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The information and materials contained in this publication have been developed from sources
believed to be reliable. However, the American Society of Safety Engineers (ASSE) as
secretariat of the ANSI accredited A10 Committee or individual committee members accept no
legal responsibility for the correctness or completeness of this material or its application to
specific factual situations. By publication of this standard, ASSE or the A10 Committee does not
ensure that adherence to these recommendations will protect the safety or health of any
persons, or preserve property.
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Foreword (This Foreword is not a part of American National Standard A10.16-2009 (R2016).)

This standard is one of a series of safety standards that have been formulated by the
Accredited Standards Committee on Safety in Construction and Demolition Operations,
A10. It is expected that the standards in the A10 series will find a major application in
industry, serving as a guide to contractors, labor, and equipment manufacturers. For the
convenience of users, a list of existing and proposed standards in the A10 series for
Safety Requirements in Construction and Demolition Operations follows.
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Pre-Project & Pre-Task Safety & Health Planning

Safety, Health and Environmental Training (under development)
Powder-Actuated Fastening Systems

Personnel Hoists and Employee Elevators

Material Hoists

Demolition Operations

Transportation, Storage, Handling and Use of Commercial Explosives and
Blasting Agents

Scaffolding

Concrete and Masonry Construction

Temporary and Portable Space Heating Devices

Personnel Nets

Excavation

Steel Erection

Dredging

Tunnels, Shafts and Caissons

Safe Operating Practices for Hot Mix Asphalt (HMA) Construction
Temporary Roof and Floor Holes, Wall Openings, Stairways and Other
Unprotected Edges

Pile Installation and Extraction Operations

Ceramic Tile, Terrazzo, and Marble Work

Safe Construction and Demolition of Wind Generation/Turbine Facilities (under
development)

Rope-Guided and Non-Guided Workers’ Hoists

Safety Requirements for the Installation of Drilled Shafts

Roofing — Safety Requirements for Low-Sloped Roofs

Sanitation in Construction

Emergency Procedures for Construction Sites

Hot Mix Asphalt Facilities

Work Platforms Suspended from Cranes or Derricks

Aerial Platforms in Construction (under development)

Digger-Derricks

Personal Fall Protection Used in Construction and Demolition Operations
Safety and Health Program Requirements for Multi-Employer Projects
Public Protection

Debris Nets

Basic Elements of a Program to Provide a Safe and Healthful Work Environment
Construction Safety and Health Audit Program

Reduction of Musculoskeletal Problems in Construction

Rigging Qualifications and Responsibilities in the Construction Industry
Confined Spaces in Construction and Demolition Operations
Lockout/Tagout in Construction

Hearing Loss Prevention

Highway Construction Safety

Communication Structures

Control of Health Hazards
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One purpose of these standards is to serve as guides to governmental authorities having
jurisdiction over subjects within the scope of the A10 Committee standards. If these
standards are adopted for governmental use, the reference of other national codes or
standards in individual volumes may be changed to refer to the corresponding
regulations.

Revisions: The A10 Committee welcomes proposals for revisions to this standard.
Revisions are made to the standard periodically (usually five years from the date of the
standard) to incorporate changes that appear necessary or desirable, as demonstrated
by experience gained from the application of the standard. Proposals should be as
specific as possible, citing the relevant section number(s), the proposed wording and the
reason for the proposal. Pertinent documentation would enable the A10 Committee to
process the changes in a more-timely manner.

Interpretations: Upon a request in writing to the Secretariat, the A10 Committee will
render an interpretation of any requirement of the standard. The request for interpretation
should be clear, citing the relevant section number(s) and phrased as a request for a
clarification of a specific requirement. Oral interpretations are not provided.

No one but the A10 Committee (through the A10 Secretariat) is authorized to provide any
interpretation of this standard.

Approval: Neither the A10 Committee nor American National Standards Institute (ANSI)
approves, certifies, rates or endorses any item, construction, proprietary device or
activity.

Appendices: Appendices are included in most standards to provide the user with
additional information related to the subject of the standard. Appendices are not part of
the approved standard.

Checklists: Checklists included in A10 standards may be copied and used in non-
commercial settings only.

Committee Meetings: The A10 Committee meets twice per year. Persons wishing to
attend a meeting should contact the Secretariat for information.

