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FOREWORD

As load handling activities grow in complexity, there is an increased need to develop a set of recognized planning
guidelines. While some guidance for planning of load handling activities, also referred to as lift planning, has been

availa

ble in pnhlir‘nfinnc literature from equipment manufacturers_and in-house prnr‘prlnrpc of various arganizations
y &

and c
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bmpanies, there has not been any published comprehensive, broadly authoritative guidance available.\TH
form considerations or comprehensive practices has created an uneven range of planning activities.
008, the B30 Standard Committee created a Task Group to consider the feasibility of developing a stand|

nized that such a standard would not fit the equipment-based orientation of B30. The American Society d
hgineers (ASME) and the American National Standards Institute (ANSI) were petitioned-to form a con
pbp a lift planning standard.
e formation of the ASME P30 Standards Committee, Planning for the Use of Crames; Derricks, Hoists, (
Devices, and Lifting Accessories, was approved by ASME on June 8, 2010, and a Project Initiation N
m (PINS) was posted in ANSI Standards Action on July 2, 2010. The Committee held its inaugural 1y
mber 20, 2010, with the intent to develop a standard that provides guiddnce on general planning cons
Factices for load handling operations occurring in all industries, so thatusers could apply the Standard as
dapt it to the needs of their specific industry or situation.
e first edition of ASME P30.1 was approved by ANSI on January.14,"2014. The 2019 edition contained ¢
jandatory Appendix A, additional guidance on rigging planningand how to establish a limiting wind speed
ing activity as part of the lift-planning process. The 2024 edition revises section C-7, including adding p
dds a new Nonmandatory Appendix D.
ME P30.1-2024 was approved by the P30 Committee and by ASME, and was approved by ANSI and design
ican National Standard on November 15, 2024.
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CORRESPONDENCE WITH THE P30 COMMITTEE

General. ASME codes and standards are developed and maintained by committees with the intent to represent the
consensus of concerned interests. Users of ASME codes and standards may correspond with the committees to propose

revisi

o the staff

secrefary noted on the committee’s web page, accessible at https://go.asme.org/P30committee.

nsor cases, report errata or request interpretations Fnrrpcpnndpnrn for this Standard should be sentt

Reyisions and Errata. The committee processes revisions to this Standard on a continuous basis-to incorporate

chang
dard.

In addition, the committee may post errata on the committee web page. Errata become effective on the dg

Users

This Standard is always open for comment, and the committee welcomes proposals\for revisions. Such
should be as specific as possible, citing the paragraph number, the proposed wording;and a detailed descrip
reasops for the proposal, including any pertinent background information and supporting documentation

Cag

Approved revisions will be published in the next edition of the Standard.

can register on the committee web page to receive email notifications of posted/errata.

es. The committee does not issue cases for this Standard.

es that appear necessary or desirable as demonstrated by the experience gained from the application of the Stan-

te posted.

proposals

tion of the

Interpretations. Upon request, the committee will issue an interprétation of any requirement of this Standard. An

interf
https
confi

ASME does not act as a consultant for specific engineering preblems or for the general application or unders

the St

should seek assistance, the request will be returned withithe recommendation that such assistance be obtained

can tj

ASME procedures provide for reconsideration.of any interpretation when or if additional information that m
an inferpretation is available. Further, persons aggrieved by an interpretation may appeal to the cogniz
comnpittee or subcommittee. ASME does not “approve,
devicg, or activity.

Interpretations are published in the ASME Interpretations Database at https://go.asme.org/Interpretations
issuedl.

wishi
can b

Conmittee Meetings. The P30 Standards Committee regularly holds meetings that are open to the publi

retation can be issued only in response to a request submitted. through the online Inquiry Submitt3
ming receipt.
andard requirements. If, based on the information submitted, it is the opinion of the committee that th

ack the status of their requests at https://go@asme.org/Interpretations.

» o« » o«

certify,” “rate,” or “endorse” any item, construction, p

hg to attend any meetingshould contact the secretary of the committee. Information on future committee
e found on the committee web page at https://go.asme.org/P30committee.

1 Form at

//go.asme.org/InterpretationRequest. Upon submitting the*form, the inquirer will receive an automfatic email

tanding of
e inquirer
Inquirers

ight affect
ant ASME

roprietary

hs they are

c. Persons
meetings
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P30 STANDARD INTRODUCTION

I: CHARTER FOR P30 — PLANNING FOR THE
USE OF CRANES, DERRICKS, HOISTS, CABLE-
_ WAYS, AERIAL DEVICES, AND LIFTING

SECTION IV: EFFECTIVE DATE

(a) Effective Date. The effective date of this Standard

ACCESSORIES COMMITTEE

Felopment and maintenance of standards that
ad handling activities where mechanical equip-
1ding, but not limited to, cranes, derricks, hoists,
, aerial devices, material lifting accessories, and
ons thereof are used.

I: PURPOSE

) Standard is intended to

vent or minimize injury, and provide for the
of life, limb, and property by offering guidance
hg efforts that enhance the safety of load hand-
ties

vide guidance to work site personnel, equip-

ment owners, employers, users, and others concerned

with or rq
ities

sponsible for the safety of load handling activ-

(c) gui:lle governments and other regulatory bodies in

the deve
appropria

SECTION

This Std
governmg
mental us
in this St4
sponding
mental ay

opment, promulgation, and enforcement of
te safety directives

ll: USE BY REGULATORY AGENCIES

ndard may be adopted in whole or in part for
ntal or regulatory use. If adoptéd for govern-
e, the references to other codes’and standards
ndard may be changedto, refer to the corre-
regulations of the regulatory agency or govern-
thorities.

shall be 1 yr after its date of issuance.

(b) The need to meet the guidelines established
current edition of this Standard shall be evaluated
qualified person, and any recommended-changes
user's planning activities shall be made, within 1 y

SECTION V: REQUIREMENTS AND‘RECOMMENDAT

n the
by a
o the
T.

[TONS

Requirements of this Standard are characterized By use

of the word shall. Recommeéndations of this Standa
characterized by the word should.

SECTION VI: ADDITIONAL GUIDANCE

Load handling activities addressed by the P30 Sta
are subject to hazards that cannot be abated s
through,planning. Only by the application of know
care,fommon sense, and experience can safe load
ling activities be anticipated. It is therefore essentiz
personnel responsible for the planning and implen
tion of load handling activities are competent, qua

d are

ndard
olely
edge,
hand-
1 that
enta-
lified,

and trained with the skills to satisfactorily acconjplish

their assigned tasks.

The P30 Standards Committee recognizes the if
tance of proper design factors, minimum or max
dimensions, and other limiting criteria of equip
used in load handling activities. The P30 Comn

npor-
mum
ment
nittee

expects that the equipment used to execute load hapdling

activities meets the requirements of applicable equiy
safety standards. The P30 Committee also expects th
recommendations or requirements provided in
standards are interpreted and applied correctly.

ment
htany
those
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ASME P30.1-2024
SUMMARY OF CHANGES

Following approval by the ASME P30 Standards Committee and ASME, and after public review, ASME P30.1-2024 was
apprqved by the American National Standards Institute on November 15, 2024.

ASMH P30.1-2024 includes the following changes identified by a margin note, (24).

Page Location Change
vii Correspondence With the P30 Added
Committee

viii P30 Standard Introduction Updated

1 1-2 Definitions of crane mat, float;ground mat, and outrigger pad
added

23 C-7 Revised in its entirety

35 Nonmandatory Appendix D Added

63 Nonmandatory Appendix E Former Nonmandatory Appendix D redesignated and yipdated
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Chapter 1
Scope and Definitions

1-1 §

Thi
pract

other

movi
guidal
categ
activi
impa
lift p
precl
categ
consi
Th
equip
all of]
load
user
hazal
activi

1-2 |
crane
the 1d
load

D/d
taken|
diamgé
dynaf
equip|

float:
botto

COPE

s Standard establishes planning considerations and
ces that apply to load handling equipment (LHE),
associated equipment, and activities when
ng loads vertically or horizontally. The planning
nce contained in this Standard is divided into two
bries dependent upon the nature of the load handling
ty and the degree of exposure to the issues that
t safety. The categories are designated as standard
an and critical lift plan. This Standard does not
ide the user of this Standard from creating sub-
bries based on their specific load handling activity
Herations.
b P30.1 Standard does not exclude any particular
ment or industry. This Standard may not address
the hazards that could be encountered during a
handling activity. It is the responsibility of the
of this Standard to assess and address the
ds associated with a particular load handling

L.

DEFINITIONS

mat: a structural element or assembly placed under
ad handling equipment capablesof distributing the
brimarily along its length.

tio: the ratio between the diameter of curvature, D,
by the sling when in ¢ontact with an object and the
tter of the wire ropg, synthetic rope, or chain, d.

hic load: forces-introduced into the load handling
ment as a result of change in motion.

a rigid footing component that attaches to the
m of an\outrigger or stabilizer.

ground mat: a protective cover used to limit tire

5 or tracks

from damaging the support surface. Alsodnown as access

mat, mud mat, swamp mat, or ground protecti

lift: to move a load vertically or horizontally wit
handling equipment.

lift director (load handling director): the person g
to direct the load handling activity.

lift plan: information and/or instruction, written
used in support of. a‘load handling activity.

load handling equipment (LHE): equipment used
load vertically, 'or horizontally.

outrigger pad: a structural element or assem]
under. afloat of the load handling equipmer
of distributing the load in all directions.

qualified person: a person who, by possession
nized degree or certificate of professional stan

bn mat.
h the load

esignated

orverbal,

tomovea

bly placed
t capable

f arecog-
ding in an

applicable field, or by extensive knowledge, training, and

experience, has successfully demonstrated the
solve or resolve problems relating to the subj
and work.

rigging (noun): the components, hardware, ar
used to attach a load to the load handling eq

ability to
bct matter

d devices
ipment.

rigging (verb): the process of attaching a load tjo the load

handling equipment by means of components,
or devices.

shall: the term used to indicate that a rule is n
and must be followed.

should: the term used to indicate that a rule id
mendation, the advisability of which depends o
in each situation.

hardware

handatory

a recom-
h the facts
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Chapter 2
Load Handling Activity Considerations and Plan Categories

2-1 LOAD HANDLING ACTIVITY CONSIDERATIONS

An evalpation of a proposed load handling activity shall
be performed (see Figure 2-1-1). Documentation of the
evaluation is not required. It is recommended that the
evaluatiopn includes a risk analysis. Useful resources
include ISO 31000:2009 and ISO 31010:2009. At a
minimum)| the load handling category should be deter-
mined based on review of the following considerations:

(a) Potential Hazards to Persons

(1) if the load handling activity will involve person-
nel lifting|

(2) iftheload will be moved or suspended over areas
accessibld to the general public.

(3) if the load contains materials immediately
dangerous to life and health.

(4) ifload handling personnel will be inlocations that
may be hdzardous during the load handling activity (e.g.,
pinch points, crush points).

(5) ifsite personnel other thanload handling person-
nel will bg in locations that are hazardous due to the load
handling pctivity. This should include consideration-of
protection provided by existing structures.

(b) Hazards in Proximity to the Work Area

(1) if the load and/or the LHE can éncroach the
prohibited zone of power lines

(2) if there is potential for elecfromagnetic radia-
tion/radiq frequency hazard (e.g., loss-of communication,
electrical |discharge, and shock)

(3) if the load handling dctivity can cause damage to
pipes, lings, tanks, equipment, or products that could
create an|adverse envirenmental impact

(c) Complexity of Load Handling Activity

(1) if the load has potential for instability during the
load handling dctivity due to the

(-a) design or configuration of theload (e.g., shape,
load integrity, and sail area)

(4) if the load is to be manipulated (e.g.,|tyrned,
rotated, and tilted)
(5) if the LHE travels during the lift
(6) if the load handling activity usessmultiple LHE
(7) if the load handling activitys\unique to or [infre-
quently performed by the personfiel‘involved
(8) if special means or dccess for attaching and
removing rigging is required
(d) Adverse Impact From_Environmental Conditipns. If
the load handling actiyity could be adversely impacted
by conditions such, as
(1) effects ofwind on the load and/or LHE| (e.g.,
speed, directigh, sustained, and/or gusts)
(2) support for the load, the LHE, or both|(e.g.,
ground, kail, girder, structure, foundation, vessql list,
and trim)
(3) ambient temperature (e.g., high, low, and range)
(4) surfaces moving relative to one another] (e.g.,
ffom land to water, or water to land, or water to water)
(5) visibility (e.g., fog, sun glare, lighting, and
obstructions)
(6) precipitation
(7) lightning
(e) LHE Capacity and/or Performance
(1) if the load weight is significant compared fo the
LHE capacity as configured
(2) if factors, such as the following, have the goten-
tial to encroach upon maximum capacity of the LHE, as
configured, and/or diminish its performance:
(-a) increased loading due to extracti¢n or
removal of a load (e.g., demolition, suction, and friftion)
(-b) dynamic loading (e.g., abrupt starting,|stop-
ping, acceleration, deceleration, and abrupt load transfer)
(-c) line pull
(-d) brake/clutch/pump settings anl/d/or
conditions

(-b) center-of-gravity of the load relative to the
established connection points
(-c) load weight shift (e.g, liquid filled, swing arms,
and moveable parts)
(2) if the load handling activity uses complex load
handling methods
(3) if the load handling activity will be performed in
proximity to obstructions or in limited clearance areas,
including consideration of clearance between the LHE
and the load

(-eJ accuracy of toad weight information/
determination

(-f) site conditions as outlined in para. 5-2.6

(-g) potential load shift during load handling
activity

(-h) weight distribution or transfer between
multiple LHEs

(-i) effects of moving to/from liquids (current,
buoyancy)

(-j) out-of-plane loading
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Figure 2-1-1
Load Handling Activity Categorization

Load Handling
Activity

Y

Review Considerations
. Potential Hazards to Persons

. Hazards in Proximity to the Work Area
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. Adverse Impact From Environmental Conditions
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. Adverse Commercial Impact

. Site Requirements Unique to the Load Handling Activity
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Load Handling
Activity

Standard Lift Plan Critical Lift Plan

See definition in para. 2-2.1 See definition in para. 2-2.2
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Detailed
work

package for
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Verbal plan Basic Basic
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Proceed to Proceed to
Chapters 3 and 4 Chapters 3 and 5
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(-k) equipment history or condition
(f) Rigging Capacity and/or Performance. If factors,
such as those listed in (e)(2)(-c) and (e)(2)(-e) above,
and/or the following, have the potential to encroach
upon maximum capacity of the rigging, as configured,
and/or affect its performance:
(1) rigging attachment points of the load (e.g., lifting
lugs, precast inserts)
(2) side loading of the rigging hardware and attach-
ments

(3) potential impact to vital infrastructure (e.g.,
public utilities, roadways, seaports, pipelines, and rail-
roads)

(i) Repetitive Lifts

(1) distractions, fatigue, inattention, or lack of
concentration of the load handling personnel

(2) the LHE and rigging equipment manufacturer’s
recommendations for duty cycle or repetitive operations

(3) cpmplexity of rigging

(4) weight distribution or transfer of load within the
rigging arrangement

(5) environmental conditions (e.g., temperature or
chemically active environment)

(g) Adverse Commercial Impact

(1) if the load has a significant replacement time

(2) if the cost of replacing the load is considered
significant or the load is irreplaceable

(3) if failure to complete the load handling activity
could credte a project delay, work shutdown, or disruption
to the genjeral public

(4) ifthe load handling activity can cause damage to
pipes, lings, tanks, equipment, or products that could
create an|adverse commercial impact

(h) Sit¢ Requirements Unique to the Load Handling

Activity

(1) cprporate considerations/policies

(2) yegulatory considerations [e.g., local, state,
federal, DOT, railroad (FRA), FAA, and military]

2-2.1 Standard Lift Plan

A standard lift plan is a proposed load handling agtivity
plan in which considerations in section@2+1-have beer eval-
uated and it has been determined that the load handling
activity can be accomplished through standard groce-
dures, and that the load handling activity perspnnel
can execute using commondethods, materials, and gquip-
ment.

