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ABSTRACT

This dissertation is a practical invastigation into the
magnitude of the vertical and lateral forces exerted,
by electric overhead txavelling cranes, on

supporting structures during operation.

The methed of measuring the forces and the eguipment

used for the actual mea.urements are discussed, as well

as the equipment used for the processing of the

recorded data. -

The forces measured dusing the experiments, executed in
£wo stages namely controlled conditions and normal
operation, are discussed under the headings of vertical
forces due to the weight of the crane and load handled,
and the lateral forces due to cross travel movement,
skewing of the crane and acceleration/decelaration of i
the crane.

'
|
|

It is shown that the vertical misalignment of the
rails, together with the stiffness of the crane
structure, has a large inzluence on the magnitude of
the vertical forces.

Drive wheel slip, tested under controlled conditions on
two E-type cranes, proved to cause high lateral forces.

Comparisons are made with the existing Codes of
Practice as well as with the theoretical models
of crane behaviour.
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1 INTRODUCTION

With the develapment of manufacturing equipment with
increasing capacities, the material handling problem
has become a major consideration, as the production
schedule is oftén dependent on the material handling
equipment. Electrical overhead travelling cranes (EOT
cranes) are important units in material handling and
are depended on to bring about increased production,
lower shop costs and better werking conditions.<Ref.l>

Cyclic operation, comprising frequent stopping,

reversing and starting are characteristic of many types
of machines, including EOT cranes. The operation of
such machines is very different from those operating

R = continuously and leads to a variety of dynamic loading
o gonditions, Thie makes their design, production and
I operation difficult, and introduces special
5. requirements for the design of their supporting
K structures.

The principle of indestructibllity until recently
formed part of the basis of design for machine parts.
It was assumed that safety and indestructibility could
be ensured by selecting a sufficiently large safety

factor, this being the ratic of the limiting load

(stress) to the actual value. Design and opsrating

experience with such supporting structures and machines

has shown however that it is practically impossible,

and often unnscessary, to strive for indestructibility.

Thus in recent years the fundamental approach o design

has changed. fThe present raquirement is that optimum

reliability must be ensured. i

A crane designer has two nmethods for solvinq problems

- a theorstical and an experimental one. The hod
of testing is simpler and cheaper in many cases where
one is considering large numbers of crane parts whose
design and operating conditions vary only gradually in
the course of time. Other parts and components of the
crane, which are produced in small quantities and are

. redesigned frequently, necessitate theoretical

analysis. However, aven a theoretlcul analyeis must be
based on test results. <Ref.

Through the years several codes of practice were
developed, using theoretical analysis as we]l as
experimental values. A camparative study d

previously by Hunter <Ref. 3>, with the emphasis on
lateral design loads on cranes, “cane to £he sanclasion
that the assessment Of the lateral loads is not
conaistent, and that the actions producing the forces
are not agreed upon and in some cases not even
ideatifiad.
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It is therefore important that experiments be carried
out to improve the existing codes and contribute to
nore uniform and accurate design criteria.

As Hunter’s study of the codes of practice indisated
<Ref. 3>, a great deal of uncertainty exists regarding
the magnitude and cause of horizontal wheel loads on
EOT cranes. Considering that several of the
malntenance problems on cranes stem from these
horizontal loads, and that a good knowledge of these
loads is required for th» economical and reliable
design of cranes and crane buildings, a study was
conducted to measure these forces.

The purpose of this study is to experimentally
determine the size and importance of the forces acting
on EOT cranes and their supporting gantries, as well as
the influence of certain external factors on these
force:

The study was conducted at the Vanderbijlpark Works of
ISCOR, a major iron and steel manufacturing
Corparation, whicn, with its great variety e cranes,

lent opportunities for testing
heasurements could thus be taken on cranes worklng
under normal conditions in an industrial enviromment.
Certain measurements under controlled conditions were
alsc possibie.

This presentation is divided into four main categories,
namely :

1) biscussion of the methods and eguipment used.

2) Detailed evaluation of two cranes to determine the
accurasy of the measurements and the two methods used
for the presentation of the casults.

3} Measutsments takan on a further four cranes in
summarised foi

4) Comparison of the measured forces with the forces
predicted by Hunter <Ref. 3> and the varicus design
codes.

As the dissertation is ¢ discussion on the measurement
of forces, the graphs are not grouped together in an
appendix, but rather shown together with its relevant
aisoussion to ensure that all reference to graphs could
be followed with greater ease.
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Heasurements wexe conducted on a total of six different
cranes, with either four or eight wheels, and
capacities ranging from 15 tons to 72 tons. Comparison
of these measured forces with various code reguirements
showed that the -redicted forces, especially for the
loy capacity cra.ss, are much lower than those
measured, but it compares well with earlier theoretical
analysis.
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2 IDENTIFICATION OF FORCES

A getailed study of the different forces present in
cranes and ¢rane structures vas dona by Hunter
<Ref. 3>, 1In short the forces ars:

2.1 static Forces

2.1.1 Vertical
2.1.2  Horizontal

2.2 Dynamic Forces

4.2.1 Vertical forces due fo the following s
Accelexation and retardation of lifting hoist
Unevenness of rail in level
Rail joints during travelling
2.2.2 Horizontal forces due to the following :
Elagtic shortening of inside of crane columns
Lataral travel of crab and load
Misalignment of rails

- Rotational force

Dynamic asymmetry
during braking or accelarating

Skew travel of crane
Drive wheel slip on one rail

A saries of , descriped 1y, has
been carried out on a variety of cranes, and most of
ness forcas were obServed Garing the Lésting of tha
cranes under normal working conditians.

the crane as well as drive wheel slip, were simulated
by dlsconnecting the one arive motor of the orane.
his was done on £wo four wheal cranes. The drive

wheels of the 8-wheel cranes are mechanically Coupien
and us these oranes axs used in the production prosess

they could not be taken off-line f£or the period
required ta remove the mechanical coupling, with the
rasult no simulation could be done on the 8-wheel

cranas,
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3 MEASURING EQUIPMENT

the measurement of the forces on

Por
folloving equipment vas nsed

A)  SE 3000 Tape recorder,
B)  Two - Six channel Bridge cunditiunlng Units,

€)  Type RFC-5~Cl-16 Strain gaug

D) Kb 2300 Series bisplacemens Heasuring System.

8)  Transformers.

F} 220V Gemerator (For cranes without 220V supply).

the wheels the

The arrangement of cne equipmenl: is illustrated

schematically {n fig

STRAIN
GAUGES

BRIDGE
CONDITIONING
uNITS

DISPLACEMENT
‘LRANSDUCERS

OSCILLATOR
DEMCDULATORS

5B 3000
TATE
RECORDER

Figure 3.1 Arrangement of Testing Equipment
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3.1 Recording of Data
3.1.1 Tape recorder
lé-channel, portable tape recorder.

the cranes.

mounting as well as for field use.

Temperature : 10°C to 40°C
Humidity : 25% £o 90% non-condensing
vibration @ Stationary and mobile

LRSS the industrial cranes.

Tape Transport
Power supply unit
Data Blectronic Unit

generatox was used.

3.1.2 Bridge conditioning units

amplification of the output signals.

Page 17

Secording of the data vas dons by means of the SE 3000
e da

tored in Anblogas Form o mawimise data storage and to

reduce bulk of the equipment which had to be used on

The tape recorder is suitable for both rack and bench

under which the recorder can operate are:

environments,

and hence suitable for the harsh conditions found on

The recorder consists of three main assenblies:

The tape transport can operate at eight standard ewitch
selacted speeds from 15/32 inch/sec. to 60 ineh/sec.
The tapes used are 8 inch diameter 0,5 inch tapes.

Throughout the tests a tape speed of 1
was uted, giving a recording time of four hours.

The power reguirement of the recorder is a
unit, 11V to JOV used together with a tEansforner where
220V AC is available. On the cranes which were not
eguipped with 220V supply, a 220V portable power

Signal conditioning was achieved by means of two 6=
channel SE 994 conditloner units. These supplied the
excitation for the strain gauges as well a




R »
S we
[ f

The power supply to the amplifiers is 220V AC. fThey
provide an acourataly regulated excitation supply oF sy
£o 15V (DC) to the transducers and the qubpnt is 21V
rms {nominal).

3.1.3 Straln gauges

The gauges used are standard gauges with one measurinq
grid and are temperature compensated for steel.

gauge resistance is 120 Ohms (10,3) and has a grid
iength of Smn.

3.1.4 Displacement measuring system

The system usod is @ non-contacting linear proximity
measuring system for use in static as well as dynamic
applications.

e output voltage of the systen is prnportional to the
dlstance between the face of the sensor and t
Hetatiic (cenductive) cargat.

The system uses a principal of impedance vaxiation
which is caused by eddy currents induced in a
conductive metal target. The coupling betwsen a coil
in a sensor and a target is dependent upon their
displecement (gap).

The electronics consist of an oscillator, linearization
network, amplifiers and a demodulator which provides an
analogue voltage directly proportional to displacement.
The range of the KD-23G0-12CU transducers which we

used, 18 a 0,2 inch offset gap plus an additiunal z,wo
inch Llnear range.

conditlons under which the system can work are:
Temperature

Sensor =55°C to 150°C
Blectronics 0°C to 55°C

Environment
For use in oil, water snd dirt.

The system was therefore suitable for the cenditions on
the cranes.
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4 EXECUTION OF TESTS

4.1 Principle Of Measurement

With the B-wheel, hogle type cranes, the forces
developsd in the crane structure are transmitted
through ti~ four pivot hogie pins to the bogie and onto
the rails and structure. The forces on each b

couLq thas be messured At these bointe by means of
strain gauges gttached in such a way that either the
effect of verkical wheel loads is eliminated, and only
the bending due to horizontal loads is recorded, or the
effect of horizontal loads is eliminated and vertical
loads are recorded.

Forces on the ¢~wheel, fixed wheel type are transmitted
directly from the crane structurs onto the wheels and
rails. The strain gauges therefore had to be attached
near the wheel axla in such a position that the elastic
strain of the crane structure dus to the forces were as
big as possible.

The displacement wers to tha four
cornars of the crane, as near as possible to the
wheels, to get an accurate positioning of the crane
wheels relative to the rails, It should be noted that
the displacement recorded were the displacements
between the wheels and the rails, Soue co"slderatien
was given to measuring the absolute position of

crane or ralls, but this would have been difficult and
probably not very significant. Hunter <Ref, 3> found
that rail alignment was not very important provided it
was within the tolerances allowed by the wheel flange
spacing.

The tests were done in three stages:

Attaching of strain gauges and displacement
transducers.
Calibration.

4.1.1 Attachment of strain gauges

For both the vertlcal foroe measursment and the
horizontal forces, the strain gauges vere attached to
the stricture in the form of a Foux arm Wheatstone
bridge vonfiguration, in order to eliminate temperature
and cable length effects.

Page 18
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Cannection for horizontal loads i

The strain gauge configuration for horizontal loads is !
shewn in Fig. 4.1

1

Section A-A

Plgure 4.1 Strain gauge configuration and
position on bogie for horizontal forces r

When a force {s applied to the side of the bogia as

shown in Fig. 4.1, R will lengthen, thereby

inoreasing its resist hen ngly

R,, will ghorten and thus decreasing its resistanca.

abduning that, due to the symmetry of the bogie, the .
daformation of the material of the bogie is equal in

both sides, then the change in resistance of the two

rage 20




gauges is aqual. When R , incresses by 6K, then Ry,
decraasss by the same anount. If R ,, and R ,, are
censidersd constant, the net effect of the force will
be a potential difference measured between points 3 and
4.

