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Scope

The aim of thiguideis to provide an overview afoodrigging practes for
entertainmentvenuesthroughout New ZealandVe intend that this guidés

to be used by equipment suppliers, rigging practitioners and venue managers
to ensure the right information is asked for asdpplied to each partylhere

are significant differences between entertainment rigging and other forms of
industrial rigging including the fast turnaround and the temporary nature of
the rigging as well as the risk profile of the stage environmEnéreare a

number of well written entertainment rigging texts on the market and it is

not ourintent to create another of these.

For the purposes of this document the term venue extends beyond the
traditional theatre space anohcludes

Arenas

Ballrooms

Conkrence rooms

School halls

Theatres

Any other indoor area that is being used for the purposes of
entertainmentor event.

= =4 =4 =4 -4 -9

Qutdoor structuresstaging and consideration for persons climbing or being
suspended from trussare not considered in this documem/e propose to
broaden the scope of this document to include these topics in future
versions.
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Administration

This guide has been produced for the Entertainment industry of New Zealand
through ETNZ. The major contribuscare:

Andrew Gibsorfandrew@productionservice£0o.nz)
Steve Sandersteve@grouse.co.nz)

Sam Johnsto(sam@multimedia.co.nz)

James Killen (james@metro.net.nz)

The primary contact for this guide is:
Andrew Gibson

26 Saville Row,

Johnsonville,

Wellington 6037
andrew@productionservices.co.nz

This guidénas beemresented to the industry in July 2013 during t5ENZ
conference as a draft for industry feedback. Copies of the draft can be
obtained via theETNZ websitervw.etnz.org -Followingconsideration of
the feedback, version one of this guide will be releaige?i015

This document is to be reviewed agair2Bil6and then reviewed everthree
years after thatThe eview committee are to be endorsed by the ETNZ
Executive after the release ehchversionof the guide.

The Authors have endeavoured to provide information regarding current best
practice for rigging in the entertainment industry and every effort hasbee
made to make this document error free. The Authors take no responsibility
for how the information in this document is used.

The Authors would like to thank the people who have taken the time to

review this document and provide feedback; it is this calation that will

ensure that this document fulfils its goals and is regarded as a useful resource
in the entertainment industry. We would also like to thank Chris Higgs who
has allowed us to reproduce his gra@dimeans of calculating bridle loads.
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Summary

la gA0K Fff AYRdAdZAGOGNASAE (GKS KSIfOaK |
colleagues, and the general public must be at the forefront of any decision.
The ability to share information efficiently and effectively between client,
contractor, and the venue sne of the main ways to foresee and work

through any potential issues that may arise with presentistpow in a given
venue.

To this end, this guide is more about the communication between
stakeholders with an introduction into some very basic riggaigutations
GKFYy Fye WK2g (2Q NAIIAY3I Ylydzdtod L
often a number of acceptable solutions to most rigging problems that we as
entertainment riggers encounter

We have tried to introduce key topics and ideaadthen directed the

reader where to find additional information. Whetieere is a unique

situation a carefully considered management plan needs to be put in place
and accepted by all the stakeholders.
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Definitions

Below are the definitions of some key termsd organisationsThe glossary
at the end of the document has a more extensive list of terms.

Competent personA person who has acquired, through a combination of
gualifications, training, or experience, the knowledge and skill to perform the
task requied. (MBIE, 2012)

ETNZEntertainment Technology New Zealatithe industry association
representing the entertainment and event sector in New Zealand

LEENZLifting Equipment Engineers New Zealandnv.leenz.org

Lifting appliance An appliance capable of being operated by mechanical,
manual, or other means to raise or lower a load in a vertical or near vertical
plane. It also includes lifting tackle. Excludes cranes. (MBIE, 2012).

Point (suspension point)A designatd position where a load is to be applied
in order to safely impose the forces generated by the load onto the structure
of a building (or other supporting structure)

Rigging Work carried out, or supervised by the various classes of rigger, with
the intent of temporary or permanent installation of suspended systems.
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Rigger

A) Ground Rigget a worker who has been instructed in the proper
selection of slings, shackles, top rig, and other rigging equipment as
required to support the top riggers to install primydifting and
suspension equipment. A ground rigger is competent in interpreting
plans, documentation (including layout and loading documentation)
and in evaluating environmental factors to enable him to select and
where appropriatepre-setequipment read for installation. A Ground
Rigger may be qualified or working towards an internationally
recognised rigging qualification, or the NZQA level 4 or 6 qualifications
(see appendiX)

B) Top Riggera worker who has been instructed in the proper process
to haul, safely work at height and install rigging equipment to enable
the temporary or permanent installation of rigging or suspension
systems. Alop Rgger needs to be competent in evaluating
environmental factors, loading requirements and safe loading points,
and is required to have a thorough understanding of proper and
correct installation practices in relation to the task at handop
Rigger may be qualified or working towards an internatidyal
recognised rigging qualification, or the NZQA level 4 or 6 qualifications
(see appendid)

C) Venue HeadRigger a rigger with specific and detailed knowledge of
the venue in which a production is entering. TWenue Head Rggeris
responsible for ensurmpall incoming productions meet venue
requirementsand workwithin the capacity of the venue.

