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Structural Assets

(INTRODUCTION )

Group Director’s Introduction

and the first issue for 2001. This year we are

maintaining a strong focus on life extension and risk
reduction of structural assets through FAARMS (Facilities
Assets and Risk Management System) as well as
continuing to offer design solutions and associated
specialist analysis services. Clients in the mining,
industrial and port sectors have significant investments in
structural assets such as buildings, storage bins,
wharves, cranes and materials handling systems and
have significant responsibilities to workers, shareholders
and statutory authorities to manage the risks associated
with these facilities in a responsible manner. The use of
a documented, standardised system such as FAARMS
allows the condition of major structural assets and
facilities to be regularly monitored and recorded and for
risk reduction actions to be identified and prioritised. As
well as the immediate benefits, FAARMS enables senior
management to obtain reports of asset condition across
their enterprise for monitoring and trending purposes.

In this edition we have included the first in a series of
articles on ships and an article on structural health
monitoring from Infratech Systems and Services Pty Ltd
who have leading technology in this area and have acted
as sub-consultant to Hatch on a number of projects.

Richard Morgan
(RMorgan@hatch.com.au)

This is the eleventh newsletter for Structural Assets

[SPECIALIST ADVICE ]

Bulk Carriers

common feature of many mining and industrial
Aprojects is the need to efficiently transport large

quantities of bulk solids materials by sea. The
ships that undertake this work are described as “bulk
carriers”. The economics of transporting these materials
is largely dependant on the size of ship used.

The size of these vessels is described by a number of
parameters but the most common is the vessel's dead
weight tonnage or “DWT”. A vessels DWT is its total
carrying capacity and includes the cargo and
consumables such as fuel and water. For most vessels
the cargo carrying capacity is approximately equal to its
DWT.

A vessels DWT is directly related to the volume of
water it displaces which is a function of the vessel's
length, breadth and the maximum depth of water it can
safely draw. The actual depth of water a vessel draws
can be varied by adjusting the amount of ballast or part
loading. (i.e. not loaded to maximum capacity)

Bulk carriers are classified into a number of broad
groupings based on DWT and other dimensions as
follows.

Handysize up to 40,000 DWT

TN | s

[
[
[
[
[
1
%

40,000 to 60,000 DWT

227.00

Handymax

Panamax 60,000 to 80,000 DWT
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Handysize vessels are designed to meet the
dimensional restrictions of the locks of the St Lawrence
Seaway which limits them to breadth 23 m, length 222 m
and draft of 7.9 m. Generally this results in a vessel's
DWT being less than 40,000 tonnes.

For a vessel to use the locks of the Panama Canal its
breadth and length must be limited to approximately 32 m
and 275 m respectively. Vessels built to meet these
dimensions are described as panamax vessels and
generally have a DWT in the range from 60,000 to 80,000
tonnes. Draft restrictions of approximately 11 m also
apply to parts of the canal. This can result in many larger
panamax vessels sailing through the canal part loaded.

An intermediate grouping of vessels between
handysize and panamax is termed handymax.
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Vessels which cannot pass through the Panama
Canal are generally classified as capesize vessels as
they are required to travel via Cape Horn.

The Suez Canal does not have locks and can allow
the passage of vessels up 17 m draft and breadth of 70 m
without restriction on length. Vessels of 155,000 DWT
fully laden have passed through the canal. Larger
vessels can transit through the canal either part loaded or
in ballast.

There are always exceptions to these “rules”. For
example some purpose built 75,000 DWT ships
commonly referred to as “panamax” have been designed
to sail fully laden through the Torres Strait which has a
draft restriction of 12.2 m. This results in a vessel with a
breadth in excess of 35 m that would prohibit passage
through the Panama Canal.
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Figure 1 shows the number of bulk carriers in the
world fleet plotted against their DWT. It can be seen that
a significant number of vessels are designed up to the
limits of the world’s major canals and seaways.
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Figure 1. World fleet by size.