2-2.2 Critical Lift Plan

A critical lift plan is a proposed load handling agtivity
planin which.considerationsin section 2-1 have beer eval-
uated an@'it’has been determined that the load hanpdling
activityzexceeds standard lift plan criteria and requires
additienal planning, procedures, or methods to mitigate
thiesgreater risk.
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Chapter 3
Personnel and Responsibilities

3-1 II’ERSONNEL QUALIFICATION/COMPETENCE

Per]
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All
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lation

3-2
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below
some
nonc

(a)
direct
the L

(b)
engin
hand]

(c)
respd
liverd
ment

sons performing the lift planning and load handling
Lies shall be qualified and competent, as determined
employer or employer's representative, to perform
signed tasks.
personnel involved in the load handling activities
neet the qualifying criteria established in applicable
nsus standards, site-specific requirements, or regu-
S.

ROLES AND RESPONSIBILITIES

essential that roles and responsibilities identified in
[t plan are defined and understood by all personnel
red. The roles and responsibilities may include, but
t limited to, those outlined below. Not all of the roles
 may be identified in or required by the lift plan. In
cases an individual or entity may perform multiple,
nflicting roles.

Assembly/disassembly director — responsible\for
ing the assembly/disassembly (erect/dismantle) of
HE

Engineer — responsible for providing any required
eering support and documentation for the load
ing activity

General contractor/construction manager —
nsible for contractual requirements including de-
bles, and ensuring performance and safety require-
b are established and™\implemented

(d) Lift director — responsible for verifying
gory of theload handling activity and reviewing
menting the lift plan

(e) LHE operator — responsible fordirectly g
the LHE's functions

(f) LHE owner — responsiblefor custodial
the LHE by virtue of a lease’ or ownership

(g) LHE user — respensible for arranging
presence on a work.site’and controlling its us

(h) Lift planner,— responsible for developi
plan

(i) Rigger—<< responsible for performing rig
associated with the load handling activity

(j) Signalperson — responsible for directing
ments\of the LHE by providing signal comma
LHE,operator

(k) Site safety officer — responsible for enfoj
site safety policies

(1) Site supervisor — responsible for over
work site on which the LHE is used and the
is performed on the site

(m) Spotter — responsible for observing and
as directed on the movement of the LHE and

(n) Transport operator — responsible for op
transport equipment used in support of the loa
activity

the cate-
and imple-

ontrolling
control of
the LHE's
e

ng the lift
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the move-
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Chapter 4
Standard Lift Plan

4-1 INTRODUCTION

The dedision to use a standard lift plan should be based
on the cdnsiderations outlined in Chapter 2. The lift
director should determine that none of these considera-
tions wopld cause the load handling activity to be
recategorjzed.

Prior tp the load handling activity, the lift director
should vefify that the standard lift plan has been devel-
oped. The|standard lift plan can be written or verbal. See
Nonmandatory Appendix A for an example of lift plan
template, [Nonmandatory Appendix B for an example of
rigging data sheet, and Nonmandatory Appendix C for
guidance pn establishing a limiting wind speed.

4-2 STANDARD LIFT PLAN DEVELOPMENT

(a) Th¢ standard lift plan should identify, evaluate, and
address the following for all phases of the load handling
activity:

(1) theload, its weight, center of gravity, and attachs¢
ment points
(2) the gross load is within the LHE's rated capacity
as configyred
(3) the rigging
(-a) isselected to have sufficient rated capacity for
the intended configuration
(-b) is configured to secure-and-stabilize the load
(-c}) and the loads are proteeted from damage
(4) movement of the LHE and load
(5) the personnel required to execute the load hand-
ling activity
(6) sfte conditions, weather, work area, LHE founda-
tion and spupport, utilities, support services, and ancillary
equipmenit
(7) communication method or system
(8) sjtexcontrol for vehicular and pedestrian access

(b) Standard lift plans do not require documentation
unless required by site policies or as otherwisewarranted.

4-3 PRE-LIFT REVIEW

(a) Prior to executing the load/handling activity, the
participants should communigate*and agree upon the
details of the plan and their assignments.

(b) For repetitive lifts, the lift director should decide
the frequency of pre-liftifeviews. Pre-lift review§ may
not be required priogto each repetition of the lift

(c) Concernsraised duringthe pre-lift review shopild be
addressed prierto proceeding with the load hardling
activity.

4-4 EXECUTING THE STANDARD LIFT PLAN

(a)The load handling activity should only comrence
after
(1) all setup and preparation requirements ¢f the
plan are in place
(2) all required inspections and tests of the LHE and
rigging equipment have been completed
(3) all requirements of the plan continue to be met

and no conditions exist that would preclude implementa-
tion of the plan
(b) If the operation deviates from the plan, th¢ load
handling activity should be stopped and evaluated. The
deviation should be resolved before resuming the¢ load
handling activity. Changes or modifications to thg¢ plan
should be communicated to all affected load harjdling
personnel.

4-5 POST-LIFT REVIEW

(a) After completion of the load handling activity, any
measures identified by the participants to improve 1|uture

and potential interferences

(9) contingency considerations

(10) emergency action plan

(11) for repetitive lifts, additional LHE and rigging
inspection and maintenance

Toad handling activities should be communicated to the
appropriate personnel.

(b) For repetitive lifts, the lift director should decide
the frequency of post-lift reviews and evaluation of the
lift plan. Post-lift reviews may not be required after
each repetition of the load handling activity.
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Chapter 5
Critical Lift Plan

5-1 INTRODUCTION

The decision to use a critical lift plan should be based on
the considerations outlined in Chapter 2.

The¢ critical lift plan shall be written prior to executing
the lopd handling activity. See Nonmandatory Appendix A
for an example lift plan template, Nonmandatory
Appendix B for an example of rigging data sheet, and
Nonnpandatory Appendix C for guidance on establishing
a limifting wind speed.

5-2 CRITICAL LIFT PLAN DEVELOPMENT

The critical lift plan should address the applicable items
ident|fied in paras. 5-2.1 through 5-2.10 and any addi-
tional considerations identified during the planning
process.

5-2.1 The Load

(a)| Identify the load’s weight, center of gravity, and
dimensions, and the sources of that information.

(b)] Identify components that could shift duringthe load
handling activity and develop a method for‘securing, if
requifed.

(c)|1dentify the load attachment or_contact points and
ensuife that they are suitable for theload to be handled,
whilel maintaining load integrity!

(d)| Identify the requirements,to be met for the load’s
orienfation and securement{rijor to the release of the LHE
and rjigging.

5-2.2 Load Handling Equipment

(a)| 1dentifythe LHE and the anticipated configurations.
(b)| Ensuréthat the LHE is capable of handling the total
anticipatédsload, including the rigging, accessories, and
attachments in the intended configurations, giving consid-

(4) applicable regulatory requirements

(e) ldentify all required inspections andtepts on the
LHE that need to be performed using|the information
provided by the manufacturer, a_qualified pefson, site-
specific recommendations, or applicable regulatory re-
quirements. For repetitive lifts, additional LHE Jnspection
and maintenance should bé/considered.

5-2.3 Rigging Plan

(a) Establish thé.rigging method that will support and
secure the lodd and is suitable for the load| handling
activity.

(b) Ensure that the rigging method and the gquipment
have the.capacity to support the load, in the conffiguration
or geometry required, giving consideration to the factors
addressed in para. 5-2.1 and the following:

(1) dynamic effects (beyond that considefred in the
design of the equipment)
(2) adverse environmental conditions (temperature,
wind, and water/ice)
(3) position of the center of gravity relativq to rigging
support points
(4) D/d ratio

(c) ldentify the weight of the rigging, accesdories, and
attachments, and the sources of that informatjon.

(d) Establish the process to ensure that the rigging
equipment meets the manufacturer’s specifications, regu-
lations, industry-recognized standards (e.g., ASME B30.9,
ASME B30.20, and ASME B30.26), and site-specific re-
quirements for the methods and equipment sg¢lected.

(e) ldentify all necessary inspections and tepts for the
rigging equipment.

(f) For repetitive lifts, establish any additional rigging
inspection and maintenance requirements that may be
necessary.

(g) Establish the process to assemble, install, remove,

eration to the factors Iisted in (e).

(c) Ensure that the LHE is in compliance with the re-
quirements of the site, the manufacturer or qualified
person, industry-recognized standards (e.g., applicable
ASME B30 volume), and federal, state, or local regulations.

(d) Establish the process to set up, erect, install, and
dismantle the LHE using the information provided by

(1) the manufacturer
(2) a qualified person
(3) site-specific recommendations

and disassemble the rigging equipment using the informa-
tion provided by

(1) the manufacturer

(2) a qualified person

(3) site-specific recommendations

(4) applicable regulatory requirements

(h) Ensure that the rigging will be protected from

damage during the load handling activity from conditions
such as the following:

(1) temperature (e.g. shielding from heat, cold)
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(2) degradation (e.g., chemically active environ-
ment)

(3) cutting, abrasion, and friction damage (e.g.,
turning, shifting, and contact with edges)

5-2.4 LHE and Load Travel Path

(a) 1dentify the travel path of the load and LHE.

(b) Ensure that the load and LHE have adequate clear-
ance to prevent contact with site-specific hazards or
obstructipns
LHE to LHE, load to LHE, tail swing, boom/attachment
clearance| and headroom).

(c) Consider the factors addressed in paras. 5-2.6 and
5-2.8 and|the following:

(1) dynamic movement

(2) gnvironmental (e.g., temperature, wind, and
water/ice

(3) lpad eccentricities during operation

(d) 1deptify the need for load control (e.g., tag line,
push/pull| poles).

(e) ldeptify positioning and movement of personnel
required o support the load handling activity.

(f) 1dentify effects of slope or grade on the LHE.

5-2.5 Personnel

(a) ldentify tasks to be completed prior to, during, and
after the|load handling activity, and the personnel
required fo complete each task (see Chapter 3).

(b) ldentify specialized training of personnel necessary.
to accomplish the load handling activity, if required.

5-2.6 Site, Services, and Ancillary Equipment

(a) Thg following site parameters/conditions/services
required Yo perform the load handling aetivity should be
identified

(1) the work area required (e:g., €quipment setup,
laydown, load, and LHE path).

(2) sphpportservices/utilities(e.g., fuel, air, electrical,
and water).

(3) dncillary equipment required (e.g., high reach
equipmentt, assist LHE).

(4) unobstructed access, travel path, and egress for
the LHE 4nd the load.

(5) spitable' LHE foundation and support require-
ments dulring all phases of the load handling activity.

(-d) site-specific hazards such as vaults, pipelines,
tunnels, previous excavations, or voids

(-e) presence of additional loads imposed by
surrounding structures on the LHE foundation

(-f) presence of additional loads imposed by LHE
on surrounding structures, excavations, or backfill

(6) requirements that ensure sufficient capacity, sta-

bility, and orientation to support the load at the point of
origin and landing point.

7

inforcements are completed prior to performing the load
handling activity.

5-2.7 Communication System

(a) ldentify suitable communication systems fdr use
during the load handling activity, Such as the following:
(1) hand signals
(2) voice signals (e.g¢direct, radio, and hardired
audio)
(3) video
(4) horns or ©ther audible signals
(5) signal 6r warning lights
(b) ldentify"a backup communication system andl plan
in case the primary communication system become$ inef-
fective.

5-2.8 Site Control

(a) ldentify the vehicular and pedestrian access and the
traffic controls to be used.
(b) Ensure that the plan addresses the following:
(1) vehicularand pedestrian trafficin and around the

site that could be affected by or will affect the load hand-
ling activity
(2) potential interference from other site actjvities

and the controls to be in place
(c) ldentify location of barricades or other measupres to
be put in place to restrict traffic or prohibit interference
during the load handling activity.

5-2.9 Contingency Considerations

The plan should address, at a minimum, the follpwing
potential events that could cause a deviation from the lift
plan:

(a) equipment malfunction (e.g., LHE power fdilure,
fouled rigging, and radio communication failure)

Considerations should include, but not be limited to

(-a) soils analysis (e.g., allowable ground bearing
pressure)

(-b) potential for change to support due to envi-
ronmental conditions (e.g., erosion, frost heave, water
saturation, and flooding)

(-c) supporting structure integrity (e.g., barges,
piers, slabs, bridge decks, foundations, pavements, build-
ings, crane mats, and cribbing)

(b) adverse changes to environmental conditions (e.g.,
weather, visibility)

(c) deviation from the planned load characteristics as
identified in para. 5-2.1

(d) adverse changes to site conditions (e.g.,
surrounding activities, change in ground conditions,
and unauthorized entry into the work site as identified
in para. 5-2.8)
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5-2.10 Emergency Action Plan

(a) Review any existing site-specific emergency action
plans and coordinate any required modifications.

(b) ldentify the need for an emergency action plan
directly related to the load handling activity.

5-3 PRE-LIFT MEETING

Thelliftdirector should hold a pre-lift meeting to discuss

5-4.2 Initiating the Load Handling Activity

Immediately prior to performing the load handling
activity, the lift director should ensure that either

(a) all requirements of the plan continue to be met and
no conditions exist that would preclude implementation of
the plan, or

(b) a deviation exists, in which case the load handling
activity is not initiated until the deviation is addressed by a
qualified person or the lift director determines that condi-

the pJam and the roles of the personnel involved.
(a)| At a minimum, the following elements should be
revieyed with all load handling activity personnel:
7) overview of the load handling activity
?) LHE, rigging, and other equipment involved in
the Idad handling activity
3) the sequence of events and step-by-step proce-
dureq for the entire load handling activity
4) safety measures, as required (e.g., Job Safety
Analysis action items)
5) load handling activity personnel assignments,
addrgssing
(-a) individual responsibilities (e.g., location, time,
and tpask)
(-b) work location hazards (e.g., pinch points)
(-c) communication methods
(-d) personal protective equipment requirements
(-e) qualifications of assigned personnel
6) any contingency measures as determined in
para.|5-2.9
7) any emergency action plan as determinéd in
para.|5-2.10

(b)| Concerns raised during this meetinig-shall be
addr¢ssed prior to proceeding with the load handling
activity.

(c)| At the completion of the pre-lift*meeting, the lift
director should confirm that the-atténdees understand
the plan and their roles and responsibilities during the
load handling activity.

(d)| For repetitive lifts{the lift director should decide
the frequency of preslift meetings. Pre-lift meetings
may hot be requiredprior to each repetition of the
load handling activity.

5-4 EXECUTING THE CRITICAL LIFT PLAN

5-4.1 Preparation for the Load Handling Activity

tions are acceptable to allow the activity tobegin.

5-4.3 During the Load Handling Activity,

The lift director should ensure that the loaq handling
activity continues to comply with-the plan.
(a) If the operation deviates from the plan, the load
handling activity should be stopped and evjluated to
determine if
(1) the load handling activity can resumefaccording

to plan.
(2) the contingency measures can be implemented

per para. 5:2:9.

(3) the'plan can be readily modified at the site to
accommedate an unexpected condition or event.