Standard Approval: This standard was processed and approved for submittal to ANSI by
the American National Standards Committee on Safety in Construction and Demolition
Operations, A10. Approval of the standard does not necessarily imply (nor is it required)
that all Committee members voted for its approval. At the time ANSI approved this
standard, the A10 Committee had the following members:
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AMERICAN NATIONAL STANDARD A10.16 — 2009 (R2016)

AMERICAN NATIONAL STANDARD A10.16
SAFETY REQUIREMENTS FOR
TUNNELS, SHAFTS AND CAISSONS

1. GENERAL

1.1 Scope. This standard establishes
safety requirements pertaining to the
construction of tunnels, shafts and caissons.
The requirements set forth in this standard
cover environmental control; related
facilities; fire prevention; hoisting; haulage;
and electrical, drilling and blasting, and
compressed air work. This standard is not
intended for application to mining or
guarrying operations.

1.2 Purpose. The purpose of this
standard is to establish reasonable and
practical safety requirements and practices
for the construction of tunnels, shafts and
caissons.

1.3 Exceptions. The enforcing author-
ity may grant an exception to the literal
requirements of this standard or may permit
alternative methods if compliance with these
requirements presents a greater hazard or
significant hardship, is impractical or
involves other extenuating circumstances.

2. REFERENCED STANDARDS

American National
Standards. The following  American
National Standards are referred to,
supplement or are related to this document.
All provisions of the referenced standards
that are applicable to demolition operations
shall be observed. When the following
American National Standards are super-
seded by a revision approved by the
American National Standards Institute, the

2.1 Related

ANSI/ASSE A10.38, Basic Elements of an
Employer’s Program to Provide a Safety
and Healthful Work Environment

ANSI/ASSE A10.9, Concrete and Masonry
Work Safety Requirements

ANSI/ASSE A10.12, Safety Requirements
for Excavation

ANSI/ASSE A10.18, Safety Requirements
for Temporary Floors, Holes, Wall
Openings, Stairways and Other Unprotected
Edges in Construction and Demolition
Operations

ANSI/ALI Al14.1, Safety Requirements for
Wooden Ladders

ANSI/ALI Al14.2, Safety Requirements for
Portable Metal Ladders

ANSI/ALI A14.3, Safety Requirements for
Fixed Ladders

ANSI/ALI Al14.4, Safety Requirements for
Job-Made Wooden Ladders

ANSI/ALI A14.5, Safety Requirements for
Portable Reinforced Plastic Ladders

ANSI/NFPA 30, Flammable and

Combustible Liquids Code
ANSI/NFPA 70, National Electrical Code

ANSI Z87.1, Practice for Occupational and
Educational Eye and Face Protection

revision shall apply: ANSI/ISEA  Z89.1, Industrial Head
Protection
ANSI/ASSE A10.33, Safety and Health
Program Requirements for Multi-Employer ANSI/LIA  Z136.1, American National
Projects Standard for Safe Use of Lasers
Documents
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AMERICAN NATIONAL STANDARD A10.16 — 2009 (R2016)

ANSI/ASTM F2413, Standard Specification
for Performance Requirements for Foot
Protection

2.2 Other Standards.

ASME, Boiler Pressure Vessel Code
3. DEFINITIONS

3.1 Air Supply. Compressed air used
in the working chamber.

3.11 Low-Air Supply. Compressed air
used to raise and maintain pressure in the
working chamber and in the air locks.

3.1.2 High-Air Supply. Compressed air
normally used to activate pneumatic
equipment and tools.

3.2 Barricade. An obstruction or
barrier to deter the passage of persons or
vehicles.

3.3 Blow. A rapid loss of air pressure,
which may be caused by a breach of the
surface areas in a tunnel being constructed
under compressed air conditions. A blow
may, or may not, involve a reverse flow of
solid or liquid materials (flooding of a tunnel
under water, etc).

3.4 Bulkhead. An airtight vertical wall
or partition separating the working chamber
from free air or from another chamber under
a lesser pressure than the working
pressure. Generally, one or more air locks
pierce the bulkhead, in addition to a number
of openings for air pipes and other facilities.

3.5 Caisson. A watertight chamber,
usually of wood or steel sheeting, some-
times a cylinder of steel or concrete, used in
construction work underwater or as a
foundation. When the bottom of the
structure extends below the surface of free
water and excavation is performed by
workers in a working chamber at an air
pressure  greater than  atmospheric
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pressure, the caisson is said to be a

compressed-air caisson.

3.6 Competent Person. One who is
capable of identifying existing and
predictable hazards in the surroundings or
working conditions that are unsanitary,
hazardous or dangerous to employees, and
who has authorization to take prompt
corrective measures to eliminate them.

3.7 Decanting. A method of decom-
pression under emergency conditions
requiring recompression in a second and
separate lock.

3.8 Engineer. A person qualified by
training and experience in a branch of
engineering and registered in the state
where the work is to be performed.

