart F, 40 CFR part 763, section
1, Polarized Light Microscopy.
Category II nonfriable ACM means any material, excluding Category I nonfriable ACM, containing more
than one percent asbestos as determined using the methods specified in appendix A, subpart F, 40

CFR part 763, section 1, Polarized Light Microscopy that, when dry, cannot be crumbled, pulverized, or
reduced to powder by hand pressure.
Cutting means to penetrate with a sharp-edged instrument and includes sawing, but does not include
shearing, slicing, or punching.
Demolition means the wrecking or taking out of any load-supporting structural member of a facility
together with any related handling operations or the intentional burning of any facility.
Facility means any institutional, commercial, public, industrial, or residential structure, installation, or
building (including any structure, installation, or building containing condominiums or individual
dwelling units operated as a residential cooperative, but excluding residential buildings having four or
fewer dwelling units); any ship; and any active or inactive waste disposal site. For purposes of this
definition, any building, structure, or installation that contains a loft used as a dwelling is not
considered a residential structure, installation, or building. Any structure, installation or building that
was previously subject to this subpart is not excluded, regardless of its current use or function.
Facility component means any part of a facility including equipment.
Friable asbestos material means any material containing more than one percent asbestos as
determined using the method specified in appendix A, subpart F, 40 CFR part 763 section 1, Polarized
Light Microscopy, that, when dry, can be crumbled, pulverized, or reduced to powder by hand
pressure. If the asbestos content is less than 10 percent as determined by a method other than point
counting by polarized light microscopy (PLM), verify the asbestos content by point counting using PLM.
Grinding means to reduce to powder or small fragments and includes mechanical chipping or drilling.
In poor condition means the binding of the material is losing its integrity as indicated by peeling,
cracking, or crumbling of the material.
Inactive waste disposal site means any disposal site or portion of it where additional asbestoscontaining waste material has not been deposited within the past year.
Installation means any building or structure or any group of buildings or structures at a single
demolition or renovation site that are under the control of the same owner or operator (or owner or
operator under common control).
Nonfriable asbestos-containing material means any material containing more than one percent
asbestos as determined using the method specified in appendix A, subpart F, 40 CFR part 763, section
1, Polarized Light Microscopy, that, when dry, cannot be crumbled, pulverized, or reduced to powder
by hand pressure.

Owner or operator of a demolition or renovation activity means any person who owns, leases,
operates, controls, or supervises the facility being demolished or renovated or any person who owns,
leases, operates, controls, or supervises the demolition or renovation operation, or both.
Planned renovation operations means a renovation operation, or a number of such operations, in
which some RACM will be removed or stripped within a given period of time and that can be predicted.
Individual nonscheduled operations are included if a number of such operations can be predicted to
occur during a given period of time based on operating experience.
Regulated asbestos-containing material (RACM) means (a) Friable asbestos material, (b) Category I
nonfriable ACM that has become friable, (c) Category I nonfriable ACM that will be or has been
subjected to sanding, grinding, cutting, or abrading, or (d) Category II nonfriable ACM that has a high
probability of becoming or has become crumbled, pulverized, or reduced to powder by the forces
expected to act on the material in the course of demolition or renovation operations regulated by this
subpart. Remove means to take out RACM or facility components that contain or are covered with
RACM from any facility.
Renovation means altering a facility or one or more facility components in any way, including the
stripping or removal of RACM from a facility component. Operations in which load-supporting
structural members are wrecked or taken out are demolitions.
Resilient floor covering means asbestos-containing floor tile, including asphalt and vinyl floor tile, and
sheet vinyl floor covering containing more than one percent asbestos as determined using polarized
light microscopy according to the method specified in appendix A, subpart F, 40 CFR part 763, Section
1, Polarized Light Microscopy.
Strip means to take off RACM from any part of a facility or facility components.
Visible emissions means any emissions, which are visually detectable without the aid of instruments,
coming from RACM or asbestos-containing waste material, or from any asbestos milling,
manufacturing, or fabricating operation. This does not include condensed, uncombined water vapor.
Waste generator means any owner or operator of a source covered by this subpart whose act or
process produces asbestos-containing waste material.
Waste shipment record means the shipping document, required to be originated and signed by the
waste generator, used to track and substantiate the disposition of asbestos-containing waste material.
SECTION 2
PRE-DEMOLITION BUILDING STATUS