{4) the load handling activity can no longef be imple-
mented as planned, requiring a modified plan to be
prepared. In such cases, the load and the LHE shall be
secured, if possible, until a new plan can be developed.

(b) Changes or modifications to the plan fhould be
communicated to all affected load handling personnel
prior to initiating the change.

(c) If the load handling activity is stopped for any
reason, only the lift director may initiate a reftart.

5-5 POST-LIFT REVIEW

After the completion of the load handling activity, the lift
director should
(a) review the development, planning, and execution of
the load handling activity with the load handli)g person-
nel. Items for review should include, but not be |imited to,
the requirements of sections 5-2 through 5-4,
(b) identify potential measures to improve fliture load
handling activity.
(c) communicate any recommendations id¢ntified in
(b) to the appropriate personnel for future congideration.

{d)forrepetitive lifts-decide-thefrequeneyof post-lift

The lift director should confirm that all setup and
preparation requirements of the plan (see sections 5-2
through 5-3) are in place and all required inspections
and tests on the LHEs and rigging equipment have
been completed.

reviews and evaluation of the lift plan. Post-lift reviews
may not be required after each repetition of the load hand-
ling activity.
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NONMANDATORY APPENDIX A
LIFT DATA SHEET (LDS)

A-1 INTRODUCTION

A documented lift plan may be one or more pages
comprisefl of applicable data files, charts, schematics,
and procg¢dural instructions. Figure A-1-1 is offered as
an example of a blank planning document for a single
mobile crane load handling activity and may be modified
by the useér as required.

Similaf documents can be developed for LHE
performirg a variety of vertical and horizontal load hand-
ling.

A-2 LIFT DATA SHEET INSTRUCTIONS AND
COMMENTARY (FIGURE A-1-1)

A-2.1 Gdneral

A lift data sheet (LDS) summarizes the essential details
of a liftingloperation in a standardized, easy-to-read form.
It should include

(a) a byief description of the operation to be unders
taken

(b) loadl characteristics including weight and center of
gravity

(c) detfails of the crane or other LHE, to.be used,
including [specific configuration

(d) a spimmation of the total load te‘the LHE

(e) LHE rated capacities during the'rélevant phases of
the operafion

(f) a camparison of total lead*to the LHE versus LHE
capacity throughout the operation (as a percentage)

(g) a cgmparison of total-load supported by the LHE's
reeved load line versus_the rated capacity of the reeved
load line (as a percentage)

(h) notes outlinirig key operational requirements on
which th¢ validity of the data sheet is based

(i) a lit ef-relevant attachments included (e.g.,, LHE

A-2.2 Example Data Sheet

For guidance, an example of a blank lift data.sheef for a
lifting operation using a single mobile craneis induded
(see Figure A-1-1).

Crane chart capacities for mobilecranes are the lofd the
crane is rated to support at therboem or jib head s ap-
plicable. To evaluate what peréentage of that capacity it is
planned to use, it is first n€ecessary to sum the total load
applied to the crane at the-boom or jib head.

Note that in the case of LHE such as tower cranjes or
overhead travelihg cranes, the situation is slightly
different, as the capacity is likely to be quoted at the
hook block. Indll cases, follow the instructions and warn-
ings of the thanufacturer concerning the LHE’s capacity
and limitations and adjust your data sheet accordjngly.

A-2.3 Completing the Example LDS

A-2.3.1 Payload and Crane Details Sections. Thg first
two sections, “Payload” and “Crane Details,” arq self-
explanatory. Mark nonapplicable fields as “N/A” fjather
than leaving them blank (which could be construed as
an omission).

The “single hoist line pull” is the rated winch lin¢ pull.
“Parts line used” are the actual parts of line with whith the
crane is reeved for the lift (not necessarily the maxjmum
for which it is equipped). “Reeved capacity” is the hojisting
capacity as reeved, typically the parts of line timgs the
rated single line pull. This figure is carried below.

A-2.3.2 Load Details. The nextthree subsections felate
to load applied to the crane.
(a) Load details — the weight of the payload, any
attachments to it (e.g., ladders and platforms, insulgtion),
or contents (e.g., oil, catalyst) can be summed here tq yield
a total weight of the item to be lifted.
(b) Rigging data — the weight of rigging materials to

chart extract, layout, and rigging sketches)

(j) any required review and approval signatures and
applicable statutory requirements such as a Professional
Engineer's stamp

The LDS should be designed to suit the type of operation
to be undertaken (e.g., mobile crane — single lift, mobile
crane — tandem/multiple crane lift, tower crane lift, over-
head traveling crane lift, jacking and rolling activity, lift
system, or gantry lift). It is unlikely that a single format
sheet will suffice for every eventuality.

attach theload to the crane hookis weight on the crane and
has to be considered. This section allows the rigging items
to be described, quantified, and summed to give a total
rigging weight. If the rigging is simple, it can be placed
on the Lift Data Sheet. For more complex rigging arrange-
ments, Nonmandatory Appendix B can be used.

(c) Additional weight items — as applicable, allowance
should be made for

(1) the weight of the main hook (block) being used to

suspend the payload.
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(2) the weight of the parts of hoist line below the
boom or jib head (whichever is being used), i.e., the
number of parts of line being used times the longest antici-
pated drop from boom or jib tip to the hook block (ft) times
the weight per foot of the hoist line. Check the manufac-
turer’s manual to determine if the weight of the wire rope
necessary to lift the suspended load has been accounted
for in the load chart and the weight of any extra reeved
parts of line need to be added as additional weight, or if all
parts ptine-need-te-be ountedfo 22! i

weight allowances to be considered vary according to
whether the jib is erected, stowed, extended, or retracted
— copsult the manufacturer’s manual.
4) the weight of other suspended hooks/overhaul
fitted and the weight of the associated suspended
lines.
5) boom extensions/runners/auxiliary boom
sheayes and other similar attachments fitted to the
boon} or jib (when the chart being used does not
relatq to their use).

Totjaling the above three subtotals (payload plus rigging
plus 4dditional weight items) gives the total weight to the
crane| for comparison with the rated capacity.

A-2.3.3 Crane Capacities. The next section relates to
the crfane capacities. Capacity varies according not only to
configuration but also to operating radius. Three columns
are provided on this particular sheet allowing the user to
calculate the loads at up to three different radii as appli-
cable|(e.g., hoist, swing, and place). It may howexer be
suffigient to consider only the worst radius. Ker each
colunn to be used, enter first the actual radius.of opera-
tion then, unless capacity interpolation for-that specific
radiuf is allowed, the next greatest radius for which a
chart|capacity is quoted. The next line; “Chart Capacity,”
is for entering the rated capacity ¢f the crane at the afore-
mentjoned chart radius. Ensure use of the correct chart
specific to that particular cfane in the particular config-
uratign in which it is being) used.

The “Total Load to,Crane” divided by “Crane Capacity”
yieldg the percentageof chart capacity being used for each
radiup for which'th€ calculation is performed. Knowing
this [figure‘at,up to three operating radii, the
“MaximumtPercentage of Chart Capacity Used” can be
noted.

Thétotal cncppndpd load is the load cnppnrhﬁd by the

balls
hoist

weight of the load block, if applicable. The manufacturer's
recommendations for reeved capacity should always be
followed.

NOTES:

(1) The weight of a jib or boom attachments is not part of the
load suspended on the reeved hoist line.

(2) In the case of cranes such as tower cranes or overhead
cranes, the manufacturer may have already considered
the weight of the load block when specifying a part of
line capacity.

(3) Weightofthe hoistline below the boom tip shoul
ered, where applicable.

The “Maximum Percentage of Reeved Capacit
to Be Used” is “Total Suspended Load.(main)” ¢
the reeved capacity (from abote)-— see the “Crane
Details” section.

A-2.3.5 Document Attachments. This se
documents commonly-attached to an LDS (e.g., a crane
layout, rigging arrangement, and crane charf extract).
Not all will be relevant or required. The user should
mark (check) these appended, adding to the list as
required. Note the acronyms: GBP (ground bearing pres-
sure), JHA (job hazard analysis), JSA (job safety|analysis),
AHA (aetivity hazard analysis). It is recommenfded that a
risk analysis be undertaken. Resources such as [SO 31000
and other industry guides may be useful.

dl be consid-

rtion lists

A-2.3.6 Notes. In this section, the user should include
any further information (e.g., warnings, refer¢nces, and
instructions) essential to the safety of the gperation.
This section may also detail the crane operating mode
if not adequately described elsewhere.

Included in this section are

(a) a line allowing the user to compare thg planned
imposed ground loading (typically derivegd from a
ground bearing pressure estimator further djstributed
through any load-spreading mats or blocking/cribbing
provided) with the permissible ground bearing pressure
(as derived from geotechnical data, calculation, or other
informed guidance).

(b) a line in which the limiting wind spe¢d for the
operation should be entered. For guidpnce see
Nonmandatory Appendix C.

A-2.3.7 Signatures and Approvals. This sectjonisto be
completed by the preparer, then checked and approved by
qualified and competent persons as required by governing

main hoist lines equal to the total of “Total Weight of Item
to be Lifted” plus “Total Rigging Weight” plus the weight of
the hook block being used plus the self weight of the
reeved hoist lines being used.

A-2.3.4 Reeved Capacities. The ability of the crane to
hoist the load within capacity is a function of the rated line
pull and the number of reeved parts of line. The load
suspended on the parts of the line is the total weight
of item to be lifted plus the rigging weight plus the

11

policies (modify the sheet as required).

Where this document forms the official record of the
operation, applicable legislation or contractual stipula-
tions may require it to be stamped by a knowledgeable
Professional Engineer, in which case it shall appear promi-
nently in a relatively clear area of the sheet.
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A-3 CRANE LAYOUT (SCHEMATIC)

The purpose of the crane layout schematic is to dimen-
sionally locate the crane in the work area and indicate
related crane information and site features so that the
end user can understand how the crane is to be set up
(see Figure A-3-1).

A-3.1 Plan View

A Plan v i g

(a) gedgraphic orientation (e.g., north)

(b) drawing scale/scale bar

(c) keylsite features (e.g., buildings and property lines)

(d) laygut sections and detail references

(e) crape center and orientation including field verifi-
able dimensions

(f) fromt, rear and side quadrants, where relevant to
capacity

(g) crahe swing radius (tail and cab)

(h) load delivery and disposal locations

(i) weight/radii of loads

(j) supportunder the crane andload (e.g., matting, crib-
bing, and [dunnage)

(k) crahe description

(1) overhead/underground obstructions

(m) pegdlestrian and traffic control

(n) deljvery and disposal call out

(o) colimn line, station, bent, pier, and call outs

A-3.2 Elpvation View

An elevption view could include the following, as appli-
cable:

(a) drawing scale/scale bar

(b) locate centerline of crane with field.measurable
dimension

(c) indicate elevations

(d) dinjension crane radius/radii

(e) bodm lengths showing adequate lift height

(f) spetify hook block weight and minimum parts of
line

(g) tail

(h) cle
points

(i) crods sections showing vault, foundation wall, and
influence |ine‘gPload and underground structure affected
by crane

swing radius
rances fromexisting structures and load set

gear and reviewers to follow calculations (see
Figure A-4-1).

A-4.1 Diagram

The diagram could include the following:

(a) scale/scale bar

(b) dimensions of item to be lifted, lifting points and
center of gravity

(c) sling size and hitch configuration

rigging components/hardware used an

dimensions (i.e., pin diameter/hole diameter(for
lugs)

(e) sling/hoist angles at critical stages_of‘the lift

(f) rated capacity of rigging components and adjusted
capacity as used (e.g., D/d ratio, temperature)

(g) loads within the rigging system and support
tions

(h) tension on slings/hoistyrigging hardware an
lifting devices

(i) dimensions of the.overall height and length
rigging arrangement

(j) accessories used (softeners, grillage, etc.)

(k) elevation section and detail references

(1) effects of friction, as applicable

key
ifting

reac-
i BTH

bf the

t the
hook
load.

A-4.1.2 The rigging planner should ensure the rigging
components, geometry and lifting points are compatible.

A-4.1:1 The diagram should also confirm th3
centerline of the LHE lift point (i.e., boom tip or
block) is located above the center of gravity of the

A-4.1.3 The rigging diagram should identify loadsfat the
interface of the rigging system such as at load attachment
points and at temporary or permanent suspension points.
See para. 5-2.6(a)(5).

A-4.1.4 The overall height and length of the rigging
arrangement should also be shown on the elevation
view of the LHE.

A-5 PRE-LIFT SAFETY CHECKLIST

A pre-lift safety checklist summarizes the ess
safety considerations of a load handling operatio
standardized, easy-to-read form. The checklist should
include notes for outlining key safety requiremer|ts on
which the validity of the checklist is based. The pfe-lift

bntial
hin a

(j) column line, station, bent, pier, and call outs
(k) two blocking distance
(1) boom and jib angles

A-4 RIGGING DIAGRAM

Therigging diagram is used to describe the load or items
to be lifted and show the configuration of the rigging
equipment. The diagram should include enough detail
to allow field personnel to install appropriately rated

12

pe of
operation to be undertaken (e.g., mobile crane (LHE)
— single lift, mobile crane (LHE) — tandem/multiple
crane (LHE) lift, jacking and rolling activity, lift system,
or gantry lift). It is unlikely that a single format sheet
will suffice for every situation.

£t 1 lelict ol 14 1 | H -+ it 41 s
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A-5.1 Example Pre-Lift Safety Checklist

For guidance, an example of a blank pre-lift safety
checklist for a lifting operation using a single mobile
crane (LHE) is included (see second page of
Figure A-1-1). This example has been broken down
into four main categories and key points per category
as it applies to a single mobile crane (LHE) lift.

A-5.2 Notes

This section allows the user to input notes that are
important to the load handling activity that are not
covered elsewhere.

13
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Figure A-1-1
Lift Data Sheet

Single Mobile Crane Lift

Payload Name: |

Lift Description:

Project: | | Units:  U.S. (ft-Ib)
Crane Details Manufacturer:| | Model No.
Configuration: | Base mount type: Track/outrigger c/s: ft
Boom type: | Boom length used: ft Boom/jib angle: deg
Jib type: | Jib length used: ft Tail swing: ft
Machine ballast: Ib Aux. counterweight: b
Block capacity: ton Line size: in.

