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1. 1 NTRCDUCTI ON

1.1. Purpose

The purpose of this study is to examne the suitability of tower
cranes for use in dockyards in the United States. ~ Since the
tower crane is not widely famliar in the US., although it is
the workhorse of Europe and the Far East, sufficient information
has been given to allow both the theory and operation of tower
cranes to be understood. The cost and cost-effectiveness of
tower cranes are exami ned, and applications for which they are
particularly suited are presented in detail

It is intended that the data and conclusions offered in this
study woul d be of value toany U S. shipyard during the planning
and acquisition of replacenment cranes.

1.2. Problem

It is now apparent that the cranes traditionally used in US.
shi pyards do not offer the performance, the flexibility, or the
cost-effectiveness of cranes available in Europe and the Far
East . Most owners, however, lack sufficient background
know edge to integrate various crane designs into a conplete
crane Eack%%e so that the right crane is always available for
the job. t hout such know edge, a shipyard can not conpete in
terns of productivity or of cost-effectiveness. Particularly
lacking is an understanding of the role tower cranes can play in
the day-to-day running of a yard; this study 1s accordingl
offered to the reader as the first conprehensive discussion o
tower cranes in dockyards available in the United States.

1.3. Scope

This study is not exhaustive. It confines itself to ship-
bui | ding and repair operations, |eaving aside other maritinme
applications such as container handling or offshore oil-rig
installation. Further, no attenpt has been made to discuss
tower cranes on a manufacturer-by-nmanufacturer basis. The study
confines itself to general principles as exenplified by
particular (typical) cranes. Another self-inposed limtation is
that in discussing investment and running costs, exact dollar
figures have sel dom been given, partly because they are not
reliably available, and partly because the currency roller-
coaster soon makes such figures worthless. Instead, conparative
figures, i.e., cost factors, that can be attached to cranes of
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di fferent tyﬁes have been given. In general, the study has not
tried to achieve quasi-scientific conpleteness; rather, it has
hi ghlighted the information a crane owner who was about to make
an investnent decision might find useful and relevant.
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VWl ter P. Manning
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2. _MANAGEMENT OVERVI EW

The overview is included to allow the reader to access quickly
the argument and conclusions of this study.

PURPOCSE OF THE STUDY

The purpose of this study is to famliarize shipyard managenent
with the theory, operation and possible applications of the
t ower crane.

TOMER CRANES IN HI STORY

The long evolution of the tower crane in dockyards and on
construction sites has led to a design that is highly efficient
and extrenely flexible in operation.

TOMNER Cl Ui NES -- DEFI NING CHARACTERI STI CS

The shape of the tower crane is not its only defining
characteristic. Normally it is a _series crane, not a custom
built item further it is a system crane, wth a range of
i nt erchangeabl e parts, all of which can be rented for special
applications. wo distinctions are inportant in typing tower
cranes: first, tower cranes may slew at the bottom of the tower,
or only the jib may slew; then they may have a luffing jib or a
horizontal jib with a trolley used for traversing. hese two
distinctions create four distinct types of crane

TOMNER CRANE THECRY

A tower crane differs from other cranes in the geonetry of the
bal ancing forces that keep it stable. Each force (either from
the crane, the load, or fromexternal factors such as wind or
ice) is exactty bal anced by a counterforce with a suitable
safety margin added. Unlike many other cranes, tower cranes are
constant | oadnmonent cranes,i.e. , the load raised multiplied by
the distance from the tower remains constant.
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TOMER CRANE PRACTI CE AND APPLI CATI ONS

In many ways, tower crane operation resenbles that of any other
crane. A tower crane can work either independently or, when
super-heavy lifts are required, alongside a goliath crane. The
conbi nation of a tower crane for light Iifts and a goliath for
heavy lifts is particularly cost-effective. A tower crane
offers, in addition, a nunber of unique advantages. The
i nterchangeability of conponents (i.e., the fact that it is a
system crane) all,ows a wi de range of configurations and
instal |l ations. These can be tenporary or permanent, wth
rentabl e systemparts available for special jobs. The fact that
a tower crane can readily “clinb” offers great flexibility,
especially in yards that specialize refitting.

TONER CRANE USE

In day-to-day use, tower cranes operate wth snoothness,
accuracy and safety. Safety is particularly insured by a range

of overload cut-out swtches. Operation, especially of
horizontal jib cranes, is extrenely fast, wth neasurably
superior output per shift. Because a tower crane can be taken

down and reassenbled in another |ocation and in another
configuration within a few hours, efficient operation over a
period of years is greatly enhanced.

Environmental factors -- noise, space, and public safety --
present no problens; tower cranes are “city center” cranes,
devel oped for quiet, safe operation in tight corners.

Dockyard equi pment is expensive; the tower crane, for its output
of work, is relatively the cheapest in terns of initial
investnent. The add-on potentialities of the system crane, plus
t he associated rental back-up, enable yards to control initia
investnent tightly. Training costs and the costs of maintenance
are no higher than with other cranes, while running costs are
distinctly advantageous. The recent trend to sinple design has
limted down-time and increased reliability significantly.

A survey of six US. dockyards shows their experience with tower
cranes to have been universally favorable.

CONCLUSI ON AND RECOMVENDATI ON

Tower cranes are not a universal cure-all, but for many
aPPllcatlons they offer unmatched productivity and cost-
effectiveness. A shipyard developing a crane-mx that

guarantees “the right crane for the job” cannot afford to ignore
the tower crane.
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3. TOMER CRANES IN H STORY
3.1. Mwving Mterials in Shipyards

Wthout efficient neans of nnvin? material s, nodern industry
woul d be i npossi bl e. I n shipbuiTding today, not only sinple
materials nmust be nmoved, but al so gigantic sections of ships,
prefabricated el sewhere, nust be exactly positioned in the fina

assenbly dock. Enor nous sl ew cranes and goli aths have been
devel oped for such tasks. Wthin a closed workshop or workbay,
extended rail gantries allow overhead traveling cranes to nove

materials readily and quickly. Does that nean gantry cranes and

Figure 1
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t he other dockside giants can fulfill all the needs of the
i ndustry? In one sense, the answer is “yes” -- an 800-ton
goliath crane can be used to |ift a drum of paint-thinner onto
the foredeck. But NOT economically. As every shipbuilder
knows, m suse of high-capacity cranes -- common as it Is -- is
simply a waste of tine, energy and noney.

Hi storically the problem of noving |ight |oads around a shipyard
has been sol ved by using some kind of tower crane. It Is inter-
esting to glance at sone of these early tower cranes, since they
preview the principles underlying nodern tower crane theory.

One of the earliest depictions of crane technol ogy dates back
2000 years to a sculpture on the tonb of Quintus Haterius in
Rorre. (See Figure 1. The so-called “polyspaston” is sinply a
rudi mentary tower crane making extensive use of pulleybl ocks and
powered by a treadm |l at ground |evel.

From Roman times until the middle of the nineteenth century,
masts, boons, ropes and pulleys -- coupled with a great deal of
ingenuity and experience -- sufficed to build surprisingly big
ships. (See Figure 2.)

Figure 2
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The Elb-Ewer is a good exanple. This ship was 100 feet |ong and
di spl aced nearly 200 tons. Prine novers in the dockyards were
treadmlls and catpstans powered by horses or oxen. Reduction
gears were nmade of wood, with pegged teeth and spikes. As late
as 1850 a difficult operation such as careening was still
carried out by essentially Roman nethods -- a wooden pole crane
and a two-man treadmll, even in an industrialized 90-ahead
port like Hamburg. (See”Figure 3.)

Figure 3: Careeni n% a ship in the Port of Hanmburg, 1850.
Painting by A F. Vollner, (b. 1806)

1.3. The Mdern Tower Crane

Wth the industrial revolution iron becane the basic
construction material. From 1850 onwards, crane design began to
devel op, although large iron cranes do not appear until
relatively late in the nineteenth century. Their design
devel oped directly from the ancient tradition of crane
construction -- they were tower cranes. One of the earliest big
iron cranes, a sensation in its dayr was a tracked slew crane
nearl\)/ 100 feet tall. It was built by Becl Keet man for
t he Vul kan Vegesack yard in Brenen. (See |Figure 4(and Figure
| 5.)) O her manufacturers soon got in on The act: Vereinigte
VRschi nenf abri k Augsburg-Nurnberg, Ludw g Stuckenholz, and nost




TOMNER CRANE STUDY

[13] HI STORY

)

J )7 F—

N NP ) N — Tl
=D H zf
i
i

Y
Jf n v
§
£ ) »
7 ¥
A I = S
y o

Speci fication:

Capacity:

Hei ght under
Track gauge:
Crane type:
Year
Manuf act urer:

Yar d:

hook:

13 300 Ibs at 29 ft (6 tons at 9 nmeters)
6 600 Ibs at 52 ft (3 tons at 16 neters)

89 ft (27.1 meters)
20 ft (6 neters)

Tracked,
C. 1898

top-slewing electric tower crane
(first reported on 1909)
Bechem and Keet man

Vul kan Vegesack, Bremen, West GCernany

Figure 4:

One of the first electric tower cranes built
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Figure 5: Photograph of the crane described in Figure 4

not ably Benrat her Maschi nenfabrik. Most of these cranes were
tailor-nade for a particular shipyard. It was not until 1908
that Julius Wl ff, a Swabian crane manufacturer, introduced the
first series tower crane. Custoners coul d now buy a top-
slewi ng, luffing-boom crane “off the shelf.” These cranes were
not designed specifically for shipyard use, but many hundreds
were installed by shipbuilders. [(See Fiqure 6.) [Wth frequent
nodi fications, this basic design renained in production unti

the late sixties. The very last Wlff T-crane was installed in
the Heinrich Brand yard in O denburg as recently as 1968. (See

Figure 7)1 In 1930, WIff introduced another kind of tower

crane -- the horizontal -boom crane -- for use on building sites
The designmgroved very popul ar and was inmmediately snapped up by
shi pyards which saw how the econony and efficiency of the design
woul d benefit shipbuilding operations. [(See Figure 8.) ]
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?,

Specification:
Capacity: 3 300 lbs at 82 £t (1.5 tons at 25 meters)
8 800 1lbs at 33 ft (4 tons at 10 meters)
Height under hook: 162 ft max (49 meters)

With additional tower sections
Series portal gauge: 20 ft (6 meters)

Crane type: Tracked, top-slewing luffing-jib tower crane
Year: 1938

Manufacturer: Julius Wolff and Co GmbH, Heilbronn, West Germany
Yard: Schichau~Unterweser AG, Bremerhaven, West Germany

Figure 6: Wolff Type 45 Crane. The first series tower crane.
Manufactured 1908-1954
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Speci fication:

i

Right Crane Left Crane
Capacity: 17 600 Ibs at 66 ft 17 600 I bs at 72 ft
(8 tons at 20 neters) (8 tons at 22 neters
26 500 Ibs at 49 ft 35 300 Ibs at 36 ft
(12 tons at 15 neters) | (16 tons at 11 neters)
Hel ght _under _hook: 118 Tt (36 neters)
Portal gauge: 16 ft (5 neters)
Crane type: WK 150 EW on portal W 180 EW on portal
Year. 1956 1968
Manufacturer: Julius WITT and Co & DH, Heilbronn, Vst Germanv
[Yard: | Hernrich Brand KG O denburg, Vst Cermany

Figure 7: Top-slewing luffing-jib tower cranes in shipyard
operation
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Speci fication

Capaci ty: 22, 000 I.bs (10 tons) over entire range

Hel ght under hcok: 132 feet (40 neters)

Crane type: Top- sl ewi ng, sel f-erecting, WK 200 H

Year: 1930's

Manuf act urer: Julius WIff and Co QnbH, Heilbronn, West Germany
Locat i on: Wrking on the belt-bridge in the Baltic Sea,

building piers and pillars

Remar ks: The cranes were portable, as can be seen above where
a derrick shifts a crane into a new position

Figure 8. Horizontal jib tower crane of the thirties
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Figure 9:

The Tower Crane
Family Tree, 1900-
1971. Courtesy,
Hans Tax, Munich
(Key on next page)
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The Tower Crane Famly tree, 1900-1971

Cranes 1 and 2 The ancestors  1890's 1. Custom -built, horizontal-jib
tower crane

2. Luffing-jib tower crane,

custombuilt for shipyard

duty
Cranes 3 and 4  The first 1900- 3. Tower crane with horizontal
progeny 1940 © s jib built in short series

nnstly for shiﬁyards
4. Tower crane with luffing gib

built in long series for

contractors and shipyards

Cranes 7 and 8 The fol di ng- 1960+ 7. Cerman type, 1960
jib branch 8. Swedish type, 1970
Cranes 5, 9, 12  Min branch: 1970+ 5. Vfgtﬂl)] heavily braced jib,
Hori zont al - 9. Annre elegant system 1975
jib cranes 12. Tcday's horizontal-jib crane
Cranes 6, 10, 14 Collapsible- 1940+ 6. Fold-away jib, 1940
tower branch 10. Fold-away jib and tower,

1955

14. Today’'s fast-tower cranes:
many systens featuring
folding or telescoping
towers and jibs

Cranes 11 and 15 Big |uffing- 1970+ 11. Standard nodel of 70's
jib branch 12. Sophisticated tel escoping
tower, 1975

Modern tower-crane design started out with two notable
ancestors: the luffing-boom crane and the horizontal -boom crane.
The geonetry of the tower-crane has encouraged constant,
fruittul experiment with three goals always in nmind: speed of
handl i ng, econony of energy, and the fullest exploitation of the
tower crane’s potential for safe, flexible operation.
presents the main branches of the tower crane famly tree. ew
engi neering concepts have provoked so much ingenuity and variety
as the nodern tower crane.
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4. TONER CRANES -- WHAT ARE THEY?

