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BASIC PRINCIPLES IN DESIGN OF LARGE CONTAINER CRANES (PART II):
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YV paoy je oam kpamax npezned UCHMOPUJCKOZ HACMAHKA U NPOjeKMHUX udeja Koje Cy ymuyane Ha NOCMAeKy U
popmuparbe KoHcmpyKyuje KOHMeJHepCcKux Ou3aiuya, nodesuwiy 00 npee Koja je nywmena y excnioamayujy 1959.
200une. Hagedenu cy ocroenu npasyu paseoja o6aickux KOHMEJHePCKUX OUanuya KOHEEeHYUOHAIHe KOHCMPYKyuje 00
Hacmanka 00 Oanawreux Oaua. Onucana je egoayyuja UHOyCmpuje Koumejnepckux ouzanuya u @urosopuja
npouszsohaua, noveswu 00 npeobumme off-the-shelf cmpamezuje 0o nomowee tailor-made npucmyna, 00HOCHO
xubpuone cmpamezuje xoja y cebu obyxeama Hajbome enemenme nobpojanux npucmyna npouzsoomwe. Taxohe, pao
QHATU3UPA U CMpamezujy Habaeke KOHMEJHEePCKUX Ou3anuyd, OOHOCHO UHMePAKYUjy Ha perayuju Kynay-npouzsohau,
8€3aHO 3a akmyelHe mpeHooee 2nobanuzayuje ceéemcke UHOycmpuje.

The paper gives a short review of historical development and ideas in design that affected the postulate and
construction shaping of container cranes, starting from the first one put into operation in 1959. The basic directions in
development of conventional quay container cranes from the beginning up to nowadays are stated. The evolution of
container cranes industry and manufacturers philosophy that started from the off-the-shelf approach and evolutes to the
tailor-made strategy, i.e. hybrid approach comprising the best elements of mentioned strategies, is describes. Also, the
paper discusses procurement strategies, i.e. interaction in relationship buyer - manufacturer, from the aspect of trends

in globalization of world industry
1. YBOJ

Tpemjia n3HeHahyjyhe nemyje, METo IpeTOBapa TEPETA
ca GpozoBa Ha MOYETKY MENECETHX TOAMHA MPOLLIOT
BeKa HHje ce OPacTHYHO PAa3IMKOBAO O BpEMeHa
®cunuana, cimka 1 [1]. BpeMe B pan yrpouiend 3a
yToBap/uctoBap OpomoBa 3HaTHO Ccy ce mnosehamu ca
BEIMYUHOM OpojaoBa, y3poKyjyhm nma OHH MpoBoAC
BHIIE BpPEMCHa Yy Jlykama Hero Ha Mopy. llpereue
CaBpEMCHHX JW3aIUIA y Jykama Omie Ccy IpBeHE
06pTHE JU3aiuile pa3BHjEeHE y CPEHIbEM BEKY, CiIHKa 2
[1]. O6pTHE nopTanue Nydke Auzanuie Ouie Cy TIaBHO
CPEe/ICTBO MpETOBapa TepeTa Ha ONEpPaTHBHOj obaiu 110
Cpe/MHE TeIECeTHX rOMMHA NPOLUIOT Beka, cnuka 3 [1].
TOKOM TMemeceTHX TOAWHA PYKOBame TeHEPATHUM
TepeToM OWIO je Kao KOJA MaJeTH30BaHUX TEPETa.
Ianere cy ce yoOudajeHo, jemHa IO jeAHA, IPEHOCHUIE
JI0 KAMHOHA WK Barona u3 ¢abpuke WM CKIAJMINTA, a
3aTUM JI0 JI0Ka, rae Ou Omile HCTOBApeHe U AU3AIHLIOM
yroBapene y O6pon. Kaga O6u manera Ouna cMenmirena y
oTBOp Ha mnany6u, Owiao je moTpebHO Ja ce OHa

