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Liftech has been working with crane structures for over 50 years. A great deal of our effort has been
concentrated on the design of structures that are resistant from damage due to cyclic loading, or

fatigue.

Proper design and fabrication are only the initial steps in keeping cranes operating safely. The cranes
must also be inspected. What are the guidelines that exist for these inspections? Can we add
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anything to these guidelines to make the operation of cranes safer?
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Assume 3,000 STS cranes operate every day, average age 10 years,
“design life” 20 years, fluctuating loading of forestay at 60% of max
operating stress

Without
inspection, how
many forestays
and back struts
can we expect

to have major
cracks each year?

Liftech estimates
about 50 new
visible cracks
aevery year, spread
over 3,000 cranes.

Each crack could
cause collapse.
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[Liriace comiuiiamtsinc]

1ofl4

The forestay and upper diagonals on container cranes are perhaps the most critical members in the
structures because their failure can result in dropping the boom, the trolley, and the load. We estimate
there should be about 50 new visible cracks in these members every year, across the worldwide STS
crane population of about 3,000 cranes. Any one of these cracks can lead to a catastrophic failure.

“Design life” is often a misnomer. The structural design life should establish a criterion for fatigue
reliability, and is usually represented in terms of load cycles with a cubic average moving load. The
assumption of a design life does not necessarily mean that the structure will no longer be fit for its
purpose at the end of that period or that it will continue to be serviceable for that period without
adequate and regular inspection and maintenance.
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Forestay
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Here are some examples of cracks we have seen on forestays. In one case the member failed: first
from the fatigue crack and then in yielding of the remaining section, seen on the upper left.
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Upper Diagonal
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Here are some examples of cracks we have seen in the upper diagonal.
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According to TT Club, structural issues are
responsible for 12% of all equipment claims

Source of Equipment Breakdown of
Claims _ Maintenance Issues
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The slide shows data from TT Club from all types of equipment. What is remarkable is that of the
maintenance related failures, 47% are due to structural issues.
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The BS 7121-2-9 standard gives excellent guidance on the overall maintenance of cranes. We have
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Guidance: BS 7121-2-9:2013 Code of practice for the safe
use of cranes Part 2-9 Inspection, maintenance and
thorough examination - cargo handling and container
cranes

“The in-service inspection regime should include measures to detect cracks
before the safety of the crane is affected. Therefore, in-service inspections
should include a structural inspection of highly 2¢l areas of the
crane...The period between inspections ...b

eek and 6 months.™

“If there are any indications of cracking or excessive wear in pins, bearings,
or structural components, the crane should be taken out of use and a
through examination should be carried out in accordance with Clause 8

[Ti ition], with NDT if considered necessary by the

Clause B.6.1 says *
person...should
examinge
Clause 9.4 req!

examinatons.

highlighted some statements about structural inspection.

This is a new British national standard with specific discussion about container cranes. There are also

other standards on this subject.

The International Labor Organization Convention concerning Occupational Safety and Health in Dock
Work (No. 152) says that cranes must be examined by a competent person every 12 months and must

have a thorough examination every five years.
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We think it is possible to provide some additional helpful guidance regarding structural inspection of
cranes. We are talking about useful guidance for the owner or the user of the cranes, or most
importantly, for the decision makers who set the maintenance and inspection budgets.

Can we add something to this?

What are the highly stressed areas?
Must | inspect these every week?

Just what does “thorough” mean?

Plan A: The best solution is to get a competent person to determine
what inspection is required.

What and who is a competent person? Is there a licensing body? Or
some guidance on how to identify this person?

What if my examination plan is too expensive? |Is there a plan B?
What does a good examination plan look like?

If | don’t have an examination plan, what do | do?

#ot 4 T
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In this example from 1989, the thorough
examination plan was followed

This crane was overload tested a
few weeks before this failure.

The joint that failed was MT
examined within days of the
failure.

The inspector tested the fillet weld
but not the wraparound detail at
the end of the lap plate.

Bof24

Here is an example where a structural inspection plan was followed, but because of incomplete
understanding of some basic fatigue crack phenomena, a dangerous crack remained undetected.
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Liftech’s Opinion

Follow a Structural Examination Plan.

If you don’t have a practical and satisfactory Structural
Examination Plan from your crane maker, we recommend that you
engage a competent party to develop an examination plan for your
cranes. This plan will tell you where, how often, and by what
methods to inspect your cranes, based on a rational analysis, to
reduce your risk of dangerous failures to a reasonable minimum.

Short of that, you need to educate yourself. We think that PEMA
can help you do this by publishing a document with practical
guidance.

The following are some suggestions for what could be
communicated in such a document.

[iftech
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These are some suggestions for possible content for a supplementary document about Structural
Examination. The following slides show some examples of content that might be incorporated into

such a paper.

A document on Structural Examination
of cranes could educate the user about
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Yielding and fatigue modes of failure.

How the structure works: what are the load paths, which parts are in
tension, which parts are Fracture Critical.

Which parts of the crane are most likely to develop dangerous cracks
and why.