4.1. Tower Cranes and the International Standard Organization

Wth the alnost endl ess variety of tower cranes in existence,
there is sometimes a problemin deciding what is, and what is
not, a nenber of the fanmily. The International Standard Organi-
zation (1S0) has a committee addressing exactly this question.
The sonewhat arcane title of the commttee is 1SO TC 96 SC 7 --
(where TC = Technical Committee and SC = Subcommittee). Sc 7,
as it is usualty known, has special responsibility for tower
cranes; it has developed the follow ng definition:

A tower crane is a “slewing jib type crane with jib |ocated

at the top of a vertical tower . . . . Thi's power-driven
appl i anc—e—shall be equipped a nmeans for raising and
| owering suspended | oads and for novement of such | oads by
changing the loadlifting radius, slewing, or traveling of the
conplete appliance. Certain appliances may conply wth only
one or several of these novenments. The appliance may be
installed in a fixed position or equi pped with neans for
travel and/or clinbing.”

As to the applications of such cranes, at first SC 7 was split.
The European nenbers wanted to limt tower cranes to appli-
cations on building sites and in storage yards; the US

nmenbers, on the other hand, wanted a w der range of tasks in-
cluded -- in particular shinuiIding and other shipyard uses.
The whol e subcommittee finally swung behind the American view.
This neans that an 1S0 standard for tower-crane applications in
shipyards will be forthcom ng shortly.

4,2. Tower Cranes -- Defining Characteristics

In essence, the 1SO definition says that a tower crane fulfills
the normal functions of a crane but is characterized in par-
ticular by nounting a slewing jib atop a tower. Wiile this is,
of course, true, In practice tower cranes have devel oped ot her
standard characteristics, probably because engineers have
expl oited the advantages of this design to the full. Typically
a tower crane has a slender, high tower, which to the layman nma

| ook fragile, but which the engineer knows is a triunph o

mat hemati cal el egance. The jib (whether horizontal or |uffing)
is also very long -- again exploiting the “mathematics” of
tower-crane design. In nearly all designs, the hook is nounted
on a | ower block.
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A glance at a tower crane in operation shows that it nust be
getting an enormous amount of lift for the weight of steel built
into the crane. Thi s wei ght advantage has had inportant
consequences. I't has nmeant that many kinds of installation are
possible, both temporary and permanent. It is surprisingly easy
to assenble a tower crane in one place for a particular job,
then to disassenble it and rebuild it elsewhere. This kind of
portability nmakes renting cranes, even quite |large ones, a
reasonabl e option.

Li ght construction wei ght has al so had a profound effect on the
manuf acture of tower cranes. Because assenbly, disassenbly and
modi fication are so easily performed tower cranes are charac-
teristically series cranes. This was the manufacturing break-
t hrough realized by Julius WIff nearly a century ago. In line
with the customer’s needs, the manufacturer can readily adapt
and nodify the basic series design. The cost saving is consid-
erable. Developing fromthe idea of _a series crane, today’'s
tower cranes and al so systemcranes. This means that additiona
parts, optional extras and accessories allow flexibilitg after
the initial installation of the crane: boom | ength, height,
hoi st speed and so on can all be revanped to nmeet an ongoing or
a one-off requirenent. System accessories can even be rented.

A tower crane is thus nuch nore than just a crane on a tower.

From the inplications of |ightweight construction, a whole
desi gn phil osophy has devel oped and flourished. Accordingly,

when “tower cranes” are nentioned in this study, it not merely
their shape that should come to mind, but their nmovability and
éhe flexibility that comes from series production and system
esi gn.

4.3. Tower Crane Types

The classic distinction between tower cranes concerns the jib
(or boom. The jib is either fixed and horizontal with the hook
noved in and out by neans of a trolley, or it is a luffin
(derricking) structure famliar since ancient tines. A secon
i mportant distinction concerns the point at which slew ng
occurs. There are two possibilities: either the tower remains
stationary and the jib slews, or the whole tower and the jib
slew together. These two distinctions add up to the four basic
types of tower crane:

Type 1. Horizontal jib, toP sl ewi ng Figure 10
Type 2. Luffing jib, top slewng _ Figure 12
Type 3: Horizontal Jib, lowlevel s|ewng Figure 14
Type 4: Luffing jib, lowlevel slewng Figure 16

Since this typology will be inportant in nuch of what follows,
it is worth glancing at the four illustrations on the next pages
to establish the types and the ternminology clearly in mnd.
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Jib (or Bean)
Jib Tie (or Bcem Tie)
Count er - ]lb%or Count er - band
Counter-jib Tie (or Counter-boun Tie)
Cat-head (or A-Frame or Tower Top)
Slew Franc
Lower Tower Top
Sl ewi ng Ring
Clinber Fixation
Tower
Tower Struts (or Bracers?<
Chassis (or Traveling Truck)
Crab (or Trolley)
Load Liftirg Rope
Hrk Assenbly
Hcok
. Count er wei ght

Crab Traversing Mechani sm
Hoi st Wnch
cab
Base Ball ast
Heel (or Foundation)
Cinbirg Frame (Internal
Cdinbing Frame (External

A. Traveling B. Stationary C. CQinbing

Figure 10: TYPE 1 TOAER CRANE -- Wth top-slewing horizontal jib
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TYPE 1 TOAER CRANE : Technical Specifications

Manuf acturer and Type

MAN- Wl f f kran, Type WK 325 SL.  Top-slew ng, horizontal jib

Basi ¢ Specification

Maxi mum Load: 26 500 | bs
Maxi mum Reach: . _ 230 ft
Maxi num Free Standing Height under Hook : 211 ft

Geared Capacities *

Cear Step 1: 0 - 4400 Ibs
Cear Step 2: 0 - 8800 Ibs
CGear Step 3: 0 - 13 200 Ibs
Speeds

Hoi st Speed * : 0 - 200 ft/mn to O - 576 ft/mn with 2 falls
Troll ey Speeds: 79 or 156 or 315 ft/mn
Sl ewi ng Speed : 0.7 rpm

Tower Section Di nensions

Length : 14 ft 9 in
Section: 6 ft 6 in square

(* Note: Sem-automatic switch from2 falls to 4 falls doubles
capaci ties and hal ves speeds)

Jib length, ft (mxinum hook reach)

Liftradius, ft [ 98 115 131 148 164 180 197 213 230

0 to 60 26,500 | 26,500 | 26,500 | 26,500 | 26,500 | 26,500 | 26,500 | 26, 500 | 26, 500
0 to 72 26,500 | 26,500 | 26,500 | 26,500 | 26,500 | 26,500 | 26,500 | 25, 600 | 24, 200
0 to 75 26,500 | 26,500 | 26,500 | 26,500 | 26,500 | 26,500 | 25,200 | 24,400 | 23, 100
0to78 26,500 | 26,500 | 26,500 | 26,500 | 26,500 | 25,300 | 24,000 | 23,300 | 22,000
0to 81 26,500 | 26,500 | 26,500 | 26,500 | 25,300 | 24,200 | 23,000 | 2,2,7.00 | 21,000
Oto 84 | 26,500 | 26,500 [ 25,700 | 25,400 | 24,300 | 23,200 | 22,000 | 21,300 | 20,100

98 23,200 | 22,300 | 22,000 | 21,700 | 20,700 | 19,800 | 18,700 | 18,100 | 17,100

115 18,800 | 18,500 | 18,200 | 17,400 | 16,600 | 15,700 | 15,200 | 14,300
131 15,900 | 15,700 [ 14,900 | 14,200 | 13,400 | 13,000 | 12,200
148 13,700 [ 200U iealoo | 1L, 700 | 11,300 | 10,600
1oa 11, 500110, 900 | 10,300 | 9,900 | 9,300
Tw | 9 700 | 9,100 | 8,800 | 8,200
197 8,200 | 7.800 | 7,300
213 7,100 | 6,600
Jiin 62000

Figure 11: Maximum Lift Capacity of Type 1 Crane (in |bs)
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1. Base Ballast 16.
2.  Knee Brace 17.
(Bogi e Frame) 18.
3. Ballast 19.
4. Bcgie 20.
5 Track 21.
6. Base Anchor 22.
7. Cross Frane 23.
8. Tower 24,
9. Building Tie 25.
10. dinbing Frane
(External) 26.
11. Jack
12. Jib Stop
(or Boom Stop) 28.
13. Hcok Assenbly
14. Latticed Jib
(or Boom) 30.
15. Jib Angle
2
5
4
A, Traveling
Figure 12:
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19

Jib Foot

cab

Slewing Rin

Slewing Mechani sm

Count erwei ght

Static TFoundat ion
er Tower

I-UBPst W nch

Gantry (A-Franme)

Jib Tie

éor -Tie)

loating Jib

or Boon) Bridle — ‘
endant @ || .
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Auxi liary Hoist) 'i—-
| oad Line ; iu
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B. and C. Stationary

TYPE 2 TOMER CRANE -- Wth top-slewing luffing jib
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TYPE 2 TOAER CRANE : Technical Specifications

Manuf act urer _and Type

MAN- WO ffkran, Type WK 320 B. Top-slewing, luffing jib

Basic Specification

Maxi mum_Load: 61 600 |bs
Maxi rum Reach: 164 ft
Maxi num Free Standing Hei ght under Hook: 220 ft

(to jib pivot)
Ceared Capacities

Gear Step 1: o - 11 000 Ibs
or o - 31 000 |bs
Gear Step 2: o - 22 000 |bs
or o - 40 000 |bs
or o - 61 600 Ibs
Speeds
Hoi st Speed - 0- 200 ft/mnto O- 435 ft/mn (stepless)

Luffing Speed @ 41 ft/nin
Slewing Speed : o- 1.0 rpm

Tower section Di MENSi ons

Length : 14 ft 9 in
Section: 6 ft 6 in square or 8 ft 2 in square

Ji b lergth
Lift radius 98 115 131 148 164
0to 50 62. 000 62. 000 62.000 62.000 62,000
0t 060 57.800 55. 60a 53.600 197100
0to 72 45,500 43,500 41.700 3T 100
] 0tos 43.150 41.1W 39.400 35.500
Oto78 41.000 38.900 37.200 = =500 |
Qt 084 38.900 36.900 |\ 35-300 'g_—iﬁéo
98 31.000 28.900 27500 % 24.000
115 23.150 +21. 800 1 18.600
131 176043 14,600
148 TT500
164 9000

Figure 13: Maxinmum Lift Capacity of Type 2 Crane (in |bs)
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<
1
37
11
d 15 15
13
14
i
A. Traveling B. Stationary
KEY 7. Counter-Jib (or 13. Hcok Assembly
, Count er - Ecxxn) 14, Hook
1. Jib (orkan) _ 8. Slewing Chassis 15 Trolley (or Crab)
2. Jib Tre (or Bean Tie) 9. Slewing Rng Traversing Mechani sm
3. Jib Support Truss 10. Base Chassis 16. Hoist Wnch
4. Counterwei ght Pendant1l. Trolley (or Crab) 17. Counterweight
5. Tel escopi ¢ Tower 12. tiad and Lifting
6. Low Level Tower Rope

Figure 14: TYPE 3 TOMER CRANE --"Fast Tower” with |owlevel
slewing and horizontal jib
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TYPE 3 TOAER CRANE : Technical Specifications

Manuf acturer and Type

Koeni g, Type K 65. Lowslewi ng, horizontal jib, fast-tower

Basi ¢ Specification

Maxi num Load: 13 300 | bs
Maxi mum Reach: . . 147 ft
Maxi mum Free Standi ng Hei ght under Hook: 106 ft

Lifting Capacities

Wth 2-part Line: 2 900 - 6 6001bs
Wth 4-part Line: 2 900 - 13 300 |bs

Speeds
Hoi st Speed Wth 2-part Line = 30 ft/mn - 215 ft/m
_ Wth 4-part Line = 15 ft/mn - 107.5 ft/
Traversing Speed : 70 ft\mn - 140 ft/mn
Sl ewi ng Speed 0 - 1.0 rpm
Tower Di mensi ons
Section: 4 ft square.
boom length 147 ft
[ift radius
O 76 | 6.600 | bs
0-90 5.300 | bs
] o - 110 4.000 |bs
a
~| o0 - 130 3.200 Ibs
0 - 147 2.900 |bs
o - 46 | 13.300 |bs |
o - 60 | 9.700 ibs |
gl o - 80 6.200 |bs
&l o - 110 4.000 Ibs
-~
o - 130 3.200 | bs
0 - 147 2.9001 bs

Figure 15: Maxinum Lift Capacity of Type 3 Crane (in |bs)

n-
mn
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Jib (or ban)
Counter-jib_(or
Jib Support Truss
Luffing Rope

Tower

Tower Erection (or
Tel escopi ng) Frane
Slewing Chassis
Slewing Ring

Base Chassis

Load and Lifting F@
Hek  Assembly

Hcok

Hoi st Wnch

Cab

Count er wei ght

count er - b)

B. Stationary

TYPE 4 TONER CRANE -- Wth lowslewing luffing jib
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TYPE 4 TOAER CRANE : Technical Specifications

Manuf acturer and Type

Peiner, Type T 125. Lowslewing, luffing jib

Basi ¢ Specification

Maxi mum Load: 13 800 | bs (at 167 ft)
Maxi num Reach: . . 167 ft
Maxi mum Free Standing Hei ght under Hook: 190 ft (to jib pivot)

Lifting Capacities

This crane has a range of le l engths with 2-fall, 3-f II and 4-
fall options. (See Chart below.) Wth standard (167 t) jib:

I nnermost radius (69 ft): 13 880 | bs
Quternost radius (167 ft): 5 500 | bs

Speeds
Hoi st Speed : 295 ft/mn - 82 ft/mn (via 3 gear steps)

Luffing Speed : Full range (69 ft - 167 ft) in 63 sees
Sl ewi ng Speed . 0.8 rpm

Tower Section Dimensions

Length: 19.8 ft
Section: 6.75 ft square

at W th max boomradius  X€n
radi us
L1 L3 L5
90 .ft | e 167 ft
46 35.270
49 32.850 Notes
56 30.090 20.950
63 27.340 19.840 [11 L2, L4 and
69 24.800 18.850 13.880 L6 are further
' 17750 13930 jib choices not
® 22:200 ' : shown here.
90 16.530 15.430 11.950
110 12.350 10.360 [21 LI operates
129 9.370 8.700 with 4 falls,
u 7050 |13 with 3 falls
167 550 | and L5 with 2
falls only.