Handysize and handymax vessels are usually
equipped with ship’s cranes and are described as
“geared” vessels. These ships can load or unload
themselves using their own gear and grabs.

For maximum efficiencies larger ships require
dedicated loading and unloading facilities with handling
rates much greater than that which can be obtained using
ship’s gear. Consequently the majority of panamax
vessels are not equipped with ship’s cranes and are
described as “ungeared” or “gearless” vessels. Almost
without exception capesize vessels are “ungeared”.

Generally there is a trend that larger vessel result in a
more economic freight rate. Larger vessels although
more expensive to build have significant efficiencies of
scale in terms of operating and labour cost per tonne of
cargo. This trend is more pronounced on longer
voyages.

Smaller vessels remain economic for either smaller
volumes of cargo or shorter sailing distances.

Other factors to be considered in determining the size
of vessel to be selected include:

e The draft available at loading and unloading ports and
along planned sailing routes.
* The volume of cargo that is to be handled annually.

* The stockpile capacities at the loading and discharge

ports.

e The capacity of loading/unloading equipment at the

loading/unloading ports.

e The sailing distance between loading and unloading

ports.

¢ Availability of other customers requiring compatible

cargos that can be aggregated to allow a larger vessel to

be used.

« Availability of other cargoes near the discharge port

that can be carried as back loading on the return voyage.
To produce an efficient bulk transport operation the

selection of the ship size must be considered as part of

total system which includes the materials handling and

marine facilities at both the loading and discharge ports

and the availability of other cargoes that may be handled

as part loads or back loads.

For further information contact Athol Cummins
(ACummins@hatch.com.au) on 07 3834 7558 or Greg
Gabb (GGabb@hatch.com.au) on 07 3834 7725

Structural Health Monitoring

tructures can tell us a lot about their health, all that
Swe need to do is to learn to listen to them.

Infratech Systems & Services accepted this

challenge. The result was the development of
Structural Health Monitoring technologies that allow a
closer understanding of the in-service behaviour and risks
associated with structures. Infratech is now applying
these technologies to help Hatch customers quantify their
in-service risks.

Structures such as stacker-reclaimers, ship loaders,
draglines, bridges, pipelines and dump trucks are diverse,
but they are all subject to loads that are variable, dynamic
and not well defined. Likewise the structural response to
these loads is complex and therefore subject to
engineering approximations. The consequence is that
the in-service risk of many structures is not well
understood or quantified.

Structural Health Monitoring technologies enable the
in-service performance of the system to be measured and
thus provide critical risk management information. Health
monitoring answers questions such as:
¢ How hard is this structure working?

e What is the risk consequence of increasing the
productivity of this piece of equipment?

 What are the causes and consequences of reported
‘unacceptable’ vibrations?

« What risk management protocol should be in place in
order to allow heavier and often more productive vehicles
to safely use this structure?

¢ What is the remaining life of this structure given the
current use and deterioration?

e Can we increase the production rate of this machine
without collapsing it?

A doctor needs to know what to listen for and where to
place his stethoscope. Similarly the structural health
professional needs to select and position sensors and
monitor them for an appropriate period in order to provide
an appropriate diagnosis.

Consider the scenario of dump trucks dropping their
loads onto a deflecting chute. Energy absorbers are
designed to isolate the supporting structure from the
impacts on the chute. Unfortunately differences in the
material being dumped mean that sometimes the system
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bottomed out leaving an unknown impulse in the
supporting structure and concerns about the risk of
failure. The consequences of a failure were very
significant.

The health monitoring approach is to identify the
critical parameters that can be measured — in this case
the bending strain in the supporting structure — and to
continuously  monitor the  structure’s in-service
performance. A typical transient response illustrates
significant risks associated with both the magnitude of the
event and the amount of fatigue damage induced (Figure
2). The waveform illustrates the double peak in the
dynamic loading of the chute. Also evident are the
effects of residual material left on the chute, depicted by
the difference in strain during periods of no loading.

300
200
100
0
-100
-200
-300
-400 \ \ \
20 25

Microstrain

<

[¢)]
JEny
o
-
[é)]

Time (s)

Figure 2. Typical transient event.