Tyqr = E/ LR+ §R) + (R = 6R)]

= B/ 28 S
I - B/ R P— e mm e Y
Vaa 7 Taa * Ry

= E(R % 4R) /2R

= (ER + ESR) / 2R -
Vas = Ta; * Ry

= E/2
v = Equation 3 ~ Equation 4

= ER/ 2R+ E6R /IR - E/2

= EéR /2R e

If Ry and Ry, change due ko a vertical force, the
chandd in reflstance for both gauges are the same
{ 3R}, and equations 2 and 4 become @
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BQZ sl =E/[2(R¥ 3, R ]

Bg 4t Vay = Xpmy ¥Ry
= [E{R + §; R)] / {2(R + § R}
- B/ 2

Tha net effect therefore stays V = ESR / 2R

During testine tne potentlal diffeyvence due to
force is ampliflied and continugusiy stored on tha tapa
in analogue form.

Page 22

¥

e st o ok, |




connection for vertloal forces

The strsin gauges are connected as shawn in Fig. 4.2,
with the position an the bogie shawn as well.

Section  A-A

M Flgore 42 Strain gauge configuration and
position on bogle for vertical forces
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[ When a vertical force is exerted on the bogie, both
Ry, and R ;, will lengtien and sme anu'ensa thetr
resistance, and Rﬁ! and R 14 will sl he

shortening of R,y and B, s pruportx(mﬂl o the .
lengthening of R 13 and R 247 If the rasistance of le
snd R,, increass'by ¢, fhe resistanca of R, und
Ry, 12 decrense by x 6R. The potential aiFeronce
recorded will ba:

=B/ [{R-XéR) + (R+8R)]

@ E /A, where A= 2R + (L ~ KJSR  =mnmwemacwg
Tygy =E/ ((R-%8R) + (R +8R)]
m B/ A [PE—— )

V24 = E(Ry, ) /A
= {B{R *+ &R)] / A

23 SRy ) /A
= {B{R = x8R}] / A

v =  Equation 8 ~ Equation 9
= {{ER / A) + (B6R / A)I-({BR / A) ~ (XBSR/A}]

rmmm 10

= (BSR(L +x)} / (2R * (1 - x}¢R]
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If & horizantat Ecrca acts on the bogla simultanecusly,
the resistan Yy 6
and R_\A inzreases /' 5ecrsasas by ¥ 6R< Thsnv

Ry, =R+ § R i ‘

24
Ryg ~R - X§R* ¥R
Byy = R =~ %6R~ y§R

~R+ §R

B13

Ty B/ (R g TR
“ E /B, where B = 28 + 8R(L = X + y) [y

T3 B/ AR gy ¥ R0
=B /¢ where C ~ ZR + 6R(E ~ % ~ ¥)

Y " LE(R 0 1/58 .
S(ER 4+ ESRY /B emeeem 13

23 S LER )Y/ ¢
~ (ER - XB6R - YBSR) / Q@ Y

¢ = Bgustion 13 - Equagion 14
= [{ER 4 ESR} / B} - [(ER = XBSR ~ YESR) / C) ¥

2 ey

« [ERSR{2 £ Ix] + ESR? (1 - «
2

7 0AR? 4RER(4 ~ax)+ ERE (1~ 2 b %2 ~ ¢ )}

[N P

assuming that (6 R)% y? can be neglectsd, equation 1§
becomes
: 2 2
¥ e [ER§R{2 + I} + BERZ (L - x° )]
/ 06R? 4 RE W4 - 4x) ¢ 6RZ (1 - 2x + % 2]
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aguations 16 and 17 is 0,023,

the horizontal loads on the vertical readings i
negligible.

Cross sensitlivity of the twe configurations

The above caloulations wera based on'tha assumptl.n
that the stxain gauge positions ware 'such that parfect
signal separation was obtained. In order to verify the

8 b
Sase nipliad ko tha 2180 of tha bogie. The resait is

shown in Fig.

TIME SCALE: 1div.~3,4s00
Uy

n\\mn llllHl \11\“11‘1‘1
mtmlnmum i g

Vort Hox

Figure 4.3 Cross sensitivity test i .Horizental
forces applied to tha bogin

Using Fig. 4.3, three points are plotted on Fig.4.&
showing a linear relation betwsen the horizontal fox

ae
on the bogie and the vertical force induced through this
action.

On this graph the maximum horizontal foxce of 40 kN,
measured on the orane during the expsrimonte {chapter 8
‘al!

Table 18-11, is shown to caurs a vertical load indieation
of approximately 6,5kN due o the oross sensitivity,
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Pigure 4.4 Relation patween horizontal force
and vertigal daviation

Thus no more than approximately 6,5kN of the variation
in vertical forces are due to the horizontal foroe on .
the bogie.

No alear indication of the influence of the vertical

foraes on the horizontal foross could bs determined .

from this particular expeximent. The caloulations and .
measurements of Table T8-08, p78, are used for the

dutermination of the relationship.

The caloulations and measurements on the urane werse

done wit o orane standing. Duwring lifting of the load,
the horizontal force generated on the bogie can only

be duu to the slastic deformation of the bridge. The
diffe.cnos betwsen the caloulated and measured values
arv therefore causmed by the vertieal Porge, due to the
oross sensltivity of the measuring method, induoing an
apparoent hoxizontal force. ’

Using tho values of Tsble '8-08 and the vertioal forces
on ‘the 8W bogle due to Lifting of the load, a linsar .
Talation is again seen, as shown in Fig. #.6- .
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Induced N
FHorizontal force.(kN)

Figure 4.5 Cross sensltivity: Influence of vertiocal
forae on horizontal force

From the above graphs and measurements it can be acoepted
at the influsnve of the oross sensitivity is sufflclently

low npot to 1

of the mesults obtained,

affect the

P
Inorease in Vertical force {JN) I
i

i

I

ussfulness 1

The sonstruction of the arane structures in the vioinity
whaxe the foress were measured is symmetrisal and the i
straingauges wers attached in similar positions on the

oranes, which indicates that the results obtained on the

other oranes will have a similar degvee of acourasy.

aAttachment to the orvane
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y, whar
connestions could be ohecked and the aircuits tested
before attaching the strain gauges to the cranes. This
procedurs worked very well. The time it tock to attach
the strain gauges to the oranas was approx. 1 3/4 hours
for all four hogies.

For the axperiments on the other cranes, the wiring was
dona in the 1 2’ the

Displacement transducers

The positicn of tha crane relative to the rails was

Y ing €l to the crane and
naving the reflectors run against the ralls. Equipment
wga built for this purpose as shown in Fig. 4.6. The
mechanisms wera adjustable to fit different cranes.
The wheel running ageainet the rall moves the reflector,
thereby changing the gap between the transducer and the
reflector.

Crane Platform

Figure 4.6 Dquipment used to utilise the
displacenent transducers

4.1.2 calibration
Straln gauges

Vertical loade. 'The mignal from the strain gauges wae
recorded with the arane standing on the railg. g'I‘h:l.s
gave the waight of the orane. Each bogle in turn was
then lirfted off the rail using a hydraulic jack and tha
strein gauge signal was again recorded., This gava the
zero load value for each bogie,
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Horizontal lomds, With the bogie lifted from the rall,
the horizontal ioad was zero. A force was applied to
the side of the bogie with & hyarawlic jack aquippec
) with a pressure gauge. By applying a cartain pressure
to the bogie, a signal was obtained for a knawn force.
B By multipiying this forage by the ratioc of the distances

"o £rom the bogle pin to the wheel surface and to the
point of appncauon of the force, & valibration force
was obtaines

o Dlapla. it traneducers. The transducers were
calibrated beforehana in the workshop by adjusting the
. ascillator-demodulators. They were adjusted to give an
. output of 0,8V/10mm movement.

4.1.3  Tests

The tests on each crane vere dona in two parts:
controlled tests

Curing this part of testing the crenes wera run under
controlied conditions. These consisted mainly of:

Moving the crab from one side of the crane to the other
and ba

Running the orane with the crap at cne end at slow

spesd, at medium speed, and at maximum spead. The crab
was then moved to the other end and the procedure
repeated.

Running the crane at different spesds while the ovanp
was moving. These tests wers done without a load
suspended from the cranes.

In the case of the 4-wheel cranes, the one drive was
disconnected so that the orane was driven by one wheel.

Ploking up of a load at a predetermined angle.

Running the crab againat the endstops.

Recording during normal operation

The crane was titen brought back into cperation and
normal work was cerried out for i} to 2 hours, while
measurenents were continued.

P J Page 30
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5 PRESENTATTON OF FORCES

Two methods of evaluation were used. Analogue to
digital conversion was accomplished by means of a DEG
KWil-A, 16 channel, analogue-to-digital converter,
connected to a PDP 11/23 computer. Three programmes
which were previously written for similar types of
recordings <Ref 4> were used to sampla the data on the
different channels at a rate of 20 samples per sec. and
store the results on disks, to retrieve the unformattzd
data and adjust it fox zero values and scale, and

print the values in graphical form.

The second method was with the use of a Graphtec Linear
recorder Mark Vil, a &-channel plotter, using heaf
scnsitive paper. It has an accuracy of 0,5% over the
full scale. The analogue data vas plotted directly in
graphical form, which gave a better overall picture of
the forces during operation.

5.3 Presentation Using The PDP 11/23

The processing of the recorqed data yas done using the
these programtes previously developed

5.1.1 Init

This program is used for the determination of the zero
and scule values by sampling the calibration data
recorded for each channel. The analogue values
recorded are converted to digital values as follows i

-5¢ 1 0
oV i 2048
+5Y 4096
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From these values the zero and scale values are
determined, as shown in the example:

Channel 6 which was measuring the South East horizontal
force was found to bs defective.

Channel 8 recorded the horizonta’ force of 42,8 kN on
the South-west bogia of Crane 43v.

Force Value

o 2084
42,5 2178
Zero value

2084
Scale value (2178-2084) /42,5
= 2,353

5.1.2 SAMPLER

Using this program, selected pieces of the tape are
sawpled for & Specified time. Analogue to digital
conversion is done and the data is sfored in f£iles.
With this program specific periods of the tests can be
avaluated, for example when the crab strikes the
buffers.
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5.1.3 CALIB

Digital to real valua conversion is dome by this
program. The zero and scala values obtained in INIT
are used to convert the valuss in the SaMPLER file to
forces.

B.1.4 CRANPL

The final program plote tho force valuss from CALIR on
paper. See Pig. 5.1 for a typical graph obtained.

5.2 Using The GRAPHTEC Plotter

This method prints the analogue values directly
Comparison with the previcus shows that the ‘r.wo methods
coxxespond,

A disatvantage of the plotter is the limited vertical
scale adjustments. It would have been difficult and time
consuming to get the vertical scales the same and it would
not have influence the results.

