*BUILDINGS!

safety service integrit

# th

- ¥

Excavation &
Trenching

Presentation by

Dan Eschenasy, PE



:BUILDING

WARNING

This presentation was prepared in support of the Department of
Buildings Excavation and Trench Safety Guidelines Flyer. It
llustrates what, in the author’s opinion, are the most important
Issues related to excavation and trenching safety.

This presentation, as well as the guidelines flyer, are for
iInformational purposes only. All such work must comply with
the requirements in the NYC Building Code and the relevant
rules and regulations. You must also comply with all relevant
federal and state laws.

The presentation provides links to these as well as to other
relevant Internet publications.
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Contractors Shall ComplyAWitiaNsEEIESSIEA
Regulations and the NYC BUi@Eus

e IT'S THE LAW
e IT MAY SAVE YOUR LIFE

e IT'S GOOD ENGINEERING AND BUSINESS
PRACTICE
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Trench Walls will Collap

Typically, trenches are only open for a short period of time
(minutes or hours). The walls of any trench will eventually
collapse; it is merely a matter of time. Short-term apparent
stability is a temptation for a contractor to send workers into a
dangerous trench in hopes of rapid progress and financial gain.
Death or serious injury can result.

http://www.cdc.gov/elcosh/docs/d0200/d000279/ilochap93.html

Encyclopaedia of Occupational Health and Safety, fourth
Edition Chapter 93 - Construction

Jack Mickle, Jack L. Mickle & Associates
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Trenching/Excavation AcCCIGEeRis

Exposure Code Description Cccurrences "
o]2 Struck against stationary ohjact 2 4%
13 Etuc‘k agamst Moy |m_: abject | 2"
TR ' I 2%
Cave-in is the most common acudent 4 e
1L OT 2
In Excavation & Trenching
Caught in or compressad by equipment or I 2%
objects, n.e.c.
Caught in or crushed in collapsing | 2%
materials, unspacified
041 Excavation or trenching cave-in 1o 3E
042 Other cave-in | 2%
no4e Caught in or crushed by collapsing 4 B
materials, n.e.c.
1 13 Fall from ladder 2 4a
0239 Struck by swinging or slipping object, I 2%
n.e.c.
313 Contact with overhead power lines 3 5% J. Irizarry et al .
Ale Contact with electric current 3 %0 Analysis of
- Safety Issues
1120 Fall from floor, dock, or ground lavel. I 2% in Trenching
unspecitied Operations
1124 Fall from ground level to lower level 3 5%
iz4 Depletion of oxygen in other enclosed, I 2%

restricted, or confined space




37 % of all trenching
accidents occur at depths
less than 5 feet

Dapth in Fest
BO-5

O G-10
O 11-15

AT%

O 16-20

26%

Firure 4 Total acaident occurrence by trench depth - From OSHAs Integrated Management

J Irizarry et all . Analysis of Safety Issues in Trenching Operations
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Most Fatalities OccurinsSiizl
Construction Projects

Project Value Percent |Cumulat

1 Under 50,000 28.51 28.51
2 50,000 - 250,000 18.81 47.38
3 250,000 - 500,000 10.35 57.73

4 500,000 - 1,000,000 3.94

S OF FATAL EVENTS IN THE CONSTRUCTION INDUSTRY 2000




;;;;;;;

Most Fatalities Occur—

In trenches 5 feet to 14 feet deep

In collapses that developed extremely
fast.

«Additional [secondary] collapses are very
common

*Co-workers attempting to rescue
someone can also become victims
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FIGURE 3.4.5
ANALYSIS OF TRENCHING FATALITIES

FPercennt of Faial tiza

=20

Mumber of Fatalities
230
f[Hags-19858]

5 -9 10-14" 15-20" 220"
Depth of Trench

Analysis of Construction Fatalities - The OSHA Data Base 1985-1989
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Plan Before You Start EXCeleliigls

a Inspect the site. Collect information.
List the risks.

1 Mitigate or eliminate potential
problems

 Establish minimum rate of
Inspection

1 Have written site safety plan,
Including emergency procedures
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Understand Protection REGUEIEIgis
e Determine project requirements and conditions

e Understand basic solil identification

e Understand available protection choices

— Benching
— Shoring
— Terms

— Selection

— Installation and Removal

Understand effects of water
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Refer to §27-1032 of the NYC Building
SAFETY GUIDELINES
Code ( ) and
+ FEach side of an excavation or tre OSHA’S regulatlons ( ) for

§ feet or deeper must be protec
shering/bracing and sheeting o . .