Figure 2 illustrates one event of the hundreds that
occur every day and the millions that will occur during the
life of the structure. Is this response typical? How does
the response vary with the material being dumped and/or
the settings of the energy absorber? Can the risks be
managed by adjusting the energy absorber? The HMX
health monitor allows large statistical samples of these
events to be automatically recorded, summarised and
transmitted via the cellular phone network to a convenient
location for processing.

Summarising the peak transient response of each
event in a scatter plot (Figure 3) provides an overview of
the structure’s performance.
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Figure 3. Scatter plot of peak dynamic response.

The scatter plot plus the statistical representation of
the same data (Figure 4) place the transient event
presented in Figure 2 in the context of the overall system
performance.

The horizontal limit lines presented in Figure 4
correspond to various probability limits. For example, if it
is expected that during the remaining life of the mine
500,000 trucks will dump their loads at this facility. Thus
the largest event during the life of this structure
corresponds to a probability of 1/0.5x10° = 2.0x10°. For
the largest event to have a 5% chance of exceedence

during this life the probability is 0.05x2.0 x10° = 1.0 x10°”
oralin 10,000,000 vehicle event.
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Figure 4. Inverse normal plot of peak structural
response.

Extrapolation of the statistical distribution provides an
estimate of the equivalent elastic strain at the ultimate
limit state (95% confidence limit in the design life of the
structure). Thus the combination of the health monitoring
data, the remaining life and the statistical distribution of
response allow an estimate of the worst event to a
chosen probability. In this case the expected event with a
probability of exceedence of 5% during the remaining life
would have a peak strain in excess of the yield strength of
the material after other loads are considered. Fatigue
studies based on the waveform data also indicated that
fatigue failures were likely during the life of the mine.
With the risks identified and the behaviour understood a
risk management program was initiated. In this case, the
most appropriate solution was a strengthening program.

Stackers and reclaimers are also subject to various
dynamic loads. The typical waveform presented in Figure
5 shows the response (horizontal and vertical bending,
torsion) in the truss and the axial response of the tension
stay as the reclaimer retrieves coal in one direction and
then the reverse.

The inverse normal plot of the peak response in the
truss bottom chord is non-linear (Figure 6) suggesting the
statistical distribution is not Gaussian. Half of the
recorded events are less than 20 microstrain although the
largest events approach 300 microstrain. These events
are relatively infrequent. The steepening nature of the
inverse normal plot is consistent with the load be limited
by overload controls on the electric drive motors.
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Figure 5. Typical response of areclaimer in
operation.

The above two case studies briefly illustrate the ability
of structural health monitoring systems to provide
fundamental data on both the performance of the
structure and the loads that are applied to it. The results
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are an enhanced understanding of performance,
calibration data for analytical models, identification and
guantification of risks leading to enhanced diagnosis, risk
management strategies and plant productivity.
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Figure 6. Inverse normal plot of peak structural
response.

For further information contact Rob Heywood, Infratech
Systems & Services (a business unit of Texcel Pty Ltd):
phone 07 32378100, fax: 07 32378188; e-mail:
robh@texcel.com.au webh: www.infratech.com.au

Structural Vibration Design

he design of "regular structures” subjected to
Tdynamic loads can be carried out using some
simplified dynamics calculations. Regular structures

can be defined as squat (height to minimum width is less
than 3), well-braced and individual members are all
checked. Types of structures where simplified dynamics
calculations are not applicable include tall structures
(height to width greater than 3), irregular structures,
structures with more than one source of vibration or
structures with large dynamic forces.