This section discusses several factors that can affect the approach to demolition taken by a demolition
contractor. It is being included because events that have taken place prior to the start of actual
demolition work can influence the methodology(ies) chosen by demolition contractors. These events
can be evaluated by an inspector, allowing for prediction of "hidden" potential problem areas.
Reinforcement and clarification of applicable components of the asbestos NESHAP regulations are also
included in this section.
STATE AND LOCAL REGULATIONS
State and local asbestos regulations are sometimes more stringent than the asbestos NESHAP
regulations. This does not imply, however, that Category I nonfriable ACM is necessarily removed from
a building prior to demolition. Contractors surveyed during research conducted in the preparation of
this manual indicated that they typically treated Category I nonfriable ACM as RACM only when the
owner or operator of the building being demolished was a state or local government agency or when
project specifications explicitly specified that one or more of the Category I nonfriable ACM materials
be removed prior to the start of demolition.
UNSAFE BUILDING DECLARATIONS
Several contractors surveyed utilized state or local mechanisms to have buildings declared unsafe as a
means to avoid NESHAP requirements during and after demolition activities. However, a State or local
agency should not issue a demolition order unless the facility is structurally unsound and in danger of
imminent collapse. These conditions should be confirmed independently, and a demolition order
should not be based solely on the representation of the contractor or the contractor's agent.
Although issuance of a demolition order may have an effect on notification requirements under the
asbestos NESHAP (see 61.145(a)(3)), it has no effect on requirements for disposal procedures for
RACM after demolition activities. Also, waste segregation/reduction activities, addressed in Section 5
of this manual, are subject to the asbestos NESHAP provisions whether or not a building has been
declared unsafe.
ABATEMENT PRIOR TO DEMOLITION
Demolition contractors typically require that a building owner/operator accept responsibility for the
removal of all asbestos-containing materials found during the building inspection prior to the start of
demolition activities. Several contractors indicated that if suspect ACM became exposed during
demolition activities, and there was no prior knowledge of its existence at the start of demolition
activities, that potential asbestos NESHAP requirements would be disregarded unless a change order
was immediately processed by the owner/operator requesting the time and materials necessary to
achieve compliance with the asbestos NESHAP. Such practices are in direct violation of the asbestos
NESHAP.

INTENTIONAL BURNING
As stated in the November 1990 asbestos NESHAP revision (see 61.145(c)(10)): "If a facility is
demolished by intentional burning, all RACM, including Category I and Category II nonfriable ACM,
must be removed in accordance with the NESHAP before burning." Abandoned buildings utilized by fire
departments for practice exercises involving partial burning are subject to this requirement.
For buildings which are still structurally sound but which have previously been subjected to partial or
total, intentional or unintentional burning, an inspection for the condition of all ACM should be
conducted. Category I ACM should be examined for friability and condition. Friable materials or
Category I materials that are friable and in poor condition must be removed prior to any further
demolition activity.
SECTION 3
DEMOLITION PRACTICES BY TYPE OF ACM
INTRODUCTION
For many years now the applicability of the asbestos NESHAP to demolitions involving Category I
nonfriable ACMs (packings, gaskets, resilient floor coverings and mastic, and asphaltic roofing
materials) has been the topic of much debate. Since significant amounts of airborne asbestos fibers
are not believed to be produced from such materials during normal demolition activities, however, the
asbestos NESHAP, in most cases, does not require their removal prior to demolition.
Category I materials are considered RACM only when they "will be or have been subjected to sanding,
grinding, cutting, or abrading", they are in "poor condition" and "friable", or the structure in which
they are located will be demolished by burning. (Definitions for these terms and additional information
concerning Category I nonfriable ACM can be found in the preamble to the November 1990 revised
asbestos NESHAP (SUPPLEMENTARY INFORMATION, Section IV - Significant Comments..., Demolition
and Renovation, Nonfriable ACM and Broken ACM).
The following information details specific pre-demolition and demolition practices and their impact on
Category I nonfriable ACM. The information has been compiled from telephone surveys of demolition
contractors, the viewing of activities at a number of demolition sites, and formal and informal EPA
applicability determinations. The effects of various demolition practices on asbestos-cement products
are also discussed. Since the applicability of the asbestos NESHAP to Category II nonfriable materials
is determined on a case-by-case basis, it is hoped that this additional information will help foster
nationwide consistency in the application of the regulation to these materials.

As you will see, many of the various demolition techniques described do not, by themselves, cause
Category I nonfriable ACM to become RACM. However, in many cases, post-demolition waste
consolidation, cleanup, and recycling efforts can cause both Category I nonfriable ACM and Category II
nonfriable ACM to become RACM. If that is likely to happen, such materials must be considered RACM
and be treated as such. Post-demolition activities which can affect Category I and II materials will be
detailed later in this manual.
RESILIENT FLOOR COVERING (TILES)
Depending on the types of activities occurring at a demolition site, floor tiles (and mastic) may or may
not become subject to the provisions of the asbestos NESHAP.
Pre-demolition Floor Tile Removal
Although not usually required by the asbestos NESHAP, removal of asbestos-containing resilient floor
tiles may occur prior to demolition. Such removal may be required when the substrate to which the
floor covering is attached (particle board, wood, concrete) is to be recycled or salvaged.
Since the presence of mastic is not desirable on materials intended for resale or recycling, contractors
use a variety of methods to remove this material as well.
A wide variety of floor tile removal methods exists, some of which cause the floor tiles and mastic to
become RACM and subject to the provisions of the asbestos NESHAP. The following describes various
removal methods and the applicability of the asbestos NESHAP to them.
Water/Amended Water/Solvents
Water, amended water, or solvents may be spread onto floor tiles in order to loosen them. After a
period of soaking, the tiles may be removed using long-handled scrapers (ice chippers), or gas- or
electrically-powered mechanical chisels. In cases where tile breakage is minimal, the floor tiles are not
considered RACM.
However, where breakage is extensive, the tiles are RACM and are subject to the provisions of the
asbestos NESHAP.
Dry Ice
Although rarely used for this purpose nowadays, dry ice (frozen carbon dioxide) can be used to
remove floor tiles. When dry ice is applied to the tiles, the intense cold causes the tiles to contract and
detach from the substrate. As long as the tiles are not extensively damaged, they are not considered
RACM.