1. INTRODUCTION

Surprising as it may seem, the method of handling ship
cargo in the early 1950s wasn't so different from that
used during the time of ancient Phoenicians, Figure 1
[1]. The time and labor required to load/unload ships
increased substantially with the size of ship causing
them to spend more time in ports than at sea. The
forerunners of modern cranes in the ports were the
wooden slewing cranes developed in the middle Ages,
Figure 2 [1]. The slewing level luffing crane was the
main means of cargo loading and unloading between
ship and shore up to the end of 1950s, Figure 3 [1].
Through the 1950s, general cargo continued to be
handled as break-bulk (i.e. palleted) cargo. Pallets were
moved, generally one at a time, onto a truck or rail car
that carried them from the factory or warehouse to the
docks. Each pallet was unloaded and hoisted, by cargo
net and crane, off the dock onto the ship. Once the pallet
was in the ship’s hole, it had to be positioned precisely
and braced to protect it from damage during the voyage.

! KonrakT anpeca aytopa (Author’s address): As. prof. Dr.-Ing. Nenad Zmi¢, Mamuucku daxynret Beorpan / Faculty of Mechanical Engineering,
University of Belgrade, Kraljice Marije 16, 11000 Beorpaz / Belgrade, Cp6uja u Lipaa I'opa / Serbia and Montenegro, E-mail: nzrnic@mas.bg.ac.yu
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OPElU3HO TIO3MLUOHHMpAa M MNPHYBPCTH Ja OH ce
3amTuTAa of omtehema TokoM TpaHcnopra. Mctu
MOCTYIIAK TIOHABJHAO C€ HA JPYTOM Kpajy TPaHCIIOPTHOT
JaHIAa YUHEhH ITOMOPCKHU TPAHCHOPT CIIOPHM, CKYIIHM H
ca BEJIMKMM YTPOLIKOM pana. AJH, OBO je IOUelo Ja ce
Mewa 1955. Bepyjyhu na MHIMBHIYaJHUM KOMAaJOM
Tepera Tpeba Ja ce MaHMIYJIWILE caMoO [Ba IyTa, Ha
MOYeTKy TIJe je YCKIAIUIITeH Yy CTaHAapAu30BaHy
KOHTEJHEPCKY KyTH]y, M Ha Kpajy TpH HCTOBapy,
MankoM MekJIun je Kymuo Mairy TaHKEPCKY KOMITaHH]Y
CuJlenx u amantupao meHe OpoJOBE Ja IpeHoce
Tpejnepe. IlpBo myrToBame KOHTEjHEpCKOr Opoja
CuJlenn xommanuje 3amoueno je 26 Ampuna 1956.
n3mely Ibyapka y Iby Llepcujy u Ilopro Puxa. ¥V
HapeAHUM roauHama KoHcTpymcanu cy 20. u 40.
CTOIIHM CTaHJapAN30BaHU KOHTEJHEPH 663 TOUKOBa KOJH
Cy MMaJli MEXaHU3Me 3a 3a0paBJbHBalbe Y CBAKOM YTy
ypMe je Ourna ocurypaHa HHUXOBa BE3a ca ILIacHjama
KaMHOHa, BaroHa, WM APYTMX KOHTEJHEpAa Ha MalyOu
win y notnaty6spy. HoBu KoHuenT KoHTEjHepH3aluje
JpacTHYHO je CMalkHO YTpPOIIaK paja M BpEeMEHa
IpeToBapa KaMHOHa Ha KpajeBuMMa Mapuryte. JlonatHo,
O6poj moau3ama TepeTa Ha ONEPaTUBHO] O0aIM IO
jeTHOM KaMHOHY cMabeH je ca 20 "manux" gu3ama Ha 2
"penuka". KoHTejHepu3anupja je y3 TO cMambuja CHTHE
kpahe u omrechewa Tepera, pesynryjyhim nomatHOM
IOOMTH ¥ MamHM CTOIaMa ocHrypama. KoHmenrt
KOHTEjHEepH3allije MOKa3a0 Ce KacHHje Kao TMTaHTCKH
CKOK 3a OHC KOjH Cy joIl Taja uMmand Bu3mjy [2]. ¥V 10
BpeMe OBaj je KoHIenT O61o faneko jga Oyae npuxsaheH
O/l IUWOHMHI KOMIIAaHWja, alHd je KAacHUje LINPOKO
npuxBalieH, ITO pe3y/ITHpa BErOBUM nopactoMm on 8%
Ha mo4yeTky oBor Beka [3]. Hajzanm, 1959. mecuwo ce
3Ha4ajaH porahaj. Bpeme OopaBka Opoma y mymm
ckpaheno je ca 3 memesbe Ha 18 catu. Kao mito je
MO3HATO, MHOTM (DaKTOPH YTHLATH CYy Ha OBO
nocturayhe. MehyTtum, jenan ce HMCTHUE Kao TIaBHH
JonpuHoc oBoM ckpahersy. To je 6uo passoj [TAKEKO
KOHTEJHEPCKEe IU3ANHIE, NMpBE 00aJCKe KOHTEjHEpPCKE
JIU3aJIHIE Y CBETY ca BeJINKUM Op3uHama kpeTama [3].