Figure 17: Maxinum Lift Capacity of Type 4 Crane (in |bs)
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5 VWHY IT WORKS -- TONER CRANE THEORY
5.1. Tower Crane Standards

Nati onal engineering standards for tower cranes have been been
devel oped in nost leading industrial countries. In the first
i nstance, these standards establish what construction and
performance requirenents tower cranes must meet. Al aspects of
goAstirueidiom ave cleselly prescrilbedi: engineerimg (ebpspixilal |y
welding): mechanical and hydraulic transmission systems; prime
novers -- everything nust reach state-of-the-art standards.
performance standards are just as strict, especially those
dealing with the effect of climate on the working crane. Ice,
extreme heat or cold, lightning, gale-force winds -- a tower
crane has to be “unbeatable” before it can go into production.
And not only are standards set: they are rigidly enforced by
teans of independent inspectors conducting In-factory tests.
European design uses a “top-down” phil osophy: standards are set
so that performance is virtually guaranteed. Normal Iy this
means that the product is rather better than it needs to be in
practice. A bottomup, “let’s do it this way and see if anyone
sues us” attitude is not even theoretically possible. The nmain
European standards that apply to tower cranes are:

DIN 15018, H2 - B3 Vst Germany)

BS 2573, Goup 2 Great Britalin)

AFNOR France)

FEM - A/ 2/3 Uni f orm Eur opean Code)

When 1SO-TC 96-SC 7 is finallv ready, there will be an inter-
nationaII% recogni zed standard for tower cranes. [t will not,
however, be significantly different from the standards already
prevailing in the industry.

Wthout going into detail on these standards, essentially they
establish the frame of reference for a tower crane;

a. Tower cranes must be able to achieve fast and repeated
multilifts over a long life-tinme.

b. Light-weight construction should mnimze the acting and
reacting forces in play between the tower crane and its
supporting structure, be it tenmporary or permanent

c. Since easy dismantling and reassenbly are prine
features, these operations nust be speedy and safe. The
crane after many reassenblies nust be as safe as it was
inits first incarnation.
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d. Because novable cranes wll be assenbled on nany
different sites and on many different supporting
structures, they nust guarantee equal safety whatever
the node or site of installation.

Any experienced engineer will inmrediately see a potentia
robl em here -- misuse or downright abuse Dy the user. Wat
appens if the crane is incorrectly assenbled? |If it installed

on an erroneously calcul ated foundation? If it is poorl

mai ntained or repaired? If it is overstressed, with neta
fatigue as a result? The answer is sinple: the sane thing that
happens with any other piece of machinery -- trouble. Tower
crane manufacturers, and the agencies that set industry
standards, have always worked to mnimze such trouble, though

no engi neer can ever hope to outlaw such problens altogether
The approach has three tracks.

Track 1: Mechanical Devices Every tower crane contains a
E=ttery of safety equipnent: Timt swtches, overload cut-outs,
back-up brakes and so on. If these are kept in normal working

order, and if all the signals are heeded, even the threat of
trouble is rare

Track 2. Consulting The distributor or the manufacturer of a
tower crane is always ready to provide consulting services if
there are any doubts about the installation of a tower crane.
Because of its high novability, the tower crane has never been a
“sell-it-and-forget-it” product. From the earliest days,
manuf acturers have been keen to help custonmers, and of course to

polish their own expertise, by directly confronting the day-to-
day problens of crane operation.

Track 3: Training Accidents occur with tower cranes -- just as
they occur with everything fromcan openers to junbo jets. But,
in general, tower-crane accidents are not traced back to
nechani cal failure: human error is alnost invariably tblame.
Even the (very rare) cases of nmetal fatigue are the result of
prol onged overloading or of failure to retire a crane that has
conpleted its useful Tife. Mnufacturers feel that by providing
site engineers with the information they need, by stressing the
need for operator training, and by posting clear and sufficient
war nings both in the manual s and on the machines, they elinmnate
all but the crassest kinds of “human error.” But ultimtely

not hing can rel ease the owner and operator fromtheir “duty of
care” and nothing can guard against the effects of “gross
negligence. “ Tower cranes are built to the safest possible
standards; safe operation nust lie in the hands of the user.

5.2. Tower Cranes -- A System of Bal ancing Forces

The word “crane” as applied to a machine derives fromthe other
“crane” -- the tall, gawky bird that wades in shallow water
| ooking for frogs, and that seens to be equally happy standing
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on one leg or on two. Some birds of this type even go to sleep
standing on one |eg. Qdd as it may seem to human bei ngs,
provided the bird is correctly balanced, its sleeping position
is perfectly stable. Mich the same is true of a tower crane.

A tower crane rests on a foundation. At the point of contact
it is subject to four basic forces: <1> vertical forces and <2>
horizontal forces, <3> forces that result from slewi ng, and <4>
forces that are exerted by the load and that work to “overturn”
the crane. Figure 18 shows these forces diagramatically

A NN ANYTIANTANATAL

———F 1 11 —1 V\/V\l[\/\/

M
— M = Overturning Moment (in ft/ilbs or mt)
'V V = Vertical Forces (in 1bs or t)
H = Horizontal Forces (in lbs or t)
Ms Ms = Slewing Moment (in ft/lbs or mt)

Figure 18: Forces exerted by a tower crane on its foundation

For the crane to be stable in operation, each of these forces
must be bal anced by an equal (or in practice far greater)



TOAER CRANE STUDY [33] THEORY

reactive force. In ensuring this balance, there are no rules of
thumb. Precise calculations nmust be nade. For any given type of
crane, these calculations balance, on one hand, the exact tower
configuration, the exact length of the Lib, plus the exact capa-
city of the crane? with, on the other hand, soil conditions and
bearing capacity, railwidth and |oadbearing capacity, as well as
the bearing force and wel d-strength of the steel infrastructure
in use. Further essential information is the maxi mum wind force
expected during operations and during “out of service” (rest)
periods. Two other items nust also be considered: <1> possible
tilting of the crane during erection, and <2> the freedom of the
crane free to “wi ndvane” at all tines. G ven the necessary
tabl es, these calculations are not difficult to make; neverthe-
| ess, the crane manufacturer or distributor should always be
consulted in case of doubt.

5.2.1. Infrastructures -- the Kev to Bal anced Forces

As exanpl es of possible infrastructures, three of many possible
designs are given below in diagranmatic form (See Figures 19-
21.) In each case the infrastructure is calculated to com
ensate (wWwth a suitable safety margin) for each of the forces

rought to bear upon it. The result may |ook |ike an exercise
in downsizing, but it is not so -- a sheep does not stand in an
i nherently nore stable pose than a whooping cranel nor is a
four-wheel car inherently nore stable than a two-wheel ed notor-
bike. The infrastructure does the job it has to do

*V M
H
—
Ms
N 7
max p

Figure 19:

Pad-type Foundation
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< 733 &
Figure 20:
Cross Franme
Foundati on
W,
/TN
%U i | Ms
7 I\ ]
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W
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7 Figure 21:

Rai | -traveling
Under carri age

As an exanDle of the calculations for a Particul ar crane. the
tabl e used-to assess the so-called “Foun-dationloads” f-or a
Wl ffkran WK 184 SL is given as|Figure 22. Fol | owi ng that,

Figure 23 |shows how the figures for centerballast and

cornerfToads are derived for the sanme crane.
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Wolffkran WK 184 SL

XIV 8684

Foundationloads
."3 vV . . . . .
- for cranes free standing without climbers on concrete foundationVal ues given are for least favorable
y jib length. Other length of jib may result into lower foundation loads.
I\d/l H Always acting loads are:
Vertical forces of loadcase 2 and a moment of 571 ft. kips
free stand- Crane in service | Crane out of sem-ce |
Jgge?e%%gtk (for loadcasel of DIN 1054) torquemoment: 148 ft. kipa (for loadcaae 2 of DIN 1054) torquemoment: O ft. kips
(ft) M (ft. ki pS) H (ki pS) v (kips) M (ft. ki pS) H (ki pS) v (kips)
49.2 1395 13 108 11 87* 9 69
63.5 1561 13 112 1244* 9 72
78.7 1726 13 116 1304* 9 75
93.5 1893 14 121 1368W 9 78
108.3 2064 14 126 1438* 10 82
123.0 2233 14 130 1511- 10 87
137.8 2405 15 134 1669 20 115
152.6 2581 15 140 | 1971 I 21 | 120
167.3 2761 15 147 2294 23 127
182.0 2946 16 154 2636 24 133
196.9 3192 16 163 2966 25 141
2116 3326 16 172 | 3364 | 26 I 149 |
v 22&4 3522 17 181 3716 | 27 | 157 I
2411 3721 17 190 I 4144 J 28 | 165 |
*Moments during crane erection
M = Moment
H = Horizontal force
V - Vertical load
M-AIN WOLFFKRAN GMBH HEILBRONN
AustraBe 72 - D-7100 Heilbronn - Telefon (07131) 136-0 - Telex 0728877 1888,
Figure 22: Exanple of a Foundationload Table
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WoHkran MK 184 SL

Centerballast and Cornerloads

for stationary cranes without climber on crossframe element
Horizontal forces H and torquemoments to be taken from table “Foundation loads”

XIV12396

KRE 260.2
Height 98.5 ft-jib 131 ft-jib 148Wib
under
hook | Comerdistance (n) [Comerdistance (h)] Comerdistance (ft) |Comerdistance M Comerdistance (ft) |Comerdistance )
(ft)  |aeftsin | 19 ft8in |16 ft5in| 19 ft8in| 16 #t5in | 19 fi8in |16 5in | 19ft 8in | 16ft 5in | 19 ftsin |16 ftsin |19 ft8in
€4nterbakt M mar- Comerload_Mlx) Centerbahst ilp) ma% Comericad (kid Csrrterballssl (b} max. Comerlcad Ms)
49.2 132,000 88,000 104 92 110,000 66,000 103 90 |110,000| 66,000 104 92
63.5 132,000 | 88,000 107 95 |110,000| 66,000 106 93 ]110,000( 66,000 108 96
78.7 132,000 [ 88,000| 111 99 |110,000| 66,000 109 97 |110,000| 66,000 111 99
935 132,000| 88,000 114 102 |110,000( 66,000] 113 100 |110,000| 66,000| 115 103
108.3 132,000 | 88,000 118 106 |110,000| 66,000 117 105 |110,000| 66,000| 119 107
123.0 132,000| 88,000| 122 110 ]110,000| 66,000 121 109 |110,000| 66,000 124 112
137.8 132,000 110,000 | 126 120 ]132,000| 88,000 131 119 |132,000| 88,000| 134 121
152.6 176,000| 110,000 | 142 124 |1154,000 (110,000 141 129 |154,000(110,000| 147 136
167.3-" 1198,000 [ 154,000 155 142 1198,0001132,000 | 167 149 1198,0001132,000 | 174 156
182.0 | 1176,000 163 | 154,000 | 171 | | 154,000 | 178
196.0 | Ti iy x6ii ol 185 | 1 198.0001 | 200 | 1176,0001 | 202 |
2116 [ 220,000 | | 208 | JVZANE | 224 1 220,0001 | 234
164 ft-jib ft-jib ft-jib
Height
Lrl1ndekf Comerdistance (ft) Cornerdistance (N| Comerdistance (ft) [Comerdistance (ft)] Comerdistance (n) Comerdistance (ft)
88 16 ft5in 19 ftgin | 16ft 5in |19t 8in | 16ft 5in | 19 ftgin | 16t15in| 19 ftgin| 16 ftsin | 10 #t8in | 16t 5in|19 ftgin
Centerbslisst (Ib) maY% Camerload (tips) Cerrterbahst (Ib) msx. Cornrerload (I@) Centutralisst (Ib) ma% (%merload (k@)
49.2 110,000 | 66,000 | 106 94
635 |110,000] 6€,000f 109 97
787 |1106G7a1 w5000 113 | 101
935 [110,000| e5,000] 117 | 105
1083 1110.0001 6€,000| 121 109
123.0 |110,000| 6¢,000| 126 114
137.8 132,000 8¢,000f 136 123
152.6 154,000]110,000 | 154 142
167.3 198,000| 132,000 | 181 163
182.0 154,000 185
196.0 | 176,000 209
211.6 220,000 239

Figure 23:

Exanpl e of a Centerball ast

and Cornerload Table
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5.2.2. Wndforce

Beaufort 8 is the
normal upper limit of
cargo handling with a
tower crane. More
important, of course,
is the upper limit with

in operation

[37] THEORY
Beaufort
and wind speeds
wind speed
m/s mls kmlh kn miles/h
4 79
0 36 20 22.4
& 136 z 50 T I
7 171 5 56 35 35.5
! 40

35.5

8 244 | )5 90 50 56
10 28,4 28 100 56 63

2 112 71
1 226 |0 %

]

out of operation

the crane inoperative.
In fact, there is no

upper limit. The crane
desi gn can be adapted
to ~ local w ndspeed
conditions. The crane

manufacturer or distri-
butor will supply full
details.