Infrared Machines
Infrared machines may be used in the removal of floor tiles. These machines heat the flooring,
thereby softening the tiles and adhesive, and allow for its easy removal. Since most tiles detach
intact, they are not friable, and therefore are not considered RACM.
Shot-blasters
Shot-blasters are sometimes used in the removal of floor tiles. These machines direct a barrage of
small pellets (shot) against the tiles and continually vacuum up and separate the mixture of pulverized
tile and pellets. The pellets are reused immediately and the pulverized materials are segregated for
disposal. EPA allows the use of shot-blasters only on wetted floor tiles. Floor tiles and mastic removed
by shot-blasters are considered RACM and are therefore subject to the asbestos NESHAP.
Demolition with Floor Tiles in Place
Since ordinary demolition activities do not include the sanding, grinding, cutting and abrading of floor
tiles, floor tiles and associated mastic that are not in poor condition and not friable are not considered
RACM and are allowed to remain in place during demolition.
ASPHALT ROOFING PRODUCTS
The pre-demolition terms and conditions (governmental regulations, contract specifications) discussed
in Section 2 also influence the handling of asbestos-containing roofing materials.
Pre-demolition Roof Removal
If preliminary assessment has determined that roofing materials contain asbestos, and regulations or
contract specifications dictate removal of such material prior to demolition, licensed abatement
contractors may be required to do the removal. Alternatively, the demolition contractor may
undertake the operation.
Roofs may be removed in a variety of ways. Demolition personnel may use sledge hammers, pry bars,
axes, adzes, shovels, ice chippers and roof-cutting saws to remove the roofing materials. They also
may use tractor-mounted rotating blade cutters, power plows and power slicers. Use of roof-cutting
saws, either hand-or power-driven, or tractor-mounted, are of great concern, since they can generate
asbestos-containing dust from roofing materials. The sawing of Category I nonfriable ACM roofing
material and the debris created by the sawing are regulated by the asbestos NESHAP. Since power
plows and power slicers do not sand, grind, cut or abrade the roofing materials, their use and
resultant debris are not subject to the asbestos NESHAP regulation. Category I nonfriable ACM roofing

squares that have been decontaminated may be disposed of with other demolition debris or at an
asbestos landfill.
Demolition with Roofing Materials in Place
Since demolition activities do not include sanding, grinding, cutting, or abrading, Category I asbestoscontaining roofing materials not in poor condition and not friable are not considered RACM and are
allowed to remain in place during demolition.
ASBESTOS-CEMENT PRODUCTS
Asbestos-cement products (such as transite) are commonly used for duct insulation, pipes, and siding.
Being a Category II nonfriable ACM, asbestos-cement products need to be removed prior to demolition
if they have a high probability of becoming crumbled, pulverized, or reduced to powder during
demolition activities. EPA believes that most demolition activities will subject such Category II
nonfriable ACM to the regulation.
Whether asbestos-cement products are subject to the asbestos NESHAP should be determined by the
owner or operator on a case-by-case basis based on the demolition techniques to be used. In general,
if contractors carefully remove asbestos-cement materials using tools that do not cause significant
damage, the materials are not considered RACM and can be disposed of with other construction
debris.
However, if demolition is accomplished through the use of cranes (equipped with wrecking balls,
clamshells or buckets), hydraulic excavators, or implosion/explosion techniques, asbestos-cement
products will be crumbled, pulverized or reduced to powder, and are subject to the provisions of the
asbestos NESHAP.
Some demolition contractors do not treat significantly damaged asbestos-cement products as RACM;
they mix it with other demolition debris and dispose of it in direct violation of the waste-disposal
provisions of the asbestos NESHAP.
SECTION 4
DEMOLITION PRACTICES BY METHOD
Methods of destruction employed at demolition sites include the use of heavy machines,
explosions/implosions, and hand methods. All of these methods cause Category II nonfriable ACM to
become RACM; however, Category I nonfriable ACM (packings, gaskets, resilient floor coverings,
asphaltic roofing materials, mastic) that is not in poor condition and not friable prior to the demolition
operation may be subjected to most of these techniques without becoming RACM. The following