See Fig. 5.2a and Fig 5.2b for a comparison of the two
metheds.
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Figure 5.2a Forces using CRANPL

Figure 5.2b Forces using the GRAPHTEC plotter
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6 CRANES TESTED

Tests were conducted on the following cranes :

6.1 Crane 439
Capacity
Span
#heal centres
Type
Duty Class
fineels
Welght
peed  Long Travel (LT)

Cross Travel (XT}
Hoist

[ crane 01
capacity

pan
Wheal centres

nucy Ciass

#hee

Welqht

Speed  Long Travel
Cross Travel
Haist

6.3 crane 535
Capacity

Spal

Wheel centres

Duty Ciase

Whe

weiqht

Speed  Long Travel
Cross Travel
Holst

Page 36
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72 tons
30,48 m

7,16 ®
Ww-type

4 <Ref 5

8 whesls, 4 driven
114,9 tons

50, 9m/nin

30, 5w/nin
4,57n/nin

50 tons
45 m
6,55 m

3 wheels, 4 driven
236,58 ton-
150m/min

66,8m/min
17,9m/min

30 tons
25 m

30, 5m/min
5m/min

—




6.4 Crane 563

Capacit)’
Wheel Sentres

Type
puty Class
Wheels
Welght
Speed  Long Travel
Cross Travel
Hoist

6.5 crane 701
Capacity

Phee1 centres

Type

suty Class

Whaels

Weight

Speed  Long Travel

cross Travel
Holist

6.6 Crane 270
Capacity
pan
Wheel centres
ype
Duty Class
Wheels
Welght.
Spexd  Longy Travel

Crogs Travel
Hoist

15 tons
37w
6,15 n
E-type

4 wheals,
47,68 ton;
45m/m1n
24,96m/min
0,96m/min

16 tons
12w

4,32 n
E-type

2 <Ref 5>
4 wheals,
9,8 tons
11,ém/min
7,8m/min
3,54m/min

22,7 tons
28,95 m
5,48 m
W-type

4 <ret 5>
8 wheels,
110,8 tons
121,9m/min
63,1m/min
10,0m/uin

2 driven

2 driven

4 driven

An E-type drive system is one where the wheels are
independently driven and are not electrically or

mechanically coupled.

A W-type drive system is one where the wheels are
electrically or mechanically coupled.




Crane 270 was the first crane tested and only two
bogies were wired Gp and measursd. The purpose of this

trial run was to find the best way to do the

connections and to determine if such neasurenents of .
the forces cauld be done. With this test severa

problems were identified, for example the time 3% toox

to do the connecting up of the gauges and wires, and R

the need for special equipment for the displacement

transducers.

it was not possible to take readings on high capacity
cranes, due to the construction of these cranes (12 f .
wheels) and the fact that the cranes are used in the
Iron manufacturing process, and .on therefore not he
taken out of production for leng periods.
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7 DETAIL EVALUATION OF CRANE 439

The graphs obtained through the PDF 11/23 Computer, as
well as with the Graphtec plotter were evaluated in
detall to determine the efficiency and accuracy of the

The following values were obtained from the crane files

and dravings

Mass of bridge 130 327 kg
Mass of cross travel 15 744 kg
Mass of cabin 2 109 kg
Total mass 168 180 kg

=> Total weight 1 648 kN

Weight distribution with cross travel at extreme north:

SOUTH NORTH
B9 SE W NE

347,388kN 320,667KN 509,667KN 470,461KkN

(35 447kg) (32 720kg) (52 007kg) (48 006kg)

Figure 7.1 Crane 439 : Welght distribution

Loads handled

7 620 kg ( 74,67 KkN)

Light load (magnet + plates)
41 060 kg (402,38 KN)

Heavy icad (beam + plates)
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Orlentation of crane

W
j
sw o W
&
8 - = N
SE 8 KNE
!
E
Flgure 7.2 Crane 439 : Orientation,

iy
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7.1
TIHE GGALE 1div.=9,bs8¢
w ! A

Vertical Forces Without Load

1 ragers

2

o TTHE

- sl

589 589 L ¥ 558
NE vert i Vart SE Vert W Vert

Figure 7.3 Crane 439 ¢ Vertical forces during
movement under controllsd conditions
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Fig 7.3 represents 23 minutes of recording, consisting
of 3

¢rane standing with cross travel moving nerth te south
and back.

Crane moving at slow, medium .and fast spead (0, 5m/s to
1,2 w/s) with the cross travel at the north side

Cross travel moves to the south.

Crane moving with varying speed vith the cross travel
at the south side.

During long travel a certain pattern in the variation

of the vertical forces was observed, The forces on the
NW and SE bogies increased togsthsr while the forces on
the NE and SW bogies decreased at the same time. These
variations appear to account for most of the dynamic
portion of the forces and probably arise due to the
torsional stiffness of the crane and small vertical
misalignments of the rails.

Transfer of vertical load from one bogie to the ather
accurs when the slope of the rails changs. A cra

with a very high torsional stiffness will transfer the
total load of the one bogie to the other should the
rails be vertically misaligned., A crane with a very
low tow torsional stiffness will transfer very Litele
load from the one F.,ie to the other as the bogie
carriage will stay garallel to the rails. It is not
possible to comment on this from a measurement point of
view as the rail alignment was not measured.
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& Vart

Figure 7.4 Crane 439 : Vertical fovces
with cross travel maving

Values from Fig. 7.4

Qross Travel{cross I’rﬂvaIJ
Noxteh South R
North-east bogis (NE) 478,7 KN 384,8 kN * X
North-west bogle (NW) 488,4 KN 331,3 kN
South-sast bogie (SE) 302,3 kN 430,5 kN N
South-vest bogie (SW} 330,0 KN 477,7 KN
Total weight : 1594,5 kN

The calculated welght of the crane is 1648,18 kN. fThe
differsnce between the calculated and measured values

is 3,2%. !
DS ; .
- {/ Page 43 |
i
vt
- B .
L - . R . MERAT , .
/ g / . )
. ;
o




7.1.2 Crane ranning with cross travel at north,.

TTAE SCALE: 141y,
Fast East ¥
Fast West?
Madium
East
Medium
West
iS¢ anding
Siaw
East
Stow
West

¢
o e 2 w00

N vart

$E vart

Figure 7.5 Crane 439 : Verktical forces during
movement with cross travel north

Fig 7.5 shows the recording done with the crane running
at different speeds, varying from 0,5 £o 1,2 m/s.

Tables T7-01 to T7-04 give a sumwary of the maximum and
minimua forces measured during these movements.

DYNAMIC (kN) L $INCREASE
STATIC

MAX MIN (kN) HAX MIN
NE | 645,2 445,5 | 478,71 | 34,77 | - 6,93
M| s62,7 332,23 | 488,41 | 35,22 | 32,2
sE | 3481 160,3 | 202,28 | 15,2 ~46,9
BR | 99,5 212,7 | 329,99 [ 2,1 ~35,5

Table 77-01 : ¥T at North ; $low speed
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DYNAMIC (KN) YINCREASE
STATIC
Max MIN (kN) A% HIN
NE ] 630,3 437,25 | 478,74 | 31,67 | ~ 8,67
Wi | 577,68 339,7 | 488,41 | 18,36 | =30,4
3E | 343,5 146,6 | 302,28 | 13,63 | -51,3
5@ | 434,2 221,4 | 329,99 { 31,58 | 32,9
Tebla T7-02 : ¥T at North ; Slow speed East
DYNANIC (KN) J SINCREASE
STATIC
MAX HIN [¢53) MAX HIN
NE | 645,0 437,2 | 478,71 | 34,73 | - 8,6
w | ses,1 352,58 | 488,42 | 16,5 ~27,8
SE | 334,34 | 169,0 | 302,28 | 10,6 ~46,9
W 416,38 238,8 | 329,98 | 26,3 ~27,8
Table T7-03 : XT at North ; Medium speed West
DYNAMIC (KN) FINCREASE
STATIC
uaxX MIN (XN} MAX HIN
e | 45,2 445,5 | 478,72 | 34,77 | - 6,9
nw | 560,6 360,59 | 488,41 | 14,78 | -26,)
sR | 329,7 164,9 | 302,28 | 9,30 | -48,4
S| 4342 247,49 | 329,99 | 32,58 | ~25,0
Table T7-04 : XT at North ; High spesd West
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7.1.3

Crane running with the cross travel at the
th.

TIRE SUALE 181v.7,bsec

-

N Veey

2 Vart

BW Yert

Flgure 7.6 Crane 439 : Vertieal forc:s during
h

movement with ¢ross travel souw

In Pig 7,6 the recording of the forces with the crane
woving with varying speeds and with the cross traval at

the south i

s shown.

g
J
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Table T7-05 gives a summary of the foraes measured
during this operation.

[ DYNAMIC (KN) ! $INCREASE
sTarIC
} HAX MIN | (kM) ax MIN
NE 478,0 338,2 354,75 34,7 ~ 4,66
e | 338,58 161,4 | 331,27 | 1,28 | ~52,3
$B | 439.7 320,6 | 425,94 | 3,22 | ~24,7
SW 607,56 ‘ 464,6 477,67 27,25 - 2,7

Table T7-05 : XT at South ; Varying speed
It was found the
up £6 1,2 m/s.
7.2 Crane boing Normal Work

Fig 7,7 show the measuraments taken with the crane
picking up the magnet, the eross traval moving south

and then normal work commencing with the crane picking

up two plakes (960kg each) and placing them on the
floor.
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TIME SEALE: Leiv. =% 46ec. X T T T

South

Magnet
lifted

Sl :
S R =

N 506 < B0 B 508 @ soo
o NE vart N vert SE Vart o vars
ey —
e Yigure 7.7 Crane 439 { Vertleal forces during
a0 execution of routine work
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7.2.1 Crane picking up the magnet (5200 kg)

TINE SCALE: 1div. =9 b

NE Vars M Vert SE Vart

o ueet

Figure 7.8 Crane 439 i Vertical forcas
magnet was tifted {welght 5800 kg)
Fig 7.8 shows the llfting of the magnet.
The Forcus weasured are 1
NE  557,3 kN
NK 52,5 kN
g8 233,38 KN
SH 464,86 kN

Total 1648,0 k¥

when

The measured value for the welyht of the crane is 1597

XN, The difference is 51 KN, which gives a mass for
the magnet of 5200 ky. (The caloulated valus is 5600
) .
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P

TINE SOALE 1div.=7 asec

SW vert

Flgure

Fig. 7.9 shows the plates being handleu.
forces measured are shown in Tabls 06

7,8 Crane 439 : Vertioal loads when
the 1ight loads were handie

The maximum

DYNAHIC | smavze {euncmmase:
MAX HIN
¥E 531,3 XN| 363,0 kN| 478,7 KkN| 1a,9
W 496,5 XN| 354,8 KN| 488,4 KN| 1,8
SE 464,6 kNI 320,86 KN{ 425,94 kN 92,09
& 50,8 K| 390,78 KN| 477,67 KN| 27,25
Table T7-06 COrane 439 : Dynamic vertical

e
Eorces during handling clL'~ light loads.
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7.2.2

Crane handling a heavy load

TIHE SEALE: 1div.s?,s6ec,

st 26=tarpt

NE Vart

MW Vert

52 vart

84 Vert i

Pigura 7.10 Crane 439 : Vertical forcas when
the heavy load was lifted {41 060kg)

FLg 7.10 shows the recording of the forces when the
heavy load (41 060kg) was handled.

Polnt V on Pig 7.10 shows the heams and hooks being
The total force measured is 1
glves a welght for the beam of 72,67 kN, or 7 400k
The calouiabed mass is b D8OKG, a'8,9% ifferences

1lifted.