Figure 24:
Wnd Data Table

50 180 100 112

15 50,9 I |
16 60 | %6 | T 12 | 125
17 63 | 224 125 | 140
71| 250 140 | 160
80 280 160 180
90 | 315 180 | 200
100 | 355 200 | 224
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5.3. Tower Cranes and the Theory of Load Mment

Tower cranes are alnmost invariably “load noment” cranes. = This
sinmply neans that at their extrene radius, their capacity is
less than it is closer to the tower. Loadnonment is cal cul ated
as a constant:

Load x Radius = Constant (Loadnonent)

In practice, the geonetry of the crane creates two ranges: the
heavy | oad range and the reduced | oad range. Wthin the heavy
| oad range, the capacity of the crane is taken as being
constant. Wen the rating of a | oadmoment crane is stated, this
is its |oadnoment at the outernost radius of the heavy range,
the point known as the HV. Figure 25 shows these ranges for a
horizontal -jib and a luffing-jib crane. Naturally, in operation
both | oadmoment and nmaxinum load are automatically controlled by

HY = Heavy Load Range , \
THV = Stated Loadnoment Y '
Capacity of the Crane i \

Figure 25: Loadmonent ranges of typical tower cranes
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safety equipment. The cut-off figures for automatic control are
based on a three-part design philosophy: <1> a crane must pick
up and carry its capacity-chart load; <2> at any point between
103% and 109% of its capacity-chart |oad the crane nmay cut out;

and <3> at 110% the crane will finally cut out, come what naﬁ.

These margins do not represent an “overload” as such -- the
crane is built with these percentages in nind. In fact DIN
15018 and FEM 83 specify exactly these margins.

The | oadnmoment figures for a crane are given netrically in nt
(meter tons); in the uws the unit used is the ft kip. “To cal-
culate the rating of a tower crane it is necessary to know its
capacity at various radiuses. The table and the cal cul ations
bel ow of fer one exanpl e:

Lift capacities in | bsS
Lift Radius Jib length (maxi num hook reach)
98.4 ft 131.2 ft 147.6 ft 164.0 ft
o - 59.0 ft 22 000 22 000 22 000 22 000
65.6 ft 20 900 20 500 20 300 20 100
82.0 ft 16 300 16 100 15 900 15 700
98.4 ft 13 300 13 100 13 000 12 800
114.8 ft 11 000 10 900 10 800
131.2 ft 9 400 9 300 9 200
147.6 ft 8 100 7 900
164.0 ft 7 000

Figure 26: Example of a Capacity Chat*

Two cal cul ations show how the ratina of a crane with these
capacity figures would be cal cul at ed.

Cal cul ation 1:

The short-jib version of the crane gives the follow ng figures.
At the inner radius (between O and 59 feet), the crane-has a
capacity of 22 000 |bs. Its | oadmonent (| oadmoment = radius x
capacity) is thus:

59 x 22 000 = 1298 ft kips
1000

At its extrene radius (98.4 feet) the figure is much the sane:

98.4 x 13 000 = 1279 ft kips
1000

Thus this version of the crane rates at roughly 1300 ft ki ps.
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Cal cul ati on 2:

The long-jib version of the crane, because the jib itself is
heavier, produces a slightly reduced figure at the outernost
range, but the same figure in the heavy |oad range

59 x 22 000 - 1298 ft kips
1000

164 x 7 000 = 1148 ft kips

1000
Thi nki ng conservatively, the manufacturer will thus rate the
crane at 1150 ft kips. In fact, the equivalent netric figure is
handi er here -- 160 nt.
This rating systemis inportant. It deviates radically from the

usual Anerican way of rating cranes~ but it must do so to
account fully for the particular performance features of the
tower crane. This may be confusing for the Anerican crane-user,
but, unfortunately, there is no sinple way of conparing the
ratings of cranes that operate in essentially different ways.
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6. HOWIT WORKS -- TOAER CRANE PRACTI CE
6.1. System Crane Conponents

Tower cranes, for historical reasons outlined earlier, are
system cranes. Figure 27 shows the conponents in a “system”

Sel ect abl e

I nter- & <
changeabl e .
hoi st's < e AN
d

Tower adaptors

Brace Different
frames t ower s
for different
d l hei ghts and
9 a | oads
Ext er nal
clinbers 19
Foundat i ons
[ nt er nal
clin&s a. Anchor foundation

E
i
|
i
_
B
B
|
i
_

b. Traveling carriage

co Cross frane
foundation

d. Gantzy portal

e. On-the-spot direct
vel di ng

i

|
==

Figure 27: Elenents in a tower crane system
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6. 2. Mbdes of Installation -- Sone

PRACTI CE

Exanpl es

Figure 28 shows some common shipyard installations.

Lost
gravity

concrete

1. Stationary

Pl at eau

3. Traveling (Variable gauge)

2. Wth clinbing device

|
T

A
4, Wth rigid ground bracing

L

viounted
to side
>t
ouilding

RERTARA ARG

Braced to building

.h'k"

Dy

73T
‘ 77,
6. Crossframe (reusable)

% /AN Y \

Figure 28: Conmon tower-crane

instal |l ations
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6.3. dinbing

The ability of a tower
interesting possibilities.

[43] PRACTI CE

crane to clinb offers the engineer
Figure 29 shows the trick in action.
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Figure 29: Steps in a tower crane’s “self-clinbing” procedure
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6.4. Basic Operation -- Summary

Al the normal operating alternatives available on other types
of crane are also available on tower cranes. Prinme novers,
gearing systens, control systens -- these and other variables
are not affected by the inherent design of the tower crane. Nor
is the actual operation of a tower crane radically different
from the operation of any other kind of crane. The tower crane
has a different “feel,” and works within different parameters~
but, in general, it is a crane |ike any other. Its special
operating features:

"System desi gned conponents _
,Extrene flexibility of installation
The unique ability to clinb

givet he tower crane, however, a conpetitive edge in nmany day-
to-day problem situations.



TONER CRANE STUDY [451 APPLI CATI ONS

7. TOAER CRANE APPLI CATI ONS I N DOCKYARDS

A tower crane is a “Jack-of-all-trades ,“ but, unlike the
proverbial Jack, it is the master of all trades too. Apart from
very heavy liftsl there are few dockyard applications where a
tower crane would be an inappr,opriate tool. A though no attenpt
is made to offer a conplete catalogue, the illustrations on the
foll owi ng pages offer a good overview of the kinds of uses
shi pbui | ders worl dw de have found for the tower crane.

7.1. Tenporary vs. Permanent Applications

One advantage of the tower crane is its portabilit%. Section
8.1.4. presents this feature in detail. G ven that a tower
crane can be relocated (or even hired) to tackle a specific
short-term problem tenporary installation offers a number of
interesting applications. But first a word about foundations.
Wiere a rigid structure, such as the deck of a ship or the

irders of a rig are already in placer foundation plates or

oundation “studs” can be wel ded in(flace, al | owi ng qui ck,
econonical installation. (See Figure 300)

—|| <P

Foundation Foundation -
Plate ¢ Stud {}

b A 4 - F—y

Aol b

Figure 30: Foundation plates or “studs” direct-welded to decks

Fi gures 31 and 32 show | uf-
fing tower cranes in such
situations. Consi der abl e
savings can be made by the
judicious placing of a tower
crane during fitting out.
Renoving the crane after the
j ob presents no probl emns. ; -

Figure 31:

Deck-nounted crane for
temporary use during y et =
fitting-out
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Figure 32:

Tower cranes nounted
directly on and to a
rig during
construction

QG her tenporary applications would include working on a ship in
a dry “berth, or working on a ship with an exceptionally tal

superstructure. (See Figure 33.)

— .

AVA 'AVAY

Figure 33: Tenporary installations of tower cranes in dry-berth
use and for use with tall superstructures
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Per manent foundations nay be either traveling or stationary.
Stationary foundations on dry land are often of the |ost-
%raV[ty,_concrete type. On a rig or pontoon, sone kind of rigid

racing I's conmmon. .(See F| ure 34.) Travellng cranes use a
pl ateau or portal desi ee F|3ure 35.) However, nore types
of foundations exist t an thls study has place to describe.

Figure 34:

Per manent ,
stat|onary
f oundat i ons
for tower
cranes

e —

Figure 35: Traveling foundations on a portal and on a plateau

undercarri age. Cylindrical pipe towers are often
used for pernmanent installation.
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7.2. Dockyard Applications: A Photofile

The col l ection of photographs on the next pages shows tower
cranes in some of their commonest applications

1. Wrking as a principal crane for small- and nedi umsized
ship building

Wor ki ng

Wor ki ng
Wor ki ng
Wor ki ng
Wor ki ng
Wor ki ng

[N
o

Working i
Working i
Working i

in

on
on
on
on

on

conjunction with a goliath crane

a hull-assenbly yard

a storeyard

teams in ship-building or refitting applications
very high superstructures, nasts, antennas etc
very narrow quaysi des

a ship lift

fitting-out piers

dry-docks
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SPECT FI CATT ON:

Crane Type: Portal mounted, horizontal jib, traveling
. t ower crane
Capacity: 17 600 |bs at 71 ft (=8t at 21.7 m
7 050 Ibs at 157 ft (= 3.2 at 48 m
Hei ght bel ow hook: 49 ft (= 15 m
Portal /rail gauge: 26.2 ft (=8
Make:  Kr$ll, Type K-154 _
Site: Nystad Varv AB Shipyard, Finland

Notes: The crane serves a covered building workshop with
sliding roof panels and a plate storeyard

Figure 37: Tower crane working as the principal crane in a
medi um si zed yard
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Hei ght bel ow hook:
Portal /rail gauge:
Make:
Site:

Notes: The runway
has a short

SPECIFICATION:
Crane Type: Railed portal-mounted with luffing-jib
Capacity: 17 650 Ibs at 66 ft (=8t at 20 m

11 000 Ibs at 116 ft (=5t at 355 m
131 ft (= 40 m (at max. radius)

33 ft (=10 m

MAN- Wl f f kr an

Bremer Vul kan, Bremen, W Germany

lies outside the goliath’s track. The crane
“tail” to help bypass the goliath. Tower is

‘ eccentrically munted for-closest proximty to the dock.

Figure 37: Luffing jib tower crane working with a goliath crane
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Hei ght bel ow hook:
Portal /rail gau%e:
Make:

Site:

The overall

SPECI FI CATI ON :
Crane Type: Traveli n%, hori zontal boom top-slew ng
Capacity: 22 000 Ibs at 8-60 ft (= 10t at 2.5-18.3 m

12 800 I bs at 98 ft (=58t at 30 m
64 ft (= 19.5 m

19.7 ft (f= 6
MAN- WO f f kr an

AG- WESER, Seebeck Yard, Brenerhaven,
W Ger nany

Notes: This plateau nounted traveling crane serves severa
stations where hull sections are assenbl ed and wel ded

l ength of track is 600 ft.

Figure 38: Tower crane working in a hull assembly yard
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APPLICATIONS

ft).

The yard nakes dry docis
the plate storeyard.

SPECI FI CATI ON :
Crane Type: Horizontal jib, top slew g
Capacity: 26 500 | bs at 59 ft 5: t at 18 m
(4 falls) 14 550 Ibs at 98 ft (= 6.6t at 30
7 050 Ibs at 164 ft (= 3.5t at 50
(Wth 2 falls, capacity is h g
Max Speed: 3 300 Ibs at 328 ft/mn (= 1.5t at 100m m n)
(2 falls) 6 600 Ibs at 206 ft/mn (= 3t at 63 mmnmn
13 230 Ibs at 115 ft/mn (= 6t at 35 mmn
_ (Wth 4 falls, speed is half)
Hei ght bel ow hook: 79 ft (= 20 n)
Portal /rail gauEe: 19.7 ft (=6
Meke: MAN-WoI ffkran (Type WK 192/226 SL)
Site: GHH - Blexen Yard, Unterweser, W GCermany
Notes: Tower crane with an unusually |ow height under hook (79

The crane is working in

Figure 39: Tower

crane in storeyard use
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SPEC! FI CATTON

Crane Type: Traveling, horizontal jib, top slew ng
Capacity: 17 650 |bs at 57 ft (=8 t at 17.3
15 000 Ibs at 66 ft (= 6.8t at 20
6 600 Ibs at 131 ft (=3t at 40 m
Hei ght bel ow hook: 131 ft 40 n)
Portal /rail gauge: 33 ftvé
Make: Iffkran (1985)
Site: (abraltar Shipyard, Gbraltar

Notes: The picture shows 2 of a set of 5 identical cranes. These
2 are working on a repair and fitting-out jetty. The

track is 1300 feet (400 m long. The 2 cranes can conduct
a conmbined lift.

Figure 40: Fitting-out and repair cranes working in teans
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fori vy

SPECIFICATION:
Crane Type: Stationary, luffing-jib tower crane
Capacity: 13 200 Ibs at 56 ft (=6t at 17 2%
6 600 Ibs at 135 ft ("3t at 41
Hei ght bel ow hook: 164 ft (= 50 m
Make: Peiner AG (Type T 125), 1970
Site: Port of Enden, Nordsee-Werke, W GCermany

Notes: The

extreme height of the hook is available for specia
| fitting-out
| superstructures,

duties involving reaching through high
setting masts and antennas, etc

Figure 41: Tower

crane for working on very high superstructures
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SPECI FI CATTON
Crane Type: Traveling, portal -nounted, horizontal jib
Capacity: 13 200 Ibs at 39 ft (=61t at 12 m
_ 3 500 Ibs at 131 ft (= 1.57 t at 40 m
Hei ght bel ow hook: 102 ft (= 31 m
Portal /rail gauge: 16 ft (=5 m
Make: Comedil, Ty?e MCA 551
Site: Rmni, Italy
Notes: Tower cranes are able to travel in extrenely restricted”
SEaces. The dockside here is only a few feet w der
than the portal.

Figure 42:

Tower crane operating in highly restricted conditions
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L ey

SPECI FI CATI ON:

Crane Type: Horizontal jib, to p slewi ng, stationary
Capacity: 7 720 Ibs at 119 ft (3.5t at 36 m
22 000 Ibs at 45 ft (=10t at 14 m

Hei ght bel ow hook: 130 ft (= 40

Portal/rail gau%e: 19.8 ft (=6 g;
Make: Liebherr, Type 120 C
Site: Schlichting Shipyard, Travenunde, W Germany

Notes: The crane serves the shiplift area and frontside of the
covered building shop

!
| .