Single hoist line pull: Ib Parts line used: | Reeved capacity: Ib
Heavy lift attachments: ] SLradius ft Superlift wt: ton
Lpad Details Quantity Wt./each Weight Totals

Basic weight of item Ib
Ib
Ib
Ib
b
Total weight of item to be lifted Ib
Rigging Data (size, type, and capacity)
Ib
Ib
Ib
Ib
Ib
Ib
b
Total rigging'weight Ib
Additional Weight Items
Main hook Ib
Wire rope Ib
Other suspended hooks Ib
Aux. boom sheaves Ib
Jib b
Other: Ib
Other: b
Total additional weight Ib
GROSS LOAD (sum of all items above) Ib
Crane capacities (Desc.) (Desc.) (Desc.)
Total load to crane: Ib Ib b
Planned Radius: ft ft ft
Chart Radius Used: ft ft ft
Chart Capacity: b Ib b

% of chal

THE MAXIMUM PERCENTAGE OF CHART CAPACITY PLANNED TO BE USED IS

rt\capacity:

%

o]

eeved Capacities:
Total'suspended load (main):

THE MAXINIUM PERCENTAGE OF REEVED CAPACITY PLANNED TO BE USED IS

—

Reeved capacity: |:|I b

%

locument Attachments

Prepared by:
Checked by:
Approved by:

1

L 1

N Crane layout O Plan categorization O GBP source/calculations
[71 Rigging hookup arrangement O JHA/JSA/AHA O Project scope
O Crane chart extract O Risk evaluation O Load weight/CG source info
] Foundation details/calculations O Wind/weather Forecast [] Load/crane clearances
O Crane cribbing arrangement O Drawing of load O
otes  Ground Bearing Pressure: Allowable: | Actual:|
Max. allowable wind speed: Allowable:
Name (Print) Signature Title Date

1

L 1

L]

1

14
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Figure A-1-1
Lift Data Sheet (Cont’d)

Pre-Lift Check Personnel Check Yes N/A LHE Setup Check
Payload weight / CG verified? Lift director in place? Annual inspection?
Lift correctly categorized? Qualified rigger in place? Pre-use inspection?
Plan in place? Qualified signalperson(s)? Adequately supported?
Field conditions match plan? Communication (hand/radio)? Mats where required?
Required approvals / permits? Operator certified/qualified? Setup checked/level?
Veather / wind acceptable? Nonessential persons out? Adequate parts of line?
Power lines/undergrounds? Rigger roles identified? Obstructions/clearance?
bite control / area barricaded? Other roles identified? Configuration correct?
Contingency plan needed? Qualified person present? Controls / functions OK?
EFmergency plan needed? Pre-lift meeting held? Services / ancillary'egpt.?

Rigging Check Yes N/A NOTES:

Correct rigging?

Rigging inspections current?

Inspected before use?

Rigging correctly assembled?

Softeners used as needed?

Riigging properly tagged?

Sling angles acceptable?

Sjing tension acceptable?

Length of rigging acceptable?

(Jbstruction/clearance?

0O/d ratio adequate?

L|ft points identified?

L|ft points visually inspected?

Thg lines?

Height of rigging acceptable?

(") PRE-LIFT BRIEFING

Ifconfirm that the rigging design has been explained to me, that we have discussed it, and that | understand the ope€fration
and my role and responsibilities.

NAME (PRINT) SIGNATURE CRAFT/TRADE

NAME (PRINT) SIGNATURE LIFT DIRECTOR

15
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Figure A-3-1
Crane Layout (Schematic)

16
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Figure A-4-1
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NONMANDATORY APPENDIX B
RIGGING DATA SHEET (RDS)

B-1 RIGGING DIAGRAM

Therigging diagram is used to describe the load or items
to be lift¢d and configure the rigging equipment. The
diagram should include enough detail to allow field per-
sonnel to install appropriately rated gear and reviewers to
follow calculations.

Figure B-1-1is offered as an example of ablank planning
documentfor a single rigging activity and may be modified
by the usgr as required. This document can be used in
conjunction with Nonmandatory Appendix A or as a
standalome planning document for when a crane or
similar LHE is not incorporated in a lift plan (e.g., opera-
tions using chain hoists, jacks, and industrial rollers).

B-1.1 Di

The diagram could include the following:

(a) scale/scale bar

(b) dimensions of item to be lifted, lifting points and
center of gravity

(c) sling size and hitch configuration

(d) rigiging components/hardware used and key
dimensions (i.e., pin diameter/hole diameter for\lifting
lugs)

(e) sling/hoist angles at critical stages«of the lift

(f) rated capacity of rigging componénts and adjusted
capacity gs used (e.g., D/d ratio, temperature)

(g) loadls within the rigging systeth and support reac-
tions

(h) tengion on slings/hojst,rigging hardware and BTH
lifting deyices

(i) dimension the_overall height and length of the
rigging arnrangement

(j) accdssorieswuséd (softeners, grillage, etc.)

(k) eleyation-section and detail references

(1) effegt§ of friction, as applicable

gram

B-1.1.4 The rigging diagram should identify loadsfat the
interface of the rigging system such as at load-attachment
points and at temporary or permanent suspension goints.
See para. 5-2.6(a)(5).

B-2 RIGGING DATA SHEET INSTRUCTIONS AND
COMMENTARY

B-2.1 General

A rigging data sheet(RDS) summarizes the esspntial
details of a rigging operation in a standardized, leasy-
to-read form and should be designed to suit. It should
include the following:

(a) abrief'description of the operation to be perfdrmed

(b) lift type (e.g., vertical, horizontal, or slope)

(¢)load characteristics including weight, cen
gravity, and lift point location

(d) details of therigging/hardware to be used including
specific configuration

(e) a summation of the total load to the rigging
ware

(f) a comparison of total load to the rigging/hardware
versus rigging/hardware capacity

(g) below-the-hook (BTH) lifting device details

(h) alist of relevant attachments included (e.g.
weight, center of gravity source, and LHE specs)

(i) any required review and approval signatures and
applicable statutory requirements such as a Profesgional
Engineer’s stamp

(j) detail diagram

ter of

hard-

load

B-2.2 Example RDS

For guidance, an example of a blank RDS for a
operation is included (see Figure B-2.2-1).

ifting

(m) revisiom date

B-1.1.2 The diagram should also confirm that the
centerline of LHE lift point (i.e., boom tip or hook
block) is located above the center of gravity of the load.

B-1.1.3 The rigging planner should ensure the rigging
components, geometry, and lifting points are compatible.

18

B 2-3 culllplct;llg thc EAalllplc RDS

B-2.3.1 Type of Lift. Indicate whether the load will be
lifted vertically or will be moved horizontally. If moved
horizontally, indicate the percentage of slope in
degrees and the anticipated coefficient friction (drag).
Mark nonapplicable fields as “N/A” rather than leaving
them blank (which could be construed as an omission).
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B-2.3.2 Load. Enter the load dimensions. State
whether the center of gravity is located in the center
of the load (symmetrical) or is the center of gravity
offset on the load. Report that center of gravity is
above or below the lift points and that stability has
been checked.

B-2.3.3 Rigging Data. The next four subsections relate
to load applied to the external supports.
(a) Load Details. Enter the weight data for the load.

BTH lifting devices and report if a load test was certified
by a qualified person. Totaling the above four subtotals
gives the total weight to the external supports for compar-
ison with the rated capacity.

B-2.3.4 Document Attachments. This section lists
documents commonly attached to an RDS (e.g., rigging
diagram, load information). Not all will be relevant or
required. The user should mark (check) those appended,
adding to thelistas required. Itis recommended thatarisk

Indicpte whether the weight is actual or estimated.
Enter|a detailed description of the load and its components
with |ndividual weights and total weight.

(b)| Slings. Indicate if slings are used and the type, size,
rated| capacity and actual load, quantity, and weight of
each;|provide a total weight of slings.

(c)| Hardware. Indicate the type of rigging hardware
(eyeRolts, shackles, etc.) to be used. Provide rated capacity
and actual load, quantity, weight of each item, and total
weightt of hardware.

(d)| Below-the-Hook Lifting Devices. Indicate the below-
the-hjook (BTH) lifting devices (spreader bars, beam
clamps, etc.) to be used. State the BTH category (A or
B) of|the devices as well as the rated capacity, actual
load, [quantity, and weight. Provide a total weight of all

analysis be undertaken. Resources such as ISO 31000 and
other industry guides may be useful.

B-2.3.5 Notes. In this section, the user should include
any further information (e.g., warnings, refer¢nces, and
instructions) essential to the safety of the opdration.

B-2.3.6 Signatures and Approvals. This seftion is to
be completed by the prepdrer;then checked andapproved
by qualified and competent persons as required by
governing policies (modify the sheet as required).

Where this dogument forms the official recprd of the
operation, applicable legislation or contractugl stipula-
tions may,require it to be stamped by a knowledgeable
Professional Engineer, in which case it shall appg¢ar promi-
nently inh'a relatively clear area of the sheet.

19


https://asmenormdoc.com/api2/?name=ASME P30.1 2024.pdf

ASME P30.1-2024

Figure B-1-1
Rigging Arrangement (Schematic)
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Figure B-2.2-1
Rigging Data Sheet

Payload Name:

Project:

Date:

| Lift Description:

Date planned: |

Load Handling Equipment
Mobile crane
O Derrick
O

Hoist

O Tower crane
O Fork lift
O Jack

O Overhead crane
O Chain fall
O Other

T\qpe of tift

O Vertical lift O Horizontal lift
Slope (%, deg):
Coefficient of friction:
Lgad
Dimension: Length: ft Center of Gravity's Location: O Above the rigging lift point
Width: t O Symmetrical O Below the rigging lift point
Height: ft O Offset O If below, has stability’beén checked? ___{
O Actual (source): |
Dgscription O Estimated (source): Quantity Wt./each  Weight Total
Total weight of item to be lifted
Rigging Data
SlIngs
Type Size Rated load Applied load Quantity Wt/each Weight
fotal’slings weight
Hardware
Type Size Rated load Applied load Quantity Wt./each Weight
Total hardware weight
Bdlow-the-Hook Lifting Device (per ASME B30.20) if applicable
Type Rated load Applied load Quantity Wt./each Weight
Total below-the-hook weight
Bdlow-the-Hook Lifting Device; O Load tested (if applicable) O Certified by qualified person
O Lifter specifications and drawings
RIGGING WEIGHT
TOTAL WEIGHT: Ib
D¢cument Attachments (As Needed)
7 Rigging procedure O Lift plan O Rigging specifications
O Load weight/CG source info O JHA/JSA/AHA O Lifter specs and drawings
] Drawing of load/lift points O Risk evaluation ] Rigging sketch
Noptes

Name (Print)

Signature

Prepared by: |

Checked by: [

Approved by: |

Title

Date

21
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NONMANDATORY APPENDIX C
ESTABLISHING A LIMITING WIND SPEED

C-1 INTRODUCTION

The putpose of this Appendix is to provide guidance in
establishing a limiting wind speed (LWS) for a load han-
dling actiyity (LHA) as part of the lift-planning processes
outlined ip this Standard. The scope includes

(a) assgssment of wind forces on loads being handled
and the effects those forces have on the load handling
equipment (LHE)

(b) secliring the load after landing

(c) conkingency planning

(d) preparing for out-of-service winds and the control
of loads subject to wind forces

C-2 RESPONSIBILITIES

(a) Plapning for wind during an LHA requires knowl-
edge of the LHE limitations, site conditions, load charac-
teristics, gnd rigging method.

(b) Multiple parties may share planning responsibility,
and one gerson may have more than one responsibility:
Those invplved in preplanning for wind may include thé
Engineer, [Lift Planner, LHE User, and General Contrdctor/
Constructjon Manager. Those involved in task{planning
may include the Lift Director, LHE Operator, Rigger,
and Site Jupervisor.

(c) Thgse involved in preplanning should remain avail-
able for fiiture reference.

C-3 GUIDANCE FOR LIFT PLANNERS

(a) WHen developing’a_plan for an LHA in an area
subject tp wind, the (ift ‘planner should establish an
LWS for the activity=*The LWS should be sufficiently
low to erfsure thélsafe operation of the LHE and the
safe execption.of the LHA, and to ensure that control
and stabilitj;;ef the load are maintained throughout the

forces transferred into the LHE by wind actingygn the
load being handled. These effects may be-reaspn to
reduce the LWS for the activity.
(c) Further considerations include the\effect offwind
forces acting on the load regarding\control, stability,
and strength; these may be reason-to further r¢duce
the LWS.
(d) The guidance of a qualified person shoufld be
followed when
(1) custom LHE is involved
(2) the LHE mantfacturer wind guidance is notfavail-
able
(3) assessingthe wind forces on an object is complex
(4) wind effects on the LHE are difficult to agsess
(e) Theflowchartand associated narrative contaipedin
section(@;9 provide a logical process map to guide the user
in establishing an LWS and thereby mitigate wind hazards.

C-4 EFFECTS OF WIND FORCES ON THE LH

(a) Regarding the LHE itself, in most cases th¢ LHE
manufacturers will provide maximum operating|wind
speeds for their equipment either in the operating
manual or on the load charts. A general figure may be
quoted or there may be a specific wind speed foy each
configuration. In the case of cranes with long bpoms,
jibs, or both, the permissible wind speed will |ikely
decrease with increasing length. The manufacturers
may also recommend, or require, shutting down the
LHE and making the LHE safe under specific condjtions.

(b) The effect of the wind acting on the LHE varie$ with
wind direction. Figure C-4-1 shows the different ways the
wind affects a crane and a suspended load when it plows
from the side, from behind, or from the front.

(c) Considerations for wind from the side of the hoom.
When the wind is from the side

(1) bnnm cfvnngfh is 3 m')}'r\r Fari—r\r_

activity. The planned LWSshould ot exceed the
maximum wind speed specified by the LHE manufacturer
for the LHE as configured and should not result in wind
forces being imparted into the LHE, the load, or the
supporting environment in excess of their design param-
eters.

(b) Wind forces act on both the LHE and the load being
handled. The LHE manufacturer normally provides a
maximum operating wind speed; however, dependent
on the design, this may not consider the effects of

(2) the wind creates lateral loading on the boom.

(3) the wind forces on the suspended load are trans-
ferred horizontally into the boom or jib head through the
hoist ropes, independent of the elevation of the load.

(4) the wind acts to rotate the upper works of the
crane. The LHE operator might need to compensate for
this tendency to swing.

(5) wind forces on the load and LHE may increase
LHE support loads.
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(d) Considerations for wind from rear of the boom.
When the wind is from behind a crane
(1) the wind applies a force to the boom, jib, and load
that adds to the overturning moment of the LHE and may
affect the forward stability
(2) the wind effect on the load increases the load
radius in the plane of the boom/jib, effectively reducing
rated capacity
(e) Considerations for wind from front of the boom.
When

tha wnd 1o fropms tha oot of tha hoo
tHe—- W eiSstHrem—thetrehtot—tne-pBoo6ih

through the suspension at the boom/jib tip sheaves; in
the case of heavy transport, the forces are transmitted
through friction at the supporting surface and lashing
or restraints. These combined forces have effects on
the LHE and its support that must be assessed. Typically,
the user assesses the forces and determines whether the
LHE can safely withstand the forces or the LWS should be
reduced. When in doubt, consult the manufacturer or a
qualified person.

7) it reduces backwards stability. For a crane oper-
with the boom/jib approaching the maximum boom
the force could cause the boom/jib or the entire
to tip backwards.
?) wind acting on a suspended load decreases the
load radius and can reduce clearances to the boom/jib,
potentially creating the risk of contact.
(f) |Considerations for wind on wheel- or rail-mounted

LHEs]Wind acting on the load or structure of the LHE may
causel unexpected movement along the travel paths.

ating
angle|
cranej

C-5 EFFECTS OF WIND ON A LOAD

(a)]| When planning an LHA, it may be necessary to
assesp the wind forces acting on the load to determine
whether they are of a magnitude that could affect the
integrity of the load or make it difficult to control.

(b)| The wind force acting on the load itself is a function
of wihd speed, surface area, and shape of the load. Thé
weight of the load, the location of the center of gravity,
and the location of the lift points are also very impartant
toideptify. The lighter theload and greater its surface area,
the mjore difficult it may be to control.

(c)| The wind pressure on a load may not’be uniform
(e.g., fonsider a modular electrical house: a closed recess
in a flat wall may have an increased(phessure while on an
inclined roof the pressure may be teduced). This may alter
with [rotation of the load, LHE,; or both. Section C-7
provifles guidance on evaluating wind forces on a load.

(d)| The center of wind pressure acting on a suspended
load rhay not lie on thejaxis of suspension, e.g., if the center
of arda of panel is not eoincident with its center of gravity
as shpwn in Figure C-5-1.