2 ’ details on the proper protection of an
excavation or trench.

1=
:BUILDINGS
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= unless it is cut from rock.

+  Each open side of an excava
shall have a guardrail or a s

v Each excavation or trench
out, such as a ladder orr

*  Regularly check the wa
or trench for cracks, b
and check the shoring
-- especially after a

v Refer to §27-1022 petling Code
(wwww. NYC.govibuildings) and O5HA's
regulations (www.osha.gov) for details on
the proper protection of an excavation or
trench.

% Do not work in an excavation or trench
filled with running or standing water.

i Do not work in an excavation or trench
that is not properly protected.

% Do not store spoil, materials or equipment
along the edge of an excavation or trench.

% Do not drive or park vehicles along the
edge of an excavation or trench.

CALL 211 TO REPORT UNSAFE
CONSTRUCTION ACTIVITY
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Solil Identification - Generel

See NYC Building Code Subchapter 11 -
Foundations Article 4.

*Rock
*Gravel
«Sand
Silt
Clay
oFill
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NYC Building Code ana

e Classification Intended for Excavation
Protection and Sheet Piling

— Hard
— Likely to crack or crumble
— Soft sandy filled in loose soll

® In most cases the top layer where excavation
takes place is fill. It's worked and placed by
man and has undetermined properties.



OSHA Soll Classification SysSiEiss

Soil classification system means, for the purpose of this
subpart, a method of categorizing soil and rock deposits in a
hierarchy of Stable Rock, Type A, Type B, and Type C, in
decreasing order of stability. The categories are determined
based on an analysis of the properties and performance
characteristics of the deposits and the environmental
conditions of exposure

«Stable Rock
*Type A Solls
*Type B Solls
*Type C Soils
sLayered

httpil/ www.osha.qgov/Publications/Homebuilders/Homebuilders.html#subp




Visual Determination=s

Soll class by OSHA is dependent on the condition
of the soil in the vicinity of the excavation. Check

for:

€ Cracked ground at top or wall of excavation.
@ Fill [earth the was added or disturbed]

€ Excavation soil that is exposed to vibrations
from traffic or construction equipment.

€ Poor drainage around excavation or water
seepage



Manual

See the NYC Building Code -Table
11-1, Unified Soil Classification &
Field Identification Procedures

See OSHA

@ Plasticity
€ Dry Strength
€ Thumb penetration

.0sha.qgov/Publications/Homebuilders/Homebuilders.html#subp
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Safety Guidelines
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EXCAVATION AND TRENCH
SAFETY GUIDELINES

side of an excavation or trench that is
et or deeper must be protected by
ring/bracing and sheeting or be sloped
nless it is cut from rock.

ach open side of an excavation or trench
Shall have a guardrail or a solid enclosure.

Each excavation or trench shall have a way
out, such as a ladder or ramp.

Regularly check the walls of an excavation
or trench for cracks, bulges and spalling
and check the shoring for signs of distress

EaC h S I d e Of an excav atl on or -- especially after a rainstorm.

Refer to §27-1032 of the NYC Building Code
(www.NYC.govibuildings) and OSHA's

trench which is 5 feet or deeper rogulsiors (mww.shagor) for deail o
must be protected by

Do not work in an excavation or trench
filled with running or standing water.

sheeting/bracing shoring or
sloped unless it is cut from

r O C k Do not drive or park vehicles along the
edge of an excavation or trench.

Do not work in an excavation or trench
that is not properly protected.

Do not store spoil, materials or equipment
along the edge of an excavation or trench.

CALL 311 TO REPORT UNSAFE
CONSTRUCTION ACTIVITY
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Sloping & Benching -RequirEcistsigiiisiigissls

BENCHED EXCAVATION
Average Slope No Steeper than 45 Degrees

AVERAGE SLOFE

FOUND ZAND

STEP MOT HIG:HER THAM 5 FT.

. AWERAGE EOIL

ROCK

| GRAVEL

PR
i
—

SLOPED EXCAVATION
Mo Steeper Than 45 Degrees

2 >LOFPE OF EXCAVATION
JMM'1 ANGLE 0OF REPOSE
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Shoring Systems SeleCOTNI

@ Soil type must be known
€ Depth and width of the excavation must be known

€ One must be familiar with the NYC Building Code
Tables
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Building Code Terms forSHOT
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TABLE 19-1 MINIMUM SIZES OF TIMBER BRACING AND TIMBER
SHEET PILING FOR TRENCHES FOUR FEET WIDE OR LESS 4

Sheet Piling atringers Crozs Bracing
Depthof ¢ Size  Horizontal ™ f Size Vertical + Sz Horizontal
trench, ( ft.) (in.)  =spacmg (ft.) {m.)  spacing (ft.) (.}  spacing (ft.)