Figure 43: Tower crane working on a ship lift
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[ SPECIFICATION:
Crane Type: Portal -nmounted, horizontal -boom traveling
Capacity: 88, 200 |bs at 66 ft (=40t at 20

Hei ght Dbel ow hook:
Portal /rail gauge:
Make:
Site:

Notes: Two permanently installed |arge series cranes nounted

on speci al

35, 300 Ibs at 164 ft (=16t at 50

180 ft (= 55

33 ft (= 10

Krtill, Type K-800 _

Drydock and Repairyard, Mrseilles, France

portal s

Figure 44: Cranes working alongside drydocks
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SPEC FI CATT ON

Crane Type: Top.slew ng, horizontal jib, traveling
Capacity: 44, 000 Ibs at 66 ft (= 20 t at 20
_ 11, 000 Ibs at 262 ft (= 51t at 80
Hei ght Dbel ow hook: 262 ft (= 80
Portal /rail gauge: 26.2 ft (= 8
Make: Krtill, Type K-400
Site: Burneister and Wain, Copenhagen, Denmark

Not es: Mbdern shipyards use a 20-ton crane for fitting out.
It is adequate for all but the heaviest lifts

associated with refitting conplete engines.

Figure 45: Tower crane working on fitting-out pier
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8. TOWER CRANES I N SHI PYARD USE

In first encountering a new nodel or a new type of crane in
operation, the site engineer will probably watch for two nain
factors: <1> accuracy and safety of |oadplacing and <2> speed.

| f these | ook good, other questions automatically arise. How
flexible is the machine? Wat about environnental factors such
as noise, space and safety? If such things are satisfactory and
the crane is still a candidate for procurenent, its cost-
effectiveness will be the deciding factor. A@cordlngly, this
chapter |ooks at each of these questions in turn, making
conparisons with other types of cranes where these are
pertinent.

8.1. Qperation

In evaluating crane operation, three main factors apply: |oad
pl acing accuracy, speed, and operational flexibility.

8.1.1. Load Placing AccuracV

It can be assumed that |oad placing accuracy is enhanced for
every type of crane if the driver is in teleconmrunication with
an experienced r|%ger at ground level. Gven that proviso, a
tower crane still has certain advantages when it comes to
wor ki ng accurately.

First, the ﬁlacing of the cabin is favorable. The driver is
high up with an unobstructed view of the |oad path. Ergonomc
studi es have recently suggested that placing the driver’s cabin
slightly to the side i1nproves observation, and therefore
accuracy: the geonetry of the crane provides one frame of
reference for the load, while the driver’s “angled” view
provi des another. (This 1s roughly like using two directiona
radio receivers to pinpoint a sender. ) There seens to be a
further psychol ogi cal advantage if the driver does not feel he
is directly in the |oad path. [t is worth mentioning here a
trend in tower-crane design that has NOT produced good results
This is siting cabins far out on the jib. |(See Figure 46.) [The
theory is that the driver will have a “bil TEW. hi s
woul d be fine if drivers were birds, but they are not. Unlike
hawks, humans make ﬁoor eval uations when | ooking straight
dowmard. Further, the structure of the jib itself creates a
nunber of blindspots. Finally, there is a safety factor. |f
anyt hing goes wong, the driver has a lot furthér to trave
before he can safely reach the ground.
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Figure 46: Poorly placed cabin nounted on jib

The second advantage of the tower crane, particularly the
hori zontal boom version, is the congaratively short load line
According to an old rule of thunb: “The shorter the line, the
better the guidance.” Wth two falls, or with four, |oad
gui dance with a tower crane is good.

Thirdly, a well stepped speed system has becone a standard part
of tower crane equipment. The systemallows full speed while
the load in in “clear air.” As the |oad approaches its maximm
range in any direction, or when the driver slows it down,
resi storbanks or eddy-current brakes come into play, snoothl
adjusting the load speed. (Mre on this in the nexf section.
This system inproves the speed of operation, but it also affects
accuracy since fine and critical placing novenents are al ways
made at slow, smooth speeds.

Finally, there has been a recent nove to take the driver out of
his cabin and |ocate himon the ground with a renote control
consol e. This may appear to save on manpower, but it has a
negative effect on accuracy. The driver seens to |ose the
“feel” of his own crane. "As experienced site engineers know,
there is something oddly personal about a crane; this factor,
that has no other name but “feel,” is an inportant elenment in
driver productivit%. Renote control apparently kills the
productive harnmony between man and nmachine. Wth the driver on
the ground, distractions are nore common, and accidents are nore
l'ikel'y to occur.

Overal |, an experienced tower-crane driver can place |oads wth
remar kabl e accuracy. Overlapping novements, to which tower-
crane operation lends itself particularly well, do not reduce

accuracy, and they have a positive effect on speed and
productivity.
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8.1.2. Load Placing Safety

Saf ety and accuracy naturally go hand in hand, but when speed is
added to the nmixture, problens begin: the tower crane is a high-

speed crane, and speed is the natural eneny of both accuracy and

safety. For this reason, tower-crane designers "have
concentrated from the beginning on a marri age of speed and
safety wthout conpronising either. The ~“problem | ooks

form dable: many tower cranes operate on construction sites,
often in congested city centers; construction cranes are often
ten times higher than shipyard cranes, and lift chunks of
prefabricated concrete that cost tens of thousands of dollars.
On such sites, where public safety is a matter of suprene
concernf the excellent track record of tower cranes is a natter

of public record -- this is the kind of work they_mere
originally designed for. For the shipyard the benefit is
obvious -- the kind of safety required under extremne

circunstances is available “off the shelf.”

Safe | oad placing depends greatly on the driver’s ability to
correct, and if necessary reverse, unsafe novements. |f things
get out of hand, a |oad noving at high speed is conparable to a
truck backing too fast into a parking lot, or a ship steamning
full speed ahead into its berth -- it may be going too fast to
avoid a collision. The task of the crane designer is to prevent
this situation arising in the first place. Since the operating
“bubbl e” of a crane is well defined, it is no problemto design
cut-out switches that prevent actual collision, but sudden cut-
out stops can be alnost as dangerous as collisions. The real
problemis to slow the |oad down snoothly, “steplessly” if
possible. The | oad shoul d never be snat ched from the ground,
nor should it approach its off-loading site at nore than an
easily manageable speed -- yet between these two stages it
shoul d nove as fast as possibl'e. Smoth handling is achieved by
a variety of sophisticated devices:

a. Slipring mtors with resistor-controlled speed steps

b. Eddy-current brakes. An eddy-current brake is an “anti-
notor” attached directly to a prime nover. Wien activated,
it electrically applies a magnetic field to the drive system
in the counter-direction to that in which the drive is
t ur ni ng. This creates very snmooth braking with a shock
effect close to zero. St ep-down speeds can be 1:10:18
(doubl% step) or 1:10 or 1:18 (single step), or whatever is
require

c. For the snoothest possible operation, sem-stepless or
stepl ess hydraulic drives are available. These units can
even achi eve shock-free reversing -- the ideal situation.
The ol der Ward-Leonard drives, which use dc notors and an ac-
dc generator for power conversion, can achieve conparable
performance, but are heavier on naintenance and repair costs.
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Saf e | oadpl aci ng, whatever ingenuitY the manufacturer enploys,
is still largely in the hands of the operator. Wile lifting
and | owering present few problens, excessively fast slew ng,
travere:l_ng?1 and traveling all create horizontal inertia in the
| oad which can quickly lead to |oss of |oad-control. (See
Figure 47.)

KEEP ALL SWING ANDTROLLEYSPEEDS LOWENOUGHTO KEEP THE LOAD UNDER CONTROL.

Figure 47. Unsafe Loadpl acing

Three other situations Present common safety hazards, though
none of themis unique to tower-crane operation. First, cranes
are designed to lift loads, not to drag them Dragging |oads
sideways 1s a particularly hazardous maneuver. (See Figure 48.)
The second hazard occurs when a | oad seens to be fixed to the
ground in some way -- in wnter, for exanpler it can be frozen
in place. An attenpt to jerk the load free could end in
di saster. The third problemis a cluttered sw ng-path (See

Frgure 4977 ] Unless the swing-path is clear of obstructions and

personnel, the driver should not begi.n any_sl ew ng novenents.
These cautions obviously apply to all ‘crane op__er_atio_ns;
operating a tower crane does not, in principle, differ from
operating any other kind of crane.
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Figure 48:

Unsafe | oad noving

<1> Dragging a | oad
si deways

<2> Attenpting to
“snatch” free a stuck
or frozen | oad

NEVERDRAGLOADS SIDEWAYS.

Fi gure 49:
Unsafe |oad noving

Swing path is obstructed KEEPTHESWING PATH CLEAR.
by personnel or materia

To sunmarize, high speed over great heights has always
characterized tower crane operation. Because of this speed

safe | oadpl acing has inevitably been a top design priority. As
the great sports cars show, speed and safety are not
inconpatible if the engineering is right.
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8.1.3. Speed of Operation -- Cycle Tine Analysis

Conparing cranes is not easy. European work preparation groups
have neverthel ess devised ‘a theoretical cycle for light lifts
t hat enables the perfornmance of several cranes to be conpared.
The nodel cycle assunes the follow ng sequence:

1. The load is fixed to the hook in the |owernost position,
ready to go

2. Required movenents take place in three steps

a. Acceleration phase: speed increases from O to max.
b. Miin phase: nost of the movenent takes place
c. Deceleration phase: speed decreases from max. to O

3. The lift takes place as in Step 2
4. Traversing takes place as in Step 2

5. Slewing is considered as an “overlapped” novenment that
takes place during Steps 3 and 4

6. Lowering takes place as in Step 2
7. Unhooking the load takes a standard nom nal tine

8. Steps 3,4,5 and 6 are repeated, returning the hook to
t he | owernost position.

9. The final step is attaching the next load to the hook

A theoretical addition of 20%is made to the total time for the
crane driver’'s “personal” needs, for possible obstacles in the
| oad-path, for unforeseen problens in unhooking, and so on

The nodel is, of course, theoretical. In practice, cycle times
are up to 30%shorter because skilled operators can “overl ap”

not only slewing, but also traversing. Wrking against the
cycle tine, on the other hand, nmay be poor organization of the
floor transport -- flats, trucks and so on; wth reasonable
| ogi stic managenent, however, a four-mnute cycle should be
enough to replace an enpty truck with a full one at the |oading
point. Cearing newy unhooked |oads from the of fl oadi ng poi nt

can also slow down operations considerably. Finally the nodel

assunmes that all loads are the same size --"in practice only 20%
of loads are typically “full |oads.” G ven these reservations,

the nmodel is a useful guide to conparative output.

On the follow ng pages, this job-natrix is used to conpare two
tower cranes, a Ter-l and a Type-2 crane fromthe typologg
Elven earlier. The Type 1 crane has an electric notor ﬁ.
w 120 hp) with eddy-current brakes, the Type 2 has a hydraulic
drive. oth have mechanical transm ssion systens.
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100 ft

(30 m)

655 (20 m)

90°

130 ft (40 m

pascription of Job

Load:

Sequence:

Add-on time:

8800 I bs (4 metric tons)

Lift 130 ft (40 m

Sl ew 90°

Traverse 100 ft (30 m)
Lower 65 ft (20 m
Unhook

Return by sane route

9« Hook on next |oad

20%

D OoOT®

Figure 50: Work cycle analysis for

tower crane

horizontal -jib, top-slew ng
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6s - 12 ft

16s - 65 Tt

Ti me Needed
a. Lift 29 sees
b. Slew over | appi ng
c. Traverse 40 sees
d. Lower 17 sees
?. Unhook 20 sees .
. Return 62 sees
g. Hnk on next load 20 sees 15t - 6s 4s - 10 ft
NET CYCLE 188 sees
Add-on tim (20% 38 sees 130 ft ~ 22s 29s ~ 130 ft
GROSS cycLE 226 Sees
(= 3mns 46 SEES) 208
THEORETI CAL CAPACI TY: CRANE 1 (Assum' ng 4- n nut e Q/CI e)
Lift = 8800 Ibs

Lifts per hour = 15
Lifts per 8-hour shift = 120
Wrk per shift = 1,056,000 |bs (480 metric tons)

Figure 51: Wrk cycle calculations for horizontal-jib, top-
slewing tower crane
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—
r‘ 100 ft '
(30 m) -1

| %00

65 ft

(20 m)

130f t
' . . (40 m)
. -
— 4 |
Q___ b l
description of Job Load: 8800 1lbs (4 metric tons)
Sequence: a. Lift 130 £t (40 m)
b. Slew 90°
c. Luff 100 £t (30 m)
d. Lower 65 £t (20 m)
e. Unhook
f. Return by same route
g. Hook on next load
Add-on time: 20%

‘]

Figure 52: Work cycle analysis for luffing-jib, top-slew ng
tower crane
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100 ft \

143s - 98 ft

7ft-4s

65 ft - 25 s mmﬂ 15 s - 65 ft

20 s

Time Needed

a. Lift 43 secs
b. Slew overlapping
c. Luff 149 secs
d. Lower 23 secs
e. Unhook 20 secs
£. Return 188 secs

g. Hook on next load 20 secs
NET CYCLE 443 secs

- i 0
Mi- on (t}lq(ngs (szd/?E 5838% 130 ft - 24 s 43. s -130ft

(=8 reins 52 sees) 20 s

THEORETICAL CAPACITY: CRANE 2 (Assuming 9-mnute Cycle)

Lift = 8800 Ibs

Lifts per hour = 6.7

Lifts per 8-hour shift = 53

Wrk per shift= 466, 400 Ibs (212 netric tons)

Figure 53: Work cycle calculations for luffing-jib, top-slew ng
t ower crane

Ve
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Cal cul ations for other cranes, for exanple for Types 3 and 4_in
the typol ogy, are not nade here for reasons of space. Two
principles, however, energe froma full-scale conparison of nany
nodel s. First, because of the extra weight to be shifted, a
bottomslewing tower crane is less efficient than a top-slew ng
nodel . In fact for nost dockyard applications bottomslew ng
nodel s are no longer in favor. ~The second principle far nore
important: as the above cal cul ations show, the horizontal-jib
crane achieves a much better work output than the luffing-jib
crane. A glance at the figures nakes the reason obvious: while
the horizontal-jib crane can traverse 100 feet in 40 seconds, a
100-foot luff takes well over twice as long, 93 seconds. This
time deficit is doubled when the hook returns to its starting
oint; luffing, in fact, adds alnost two mnutes to the cycle.

he weight of the luffing jib also requires the installation of
relatively heavy prine novers, giving a poor power-work ratio.
The figures are suggestive: since many smaller cranes in current
operation in U.S. shipyards use a luffing jib, their inherently
poor power-work ratio is worth investigation. Analysis shows
that a luffing crane comes into its own only when a relatively
low “tower” is required. For typical shipyard tasks involving
light lifts, the speed and efficiency of a horizontal-jib top-
slewing crane are strong reconmendati ons.