D) Head or Supervising RiggeA Head or Supervising Rigger must be
onsiteand identifiedfor allriggingoperations.A HeadRigger or
SupervisingRgger would be esponsible for

a. The planning, implementation, and removal of rigging
components for gerformance or event;

b. The creation and/or maintenance of rigging plans for a
performance or event;

c. Ensure the building has the capacity for the staging of a
performanceor event;

d. Ensure the performance of event is rigged safely and in
accordance to the plans.
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Structural Engineer(Engineey: A person with a undergraduate degree a
relevant engineering disciplingith sufficient training and experience.
Typically a Structural Engineer wouldregistered with a professional
engineering body such as IPENZ.

Safe Working Load (SWISee Working Load Limit (WLL)

Truss A frameworkof slender beams connected at theinds. Trusses
typically consist of two to four mairhords (to which the loads are attached)
supported by diagonal bracing that maintain the spatial relationship of the
chords as well agransferring theimposed loads to the supports. The term
node is gien to the points where the bracing connects to ttierdsto form

a triangular patternHeavy loads and truss supportaist beapplied at the
nodes.

Aluminium alloys are most common in the entertainment industry due to its
good strength to weight ratio,dwever steel is also common and other
products such as carbdibre has also been used.

UDL:Uniform Distributed Load

Weight Mass of a body multiplied by the force of gravity (9.81hgiven in
Newtons (N) or kilo Newtons (kN)

Working Load LimifWLL) The maximum working load as designed by the
manufacturer.

WorksafeA crown agenformed in 2013 esponsible for the work place
health andsafety functions previously undertaken by MBIE and podhat
the Department of Labour.
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Health and Safety

Notifiable work
Anyrigging(construction)work thatinvolves the following is considered
notifiable:

1 Involves lifting over 500 kg over five metresd/or
1 Involves workingvhere the worker could fafive metres or more

Hazardous work notifications can be completed online at:
http://www.dol.govt.nz/tools/hazardouswork

Risk Assessment

A job risk assessment is the process of identifying the risks associated with a
particulartype of workandenvironment, thenassessing them on a likelihood

of occurrence verses the severityainsequencenatrix. Cmtrol measures

are stated and the corresponding reduction in the matrix score indicated on
the assessmenRisk assessments are covered in ddtajA gdide to Safe
22NJAYy3 tNOGAOSa Ay (KS bSg wSlItly
which can be foud with the following link:
(http://www.etnz.org/files/GuideVersion12.pdf

Method Statement (Job Safety Assessment)

AMethod Statement is a means of documentihg process that will be
undertaken to achieve the job. It provides a time line, a hierarchy of
responsibility equipment to be usedand how. A Method Statement is a
means of communicating how the risks identified in the Risk Assessment are
to be managed for a particular job.

Thee is a Method Statement templaia Appendix5.0, asprovidedin the
resources section on the ETNZ websitewv.etnz.org under the heading Job
Safety Assessmentlob Safety #gsessments should comply with the standard
AS/NZS 4802001
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Pre-Start Rigging Task Assessment

1. Have you performed this type of task before or is there a documented procedure?

Do you have suitable experience to complete this task?

YES ar...

Do you have access to suitable advice?

2. Are you experienced with the equipment to be used?

Du you have access to the manufacturer's instructions and specifications?

ar..

I5 specialist balnrug or advice available?

3. Do you know the maximum point capacity and weight of every load to be rigged?
Can Ihe venue and production provide detailed documentation?

ves | [wo |
Duwuha\.e access to specialist advice?

4. Have all safety issues and hazards been identified and addressed?

C-an additional measures be installed to reduce rishs? 1

ar..

\ Can addllmnalequpmentbemedtu manage risks?
5

Do you have suitable access, including necessary personal protection, to work in all areas?

Is access

\'ESE »
'

YES E >

then STOP. Further s pecialist input is required.

-

YES NO >

dary q

T i

quip
ves || wo [+ e
Are you suitably expenenced and qualified in advanced access methods?

6. Do you have clear communication channels to other workers in the area?

Are radios or mobile phones available?

YES ar...

Do you have a system of hand signals everyone can understand?

nt available that you are experienced and qualified in using?