This process was then reversed at the other end, making
the marine transport of general cargo a slow, labor-
intensive, and expensive process. All this began to
change in 1955. Believing that individual items of cargo
needed to be handled only twice - at their origin when
stored in a standardized container box and at their
destination when unloaded, Malcolm McLean
purchased a small tanker company, renamed it Sealand,
and adapted its ships to transport truck trailers. The first
voyage of a Sealand container ship commenced on
April 26, 1956 between Newark, New Jersey, and
Puerto Rico. In the years that followed, standardized
containers were constructed, generally twenty or forty
feet long without wheels, having locking mechanisms at
each corner that could be secured to truck chassis, a rail
car, a crane, or to other containers inside a ship’s hole or
on its deck. The new containerization concept
drastically reduced the labor costs as well as the time
required to unload and reload the trucks at either end of
the route. Additionally, the number of ship-to-shore lifts
for each truck load was reduced from as many as 20
small lifts to only two heavy lifts. Containerizing also
reduced pilferage and cargo damage, resulting in the
additional benefit of lower insurance rates.
Containerization, as a cargo-handling concept, would
soon prove to be a giant leap forward for those who had
vision [2]. At that time, however, the concept was a
long way from being perfected or being accepted by the
shipping community, but later the idea of shipping
cargo in locked containers has been widely accepted,
resulting in an uninterrupted worldwide growth of about
8% a year at the beginning of this century [3]. In 1959 a
significant event occurred. A ship's turnaround time (the
time required to load and discharge cargo) was cut from
as much as 3 weeks to as little as 18 hours. Admittedely,
many factors contributed to this accomplishment. But
one element, however, stands out as a major contributor.
That was the development of PACECO Container
Crane, the world's first high-speed quayside container
handling crane [3].

Cauxa 1. Houeyu u npownocm npemosapa mepema ca 6podosa  Figure 1. Beginnings and past of handling ship cargo
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Cruxa 2. Jlpeene ousanuye kao npemeua npemosapa y aykama Figure2. Wooden cranes as forerunners of port cranes

Cnuxa 3. Pazeoj obpmmux nyuxux ousanuya 0o 1956 Figure 3. Development of level luffing port cranes up to 1956