describes various demolition techniques and their effects on nonfriable materials. All Category I
nonfriable ACM referenced is presumed not to be in poor condition and not friable prior to the
demolition operation.
HEAVY MACHINERY RAZING OPERATIONS
For the purposes of this document heavy machinery (or equipment) includes large motorized vehicles
such as bulldozers with rakes, top loaders, backhoes, skid loaders/bobcats, hydraulic excavators, and
other similar machinery used for transporting, moving, or dislodging of materials at a demolition site.
Cranes equipped with wrecking balls, clamshells, or buckets are also considered heavy machinery.
Heavy machinery is used at demolition sites for both razing operations and post-demolition activities.
"Razing", the process which reduces a building's structural skeleton to rubble, typically occurs after
the building's interior has been gutted by hand.
Use of heavy machinery during the razing process causes Category II nonfriable ACM, but not
Category I nonfriable ACM to become RACM. Use of such equipment during subsequent operations,
such as waste consolidation, however, is a major concern which will be addressed in Section 5 of this
document.
Bulldozers and Similar Machinery
Included in this grouping of heavy machinery are all types of bulldozers, backhoes, top loaders and
skid loaders/bobcats commonly used in conjunction with hand methods to raze buildings. Bulldozers
move on tracks whereas backhoes, top loaders, and skid loaders operate on rubber tires.
Only if a great deal of working space exists at a site, and a precisely-controlled demolition is not
necessary, can bulldozers such as 977 loaders and D-9s be used to demolish a building. These
bulldozers are typically equipped with giant rakes designed to ram building walls and move debris.
977's or D-9s may be used to undermine a building, but hydraulic excavators (discussed later in this
section) are usually used for this purpose. Backhoes and top loaders are mainly used for moving
debris and tearing off sections of walls and other building components.
Skid loaders, machines commonly used to load skids or pallets onto trucks, may be specially equipped
with a type of ram for use during demolitions and are usually of the "bobcat" type.
The razing of a building using the heavy machinery described above causes Category II nonfriable
ACM, but not Category I nonfriable ACM to become RACM.
Hydraulic Excavators

Hydraulic excavators, such as EL-300s, 225s or 215s, resemble a combination bulldozer/backhoe and
operate on tracks. They are easier to use and provide greater control during demolition than the
bulldozers described above. However, since they too raze buildings by ramming and tearing, like
bulldozers, their use in congested areas is limited. Nearby buildings must be protected from the falling
debris; plywood may be applied over the windows and rubber tires may be used to cushion and
prevent damage to walls of adjacent structures.
On rare occasions, hydraulic excavators may be used to topple one-or two-story buildings by means of
an undermining process. The strategy is to undermine the building while controlling the manner and
direction in which it falls. The demolition project manager (who in many jurisdictions must be licensed
by the city or state) must determine where undermining is necessary so that a building falls in the
desired manner and direction. The walls are typically undermined at a building's base, but this is not
always the case as building designs may dictate otherwise. Safety and cleanup considerations are also
taken into account in determining the methods to be used.
Since the toppling of a building constitutes a safety hazard and generates enormous quantities of dust,
many cities and towns will not approve of this method of demolition. Where the practice is allowed,
the contractor may be required to keep the structure wet during demolition. Hydrant permits may be
required and, because of the wetting restrictions, such demolitions may be impossible to accomplish
during the winter.
Hydraulic excavators are also used to conduct cleanup activities such as excavation, fill burial,
material reduction, and material load-out. The use of hydraulic excavators during the razing process
causes Category II nonfriable ACM, but not Category I nonfriable ACM to become RACM.
Cranes (Wrecking Ball, Clamshell, Bucket)
Although often employed in the past, particularly during demolitions of high-rise structures, cranes are
now rarely used. They are expensive to operate and usually not necessary, since renovation has
displaced demolition as the method of choice in dealing with many out-of-date structures. Cranes are
currently used only in situations where other equipment cannot be employed.
Cranes may be equipped with wrecking balls, clamshells or buckets, which are used in a variety of
ways. All three may be dropped or swung against the structure to demolish it. When employed in this
manner, clamshells provide the greatest force of the three and result in the fastest, most efficient
demolition projects.
Buckets and clamshells allow a greater degree of control than wrecking balls. Buckets may be raised
to the level where internal demolition of the building is taking place and be used merely to transport
and segregate hand-loaded demolition materials collected from within. Clamshells can take big bites
out of the structure and facilitate the segregation of demolition debris.

When demolition is accomplished by crane, the process can begin at the roof and progress continually
downward, or alternate up and down. Materials are segregated to the greatest degree possible as the
demolition progresses so that the need for post-demolition handling is minimized. In the case of highrise structures, the interiors are usually gutted by hand prior to razing.
Effect on Category I Materials
The use of cranes during the razing process does not cause Category I nonfriable ACM to become
RACM; therefore, Category I materials which are not in poor condition and not friable may remain in
the building during such demolition.
Effect on Category II Materials
The use of wrecking balls on asbestos-cement (A/C) siding (a Category II nonfriable ACM) on buildings
is specifically addressed in the November 1990 asbestos NESHAP revision (see SUPPLEMENTARY
INFORMATION, Section IV - Significant Comments..., Demolition and Renovation, Nonfriable ACM):
"...the A/C siding on a building that is to be demolished using a wrecking ball is very likely to be
crumbled, or pulverized with increased potential for the release of significant levels of asbestos fibers.
Such material in this instance should be removed prior to demolition."
Therefore, A/C siding, although a nonfriable material, is considered RACM when a wrecking ball is
being used to demolish the structure. Whenever buckets and clamshells are to be swung like wrecking
balls, A/C materials should also be considered RACM.
EXPLOSIONS/IMPLOSIONS
Building implosions utilizing explosive devices constitute a rarely-used demolition technique. In
simplest form, this method is accomplished through the use of explosive charges placed strategically
throughout a building so that the building collapses in on itself and debris does not radiate outward to
any appreciable distance. Relatively large quantities of dust are created, however, and the direction
and magnitude of transport are matters of concern.
Effect on Category I Materials
The asbestos NESHAP does not require the removal of Category I nonfriable ACM that is not in poor
condition and not friable prior to building implosions. Normal implosion techniques do not cause
nonfriable materials to become RACM. The destruction of buildings during military target practice is
considered to be another form of explosive demolition. Category I materials may remain in place
during target practice. However, if it can be expected that the building and ACM will burn as a result of
explosive demolition, the ACM must be removed prior to demolition.