YES NO »

YES IE >
'

‘lnw answered NO to any primary

If you can answer YES to all If you answered NO to any primary question then YES to a
the primary questions, secondary question, check with your immediate supervisor. You
PROCEED WITH THE TASK may be able to PROCEED WITH CAUTION. The fask may need to
include expenenced supervision.
8 Safe Rigging Practices for the
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Methodology

Paperwork
Plans

Plans are an easy way to communicate key information to relevant parties. In
order to achieve this they need to:

1 Be specific to theenue;

1 Be of a suitable scale (i.e. readadhle
 Be accurate;

1 Have a Legend or Key where applicable

Key measurements should also be stated on a plan and elevations should also
be included (especially where venue height could be a limiting factor).

JoB EVENT NAME DATE EVENT DATE

TITLE RIGGING PLAN VENUE  EVENT VENUE

POINT PURPOSE LOAD X Y 74
AV1 SR Video Wall 350kg -2.5m 3.0m 7.0m
AV2 SL Video Wall 350kg  2.5m 3.0m 7.0m
CP1 Cable Pick 150kg 5.0m 1.0m 8.0m
CP2 Cable Pick 120kg 5.0m 3.0m 8.0m
LX1 SR Front Truss 170kg -5.0m -2.5m 10.0m
LX2 CS Front Truss 550kg Om -2.5m 10.0m
LX3 SL Front Truss 190kg 50m -2.5m 10.0m
LX4 SR Rear Truss 230kg -5.0m 4.0m 8.0m
LX5 CS Rear Truss 750kg Om 4.0m 8.0m
LX6 SL Rear Truss 250kg 50m 4.0m 8.0m
SX1 SR DS PA Hang 450kg -4.5m Om 11.0m
SX2 SR US PA Hang 450kg -4.5m 1.0m 11.0m
SX3 SL DS PA Hang 450kg  4.5m Om 11.0m
SX4 SL US PA Hang 450kg  4.5m 1.0m 11.0m
Notes:

1. Load is total head load, including hoist and rigging
2. X,Y measured from downstage centre
3.Z measured to underside of hoist
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Load calculations

In order to ensure a rigging system can support a show there needs to be an
accurate assessment of the loads imposed in the system. Once the loads of
the show have been calculated the resultant loads on the riggingatal

the venue can also be calculated

Resultant loads occur when the load path ceases to be vertical. That is, a
horizontal element is added.

N Q\
%
! N

Minor adjustments to a rigging system can have a significant impact to the
forces acting on the rigging. For example making a bridle shallowekiogta

an extra wrap on a sling around a truss to gain a slightly higher trim height.
The use of pulleys in a rigging system will also have an effect on the resultant
loads.The following tableshows typical load factors:
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Resultant Force = Tension x Angle Factor

O | i~ Tension Angle Angle
p 02

Factor
Angle 0 180° 0.00
150° 0.52
2\ 120° 1.00
- Resultant 90° 1 41
Force 60° 173
30° 1.93
0° 2.00

Where there is a complex load disution calculations should be checked by
a suitably qualified structural engineer.

Most rigging texts including Donovan (2002), Higgs (2002), and PLASA (2010)
have a number of useful formulas for determining resultant loads. Please see
the reference sedbns for more details on the sources. Some common
calculations are described along with additional methods and equation

proofs in appendiB.
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Samples of simple load calculations

Calculating the resultant reactions from a point load and a series of
point loads on a truss

L Span it
R1 R2
A A

| VANVANVANVANVAN VAN VAN VANVANVAN VANVANVANVANVAN VANVANVAN VAN VAN

L H1 L H2 |

The resultants for a single point load can be calculated as follows:

'Y w0
3PAI
v
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Example:
| 10000

i, 2500 % 7500
oo Tay®
Y —p At
Y p ljJTfrZ"Q
o G T1AEd®
Y —p At
Y @0

For more than one pointhie above formula can be used for egmbint load
and the values for fand R can be summed to give the total resultants.
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This method can be extended further bgtting R1 to zero and referencing all
the other distances from RR2 is determined byatculating the sum of
vertical forces raltiplied by their distance fromfhen dividing by sparRis
effectivelythe amount required to stop the structure from rotating.

This is displayed mathematically as:
B wO
i nwe
Orin long form as:

w O w O w O w0 8

Y
i noe

R, cansubsequentibe calculated by subtractirthe value for Rfrom the
total load.

Safe Rigging Practices for the 15
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Example

(Excludinghe weight of the truss and motors):

} 11m
‘[ 6m |

|I1m7'1_m‘>

| | P
10000 200 3200

| 10m {

PMTM P OTNTMP (UM (T PP
p I

Y ooeMRQ
Y 0 £ o0 on QY
Y 11RQ

Resultants from distributed and linearly increasing loads can be obtained by
applying the total load as a point load through the centre of gravity of the

element.
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Approximating the resultant reactions from a load applied to a
multi -point truss
When a load is supported by more than two points it becomes statically

indeterminate.This means that should one point become unloaded then the
entire structure may not necessarily undergo catastrophic failure.

Care needs to be taken when approximating the loads at each point. The
following diagram shows the loads at each point for a three and four point
truss that is uniformly loaded.