The¢ wind leadacting to one side of the line of suspension
will result-inithe load wanting to rotate until the center of
area lies-directly downwind of the suspension. This rota-

b Whenafreelysuspended{unrestraiped) load

hanging from an LHE is subject to a steady lateral
wind force, the load moves downwind andthé sfispension
takes up an out-of-plumb angle. The load.comef to a new
static equilibrium when the horizontal comporjent of the
tension in the suspension equals.the wind forfce.

(c) The greater the wind fotee and the lightelr the load,
the greater the resulting angle adopted. The digtance the
load moves to achieve this angle is determinled by the
suspension length (and/the angle). Dependenft on wind
direction, this movement may increase or de¢rease the
operating radius!

(d) The angle of the suspension transfers thefwind load
acting onthe'load up to the tip of the supporting structure
where the horizontal force is resisted. The direction in
whichthis force acts is determined by the wind direction
relative to the LHE. Note that this force may be 3dditive to
inertial effects from swinging. As aresult of the inclination,
the suspension is less effective in supporting the vertical
weight of the load and so the tension in the suspension is
increased slightly. Note that an unrestrained load will tend
to swing in the wind, particularly if it is gusting, creating
dynamic forces.

(e) Possible adverse effects on an LHE of these forces
include but are not limited to

(1) pendulation (swinging of the load).
(2) collision with the LHE structure (pptentially
causing damage or even failure).
(3) increase in load radius (which may take the LHE
out of capacity).
(4) side loading on the LHE structune (which
together with other operational forces mdy exceed
permissible limits).
(5) increased loading in the plane of the LHE struc-
ture (which together with other operational fprces may
exceed permissible limits).
(6) load weather vaning in an uncontrollgd fashion,

tiona Cffcbt call bc bUllD;dCl ablc aud thC l‘:Ul CLCOoT C\.iu;l Cd tU
oppose it large. This possibility should be accounted for in
planning for the LHA.

C-6 EFFECTS THAT WIND FORCES ON HANDLED
LOADS HAVE ON LHE

(a) Wind acting on the load creates forces that are
passed into the LHE; these act in conjunction with the
forces acting on the LHE itself. In the case of a load
suspended from a crane, the forces are transmitted
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L.e., turning at the Toad’s attachment point to present its
smallest area side to the wind; this can present a collision
hazard. Please refer to Figure C-6-1.

C-7 CALCULATING LIMITING WIND SPEED FOR
LHE WITH SUSPENDED LOADS

If a suspended load presents a large area to the
prevailing wind it may be necessary to calculate or reeval-
uate the LWS for the LHA; this is particularly so when the
area is large relative to the weight of the load.

(24)
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The following equations can be used to calculate refer-
ence values, such as wind pressure and wind force occur-
ring during an LHA. Manufacturer’s specific instructions
for the LHE being used take precedence.

the manufacturer A,jow, the LWS can be expressed as
follows:

2

(a) The wind pressure, g, created by wind velocity, V, o_oosgéfL ‘M
acting on an object can be calculated for a specific LWS = LWSCHART [mph]
maximum wind speed (the proposed LWS at the load). v
The equation to determine wind pressure, g, is the L2 m2 M
following, with V measured in mph: LWSCHART\ m;on [m/s]

q= 0.00256VL[1b/ftZJ

(b) Thq wind area, A; (sail area), of a load (ft?) is the
surface arpa of the load presented to the wind. Wind forces
are greatest when the wind acts normal (perpendicular) to
that area.

(c) Thedragarea, A, is a function of the wind area and
the shape of the object. The drag area is usually expressed
as aproduct of the wind area, Ay, and the drag coefficient, C
(also refefred to as the shape factor or force coefficient),
appropriate to the shape of the object. ASCE 7, chapter 29
offers coefficients for several different structure types and
geometrigs. The drag area of an object is given by the
following [equation:

4, = A

(d) Thg wind force, F, is the external force acting on an
object cayised by wind during the LHA. Typically, it is
suggested to start by calculating the wind forces using
the wind [velocity that the LHE manufacturer specifies
as the LWS for the LHE itself. Check whethenr those
forces ar¢ satisfactory for stability and contrel of the
LHE and,|if not, reduce the LWS and repeat until the
wind fordes are sufficiently low. The wihd force acting
on an objgct is given by the following equation:

F= qu[lb]
(e) Forl some LHE, the.LWS is defined based on an
assumed |[drag area-proportional to the lifted weight.
The equations in this section are examples that may be
used as syipplemernitary tools for planning. They are not
a substityite.for the manufacturer’s instructions. The
user shouldcenfirmwiththe LHE manufactureroragqua
ified person as to the applicability of the equations below.
For this LHE, there is an allowable area exposed to wind,
A.now, Which is the sail area accounted by the LHE manu-
facturer during the design process. A,jow can be calculated
by multiplying the load chart capacity (LC) of the LHE at
the specific configuration times the area exposed to wind
per mass (weight) unit A,,;.. For LHE designed per
EN 13000, Aunie is 1.2 m?/mton (0.00586 ft*/Ib). For
mobile and locomotive cranes supporting objects with
a drag area A,, larger than the sail area accounted by
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| W

LWS < LWSc gt

LWScharT 1S a general or configuration-spegcific
maximum permissible wind spéed per manufadturer
specifications. The calculated LWS must always b less
than or equal to LWS¢cyare-“The last component ¢f the
equation is the load mass effect, M. This value depends
on the manufacturer’s approach. For some manufactpirers,
the value to be used is’the load chart capacity (LQ). For
others, the value“to. be used is the hoisted gross Weight
suspended from the LHE. Consult with the LHE manufac-
turer or qualified person to determine the proper multi-
plier.

C-7:1: Limiting Wind Speed Calculation Steps for

Mobile and Locomotive Cranes

The following calculation steps can be used to evaluate
the manufacturer's provided maximum permissiblg wind
speed, LWScyarT, and determine whether a derpte is
required based on the payload's geometry, dimengions,
(large sail area), and hoisted gross weight. The calcylated
wind speed will be the established LWS for the LHA. The
calculation steps are valid for mobile and loconjotive
cranes designed per EN 13000 only. See Figure C{7-1.

Step 1. Establish the LC for the LHA based on th¢ LHE
configuration (see Figure C-7-2).

Step 2. Calculate the allowable area exposed to
A.now- Multiply LC by Aynit.

Step 3. Calculate the drag area, A,,, for the suspénded
payload. The drag coefficient will vary based on the
payload’s geometry.

Step 4. Compare A,, to A,jow and determine wh
the LWS needs to be calculated.

d g han he 4

'wind,

ether

6 A trow—is-greate ]
maximum permissible wind per manufacturer’s specifica-
tion, LWScyarT, does not need to be reevaluated.

(b) When the allowable area exposed to wind, A.j10w,
is less than the drag area, A4,, then a new LWS must be
calculated. The derated wind speed will take into account
the payload’s sail area.

Step 5. Find the permissible wind speed per manufac-
turer specifications, LWScyart. This value can be load
chart specific or configuration/model specific. Consult
with the LHE manufacturer for additional information.
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When the LWSchart does not need to be reevaluated, then
LWScuart is established as the LWS for the LHA.

Step 6. The value to be used for the load mass effect
multiplier, M, is specific to the manufacturer’s approach
to calculating limiting wind speed. Consult with the LHE
manufacturer or qualified person to determine the proper
multiplier.

Step 7. For payloads with Ao less than 4, the estab-
lished LWS equation provided in section C-7 can be used.

vane. These factors should be taken into consideration
when establishing an LWS for the activity.

(b) Supported Loads. The effect of wind loads on large
structures on transport equipment should also be consid-
ered. Horizontal wind forces acting on the load will cause a
rotational effect that can change the load distribution
within the suspension arrangements of a trailer; inclina-
tion, overload, or instability may be induced as a result.
Lashing and securing loads may be affected. Note also that

The cplewlated LW Smust-alwaysbelessthan-orequa e
the L NSCHART'

Step 8. Calculate the wind pressure, q.

Step 9. Calculate the wind force, F, acting on the payload
for additional lift-planning parameters.

C-8 LOAD CONTROL

(a)| Suspended Loads and Taglines. The lift planner
should always consider how a freely suspended load,
being acted on by the wind, is to be controlled to
avoid uncontrolled movement and the associated
hazailds. Taglines shall be used where hazards exist to
emplpyees and should always be used where they
wouldl serve a useful purpose in controlling a suspended
load.
7) Taglines are used to

(-a) oppose uncontrolled rotation of a freely
suspgnded load as it is lifted, maneuvered, or relocated
under the influence of forces such as wind acting on it

(-b) alter the rotational attitude of a suspended
sitis guided along a path, or to position it in a‘parti-
attitude

(-c) avoid the need for persons to put their hands
directly on a load to control it where that would pose a
hazard, allowing distance between them and the load
?) Taglines are not to be used to

(-a) pull a load out of its hatural suspended line,
therepy inducing in-haul or ouitshaul of the load lines

(-b) hold aload againstwind forces trying to push
of line

(-c) contribute)to*supporting the load
3) Two opp0Osing taglines may be required to
adequately contrel a suspended load. They should be
of adg¢quate léngth to maintain an angle to the horizontal
of approximately 45 deg or less and should be attached as

load 4
cular

it out

far as|pessible from the C of G and as square as possible to wind acting on the LHE.
the fa < fUl lllaA;lllbllll Cffcbt;vcllcbb. RCICCI tU F;Sul C C 8 1 (3] BUI\ 3- }fa Dycb;f;b \—halt ba}}ab;t_y ;D o

noetantiallz danocaraic ooy pmaayg
potehtia H BeHhatecear:

Ty —Oo 5 erouS—5vy

C-9 ESTABLISHING AN LWS FOR AN,LHA

broviding
e required

(a) Figure C-9-1 is a process flewchart
guidance in establishing an LWS fér'an LHA. Th
information includes the following:

(1) the shape and ared,of'the load to be handled

(2) the LHE to be used’and its configuration

(3) the environfrent in which the LHA is to be
conducted

(4) historical*wind data for the locale (where
available)

(5) the.intended travel path of the loa
obstructions

(b).Ifthe LHE is anonstandard engineered deyvice oris a
standard device used in a nonstandard configuration, it
will be necessary to seek subject matter expeftise from
the manufacturer/designer of the LHE or from & qualified
person to establish an LWS. The following paragraphs
elaborate on the flowchart; the numbers below refer to
the blocks in Figure C-9-1. If the LHE is c¢nfigured
within the manufacturer’s specifications and guidelines
for the required LHA, proceed as follows:

(1) Box 1. The LHE manufacturer should grovide an
LWS for the LHE as configured. This information is rou-
tinely found in machine manuals, posted operatihg data, or
planning software, and may vary by machine
configuration.

(2) Box 2. Depending on the LHE design, the manu-
facturer-defined LWS might include some allowance for
wind forces on the suspended load and there [should be
stipulations regarding the maximum wind are included
in the chart capacities. The manual for the LHE should
state whether this is the case or not. The manufacturer
may also define limitations on lateral forces| from the

| and any

for an illustration of effective tagline use.

(4) The size and shape of the suspended load, the
way its area is disposed relative to the line of suspension,
and its weight together with the wind speed at the height
of the load all determine the wind force on the suspended
load and its tendency to rotate. A large flat-sided light
object will, for instance, be more likely to swing and
rotate, whereas a heavy cylindrical shape of a similar
area will be much less likely to swing and weather
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ject to the
wind area of the load being below a stated maximum value,
determine if the wind area of the load exceeds that value. If
it does, find out if the manufacturer provides a formula by
which aload of that area can be lifted atareduced LWS. Ifa
formula is provided, a qualified person should use it to
recalculate a lower LWS then proceed to Box 7. If no
formula is provided, it will be necessary for a qualified
person to assess the wind force on the load at the
planned operational wind speed and its effect on the
LHE. See Box 4. If the manufacturer does not provide a
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maximum wind area for the LWS, proceed directly to Box
7.

(4) Box 4. In some cases, the manufacturer might
simply provide a general LWS for the LHE, which includes
no specific provision for imposed forces resulting from the
effects of wind on the load, leaving it to the user to assess
the wind forces on the load at the planned operational
wind speed and their effect on the LHE. In other cases,
it might be necessary to determine an LWS for the opera-
tion that istess-than g WS- mantfactare
doesn’t pfrovide applicable general guidance, the user

irer are typically intended to be those indicated
atthe highest point ofalifting apparatus, e.g., a crane boom
or jib heafl. The suspended load will be at a lesser eleva-
tion, and the wind speed acting on the suspended load may
be different (usually lower) in which case applying the
“crane” wind speed to the suspended load will be conser-
vative. However, local effects such as wind funneling can
raise the yind speed on the load, where such conditions
exist; this| must be considered.

(6) Box 6. If the steps followed so far do not allow the
determingtion of an LWS, it may be necessary to calculate
the wind force on the suspended load and make an engi-
neering judgment as to whether the LHE can safely with-
stand its magnitude. Section C-7 provides guidance in
calculating the wind forces on suspended loads.

(7) Box 7. Knowing the predicted wind speed acting
on the load, the resulting wind forces on the load can be
calculated and their effects when transferred into thé LHE
assessed {o determine whether they are within LHE ac-
ceptable lmits. If the site personnel cannot readily assess
the effect pfthe wind speed on the LHE anddetermine that
itis withirl acceptable limits, they should seek the advice of
the manufacturer or qualified person.A determination
should be made as to whether\the LWS should be
reduced. [f it is necessary to-reduce the LWS, go back
to Box 4 aind repeat. Once_ah.acceptable LWS has been
establishpd for the LHE with suspended load, go to
Box 8.

(8) Hox 8. Onceasafe LWS for the LHE is established,
it is also necessary.to ensure that the suspended load can
be controlled atthat wind speed. The following should be
consideref:

factory for the LHE and the load should be included in the
plan for the LHA, together with necessary monitoring and
other control measures.

(c) Following the steps in the process map should allow
an LWS to be established for the operation at which the
LHE can be operated within its design limits and the load
can be safely controlled. That LWS is an essential element
of the plan for the LHA.

(d) The LHA should only commence if the wind speed at

the LHE) is predicted not to exceed the established LWS
for an adequately long window of time imwhich to
complete the LHA safely.

The LWS is only one factor affecting the safety of an LHA.
Calculation of a planned LWS, and confirmation thaf wind
speed conditions at a work site dre Within the pldnned
LWS, shall not supersede other concerns participants
may have about the site conditions and the saf¢ty of
the LHA.

C-10 WIND VELOCITY — PLANNED AND
MEASURED

This section“provides guidance on forecasting|wind
speeds, andymeasuring the wind speed, and the dffects
of gusting, and wind funneling. The following effects
should ‘be considered:

{a) Local weatherinformation provides the forecgst for
sustained wind velocity and wind gust at a standard ¢leva-
tion of 10 m (33 ft) above the ground surface, assuming an
open environment.