Hard and solid sail

S0, 2x6 & 2x6 & 2x6 &

L0-15......... 2x6 4 2x6 & 2x6 4

More than 153 2x6 tight 4x8 4 4x8 &
So1l likely to crack or crumble

Sl 2x6 A 2x6 5 2x6 5

L0-15.......... 2x6 2 2x6 4 2x6 4

More than 13 2x6 tight 4x 10 4 4x 10 i
Soft, sandy filled-in loose sal

S-l0.. 2x6 tight dx6 & dx6 &

L0-15.......... 2x6 tight dx6 5 dx6 &

More than 153 2x6 tight 4x12 4 4x12 &

Where hydrostatic pressure exists
Tell...... 2x6 tight Gx 8 4 Gx 8 &
More than 10 3x6 tight Gx 10 4 6x 10 IS

MNaote:
4 Steel sheet piling and bracing of equivalent sirength may be substituted for wood sheet piling and timber bracing.
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osHA Terminology.

Upright (when spaced)
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PROTECTED TRENCH

Storage of Spoil,
Materials, Equipment
or Vehides at
Proper Distance from
Excavation

Shering/Bracing




PROTECTED EXCAVATION

e

Sheeting
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EXCAVATION AND TRENCH
SAFETY GUIDELINES

¥ Each side of an excavation or trench that is

§ feet or deeper must be protected by
shoring/bracing and sheeting or be sloped
= unless it is cut from rock.

+  Each open side of an excavation

shall have a guardrail or a solid DO not Work In an excavatlon Or trenCh

v Each excavation or trench sh

out, such as a ladder or ramg fi”ed With running Or Standing Water.

*  Regularly check the walls g
or trench for cracks, bulgy
and check the shoring fg
-- especially after a rai

+  Refer to §27-1022 of
(www. NYC.govibuily
regulations {wwww.g
the proper protecy
trench.

i Do not work in an excavation or trench
that is not properly protected.

% Do not store spoil, materials or equipment
along the edge of an excavation or trench.

% Do not drive or park vehicles along the
edge of an excavation or trench.

CALL 211 TO REPORT UNSAFE
CONSTRUCTION ACTIVITY




Accumulating or Standing WelEigV/SEiapIsEs

*Use of special support or shield systems
approved by a registered professional engineer.

*\Water removal equipment, i.e. well pointing,
used and monitored by a competent person.

«Safety harnesses and lifelines used In
conformance with 29 CFR 1926.104.

eSurface water diverted away from the trench.
Employees removed from the trench during
rainstorms.

*Trenches carefully inspected by a competent
person after each rain and before employees are
permitted to re-enter the trench.

www.cdc.gov/elcosh/docs/d0100/d000168/d000168.html
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/BUILDINGS | s Regularly check the walls of an
EXCAVATION AND TRENCH excavation or trench for Cracks,
b bulges and spalling. Check the
ety Shoring for signs of distress --
especially after a rain storm.

shoring/bracing and sheeting or be slo
= unless itis cut from rock.

+  Each open side of an excavation or
shall have a guardrail or a solid en

«  Each excavation or trench shall
out, such as a ladder or ramp.

*  Regularly check the walls of a
or trench for cracks, bulges a
and check the shoring for si
-- especially after a rainstorm.

+  Refer to §27-1022 of the NYC Building Code
(wwww. NYC.govibuildings) and O5HA's
regulations (www.osha.gov) for details on
the proper protection of an excavation or
trench.

% Do not work in an excavation or trench
filled with running or standing water.

i Do not work in an excavation or trench
that is not properly protected.

% Do not store spoil, materials or equipment
along the edge of an excavation or trench.

% Do not drive or park vehicles along the
edge of an excavation or trench.

