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RIGGING:
Moving a block of stone up a ramp in the
construction of a pyramid




RIGGING:
Building a coliseum




RIGGING:
Guying off the masts on wooden ships.
The word "rigging” came from this type




Usinc

RIGGING:
block and tackle to hoist the salls




DEFINITION OF FIELD RIGGING

Field rigging is where the design & execution of
the transportation and lifting on a project is
done by the crane operators, riggers, rigging
superintendents and area superintendents.

Until the late 1960's, most of the rigging done In
the USA, and probably around the world, was
done as Field Rigging.

There were a lot of accidents associated with
field rigging. Thus the need for rigging
engineering became apparent.



FIELD RIGGING

Personal account of bad field rigging

The first crane operator that | oiled for, fabricated and
Installed a counter weight box on the back of the house
on a 20 ton crane and one on the front bumper of the
carrier. Each box was then filled with 5.0 tons of metal
punches. This increased the lifting capacity of the
crane to somewhere between 25 and 30 ton.

The house of this crane was held on to the carrier by
one hook roller in front and two in back.

This modification was not done with the approval of the
crane manufacturer.
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striped cwt. boxes on the
back of the house and the
front of the carrier




FIELD RIGGING (continued)

Personal account of bad field rigging

We later used this same modified 20 ton crane to set 48
ea. 20 ton pre-stressed beams. When erected, each
beam set on one sliding and one fixed bearing plate.
The crane operator stacked all 96 bearing plates on the
counter weight box of the crane. This added about 2.5
tons of cwt to the 10 tons already in both cwt. boxes.

The hardest to reach beams were set first. Each time a
beam was set, two bearing plates were removed from
the cwt box. | can't believe that we never had a
component failure, but it must have been because
cranes were over desianed in those davs.



FIELD RIGGING: Setting 48 Prestressed Girders

- Young Kent
Goodman




RIGGING ACCIDENTS

Normally, rigging accidents are not caused by
one factor alone.

If two or more negative factors line up in the
same direction, then an accident is bound to
happen. Murphy will make sure that it does.

Following are three examples of lifting
accidents and the contributing factors.



FIELD RIGGING ACCIDENT # 1

50 Te Crane turned over on top of a 400 Te crane during
the installation of a luffing jib. One rigger was seriously
Injured

CONTRIBUTING FACTORS:

The rigging crew partied late the night before the accident

The crew did not have a clear work plan

The crew thought the weight of the aux. drum assy. was 1 Te. It
actually weighed 5 Te

The LMI of the 50 Te crane was inoperative due to a jumper wire
Installed by the operator

The radius of the 50 Te crane could have been reduce by swinging the
house of the 400 Te crane 180 degrees

NOTE: Boom missed a live hydrogen line by about 1'



50 Te Crane turned over on 400 Te crane
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FIELD RIGGING ACCIDENT # 2

BOOM DROPPED ON A LINKBELT LS-718 RINGER

OWNED BY A HEAVY LIFT CONTRACTOR (HLC):

The HLC was asked to make a long radius load test
This was done to proof the assembly of the crane
A 60 ton steam drum was used as a test weight

A HRSG module was parked next to the crane
Boom dropped before the test radius was reached
No one was injured

CONTRIBUTING FACTORS:

a) The wrong Becket was used to dead-end the boom line

b) The erection crew was in a hurry to complete the assy.
and did not install a cable clamp on the pig tail
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FIELD RIGGING ACCIDENT # 3

BOOM BUCKLED LIFTNG A TOWER:

1. A 125 ton truck crane wasilifting a two section electrical
transmission tower. The pick point was just above the
connection

2. Just as it was upended, the the bottom section fell off,
moving the location of the CG above the lift point

3. The top section did a 180 degree loop and twisted the boom
off the crane. No one was injured

4. CONTRIBUTING FACTORS:

a) Therigging crew relied on a pressed fit and friction to
hold the two sections together.

b) The sections should have been welded or bolted
together
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FIELD RIGGING Vs Rigging
Engineering

Now days, the heavy lifts on projects are
classified as "Engineered Lifts" which requires
the expertise of a Rigging Engineer and the
design and development process is called
"Rigging Engineering".

The remaining lifts on the project are classified
as "Field to Rig", and these lifts are performed
by field rigging personnel as discussed earlier.



QUALIFICATIONS OF A
RIGGING ENGINEER

1:

el

Must be a graduate engineer from an accredited four
year program.

Must have received a minimum two years training in a
Contractor's recognized and structured rigging
program.