(b) National Oceanic and Atmospheric Administfation
(NOAA) defines “wind” as the horizontal motion of the air
pasta given point. Wind describes the prevailing dir¢ction
from which the wind is blowing with the speed |given
usually in miles per hour or knots. It may be a 2-min
average speed (reported as wind speed) or an insfanta-
neous speed (reported as a peak wind speed, wind giist, or
squall). Sustained wind velocity is the average wind speed
steadily maintained over a period of 10 sec. Wind gugts are
defined as rapid fluctuations in the wind speed With a
variation of 10 knots (11.5 mph) or more between
peaks and lulls. The speed of the gust is the maxjmum
instantaneous wind speed maintained up to 3 sec

(c) Wind speed is reduced by the force of intergction
with the ground surface, and generally increages as

(-aJ wind Torces (including gusts] acting on the
suspended load at the safe LWS

(-b) the size and shape of the load

(-c) maintaining control without causing harm to
personnel

(-d) the environment

(-e) clearances to the load and its surroundings

These considerations might require that the LWS for

the operation be lowered even further to ensure it is
within acceptable levels. An established LWS that is satis-

distairce—above—the BT otird—nereases—Wind hpeed
varies with height, local terrain, and ground surface
roughness conditions (e.g., buildings, vegetation).

(d) The wind velocity that the LHE manufacturer is
typically referencing is that measured at the highest
point on the LHE, whereas as noted above wind forecasts
obtained from official sources are typically referenced at
10 m (33 ft) above grade in an open environment and may
therefore need to be adjusted for height and location to be
a useful predictor. Historical data from the jobsite,
measured at height, is very useful (where available).
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(e) ldeally, the wind velocity at the load is measured at
the same heightas theload is (or will be) above the ground.
Supplemental anemometer devices can be used to
measure wind velocities located at or about this height
to verify that the wind is at, or below, the maximum velo-
city for which the LHA is planned. Anemometers are
commonly used wind sensors that are mounted at the
desired elevation of the load. They either wirelessly
transmit the wind velocity to a device in the LHE or

are rrr\h!'fr\wnr‘ by tha Lifr divactor amapator o o dacig
onttorea—By—tRe—rHteH © OF

(5) coordinate with public authorities or other
appropriate entities if notifications, clearing of space,
or access is needed

C-12 ASSESSING WIND FORCES ON LHE —
SEMIPERMANENT INSTALLATIONS

(a) If an LHE is a semipermanent installation (e.g.,
strand jack tower system, tower cranes) and cannot be
lowered in the event of high winds, the structure

OO peTratoTs; o areSTES

nated
of thd
the ar
in a

person. The range, responsiveness, and accuracy
wind sensor device should be capable of reporting
ticipated wind speed and wind gusts during the LHA
mely manner.

(f) |Wind speed is affected by localized conditions,
which can affect the magnitude, direction, or both,
depending on site conditions. Funneling effects, which
increpse the magnitude of wind velocity or change its
direction, can result from the reflection or amplification
of wind off adjacent buildings, vegetation, or other site
conditions.

C-11|LHE OUT-OF-SERVICE DISPOSITION

Out-of-service disposition refers both to the ordinary
prepdration of an LHE before it is to be left unattended
at thg end of a shift and to exceptional preparations that
are injfrequently necessary in advance of a severe wind.
Commonly, an LHE manufacturer will specify both.

(a)| Ordinary preparations might include measures to
securg the LHE in an optimal configuration and orienta-
tion with its mechanisms in safe mode. A telescopic-crane,
for injstance, would be scoped in, or a tower\crane slew
brakd released, to allow for weather vaning. Operating
persannel on duty in every shift should be familiar
with these ordinary preparationsand complete them
daily.

(b)
taken|
the s
lowe

In anticipation of severé wind, some LHEs must be
out of harm’s way or preparations made to weather
orm (e.g., a latticenmobile crane boom might be
ed to the groundior a gantry crane tied down in
a desjgnated parking“location). In these instances, plan-
ners must specifysthe wind threshold for action and the
response necéssary to secure the LHE. The fundamental
requifements for the plan usually comes from the LHE
facturer, but might also be from a qualified
persoa—Site i H i
responsibilities:

(1) be aware of the wind limitations and the neces-
sary response

(2) monitor forecasts

(3) maintain site conditions compatible with the
execution of the response

(4) ensure designated personnel are qualified and
available to carry out the response
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should be designed so that it can withstand
(1) out-of-service wind forces on the LHE
(2) in-service wind forces on the lHE-and quspended
load during the LHA at the defined TWS
(b) Determining the magnitude_ of design wind loads
imposed on a structure shouldfollow an established stan-
dard such as ASCE 7 or a Similar standard.
(1) Adesignwind speédis determined on the basis of
limiting the probability of it being exceeded during the
design life of the structure.
(-a) The pbocedure requires that a bpsic wind
speed be selectéd for the locale where the LHE i§ installed.
ASCE 7 provides wind maps for this purposg. In some
instances, the basic wind speed is dictated by the local
authorities.
(-b) The wind speeds on the ASCE 7 wind maps are
intended for permanent structures. When degjigning for
shorter duration construction periods, wind spgeds asso-
ciated with the same probability of exceedancg would be
less. ASCE 37 takes this into consideration. ASCH 37 allows
a reduction factor to be applied to the basic wind speed
based on the duration of construction.
(2) Once a design wind speed for exceptignal winds
is determined, the equations in ASCE 7 may he used to
determine the design wind pressure. Factprs to be
accounted for include the exposure category, height
above ground, gust factor, wind directional factor, and
the object geometry (force coefficient). The result is a
design wind pressure to be applied in the|analysis.
This pressure can be used to assess whethef the LHE
installation has sufficient strength and stability for the
local wind climate.
(c) Engineered lift systems may require anallysis of the
out-of-service condition and the establishmentjof an LWS
on a case-by-case basis by a qualified engineer.

DING

The load should be secured as soon as practical after it
haslanded at the desired location. The method selected for
securing the load should be capable of restraining the load
during the full range of wind velocities that may occur or
are anticipated to occur while the load remains at the loca-
tion. The load should not be detached from the LHE until
the designated person confirms that the load is in the
correct location and is adequately supported and
secured (e.g., guy wires, temporary bracing, and blocking).
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C-14 CONTINGENCY PLANNING

Wind is highly variable by nature and thus could
increase in velocity or change direction without notice.
The lift planner should develop a contingency plan that
includes measures to control the load, to land and
secure the load in an alternate location, and to secure
the LHE. The plan should be such that site personnel
will be able to implement it immediately should the
need arise. The plan should address the following

(c) The measured wind speed is close to or exceeds the
LWS.
(d) An unattended LHE.

C-15 PERSONNEL LIFTING

For LHAs involving the lifting of personnel, regulatory
agencies may require, and/or company- or site-specific
limitations may indicate the need for, an LWS lower
than the one determined per section C-9. The lift

scenarios
(a) Thg forecast predicts a wind speed at which an out-
of-servicel] LHE must be secured (per manufacturer guide-
lines or ldgislative requirements).
(b) Argvised forecast predicts that the wind speed will
exceed thp LWS during an ongoing LHA.

planner shall consider these personnel-lifting require-
ments when developing the LHA plan. Guidafde can be
found in ASME B30.23.
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Figure C-4-1
Wind Effect on LHE

(c) Wind From Front

&

(b) Wind&\ Behind

(a) Wind From Side

Figure C-5-1

©
O
>

Effects of Wind on Load

Center of gravity

Center of area/pressure
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Figure C-6-1
Side Loading

Side loading as a result of
wind on crane boom

Increased radius loading as a
result of wind on the load and
the boom from the rear

wind on load

Dynamicéide loading
throughyturning of the
superstructure

Side Ioainf;as a result of'

Loading through
dead load

Loading in the hoisting
direction as a result of

I hoist load, lifting accessories,

and internal forces
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Figure C-7-1

Limiting Wind Speed Calculations for Mobile and Locomotive Cranes

Lord

By:_____ Rev:

Ckd:

___ Date:

T | - —

a) Wiﬁd From Side (b) Wind From Front (c) Wind From Behind
Effect of Wind on Load

Drag Area Check

u.s.
Customary Units

O‘QSI Units

1) Crane load chart capacity LC:

I
Area exposed to wind per mass unit Aunit: 0.00535 @/Ib
Lo

2) Allowable area exposed to wind Aliow = LC * A it Aaliow: Q ft
Payload surface area As=LxW As: \\ t?
Drag coefficient Csi\

)
3) Drag area A=A x C \\QW: 0 ft?
4) Does a new LWS need to be calculated? ‘\Q
Limiting Wind Speed (LWS)
\

5) Manufacturer permissible wind speed ‘\\() LWScharT: mph

6) Load mass effect . M: Ib

7) Limiting wind speed LWS = @ART x [Aunit X M LWS: 0.00 m/s

O &
8) Wind pressure createdédlbcity q = 0.00256 x LWS?2 q: 0.00 Ib/ft2

9) Wind force on LHE F: 0 Ib

F = qCA,

Q\?\J 0.0 tonne

1.2 m2/tonne
0.0 m?
0.0 m?

0.0 m?

If Aallow > AW — No
If Aallow < AW — Yes

0.0 tonne

0.0 ft/s

0.4
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Figure C-7-2

LHA and Corresponding LHE Load Chart
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Figure C-8-1
Suspended Loads and Taglines
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NONMANDATORY APPENDIX D
PLANNING FOR LHE FOUNDATION AND SUPPORT

D-1 [INTRODUCTION

The purpose of this Appendix is to provide guidance on
the fgllowing topics to those involved with planning load
handling activities using an LHE:

(a)| assessing the forces and pressures that the LHE will
impose during the various phases of the load handling
activity

(b)| establishing the capacity of the supporting surface
at thg site of the load handling activity

(c)| outlining potential solutions to distribute loads
imposed by the LHE into the supporting surface within
the allowable limits

The¢re are instances where the LHE is installed with an
engineered foundation or support (e.g., mass concrete,
pile daps, structural frames, barges, crane rails). This
Appendix does not fully address these applications.
Guidgnce may be found in published sources.

D-2 ROLES AND RESPONSIBILITIES

Seq Chapter 3 for roles and responsibilities.

D-3 GUIDANCE FOR LIFT PLANNERS

The lift plan should address support of the LHE
throuighout the load handling activity

D-3.1 LHE Installation Conditions

(a)| When the installation™is long term or permanent,
the syipport under the.LHE may require verification of
and donformance with-the original design conditions.

(b)| When the-installation is short term, the lift plan
should include.an evaluation of the loads on the
variofis supportpoints and develop a system to distribute
those|loads)to the supporting surface.

(c)| When the LHE is supported by an independent

(c) Can loads be optimized through choice,df the LHE,
configuration, and operating procedure?
(d) When not involved in a load handling act{vity, what
loads are imposed by the LHE? The ‘greatest Joads may
occur when the LHE is out of service, during [assembly,
or during disassembly.
(e) Where will the LHE<be assembled, and [will addi-
tional LHE be required for*assembly?
(f) Will the LHE travel between load handling activ-
ities?
(g) What is,tHe)condition and capacity of the travel
path?
(h) Howwill the LHE be configured and positjoned, and
what loeads' will be imposed by the LHE during travel?
(i)«Will there be environmental conditiong that will
change loads?

D-3.3 Initial Site Assessment

A site assessment should be performed as parft of the lift
plan and should address the following:

(a) ldentify conditions that may affect the dapacity of
the supporting surface. This includes any current or
previous disturbance to the soil, including bgckfill and
compaction or soil stabilization. This may pe recent
site preparation work, but it also should include historic
activities.

(b) ldentify adjacent or parallel constructior] activities
that could affectload handling activities. Examples include
work on nearby foundations, underground utilities, vibra-
tion, site drainage, and site dewatering.

(c) ldentify open pits, voids, or underground ftructures
such as basements, tunnels, drainage systems,|or under-
ground utilities that may affect load handling|activities.
Manholes, drainage grates, utility boxes, ot pipeline
warning markers may provide an indicatioh of what
may lie beneath. The absence of surface indicators is

structure, the lift plan should include an evaluation of
the structure for loads imposed.

D-3.2 Equipment Assessment

When planning the LHE foundation and support, the lift
plan should address at a minimum the following:

(a) Will there be simultaneous load handling activities
or other activities on the work site that affect one another?

(b) What loads are expected beneath the LHE during
each planned load handling activity?

not proof underground structures do not exist.

(d) ldentify environmental conditions such as climate,
season, and weather. Moisture content, frost depth, ice,
and recent thaws may affect soil bearing capacity.

D-3.4 Establishing Design Loads and Allowable
Ground Bearing Pressure

The loads imposed by the outrigger floats or crawler
tracks of an LHE in use could be greater than the
ground can safely withstand without some form of

(24)
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load distribution system. If a matting system is the appro-
priate solution, there are two primary factors to be consid-
ered.

(a) the maximum loads the LHE will impose

(b) the support capacity of the supporting surface
(native or improved)

Sections D-4 through D-8 provide guidance for deter-
mining these factors.

The process is outlined in Figure D-3.4-1.

(b) selecting a different LHE

(c) reducing the lifting radius

(d) reducing the size or weight of the loads to be lifted.
(e) minimizing operations in unfavorable directions

D-4.7 Other Considerations

The maximum loads imposed by the LHE might not
occur when lifting.
Other considerations may include

D-4 IDENTIFYING THE LOADS IMPOSED
BY THE LHE

D-4.1 LH

Figure [D-4.1-1 is an example of how loads may be
distributpd on each outrigger. The outrigger loads
change wjth slew and boom angles and the lifted load.
This is a fypical case based on crane type and outrigger
configuration. The maximum outrigger loads may occur at
different slew angles than shown.

Figure D-4.1-2 is an example of how loads are distrib-
uted by a ¢rawler crane. The shape of the load distribution
and bearing length along the tracks change with slew and
boom angles and the lifted load.

E Loading Scenarios

D-4.2 anufacturer’s Information

Many njanufacturers provide ground bearing pressure
calculatorfs. The outrigger loads or track pressures are
calculated based on the configuration and parameters
for the lpad handling activity entered by the lift
planner. [The calculator will usually give results;for
over the firont, over the side, and critical slew (angle.

A lift jll-anner could conservatively design for the
maximumn load the crane could imposesduring use, a
value thaf might be found in the crane'manual.

D-43 L

There gre lift planning softvare packages available to
determing outrigger loads®on track pressures.

ft Planning Software

D-4.4 LHE Fleet Company Software

Some cilane operating companies have proprietary soft-
ware.

D-4.5 Engineering-Principles{Manual

(aJ during assembly, disassembly, and reconfigufation
(b) raising and lowering the boom
(c) stacking counterweights
(d) minimum radius, no load on hogk, or retracted

boom
(e) when traveling
(f) reduced counterweight configuration
(g) nonstandard attachment or accessory
(h) various outrigger orcrawler positions
(i) out-of-service storfirwind
The lift planner should determine if there are

factors that may,have an influence on the

imposed, such<as wind, levelness, uniformity g

ground, and_environmental conditions.

other
oads
f the

D-5 ASSESSMENT OF THE GROUND CONDITJONS
D-5.1 Introduction

For safe operation of an LHE, the supporting surface
should withstand the imposed loads such that th¢ LHE
remains level within the manufacturer’s tolerjance.
There is enormous variety in the locations in yhich
lifting activities take place and the nature of the operations
to be conducted: from green field to brown field, swamp to
rock, improved or unimproved, existing facilities, anfl new
construction. It is necessary to assess the ground ¢ondi-
tions to determine general suitability and load-bdaring
capability. This in turn will guide whether improvements
are necessary and the extent of load distribution reqpired.

D-5.2 Data Collection — Available Documented
Information

Information relating to the supporting surface njay be
obtained or compiled from a variety of sources, such ps the
following:

(a) the facility owner

Calculation)

Imposed loads can be calculated manually if the dimen-
sions, weights, and centers of gravity of the major compo-
nents of the LHE are known.

