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Heavy and Complicated Lifts

Risks, Uncertainties and What to look out for
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Presentation Outline

* Modularization Overall
Benefits Implementation

« General Uncertainties on a Heavy-Lift

« Code Approaches

« Specific Uncertainties

* Modelling Good Practices / Stability Check
« Questions

| Engineered
-@g On-Shore Lifts

L
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Learning Outcome

Identify the level of Uneertaliniy, and,
therefore, the necessity of higher
Conservaiiveness, of important aspects of
a Heavy Lift.
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Ability to Influence

Timin
\ J ﬁ Changes

|
’B%gst_:eptual Planning f COStS

’ Design
Reasonable

. 90% Documents

4 CD Docs/Bidding

’ Fabrication/Erection Sorn e th]ng Can

’ Installation Stl” be done
‘ Start-up

Time

Source: AISC Design Guide 23 Constructability of Structural Steel Buildings
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Large Module Identification
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Design Adjustments

Column Splices

Beams Avoid

¥
|
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Preassembly on the Ground

Erecting a Structure Temporary Bases

Ground Shorlng Temporary Members
‘ F‘f\ WSS
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Wk LoaD = +13801
TEMPORARY BRACINGS ON 51/52-STR-305
AXIS 1,2 AND 3

ESC 1:75
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After Installation

T1IT>

“All ot Once”

P

Incremental

ASCE 37

Additional
Bracing
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During Lift

INng

Probabilistic Design

Requirement S < Ry

i Desigh '
Load (Sd)

Mean
Load | Load |
Factor

Probability Density

RS Sance (R

Characteristic —, — Characteristic
Load Restistance

: Mean
Resistance i
Factar Resstance

Uncertain

Weight

Density/Miling  Paint/Welds/Bolts
Water Inside¢  CoG Position

Dynamic Effects

Geometry

Load and Resistance

Certain

=1

Only
Dead
Weight

Imperfections
Sling Length

AONIIIINOD 1431S FHL -DDIOSVN



Codes - ASME BTH-1-2017

Devices

Similar to AISC-ASD
Yielding/Buckling Q=2.0 (Q—*BQ

Connections Q=2.4 (Q:“}.OQL

What about

Rocking?
Sling Lengthe
CoG Positione

Factors
Include
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Marine Operation Rules

1ISO 19901-6:2009

DNVGL-NOO1:2016

Comprehensive

OBTAIN

a) Crane data

b) Lift plan

<) Number of cranes & hooks

d) Net or weighed weight of structure
€) Rigging weight & arrangement

UR point geometry

@) In-air or subsea lift

h) Vessel information

3

¥

2)
3)
4)

5

APPLY
Weight contingency factor, see [16.2.2]
DAF, see [16.2.5)
Special loads, see [16.2.7)
For 2-hook lifts only:
— tilt effect, s:e[l( 2.4], and
— CoG envelope effect or factar, see [5.6.2.3

Calculate static & dynamic hook loads, see [16.7.3]

DETERMINE OTHER FACTORS
1) SKL factor, see [16.2.6]
2) Yaw factor (2-hook Ift), see [16.2.4]
3) For single hook lfts only
- tiit angle, see (xs.z.s), and
— CoG envelope effect or factor, see
[5.6.2.3]

!

SOLVE FOR DYNAMIC LOADS

1) Uft point loads, see [16.3.3]
2) sling design loads, F5D, see (16.3.4]

NE CAPACITY
Check hook s against
crane capacity (static &
dynamic) at the given
radius, see [16.7.3]

Verify global structural
structure,

Verlfy Iift points, see [16.9]

Define required values for
slmg/gmnmm MeL &
shackl

seel]st]l-hGSZ]

Installation clearances
(16.13]

Identify/report rigging + Bumper & guide design &
cometry, see [16.14]
Verify spreader bar, unnsa:on factors & rigging g & ]
see [16.8] geometry l
LIFT POINT & SPREADER

| meameox ||
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ISO 19901-6:2009

Weight Contingency

0adC

Factors

1.10- Calculation
1.9 '

Centre of Gravity

1.02
% Or envelope

Min:1.03 for weighed

Skew Load

o
’|

1J25
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ISO 19901-6:2009 Load Factors

Dynamic Amplification (DAF)

JAVAS

W <100
100 < W <1000
1000 < W <2500

2500 < W

Metric Tons

@ &

1.15
1.10
1.05
1.05

A
3!