2. KOHCTPYKIINJA TIPBE KOHTEJHEPCKE
JU3AJIUIIE U JIAJbH ITIPABAII PA3BOJA

Jenan on rmaBuux mnpobinema koju je TokoMm 50-mx
rogpHa OHO CYOpPOTCTaBJbEH OCHOBHOM KOHIIENTY
KOHTEJHEpH3alFje OrJiefla0 Ce y YHIEHUIIM Ja OCHM
OOpTHHUM MHOPTATHHM [H3AIMIAMa Y MHOTMM IyKama
muje Grno Moryhe mperoBapHBaTH TeUIKE KOHTEjHEpe.
Oze nu3anuiie 6Mie Cy M3y3eTHO HeedHKacHe, TAKO Oa
je 30or Jjomer ympapipamka HEKOJIMKO MUHYTA LUKIyCa
nperoBapa OWflo M3ryObeHO TP TIOAM3alY H
cnymramy TepeTa. C 063UpoM ia CcBaka IH3aldIa HMa
BEJIMKH OpOj IUKIIyca FOANIIbE, BEroBo ckpaheme uMa
OUPEKTaH ¥ JIAKO MEpJbUB YTHIAj Ha IPOLYKTHBHOCT.
Jyna 1957. ynpasa xommanuje MarcoH, noja BohTBoM
Jleca Xapnanzaepa, Hapy4ymia je CTyaujy 3a oapehusame
aKTyeJqHOr  cTaha  nocrojehMx — amsaguua
uaeHTH(UKAIN]Y HAJTOBOJbHUJET pellickha AU3AIUILE 32
npeToBap KOHTEjHEpa Ha penanuju Opoj — onepaTHBHA