CALL 211 TO REPORT UNSAFE
CONSTRUCTION ACTIVITY
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Dally Inspections ShouldiRcivE

*Area at the top of the trench
Trench walls
eExcavated area at trench bottom

sExcavation protection system
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Site Conditions Can Chang

e Weather conditions. Inspect several times each
day in case of :

* Heavy rains and flooding
* Hot or Cold Temperatures

* Heavy Snow or Snow Melting

e Vibration

tering




What and Where to Look? }
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EXCAVATION AND TRENCH
SAFETY GUIDELINES

¥ Each side of an excavation or trench that is

§ feet or deeper must be protected by
shoring/bracing and sheeting or be sloped
= unless it is cut from rock.

+  Each open side of an excavation or trench
shall have a guardrail or a solid enclosure.

+  Each excavation or trench shall have a way
out, such as a ladder or ramp.

*  Regularly check the walls of an

;;,,;r;:;;;f:,:;;;gﬁ;,gu;gf;;n Do not store spoil, materials or equipment
along the edge of an excavation or trench.

-- especially after a rainstorng

+  Refer to §27-1022 of the
(www. NYC.govibuildings
regulations (www.osha
the proper protection g¢
trench.

x Do not workina
filled with runni

» Do not work i
that is not pr,

% Do not store spoil, materials or equipment
along the edge of an excavation or trench.

% Do not drive or park vehicles along the
edge of an excavation or trench.

CALL 211 TO REPORT UNSAFE
CONSTRUCTION ACTIVITY
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Underground Installations'=

(b)(1) The estimated location of utility installations, such as
sewer, telephone, fuel, electric, water lines, or any other
underground installations that reasonably may be expected to
be encountered during excavation work, shall be determined
prior to opening an excavation.

(b)(2) Utility companies or owners shall be contacted .. to
locate utility installations.

(b)(3) When excavation operations approach the estimated
location of underground installations, the exact location of the
Installations shall be determined by safe and acceptable
means.

(0)(4) While the excavation is open, underground installations
shall be protected, supported or removed as necessary to
safeguard employees.
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Stablility of Adjacent StrtiEhbl

Excavation below the base of an existing
foundation is not permitted as the
foundation or the excavation wall might
collapse.
Shoring is required when:
A controlled inspection is required.
*A licensed engineer needs to specify
procedure and protection.

Lack of such measures is one of the major
causes of recent building distress and
collapse.






_ Each open side of an excavation or
BOILDINGS | Mo mms trench shall have a guardrail or a
solid enclosure.

EXCAVATION AND TRENCH
SAFETY GUIDELINES

Each side of an excavation or trench
& feet or deeper must be protected §
shoring/bracing and sheeting or be
= unless it is cut from rock.

¥ Each open side of an excavation or trench
shall have a guardrail or a solid enclosure.

¥ Each excavation or trench shall have a way
out, such as a ladder or ramp.

¥ Regularly check the walls of an excavation
or trench for cracks, bulges and spalling
and check the shoring for signs of distress
-- especially after a rainstorm.

¥ Refer to §27-1022 of the NYC Building Code
(wwww. NYC.govibuildings) and O5HA's
regulations (www.osha.gov) for details on
the proper protection of an excavation or
trench.

% Do not work in an excavation or trench
filled with running or standing water.

i Do not work in an excavation or trench
that is not properly protected.

i Do not store spoil, materials or equipment
along the edge of an excavation or trench.

% Do not drive or park vehicles along the
edge of an excavation or trench.

CALL 211 TO REPORT UNSAFE
CONSTRUCTION ACTIVITY
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way out such as a ladder or ramp.

EXCAVATION AND TRENCH
SAFETY GUIDELINES

Each side of an excavation or trench
§ feet or deeper must be protected
shoring/bracing and sheeting or by
= unless it is cut from rock.

+  Each open side of an excavatio
shall have a guardrail or a soli

+  Each excavation or trench shall have a way
out, such as a ladder or ramp.

*  Regularly check the walls of an excavation
or trench for cracks, bulges and spalling
and check the shoring for signs of distress
-- especially after a rainstorm.

+  Refer to §27-1022 of the NYC Building Code
(wwww. NYC.govibuildings) and O5HA's
regulations (www.osha.gov) for details on
the proper protection of an excavation or
trench.

% Do not work in an excavation or trench
filled with running or standing water.

i Do not work in an excavation or trench
that is not properly protected.

% Do not store spoil, materials or equipment
along the edge of an excavation or trench.

% Do not drive or park vehicles along the
edge of an excavation or trench.