[ VANVANVANVANVANVAN VANVANVA ix NVANVAN 7ANVANVANVANVA4 ‘;J/’\i
i

R1 R2 R3
19% 62% 19%
FANPASPANFANZANPAY FANPANFAVZANFANPA FANZAYEAVFAYZAVAY FACAV AV A ZAVA |
R1 R2 R3 R4
13% 37% 37% 13%

To approximate point loads on these systems the point load can be divided
between the two adjacent points as per the equation on pageVWhen

using the addition of pointt provide redundancy then the system has to be
tested to the following criteria:

i That in the event of a point becoming unloaded then no part of the
system subequently becomes overloaded and;

1 Inthe event that a point becomes unloaded then the system
remains stable.

Safe Rigging Practices for the 17
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Cantilevered Truss Loads

It is widely acceptetl & & NXzf Sané@ r&coninferndddy many truss
manufacturers that trussmay cantilever pastie nearest support point by a
distance of 1/8 of the length of the adjoininfree span. In the instance of a
significantly heavy load, this distance may be too far, or likewise could be
SEGSYRSR FT2NJ I @GSNEB tAIKG f 2lodieg al y
are always the best reference when deciding on accepteditailever

distances

R1 R2
/1m/ 6m i

The distribution of load from the cantilever to the hoists on a 2 point pickup
can be assessed as per the calculation on page 15 of this guide. In the case of
a multipoint pickup, the load would generally all be applied as load to the
nearest hoist.

18 Safe Rigging Practices for the
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Calculating leg length and tension in two legged bridles

H1 H2

V1 H L2 V2

Calculating the length of a bridle leg is performed OOET C O0UOEAC
theorem:

For bridle legone: 0 w ©

For bridle leg two: 0 w O

Calculating bridle leg tension on a standard two -legged bridle
For the first bridle lefy "Y

For the second bridle legY

! See appendix 3 for the proof of this equation
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Contractor / Client to supply to thevenue

1

1
T
1

Provide a load plan of the proposed rig in the veatigeast

ten working days prior to arrival;

Providea method statemengs outlined above;

Provide a risk assessment forfieularly hazardous situations;
Provide if requestedproof that equipmem complies with
current standards and is seceiable (proof of load tesPAT
test, and service record);

Inform venue of any late changes (e.g. needing to move points
elsewhereor a significant change in load distributjon

Ensure all points are designedthvsuitable redundancy so that
the failure or one component will not result gatastrophic
failure. Thiscan beachieved by the use of a sewtary
suspension at each poimthere the secondary point is
appropriately installed to handle the transfer of hanto it.
(Where a venue stipulatea secondary suspension point
(safety) must be providedi is the responsibility of the
Contractor/Client to prove that there is sufficient redundancy
in their rigging to omit the safeties and obtain a written
exempion fromthe venue management);

Ensure that Wmere it is not possibleor practicable to install
secondary points, a detailed and job specific risk assessment
and method statement must be produced which will stand up
to peer reviewor beapproved by an indstry based engineer

20
Version 1
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Venue to supply to the contractor/client

1
1

Publish and make available a seevload manual to users and
sub-contractors upon request

Publish additional requirements that the venue lggs.g. all
riggers to have completed a safedyheight coursg

All allowable rigging points to have the load capacity (and load
distribution if applicable) permanently marked on the points
with the date the assesnent was made;

Check proposed loads from production companies against
venue service loathanual (seek additional advice e.g. peer
review / engineeas requireq;

Provide a competent person knowledgeable of both the venue
and current rigging practices during all major rigging and de
rigging procedures

Working at Heights$ Rigging work permitif venue has in place

a work permit system, full details and compliance requirements
must be supplied in advance, and work permigtiesd prior to
production access;

NOTE: Venuwsshould be preactive in seekingnd providing
information in advancef incoming productionto ensurethat
they are efficiently and safelynstalled, used, and removed from
the venue This includeimely and accurate provision of
information, and review and response to incoming production
documentation.

Safe Rigging Practices for the 21
Entertainment Industry in New Zealand Version 1



Factors of Safety

Thefactor of safety is the ratio between the designated working load limit
(WLL) (or safe working load (SWL)) and the load the equipment is expected to
fail at. The following are the minimum factors of safety are extracted from

the Approved Code of PracticerfLoadLifting Rigging (ACPLLR) (MBIE, 2012);

Equipment Factor of Safety
Flat web and round slings 6:1
Steel rope 5:1
Chain and accessories 4:1

9 In high risk situations (i.e. when suspended over people) the above
safety factors must bdoubledor be atleast8:1;

1 Proprietary trusses are deemed as engineered structures and
typicallyhave a factor of safety lower than rigging accessofiés.
allowable loads are usually published in a table of common spans and
loading situationslin high risk situatiosthe allowable applied loads
within the load tables must be halved to double the safety factor.