Figure 54: Slewportion of a tower crane relocated by a goliath
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8.1.4. Flexibility of Operation -- portability

If a traditional crane in any shipyard is in the wong place,
then usually nothing can be done about it. Tower cranes, on the
other hand, can be relocated with surprisingly little trouble.
There are limts, of course: a tower crane weighs as nuch as a
medi um sized steamengine or a large arnmy tank. However, given
the normal proximty of a goliath, crane noving is no problem
Sone tower cranes are designed to be noved in two parts; others
can be nmoved as single units. In both cases, the counter- and
center-ball ast nust be secured. For single unit noves, nothing
more need be done to the crane beyond |ocking the slemjnq part
to the tower. (The necessary accessories are available as
systemparts.) A time-frame of 16 hours is-typical for a two-
part nove. |Figure 54 shows a goliath crane noving the jib of a
tower crane, while Figure 55 shows a conplete crane designed for
a “one-shot” nove, again by its “big brother” goliath.

Figure 55: Complete tower crane relocatable in "one shot"

With smaller cranes full portability is one of the available
options. A tower crane can, in fact, be broken down and packed
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as a truck-sized load. Mst of the dismantling and rebuilding
operations can be carried out bythe crane itself using its own
power and hook. When “outside® lifting power is required, the
crane will be so close to the ground that any snmall mobile crane
- - usually available “round the corner” -- wll be adequate.
mﬁﬁnlwctlon 6.3.] shows the steps involved in self-
clinbing. Self-dismantling and sel f-assenbly follow the sane
principl e. Figure 56 shows in diagrammatic form the steps
involved in erecting a typical “fast tower” crane.

1 Basic position forerection

2 Erecting of towers

3Towerserectedand locked

4 Telescoping the towers

5 Telescoping towers with positioning of the jib
6 Readyforoperation

[//S;%;;;;;;;;;RREV@WANVWANVM@NVfQQh
ok °
Q

61
5_

4

B

e Ve tw e Twe= % % %
1 BN NNVEASEERY (] N a,‘%;% ‘%,
4

Figure 56: Erection (or dismantling) of a typical “fast tower”
crane
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Figure 57 gives the packing dinmensions and weights involved in
noving a snaller system tower crane, in this case an MAN-
Wl ffkran WK 62 SLC. For ot her makes of crane, the figures
woul d be conparabl e.

Einzel- Gesamt-
Gewicht Gewicht
Single- Total-
weight vreight
(ka) (kg)

Turmelement
Towerelement 1xTB 12 (6,0 m) 1500 1500

/K62 SLC Hakenh8he, stationar 375 m Ausladung 40 m Kolli
Hook height, stationary 375 m Jib radius 40 m Colli

Turmelement
Towerelement 1xTE 12 (6,0 m) 1200 1200

Kreuzrahmen
- Cross frame ix 4500 4500

1 Auslegerteil
Jib part 1x@ (10 m) 710 710

Auslegerteil
Jib part 1x® (5 m) 370 370

Auslegerteil
l l Jib part 1x® (5 m) 340 340
I 25m
12,0 m | Betonfundamentbldcke , 2500 10000

Concrete corner blocs —_

18620
Turmelement
Towerelement 2xTL12 (12 m) 2400 4800
Auslegerteil
Jib part 1x® (10 m) 1070 1070
Auslegerteil
Jib part 1x®@ (10 m) 855 855
Laufkatze
Trolley 1x 390 390
Podeste, Gelander, Abspannungen
Platforms, handrails, bracings 4200 4200
120m -t 25m Kiste mit Kleinteilen/Unterflasche 985 085
' Crate with small parts/hook block 15300
Gegenausleger
Counter jib x| 80 830
Hubwindenplattform
Platform with hoist unit 1x | 2310 2310
Gegengewichtssteine
Counterweight stones 5x [ 1450 7250
Turmspitze komplett 1x | 4000 4000

Tower top complete

Fahrerkabine
‘ Drivers cabin 1x | 455 .{ﬁé
120m 25m 845

Figure 57: Wight and dinensions of a “packed” and truck-loaded system
tower crane
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8.1.5. Tower Crane Qperation -- Summary

A engi neer who has watched a tower crane in action is normally
inpressed by its performance. Tower cranes can nove all but the
heavi est | oads at high speeds and with Precision and safety. O
all the crane designs currently available in the world, a tower
crane with a horizontal jib requires the smallest investnent of
power to achieve the fastest and nost efficient output of work.
Gven the portability of tower cranes, their work potential in
shi pyards is outstanding.

Figure 58: Tower crane type WK 184 SL (from the Wl ffkran range)
on the deck of a refitting vessel in a U S. shipyard
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8.2. The Tower Crane and the Environment

Many machines are at their nost “efficient” when they ignore all
environmental considerations, i.e., when they are noisy, dirty,
cunbersone, and unsafe. But today the tide is running against
such machi nes: few voices are heard arguing for notorbikes
without nufflers or for sprawling industrial devel opment in

scenic, waterside areas. I n nost senses, the tower crane
bel ongs to the ecol ogy-conscious future. As a construction
tool , it has traditionally operated in city centerst near
school s, hospitals and in residential areas. When used in

dockyards, it brings with it the good habits it |earned in such
areas of high environmental awareness: quiet, safe operation in
tight corners.

8.2.1. Noise Leve

In direct response to the noise emssion standards prevalent in

city centers, tower cranes are quiet. Noi se | evel does not
normal |y exceed 80 dbA, a figure that some nmanufacturers
guarantee in witing. This low figure is achieved by
restricting the speed of electric notors to 1500 rpm and by the
use of liberally designed gearboxes with helical gears. In the

case of hydraulic systems, operational pressure is held bel ow
125 bar, and | ow speed or medi umspeed drives are exclusively
used. For diesel notors special insulation has been devel oped.

Intelligent placing of the prime nover is another factor in
noi se i ssi pati on. Figure 59 shows this shrewd kind of
engineering in practice.

B

i i i te
Diesel prime mover hidden between concre
counteraeights 1, 2 and steel base plate3 for

reduced noise emission.

Figure 59: Careful placing of prime nover as noise-control
tactic
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8.2.2. Space Requirenents

The small “footprint” of a tower crane is one sign of its good
ancestry. Early shipyards, especially in the US., spraw ed
unm ndful Iy across many acres of waterside property. Today the
pressure on space is altogether different. Room for expansion
is hard to cone by: maybe sone rare waterbird lives in the marsh
next door; access to the water is needed for recreationa
Rgrposes; or zoning regulations tie up prom sing devel opnents.

anwhi l e accountants are |ooking closely at the ?roduct|V|ty
per square yard of valuable (and perhaps saleable) land. A
dockyard today must be planned with space restraints clearly in
m nd. In terms of “work output per square foot of [and
occupied, * tower crane performance can hardly be bettered.
Again, the use of tower cranes in city-center building sites
frrst inposed the design constraints that led to this space
advant age.

In fact a range of foundations is available to suit the bearing-
strength of the infrastructure and the actual space avail able.
The sinplest kind of foundation uses no nore than the basic 6-
foot square of the tower sections thenselves. (See Figure 60,
right. ) Alternatively, the |owernmost section of the tower can
be set on four small footplates of 2 foot square each. These
foot pl ates can be noved out fromthe centerline of the crane by
neans of a crossfraneg, (See Figure 60, left.) Such
“outriggers” can be set 30 feet or nore fromthe centerline. If
space denmands it, the crossfranme can even be constructed
asymmetrically. A traveling tower crane has the sane size
footprint as a big slew crane, but, since the tower crane is
mounted on a portal, the space beneath it is available for
traffic or storage. The principle is sinple: installing a tower

extreme outrigger-type directly mounted

Figure 60: Space-saving foundations for tower cranes
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crane makes few demands on space -- usually the foundation can
be constructed to fit into the space available. Horizontal-j ib
tower cranes differ sonewhat fromluffing-jib tower cranes in
their conpactness. Particular situations may create a
preference for one design.

Hori zontal -jib tower cranes need a fair anount free air for the
Lib to turn without obstruction. Further, top-slew ng cranes
ave a relatively long “tail,” a factor that can be critica
when working near other tall structures. ldeally a crane should
be free to turn 360° in the wind (to “windvane”). If thisis
i mpossi bl e because of nearby structures, the slewcircle can be
restricted, or greater stability can be built in. [Mre centelr-
bal | ast, |ower tower height, or a stronger tower would al

achieve this effect.

Luffing-jib tower cranes do not need as nmuch “free air” as
hori zontal jibs, but they still need the freedomto “w ndvane.”
Luffing jibs have a weak-spot in gale-force conditions: if the
wind directly attacks the “soft underbelly” of the jib~ it can
cause stability problens. In areas where gales are expected,
extra stability should be built in; also the Lib can be placed
inits lowernmost position or even |lowered to the ground.
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8.2.3. Safety

Some of the safety features that apply to handling tower cranes
have al ready been nentioned. The safety of the structure itself
is also worth enphasizing. Al industrialized countries have
standards to be met by cranes of all types. In Europe, tower
cranes have their own standards, of which the German DIN 15018
IS representative.

DIN 15018 is based on the sigma-zul conputation, a nethod for
calculating allowable stress; it is also used in some branches
of engineering in the U S Two |oadcases are specified:
mai nl oads ( i.e. operating |oads) and additional |oads, i.e.
wi ndl oads.  The tables bel ow show the required safety margins

LOADCASE 1: Mai nl oads

Mai nl oads conprise all conbinations of deadl oads,
and hoistloads, including additional dynanic |oads
fromlifting, the inertial forces of the drives,
as well as horizontal loads from traversing/| uf-
fing, traveling, and slew ng.

Safety margins required

Yi el dpoint of steels used 1.50
Fatigue of nmaterials and conponents  1.33
Instability (buckling and bending 1.71
Instability of crane (overturning 1. 60
Traverse and hoi st ropes 4.00

LOADCASE 2: Mainl oads plus Additional Loads
Additional |oads are, essentially, wnd |oads

Safety margins required

Yi el dpoint of steels used 1,33
Fatigue of materials and conponents
Instability (buckling and bending 1.50

Instability of crane (overturning

wi th crane operational; max.

al l owable wind t 1.50
Instability of crane (overturning)

with crane non-operational but

free to “wi ndvane”; max.

al | owabl e wi nd 1.20

* Cal cul ated onlv for mainloads

t Maxinum operational wind is usually taken as Beaufort 8, or 45 nph %40
knots ). ‘"mMaimumnon-operational wind may be set as high as necessary, but
is normally taken at Beaufort 14, or 100 nph (90 knots).
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Cbvi ously the highest stresses are likely to occur in very bad
weat her when the crane is shut down. Cranes may al so undergo
abnormal stress during erectionr especially if tilting of the
t ower occurs. For the necessary conputations, see the
manuf acturer’s manual .

All gear bearings are of the antifriction type and are
cal culated for a Tife of 5000 hours at full load. The slew
bearing is (usually) of the centerless ball-race tYpe and has a
life of 3200 hours. Although no safety nargins have been
forntljJI aéed for axles, gear-wheels and drives? a margin of 1.5 is
st andar d.

Automatic cut-out switches cover all operations. Oficially,
all hoist-nmotions nmust be subject to an automatic limt swtch;
manuf acturers alnost invariably fit limt switches for |owering-
notions as well. A |oadnonent cut-out cones into play at 110%
of normal load. Movenents of the traversing trolley have inner
and outer cut-outs. Al control-levers are of the automatic
zero-return type, while all portable consoles feature a “dead-
man’ s handl e” of sone sort. Finally, an energency shut-down
button and a “free wi ndvane” indicator are standard equipnent on
all tower cranes.

A newly delivered tower crane is as safe a piece of machinery as
human wit can make it. If it is correctly naintained and
correctly operated, it offers nmany years of safe and troublefree
operation.
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8.3. Cost Factors

Tower cranes, it should by now be clear, are effective in
shipyards. The next question nust therefore be: Are they cost
effective? It is obviously naive to confuse cost with price --
cut-price bargains have no place in plans to buy capita

equi pnent that could still be in service twenty or even thirty
years from now. Such intangibles as the solidity of a crane
conmpany, its willingness to support its nachines with spare
parts over decades, the quality of its consulting staff in the
field -- such unquantifiables are all a part of the cost, though
they are invisible in the price.

There are tangible considerations too: running costs (including
training), nmaintenance costs,reliability. Each of these nust
be scrutinized before the long-term cost of a crane becones
apparent .

8.3.1. Initial Cost

Unli ke nost other cranes, tower cranes are series-system cranes.