669,7 kN, which

Point W on Fig 7.10 shows the loading lifted. The

total force iz 2 04

1,5 kN, which is & mass of 45 300kg.

The actual mass is 41 060kg, a 9,36% difference.

Point X on Fig. 7.10 shows the load lowered.

o
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The dynamic forces when the orane was moving during the
period W and X (Fig., 7.10) were :

DYNAMIC STATIC |SINCREASE
HAX MIN
NE 552,75 kN| 445,5 kN| 445,5 kN] 24,1
Ny 437,4 kN| 82,2 KN} 416,2 kN| 5,1 ; .
SE 595,4 kN| 503,8 KN| 558,78 kN| 6,5 [
s 694,7 XN| 607,9 KNi 629,6 KN| 10,3
|
Table 17707 Crane 439 : Dynamic vertical
forces during handling of the heavy load .
P
B
"’
Page 52
, . g . . . "
. ‘
o e, ' .
, .
K4




Horizontal Porges Without Load

The anly chanel wnicn dia ot record sny resdings was
the South-Fast horizontal foroe channa

Fig 7.11 shows the harizontal forxces for the same 23 R )
win cecording as Fig 7.3 (Page 41).

9471z "a1p1 SBS]

Standing

Slow
* East

Flgure 7.11 Cran2 439 ¢ Horizontal fordas during
movement under controlled conditions
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7.3 Crans gtanding and cross travel moving.

TIHE ECME tdiv o9, bsuc

Pigure 7,12 Crane 439 : Morizontal forces
with the cross travel saving

In Fig 7.12 the horizental forces on tha bogies are
shawn, The foroes recaxtled are the forces which acted
an the hagles as the grana stopped in that positlen.

The variation in the forses as tha cross travel movad
is low, as shown

¥4 Hor : 4,14 k¥

WE Hor i 1,78 kN
W  Bor B 6,58 XM
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7.3.2 Crana running 6lowly with the XP North

The forces axerted by the bogies on t'ae rails whila the
crane was running at slow speed are shown in Fig 7.13,

TIKE BCALE) 1dlv,a® bsec.

o West|Show East

W 0isp1} HE Bispl

Figure 7;1: ¢rana 439 : Horlzontal forvas
et

th the crana moving slowly

The maximum forces recorded during the slow run were:

| bast - west | West « east

~32,14 ki 19,7 kN
19,74 KN 13,9 kN
47,70 kN -19,2 kN

wheye the negative (-) sign shows an outward foxee,

During the fizst run of the crane, moving slowly East-west,
exteptional high forces wowe measuved on the West side
bugles. As seen in Fig 7.1, this does not £it into the
pattern fox the rest of the controlled speed runs.

This f£izst slow run was done directly after the orane was
lifted for calibratic . purposes, The ovane was pushed
out of it nowm¢l running position. The orane then had to
drive itself out of this skew position into ibs normal
more stable running position, henee the more regulax
pattern during the vest of the controlled speed runs,

This corresponds with Hunter's <Ref., 3> observat.ons
during his experiment with his scals model where high
forces wers measured with the dwive wheel slipping and the

crane driving itself into a severe skew before straightening
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7.3.3  Crane moving at medium speed

191y, x5, bare

FIHE BGALE.

T

NE Mor S Hor K ftspl | NE Diap1

Figure 7.14 Crana 439 : Horizontal forces with
the crane moving at medium speed.

“In Fig 7.14 the forces are shown as the crane moved at
wedium speed, With tho ctane moving westwards, the
forces recorded varied

:  Betwaen -19,74 and 10,20 kN
NE Hor i Between =-4,7 and 15,58 kN
t  Betweon -i§,95 and -8,55 kN

The forces decraased on the North sids bogies 52 the
orane accelerated and increased agaln as the c
decelerated. This is due to the fact that the arans
tends to centrallse itself while running. wWith

aross travel at the morth side, the bigger innrtla at
that side causes the crane to move relative to the
rails during decelaration and the forces to inptaas&

on the South side the forces aid not vary as muc
walnly due teo the cross travel being at the Nurth side.
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Crane moving at high speed

]

- ATRYE

TIHE BEALE 181v.s9,bs0c

ATRT

162 1x

TR

Hidth Ridth

Y Hor ]MN Displ UE Dlanl

Figure 7 15 Crane 439 : Horlzontal forces with
he crape moving at high speed

The forces on the bogies ware -ugh..u higher than
during the medium speed r

Between -32,14 and 9,18 ky

N¥ Hor
NE Hor E Between =-5,64 and 16,64 kN
W Hor i  Betwaen 0 and -18,78 kN

When the crane was travelling at maximum speed with the
KT at the south side, the fozces on all the hogies ware

nigh (Flg 7.18}.
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Figure 7.16 Crane 435 : Maximum forcas measured
undar controlled conditions

NW Hor 1 =37,65 KN
NE Hor 33,84 XN
sW Hor i 27,96 kN

As shown in Fig 7,16 the North side bogles were running
nr;yainst tha rall when these forces occurred. (Point
A). -

The crane then started moving mor.: to the South side
and this sidevays movement caused the high forca on the
South bogie. (point B}

The highest force on the North-west bogle occurred & -s=
the outside flange wan agalnst the xall. (Point C).

Fig 7.17 is a graph showing the influence of the orane
speed on the maghituds of the horizontal forces, without
the values for the first Baet-west run. The inoweass is
negligible except for the MW bogle, where rall/flange
contact caused one high peak force.

Hunter <Ref 3> has also congluded that dynamic factors such
as dynamic assyistry only becomes sipnificant in cranes
" with speeds of >im/s and that skewing and subsequeht

A rail/flange contaci produce the largest lateral foroes
: in oranes with speeds up to lm/s.

4
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magnitude of for-es

¥
slow

Spead

Filgure 7.17 crona 435 : Influence of speed on
the magnifude of the horlzontal Zorces

7.4 trane Doing Hormal Waxk

puring these oyclss of work, which consisted o
Rardiing plates with tha crace Gedves Wostly at the
‘South side of tha arane, the highest (orces ocourrad on
the South bogia esch time the whoar flange ran against
the rall. (Fiy 7,18)

THiE ECALsx 145y, a9, hu: .
i F E {

Higth

N Displ | NE Dispd

Figure 7.18 Crano 439 : Horizontal forzes
while execusing novmal wark
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The forces were

NW Hor :  Between ~33,05 and 18,36 kN
NE Hor : Between 15,42 and 11,20 kN
SW Hor : Between 28,52 and -3,3% KN

Nidth

W Hor HE Hor SN Har N Displ NE diupl

Figure 7.19 Crane 439 : Horlzontal forces while
executing normal work. .Cross travel narth

Fig 7.19 shows a period where the crane worked with the
cross travel at the North side, The forces changed
from predominantly ¢:itward to inward forces on the
North-west bogie. On the North-sast bogle the forces
increased as the flange touched the rails. The forces
on the south-east bogie changed from inward to outward
forces., This is agaln due to the bigger inertia
causing a tendency for tha crane to move sidevays
during braking.
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7441 Crane handling heavy load

wagz §o A

L

tdth Width

M Hor “HE Mor S Hor Wi Diepl- | HE Displ

Figura 7.20 Crane 439 : Horlzontal forces while
hendling the heavy load

With the handling of the heavy load the crane appeared
to centralise itszelf on the ralls and the forces
recorded were smaller

:  Between =2,75 and 34,89 kN
NE Hot ¢ Betwsen 10,24 and 2,16 kN
E Bakween -6,58 and 6,58 kN

This observation can possibly be attributed to two main
faotors

The crane bridge is 1,5 m higher than the rails and the
neutral axis of the crane is high above the rail level.
Any lateral movement will therefore be magnified.
carrying the load, the centre of gravity of the system
is wuch lawer, which causes a more stable movemant.

Due to the higher vertical forces when the loads ware
carried, the higher frictlon forges limited lat
movement and flange contact,resulting in smalle:
forees.
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7.4.2 Cross travel hits buffers

When the XT hit the South buffers during the handling
of the loads, exceptionally hiyh pesk forces, specially
on the south bogie, were generated as shown

Fig 7.21. fThe size of these forces were

=19 to 18 kN
2 to 29 kN
=50 to 34 kN

2 Connn)

Figure 7,21 Crane 439 : Crane hitting
South side huffers
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7.5 Conclusions
Vertical forces

Mo increase in the magnitude of the forces were
measured during the different smweeds up to 1,2 m/s.

the inerease/decrease in the forces measurad on the N¥ !
and SY bogles and the simultaneous dscrease/zncraase in
the forces on the NW and SE bogles, show that small i
vertical misalignment of the ralls can lead to

incressed maintenance due to high forces on the crane §
and gantry. !

With the low loads the accuracy of the measurements is
more than 96%, but decreases to 91% with the heavy
leads.

Dynamic forces up to 34,7% higher than the static loads
were measured.

Horizontal forces

No significant increase in forces was measured while
the crosa travel was moving with the crana stationary. i
The cress travel spesd was lov 0,308 w/s max,

The highest forces were measured when the wheel flanges
were in contact with the rails. fThe wheel flange/rail '
contact is a very important factor in the magnitude of

The higher load produged lower forces than the light
load, dus to a centraliming effect on the crane.

Fig 7.17 shows that with the exception of the NW bogis,
which shows a peak forece of 32,14 kN, the increase in
force with f_he increase in speed (up to I m/s} is
negligible.

The max forces measured during the handling of the
loads were:

N# Hor : 7,7% of cross travel + load
NE Hor i 6,7% of cross travel + load
SW Hor t 3,6% of oross travel + load

The pethod of measuring the forces gives datail daca
showing the forces and factors which influence the
magnitude of hoth the vertical and horizontal forces.

Where certain tests ware repeated, during the
experiment, the results obtained were similar a& can be
seen from Pig 7.4, Fig 7.7 and Fig 7.12.
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8 EVALUATION OF
COMPUTER

Crane 535 is a Class 4

Mass of bridge
Kass of cross travel
Mass of cabin
Total mass
=»Total weight

Weight distrlbution of
extreme wes

CRANE 535 USING THE PDP 11/23

crane with a capacity of

50
tons, belng used for handlipg of coils as well es for
maintenance work on the Mill:

values from the crane‘s files and drawings are !

: 85 426 kg
s 25 923 kg
b 1 958 kg

113 307 kg
T 1 110,41 kN

crane with cross travel at

WEST

Plgure 8.1 Crane

N su
326,8 kN 333,

EAST

NE SE
32 kN 222,87 kN 227,35 kN

536 : Weight distribution.

Loads handled :

Light load {C-Hook) : 85,54 kN
Medium load (Mill roll) 1 194,884 kN
Heavy load (Mill roll + bearings) 1 338,58 kN
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Qrientation of Crane 535 '

¥ i
i i
— i R
W o NE ¢
a | .
W o 0 --= B !
s 8 5B )
= =
: =
Flgure 8.2 Crane 535 : Orientation. . )
8.1 vertical Forcea l

8.1.1  The difference in vertical loads as the crane
remained static and the cross travel moved were 3

sW  Vert 320 to 350 kN i

SE Vert 250 to 280 kN

MW Vert 330 to 365 kN

NE Vert No data recorded .