The design of regular structures is based on the
following general approach:
1. Calculate the dynamic loads - both amplitude and
frequency.
2. Determine the natural frequencies of the structure.
3. Determine dynamic amplification factor.
4. Calculate the pseudo-static deflection and pseudo-
static stress.
5. Calculate the dynamic deflection and dynamic stress.
6. Check if this vibration level is acceptable.
1. Calculation of Dynamic Loads

Final calculations of dynamic loads shall be based on
the manufacturers certified drawings. However, if this is
not available at the time of initial design, our article in
Newsletter 9 provides some guidelines.
2. Natural Frequencies of Structure

The natural frequencies can be determined from
standard formulae, the static deflection method or
computer analysis.
Standard Formulae

A comprehensive list of standard formula for natural
frequencies can be found in texts such as Roark’s
Formulas for Stress and Strain.
Static Deflection Method

There exists a relationship between the static
deflection of a structure under its own weight and the
natural frequency of the structure. This relationship can
be used to estimate the first natural frequency of complex
structures whose static deflection is known.  This
relationship is given by -

fn :i g Hz
271\/ o)
where

g = gravitational acceleration
O = maximum static displacement produced by
gravity

The accuracy of this equation depends on the degree
to which the static deflection conforms to the mode shape
of vibration
Computer Analysis

Structural analysis programs such as MicroStran,
SpaceGass, Strand and MSC-Nastran have the option to
calculate natural frequencies. This is the simplest option
but care must be take when using these programs.
Some tips when using these programs are -

* A hand check of the first mode frequency using an
approximate or empirical method is strongly advisable to
ensure that the results are realistic.

e There is even more need than with static analysis to
view computer analysis results as approximate. It is very
difficult to predict natural frequencies of real structures
with a high degree of precision.

¢ Some programs assume that the mass is lumped at
the node points. This will give a significantly different
answer than if the mass is assumed to be uniformly
distributed. Add extra nodes along the member if
modelling distributed mass

* Secondary members, floor plate, cladding, etc, may
be neglected in a static analysis but can alter the dynamic
characteristics of the structure significantly.

3. Dynamic Amplification Factor

Once the structure natural frequency is known, the
dynamic amplification factor, Q, can be calculated:

1
Ja-r7) +(2a)°
where

r = forcing frequency / natural frequency

& = damping ratio
4. Pseudo-Static Amplitudes

The pseudo-static amplitudes of vibration of the
structure are the deflections and stresses due to the
dynamic loads applied as though they are static loads.
5. Dynamic Amplitudes of Vibration

The dynamic amplitudes of vibration are calculated by
multiplying the pseudo-static amplitudes of vibration by
the dynamic amplification factor
6. Acceptable Vibration Levels

Our article in Newsletter 10 discussed in detail how to
determine an acceptable level of vibration.

Q:

For further information contact Frank Gatto
(FGatto@hatch.com.au) on 07 3834 7584

Every effort has been made to ensure that the
information contained in this newsletter is correct.
However Hatch Associates Pty Ltd or its employees
takes no responsibility for any errors, omissions or
inaccuracies.




STRUCTURAL ASSETS

Hatch’s Structural Assets group focuses on life
extension, risk reduction and design solutions for the
mining, metallurgical and associated enterprises. Such
businesses are typically capital intensive with large
investments in structural assets such as buildings,
storage bins, wharves, cranes and materials handling
equipment.

Economic pressures dictate extracting maximum value from existing assets, hence the
pressure is on companies to extend the life of structural assets to the maximum extent
possible ratherthan replacing them at the end of the original design life.

When things go wrong with major structures and large equipment, the effects can be
catastrophic and sudden. They can cause death or injury due to the size and forces;
they interrupt operations and can cause huge outage costs; they have to be repaired
immediately, thus there is not time to plan, phase or minimise repair costs. The legal
implications are serious; companies can be fined; statutory authorities get involved
and company directors and management can be liable for prosecution.

The Structural Assets group helps companies:

a) select appropriate designs, specifications and maintenance plans for new
structural assets

b) assess and manage the risks associated with existing structural assets for
extending life.

For further information on this or any of the range of Hatch services (and to receive the
Structural Assets Newsletter), please contact Richard Morgan
(RMorgan @hatch.com.au).

HATCH Associates Pty. Ltd.
ABN 59 008 630 500
www. Hatch.com.au