Proficient in steel and timber design

Proficient in stress analysis

Has the experience and knowledge to design, evaluate,
plan, oversee and estimate transportation and lifting
activities during any phase of a project.

Must have practical experience with lifting equipment
such as cranes, jacking systems, skidding, rolling,
trailers, etc.



RIGGING ENGINEERS

Rigging Engineers (RE) usually choose one
of two areas of expertise:

1. RE's in the first area work for Engineering Procurement
Construction (EPC) companies. They are responsible
for the rigging design and handling of the heavy lifts
from the fabrication shop to the foundations at the site.

Their work starts at the same time as home office
engineering starts, about 1.5 years before field
construction starts. This much lead time is required to
complete the necessary rigging steps that must fit
together for the heavy lifts to be completed.

There are less than 100 RE's in this area in the world.



RIGGING ENGINEERS ( cont.)

2.

RE's in the second area of expertise work for Heavy Lift
Contractors (HLC) and their responsibilities start when
EPC contracts are issued with a scope of work that
says something like "Assume care, custody and
control of the vessel at the dock, move it to the site and
set it on the foundation. Provide all equipment,
supervision, rigging drawings, etc, that are required".

All of the HLC rigging drawings are reviewed and
approved by the EPC Rigging Engineers.

There are more than 5,000 RE's in this area of expertise
In the world.



PURPOSE OF RIGGING
SNESHNIIIINE

Support Project, Engineering and
the field Construction staff in the
safe and economical transportation
from the fabrication shop and
installation of all heavy plant
eguipment with the smallest amount
of RISK possible.



SERVICES PROVIDED TO
PROJECT

AHeavy transport and lifting studies

APreliminary plot plan review
(Constructability)

A Preliminary cost estimate for heavy
transportation and lifts



SERVICES PROVIDED TO
PROJECT: continued

ARigging input for the Request For Quotes
(RFQ's) for heavy lift & transportation equipment

ATechnical evaluation of RFQ's
ATransport and lifting equipment
recommendations to construction

management

ANote: The above happens up to 1.5 years
before field construction starts on a project
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CONSTRUCTABILITY

A soon as the Process Engineers and Piping Engineers have
developed a plot plan and the Vessels Engineers have preliminary
vessel outline drawings, the Rigging Engineers start doing Crane
Studies. Following is a typical constructability example.

The Rigging Engineer's crane studies showed that to set the heavy
vessels for this project, an 800 Te crane would be required. The
crane would have to be set up three times and there would be man
HOLDS, ie, equipment and structures that couldn't be set until after
the heavy vessels were erected.

The Rigging Engineer's then made crane studies to see what woulc
be required to eliminate the "holds" as this project was on a fast
track.

Their studies showed that a 1,200 Te crane could be used to set all
the heavy vessels from one set up if the following changes to the pl
plan were made:



Constructability Continued:

Move the 400 ton vessel to the location of the 200 ton vessel
Move the 200 ton vessel to the location of the 150 ton vessel

Move the 150 ton to the original location of the 400 ton vessel

A

Construct a lift pad for the 1,200 Te crane by driving piles and
pouring a concrete cap over them. The pump foundations in the
lift pad area could be poured as soon as the heavy vessels were
set

The Process Engineers looked at the requested changes, found the
they didn't effect the process, so they approved the changes

The Cost and Scheduling Engineers said that by eliminating all of
the HOLDS except the pump foundations, it would save almost
two months off the schedule and about $4,500,000
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SERVICES PROVIDED TO
ENGINEERING

A Lift attachment design
A Local stress analysis due to forces from lugs
A Squad check reviews

a. Lift attachment review of Vendor's design

b. Review of Vendor's method of erection

A Provide dimensions and ground bearing
pressures for the heavy lift cranes & trailers



SERVICES PROVIDED TO
CONSTRUCTION

RIgging studies

nterference drawings (showing all holds)
RIigging drawings

~leld support

- Route or transportation surveys

- Lifting surveys

- LIft supervision
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LIFT ATTACHMENT DESIGN

Lifting lugs (pad eye, top head, cone)
Side lugs

Trunnions

Flange lugs

Equalizer beams

One Point Pick Device (OPPD)

Side hitch plates

Tail lugs and base ring reinforcement
9. Spreader bars

10.Tie downs
Some examples of each follow.
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PAD EYE LIFTING LUGS

1. Used extensively by the field in fabrication work. Also used as
tail lugs, lifting lugs, etc.

2. Attached to a vessel or structure by two parallel butt welds

3. End area and bearing stress is based on the full force applied or
the centerline of the lug (at 90 degrees per the following sketch)

4. The combined bending stress of the lug plate and the lug weld i
based on the horizontal and vertical components of the force