3.9 Engineering. The profession in
which a knowledge of the mathematical and
physical sciences gained by study,
experience and practice is applied with
judgment to develop ways to economically
utilize the materials and forces of nature for
the progressive well-being of mankind.

3.10 Escape Respirator. A mouthpiece
respirator designed for self-rescue in case
of a fire or explosion.

3.11 Face. The area of farthest
advance of the tunnel excavation in which
the major excavation process is taking
place. Synonymous with Working Face.
3.12 Free Air. Air at normal atmos-
pheric pressure.

3.13 Heading. The portion of a tunnel
where major work of excavating and initial
lining is taking place, or the portion
immediately behind a working face.

3.14 Lock. A compartment designed to
permit passage of personnel, material or
equipment in either direction between free
air and a compressed-air working chamber.
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3.14.1 Combination Lock. A lock that
serves both as a material and a man lock.

3.14.2 Emergency Lock. A lock
designed to permit all the workers employed
on any shift to exit from the working
chamber.

3.14.3 Long Lock. A lock designed to
provide greater comfort for workers being
discharged from the working chamber when
the total time of decompression exceeds 75
minutes.

3.14.4 Man Lock. A lock through which
only workers may pass. Synonymous with
Person Lock.

3.14.5 Material Lock. A lock designed for
and primarily used for the passage of
materials and equipment.

3.14.6 Medical Lock. A special lock in
which workers suffering from decom-
pression illness may be placed for medical
attention and treatment. The medical lock
may also be used for pre-employment
physical examinations to determine the
adaptability of prospective employee(s) to
changes in pressure.

3.14.7 Working Man Lock. A personnel
lock, combination lock or long lock that is
normally used by personnel for entering or
leaving the working chamber. Synonymous
with Working Person Lock.

3.15 Pressure. A force exerted over a
unit area, usually indicated in pounds per
square inch (psi).

3.15.1 Atmospheric  Pressure. The
normal air pressure of free atmospheric air
at sea level. In this standard, atmospheric
pressure is assumed to be 14.7 psi.
Atmospheric pressure is always 0 psig
(101.4 kPa) (see Gauge Pressure).

3.15.2 Gauge Pressure. Pressure
measured by gauge indicating the air
pressure in excess of atmospheric pressure,

usually in psig (pounds per square inch
gauge).

3.15.3 Mild Pressure. A working pres-
sure not greater than 14.7 psig (101.4 kPa).

3.15.4 Strong Pressure. A working
pressure greater than 14.7 psig (101.4 kPa).

3.15.5 Working Pressure. The pressure
established at any time by the air master, or
their duly authorized alternate, to be the

required air pressure in the working
chamber.
3.16 Primary Lining. A support, usually

of timber or steel, or both, that is placed to
retain soil or rock loads immediately after
excavation and is usually covered afterward
by a permanent lining of masonry or
concrete. Synonymous with Primary Liner.

3.17 Qualified Person. A person who,
by possession of a recognized degree,
certificate or professional standing, or by
extensive knowledge, training and exper-
ience, has demonstrated their ability to
solve or resolve problems relating to the
subject matter of this standard.

3.18 Rapid Flooding. A hazardous
condition resulting in the rapid rise of water
in the working chamber when the air
pressure is lowered, whether by design or
otherwise.

3.19 Safety Screen. An airtight and
watertight diaphragm placed across the
upper part of a compressed-air tunnel,
between the face and the bulkhead, in order
to prevent flooding the crown of the tunnel
between the screen itself and the bulkhead,
thus providing a safe refuge and means of
exit from a flooding or flooded tunnel.

3.20 Scaling. Prying loose pieces of
rock from a face or roof to avoid danger of
their falling unexpectedly.

3.21 Shaft. A passage made from the
surface of the ground to a point under-
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ground, the longer axis of which makes an
angle greater than 20 degrees to the
horizontal.

3.22 Shall. Denotes a mandatory
requirement.
3.23 Shotcrete. Mortar or concrete

conveyed through a hose and projected at
high velocity onto a surface.

3.24 Should. Denotes a recommen-
dation.
3.25 Standard. An established meas-

ure, type, model or example that has been
accepted and recognized in the construction
industry.

3.26 Tunnel. An excavation beneath
the surface of the ground, the longer axis of
which makes an angle not greater than 20
degrees to the horizontal.

3.27 Utility. Any public or private facility
used in the supply, transmission or storage
of electrical energy, water, sewage, gas,
chemicals, steam or petroleum products, or
in the transmission of communications, or
for public transit facilities.

3.28 Verify. (Verify, Verification, etc.)
To establish the truth, accuracy or reality of
the condition in question, and to certify in
writing that the condition is true, accurate or
real.