8.1.2 wWith the cross travel 2t tha west slde and the N
crane running slowly, the forces recorded Wera

DYNAMIC (KN) SINCREASE
sTATIC
MAX HIN (XN} MAX MIN
s 360 300 s0 2,85 | ~14,28
SE 260 220 250 4,0 “12,0 B
N 398 350 165 9,94 | = 4,1

Table T8-01 Crane 538 : Vertical. loads
with crane running slowly
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With the crane running at high speed, the forcass were:

DYNAMIC (KH) [ snoreast
STATIC
MAX N (ody | max MIN
sW 260 330 350 2,88 - 5,71
SE 270 280 250 8,0 a,0
N 8% 240 365 5,48 - 6,80

Table T8-02 Crane 535 : Vertical loads
with crane running at high speed

8.1.3 Handling of light load

Fig 8.3 shows the liqht load being picked up at the
west side of the

b ¥ T W W 19 B ® W

Figure 8.3 Crane 535 : Light load plcked up
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The increase in forces were !

8B From 243 to 250 kN =>

¥W i From 400 to 435 kN => 35 kN
S : From 370 to 410 XN => 40 k¥

7 KN

difference Ls 4,

pattern, oscillating as shown in Fig 8

Tabla T8-03 : Inereass in vertical
forces due ta \:he light load lifted

wWhen the load was swinging, the fox‘css shnwed a wave

Assuning that the incraase at the NE bogie was 7 ki as
well, the measured increase in the weight was 89 kN,
while the culculntad waight {s 85,54 kN.

i

e
il

oy

e as

.
“a

v

a2
24
=

s

The variation in vertical forces were

MW :  Between 380 and 420 kN
SW 3 Betwaen 390 ana 450 kN
88 1 Betwaen 210 and 240 kN
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The lovering of the load caused a decrease in the
forces (Flg 8.3)

V7 ==
TP o gt i i T L1 T T
A

Figure 8.8 Crane 539 : Vertical forcas when
the light load was lowered

From 435 to 408 kN => 35 ky

N
i From 410 tao 37 M w» 35 KN
sE From 240 o "¢ L => 10 kN

Teble T8~04 Cr Decreasa in vartical

ane
forces when the ught load was lowered

Assuming that the force on the NE bcqie was also 20 kN,
the deorease measured value was 90
difference with the calculated weith: o 74,34 kN
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8.1.4 Handling of wedlum load

Hotsting of the medius load produced an incresse in
forces as shown in Fig &

o

i

“a
w

W

e

-

wa
s

.
a9
Yo ooy ¥ 0 i W ] W " 1
k
i,
£
w3 —_—
Figure 8.6 Crane 536 : Mediam load Lifted
n:  From 360 to 425 kN e> 65 kN
Wt ¥rom 375 to 450 kN => 75 kN
SE ¢ Prom 325 to 255 X§ => 30 K
Tsble T8-08 Crane 535 : Increase in Vertical
~ forues when the medium load wa3 lifted
Assuming that the force on the NE boe.u was also 30 N,
the difference bstween this messured nireass and the
qalculatad value was 2,62%.
Page 69
N Y i
. !
R
N K o
L ' M
.=




Movement of the crane with the medium load showed a
variation in the forces as shown in Fi 8.7

sz;:;ﬁéa,_.‘mrtiiiififf-(:::::
i |
T
N e
e | | ..
L [P N " W W £ x‘ i W 3 "
i .
i | i
& | i

Figure 8.7 Crane 535 : Crane moving
with medium load

The variation in forces was due to the cross traval
maving west. At 64 seconds the crane started moving,
while tha cross travel was still moving west.

DYNAMIC (kN) % DEVIATTON
FROM STATIC LINB
MAX MIN MAX MIN
W 455 405 1,1 | -10,0
sB 301 248 13,5 | - 3,9
W 475 420 1.7 | - 1,2

Ttable TB-06 Crane 535 : Increase in vertloal
forces during crane movamant

The dynamlc forces were up to 13,5% higher than the
static weight on the wheels.
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Lowering of “he

load is shown in Fig 8.8

k.
w3
Figure 8.8 Crane 535 : Madium load lowered
8.1.5  Handling of heavy load
Lowering of the load shows a decrease in vertical force
(Fig 8.2} +
i,
4
e "
i T
FE
b
¥y e
H ]
B
ag
A e 1 in w = 13 W
¥
3
£
. Figure 8.9 Crane 535 ¢ Heavy load lowered
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From 510 to 440 kN => 70 KN 1
Erom 470 to 380 KN => 90 k¥
From 345 to 305 kN => 40 kN

Table T8~67 Cran + Dearease in vex‘tlcu
Forces when tha haavy load wes lowere

Assuming that the ferce on the NE bogie was 40 kN, the
decrease was 240 ki, whila the load put down (the woll
+ bearings) weiqhed 253,08 kN. The difference is

(4%, In Pig .9 it can be ssen that dynamic forces
were generated when the load touched the floor. These
Forosd wers due to the elastic defornation of the
bridge under the weight of the load carried,

Increase in the forces due to the movement of the crane
with the heavy laad was 209 on the SW bagie and 13,2%
on tha N¥ bagle. (Fig 8.10)

Figure 8.10 Crans 535 i Crane moves with
heavy laad

As the POP 11,23 COMPUTER only evaluates short periods
of recordings, a 20 minute pariod of recording, plotted
with the GRAPHTEC plotter, is shown in Fig 8.11, glving
a better ovarall indication of the varjation in farces
during the travalling of the crane,

Page 72

e PN




P
b
LE

TINE GLALED ¢

Cross travel
aoves East

“TFine
standfng

Hediun
oad
foisted

aover Horth

1owered

Cross travel
moves gast

Crana
saves North

Sross travel

raves Hest

w
g '

4 ! !
41 L
L S99 la 599

S Vert s€ vart 4 Vert

Figure 6,11 Crane 535 : Vertical forces
during operation .
Page 73
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8.2 Horizontal Force

No data was recorded on

8.2.1 The fo)
and the cross travel mov.

8.2.2
varied :
sW Between 18 and
NE Between 8 and
SE : Between -25 and

outward fc.ze

With the crane moving at

noving as well,

es

the NW bogie.

orces generated with the crane staticnary

ing, were a maximum Of

With the crane moving slowly north to south
and the cross travel west, the forces on the bogies

~10 kN

-10 kN
-35 KN, the (-) indicates an

high speed, the forces varied:

s Batween 6 and ~1f kN
NE Between =28 and -40 kN
&g Between -40 and -18 kN

When the crane was moving south and the cross travel
the force:
outward and on the SE bogle mostly inwards

5W and NE bogies were
(Fig 8.12)

s on the
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-t ] 5 W NE--

i i @ ‘ “—SW SBa-
g |

CR 535

Figura 8.12 Crane $35 ; Horizonta)l forces -
Magnitude and direction with
the crana moving south
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with the crane woving in the opposite direction,
ulrection of the torces on the hogies changed as
in Fig 8.13.

the
shawn

Figure 8.13 Crane 535 i Horlzontal forces
Magnitude and direction with
the crane woving north *
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) Although the displacement transducers were ng
kS connected, the direction of tha forces ir\dicatas that
the crane was skewing during this time. High foxces
were measured

E Between -40 and 20 kN
[ NE Batween -37 and 10 KN
° 58 Between -40 and 8 KN .
5, 8.2.3  Loads lifted H
o Elastic deformation of the bridge ocourred with the

handling of the load. This deflection of the bridge
caused rotation of the bogies, and induced a horizontal
. component to the vertical force, ss illustrated in N
” Fig 8.14. The flexural stiffness of the structure

s plays o role in the magnituda of these induced forces,
as well as the position of the wheels relative to the
neutyal axis. Should the newtral axis be mich highes .

® than the whael surface , a larger displacament of the S
. Wheol surface will ocour, WhiGh Gan cause f]anqs/rnil
. contact and high induced forces.
" N
. N N i
ran ] Fruet. i
' "
Fhor :

Figure 8.14 ODeflection of bogle due to
welght lifted

To compare the magnitude of the measured and calculated
values of Fper , tne flexural stiffness of Crane 535
was determined, as well as the expacted deflection of
the bridge due to the 1ifting of the different forces.
Fyoy Was then caloulated.
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Table T8-08 shows the comparison between the calculated

and measured forces.

LIGHT (kN) MEDIUM (kR) HEAVY (kN)
CALC | MEAS | CALC | MBAS | CALC | MEAS
NE| 0,249 | 1 0,367 | 2,5 | 0,736 | 4 :
sw| 0,156 | 1 0,80 | 1,21 0,747 | 3
SE| 0,151 | ©0,5 | 0,367 | 1,0 | 0,716 | 4 : .

Table T8-08 Comparison between calculated and
maasured values for

Fhoe

Fig. B.15 (page 79) shows tha distinct change in tha
lateral forces during the lifting of heavy loals. i

The difference between +the measured end oalculatad
oross sensitivity, as discussed

values is dus

to the
in Chapter l&, section 4.1.1 (p27
standing, no dynamic factors wexe involved.

For cranes with hilgh flexural stiffness, the
by the static bridge deflection are suffluisntlv low to

be ignored.
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Figure §. 15 Crane 5356 1 Oscillating horizontal

o

orces when heavy load wa
holated and lowered
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elastl

It appears that +

¢ deformati

“rane, s'multanecusly with the
*+ of the bridge, was rotating in the

horizontal plane as “an be observed by the diagonally

opposl

B.2.5
Light

te forces ohangily COAGUITONtiy.

Forces durlng travelling
load

In Fig 8.16 it is shown that oscillating forves were

generated on the

forcas
sW H
1

NE
SE

bogles as the load was swinging.

varied in magnitude
Between 2 and ~3 kN
Batween -14 and =23 kN
Between -1l and -iB kN

The

Crane 535 : Horizontal forces

Figure 8.16
when icad was swinging
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R GO During the movement of the crane with the light load,

the forces on the bogies varied as shown in Table
8-09.

T
DYNAMIC (KN) LOAD + I % OF LOAD + XT
CROSS
uax wIN | TRAVEL | max MIN
| o -3 339,84 | 2,6 0,8
SE -21 =16 339,84 6,17 4,7
NE | 12 -2 339,84 | 3,5 0,6

Table 8-08 Crane 535

lus load 1ifted.

s

The maxinum force was 6,17%

: Magnitude of horizontal

forees when light load wes swinging.
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Hediun load

Fig 8,17 gives an i  ation of the forces exerted on
the wheels while the .rana was carrying the medlium
Load, )

st

: .
4

N

K

e

ISRV T

R P

Ty
N

Figure 8.17 Crane 535 : Horizoental forces when
crane was moving with medium load

The magnitude of the forces

are shown in Table Ts-lo

DYNAMIC (KN} | LOAD ¥ | % OF LORD + XT
CROSS
Nax wiN_ | TRAVEL | mWaX WIN
sW| 10 ~10 449,28 | 2,3 2,3
58 -32 =18 449,18 kA 4,0
NE 25 -22 449,18 5,6 4,9

Table T8-10 Crane 535 : MNagnitude of
forees shown in Fig 8.17.

The maximum force revorded was 7,1% of the cross travel
weight plus load carried.
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Heavy load

While the orane was .arrying the heavy load, the forces
as shown in Flg B.1.3 was measured. Table T8-11 lists
the magnitudas.