D-4.6 Methods to Reduce LHE Imposed Loads

There are multiple ways to reduce the imposed loads by
the LHE.
(a) reconfiguring the LHE

36

(b) the controlling entity

(c) project and client geotechnical sources, e.g., an
allowable ground bearing pressure (GBP) for the
whole site or a defined area (from a competent source)

(d) preexisting geotechnical engineering report for the
site and/or LHE location (Check its continued validity.)

(e) government geological survey records

(f) governing authority of the site, city, or state sources

(g) records of demolition contractor’s on-site rein-
statement on brown field sites
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Figure D-3.4-1
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Figure D-4.1-1
Outrigger-Supported LHE Loading
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Figure D-4.1-2
Crawler Crane Loading
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(h) records of fill placement and compaction

(i) a detailed site inspection and/or subsurface inves-
tigation

(j) local knowledge — local building codes

(k) applicable standards such as American Association
of State Highway and Transportation Officials (AASHTO)
or similar

If an LHE is to be set up on a bridge, building, or struc-
ture, the suitability should be assessed by an engineer,
preferably

tha anginaar of »acasd
Heer—oertecotrea-

(f) condition of surfaces such as pavement or concrete
(e.g., undulating pavement can indicate the presence of
soft, compressible soils)

(g) topographical properties

(1) gradient and flatness
(2) minor or major obstacles, e.g., rock protrusions
(h) water
(1) groundwater, underground springs, streams,
ditches, wet areas, and land drain indicators

(2]] pofnv\fir\l for Lianafaction of +tha cail

223 2 S <) T

5.2.1
ground o}
of the LH
following]

(a) stryctures (i.e., adjacent or underground)

(b) embankments or retaining walls

(c) burfed or surface utilities (e.g., services, manhole
covers, cyrb drains)

(d) excpvations

(e) voidls

(f) tanks

5.2.2 The controlling entity may have available infor-
mation, SICh as the following:

[he location should be evaluated for under-
adjacent items that could affect the support
E or could be adversely impacted, such as the

(a) desjign drawings
(b) as-luilt drawings
(c) suryeys

(d) phdtographs

D-5.3 Data Collection — Physical Observation

Without available site-specific information, it is difficult
to determjne an allowable ground bearing pressurefor the
LHE. At a minimum, the top layer (surface) of the_site can
provide spme clues as to the immediate soil-type just
below theg LHE, such as the following:

(a) soft, compressible, or loose soils;observed at the
ground syrface

(b) rock (or rock outcrops) @©bserved at the ground
surface

(c) vai
following;

(1) Hard next to‘seft

(2) multiple €olorations of soils

(3) cpncrete\pad next to fill

(4) stiffness of support under the same track on a
crawler

iability of support surfaces, such as the

tetra O art e e O —ere-501r

(3) rainfall — recent history or likely effect|of| fresh
rainfall
(4) proximity to bodies of water
(i) underground structures
(1) backfilled areas cracking on-differential Jettle-
ment at junction with undisturbed/gtound

(2) manhole and valve covers

D-5.4 Presumptive Bearing Capacities Basec
Observation

on

A detailed investigation or testing is often neither
tical nor justifiéd for routine lifting operations. In
cases, the observations from para. D-5.3 can be uged to
establish, a‘presumptive bearing capacity. Presunmptive
bearing, capacities are the allowable bearing capacity
based enly on visual classification of surface soil.

Theé approach should be to observe the location and its
designed use and, if satisfactory by inspection, select a
conservatively low presumptive bearing capacity|from
a source, such as those presented in Table D-5.4-1.
When matched to a conservatively high estimate pf the
loads the LHE could impose, load distribution mats (or
equivalent) of an adequate effective area can be spefified.
If in doubt, err on the side of caution, use a low bgaring
capacity, and distribute the load over a larger area.

The use of presumptive bearing capacities is based on
an assumption that ground conditions, such as compac-
tion, soil type, and consistency, are uniform throughout its
depth and layers. The purpose of Table D-5.4-1] is to
provide very generalized allowable bearing capacity
values. This table can be used before a soil analysis
has been conducted and used as a reference yalue
when developing the initial plan.

Table D-5.4-1 can be used to determine a presunptive
ground bearing capacity. This table is a general valpie for
allowabhle GRP Allowahle GRP should he hased on alqual-

prac-
such

(5) surface discontinuity
(d) condition of subgrade disturbance from construc-
tion activities or inclement weather
(1) when there is a presence of washed-in material
(2) when subgrade is visually disturbed from exca-
vation
(3) when subgrade is visually firm and stable
(e) temperature of soils
(1) freeze thaw cycle of soils
(2) frozen soil

40

ified person’s evaluation of the subsurface conditions.

D-5.5 Investigation and Testing

If an allowable ground bearing pressure cannot be
provided or determined by the methods in paras. D-5.2
through D-5.4, the preferred method to establish a
value is through investigation and testing to determine
the ground conditions. This option requires competent
geotechnical expertise.
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Table D-5.4-1

Presumptive Values of Allowable Bearing Pressures for Spread Foundations

Allowable Bearing Pressure
Tons per sq ft
Recommended
Type of Bearing Material Consistency in Place Range Value for Use
Massive crystalline igneous and metamorphic rock: granite, diorite, basalt, | Hard, sound rock 60 to 100 80.0
gneiss, thoroughly cemented conglomerate (sound condition allows minor
cragksy-
Foliatpd metamorphic rock: slate, schist (sound condition allows minor Medium hard sound 30 to 40 35.0
cra¢ks). rock
Sedimlentary rock: hard cemented shales, siltstone. sandstone, limestone Medium hard sound 15 to 25 20.0
without cavities. rock
WeatHered or broken bedrock of any kind except highly argillaceous rock | Soft rock 8012 10.0
(shale). RQD less than 25.
Comphfction shale or other highly argillaceous rock in sound condition. Soft rock 8to 12 10.0
Well graded mixture of fine and coarse-grained soil: glacial till, hardpan, Very compact 8to 12 10.0
boulder clay (GW-GC, GC, SC).
Grave|, gravel-sand mixtures, boulder gravel mixtures (SW, SP, SW, SP). Very compact 6 to 10 7.0
Medium to’compact 4to7 5.0
Loose 2to 6 3.0
Coars¢ to medium sand, sand with little gravel (SW, SP). Very eompact 4to6 4.0
Medium to compact 2to 4 3.0
Loose 1to3 1.5
Fine tp medium sand, silty or clayey medium to coarse sand (SW, SM, SC)." | Very compact 3to5 3.0
Medium to compact 2to 4 2.5
Loose 1to?2 1.5
Homogenous inorganic clay, sandy or silty clay (CL, CH). Very stiff to hard 3to6 4.0
Medium to stiff 1to3 2.0
Soft 05to 1 0.5
Inorggnic silt, sandy or clayey silt, varved silt-clay=fine sand. Very stiff to hard 2to 4 3.0
Medium to stiff 1to3 1.5
Soft 05to1 0.5
GENERAL NOTE: The table is from NAVFAC DM-7.02 (1982), Foundations and Earth Structures.
D-3.5.1 The extent ofithe investigation will depend on (d) measurement of groundwater monitoring wells
the r¢quirements of thessupporting materials and loaded (e) in-situ shear strength testing
areas|that can includé.some or all of the following in-situ (f) plate bearing test
and laboratory ests: ; .
. O o . D-5.5.3 Laboratory tests may include the following:
(a)| identifiedation and limits of soil and rock types and . -
: (a) soil characterization
grourfdwater-€levation . .
. o . . (b) maximum dry density
(b)| seil-characterization, soil strength tests, soil ibili lidati
compressibiity-testsand-any-otherevaluationof-the (c) compressibility or consolidation

soil’s engineering properties

(c) on-site tests to confirm the adequacy of the ground
investigation during installation of the support measures
and/or the LHE

D-5.5.2 Field tests may include the following:

(a) evaluation of subgrade through excavation of test
pits

(b) collection of soil samples by boring

(c) collection of rock samples by coring

41

(d) shear strength testing
(e) rock quality and fracture orientation
(f) rock strength

D-5.5.4 Although proof rolling is also often suggested
as a method to verify the allowable bearing capacity of an
area, this method has the following limitations:

(a) Proof rolling typically finds defects or helps stabi-
lize the very top layer of soil. It can also identify large
deficiencies. Some of these issues can also be visualized,
such as rutting from truck traffic.
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(b) Itisimportant to put the weights and bearing areas
of the LHE versus the proof rolling equipment into
perspective. LHE typically impose significant pressure
on deeper strata. Proof rolling is not capable of mobilizing
deeper strata engaged by heavy LHE loading; this is the
same reason why backfill is compacted in layers.

For these reasons, proof rolling is not a reliable method
to confirm the allowable ground bearing pressure.

DETERMINE ALLOWABLE GROUND BEARING
PRESSURE

D-6.1 Introduction

Thebestand mostreliable means of assessing the allow-
able GBP|for an LHE is to use a geotechnical report
prepared for the site by a qualified person. New construc-
tion sites ill often have such areport that should be avail-
able upon|request. However, other sites may require site
investigatjons, including borings or test pits to determine
an allowaple GBP. Alternately, historical data for nearby
areas may be available. In that case, consideration should
be given tg historical activity in the area and its effect to the
subgrade.

A compfehensive geotechnical report will provide spe-
cific information on subsurface soil, rock, and ground-
water cpnditions. Interpretation of the site
investigation information, by a qualified person, results
in design and construction recommendations for a
project sife.

D-6.2 Boring Logs

A boring log is a geotechnical exploration record of
subsurfage conditions. This log presents-a variety of
data used|in analyzing and assessing ground conditions.
Figures D16.2-1 through D-6.2-3 are.examples of informa-
tion pres¢nted in a boring log report.

Geotechnical test methods used’to characterize in-situ
subsurface conditions include.'the standard penetration
test (SPT]), the cone penetration test (CPT), and the
dynamic |cone penetkation test (DCPT). These tests
provide spil resistance data essential for determining
the allowgble GBP.

SPT usgs atger drilling to open a small diameter exca-
vation to 4 given depth, where a split spoon sample tube is

CPT, rather than using a hammering technique, collects
data continuously as a cone-tipped rod of specified dimen-
sion is advanced at a uniform rate into the ground. As the
coneis advanced deeper into the soil, the system measures
the tip resistance or stress, which is then used to calculate
the allowable GBP.

DCPT incorporates features of both SPT and CPT. Like
SPT, DCPT is performed by dropping a standardized
weight hammer from a specified height and measuring

ath e w—The-shape DCPT
probe is a cone, similar to that of the CPT penetroineter.
DCPT data are then correlated with California‘bdaring
ratio (CBR) values to calculate the allowable- GBP.

SPT, CPT, and DCPT geotechnical methods prpvide
empirical data useful in calculatingthe allowable GBP.
These methods collect data at individual, discrete|loca-
tions with conditions interpolated between test points
across a site. These methods*do not identify other under-
ground conditions at the.spécific LHE location, sych as
voids, groundwater,%or underground utilities| that
could have significant'effect on LHE support. Noninvgasive,
geophysical test-niethods, such as ground penetfating
radar (GPR) ep)eléctromagnetic induction surveys, may
also be used.to provide a more complete characterization
of undergrotind conditions.

D-6:3. Boring Log Interpretation

Boring logs can provide required properties ¢f the
subgrade present immediately beneath the placqment
area of an LHE. The following key areas are |most
needed for subgrade analysis, all of which should be
found on a boring log:
(a) soil type: cohesive (silt and clay) and noncoljesive
(sand and gravel)
(b) groundwater table
(c) soil consistency
(1) silt/clay — soft to hard
(2) sand/gravel — loose to dense
With this knowledge, a qualified person has the finfor-
mation needed to evaluate the existing conditions and
determine the ultimate bearing capacity of the soil.

D-6.4 Allowable Ground Bearing Pressure

leter-
g the

Once the ultimate bearing capacity (qu) has been
mined, the allowable GBP (q,) is found by reducir

then placed in contact with the bottom of the borehole. A
triphammer then drives the sample tube into the ground
with the number of blows required to drive the sampler a
predetermined distance being recorded. Based on the
number of hammer blows required to advance the
tube, i.e., the blow count or N value, for that soil layer
is shown in the boring log. Using the N value, the allowable
GBP can then be calculated.

42
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Permanent structure foundations are typically designed
with an FOS of 3. Because of the temporary nature of
LHE installations, sufficiently defined LHE loading, and
higher tolerance for settlement compared to a permanent
structure, a FOS of 2 is often acceptable.
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Figure D-6.2-1
Boring Log
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500" Cobbles and Boulders damp
25| 5735 (BMIEH)
’ v
FILL - Brown and gmy's'ilty CLAY, little sand
2|1ss| 7 |210/|05 102 and gravel, very moist (CL)
5 —_—
55| 5705
A
3| ss |36-
B 50/1"
A4
ﬂ 4| ss | 13-
5 s0/2°
=
10—
3
< Very dense to dense brown silty SAND and
= GRAVEL, little Cobbles and Boulders, very
& 5| ss | a2 moist to saturated (SM/GM)
=
(o]
|
=
m
2l
g 6| ss | a2
&
w 15—
"
0
17.0| 559.0
o [ Weathered/Fractured Rock or Boulder Zone
[Hard Drilling]
200
Auger Refusal at 20.0' on Possible Bedrock
- * Approximate unconfined compressive
strength based on measurements with a
calibrated pocket penetrometer.
25

Division lines between deposits represent
approximate boundarles between soll types;
DRILL RIG NO. in-situ, the transition may be gradual
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Figure D-6.2-2
Boring Log Legend

—_— — 77 I
el | % .
=== - / i
= = 7 a
) I
=R - ﬂ L
Fill Topsoil Peat Gravel Sand Silt Clay Dolomite
Sample Type Water Levels
SS = split spoon \ 74 while drilling
ST = thin-walled tube \V4 end of bering
A = auger v 24 ke
MC = macro-core (geo probe)
Field and Laboratory Test Data
N = standard penetration resistance in blows per foot
WC = in-situ water content

Soil D

Qu = unconfined compressive strength in tons per,square foot
* pocket penetrometer measurement: maximum reading = 4.5 tsf
Yory = dry unit weight in pounds per cubic foot

bscription
Material Particle Size Range
Boulder Over 12 in.
Cobble 12in.to 3in.
Coarse gravel 3in.to %in.
Small gravel % in. to No. 4 sieve

Coarse sand
Medium sand
Fine sand
Silt and clay

Cohesive Soils

No. 4 sieve to No. 10 sieve
no. 10 sieve to No. 40 sieve
No. 40 sieve to No. 200 sieve
Passing No. 200 sieve

Cohesionless Soils

Consistency: Qu (tsf) Relative Density N (bpf)
Very soft Less than 0.3 Very loose Oto4
Soft 0.3t0 0.6 Loose 41010
Stiff 0.6t01.0 Firm 10 to 30
rougn I.U10 £.U vense OU 10 OU
Very tough 20t0 4.0 Very dense 50 and over
Hard 4.0 and over
Modifying Term Percent by Weight

Trace 1t0 10

Little 10 to 20

Some 2010 35
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D-7 METHODS TO IMPROVE SOIL PROPERTIES

D-7.1 Introduction

There are many methods and techniques for subgrade
improvement and stabilization, though most are not prac-
tical for lift planning in general. Regardless of the method
used, the work should be performed under the guidance of
a qualified person.