2. DESIGN OF FIRST CONTAINER CRANE AND
FURTHER DEVELOPMENT OF STRUCTURE

One of the major problem facing the containerization
concept was that during the 1950s most ports were not
equipped to handle heavy containers except by mobile
revolving cranes and many of the cranes didn't have the
capacity to lift the container. These cranes were
extremely inefficient in that few minutes of loading
cycle was lost to poor control at the points of pickup
and discharge. Since the cycle would be repeated
thousands of times each year, cutting the cycle length
would have a direct and easily measured impact on
productivity. In July 1957 the engineering staff of
Matson company, under the leadership of Mr. Les
Harlander, commissioned a study of existing crane
types, to determine the state of the art and identify the
type which best met the general requirement for loading
containers between ship and shore and keep turnaround
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obana y3 MHUHMMAllHO 33/Ip’kaBame Opoja Ha Besy,
OIHOCHO HcCHymewe crefelinx 3axteBa: mperosap 24-
CTOIHUX KOHTEjHepa MakCHMalHe Mace 25 T; IpeToBap
1 xoHTejHepa 3a MPOCEYHO BPEME O]l 5 MHH. MM MameE;
criocobHOCT — omciyxkuBamba moctojehux — Opozoaa,
TpaHchOpMHCaHUX  KOHTEjHEpCKUX  Opojoma, U
KOHTejHepCcKuX OpomoBa OynyhHOCTH — crienujaiHe
KOHCTPYKIIMje; OICTYXHBamke KaMHOHa M BaroHa M
06e36ehBarbe HAjIOBOJFHUJHX YCIIOBA 332 KOPAMHALU]Y
KpeTama pobe Ha JOKY: CHCTEM YIIpaBibamba TEPETOM
TPOjEeKTOBaH TaKO Ja CMamU OY)KHOCTH H 3aMop
IH3anndapa; INIOOATHO pelleme IU3alvle U OompeMe
Koje u3MCKyje MuHUMYyM ocoOma. Crymmja je
3aK/byudiia Jla HHjeHa JU3alMila Taja TpHUCYTHA Ha
TPKMINTY HHUjE MOIJa Jia y MOTIYHOCTH 3aJ0BOJbH
MOCTaBJbEHE KPHUTEpHjyMe, a Ja Cy Au3ajluue 3a
IpeToBap pyA€ ca XOPH3OHTAJHOM CTpEIOM H
KOMHMIMMa Koja cy nponasuna usmehy Hory Oune
HajOmmKe Ja  3aJ0BOJbE  IIOCTABJbEHE  3aXTeBeE.
IMowyerkom 1958. cmenudukanuje nepdopMaHcu cy
¢bunammzoBane u pacucad je tedaep. IIAKEKO jenan
on 11 yuecHuka Ha TeHzaepy HampaBuo je 1958. mpBy
KOHTEJHEPCKY AM3AIMIy 3a KommaHujy MatcoH [2,3].
I[TAKEKO-Ba ¢uro3otpuja Ouna je ma je Hajbopm
npojekaT oOHaj ca HajMamuM  OpojeM  zenoBa
KOHCTpYKIHje, a mocebHa mnaxama nocsehena je
€CTeTCKOM M3riiefly ausanune. Pemerke, kopunihere y
TOM BpeMe oj cTpaHe BehimHe mpom3Bohada, 3aMermeHe
Cy JMMEHHM 3aBapeHMM HOCadMMa KyTHjacTOr mpeceka,
rae roa je Owro wmoryhe. To je pesyarupano
JEOVHCTBEHOM M JIaKO YOUYJbHBOM KOH(HUTYpalyjoM
quzanuie y obmuky cmoBa "A", riaemaHo y G0YHOM
mpaBIly Ha TmpaBan Kperawma kommua [2,3]. Cpaka
¢dyHKIMja je OpYKIBMBO aHANMM3UpaHa | yrpolnheHa, J1a
6u ce obOe3benmna makoha mnpucrynma, pykoBama H
onpxapama. KabuHa qu3anuyapa MOHTHPaHa je Tako Ja
je obesbehena myma mepreniyja nperoBapa. I[lyHa
MaXkha MOKIOKEHa je MOOO0JBIIAHOM YIpaBIbalkby O
cTpaHe auzanudapa U Oe3bemHocTH. 7. jaHyapa 1959.
roJ. MpBa KOHTEjHEPCKa JH3INIA Ha CBETY IIyIITEHA je
y eKcrioatanyjy Ha TepMuHany EHcuHan y Anamenw,
Kamadopuuja, ci. 4 [S]. Pacnon auzanune 6uo je 10,4
M, IpEemycT Ha CTpaHu Boje 23,8 M, BUCHHA Iu3ama
17,8 M, 1 maca 290 1. OBa gu3anuia Koja u JaH JaHAC
pazu, MomudukoBaHa je 1963-64 wm 1974-75.
ITponysxeuu npemnycrt, u Beha BUCHHA nHU3amka AU3ATHIE
oMmoryhmimm cy oncmyxuBamke HOBHX M  BehHx
KOHTEjHEpCcKHX OpoznoBa, a nosehame HocuBocTH Ha 30
T OCTBapeHO je y3 MHHHMYM peumxemepunra. Osa
OpHrMHANHa W3BeAba  OU3aIMIe [OCTaBWIA  je
CcTaHjapjie 3a ocTajgc npousBohage mmpoM cBera.
[Tpempaa je 6umno 10 cana MHOTO 3HaYajHHUX yHanpelhema,
CBE CaBpeMEHe IU3AIMIE Cy AWPEKTHH HACJICTHHUIH
IpBE IU3AIHIE, 2 KaCHHUje KOHCTPYKIHMjE Cy IpeTplene
He3HaTHe KoHIemnujcke u3mene [2,3]. 1963. rog. UCO
je dopMmupao cekuujy 3a KOHTejHepe Ha Ou ce
yHHOHIMpaTe  IBUXOBE  JUMCH3WjE,  TYXKHHCKE
TOJICpaHIlHje, 1 OCHOBHH 3axTeBH uBpcrohe. Om 1964.
roi. IIWTHAT KOMMAHHje IIOCTajy CBECHE MHOTHX
NpeIHOCTH KOHTEjHepu3auuje. VHBecTHTOpH yIaxy
3HauajHa cpeAcTBa y HoBe OponaoBe M jyke. Tako cy u
neppopmance ITAKEKO-Bux namsanuna ymnampelene,
cn. 5 [5]. Hop. pacmon oBux au3anuua u3 1964. 6uo je
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time of container ships to a minimum, i.e. specifically:
to handle 24ft containers weighting a maximum of 25t;
load/unload one container in an average time of
Sminutes or less; be able to service existing ships,
converted container ships, and future container ships of
special design; serve either truck and/or rail traffic
shore, and provide optimum conditions for coordination
of freight movement on the dock; crane components to
be designed for trouble-free continuous use; hoist and
control equipment to be designed as to minimize
operator responsibility and fatigue; overall scheme of
crane and related equipment to require a minimum
operating personnel. The study concluded that no crane
then on the market satisfactorily filled this requirement,
and that an ore-unloading type crane with a horizontal
boom and through-leg trolley came closest to meet this
requirement. Early in 1958, performance specifications
were finalized and put out for bid [2,3]. PACECO
(Pacific Coast Engineering Company), one of eleven
bidders, pioneered the first container crane for Matson
in 1958]. PACECO philosophy was that the best design
has the fewest number of pieces, and developed the
conceptual drawings paying particular attention to
aesthetics. Trusses, used at that time by most
manufacturers, were replaced with all-welded box
girders wherever possible. This resulted in unique and
extremely clean-looking A-frame configuration. The A-
frame gantry crane takes its name from it’s "A"-shaped
noticeable when observed from the bridge [2,3]. Each
function was carefully analyzed and simplified to
promote ease of access, operation and maintenance. The
operator's cab was mounted in full view of the operation
with all controls at the operators' fingertips. Every
consideration was given to enhanced operator control
and safety. Limit switches were placed throughout the
crane's power system to prevent overloading and unsafe
operation. On 7 January 1959 the world’s first container
crane was put into service at the Encinal Terminals in
Alameda, California, Figure 4 [5]. The gage of this
crane was 10,4 m, outreach 23,8 m, lift height 17,8 m,
capacity 22,7 t, and weight 290 t. This first container
crane, which is still in operation, was modified in 1963-
64, and again in 1974-75. The extended outreach, height
and width enabled it to serve new, larger container
ships. The modifications and the upgrading of lifting
capacity from 25 to 30 tons were accomplished with a
minimum of re-engineering. The original container
crane set the standards for dozen of manufacturers
around the world. Although there have been many
significant improvements, all modern cranes are direct
descendants of this first crane, and the design of later
cranes has reminded relatively unchanged [2,3]. In
1961, the International Standards Organization (ISO)
formed a container section to develop a family of
uniform container sizes, dimensional tolerances, basic
strength requirements and corner fittings. By 1964,
shipping companies had become aware of the many
advantages of containerization. Investors were
committing funds for the development of new ships and
port facilities. So, the performances of PACECO cranes
have been also improved, Figure 5 [5]. The gage of this
crane built in 1964 was 15,24 m, outreach 33 m, lift