1 Itisillegal to exceed the WLL on any rigging equipment.

How the rigging equipment is to be used may affect the WLL of the
equipment (MBIE, 2012).

Treatment Multiplication factor
Straight pull 1.0
Basket hitch 2.0
Choke hitch 08

2 KSy OK21Ay3a aftAiy3da (KSe& Yvdzaild ySOSN
damaging or overloading the sling.
Chains from lifting devices must never be choked or prevented from twisting

freely in the hook as the twist could damage tttwein and / otifting device,
and cause jamming.
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Equipment

Truss

Aluminium (and to a lesser extent, steel) trusa &$andard product used for
suspending lighting, audio visual and scenic equipment in thatev
industry. There are numerous shapes and safdsuss available to meet the
job requirements.

When selecting truss take into account the following considerations:

1
T

Know the potential loads and distribution of loads along the truss
Know the span lertgs (distance between support points) you

require;

Trussmusthave a label stating:

(0]
(0]
(0]

Manufacturer
Type of truss
Serial/batch number

The supplier of the truss must be able to provide:

(0]
(0]
(0]

(0]
(0]

The materials used to manufacture the truss

The dimensions andngineering properties of the truss

The standards the truss was manufacturedea(AS/NZS
1664:1997EN 13814)

Discard criteria for the truss;

Aload table that has some standard spans and standard load
configuration.

When renting truss the supplienustbe able to present a
maintenance policy and service log for the equipment.

% As there is an infinite number of load configurations it would be impossible to
tabulate them all, however, a structural engineer would be able to calculate the
suitability of design based on the dimensional and engineering properties supplied.
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Lifting Appliances

The electriechain hoist imnother staplepiece of equipment in the
entertainment industry Other equipment commonly used for lifting including
manualchain blocksand wire rope winches (often mounted to stands).

Like truss, there are a range of sizes, camfigons, and manufactures of
chain hoists and the type required depends on the proposed use. The
following considerations need to be taken:

1
1

T

Whatloads are to be lifted

What speed do the loads need to be lifted at (it is important to
consider the dynamic loads imped on the supporting structure
How many points the structuristo be lifted by and the load
distribution through these points

The bllowing informationmustbe stated on thdifting equipment
Manufacturer;

Type of hoist, WLL

Serial numberand

If applicable, kctrical requirementsvpltage, number of
phasesrequired,amperagedraw);

Electrical equipmenneedsto have a currenPAT test tagr log as
per AS/NZS 3760:2010

When rentinglifting equipmentthe suppliermmustbe able to present
a maintenance policy ahservice log for the equipment;

When using more than one hoist to lift a load (e.g. a truss line
suspended on twdoists) the WLL of the hoistustbe reduced by a
factor of 075to allow fordiscrepanciesuch as the truss not being
perfectlylevel(Ref: NPR 20800);

Ground support towers often use a combination of truss and a lifting
device. These towers need t@ve an accompanying engineering
report stating the allowable height of the towallowable loads that
can be suspendedind any bracing requirdd ensure structural
stability;

When using ground supported structures the load carrying capacity
of the grourd needs to be factored into load calculations.

O O oo
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Rigging Accessories

Rigging accessories are considered to be items that are required to connect
the truss to the lifting device and the lifting device to the venue. This
includes:

9 Steel hardware such as shae&| Masterlinks,and Quicklinks

9 Steel cable such as slings, stingers, and drifts (trgcers)

1 Synthetic slings such as web slings and polyesterd (endless)
slings (e.g. Spansets)

9 Chain slings and clutch chains

9 Lifting bracketsspreaderand equalilmgbeams.

Rigging accessories need to display:

Working load limit

Manufacturer,

Batch / serial number

For synthetic materials date of manufacture or date of removal from
service

T
1
1
T

As with other rigging devices the supplieustbe able to provide
documentation as to the standards the equipment complies \étly
Federal Specifications RIR71 forshackleyand an inspection and discard
criteria as well as, in a rental situation, a maintenance and selaice

Safe Rigging Practices for the 25
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RopeRigging

As ropes are used in numerous applications in event rigging it is important to
consider the following when selecting the appropriate rope:

9 The purpose of the rope rigging (e.g. a haul line for points / cable
picks, to hang banners, or as part afarking at height system);

1 The loads imposed on the rope;

1 The temperature properties of the rope;

1 And the abrasion resistance properties of the rope

A minimum rope diameter of 16 mm should be used for hauling lines to allow
for a safe grip.

The properties of ropes can be provided by the supplier and further
AYF2NXYEFGA2Y 2y | LILINR LINJdrotiefl Catiicd O y
PracticeforLoa§ A FGAY 3 YR wAIIAYy3IE oOa.LI9:Z

Ropes need to be inspected for damage from temperature, chemicals
(includingrot), and abrasion prior to usé risk assessment must be
completed prior to selecting and using a rope or cord for a given purpose.
See AS/NZS 1380

Inspection andMaintenance

All equipmentmustbe visually inspected prior to each use. In addition to this
all equipment must be periodically inspected by a competent person and
documented.