Recent examination of asbestos-containing floor tiles and roofing materials contained in a large
building demolished by implosion revealed that the floor tile was in fair to good condition and had not
become friable. Tiles had been broken up into small quantities of large pieces as the individual floors
collapsed upon each other. The roofing materials were similarly affected; they too remained nonfriable
following demolition by implosion.
EPA does not consider Category I material to be RACM as a result of building implosions. If, however,
Category I materials are to be subjected to sanding, grinding, cutting, or abrading after demolition,
they must be treated as RACM and be removed from the building before demolition.
Effect on Category II Materials
Category II materials, such as transite, found in or on buildings scheduled for implosion/explosion
destruction must be removed before such demolition. Such materials are considered RACM because
they have "a high probability of becoming crumbled, pulverized or reduced to powder" during such
activities.
HAND METHODS OF DEMOLITION
This section of the manual addresses hand methods employed during demolition and includes
segregation activities which take place during demolition (as opposed to cleanup) and their effects on
Category I materials. "Hand methods", for the purposes of this manual, refer to the use of motorized
and non-motorized tools that can be operated by hand and are not used for transportation. The
methods discussed include not only those used in the gutting of building interiors prior to razing, but
also those used during razing itself. Unless otherwise noted, "hand methods" refers to those methods
that do not significantly damage the ACM and therefore do not cause Category I nonfriable ACM to
become RACM.
Most buildings of ten floors or less are currently razed at least partially, if not fully, by hand. Hand
methods allow much greater control over a building's collapse than other methods and permit easier
segregation of demolition materials for resale or recycling than other demolition methods. In addition,
hand methods may be required because of workspace limitations.
Depending on the size of the job and demolition schedule, the size of a demolition crew may vary from
as few as five individuals to 30 or more. As a general rule, workers use relatively inexpensive tools
such as pry bars, hand-held saws, power saws, sledge hammers, axes, bolt cutters, and acetylene
torches during gutting and razing operations.
As the gutting/salvage activities progress, demolition debris is typically deposited into a trailer or
dumpster strategically placed outside a window of the building being demolished. The window frame is
removed and materials are loaded into the storage containers by hand, or, where possible, by bobcats

operating within the building. Many jobs require the use of dust-tight chutes for the transport of such
debris.
On the rare occasion where onsite burial of demolition debris is allowed, the first activity to take place
in the building is the removal of the first story's flooring. This is done so that as waste materials
accumulate on upper floors, they can be sent down into the basement through the center of the
building, typically through elevator shafts, for disposal. Chutes may be used if elevator shafts are not
available. Such onsite disposal typically is allowed only for noncombustible materials such as cement
and brick. Waste consolidation activities which occur in the basement area are of great concern to EPA
and are discussed in Section 5 of this manual.
Excess demolition wastes are loaded out for transport to a landfill that accepts construction debris. If
no basement area exists, or if materials cannot be sent into dumpsters or trailers immediately as
previously described, debris may be stored in piles scattered around the site. These materials may
subsequently be moved by hand or through the use of light or heavy machinery. Section 5 of this
manual details such operations.
Floor Removal and Disposition
The techniques used in removing flooring depend upon its ultimate fate. Where it is in poor condition
and incapable of being reused or recycled, the flooring is typically ripped out using pry bars and sledge
hammers and sent offsite for disposal. Sometimes wood flooring and other debris is burned to reduce
the volume of waste. In this case, the asbestos must be removed prior to burning the wood debris.
Since demolition debris disposal costs are so high ($100 - $500 per 60-100 cubic yard load) as much
salvage/recycling of materials is done as possible.
Wood or particle board flooring is sometimes segregated and sold to recycling centers where it is
chipped up and sold as filler or mulch (composting, gardening, etc.). If resilient asbestos- containing
floor covering is attached to such flooring it is considered RACM and must be removed prior to
recycling. Tiles are often chipped or scraped off the substrate using the methods described in Section
3.
Large planks and joists, and beams (both wooden and steel) may also be saved if they are in good
condition. Wooden planks are usually lifted with pry bars, whereas the larger joists and beams are
segregated for reuse following the razing of the structure.
Where demolition debris will be recycled, any asbestos remaining on the debris must be removed prior
to any recycling that will sand, grind, cut, or abrade the asbestos or otherwise cause it to become
RACM.
Roof Removal and Disposition