DISADVANTAGES:
a. The welding and QC for the butt welds is very critical

b. Has little resistance to side loading, ie, the compression weld ac
as a hinge and the tension weld has to carry all of the load
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Top Head & Cone Lug Design

1. Most economical of all lifting lugs to design, fabricate and
install

2. End area, bearing and combined stress of the lug plate and
weld calculated the same as for pad eye lugs

3. Attached to the shell with a three sided weld

4. Easy to analyze the local shell stresses. If the weld size is les
than the thickness of the shell, the shell is not overstressed at
the tangent line

5. Safer to use than trunnions as the slings can't jump off
DISADVANTAGES:
1. Bending in the shell can be a problem for long vessels

2. Harder to unhook the rigging than with trunnions
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Stiffener ring should have been split so th
lug could have been welded direct to the
shell. Also, the I.D. of the pads should |
have been the same as the I.D. of the lug
hole for increased bearing
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Vertical Vessel With Top Head Lugs

Three
sided weld




Vertical Vessel w/
Cone Lugs

6'dia. x 12' dia. x
150' x 200 tons
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Slings need to be
long enough so that
the spreader bar
will clear the over
shot line during up
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SIDE LUGS

1. Side lugs are used in cases where the use of top head lugs wou
cause over stressing of the shell due to buckling or bending

2. The transverse plates or straps carry the IPP load. See "d" In
the left hand sketch

3. The Longitudinal plates or straps carry the full weight of the
vessel when it is in the vertical position. See "X" in the right
hand sketch

4. A compression & tension pipe are used inside the vessel to redt
bending

5. End area, bearing and combined stress of the lug plate and welc
calculated the same as for pad eye lugs

DISADVANTAGES:

a. Costly to design, fabricate, cut out and remove after erection
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SWL OF A 4.5" DIA. SLING

Tension in the inclined portion of the slings = 485 Kij
Breaking strength of a 4.5" di&IPS wire rope = 1,775 Kips
SWL of a 4.5" diasling with 100% efficiency

= 1775/safety factor of 5 = 355 kips
Efficiency of the swaged fitting at the eye = 90%
Efficiency of the slings bent over the ends of

the spreader bar = 85%
Efficiency of the slings bent around the 24" rollers =78%

NOTE: Use the lowest efficiency as they do not all occur in the
same place.

SWL of the sling is 355*0.78*2 parts = 554 kips
554 > 485, therefore a doubled 4.5" dia. sling is okay
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Lampson LTL-1200 Transilift

Monthly rental: (987Rental) 7 mo.* $275,000 $1,925,000

Mob and demob costs:

Move in and out $300,000

Assemblydisassembly. $350,000 $650,000
TOTAL $2,575,000

Assemble time, 5,000 straight time hours:six weeks

Dis-assemble time: four weeks.

Assembly cranes required: Two 230 ton crawlers

Transportation of crane components30 truck loads each way



3.

TRUNNIONS

Trunnions are used in cases where the use of top head lugs wol
cause over stressing of the shell in long vessels due to buckling
bending

They are used almost exclusively in Europe in place of top head
lugs. Their use is gaining popularity in the USA

They are easy to hook up to and unhook from

DISADVANTAGES:

a.

The design, fabrication and installation is quite complex, sort of
like trying to install lugs on the sides of an empty Pepsi can
without deforming it

Not as safe as lugs with pin holes as the slings can jump off
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Vertical vessel with
trunnions and tall

lug.

Dimensions:
EmMx94 mx 360 Te

20' x 308' x 396 tons
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This slide is to show why a 1,300
Te Floating Crane was used. The
1,300 Te rating is for a radius of
25 m. Itis 10 m from the boom
foot pins to the barge, 30 m barge
width and 10 m on to the center
of the trailers = 50 m. The crane
rating at 50 m = 600 Te
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FLANGE LUG DESIGN
Made From A Weldment:

A base plate is fabricated that matches the bolt pattern on the
reactor's top nozzle. A lug plate is welded to the base plate and
gussets are installed to provide side stability, and weld length.

Made From A Forging:

A molten piece of metal that is larger than the specified size of
the lug is mechanically pounded or compressed to a specific
density to eliminate all voids. The forging is then machined to
the final design dimensions. As there are no welds, this type of
lug Is superior and safer than one made from a weldment. The
only down side is that the cost is approximately 2 times more, ie,
If a weldment costs $3.00/Ibs then a forging would cost about
$6.00/Ib. The flange lug shown on the drawing weighed 6,900
Ibs. & cost about $42,000.00 to fabricate.
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