. N

Ie TV
L= e & ™ 2 7 eE = = : - 3
- R
v,

Pigure 8.18 Crane 535 : Horizontal forces when the
heavy load was lifted and the crane started moving

DYNAMIC (kN) LOAD + | % OF LOAD + XT
CROSS
HAX MIN TRAVEL | MAX MIN
aW | ~-15 12 592,89 | 2,8 2,
SE | 35 ~16 892,89 | 5,9 2,7
NE [ -40 13 592,89 | 6,7 3,03

Table T8-11 Crane 538 : Magnituds of forces
as shown in Fig 8

The maximum force of 40 kN was 6,7% of the oross travel
waight plus load handled.
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8.3 Conclusions
Vertical .

With the assumption that the forces on the NE bogie,
where the recording did not work, varied with the same
magnitude as the SE bogie, the measured values were
within 5% of the calculated load values.

Dynamic forces due to the movement of the crane were a
maxinum of 20¢ of the static value. . .

osculatinq forces qeneraterl when the load was lowered
onto the £loor, were due to the elastic deformation of
the bridqe structure These forces had a magnitude of
up he deformation of the structurs was felt
durinq the eyecutien of the tests.

When the loads were lifted, a greater increase of
forces was observed in the bogles cleser to the cross
travel. ; .

Swinging of the load, observed 1 Fig 8.4, showed to
have a pasked infiuahce om fhe agnifude of the
vertical forces.

Horizontal forces

tWhen the cross travel moved whils the crane yas H
standing, only small variations in the horizontal N .
forces were observed. X

Although the displacement transducers could not be ‘
connected, the variation in forces as shown in Fig 8.12
and Fig 8.13, indicated that the crane was skewinq.
High forces were racorded during this per:
confirming that the flange contact with the rails is an
important factor in the magnitude of the lateral

rees.

Elsstic deformation of the bridge induces lateral

forces on the bogler, which are influenced by the

flexural stiffness of the bridge, the position of the .
wheel surface relative to the rall and the position of

the cross travel.
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<
] DISCUSSION OF FORCES MEASURED ON CRANES 501,

8. ° 5§63, 701 AND 270

° 9.1 Crane 501

Crane 501 is a 50 ton capacity crane with the longest :

span (45 meters) at ISCOR works. The crane is used for

the handling of the hot rolled coils. i
|

Crane data

. Mass of bridge + 171 321 kg
5 Mass Of cross travel  : 60 226 kg
b 5 Mass of cabin : 5 031 kg L
o Total mass ¢ 236 578 kg
" =>Tatal welght : 2318,46 XN ‘ “

. Welght distribution with cross travel In centre of
crane 3

NORTH S0UTH
Ne W sE ] R N

7 580,7 kN 586,60 kn 573,6 kN $77,5 kN

Figure 9.1 Crane 501 : Weight distribution

N Loads handled :
98,0 kN
d 139,94 s
& 242,06 kN
246,57 ki
304,97 kN
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orientation of crane

B amm

R 501/

S8

rigure 9.2 crane

W

|

i
L
——

‘ NE

|

'

B

501 : orientation.

9.2.1

The foreas maassured during the travelling of the crane

with the cross travel at different positions wera :

CROSS TRAVEL

SOUTH kN| CENTRE kN

NORTH XN

656,6 871,8

897,2 L 8116

465,9
838,2

Table T9-D1 Crana 501 : Vertical forces with

the cress travel in different positions

{No readings were registered on north side bogies)

With the crane handling the different lnads, the
maximum and minimuw forces recorded were

LoAD B LOAD ¢

MAX | MIN | MAX | MIN
£ 597,71 323,4] 923,8! 37°,6
aw 764,79{437,04{1030,1{ 312,1

Page 66




1LOAD D LOAD E

MAX MIN MAX MIN

8E
sw

736,01} 523,9| 748,5|449,05
780,4| 310,2] 811,6{ 171,3

Table T9-02 Crane 501 ; Vertical forces
wi

th different loads

The highest force was measured when the cross travel
was maximum south, during the handiing of load €. This
force was 25,29% hlqher than the static force on the

bogie.

Oscillating forces were observed on the SW Bogie during
the handling of the load ¢, showing that the structure
the crane, due to the long span, deformed

of
elastically.

5.1.2 Horlzontal forces

Crane travelling without load

The forces recorded during the travelling of the crane
with different speeds and with the cross travel in the

centre were :

EAST WEST
SE ~50,83 kN 53,79 XN
W ~52,34 kN 54,69 kN
W 42,14 kN | -48,38 kN

Table TB;DS Crane 501 : Horizontal foroes
W e

With the cross travel South @

th the cross travel cen

BAST WEST
SE ~58,66 kN 47,31 kN
W - 50,88 kN
EY 23,96 kN 46,32 kN

Table T9-04 Crane 501 : Horizontal forces
th

with the cross travel souf
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With the cross travel North

EAST WEST
SE -44,57 kN 50,84 kN
e o s
W 15,17 XN | -38,33 kN |

Table T9-05 Crane 501 : Horlizontal forces
with the cross travel north

Crane handling loads

The maximum forces recorded during the handling of the
loads arve summarised in Table T9~06.

a B < b | =
SE| 54,75 59,08 70,78 50,84 | -67,65
NW{ -54,79 47,74 79,82 44,72 43,13
sW| -39,93 3,92 43,10 52,45 43,13
il

Table T9~06 Crane 501 : Horizontal forces
witn the crane handling loads

General

High oscillating forces yers recorded during the
holsting of some of the loads, These were due to the
elastic deformation of ths bridge and the speed with
which the hoisting were done. Fig 9,3 (Page 89) shows
these forces.
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Figure 9.3 Crane 501 : Oscillating horlzontal
forces during handling of load.

buring the test it was observed that the high forces
were generated when the bogies were running against the
rails. Fig 9.4 {Page 90) shows how the forces changed
when the crane moved relative to the rails.
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Fiqure 9.4 Crane 501 : Horizontal forces generated
N the crane moved relative to the ralls

It vas algo observed that the crano was skewing as seen
in Fig 9.5 (Page 91). The maximun forces were
generated during the times the wheels were running, due
to the skewing motlon, against the rails.
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Figure 9.5 Crane 501 : Horlzontal forces - Magnitude
and direction when crane was skewing
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9.2 Crane 563

crane 563 ls a 16 ton capacity, pandant controlled

crane with a span of 37 meters. The orane is usaed for

the handling of spares.
crane data :

Mase of bridge
Mass of cross travel

Total mass

43 420 kg |
4 260 kg

47 680 ky

=>Total weight 1 467,264 kN

Weight distribution with cross travel South

souTH NORTH

SW SE W NE
11 580 kg 14 254 kg 9 800 kg 12 080 kg
113,09 kN 139,68 kN . 9€,04 kN 118,38 kN

Figurs 9.6 Crane 563 : Weignt distribution.

Loads handled :

Load A i 7,252 XN
Load B i 14,504 KN

Orientation of orane :

W

S0 - W
3

G e i —
] 8 B
" - | v

Figure 9.7 Crane 563 : cvientation.
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‘ . 9.2.1 Vertical forces

The foraes measures during the travelling of the orane
with the cross travel at different positions are

CROSS TRAVEL NORTH SOUTH
STATIC | DYNAMIC| STATIC | DYNAMIC
Nw 113,09 | 138,88 | 96,04 | 101,155
NE 139,65 | 143,01 | 118,38 | 122,36
SE 115,38 | 126,49 | 139,69 | 143,75

Table T9-07 Crane 563 : Vertical forces with
crane moving without load

(No readings were registered on ths scuth-west hogie)

With the crane handling the different loads, the
maximum forces recorded were

L 111,33 113,43
NE 145,47 151,16
sg 131,57 134,61

Table T9-08 Crane 563 : Vertical forces with
orane handling loads

The highest vertical force was measured on the NE bogie
when the hoavy load was picked up. This force was
151,16 kN, which was 12,5% higher than the maxinum
static force.

osclllating forces were observed on the bogles during
the tests showing that the structure of the orane is
much more flexible dus to the long span and light
construction. The forces are also carried over

directly to the structure, as this crane is a fixed
uhasl typa, with the wheals connectad directly te the
structure,
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9.2.2 * Horigontal Forc s

trane travelling without ioad

The forces recorded during the travelling of the crar\e
in

with diffarent speeds and with tha cross travel
different positions were :

FORCE (KN)
XT SOUTH XT NORTH
W 13,19 - §,60
wE -10,84 + 3,02
£ 13,45 ~ 3,43

Table 19-09 Crans 563 : Horizontal forces with
e crane moving without loads

(o readings recorded on the south-east bogie)

Crane asndling loads

puring hcistinq of the load the forces generatad are
shown in Fig

¥ ;% g
H B g
2 ﬁ E ;
et ',g& 23
St Qg 5

; R 3
g £

Hr
i T & e

Figure 9.¢ Crane 563 : Load 1ifted
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FORCE (KN}

NW
NE
W

~ 2,62
2,45
5,31

Table T9~i0 Crane 583 : Horizontal forces with
the light load (load a) llfted

The forces generated are transmitted more directl
through the structure, as there is no bagle pln e
can have a reducing effect on the forces.

As there ls always play betwaen the bogie pins and its
housing, forces due to syall movements of the bridge
yelativa to tho pogies, are abeorbed by tnis play. "In

he case of the directly coupled wheels, the forcas are
ranewitten Gizectiy thyough the Btrecrire.

Pig 9.9 showr. the forces during a pario@ where the
2o

crane was moving with

TINE SCALE $div,e9,bsac

vl'}ﬁ!ﬂ!‘.ihl?"“""“ i
-.

Piqure 9.5 Crane $63 : Morisontal forces with
crane moving with haavy L
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Hitting the end stops

Due to the low velocity of the cross travel, the forces

generated during the collislon with the end’staps vers

FORCE (kN)
W 2,31
NE 2,58
£ 1,20

Table T9-Ll Crane 563 : Horizontal forces generated

when the cross travel hit the endstops

Off-centre lifting of the load

This action also produced low forces :

FORCE (kN)
NW 1,10
NE 2,34
£ 1,95

Table T9-12 Crane 563 : Horizontal torcss during
of; 10.d

£ centre lifting of the

skewing of crane

Slippi
crane,
wheel.
wheel.,
during
‘Table

ng of the drive wheel, causing skewing of the
was simulated by disconnecting the one drive
The crane was then driven by tha NE drive
Fig 9.10 (Page 97) shows the furces recorded
these tests, with the magnitude: cummarised in
T9.13.

CROSS TRAVEL{ MOVING EAST (kN)| MOVING WEST (kN)

W 16,6) | 17,23 | ~23,28 | -17,22
NE - 9,20 | - 8,02 | 10,00 9,49
sw 8,45 911 | - 8,55 | - 5,10

Table T9~13 Crane 863 : Horizontal forces
ganerated during skewing of the crane
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Pigure 2.30 Crane 56) : Effact of drive wheel
silp, causing skewing
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9.3 Crane 701

Crane 701 is a 16 ton capacity, pendant controiled
crane with a span of 12 meters. It is a fixed wheel
type crane with four wheals, two drive and twe non-

ve. The orane is used in the servicing of an ore
crushinq facility,

Crane dats 3

Mass of bridg i 7 000 Kg
Mass of oross travel ¢ 2 800 Kg
Total mass : 9 800 Kg

=> Total weight t 96,040 kN

Weight distributlor iith cross travel East 3

BAST WEST

sw
2925,6 kg 1926,6 kg
(28,67kN) (18,8akN)

se
3169,4 kg

{31,060kN) (17,428KN)

Figure 9.11 Crane 701 : Weight distribution.