1.00
1.00
1.00
1.00
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ISO 19901-6:2009 Load Factors

Consequence

Use as a LRFD load factor

For Hook Load
For Design of Slings, Grommets and Shackles

For Design of Lift Points

For Design of Atftachments of Lift Points to the
Structure

For Design of Members Directly Supporting or
Framing info the Lift Points

For Design of Other Structural Members

Yru =1.00
Yrs =1.30
Yrp =1.30
Yrp =1.30
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ISO 19901-6:2009 Load Factors

General Structural Check

DeﬁgnLood

0.05B

T—ﬂ
%

O‘OBL

Jml <

/\/\Mﬁf

Design
Strength
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Non-Linear FE RP

Buckling

Mesh

DNVGL-RP-C208:2016

Joinfts

Material

Part 4

L pas  ITUE

o | “Part2 Stress

Strain

Part 1

True stress

s
o= 0 € Epye True strain

Very
Practicall
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Clashes
Reusability

Sling Arrangement
Crane Boom




Sling Arrangement

Determinate

Indeterminate
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Sling Arrangement

Compression Capacity

Point of Support

Source: Versabar

8 & & 8 5 5 8 5 8 B S S S B BB S S SN
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DETALHE DAS EXTREMDADES

Spreader Bar
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Spreader Bar — ISO Factors

Design Load (1.73 Factor)

O 05L

X <

Design
Strength
@.Ry

ASME:
1.8 Factor
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Wire Ropes

Termination

Bending

i}

|

0.75

M 0.75

m 0.90

1.00

=

Additional
Safety Factor

557
557 45%

D/d 1.5 2.0 3.0 4.0 5.0
Factor 0.59 0.65 0.71 0.75 0.78

231 d=2
3.85 ad<2

Other kind of slings have different factors!

N
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Wire Ropes- ISO Factors

Design Load
(3.3 ~ 9.32 Factor)

0.05B

Bend | | Term
* MBL
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Use Manufacturer'’s
Recommendations

Shackles 7 N

Side Load

® 100
3
g - 's
: P
£
g2 ® \
H © A \
75 —
" _
85
- 120° MAXIMUM
50
45
40
20 25 40 45 S 80 95 90

Usually
/ \ e

Included

Sources: Van Beest & Crosby Catalogues
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Lifting Lugs

Shackle Interface

Contact

Lug 75% Space
Allow Cables
Free Rotation

Lateral Load

Cheek Plates

Hole
d,=d,+1/8"
Hertz Stress

Weld — Ream

| AONIIIINOD 1431S FHL -DDIOSVN



Trunnions

Attachment

Lateral Load

FEA Recommended

Ma g

Cable 1 254+ 1"
Ovalization
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Lifting Lugs / Trunnions- ISO Factors

Design Load
(1.43 ~ 2.2 Factor)

Design
Strength
@.Ry

ASME:
1.8 Factor
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Overall Structure - ISO Factors

Design Load

(1.10 ~ 1.94 Factor)

Go

0.05B

—
%

0.05L

Design
Strength
@.Ry
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Buckling

Complex K Factore
Geometry | Buckling Lengthe _
4

Direct Method (AISC)

Eigenvalue buckling Analysis

Wi
\f
3

Local

Buckling Eigenmodes

e N

A\

P |

Global  Hybrid

‘fa \Ul
4
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Buckling Eigenmodes

1st Order Planar Frame

M 6DOF

2nd order confribution :
Influence of allocated forces :

-

r [Ko(if)]
T/ s
1

L

[[K] + 4:[KG1]- [Utor] = [A[F]]
)
A [F] 2nd Order Stiff. Matrix
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On verge of buckling

Buckling Eigenmodes K] + LIKG]] - [AUor] = [~0]§

Incremental 2nd Order System : _8_
_ oG ? 0
[(K] + A (K] [AUgoc] = [AL[F]] 6x6 |+A;| €x6 .| =1
? 0
? L()-
A A
Singular
[A%;[F]]

“; 999 J:JIEO_FF:

Eigenvalues - Eigenvectors| syapgs

/L, Non-Conservative
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Buckling Direct Method

- AISC

Correct Shape®

4/ L%

Vs iy
i 24
e

Design Guide 28 E=0.8*E All k=1
Imperfect Global Shapes Scaleto 1.5
Notional Loads st | COSP

Turn-on Geometrical Nonlinearities |-

Include Inner Nodes

Include Load Factors On Load To
Be Incrementally Applied

Engineering
Only one? » Judgement
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Linearized Buckling

Eigenmode

- DNV

slen;eq (BuCkfactor: O-rep)

reduced slenderness

Reduced Available Capacity
(Imperfections, Residual Stresses)
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Assessment Question

Select the Level of Uncertainty

Environmental Loads During

On-Shore Lifting Operations
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Assessment Question

Select the Level of Uncertainty

Load Distribution On The Slings For
A System With One Spreader Bar

o w

AONIIIINOD 1431S FHL -DDIOSVN



PDH code
PDH 81886

Rate this session and claim
PDH credit on The Steel Conference
mobile app, brought to you by:

AUTODESK.