On occasion one may find that the roof of a building being demolished is removed before the building
is razed. Such removal may be required when buildings are very close to one another, or when the
roofing contains asbestos-containing materials.
There are two major types of roofing: "built-up roofing" and "sheet goods". Built-up roofing contains
multiple layers of felt and asphalt. Sheet goods typically consist of a single layer of material.
Roofs are often taken out by hand, typically by using pry bars, sledge hammers, axes, adzes, bolt
cutters, ice chippers, shovels and roof-cutting saws. If the roof contains asbestos materials (felt, cork,
etc.), an asbestos removal contractor may be employed to remove it. Some abatement contractors
wet the roof with plain or amended water and then use shrouded power saws whose exhaust is HEPAfiltered to cut the roofing into manageable (often 2' x 3') pieces. After the pieces are lifted, the edges
may be encapsulated. Other abatement contractors may build a full containment and establish a
reduced pressure environment prior to removing the roofing materials.
Depending upon the contractors involved and the condition of the asbestos-containing roof debris, the
debris may or may not be segregated from other demolition debris. Abatement contractors may store
roof debris in lined dumpsters onsite and dispose of it at an asbestos landfill; if the asbestoscontaining roofing material is not in poor condition and is not friable however, it may be disposed of in
a landfill which accepts ordinary demolition waste.
Asbestos-containing roofing material may not be ground up for recycling into other products.
Work Progression
Demolition crews typically work downward, floor by floor. Materials such as doors, windows, electrical
and other fixtures which can be salvaged are removed first. Interior partitions are then ripped, cut, or
knocked out using various hand-held tools including sledge hammers, axes, adzes and pry bars. Brick
is generally segregated immediately after being knocked out of walls so it can be examined at the site
by potential buyers. Ceilings are also ripped out using pry bars, axes and sledge hammers. Steel and
other metal materials are typically placed in separate debris piles from other materials. Work proceeds
in a similar floor/wall, floor/wall pattern until the first floor is once again reached.
Sawing/Cutting Operations
In order to raze a building by hand, load-bearing members must be cut. Based upon the composition,
thickness, and condition of the structural member being cut, saws selected range from hand saws to
Sawz-alls and gas-driven carbide blade hand saws. Large bolt cutters are also used to cut steel
members. Category I materials subjected to sawing or cutting are subject to the provisions of the
asbestos NESHAP; however, typical demolition sawing/cutting operations rarely involve such
materials.

Grinding Operations
Grinding operations are not common occurrences at most demolition sites. On occasion, however,
asbestos-containing mastic and remaining pieces of floor tile may be ground off concrete destined for
recycling. Category I material so treated is RACM and is subject to the provisions of the asbestos
NESHAP.
Pulverizing Operations
On occasion, asbestos-containing floor tiles are removed from their substrate by hand, using either
hand-held ice choppers or electrically- or gas-powered mechanical chippers. If use of such methods
pulverizes, crumbles or reduces the floor tiles to powder, the tiles must be considered RACM and must
be handled in accordance with the requirements of the asbestos NESHAP.
Summary
On rare occasions Category I nonfriable ACM may be subjected to hand methods involving the
uncontrolled drilling, cutting, sawing, grinding or abrading of such materials; under these
circumstances Category I materials are considered RACM.
ONSITE WASTE HANDLING PROCEDURES
INTRODUCTION
At the present time it is not demolition operations and ordinary cleanup activities but the postdemolition activities involving waste consolidation and recycling of Category I and II materials which
are of greater concern. If such activities subject either Category I or II nonfriable ACM to sanding,
grinding, cutting or abrading, the materials become RACM and are then subject to the provisions of
the asbestos NESHAP.
In general, since cleanup activities such as loading waste debris onto trucks for disposal do not subject
nonfriable materials to sanding, grinding, cutting or abrading, such materials are not considered
asbestos-containing waste materials and are not regulated by the asbestos NESHAP.
However, waste consolidation efforts which involve the use of jack hammers or other mechanical
devices such as grinders to break up asbestos-containing concrete or other materials covered or
coated with Category I nonfriable ACM, are subject to the regulation.
In addition, operations such as waste recycling which sand, grind, cut, or abrade Category I or II
nonfriable ACM are subject to the asbestos NESHAP. When these types of activities are performed,
Category I and II nonfriable ACM become RACM.

The following details the post-demolition activities of waste consolidation (segregation and reduction),
waste load-out and onsite waste disposal and their effects on nonfriable ACM.
WASTE CONSOLIDATION
Waste consolidation operations involve segregation and reduction activities that have as their ultimate
goal the resale, recycling, and disposal of demolition debris.
Segregation of Demolition Debris
Demolition contractors segregate demolition debris primarily to maximize their profits. As much
material as possible is collected for resale and recycling (e.g., wood, brick, steel and concrete); the
remaining debris is most often transported offsite for disposal.
Segregation may involve cutting and grinding operations, the breaking and tearing apart of materials
to separate them by material type, and the transport of materials within the demolition site
boundaries.
Since segregation activities may be accomplished using hand methods and heavy equipment,
nonfriable ACM may or may not become friable in the process. The following text details various
segregation activities and describes their effects on nonfriable materials.
Segregation by Hand
Materials such as wood, brick and steel are generally separated from other demolition debris using
equipment such as sledgehammers, prybars, adzes and axes. If any hand equipment is used to cut,
sand, grind, or abrade Category I or II materials, RACM is thus created and the provisions of the
asbestos NESHAP apply.
Material Transport
Since heavy equipment is often used to move and segregate demolition debris, questions have been
raised concerning the effect of such transport particularly on Category I nonfriable ACM.
If Category I nonfriable ACM is transported across a demolition site in the bucket of a top loader,
backhoe, hydraulic excavator or other similar vehicle, it is not considered RACM since it is not
subjected to sanding, grinding, cutting or abrading during this activity.
Use of bulldozers, on the other hand, is expected to have a greater impact on Category I materials.
However, EPA has stated that "...if the bulldozer is moving the debris or picking it up to be put in a
vehicle and inadvertently runs over Category I material, then it is not subject to the NESHAP