CALL 211 TO REPORT UNSAFE
CONSTRUCTION ACTIVITY
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Trench Ingress and Egre

Access to and exit from the trench require the :

eTrenches 4 ft or more in depth should be provided
with a fixed means of egress.

eSpacing between ladders or other means of egress
must be such that a worker will not have to travel
more than 25 ft laterally to the nearest means of
egress.

e[_adders must be secured and extend a minimum
of 36 in (0.9 m) above the landing.

eMetal ladders should be used with caution,
particularly when electric utilities are present.



Special Attention

¥ Removal of excavation support systems must be
planned and usually proceed from the bottom up.
Placing as well as removal of shoring or protecting
systems shall be executed without inducing collapse.

€ Must backfill together or immediately after removal of
support system.

® Must follow specifications. All shoring members or any
other protecting system shall be assembled together
as per specs.

® Various elements of the support systems must be
securely connected together and shall not be
subjected to loads beyond their capacity such as those
resulting from large vehicles or equipment.
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Special Attention

Installation of the support system is closely
coordinated with the excavation of the trench.
[1541.1(d)(1)]

*\Workers are protected from cave-ins, structural
collapse, or accidentally being hit during installation
and removal of the support system. [1541.1(e)(1)(E)]

 Removal of shoring or other protective systems
starts at the bottom of the excavation. Members are
released slowly so structural failures will be noticed.
[1541.1(e)(1)(E)]

*Backfilling progresses with the removal of support
systems from excavations. [1541.1(e)(1)(F)]

Trenches and Excavations Checklist - http://www.cdc.gov/elcosh/docs/d0200/d000246/d000246.html
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Trench Rescue

Often, one death or severe injury in a trench is
compounded by a poorly thought-out rescue
attempt. The victim and rescuers may become
trapped and overcome by deadly gases, fumes or
lack of oxygen; drowned; or mutilated by machines
Or rescue ropes.

With failed rescue attempts, most of the dead are
would-be rescuers. Emergency teams trained in
trench rescue should be contacted immediately in
the event of a cave-in.

http://www.cdc.gov/elcosh/docs/d0200/d000279/ilochap93.html

Encyclopaedia of Occupational Health and Safety, Fourth Edition
Chapter 93 - Construction

Jack Mickle, Jack L. Mickle & Associates
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Basic Rules of Trench Resel

e Immediately get help from units trained in
trained in trench/confined space rescue

e Call 911
e Do not enter trench

e Get people out of the trench
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v Each side of an excavation or trench that is 5 feet or deeper must be protected by
shoring/bracing and sheeting or be sloped - unless it is cut from rock.

v' Each open side of an excavation or trench shall have a guardrail or a solid enclosure.
v' Each excavation or trench shall have a way out, such as a ladder or ramp.

v' Regularly check the walls of an excavation or trench for cracks, bulges and spalling and
check the shoring for signs of distress -- especially after a rainstorm.

v Refer to 8§27-1032 of the NYC Building Code (www.NYC.gov/buildings) and OSHA'’s
regulations (www.osha.gov) for details on the proper protection of an excavation or
trench.

| PROTECTED TRENCH |
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Average Slope No Steeper than 45 Degrees .
Sheeting

Do not work in an excavation or trench filled with running or standing water.
Do not work in an excavation or trench that is not properly protected.
Do not store spoil, materials or equipment along the edge of an excavation or trench.
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Do not drive or park vehicles along the edge of an excavation or trench.

CALL 311 TO REPORT UNSAFE CONSTRUCTION ACTIVITY



http://www.nyc.gov/buildings
http://www.nyc.gov/buildings

OSHA 245

Working Safely
in Trenches

Two workers are killed every month in trench
collapses. Each worker in a trench shall be protected
from a cave-in by an adequate protective system.
Some of the protective systems for trenches are:

Sloped for stability; or @

Cut to create stepped benched
grades (Type A or B soil only); or

Supported by a system

made with materials

such as posts, beams, %W
shores or planking

and hydraulic jacks; or

Shielded by a trench
box to protect workers
in a trench.

EXCﬂV-ated or Othe!' 2' or more ~ 2' or more
materials and equipment i

must be at least 2 feet |-‘,

back from the edge of

a trench; and

A safe way to exit must
be provided within 25
feet of workers in a trench.

25 feet or less
A competent person must inspect trenches daily and
when conditions change. An unprotected trench is an
early grave. Do not enter an unprotected trench.

For more information:

® Occupational
‘ Safety and Health
Administration

U.S. Department of Labor
www.osha.gov (800) 321-OSHA (6742)
TTY (887) 889-5627

OSHA 3243-09R-11