When a crack is visible to the eye, the crane is already in a dangerous
condition. MT and UT examinations are required to detect cracks
before they are visible.

The statistical scatter of fatigue failure and the basis of design. There
is no safe life in crane design, and there is no clearly defined design
life. Because you haven't had a failure in 20 years doesn't mean you
won't have a failure tomorrow. However, if you inspect and repair the
cracks you can greatly extend the life of your cranes.

Acceptable levels of reliability

February 6, 2014

10



PEMA 2014, Amsterdam February 6, 2014
Presented by Simo Hoite, Liftech Consultants Inc.

Yield failure occurs at about twice the
allowable stress level

Applied

Load

ield Strengtn

Test Load

Aliowabie
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Elastic Plastic: Displacement

Strength Criteria

L LCL
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The user should understand the difference between yield failure and fatigue failure.
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The physical phenomenon of fatigue failure is different from that of yield failure.

Fatigue failures occur at much lower
stress levels than the allowable

Applied
Leoad
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Stranglh
N|§SELL _— Aeceptable Envelope
Load /1
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1559 LU
Akwabie Displacement for Applisd Load
Cycles Crack Size for Applied Cycles

Combined Strength and Fatigue Criteria
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We can provide some general guidance about what members on the cranes are the most important to

inspect.

Fracture Critical Members
on STS Cranes

Top and bottom at
landside

[iftech
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Where Cracks Happen

[iftech
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We can educate the user about the sources of fatigue cracks and where they are likely to occur.

February 6, 2014
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We won't go into detail here, but a number of phenomena related to fatigue loading and fatigue

What is fatigue?

There are thousands of microscopic cracks in all welded structures. Metal
fatigue is the phenomenon of growth of these cracks due to cyclic loading.

It is a progressive material failure.
Final failure is sudden and can be catastrophic.
Cracks are difficult to see, but can be located by a specialized inspection.

Fatigue failure is primarily dependent on member stress range, local stress
concentrations, and number of load cycles.

Allowable fatigue stress ranges are determined by testing, not by theory.
This is because all welds are different, meaning they have different small
cracks to start with and these cracks grow at different rates.

Because of these differences, no theory can define when fatigue failure will
occur. Fatigue failure expectations are based on repeated testing of actual
specimens. . A
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damage can be explained in plain language.
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Stress concentrations from welding
shrinkage or geometry cause fatigue
cracks

Source: 5.J. Maddox, 1933

16 of 24

[iftech
[Liriace comiuiiamtsinc]

The sources of fatigue cracks is an important topic.

February 6, 2014
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How cracks grow and eventually reach a critical state is an important topic.

Cracks grow through repeated cycling
of the load

Growth of crack length in relation to number of cycles
T T T T T
Stress - Conatont Ampiilude

Ay
g b §
; P
! ‘E. L8| ..s g 1
o L J § |
o 5 S = y 5
O " § /]
- S &
. 1 \J &
4 & °
b=
T ey WS T |
- a8
| N
1 11t
TTongs [arrecs comiaianraiac]

February 6, 2014

17



PEMA 2014, Amsterdam
Presented by Simo Hoite, Liftech Consultants Inc.

It is important that the user understands the philosophy of fatigue design so he does not have a false

Fatigue Design Philosophy

Safe Life Design Damage Tolerant Design

Cranes

Space Station
| in 108 | in 50 without inspection
| in 1,000 with inspection
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sense of security about the reliability of his cranes.

February 6, 2014
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NDT Inspection Manual Pages
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We can present some simple examples of what a good inspection plan looks like and what it contains.

February 6, 2014
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NDT INSPECTION INTERVALS FOR

Inspection Intervals

CRANES | AND 2

10 of 24

Note; These intervals are not suitable for all cranes.

Component Inspection FCM ! Inspection Intervals is
Location NECM the lesser of
No. of Moves Years
FRAME
Trocks F22 NFCM 960,000 12
Upper Diagonal F3.F7 FCM 960,000 12
Landside Trolley Girder Hanger Connection  F12, B21 FCM 240,000 3
lof2
Waterside Trolley Gurder Hanger Connection  F13 ppl-ppd FCM 960,000 1z
of B19
Trolley Gaurder and bracing beyond Landude B18, B12, FCM 960,000 12
Trolley Girder Support Beams, Panels 34-41  B23
Trolley Girder bottom flange between Legs,  ppd and pp5 FCM 240,000 3
Panels 20-33 of B23
ppd and pp3
of B24
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We can say something about typical inspection intervals for different types of members.

February 6, 2014

20



PEMA 2014, Amsterdam February 6, 2014
Presented by Simo Hoite, Liftech Consultants Inc.

Other Structural Problems: Boom
Hoist Failures

Liftech
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This is a different topic, but we want to mention it when we are discussing the structural safety of
cranes. PEMA might also present some guidance on avoiding this type of failure.
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Tie-down Failure
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...and this type, which is often due to improper design of the crane-to-wharf tie-down connection.

February 6, 2014
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Thank You

This presentation is available for
download on our website:

www.liftech.net
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