standard" (see Appendix I). Consequently, the moving of debris by bulldozers, whether by carrying it
in a bucket or pushing it along the ground does not in itself cause Category I nonfriable ACM to
become RACM.
Category II nonfriable ACM subjected to sanding, grinding, cutting or abrading during collection and
transport is considered RACM and thus subject to the asbestos NESHAP.
Vehicular Traffic Impact
Rubber-tired Vehicles
If nonfriable ACM is intentionally run over by rubber-tired vehicles as a means of segregation, it does
not automatically become RACM but must be examined for damage. If it has become extensively
damaged, i.e., it was sanded, ground, cut or abraded during segregation, it becomes RACM and is
subject to the NESHAP regulation.
Tracked Vehicles
Although tractor treads present greater risks of causing extensive damage to nonfriable ACM, limiting
their use at demolition sites is not considered practical. Intentionally running over nonfriable ACM with
tractor treads as a means of segregation is considered grinding; material thus treated becomes RACM.
Intentional segregation in this manner is addressed in the preamble to the revised asbestos NESHAP
(SUPPLEMENTARY INFORMATION, Section IV, Significant Comments and Changes to the Proposed
Revisions, Demolition and Renovation, Nonfriable ACM):
"Examples of practices...included the breaking of nonfriable insulation from steel beams by repeatedly
running over the beams with a crawler tractor...these and other similar practices involving nonfriable
asbestos material were considered to render nonfriable ACM into dust capable of becoming airborne."
Reduction of Demolition Debris
Reduction activities are of the greatest concern to EPA, since they are most likely to cause both
Category I and Category II nonfriable ACM to become RACM.
Category I Reduction
The use of bulldozers to reduce the volume of Category I materials causes them to become RACM as
discussed elsewhere in this manual and in the following EPA correspondence:

"If, after a demolition, material left in the facility... is intentionally ground up (such as repeatedly
running over the debris with a bulldozer to compact the material), then 61.150(a)(3) applies. The
material must be adequately wetted and kept adequately wet during collection and transport to a site
or facility operated in accordance with 61.154 or 61.155." (See Appendix I).
Reduction by the use of sledgehammers does not normally cause Category I nonfriable ACM to
become RACM. The use of pneumatic hammers, however, whether hand-operated or attached to
heavy machinery, does cause these materials to become RACM. The use of cranes with clamshells or
other heavy machinery with rakes or buckets to partially reduce Category I nonfriable ACM is
permissible if the material is left recognizable in its original form. Extensively damaged Category I
ACM (that which has been sanded, ground, cut, or abraded) becomes RACM. Consolidating waste
materials containing Category I nonfriable ACM in the hole (basement) of a building and subsequently
grinding or crushing it via bulldozer subjects the operation to the asbestos NESHAP.
For wood/tile debris, demolition crews sometimes use tree chippers to grind the material up. Any
Category I nonfriable ACM subjected to this treatment becomes RACM.
Category II Reduction
Reduction of Category II materials such as asbestos-cement pipe and concrete following demolition is
also a matter of concern.
Asbestos-Cement Pipe
EPA considers asbestos-cement pipe to be a "facility component" (as defined in 40 CFR 61.141) of the
facility which owns or utilizes the pipe. In addition, EPA considers asbestos- cement pipe to be
Category II nonfriable asbestos containing material. This material becomes "regulated asbestos
containing material" (RACM), as defined in 40 CFR 61.141, when it becomes "friable asbestos
material" or when it "has a high probability of becoming or has become crumbled, pulverized or
reduced to powder by the forces expected to act on the material during the course of demolition or
renovation operations regulated by [40 CFR Part 61 Subpart M]." Consequently, the crushing of
asbestos-cement pipe with mechanical equipment will cause this material to become RACM. The
demolition and renovation provisions in 40 CFR 61.145 and the waste disposal provisions in 40 CFR
61.150 apply to asbestos-cement pipe where the pipe is considered RACM, and the amount of pipe
being removed and crushed is at least 260 linear feet for a single renovation project or during a
calendar year for individual nonscheduled operations.
Concrete
At certain demolition sites demolition contractors may rent and operate large concrete-pulverizing
machines called PC-400s. Since the asbestos content of concrete is rarely known, use of such