15,24 m, mpemryct 33 M, BucHHA u3ama 24 M, HOCHBOCT
30,5 1, u maca 490 1. 70-ux roguHa OWIa je aKTyeiHa
IMTAKEKOBA koHCTpyKIIMja MomudHuKOBaHOT A-pama,
cn. 6, ca pacnonoM on 30,48 M, mpemyctom 35 M,
BHUCHHOM Imu3amka 25 M, HocuBoctHd 40,6 T, 1 MacoM 580
T [5]. Kpajem 1980. roa. ITAKEKO je jom yeek 6mo
Bojehn  mpomsBohau  oOasickMX  KOHTEJHEPCKHX
MU3aIuNg, jep Cy Tama, of YKymHO nonmcade 737
mmsanuie y npeko 200 nyka mmpom cBera, 283 Oune
IMAKEKO-Be mm3amuue, wau 38% ox ykynHor 0poja.
On cpemure 80-ux a0 movyerka 90-ux roguHa pasBHjaie
cy ce Iloct-Ilanamakce ausanuie, ci. 7, ca mosehanum
nephopmancama, pacronoM 30,48 M, mpemycrom 44,2
M, BHCHHOM Iu3ama 29 M, HocuBocTH 40,6 T, © Macom
910 T [5]. Uctospemeno ITAKEKO je npecrao na 6yxne
Bosiehu cBercku npousBohau. ITogerkom 90-ux roauna
3al0YMIbE epa Mera JH3ajdlia, ca HEBEPOBATHO
BEJIMKMM TIopactoM nepdopMmaHcu ausanuia. Hip.
CyeuMakc gu3ajviie 3a ONCTyKHBamke 23 KOHTEjHepa
no mwupuan Opona, ci. 8, umajy pacmon oa 30,48 M,
npermyct 61,3 M, BUcHHY nu3ama 36,6 M, HocuBocT 50,8
T, 1 Macy 1110 T [5]. Manakamakc muzaigune Koje
OTCITyKyjy OponoBe ca 24 KOHTEjHEpa MO IIHUPUHH, CIl.
9, umajy pacmon 30,48 m, npenyct 70,5 M, HOcuBOCT 66
T, BUCHHY Au3ama 40 M, u Macy 1590 1 [5].