This allows the purchaser toread the prices off a price-1list

rather than to negotiate a one-off contract with awkward cost
| oophol es. More inportant, the initial investnent need cover
only short-term plans; no cash has to be tied up to allow for
possi bl e, but wunlikely, future devel opments. Wth system
cranes, the tower can be raised or the jib | engthened virtually

overni ght as need arises. Inportant too is that system cranes
lend themselves to tenporary, rental acquisition. A jib
section, a carriage, a Clinber, a tower -- anything can & hired

froma local distributor. This represents a huge potential for
cutting costs, especially in yards that take on a wide variety
of construction, fitting out, refitting, or repair work.

To conpare initial cost, the weight of the crane and the “price
per ton” nust be assessed. The table below is based on recent
price-lists and quotations originating from European
manuf acturers. The current |ow value of the dollar (md 1986)
is taken into account. Al prices are for cranes delivered to
site in the US.
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Type Deadwei ght Cost per ton | Cost/Weight
Fact or
Coliath (200 tong 800- 1200 t $4000 - $5300 1. 30
(Aux. crab 20 t
Big Slew Crane 375-450 t $4000 - $5000 1.25

(Wiip hoist 20 t
Mai n* hoi st 200 t)

Tower Crane 150-200 t $3500 - $4200 1.07
(20 t, toF- _

sl ewing, luffing)

Tower Crane 120-180 t $3200 - $4000 1

(20 t, top-slew ng,
hori zontal jib)

Figure 61: Installation cost conparison

The table clearly shows the cost/weight advantage enjoyed by the
top-slewing, tower crane with a horizontal jib -- it sinply does
more work for the weight of steel invested in it.

Sormetimes the argument is heard that the big, expensive cranes
have a “whip hoist” built in that can cope with the lighter

| oads at “no extra cost.” In terns of pure installation cost
this appears to be true -- until the Cost/Light Load Factor is
calculated, i.e., the figure for investment per ton lifted. At

that point the absurdity of using a goliath to raise a 20-ton
| oad becomes all too obvious.

Type Aver age Cost Per Ton | Cost/Light
Initial cost | Light-Lifted |Lift Factor
Coliath (200 tong $4, 650, 000 232, 500 8. 60
(Ax . crab 20 t
Big Slew Crane $1, 856, 250 92, 812 3.44

(Wi p hoist 20 t
Mai n hoi st 200 t)

Tower Crane $673, 750 33, 687 1.24
(20 t, toF- _

sl ewing, luffing)

Tower Crane $540, 000 27 000 1.00

(20 t, top-slew ng,
hori zontal jib)

Figure 62: Cost/Light Lift conparison
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The very high factors for the goliath and big slew ng crane
reflect the well-known cost of using the wong crane for the
job. Mving light |oads nust be the task of |ight cranes.

Pricing a tower crane, in the first instance, entails making
selections froma system  System elenments for a top-slew ng
hori zontal -jib tower crane mght appear as in Figure 63 bel ow

| ! |

] YA/ NANN INNANN VNN
LI
19,7
34.5 JIB SECTIONS - minimum 98 feet
> - thereafter 16 ft
increments
v [
64,1 El
78,9 @
TOWER SECTIONS
93,7 El Steps of 14.8 feet
i
108,5
11
123,3 H
_138,1 @ FOUNDATIONS
152,9 E] Bottom step for under-
—_ carriage or crossframe: 14.8 ft
] Railgauge standard: 19.7 ft
167.7 7 Crossframe foundation: 26.2 ft
7 Corner-points with Rail: 19.7 ft
Aﬁk Corner-points with Crossframe: 26.2 ft
| 182,5 Minimum foundation
‘ o (= cross-section of tower): 6.5 ft

Figure 63: Systemparts for main structure of a tower crane
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8.3.2. Training Costs

Trai ning costs are a hal fway house between installation and
running costs. Exact figures would probably be meaningless, but
certain general guidelines can be suggest ed.

First, tower-crane drivers require some degree of selection
They nust be free of nausea and have no objections to clinbing;
eneral good health, good vision and good hearing are inportant.
ome technical and electrical background is obviously desirable.
All cranes are potentially lethal instruments; they should never

be put into the hands of irresponsible or unstable people.

Recruiting trained drivers for tower cranes is conparatively
easy, since there is a large pool of trained people working on
construction sites. Tral ned drivers for goliath or gantry
cranes, on the other hand, are much scarcer.

| nexperience on the part of the driver should not endanger life
or property in the shipyard. Various built-in safeguards ease
the training period considerably. These include:

Automatic zero-return joysticks

Automatic overload and |oadmoment cut-outs
Automatic inner and outer traversing cut-outs
Aut omatic upper and |ower hook approach cut-outs
Automatic stepped slow down approach systens

However, it nust be stressed that cut-outs are safety devices,
not control devices. No skilled driver “hits the buffers” every
thne. Training is the only way to insure proper operation o
the crane.

In a survey of shipyards conducted by the authors, nost training
prograns seem to follow roughly the sane I|ines. In sone
countries (for exanple, W Germany and Canada) training of crane
drivers is being nmade a matter of regulation rather than of

individual preference. Interestingly, the “official” prograns
and the prograns in the best yards do not differ in essentials
at all. Training falls into three areas: <1> a theoretica

grounding in the operation of the crane, its electrical systens
safety systenms, and the general principles of load noving, <2>
hands-on driving instruction conducted by an experienced
“godfather”; and <3> mai ntenance, again along with a suitable
i nstructor.

The overall cost of training, accordingly, includes: at |east
one month of training time;, slightly lower productivity of the
crane during the training period; some wastage as unsuitable
candi dates are weeded out.
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8.3.3. Running Costs

Most tower cranes use electric power. The table below presents
the power consunption of one crane for each of the types given
in the earlier typology. The Type 2 crane has a stepless
h?/draulic system while the others all use straightforward
electrical drives. The figure for the Connected Load cannot be
derived sinply by adding the nominal capacities of various drive
motors, since allowance nust be made for power loss within the
mot ors thensel ves (additional 25% capacity needed), and for the
fact that slewing, traveling and luffing/traversing do not take

Dl ace sinultaneously (40% reduction in Dower needs). The
figures are therefore factored as follows: -
Hoi st not or _ . _ 100%
Slewing, traveling, luffing/traversing 60%
TOTAL DRI VE CAPACITY 125%

Auxiliary power figures include a 20% reserve allowance.

Crane 1 crane2 crane3 crane4

Type Horizontal jit | Luffing jib | Horizontal jib| Luffing jib

top slewng top slewng | ow slewing low slew ng
Make DLFF WK325SI | ~LFF WK320B | KCENI G K65 PEINER T 125
Luffing jib 70.0 37.0
Traverse drive 7.0 3.0
Slew drive 14.6 30.0 3.5 7.0
Travel 18.4 16.0 6.0 28.0
NON- HOI ST 40.0 116.0 12.5 72.0
CAPACI TY TOTAL
Factor of 60% 24.0 69. 6 7.5 43.2
Hoi st (I oad) 76.0 90. 0 18.0 50.0
?XYTAL DRI VES 100.0 159.6 25.5 93.2
Factor of 125% 125.0 199.5 3L.9 116.5
Heat, light, 12.0 12.0 3.0 12.0
auxiliary
Total kw 137.0 211.5 34.9 128.5
Total in KVA 171.0 264.0 44.0 161.0
(I'kw = 0. 8KVA)

Figure 64: Power requirenents for tower cranes Type 1 - Type 4
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As a rule-of-thunb, the ratio between the total kw requirenents
and the kilowattage of the main hoist offers a useful running-
cost compari son.

Crane 1 Crane 2 Crane 3 Crane 4

Hoi st/ Power Ratio 1 : 1.8 1: 2.4 1: 1.9 1: 2.6

Figure 65: Hoist/Power ratios for tower cranes Type 1 - Type 4

The superior ratio achieved by the horizontal-jib cranes (Cranes
1 and 3) reflects, once nore, the weight and relative
cunber soneness of luffing-jib cranes in general. The slight
edge achi eved by the top-slewing cranes (cranes 1 and 2) over
the lowslewing versions reflects the cost of slewing the entire
tower instead of just the jib. Gven these ratios, it is snall
wonder that 80% of tower cranes worldwi de are of Type 1 --
hori zontal jib, top-slewng cranes.

Atip on power-saving: it is possible to apply too nuch power to
the drive notors during their acceleration and decel eration
phases. A snooth and controlled increase and decrease of power
prevents waste.

iA Nominal voltage at A: 440 V

—T

g1 If Sl and S2 total more
than 300 ft, voltage
at B must be increased

Figure 66: Possible requirement for increased voltage
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A final thought on power consunption in tower cranes, especially
very high ones. The voltage required to run the drive notors is
nom nal 440 V. This nust be kept within a 5% range. (See
Figure 66.) If the distance between the power source <B> and
the drive <A> is greater than 300 feet, then the resistance of
t he mai ns-cabl e can cause a drop of nore than 5% in voltage.
Simlarly, anbient tenperatures in excess of 110° F can cause a
gol;lage ddrop. In either case, a heavier gauge mains-cable must
e fitted.
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8.3.4. Mintenance Costs

There is no significant difference between maintenance costs on
a tower crane and mai ntenance costs on any other type of crane.
A alance at a standardized mai ntenance schedule nakes it clear
th;t this is so:

Peri od Vor k Tinme |Tine per nonth
Daily | Check brakes and linmt swtches [10 mn 4 hrs
Weekly [ Check oillevels in gearboxes 1 hr 4 hrs
Check rope condition
(esp. grease)

Check brake [inings (visually
~or with gauge)
Exam ne all nmajor structura
‘ elements visually

Mont hl y| Check el ectrical equi pment 1 hr 1 hr
Examine limt swtches
Exam ne resistor banks
Exam ne cabl e connections
Exanmine rail track and

f oundati ons

TOTAL PER MONTH: 9 hrs

Figure 67: Miintenance tines for tower cranes

“Dai ly” maintenance assunmes a single shift of 8 hours. Daily
mai nt enance shoul d be carried out personally by the driver at
the start of each shift. Wekly maintenance is based on a 6-day
working week; it is best performed as the final task before the
weekend shutdown, or, as a time-saver? during stand-by or off-
duty peri ods. Either the driver or the malntenance crew can
erform the checks. anthlg mai nt enance shoul d be carried out
y a trained electrician and the driver working together.

In a survey of shipyards, the authors asked for crane-by-crane
figures on naintenance times and the cost of replacenent parts.

Not one of the yards surveyed kept such detailed figures. A
consensus agreed, however? that maintenance took up between 3%
and 5% of available working time. As to cost, it was generally
agreed that maintenance required an outlay of about 2% per annum
of the initial purchase price. Cost of spare parts during the
first two years of operation was negligible. Between 2 and 8
years, the cost was about 2% of initial purchase price, after
which it mght clinb to 3% It can thus be seen that

mai nt enance costs do not differ significantly between tower
cranes and other types of crane.
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A crane is safe only as long as it is properly installed and
properly maintained. ~ A word of warning. = Preventive maintenance
on a tower crane nust place special enphasis on the integrity of
each individual strut and diagonal in the main structure. It is
apparent from an exam nation of shipyards worl dwi de that a bent
railing? a deforned gangway or a twisted pole are often
dismissed as trivialities. Do not make the nistake of extending
this careless attitude to the structural elenments of a tower
crane. Structural damage should be a matter of inmmediate
concern: only speedy repair or replacenment can guarantee
continued safe operation.

There is one further maintenance area where tower cranes require
special treatnment. Tower cranes can be dismantled and
reassembl ed.  The devices used to lock the sections in place are
obvi ously subject to wear and tear. First a word on the various
| ocki ng systens. There are two nmain famlies of |ocking
devi ces: <1> ht bolts and <2> what are variously called push-
pins, slug-bolts, or pushbolts . Figure 68 illustrates three
ol t

commmon connecti ons using t S.
| |
\ il . rm.

: Wl N
[o LC)- _CD_ ;ls S{
e e R e
O O O W ;!
Z 7l
\\\\\ | ,//// i i

1 2 3

Figure 68: Typical tower connections using ht bolts

The cutaway di agram|(Figure 69 overleaf)|shows the nore recent
trend: the use of slu%-bolts. This systemis both sinple to use
and extrenely safe. there is no danger of overtorquing, and wear
and tear on the slug-bolts are far less than on the conparable
threaded ht-bolts.

The choi ce between the two systems can have a neasurabl e effect
on nmi ntenance costs. This effect increases with the frequency
of disassenbly and reassenbly of the crane. Wth ht bolts,
great care nust be taken to distinguish between oil-coated ht
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bolts and the nol ybdenumcoated version. Torauina requirenments
differ drastically between the two types. (S& Fugure 70.)

Figure 69: Slug-bolt tower connection as used by MAN-WIffkran

In practice, nmany bolts are overtorqued. This neans tine wasted
during reassenbly of the tower, and excessive wear and tear on
the bolts thensel ves aswell as extrene danger to the crane.

1 ' 2 | 3
| \ant ed Prestressingbol t
restress.ing Torque moment needed
Bolt diameter orce inside
bol t MS2
Lubri cat ed
ton f ** Nm ft. Ib
1 M 12 5 100 70
2 M16 10 250 180
3 M 20 16 450 325
4 | m22 | 19 | 6o | 470 |
51 M4 | 22 I 800 | 580 |
6 I M7 | 29 [ 1250 | 905 |
7 | mao | 35 | 150 | 1180 |

Figure 70: Torquing table for ht bolts
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Some yards that nove an ht-bolt crane 3 or 4 tinmes a year
report replacenment-part costs rising to 5% of initial cost.
Further, the torquing on ht bolts nmust be checked after a nove
representing an additional cost. Wth the slug-bolt system
this problemis resol ved. Sl ug-bolts require no torquing, the
are quick to install and to renover and, beyond greasing on eac
reuse, they are maintenance-free. Slug-bolts, as already seen
in[Figure 691 are used with a stud\s|eeve connection system
This system allows a 2.0 safety nargin: experinmentally cranes
have been found to be safe with 50% of the slug-bolts m ssing.