NW
1778,4 kg

Load handled :
Load A i 25,480 kN

Orientation of the crane :

N
—

W = NE
]

W v-- = -z

Ll 3 8E
L

{

1
s
Figure 9.12 Crane 701 : Orientation.
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2,3.3 Vertical forces

The vertical forces recorded with the crane travelling
without load, but with the cross travel in different

positions are shown in

MAX (XN)} MIN (XN)

Table To-14

sw

Nw

32,37 18,13
33,82 17,34

Table T9-14 Crane 701 : Vertical forses with
the

e crane

moving without load.

#With the ecrane handling the load, the forces recorded

were

MAX (KN)] MIN (KN)

sw
Ne

37,38 16,68

40,80 20,60

Table T9-15 Crane 701 : Vertical forces with
the orane moving with loa

The highest vertical force measured was 40,8 kN, an
increaze of 8,23% on the maximum static wheal load,

9.3.2 Horizontal forces

Crane movinyg without load

The forces recorded when the crane was travelling
withcut the load are sbown in Table T9-16

FORCES (kN)
o ~3,22
Nig 6,7
NE 7,16

Table #%9-26 Crane 701 : Horizontal fatces with

the crane

moving wlthout ica
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Crane handling the load

During the handling of the load the maximum forces
recorded on the wheels were :

FORCES (kN)

s ~3,866
N 8,055
NE 8,380

Table T9-17 Crane 701 : Crane moving with load.

Hitting the end stops

Due to the vary low velocity of the oross travel
(0,127m/s), the forces gencrated when tha cross travel
hif the end stops wexs iow, as seen in Table T9-18.

FORCES (XN)

fTable T9~13 Crane 701 : Horizontal forces when
the cross travel hits the endstops.

Skewlng of crane

For this measurement the East drive motor was
disconnected. Fig 9.13 shows che sharp forces
generated similar to the forces observed on orahe 563.
Table T9-19 shovs the magnitudes,

NORTH
W 24,79
b ~2,68
NE 3,58

Table T9~1% Crane 701 : Horizontal forces
with skewing of the crane.
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9.4 Crane 270

Crane 270 was the first crane tested and only two
pogies were wired up and measured. As the wiring was
dona on the crane itself, the connections were not good
and only one channel, the SW harizental ferce, recorded
meaningful data,

This arane is a 22,7 ton capacity orane with a span of
28,95 m and is used in the storing of hot rolled coils.

Crane data :

Mass of bridge H 86 808 kg
Mass of cross travel 21 260 kg
Mass of cabin : 2 740 kg

Total mass ¢ 110 BOB kg
=> Total weight : 1087,03 kN
weight distribution with cross travel north

soUTH NORTH
W SE L e
21 870 kg 22 590 kg 32 505 kg 33 830 kg
(214,57%" | (221,69KkN} (318,87kN) (339, 89KkN)

Figure 9.14 Crane 270 : Weight distribution.

Loads handled :
Load A H 32,96 kN
Load B : 53,95 kN
.
o
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crientation of the crane

W
—1 i
s -
g
g - o
s 8 ¢
i
i
B
Flgure 9.15 Crane 270 : Orientation.

£
v i

NE

9.4.1 Horizontal forces
With the crane moving east without a load, the
force was 16,93 kN outwards.

with load A was 24,48 kN, which vas the overal
force recorded.

maximum force recorded was 15,84 ki
the actions of the crane i.e. skewing, dynamic

whee.

rage 103

maximum

The highest force ragorded when the crane was moving

i
P highest

As the crane moved west with the heavier load B, the
Although the insufficlent data does not give an idea of

asymmetry, etc, the readings do give an indication of
the magnitude of the forces exerfed on the cran




9.5 Conclusions

9.5.1  Vertical Forces
Oynamic forces when lifting and lowering loads are more
prominent in the craues with long spans, as were
recorded on cranes 501 and 563. The elasticity of th
crane structure is an important factor in the Tagnitnds
of the vertical forces.

The highest force weasured during the operation of the
cranes was 25,19% higher than the static force at that
point (Crane 501).

9.5.2  Horizontal Forces

The dynamic forces wers also observed in the hartznntal
direction during the lifting of the loads. It was more
prominent in the long span cranes.

High forces were recorded when the crane wheels were
running egainst the rails.

The lsrge lateral forces observed by Hunter in his
scale model <Ref 3> when the drive whesl slipped, were
measured on the two four wheel cranes as well, thereby
confirming his obsurvations. ‘'These forces were up to
32,18% of the cross travel weight, plus load handled.

Off-vertical 1ifting of the loads produced only low
forces, and van be neglected in the design criteria.

In the low velocity cranes (<0,127m/s), the forces

produced when the cross travel hits the end stops, are
negligible.
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CODE COMPARLSON

10.1
static wheel loads

Vertical loads ag a percentage increase of the

CRANE | MEASURED

LIMITING FORCE %
No VALUE |SABS 0180 |DIN 4132] BS 449 AISC
% <Ref 7> [<Ref 10>| <Ref 6>| <Ref 9>
439 34,77 25 40 25 25
535 20,00 25 40 25 25
501 25,19 25 40 25 25
563 12,50 20 20 25 25
701 8,54 20 20 25 25

vartoug cod
10.2 Horizontal Forces
10.2.1 B.S.~ 449 <Raf 6>
load as follows ¢

EOT 10%
Hand Operated 5%

es of practic
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Table T10~0i : Vartical forces as predicted by
ice,

Forces acting transverse to the ralls shall be taken as
a percentage of the combined weight of the crab and




LOAD MEASURED| % BS 449
(kN}
NO oAb | 47,70 13,60 10
439 A 33,05 7,78 10
B 34,89 4,60 10
NO LOAD | 40,00 15,50 10
545 a 23,00 6,75 10
B 25,00 5,58 10
¢ 45,00 6,70 0
NO LOAD | 58,66 9,16 10
A 54,79 7,40 10
501 B 59,08 7,56 10
c 79,82 9,05 10
D 52,45 5,91 10
E 67,65 7,16 10
NO LOAD | 13,45 32,18 20
563 a 5,31 10,82 10
a 16,20 28,77 10
701 NO LOAD 7,18 26,10 10
A 5,35 15,77 10
NO LOAD | 16,93 8,11 1
270 A 24,48 10,13 10
B 15,84 6,03 10
Table T20-02 : Horizontal forces
s per DS 449,
310.2.2 5.A.B.8. 0160 <Ref 7>

Allowance for sccelersting or bruking ¢

Combined weight of crab and load Lifted multiplied by

Clase 1 0,05
2 0,10
3 0,18
4 0,20

Divide the foroes amongst all the wheels.

acoording to this standard, oranes 439, Y35, 501 and
270 are class 3 oranes.
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per SABS 9160.
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skewing of crane in plan :
Apbly to each wheel a force of
P, = 1,5%p
Whot By =N/ N
X = Class 1 0.05
0,12
3 0,15
4 0,20
M = " hined walght of bridge, erab and load
N = ar of crane wheels
CRANE LOAD MEASURED] PREDICTEN]
No (kN) (RN} |
NO LoAD | 47,70 48,40
439 A 33,05 48,50
B 34,89 57,72
NO LOAD | 40,00 31,26
535 » 23,00 D67
B 23,00 36,74
© 40,00 40,28
No toap | 58,86 65,27
A 54,79 68,03
501 B 59,05 69,20
¢ 7¢,82 72,08
D 52, 3 73,21
E 67,65 73,84
NO LOAD | 13,45 21,04
563 A 5,31 21,37
16,20 21,70
701 NG L0AD 7,16 4,33
a 8,35 5,47
No Loap | 16,93 30,57
270 A 24,48 31,50
B 15,84 32,09
Table 710-03 : Horizontal forses




10.2.3  B.S.- 2573 <pef 5>

Skew loads due to travelling :
Multiply the vertica{ forces on each wheel or bogie by
Coeff A

»
0,20
0,15
0,10 -
e
o5 :
V. i
CRANE LOAD
o !
439 Ho LOAD | 47.70 56,06
. A { 33,05 59,35
heo,a| 189 73,77
MO LOAD | 4€,00 33,39
535 A 23700 36,76
s 25,00 41,13
A= 0,10 ¢ 4 00 | 45,88
! 0 LUMD | 58,38 57,26
2 54,y 71,50
501 s 59145 73,30
c 79,82 | 84,27
A=o0,50] D 52,45 | 83,60
E |, &7,62 80,60
563 | NG noAd | 13,45 20,95
531 21,38
h=a,us 15,20 21782
701 | wo roap | 7.6 2,29
A= 6,08 A 8,35 3,19
a7¢ KO LOAD 16,93 25,74
A 24,48 28,34
aeoaz| B 15,84 29,45
Table TL0-04 : Horizontal fowces

as per BS 2573,
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10.2.4 F.E.M. Section 1 <Ref 9>
Pransverse reactions due to rolling action

#hen two whesls (or two bogies) roll along a rail, the
couple formed by the horizontai forces normal to the
rall shall be taken into consideration. The components
of this couple are obtained by multiplying the vertical
load exerted on the wieels (or bogies; by a coefficient
A which depands upon the ratio of the span p to the
wheel base a.

As shown In the graph, this coefficient lies between
0,08 and ¢,2 for ratios of P/a between 2 and 8.

0,20

0,18
0,20

0,08

0,00
3
R/a

The values are the same as for BS 2573 <Ref 5>

10.2.5 HModels developed by Hunter <Ref 3>

The models developed by Hunter were ussd to predict the
forces on three of the cranes tested.

e three cranus evaluated vere Crape 701, Crans 563
and Crane 433.
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Data for these cramins, used in the evaluation are :

CRANE 701 563 439

TYPE B B W
Building stiffness (k¥/m) 7434 3483 | 2227,5
Mass of bridge (ton) 7.0 43,37 | 132,13
Mass of cross travel (ton) 2,8 4,26 | 35,66
Mass of load (ton) 2,15 0,8 6,0
Mass moment of inertia (t.m) T 222,32 | 7438,4 |20163,35
Crane span (m) 12,0 37,0 30,48
Wheel centres (m) 4,32 6,15 7,16
Max. cross travel limit (m) 10,0 34,0 37,0_]
Wheel radius (m) 6,157 | 4,230 | 0,419
Flange contact radius (m) 0,159J n,z:\si 0,445
Crane velocity (m/s) 0,193 { 0,330 f 1,219
Initial angle of skew (rad) -0,0032 —0,00296(—5,00397
Time step (sec) 0,001 { 0,001 | o©,000
Rail 1 - Vertical reaction (kN) 48,06 | 234,75 | 823,19
Rail 2 - Vertical reaction (kN) | 48,06 | 234,75 | 823,19
Rail 1 - Wheel resistance (KN) 2,90 | 13,01 | 54,025
Rail 2 - Wheel resistance (kN) 2,90 | 13,01 | 54,025
Rail 1 ~ Braking force (kN) 9,61 | 86,95 | 164,63
Rail 2 - Braking force (XN} $,61 | 86,98 | 164,63
Rail head width (m) 0,06 0,08 0,10
Pendulum length (m} 5,0 13,0 13,5
Buffer stiffness (kN m) 2500,0 | 1200,0 | 1250,0
Bridge mass+portion of building | &,8 43,17 | 141,28
Log decrement of building a,3 0,3 0,3 7
Log decrement. of buffer 6,5 0,5 9,5
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With these parameters the programs CROSS TRAVEL, CRAB
and SKEW were run. Table T10-05 gives a summary of the
predicted and measured values., It is olear that tl

valves as predicted by Hunter <Ref 3> compare well "oitn
the foroes mearured.