3.29 Working Chamber. The space in
which work is being done in compressed air.
4, GENERAL PROVISIONS

4.1 Accident Prevention Program.

The employer shall develop and maintain a
safety and health program that meets the
requirements of ANSI/ASSE A10.33, Safety
and Health Program Requirements for Multi-
Employer Projects and ANSI/ASSE A10.38,
Basic Elements of an Employer's Program
to Provide a Safe and Healthful Work
Environment. All supervisory personnel
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shall be active participants in the direction
and enforcement of this program. Each
employee shall be given an initial
indoctrination in safe working procedures
and safety rules. There shall be safety
training meetings at least weekly with
attendance and subjects discussed verified
by the senior project supervisor.

4.2 Inspection and Maintenance of
Excavations. The exposed roof and side
walls, tunnel and shaft supports shall be
thoroughly inspected and documented at
least daily by a qualified person.

42.1 Loose rock and other material
shall be scaled or barred down. The space
directly beneath such operations shall be
closed to passage.

4.2.2 Inspection and scaling shall also
be carried out prior to each shift.

42.3 After each blast, the tunnel
supports in the blast zone shall be checked
and rewedged or secured as necessary
before work is resumed in the heading.

4.3 Access. A safe means for access
to, and egress from, all work areas shall be
provided and maintained. Whenever prac-
tical, two means of access and egress shall
be provided.

4.4 Existing Utilities. Prior to the
commencement of work, the employer shall
identify and ascertain the location of each
underground utility and any other utility
adjacent to the work. Utility companies shall
be contacted and advised of proposed work
prior to the start of actual excavation. When
it has been verified that locations have been
marked, the work may start. Any utilities
creating a hazard to employees or the
public shall be properly safeguarded or
removed.

441  The employer shall at all times, by
appropriate means, maintain, support, work
around and protect in a safe and
undamaged condition each existing utility
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and its applicable components that are to be
retained in place within and immediately
adjacent to a tunnel, shaft or caisson.

4.4.2 If the condition of the utility is such
that it cannot be safely retained in place,
then the utility shall be temporarily or
permanently moved and reconstructed.

4.4.3 Where the continued operation of
a utility during the course of the work will, in
the event of its rupture due to settlement or
other effects, constitute a hazard to the
public, the working personnel or the work,
appropriate  means shall be taken to
mitigate the hazard. The rupture of pipes
and/or dislocation of pipe joints, pipe valves,
manholes and junction chambers conveying
the following materials, among others, shall
be deemed to constitute a hazard:

1. Waterin large volumes under
pressure

2. Gas or steam
3. Petroleum products
and communication

4, Power
lines

4.4.4  Appropriate means of reducing the
hazard may include, but are not limited to,
deactivation or relocation of the utility,
installation of alarm systems coupled with
quick-acting automatic closure devices or
installation of temporary support systems.

4.5 Safety Precautions. Every pre-
caution shall be taken to ensure the safety
of the workers, whether or not such
precaution is provided for in this standard.

45.1 No person shall be required to
work in an unsafe place except for the
purpose of making it safe, and then only
after adequate precautions have been taken
to protect the person doing such work.

45.2 Each underground operation shall
have a check-in and check-out system that
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will provide positive identification of every
person underground. A record of the
appropriate location of each employee
underground shall be maintained on the
surface.

45.3 No person shall be permitted to
carry or use intoxicating liquor or controlled
substances in a tunnel, shaft or caisson.
Any person known to be under the influence
of intoxicating liquor or controlled sub-
stances shall not be permitted to enter such
premises. Any worker using prescription
medicines shall obtain a work clearance

from the physician prior to working
underground.
45.4 Employees working alone and out

of range of natural unassisted voice
communication shall be provided with an
effective means of communicating and
obtaining assistance in an emergency. A
system for checking in no less than once
each hour shall be provided, and failure to
check in will initiate an immediate
investigation.

455 All machinery, equipment, appli-
ances, materials, structures and work
places shall be maintained in a safe

condition, free of all recognized hazards at
all times, in accordance with the equipment
manufacturers' instructions, and shall be
periodically inspected for unsafe conditions
or defects by a competent person(s)
designated by the employer. Every
employee shall be directed to advise their
supervisor immediately of any observed
defects or unsafe conditions.

45.6  All points of spikes or nails that are
projecting from lumber in work areas or
pathways shall be bent down or removed.

4.5.7 Unnecessary accumulations of
muck, timber, rails and similar materials
stored underground shall be avoided.
Particular attention shall be given to
maintaining clear areas at shaft stations,
between track and at the sides of tunnels.
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