1 The inspection charnhuststate the asset number or serial number of
the piece of equipment, the date put into service, the condition and
outcome,and the name of the inspéar;

1 The length of perioavill be defined by the manufacturer or
governing legislation and is adjusted according to amount of use
and/or the environmental conditions. In any case the minimum
requirement is twelve month§MBIE, 2012)

1 An example of an inggtion chart can be found iAppendix4.
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Attaching a lifting appliance to a truss

As with the types and sizes of truss there are numerous safe and adequate
ways to slind attaching a lifting appliance ta truss A lifting appliance must
be attached at or as close pgctical to a truss node (panel pointéyhen
slinging a truss the following considerations should be made:

1 The effect the slinging methaat rigging accessoifg.g. lifting
bracket)has on the stabily of thetruss;

1 The internal forces generated in the truss due to the method of
slinging / attachment of the rigging accessory to the truss;

The followingmagesshow some typical slinging methods for attaching a
lifting appliance to druss:
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Glossary

There are a number of online resources for the definitions of theatrical terms
including:

http://www.theatrecrafts.com/glossary/results.php?seartype=4&wordsearch=RIG&submit3
=Search and

http://www.jrclancy.com/reference%20terms.html

Arena A Large entertainment venue with no specific set layout, often with a
movable / customizable stage. Audience can be seated on up to three sides
of the stage. Venue would often contain large capacity high steel suitable for
temporary entertainment rigging.

Batten: The horizontal metal (steel or alloy) tube or box section hung from
flying lines or forming part of a grid from which lighting equipment and
scenery etc. may be suspended.

Base PlateA metal plate which prevents damage to floarsd provides
stability when using scaffolding or trussing.

Beam A steel member to which rigging or other equipment may be
connected to allow the suspension of fixtures or products

Burlap / BaggingSackcloth hessian, used as softening under steel wire rope
slings. It'sused because it's flexible and easy to use, and will not cause injury
when dropped

Chain BlockA hand drawn mechanical hoist for the purposes of lifting
trusses or other equipmenthain blocks usually compriséa load chain
and an endless hand chain.

Chord The main horizontal member(s) in a truss/lattice structure.
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Coupler A device for joining two or more items together

Conical Coupler

Conical couplers areemmonly ugd to join trusses or structures together;
used in conjunction with pins andifgs to secure the connection.

Scaffold Coupler

Ascafbld coupler may join two pieces of scalifi pipe in a linear or angled
configuration.

Dead A preplotted height for a piece of scenery or lighting b&hat bar's

on its dead'. The positionaidicators on the rope (either PVC tape, or more
traditionally cotton tape passed through the strands of the rope) are called
DEADS. Sometimes flying pieces are given a number offeGrh, Ehét dnay
be colourcoded, in addition to the 'in dead' (loweahd 'out dead' (higher

out of view). In the US, TRIM has the same meaning.

Dead HangA rigging poinhung directly fronthe grid / beams above the
stage, not to a flying baspreader bar, or bridle rigging

Dog / Wire Rope gripA Ushaped clip and saddle used for terminating wire
rope. Wire rope grips must not be used on dynamic rigging.

Dynamic The term associated to force when associated with motion.
Dynamic Load

A Dynamic Loardhagnifies the loading on the supporting equipmand
structure due to the need to overcome therée of gravity, and has potential
additional forces due to motion factors.

Engineer A person who designs, builds, or maintains engines, machines, or
structures. An engineer in relation to a riggieigvironment would be a
chartered structural engineer, with sufficient training and experience to
review, design and recommend load distribution and structural supports.

Ferrule The metal sleeve used to form an eye termination in steel wire rope
which is pessed onto the rope under pressure from a hydraulic tbefrules
are wsually made from aluminum alloy, copper or steel.

Hand Line A rope or lifting line principally managed by hand.
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Hoist / Motor: Electrically driven hoist for lifting scenery and liglgt
equipment. The chain hoists are rigged to fixed points in the vedoests
are ®@mmonly used to lift lighting truss into position for touring shows or
concerts.

JSAAcronym for Job Safety Analysis. A documented review of the risks and
hazards involve with a work task. This review would include pre control risk
analysis, control methods for these risks, and a post contrahadysis. A
detailed JSA may encompass a method statement also.

Knots An interlacing, twining or looping, of cord or rope, dratight into a
knob or lump, for fastening, binding, or connecting two cords together or a
cord toanother item

Bowline

az2ail NX3I3SNBaQiti§ fairy écur@ ahd eddy B irldGafter heavy
loading.

Leg Each sling used as part of a multipling, e.g. a 'two leg sling' has two
slings used as the 'legs' of the sling. A bridle 'leg' is therefore one half of a
two 'leg’ bridle, or one third of a three way bridle, etc.