When results from a subsurface exploration indicate

and compacted. Depending on the depth of the undercut,
support of excavation design may be required. As an alter-
native to the structural replacement fill, the excavated
material may be treated with chemical admixtures,
such as lime, fly ash, or cement; however, this process
may not be permissible for temporary works. Adding a
layer of geotextile at the bottom of excavations prior to
replacement of structural fill can increase the soil capacity
and bridge over localized soft spots. The structural fill can

also-be-used-to-inerease-the loaded-areaasinpara—-7.2.
less than adequate bearing capacity, and LHE foundation ) . L
. q 1S capactty . One disadvantage to this method may be the need for
options have been maximized, soil improvement options N . .
. . dewatering if the water table influences the(exeavption.
should be|considered. There are extreme cases where pile
foundatipns or large-scale site improvements are D-7.4 Other Specialized Techniques
required. These occurrences and several other techniques

are beyonf the scope of this Appendix. However, there are
effective methods that can increase bearing capacity and
stability df subgrades for LHA needs

Most sofl issues, when supporting LHEs, occur with high
void ratids, low-strength materials, and unsatisfactory
water coptent, where the subgrade is composed of
loose sandls and silts, wet clays, organic soils, or a combi-
nation of these materials. The basic soil modification tech-
niques in paras. D-7.2 through D-7.4 are suitable options.

D-7.2 Structural Fill

Structu
requires
of the LH

Fal fill is the simplest of the two methods and
minor site preparation work. The foundation
E is placed on a layer of structural fill that
has been placed on top of the existing subgrade. The struc-
tural fill should be placed in lifts, compacted, and leveled
throughoyt. The structural fill should minimally cover;the
full extent of the LHE footprint.

The bedring capacity of the existing subgrade does not
increase.|Instead, the LHE foundationsbearing area
increases| by a factor of the structural fill depth. This
increase ih area produces a decrease inbearing pressure
from the ILHE. Figure D-7.2-1 illustrates the influence line
of the LHH foundation through the structural fill layer. The
figure presents a typical distribution; however, the ratio
may vary|based on fill type and installation. The area
beneath the fill can thehbe calculated. The structural

(a) In-situ stabilization provides Subgrade imgrove-
ment by applying a stabilizing,agént without remjoving
subgrade materials. This techiiology offers the bgnefit
of improving subgrade fot-deep foundations, shpllow
foundations, and contaminated sites.

This technique involves the injection of a cementjitious
material or lime i, dry or wet forms into the subgrade.

(b) Deep miking involves the stabilization d¢f the
subgrade ata dépth in which awet or dry binder is injected
into the ground and blended with the in-situ soft subgrade
with a mechanical mixing tool.

(c)¢Wet mixing involves a binder turned into s
form,“which is then injected into the subgrade th
the nozzles located at the end of the auger or mixin

(d) Dry mixing involves the use of dry binders in
and mixed with the subgrade.

(e) Jet grouting involves the injection of a stab{lizing
fluid into the subgrade under high pressure and velocity.

lurry
fough
b tool.
ected

D-7.5 Considerations

The following factors negatively affect subgrade stabi-
lization:
(a) The presence of organic matter retards the Hydra-
tion process and affects the hardening of the stabfilized
subgrade.
(b) The presence of environmental contaminantf may

impact results.

fill weight should:-be added to the reduced LHE (c) Insufficient moisture may affect subgrade stabiliza-

bearing pressureéland still be within the allowable tion.

bearing cqpacity~of the subgrade. (d) Temperature affects the reaction process. In ¢older
The usp of-this technique could be limited by the temperatures, the reaction process may be slowed fo the

following comattions: pointt of being imeffective; Tesutting imatowerstrength of

(a) excessive fill depths

(b) insufficient area to increase the length and width

(c) mobilization of the LHE onto an elevated surface

(d) uneven settlement of the subgrade affecting the
LHE levelness

D-7.3 Remove (Undercut) and Replace

As the name implies, this method removes the un-
suitable materials to expose a desirable subgrade and
replaces it with a layer of structural fill placed in lifts

46

the stabilized mass.

(e) The stabilized subgrade cannot withstand freeze-
thaw cycles; therefore, it may be necessary to protect
the stabilized subgrade against frost damage.
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Figure D-7.2-1
Load Distribution Through a Layer of Fill

Applied load

Outrigger float

Distribution pad

N7 AN PN L

B+1.16H

2

7

N NN N7 2

METHODS TO DISTRIBUTE IMPOSED LOADS

D-8.1 Manner of Transmission of Imposed Loads

Into the Ground

To effectively establish the methods available to distri-
bute |oads imposed by the LHE during a load handling
activﬂty er-when traversing the jobsite, it is necessary

(a) provide an effective bearing area great
resultin a bearing pressure less than the allowal
bearing pressure

(b) be rigid enough to prevent excessive de

(c) be strong enough to withstand the force

(d) account for any asymmetrical load dist

enough to
le ground

flection
5 imposed
ibution

D-8.2 Matting Systems

first tounderstandtow-thosetoads—are—transmitted-to
the supporting surface under the LHE.

There are two important principles to understand. The
first is the manner in which loads are distributed to the
surface of the ground via the supporting structure of the
LHE, i.e., wheels, tracks, or outrigger floats. The second is
the way ground pressures are distributed through the
subgrade.

The supporting material beneath the LHE should

47

The most common methods used to distribute LHE
loads into the supporting surface include outrigger
pads and crane mats typically constructed of timber,
steel, or synthetics, possibly a combination of the three.

Ground mats generally are not appropriate for distri-
bution of substantial loads to the subsurface. A qualified
person should evaluate the use of ground mats when
supporting LHE. When choosing supporting materials,
consider the following:

(a) strength, stiffness, and material properties
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Figure D-8.4-1
Area Disregarded Due to Eccentric Loading

Effective Mat Length
Symmetrical About Float Center

/ Outrigger float

Effective Mat Width
Symmetrical About Float Center

7

NN

/Area disregarded

(b) application requirements such as bridging

(c) clode dimensional tolerances

(d) confsistency of material properties

(e) resistance to degradation

(f) conbining different materials to" achieve desired
results

D-8.3 Strength Versus Stiffness

Strength and stiffnegsare determined by the material
and dimepsions. Strength and stiffness are not directly
proportiopal to thickness. For solid rectangular sections,
doubling the thickness increases the strength four times

and the stiffness eight times.
idbntical nadae or yaqtc ctaclend do ot hoaua tha
Two ident P £5-5% do—nott £

Crane mat or pad

A rigid surface, such as rock or concrete, may notjallow
the mat or pad to deflect to distribute the load to the pdges
of the mat or pad. Instead, the load will pass directly
through the supporting material without significant dlistri-
bution. Deflection could be a limiting conditign for
supporting materials with a long cantilever or| with
low stiffness.

Placing the supporting materials partially on gfound
and partially on concrete foundations will resplt in
concentration of loads into the stiffer elements.

D-8.4 Eccentric Loading
Theload from the LHE should be centrally located ¢n the

cTercor ot~ O r—THato—Statictt Tov it

same strength or stiffness as a single pad or mat of the
same total thickness. The two pads function indepen-
dently of each other as they deflect.

It is important to understand that a pad may have
adequate strength but may lack the stiffness to distribute
theload over the required effective bearing area. If the pad
is less rigid than the supporting surface, the bearing pres-
sure will be concentrated on a smaller area.

matc arnade Ifthic nlasamaant ic mnat naccihla Ao mmo-
........ Paas— S Prace e ntIS ot POSSIteaceoe

dation for eccentric loading should be made. See
Figure D-8.4-1. This may include

(a) disregarding the pad area outside of the area of
symmetry

(b) evaluating the GBP for the peak value as an unequal
distribution

(c) seeking the advice of a qualified person

For any pad loaded eccentrically, ensure the pad is
constructed in a manner to support the load at the
loaded location.
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D-9 INSPECTION CRITERIA

D-9.1 Introduction

The following provides guidance to evaluate crane mat
or outrigger pad condition. Crane mats and outrigger pads
are tools and should be inspected before each use. Mats
and pads should be clean to allow proper inspection of all
surfaces. Inspections should be performed, and any defi-
ciency identified should be examined and a determination

D-9.2.5 Loss of Strength Over Time. The service life of
a timber mat is dependent on numerous factors. It is
incumbent on the user to verify that the condition of
the mat is and remains suitable for its intended use. It
should be noted that a small reduction in timber cross
section, such as that caused by decay, weathering, or
mechanical damage due to aggressive use or improper
storage, causes large reductions in strength and stiffness.

D-9.3 Steel

made{by a qualified person as to whether it constitutes a
hazard and, if so, what additional steps need to be taken to
addrdss the hazard.

D-9.2 Timber

D-9.2.1 Visual Techniques. Visual inspection is the
first gtep in assessment. This step identifies the following
issueg:

(a)| missing or damaged components

(b)| environmental damage, including weather expo-
sure or fungus

(c)| splitting and cracking that may reduce the mat
strenjgth and create pathways for agents of decay to
get deep into the mat interior

(d)| damage by burrowing insects as evidenced by frass
or myd tubes

D-9.2.2 Probing Techniques. Probing techniques use a
sharp or pointed tool to identify surface rot and assess the
condition of the mat surface. Soft surfaces or the lack.of
resistance to probe insertion are indicators of decay. The
use ofa probe for matassessmentis a simple technique but
requifes the inspector to have knowledge of\woéd beha-
vior ih both sound and decayed conditions.

i
D-;II.Z.B Sounding Techniques. A sounding test is
performed by striking the timber{with a blunt object,
such ps a hammer. The inspector._determines the likely
pres¢nce of rot by both the feel of the hammer at
impag¢t and the resulting,sound of the impact. A sharp,
ringing sound is indicative of sound wood. A hollow
soungl or a damped’fthud” are indicative of internal
decay. Sounding Wwill often reveal advanced decay or
holloved centers=but is unlikely to reveal incipient or
modedrate decay. To be effective, a relatively heavy (3
Ib to|4 1b)-hammer should be used for larger cross-
sectign\materials. The interpretation and effectiveness

Steel mats and pads are not subject to the’same envi-
ronmental degradation as a timber mat. Jtissstill jmportant
that their suitability be verified by the user.

The following points should be~used for ingpection:

(a) Confirm individual elements meet specified steel
grade, shape, and dimensions:

(b) Check for deformation’that affects load

(c) Check all sidescof\elements for defectf, such as
cracks, pits, impact daimage, corrosion, and flgkes.

(d) Check all connections (e.g., bolted and yvelded).

bearing.

D-9.4 Synthetic

Synthetic mats and pads vary greatly in their design and
manufacture. Follow the criteria and guidelines of the
manufacturer or qualified person for inspections. At a
minimum, the following items should be insp¢cted:

(a) modifications outside of the guidance of the manu-
facturer or qualified person

(b) racking, misalignment, delamination, or
tion

(c) evidence of bending, such as strain haridening or
whitening

(d) surface degradation, such as cracking, spalling, blis-
tering, or significant discoloration

(e) loose, missing, deformed, or corroded components
and hardware

deforma-

D-10 METHODS TO CALCULATE THE EFFECTIVE
BEARING AREA

D-10.1 Crane Mat Analysis

Rigorous analysis of the pressure distribution
crane mat and exact calculation of the stresses
the mat is neither justified nor practical in most cases.
Such an analysis would require data such as the soil

beneatha
nduced in

of soUmding are dependent o the exXperience of the
inspector.

D-9.2.4 Drilling Techniques. Sudden decreases in
resistance during drilling or coring are indicative of
voids or areas of rot. Once the defect size is estimated,
then a decision can be made regarding treatment, rein-
forcement, or replacement
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elastic properties or the modulus of subgrade reaction
that are not readily available.

The effective bearing area calculation method is a
simplified, practical, but conservative approach that
requires only the mat properties, the maximum
imposed load from the LHE, and the allowable ground
bearing pressure. This method determines an effective
length (Leg) for the mat over which the pressure can
be considered uniform. The effective length is calculated
through consideration of the soil bearing capacity and the
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Table D-10.2-1

Commonly Used Timber Species for Crane Mats

Table D-10.2-1. These values are suitable for the evalua-
tion of mats with the mat section properties calculated
using the nominal dimensions of the timbers.

The appropriate design values for timber mats should
be determined by the mat producer or a qualified person.
Differences from these provisions may include using
timbers of different species or different qualities.

D-10.3 Assumptions and Limitations for the

Effective Bearing-Area Method

Species Combination Species Excluded for Crane Mats

Beech-birch-hickory None excluded

Mixed maple Silver maple

Northern red oak None excluded

Red oak None excluded

White oak Bur oak

Douglas fir-larch None excluded

Eastern herplock None excluded

matbending strength and stiffness. Knowledge of the soil’s

elastic pr

perties is not required.

The anglysis quantifies the maximum load that can be

imposed
(a) the
(b) the
(c) an

n the mat without exceeding the following:
allowable bending stress

allowable shear stress

pstablished deflection limit

Finding the three limiting conditions and simplifying
the analyj$is, the pressure distribution under the mat is
considered uniform and equal to the allowable ground

bearing

bressure. This allows the maximum load

carried by the mat to be simply expressed as a function

of the allo

lvable ground bearing pressure (a constant) and

an effective length over which the allowable ground
bearing pressure is applied (a variable). That, in turn,

allows th

b bending stress, shear stress, and deflection

all to be ¢xpressed in three equations where L is thé

only vari
the three
allowable

hble, allowing a solution for L.g for eachiof
criteria. The lowest value of L governs-The
load to the mat may be calculated. \Knowing

the allowgble load that is to be designed, the percentage
utilizatior] may be calculated and should netexceed 100%.

D-10.2 \Iood Crane Mat Construction

Crane
and cont
timbers 4|

ats should be constructed using full dimension
nuous length timbers of good quality. The
Ire typically oneyot“more of the species listed

in Table Ip-10.2-1.
Table D-10.2-2 prevides commonly used design values

for mats c

pnstructedArom timbers of the species listed in

The effective bearing area calculation methad is pppli-
cable to a single layer of supporting materials with the
following assumptions and limitations:

(a) The crane mat or outrigger pad should be inf good
serviceable condition. See section D-9 for inspgction
criteria.

(b) For crane mats, the_éffeCtive bearing me¢thod
assumes a load bears across the entire width ¢f the
mat. This can be accomplished with a transition|layer
capable of distributing the load from the float [to all
timbers in the assembly (see Figure D-10.3-1).

(c) The load.should be centrally located on the [crane
mat or outrigger pad (see para. D-8.4).

(d) The crane mats or outrigger pads are to be lIdcated
on a leyel‘surface within the LHE manufacturer’s speci-
fication“and with uniform contact on the suppqrting
surface.

(e) If the crane mat or outrigger pad is located clpse to
subsurface structures, engage a qualified person to assess
the impact on the structures.

(f) 1f the crane mat or outrigger pad is located clpse to
excavations, slopes, embankments, retaining walls, or
bulkheads, engage a qualified person to assegs the
impact on the allowable GBP.

(g) The supporting surface should provide unjfiform
support to the crane mat or outrigger pad.

D-10.4 Sample Spreadsheet for Wood Mats

To simplify the calculation, a spreadsheet can be dlevel-
oped to automate the process. Figure D-10.4-1|is an
example of such a spreadsheet. The commonly|used
bending and shear stresses for wood crane mats as
described in para. D-10.2 are used in this examplg.

Table D-10.2-2
Commonly Used Wood Crane Mat Design Values

Design Property

Design Value, psi

Allowable bending stress, Fj 1,400
Allowable shear stress, F, 200
Allowable compression stress perpendicular to the grain — hardwoods, F. 750
Allowable compression stress perpendicular to the grain — softwoods, F, 575
Modulus of elasticity, E 1,200,000
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