CRANE| CROSS TRAVEL CRAB SKEW
No cr CRAB SKEW
701 | 2,18 | 5,54 2,20 | 0,97 8,35 {12,86
563 | 2,88 | 2,72[ 2,00 | 1,46| 23,28 {26,53
439 | 50,00 [46,23] 16,95 [12,09( 47,70 {37,901

Table T10-05 : Comparison of measured forcas with
the models developed by Hunter <Ref

The skewing forces and cross travel forces are more
easily determined than the forces dua to the dynamic “
asymmetry of the crane, as the former can be measured
under controlled conditions, where as the latter cannot
alvays be isolated from the other forces.

The values for the forces due to the dynamic asymmetry
were taken as the forces recorded just before and after
the change of direction of the crane as can be seen in

Fig 7.15,

These models were developed assuming that the vertical '
reactions on all the wheels are equal, which L& not the
case in practice. The values, however, correlate well.
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10.3 General Digeussion

The accurate determination of the forses generated
during operation Ls Lmportant for both tha crane design
important that
design ®codes of practice ®inolade ail the poseibie
actions when giving formulae for limiting forces.

10.3.1 Vertical forces

DIN 4132 <Ref 10> is the only code where the measured .
forces were lower than the limiting force predicted.

The limiting force according to SABS 0160 <Ref 7> was,

except for Crane 535, lower than the forces measured.

although the limiting forces pradicted by BS 449 <Ref

6> and AISC <Ref 9> are lower than those predicted by

the other codes, the values measured on the cranes were

21l still lower except for two exceptions (Table T10-01

Page 105).

The high force on Crane 439 was due to the observation
that forces on the bogies diagonally opposite each
other increased as the forces on the other two bogies N
decreased. The weight of the crane was then mostly

carried by the two hogies, giving a larger percentage -
increase in the static wheel loads.

10.3.2  Horizontal forces

Most of the measured forces which were higher than the
limiting predicted forces, were measured whan the ‘.
crangs were running without load. This can possibly be

attributed to the centre of gravity of the oranes being

above rall leval, as well as the higher friction forces l

during the carrying of the loads, which limited lateral

movement. and flange contact, resulting in lower forces. ¥

Drive wheel slip ocours during normal operation of the
cranes, either because of dirt or grease on the rai'w,
or failure of one drive system due to elsctrical
failure of the motor or mechanical failure of the
coupling or drive shaft.

The very high forces on Cranes 563 and 701 were

uneasured when the drive wheel slip was simulated. The

codes of practice do not take this into uonsidaration,

b:t it was seen to cause very high forces on -
wheels.
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In the codes of practice where the welght of the crane
pridge is taken into consideration, especially on the

1light structured cranes 563 and 701, the predicted

limiting forces were closer to the measured values than

BS 449 <Ref 6», where only the velght of the cross

travel (crab) is taken into consideration. This was

due to the fact that in a lony span, low capacity crane

the bridge structure is heavy, but the cross travel

weight low, and low forces are therefore predicted. .
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10.3.3

Factors not taken into consideration in the
codes of practice

The tursiom\l stiffness of the orane structure together
with the vertical misalignment of rails.

drive wheel slip.

When the crane is running without load.
Elastic deformation of the crane structure.
Swincing of the load.

These factors were found to he important factors in the
magnitude of the forces generated.

case 1

10.3.4 Actions influencing the maximum forces. .
}
|
i
b

Thase forces are generated by the cross travel
movement and/or hitting the end stops. Here the forces
due to the different actions can act together and when
working in the same direction cavse high forces.

It was seen i1 Fig 7.21 (Page G2) that high forces
developed in the sams direction when the orose travel
hit the end stops. .
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Caze 2

Due to the deformation of the crane bridge and/or the
mlgalignment of the rails, outward forces are exerted
on both rails. These forces will have an influence on
tha supporting columns.

These forces will, however, have a lass severe
influence on the supporting columns with structures
vhere the columnc alsc support a roof structure than
the forces in Case 1. Fig 8.15 (Page 79} shows that
the forces were mostly cutvara during handling of the
loads. It appearsd that the crane bridge did not
deform uniformly but that the crane rotatzd {n the
horizantal plarz,

Lifting of the loaqd, cccurring simultaneously with the

outward forces, will increase the total foras on each
wheel.

case 3

Thase forces are caused by skewing of the crane due to
unequal wheel diameters, difference in drive motor
speeds (for E-type cranes) and drive wheel slip. These
forces will primarily effect the gantry beams, and also
the connection point between two beams, or batween the
beans and the columd, when the whesls are on both siden
of the joint

When the cross travel hits the andstnps durlnq this
aotion, the worst situation probably rs. It W

sesn tha: higa forces were measured e Ene crane was
skewing, as well as when the oross travel hits the
endstups. Should these actions cocur simultanecusly,
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e

the forces on the one hogie will add up, givlhq a very
high rasultant force, wnile the force on the

bogie on the same side will decrease. The

osclllations during the Lifting of a load are, however,
of sufficiently short quration that they will ot ocour
siuitanecusly with skewing or drive wheel siip and
need not be considered together.

10.3,5 Forces predicted by Hunter <Ref 3>

In Fig. 7.16 flange wheel contaat oceurred. The forces
predicted, and measured were as follows ¢

MEASURED
(N}
NW HOR 37,66
NE HOR 14,19
SW HOR 2,60

n Fig. 2.10 the sams correlstion was seen during

whedlyFlangs contact

PREDICTED] MEASURED|
(KN}

{kN})
Bt 26,53 20,12
NE 8,12 2,75
Y 0,00 2,02

The program a8 daeveloped are not only useiul i.n
predicting the maximum forces, but alse giv

indication of the forces which will b¢ exez'teﬂ on the
other wheels,
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10.3.6 Ganaral

#hen we considar the design of the bunrung stpporting
the crane, the problem is not only o £ind the maximum
forces on the individual wheels, as the combination of
certain actions cen cause higher resultant forces on
the structure,

In all these cases it s clear thet the forces are
transwitted by the crape ralls to the structures and
must therafore also be taken into consideration in tite
design of the rail fasteners.

Trow this study, s vell s the vork done by Hunter
<Ref 3>, it is clemr that all the sctions producing the
Soracs dre not aken ino comsidaracion in the cobes of
practice.

Lower forces are predicted in the codes where only the
oross travel and the load are taken inta consideration.
In the case of long span , low cepacity crane:

{Crane 563}, the bridge needs to be heavy for strength
and higher forces are therefora generatod (Table 10-02
Page 106). The codas taking the bridge walght into
consideration , predicted higher forces {Table 10-03
Page 107 and Table 10-04 Page 108}

Bigher farces for the high capscity cranes are
predicted by the codes which take the span of the orana
into consideration than those only using the welght of
the crans components as a criterion.

The neutral axis of the 8 wheel cranes are higher than
the wheels at rail level. This can cause & magnifying
effect on the forces generated and higher forces were
therefore measured on Cranes 439, 835 and 501.

{Table 10-03 Page 107)., Relatively high forces were
measured on Crane 701, a light structured, low capacity
crane.

The vodes do take wkewing caused by nisalignment of
wheels, different whesl diameters or difference in rail
levals, Hupter <Ref 3>, into consideration put &s not
conslder the case where the crane is driven skew. This
driving accion pruduced much higher forces than the
forces pradicted by the codes for other forms of

skewing. (PFlg 9.10 Page 97 and Fig 5.13 Page w!.)
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1 CONCLUSIONS

i) The method of measuring ' .e forces is prast;cal
and gives accurate data of the forces generatsd during
operation. Due to the dlrty environment and vibraticns
experienced on the cranes in the Iron manutac’curing
Progess, problems were experiencad with
connections, leading to chanmels not nt.rking. cross
sensitivity was found to be low.

ii) Processing of the data using the PDP 11/23
computer gives accurate rasults, as a wide scala  renge
can be used. ‘The Graphtec plotter gives a bstte:
overall picture of the whole pericd of nperats.en, but
is limited in the vertlcal soale range

1id)  Vertical Forces

a) Tor speeds up to 1 m/s, the dynamic increase in
force was independent of crane speed

by Small vertical misalignments in the rails lead to
high forces on the crane and gantxy

8), Oscillating forces are generated dnring 1ifting
and Jowering of the loads, due to the el

Geformation of the bridge. These fortes e Cntgner in
the cranes with longer spans.

d4)  The measursd valuss compare well with “he

predicted values of the Qifferent codes of practice
iv) Hovizontal Forces

a) 'the low oross travel speeds of the cranes tested,

showed that this action caused very low forces and can

ba neglected in the design of the cranes.

b)  Wheel/Flange contact produces hiyh forces on the

ralls and is one of the prinary causes of lateral
forces on the crane wheels

wl The incrsage in lateral forces with the increase in
crane speed (up to 1 m/s), is negligible.
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d)  No correlation was observed betveen the lateral
forces and the loads handled. On Crane 439 the forces
decrassed with the increase in loads handled. It
appears that the load has a stabilising effect on the
crane, tending to keep the crane from *wandering”
whereby the flange/wheel ocontact {s limited. On Crane
501 higher forces were observed when the crane handled
a lighter load than when it was handling a high load
(Table 79-06)

e) Deformation of the bridge generated oyclic forces
Quring hoisting of loads.

£)  off-gentre lifting of loads produced low forces.
Howaver, it was only tested with the load slidiry into
position, and not with an obstanle preventing s laways
novement of tha load.

9)  large lateral forces, observed by Hunter <Ref 3>
in his scale model when the drive vheel slipped, were
observed on the two four wheel cranes tested for this
purpose

h)  The present Codes of Practice are too incansistent
and all the actions generating forces are not always
taken into consideration.

i) Por the heavier, faster orane the values
predicted by Hunter <Ref, 3> compare well. The
difference in the measured and predicted forces can be
attributed to the fact that in practice the different
forces never occur in isolation, but are rather the
combination of different forces whi:h then increase or
reduce the resultant force on each bogle.

j} Mot only the maximum forces, but also the

combinstion of forces are important in the design of
cranes and thelr supporting structurer.
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12 RECOMMENDATIONS FOR FURTHER WORK

1) The effects of vertical misalignment of the
rails on the magnitude of the forces needs to be
investigated further.

2} The action of a drive wheel slipping on one
side showed the develovment of large forces. This
needs to be investigate

3y The influence of the position of the centre of
the gravity of the crane on the behaviour of the crane
and the magnitude of fortes need to be assessed.

4) The forces on very light,  ow capaclty cranes,
which were found to be higher than predxc‘ced.

From Huntex’s work <Ref. 3> and the correlation
found in tha measurements betwsen his prediction and
forces found in practice, a revisicn of existing codes
can be dona.
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