Line A ropeor cord length from a codnce cut to length or instlled for a
specific function.

Long Link Chain / Deck Cha rated chain with long linksyhere the pitch
diameter exceeds the nominal diameter by a factor of three or mosed

for creating a variable length adjustment in a rigging situatiamg link chain
mug only be used for atraightload path Generally londinked chain is not
to be used in lifting applications however PLASA has developed a code of
practice for the use dbng link chain in liftingpplicationsg 6Code of

practice for the safe use ¢dng link chain as a means of adjusting riggim

the entertainment industryé A link is included in the Reference list.

Method Statement A documented description of a planned work task. This
document would usually include detailed step by step work ess¢ often
addressing task based risks and controls. A detailed Method Statement may
encompass a Job Safety Analysis also.
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Node The connection between structural members in a construction

Pickle Small handheld motor controller that plugs into a cablarsected to
a winch or other motorized system.

Point: The rigging point or hanging point to which the lifting machine or
suspension component is rigged. Can be temporary (‘rigging the points'), or
LISNYI ySy(iZ We¢KS K2dzaS LRAydau F2NJ S

PPEAbbreviation for Personal Protective Equipment. The equipment utilized
to minimize risk or reduce harm in a hazard managed environment. For
exampleg a fall arrest harness may reduce exposure to risk when working at
height. A hardhat may reduce the harm in the evehan item being

dropped from above.

RedundancyPlanning and providing for additional capacity, equipment or
systems to ensure a safe margin of capacity exists to allow for unexpected
changes, failures or faults to avoid damage or systemic failure. Often
aa20Al GSR gAGK aalFSde 6ANBag 2NJ |

Roof The riggingstructure or existing structure used for rigging from.

Safety FactorThe ratioof Working Load Limit to the minimum breaking load
of the equipment.

Scafbld Clamps Avariety of different clamps designed to join or attach
pipes to a structure or each other

/| KSSaSo2NRx {OFFFASaAQ /f1YLE /AL
Scaffoldclamps havea rounded clamp face which surrounds the pipe and
holds fast the pipe by friction due to a tightened bolt and nut system.
Scaffold tube and clips must comply with AS/NZS 1576.3

Clamps can beaimany configurations including

Girder ClampGravlock

Girderclamps are used to attach scaffold tube to other structural steel
members such as | beams. Girder clamps must be used in pairs to form a
secure connection.
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Scafbld Pipe / Barrel / Bar / BoomA metal (steel or alloy) tubesually
48mmoutsidediameter, hungfrom flying lines (or forming part of a grid)
from which lighting equipment and scenery etc. may be suspended. Also
known as a BARREInhd when usederticaly, it isknown as a BOOM.

Secondary An additionakigging sein parallel to the main rigging system to
provide redundancyo the primary suspension poinA Secondaris often
colloquiallyreferred to asa safety.

Sling An endless sling made of a coil of (manmade) fibers or steel wires,
sheathed in a protective nmamade cover, flexible, soft, light weight and
cheap

Slinging Methods

Basket Hitct{Basket)

A method of slinging that employs a sling wrapped around an object and both
ends or eyes being connected by a component atldlael support point

Bridle

Anassembly arranged to create a lifting point where required between two

or more structural points.

Choke
A dinging pattern made by passing one end of a sling through the opposite
SYyRUa SesS 2N oeée YIF1Ay3 | UflFNjGa KS

reduces the SWL/WLL of the sling3®o

Shackle A metal connecting device comprising two parts. An open link
connects the items to be joined and a pin is fitted to make the link complete.
Many sizes and designs exist, the most common to the entertamnverld
being the screvpin 'bow' shackleThe pin should alwayse loaded in shear,

not in tension.

SOPAcronym for Standard Operating Feedure which is document which
clearly outlines the standard process to be followed in relation to a work
task. his document may also reference relevant legislation or work
standards.

SteelSling:A slang term for a round sling, or very flexible sling made of steel
wire or a series of steel wires. Also refertedas Gak osoft steel.
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Steet A Generic term useébr a plain wire rope sling. Also used when
referring to roof structural steel and individual steel beams or scaffold
materials and so on.

Stinger. Steel wire rope sling used to extend the length or reach of a hoist
chain or to allow a hoist to reach theayind from the point, (a 'down leg’).

SWL An acronym for Safe Workingad. The rated maximum allowable
applied load to a rigging item. This rating is calculated by the items
manufacturer. Now superseded by W4 Working Load Limit

Theatre For thepurposes of this document; a permanently constructed and
set performance hall, usually with a proscenium and stage flying system

Thimble Protective metal or plastic loop used to reinforce and protect the
eye at the end of a wire rope. Specifications vacgording to use, but all
conform to basic rules of proportion in forming the correct size loop for the
rope diameter/type.