height 24 m, capacity 30,5 t, and weight 490 t. In the
1970s was actual PACECO Panamax modified A-frame
construction, Figure 6, with gage of 30,48 m, outreach
35 m, lift height 25 m, capacity 40,6 t, and weight 580 t
[5]. By the end of 1980 PACECO was still the leading
manufacturer of cranes, because of the 737 quay listed,
container cranes 283 (38%) were PACECO Portainer
cranes operating in over 200 ports around the world.
From the mid 1980s to early 1990s was the period of
development of Post-Panamax series of cranes, Figure
7, with increased performances, gage 30,48 m, outreach
44,2 m, lift height 29 m, capacity 40,6 t, and weight 910
t [5]. At the same time PACECO ceased to be the
world's leading manufacturer that will be explained in
the next chapter. In the 1990s started the era of mega
(jumbo) cranes, with the incredible increase in cranes'
performance. For instance, Suezmax cranes capable to
serve container ships with 23 containers across deck,
Figure 8, built for Virginia Port Authority have the gage
of 30,48 m, outreach 61,3 m, lift height 36,6 m, capacity
50,8 t, and weight 1110 t [S]. Malaccamax cranes
(Virginia International Terminal South) ready to serve
ships with 24 containers abeam on deck, Figure 9, have
the gage 30,48 m, outreach 70,5 m, capacity 66 t, lift
height 40 m, and weight 1590 t [5].

Cnuxa 4. Ilpsa koumejuepcra ouzanuya (1959)
Figure 4. First Paceco container crane (1959)

Cnuxa 5. Ilakexo ouzanuya CJI7 (1964)
Figure 5. Paceco crane SL7 (1964)

Cruxa 7. Hocm-nanamaxc cepuja (cpeduna 80"-novemax 90')
Figure 7. Post-panamax series (mid-1980s to early 1990s)

Cnuxa 6. Ilaxexo nanamaxc moougpux. A-pam (1970)
Figure 6. Paceco modified A-frame (1970)
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Cnuxa 8. Cyeymaxc ousanuya (1998)
Figure 8. Suezmax crane (1995)

TunugHa KOHCTpYKIWja M riuobanHe IUMEH3Hje Mera
au3aIHIa Tokasane ¢y Ha ci. 10 [6]. Ouekyje ce ma
Oynyhie Bemuke Au3auie HMajy pacnioH of 30 go 40 m,
npermycT o 73 mo 75 M, BuCHHY Iu3ama Behy on 46 M,
nHocuBoct ox 80 mo 120 T, 1 macy npexo 2,000 T [5,7].
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Chuxa 9. Manaxamarc ouzanuya (2003)
Figure 9. Malaccamax crane (2003)

Typical construction and overall dimensions of a jumbo
crane is shown in Figure 10 [6]. Future jumbo cranes
are expected to have gage 30 to 40 m, outreach 73 to 75
m, lift height 46+ m, capacity 80 to 120 t, and weight
2,000+ t [5,7].