Overall, a tower-crane using slug-bolts will require about the
same mai ntenance outlay as nost other cranes, though the figure
for a tower crane using ht bolts could be appreciably higher

Wil e sone cranes, for exanple the |evel-luffing “gooseneck”
cranes, contain many nmoving parts and arer therefore? relatively
costly to maintain, the authors know of no crane that i5s
requires appreciably less maintenance than a nodern tower crane.
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8.3.5. Reliability

Finally, the great hidden cost factor -- reliability. Com
parative reliability fi?ures are sinmply not available and in any
case would be neaningless: they would give nore information
about the nmaintenance standards in particular shipyards than
about the reliability of crane types. There are, however, three
significant pointers.

First, as already enphasized, tower cranes were first conceived
as construction cranes, and the requirenents of the construction
industry are, if anything, nore exacting than those of
shi pbui | ders. Let us say a crane breaks down during the pouring
of a concrete floor thirtY stories up. If the half-poured
concrete sets, the financial consequences could be disastrous.
Tower cranes are not sensitive, tenperanental quarter-horses but
reliable, sensible work-horses.

The second pointer is the sinplicity of design of a tower crane.
This is the sinplicity of sophistication, not that of
under devel opment. A few years back, tower crane design risked
becomi ng overloaded with fancy extras. A design revol ution,
sparked by Wl ffkran, reversed the trend, putting sinplicity and
reliability ahead of such refinenents as elevators to take the
operator up to his cab or an on-board toilet. The new trend was
not hard to sell to custoners: it cut initial costs, reduced
mai nt enance, and, as sinplicity becane the essence of good
design, progressively increased reliability. Sinple design is
one of the best guarantees of reliability.

Finally, of course things do go wong. \Wen this happens, down-
time nust be a short as possible. Sinple design means that nany
repairs are within the scope of the maintenance crew in the yard
itself. Further, because tower cranes are series cranes, spare
parts are usually available “off the shelf.” Witing for a
repl acenent part for a custombuilt crane can take nmonths, while
repl acenment parts for tower cranes are often available “round
the corner.” \Wen the parts are delivered, they can usually be
installed in a few hours. Due to clever engineering, this is
generally true even of nmjor parts such as slew bearings.
Partly, of course, these benefits depend on the shipyard
choosing in the first place a nmanufacturer who is well
gfp{esented by distributors and sub-distributors in the United
ates.

In conclusion, no one type of crane has a nonopoly on
reliability. The tower crane, however, due to its ruq?edness,
to its deliberately sinple engineering, and to the ready
availability of replacement parts, can take its place anmong the
most reliable machines ever built.
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8.4. User Survey

Tower cranes, both series nodels and custombuilt, are already
in service in the United States. The experience of six major
?hlpyards has been solicited and is offered here in tabular
orm

AVONDALE SHI PYARD, New Orleans, Louisiana
NASSCO, San Diego, California

BLUDWORTH- BOND, Houst on, Texas

NEWPARK SHI PBUI LDI NG Houston, Texas
MMI., Houston, Texas

NORSHI PCO, Norfol k, Virginia

o o ox w N

W would like to thank the yards concerned for their valuable
help in preparing this survey.
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SHI PYARD 1:

TONER CRANES IN USE:

MAKES AND TYPES:

NORMAL APPLI CATI ONS:

SPECI AL USES:

AVERAGE DAILY USE:

MAI NTENANCE :

DOWNTI ME:

ADVANTAGES:

DI SADVANTAGES :

COWENTS:

[921 SHI PYARD USE

AVONDALE SHI PYARD, New Orleans, Lousiana
10 units

Mstly Peiner-Pecco, 3 Linden, 1 self-
erecting fast tower

pl atens, Pipe shop, Sandblasting and

painting area, Dry-dock servicing

1 crane nmounted on floating pontoon;
f#equent tenmporary nounting on deck of
ship

some used as needed.

Some in constant use;

Average: 4 hours per shift

Mnimal as to cost and time; mostly mnor

el ectrical problens

M ni nal

° Cheaper installation. .

° Rel ease heavy cranes for performng
heavy lifts.

° Easy to nove.
° Fast cycle time.
° Reduced cost per lift.

° Limted capacity.
° Sonetines obstruct |arger cranes.

Tower cranes have greater output for the
investnent. Avondale wll buy nore tower

cranes when needed.
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SHI PYARD 2:

TOAER CRANES | N USE:
MAKES AND TYPES:

NORMAL APPLI CATI ONS

SPECI AL USES:

AVERAGE DAILY USE:
VA NTENANCE
DOMNTI ME:
ADVANTAGES:

DI SADVANTAGES
COMVENTS
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NASSCO, San Diego, California

2 units
1 WIff W 184 SL
1 King K-65

The Wl ff is on the deck of a ship for
| oading and fitting-out
The King is in the steel-yard

The siting of the WIff is unusual for
this yard

Full 8-hour shift; 50-60 lifts per shift
M ni nal
M ni nal

° Mre light |oads moved nmore quickly than
wi th other cranes.
Large gantries are released for shifting
heavi est | oads.
Easy nmoving from one area to anot her
W thout dismantling.
° CheaPer operation.

Smal | er crane crews.
Cost per lift greatly reduced.

0

None reported

NASSCO will buy nore tower cranes if
needed.
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SHI PYARD 3:

TONER CRANES I N USE
MAKES AND TYPES:

NORVAL APPLI| CATI ONS:

SPECI AL _USES:
AVERAGE DAILY USE:
MAI NTENANCE

DOWNTI ME:
ADVANTAGES:

DI SADVANTAGES :

COMMENTS

[94] SHI PYARD USE

BLUDWORTH- BOND, Houst on, Texas

2 units

Li ebherr 250 C
Li ebherr 190 C

Repai rwork and servicing in dry dock

store room and plate area
None reported
3 hours per shift (6 hours per day)

M ninmal cost or time

M ni nal

» Speed .
“Horizontal, non-luffing jib

Free w ndvani ng in excluded by space in
the yard; therefore the cranes nust be
shut down conpletely in high w nds.

cranes do a better
Bl udwor t h- Bond wi | |

Tower
nmoney.
needed.

job for less
buy nore if
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SHI PYARD 4:

TONER CRANES I N USE:
MAKES AND TYPES:

NORVAL APPLI CATI ONS:

SPECI AL _USES:
AVERAGE DAILY USE:
MAI NTENANCE:

DOWNT ME:

ADVANTAGES:
DI SADVANTAGES :
COMMENTS:
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NEWPARK SHI PBUI LDI NG Houston, Texas

2 units

Li ebherr 300 C

Ri chier

Service drydock for repair work; Store

room
The Liebherr travels 450 feet on bogies
4 hours per shift

The Liebherr is nore expensive to nmaintain
than a crawl er crane

Tower cranes break down nore often than a
craw er, but don't stay down for as long

Reach a very large service area
Limted capacity
If the capacity of a tower crane meets the

application, it does a better job for the
money



TONER CRANE STUDY

SHI PYARD 5:

TONER CRANES | N USE:

MAKES AND TYPES:
NORMAL APPLI CATI ONS:
SPECI AL _USES:
AVERAGE DAILY USE:

MAI NTENANCE :

DOWNTI ME:

ADVANTAGES:

DI SADVANTAGES :
COMMENTS:

[ 96]

MM I. , Houston, Texas

1 unit

Li nden Type 8650

Topside repair work on ship
None reported

3to 4 hours per shift

M ninal cost or time
M ni nal

“Large operational field
“Low cost per lift

“Low cost of operation
None reported
Tower cranes do

i nvest nent. MMI.
cranes if needed

Wi | |

SHI PYARD USE

nmore work for the
buy nore tower
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SHI PYARD 6:

TONER CRANES | N USE
MAKES AND TYPES:

NORMAL APPLI CATI ONS
SPECI AL _USES:
AVERAGE DAILY USE

MAI NTENANCE :

DOWNT ME:
ADVANTAGES:

DI SADVANTAGES

COMVENTS
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NORFOLK SHI PBUI LDI NG AND DRYDOCK, Nor f ol k,
Virginia

6 units

3.LBebherr (including a very large 1800 nt
uni t

1 Kr411 1800 mnt

1 Linden

1 Pecco- Pei ner

Qutfitting; Drydock; Platens; Pier
The Krbll travels on a porta

On a yearly basis, the Krbll averages
8000 hours, the Liebherr 6500 hours, the
ot hers 2000 - 2500 hours

At first, due to lack of experience,
mai nt enance was costlier. wit is the
same as for other cranes.

No significant comrent

Qperator has enhanced field of vision
SuPerlor_reach and radi us

Saf e agai nst overl oad

More accurate |oad-placing than |uffing-
jib cranes

o o o o

° Limted capacity _ o
Hi gher sensitivity to wind conditions
when operating

Al though tower cranes are not necessarily
the best for all applications, for sone
applications they have great advantages.
Norfolk will buy nore tower cranes i
needed.
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User Survey: Summary

Hal f the yards surveyed said that the “limted capacity” of the
tower crane was a di sadvantage. The use of gantry cranes and
oliaths with their radically different geonetry is necessary

or very heavy |lifts -- a balanced system that could conpensate
for loads weighing thousands of tons is an engineering
i npossibility. Properly understood, the “limted capacity”
observation is rather flattering to the tower crane: “We w sh~"
the coment seens to say, “that we could do all the work in our
yard with tower cranes.” Be that as it may, a tower crane has
an upper size limt; it is a conplenent to the goliath, not a
Davi d-style rival.

Problems with wind are nmentioned by two yards. \ere free
wi ndvaning is not possible, gale force winds will definitely
cause sonme |oss of time, though no additional safety hazard

Potential problems with maintenance costs and downtime, a common
concern of U'S. purchasers, were not, in general, encountered by
any of the yards surveyed; 4 yards sinply |abel ed naintenance
and downtinme “Mnimal.”

The speci al advantages of tower cranes clearly outweigh the
problems in the mnds of Anerican users. (Operational advantages
include the |large service area reached (3 yards)~ speed of
operation (3 yaras), t he Tel ease of super-heavy cranes for their
specialized work (2 yards), and the portability of tower cranes
(2 yards). Accurate load placing and safety from overload were
al so mentioned as special considerations. The cost/speed
ad‘?ntages of the tower crane were stressed by no fewer than 5
yards.

Overall, the 6 yards questioned unaninously felt that they would
purchase tower cranes again if the need for them arose
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8.5. Sunmary

No |arge investnent should be made w thout considering all the
angles. In the short-term the tower crane offers a build-now
expand- | ater economny that nakes sense in a rapidly changing
i ndustry such as shipbuilding. The series-system nature of "the
tower crane, with its potential for accessory rentals, makes it
unusual [y interesting to yards that take on nany kinds of work.
Long-term costs, measured in terns of training, running costs,
mai nt enance and reliability show tower cranes either as the
egual of any other type, or as having a definite conpetitive
edge.
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9. CONCLUSI ONS AND RECOMVENDATI ON
9.1. Conclusion

Wiile American shipbuilders have been slow to spot the
advantages of the tower crane, shipyards in Europe and the Far
East have exploited them with increasing sophistication in
recent years.

Unli ke many shipyard cranes, the European tower cranes are
series manufactured, which brings inmmedi ate cost benefits as
wel | as ensuring the suPpIy of spare parts for years to cone.
Series crane design has |led manufacturers to develop tower crane
systems -- allowng for interchangeability of parts, high port-
a%I|Ity and extreme flexibility of operation. An extensive
rental systemallows the user to rebuild an existing crane with
rented parts for special, one-off |obs.

Experience with tower cranes has shown that they are no nore
difficult to operate than other type of crane; indeed the tower
crane enjoys certain advantages when it comes to |oad placing.

Speed, i.e., the amount of work per shift that a tower crane

roduces, puts it ahead of any rivals in the light- and nedium

ift classes. This is particularly true of the horizontal-boom
version -- a crane that is slowy beconing the workhorse of the
world. Because of its commn use in city-center building sites,

the tower crane is engineered with quiet operation, safety and
econonmy of space in mnd -- all factors on which ship-builders
must al so place a high prem um

The cost-effectiveness of the tower crane appears from a variety
of perspectives. First, the tower crane yields nothing to other
crane designs when it comes toltraining and mai ntenance costs.
Then, running costs are definitely advantageous, and, given
normal maintenance, the sinple design of the crane insures high
reliability. The initial cost of the crane is perhaps its nost
interesting feature. In terns of cost per ton of capacity, the
tower crane is wthout doubt cheaper than other. types of crane

The fact that series parts can be added |ater, or even rented,
keeps initial investment under a very tight lid.

The tower crane is not built for very heavy lifts -- these nust
be left to the big slew cranes or the goliaths. But the problem
in nost yards is not a lack of superlift capacity -- it is

bottlenecks. Wen, for exanple, a goliath is required to do
virtually all the lifting work during a refit, the pace of work
becones rag?ed, skilled workers are left idle sonetines for
hours, and Tate deliveries can result. Wth a tower crane
installed, permanently or tenporarily, the goliath is free to do
the job it was built to do, while the speed and conveni ence of
the tower crane increase the productivity of the workforce. The
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synergistic effect is outstanding. Wth each crane do~ng the
&ob it does best, the work flows snoothly and deadlines can be
ept .

9.2. Recommendati on

This report recomrends that shipyards where a |ack of auxiliary
lifting capacity causes bottlenecks should consider installing
one or nore tower cranes. Shipyards contenplating expansion of
re-equi pping should also plan to integrate traditional heavy-
lift cranes and fast, efficient tower cranes.

Figure 71: Every crane should do the job it was built to do
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