Tirfor: The brand name of a wire rope hoist that utilizes twin sets of jaws to
grip on the rope. Commonly used as the slang namelfdrands of
clamping wire hand winches.
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Appendices

1.0 Qualifications

Currently there are no New Zealand baséghing qualifications specific to
the event and entertainment sector. However the New Zealand Qualification
Authority (NZQA) has given permission for the developnoétat certificate in
entertainment and event technology at level three and four and a New
Zealand diploma in entertainment and event technology at level six. It is
viewed that for a person to be deemed cpatent in entertainment and
event rigging that theywill hold at least the level four certificate with the
specialisation in riggindt is anticipated this qualification will be online and
available for achievement by the end of 2015

2.0 Governing legislation and standards
Legislation can be found throughe following website:
http://www.legislation.govt.nz/

Standards can be found at the following website:
http://www.standards.co.nz

Health and Safetin Employmenfct 1992(reprinted December 2013)
*Note ¢ New health and Safety Legislation will come into effect in 2015.

AS 1418.2013(Parts 110), Cranes, hoists and winchellobile cranegEN
13000:2010, MOD)

Dept. of LabourApproved Code of Practise for Crarg09:3" Edition

MBIE (Ministry of Business and Employmg2@il2 Approved Code of
Practice for Load Liftinglownloaded from:
http://www.business.govt.nz/healthandsafetygroup/informatien
guidance/allguidanceitems/acoploadHifting-rigging

Worksafe 2013 Best Practice Guidelines for scaffoldiNgw Zealand

NPR 20840 NEN NPR 802M:2006 Entertainment - Rigging- Design
Factors 6r Safety ér Lifting Equipment
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3.0 Alternative bridle leg calculation methods and

eqguation proofs.
Proof of bridle load calculation

H1 H2

# 7 7
. LR
% e N

'

From fundamental statics:
1. Sum of forces in vertical) direction equal zero’Y— "Y—
W T
2. Sum of forces in the horizontal)) direction equal zeroY —

Y— m

Rearranging 2:
3.7Y Y—
Substituting equation 3 into 1

4. Y— Y—8 w T
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This equation can also lpeovenusing trigononetric or Unit Vector based
methods.

In his textAn Introduction into Rigging in the Entertainment Induskiiggs,
details a graphical method for calculating bridle leg tensions myced
below with permissionDerived from theCremonaMaxwell Diagrammatic
Method)

7500
1 .
o
o
o
™M
I 2200
o 1 2 5
STEP ONE: | ;"
Draw to scale, an elevation of the rigging beams 0 1 2 5cm
or points. Draw the hridle required to the same
scale (he as accurate as possible)
In this instance, we have shown the scale as
1100 (1ecm= 1m)
Quick tip - Use grid paper to make drawing these
pictures easier.
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Scm long = 500 kg

STEP TWO:

Draw a verical line from the root of the bridle
down, scaling the length of the line to the value
ofthe load (e.g. a scale of 1cm= 100kg, would
mean a Scmyertical ling).

STEP THREE:

Extend one bridle leg 'line' fromthe bridles root
to approximately intersect with the base ofthe
"weight' line. Ensure the line you extend
maintains the origional straight line of the hridle
leg. You can extend either leg - in this instance
we have extended leg A.
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STEP FOUR:

Nowe draw a line parallel with the other hridle leg
line {Leg B) from the hase of the "weight" line to
intersect with the extended bridle leg - again
ensure you are as close to accurate with your
parallel as possible.

STEP FIVE:
The lines below the bridle root should now create
a small triangle. Measure the two angled lines
fromwhere they intersect the "weight" line to
their respective ends and reference the
measurements to the origional scale

Inthis case, 4.6m= 460kg.

The higher load is the total leg tension imposed
onto the shortest bridle leg.
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4.0 Example of Equipment Inspection Log sheet

Rigging Equipment Record

Round Steel Slings

Asset Tag ID:
Purchase Date (if known): / /
Primary location:

Load Rating:

Length:

Check Date: / / Condition: Checked by:
Check Date: / / Condition: Checked by:
Check Date: / / Condition: Checked by:
Check Date: / / Condition: Checked by:
Check Date:  / / Condition: Checked by:
Check Date:  / / Condition: Checked by:
Written off / out of service Date: /  / Reason: Authorized by:
Asset Tag ID:

Purchase Date (if known): / /

Primary location:

Load Rating:

Length:

Check Date: / / Condition: Checked by:
Check Date: / / Condition: Checked by:
Check Date: / / Condition: Checked by:
Check Date: / / Condition: Checked by:
Check Date:  / / Condition: Checked by:
Check Date: / / Condition: Checked by:
Written off / out of service Date: /[ Reason: Authorized by:
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5.0 Example of Job Safety Analysis Work Sheet

Safe Rigging Practices for the 41
Entertainment Industry in New Zealand Version 1