machines is a matter of concern to EPA. Under no circumstances should asbestos-containing concrete,
or concrete to which asbestos-containing resilient flooring is attached, be subjected to such treatment.
Onsite Waste Disposal
As mentioned in other sections of this manual, using heavy machinery to crush demolition debris
containing Category I or II nonfriable ACM in place prior to or during burial, can cause the ACM to
become RACM subject to the provisions of sections 61.150 (waste disposal) and 61.151 (inactive
waste disposal sites) or 61.154 (active waste disposal sites). If Category I or II materials are not
rendered friable, they are not subject to the asbestos NESHAP.
EPA has recently responded to a question regarding the onsite disposal of crushed asbestos- cement
pipe, a Category II material. The response is applicable as well to the burying of Category I material
which has been sanded, ground, cut or abraded. In its correspondence EPA stated that the practice of
backfilling and burying crushed asbestos-cement pipe in place causes these locations to become active
waste disposal sites subject to the requirements of 61.154. Furthermore, if no additional asbestoscontaining waste material is buried at that location for a year, the site becomes an inactive waste
disposal site subject to the requirements of 61.151(e) and 61.154(h). Consequently, the owner of the
land would be required to comply with the requirements for active and inactive waste disposal sites.
In order to avoid the creation of a waste disposal site which is subject to the Asbestos NESHAP, it was
suggested that the owners or operators of the pipe consider other options for dealing with it. If the
pipe is left in place or removed in such a way that it is not crumbled, pulverized or reduced to power,
it would not be subject to the NESHAP. If the pipe must be crushed, the creation of an active waste
disposal site can be avoided by removing the pipe from the site and transporting it to a landfill which
accepts asbestos waste material.
An alternative method suggested involved the pumping of grout into the buried lines which are no
longer in service.
Waste Load Out
As mentioned previously, waste load out activities generally do not cause Category I nonfriable ACM to
become RACM. Top loaders are typically used to deposit demolition debris containing Category I
nonfriable ACM into trucks for hauling to landfills that accept construction debris.
Recent EPA correspondence discusses the hauling and ultimate disposal of both Category I and
Category II ACM as follows:
It is required under 61.150(a)(3) that asbestos-containing waste material be kept adequately wet.
Asbestos-containing waste material as applied to demolitions and renovations includes RACM waste

and materials contaminated with asbestos including disposable equipment and clothing. Category I or
Category II nonfriable ACM that has been contaminated by RACM, and cannot be decontaminated
(e.g., building debris in a pile contaminated with RACM) must be treated as asbestos-containing waste
material. Category I or Category II ACM that does not meet the definition of RACM after a demolition
or renovation, and is not contaminated with RACM, is not asbestos-containing waste material and is
not subject to the wetting requirement of 61.150(a)(3).
Category I or II nonfriable ACM that is not subject to 61.150(a)(3) would still have to be disposed of
in a landfill that accepts building debris, in a landfill that operates in accordance with 61.154, or at a
facility that operates in accordance with 61.155. This waste material would not be allowed to go to any
facility that would sand, grind, cut or abrade the non-RACM waste or otherwise turn it into RACM
waste (such as a cement recycling facility). In addition, if Category I or II nonfriable ACM is sanded,
ground, cut or abraded during disposal at a landfill, before it is buried, it is subject to the NESHAP.
(See Appendix I).
SECTION 6
OFFSITE WASTE HANDLING PROCEDURES
The issues discussed in this section include landfills, recycling centers, conversion facilities, and
renovation activities. Since EPA has taken a "cradle to grave" approach regarding the disposition of
ACM, responsibility for the ultimate fate of Category I ACM rests with all individuals involved in
handling the material.
Landfills
Category I and II ACM that has become RACM must be disposed of in a landfill that operates in
accordance with 61.150 and 61.154, or in an EPA-approved conversion facility described in 61.155 of
the asbestos NESHAP.
Category I and II nonfriable ACM which has not become RACM during demolition may be disposed of
in a landfill that normally accepts construction debris. However, if Category I or II nonfriable ACM is
sanded, ground, cut or abraded before it is buried at the landfill, it is subject to the asbestos NESHAP.
Recycling Centers
At the present time, EPA does not allow either Category I or II nonfriable demolition debris to go to
any facility (e.g., a cement recycling facility) that will sand, grind, cut or abrade it or otherwise turn it
into RACM waste. Recycling facilities which cause non-RACM waste to become RACM waste are subject
to the provisions of the asbestos NESHAP (See Appendix I).

Conversion Facilities
Conversion facilities are addressed in Section 61.155 of the November 1990 revised asbestos NESHAP.
Owners/operators of such facilities must handle ACWM according to the provisions of the asbestos
NESHAP.

DISCLAIMER

This manual was prepared by TRC Environmental Corporation for the Stationary Source
Compliance Division of the U.S. Environmental Protection Agency. It has been completed in
accordance with EPA Contract No. 68D20059, Work Assignment No. IA2-19. This document
is intended for information purposes ONLY, and may not in any way be interpreted to alter
or replace the coverage or requirements of the asbestos National Emission Standards for
Hazardous Air Pollutants (NESHAP), 40 CFR Part 61, Subpart M. Any mention of product
names does not constitute endorsement by the U.S. Environmental Protection Agency.