Rated Load = 65t, or

B

M

i

Cnuxa 10. Tunuuna xoncmpyxkyuja eenuke xonmej. ousanuye Figure 10. Typical construction of a jumbo cont. crane

3. EBOJYTUBHH PA3BOJ MHMHAYCTPUJE
KOHTEJHEPCKHX JIU3AJ/IAIIA

Ha mnouerky pa3Boja HUHIyCTpHje KOHTCjHEPCKHX
au3anuia OWwio je [OOBOJBHO Ja Kymall TO030BE
MAKEKO-Bor mpesacTaBHUka y OHWIOM KOjeM JAeily
CBeTa W Hapyun musammny. [IpBe amsammme Koje je
ITAKEKO ucnopy4nBao uMasie Cy ca HEKAM H3y3elMMa
pacior oxa 1524 M wmn 30,48 M, u crammapase
KapakTepUCTHKE Kao IITO Cy HOCHBOCT, IPEIyCTH, M
BHCHHE JTH3ama. To cy Omie KBaJUTETHE IU3AIMIE, H
INAKEKO je u4BpcTO cTaja0 M3 CBOI TPOH3BOJIA.
Esporickd  mpou3Bohjaurt KOHTCJHEPCKHMX  OH3aJIULA
(Jubxep, Henxon, Hoenm, Kone, u ap.) ynase Ha
TPKAMITE TI0YeTKOM 60-THX TOAMHA, U TIOHY MK CY YaK
no6oJbIlIaH  TIPOjEeKaT M IIPOM3BOJA Y3 HCTOBPEMEHO
noctusame ITAKEKO-Bor kBammreTa M KOHKYPEHTHY
HEHy, TAKO Ja je KyTall MOTao a Hapydu Ju3ajiMiy Oe3
MHoro Hamopa u pasmumbama. M IIAKEKO #
“Epposbann” moHymwin cy "Off-the-Shelf” (Ca
[OJIMIIE) KOHIENT. YJa3ak jamaHcKHX mponsBohada Ha
TPXHIITe TodeTkoM 60-ux roamHa (Murcyouum,
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3. EVOLUTION OF CONTAINER CRANES
INDUSTRY

At the beginning of development of container cranes
industry purchaser could call up a PACECO
representative in any part of the world and order quay
cranes. The cranes supplied by Paceco and its licensees
had a rail gage of either 15,24 m or 30,48 m, with some
exceptions, and standard features as capacity, outreach,
backreach, and lift heights. They produced good quality
cranes and stood behind their product. European
container crane manufacturers (Liebherr, Nelcon, Noell,
Kone, etc.) entered the market in the early 1960s,
offered standard or even improved design and product,
matched PACECO’s quality and had competitive price,
so the purchaser could purchase cranes with little
anxiety and effortt PACECO and European
manufacturers offered "Off-the-Shelf" concept. The
Japanese entry (Mitsubishi Heavy Industries, IHI,
Hitachi, Mitsui - later becoming owner of Paceco), into
the container crane industry in the late 1960s presented
some opportunities and, for the first time, some



Xutaun, HWXW, Murcym — cajalilbd  BIACHHUK
MMAKEKA), opyxuo je MHOTe MOryiiHOCTH, H IO TIPBH
OyT Heke W3a30Be 3a Kymua. OHH Ccy HMaIM
KOHKYPEHTHE, Ma YaK H BEOMa HHCKE LI€HE, BOAWIHN Cy
padyyHa O KBanurery, H moHyauwiu cy "Tailor-Made"
(Kpojeno mo mepm) koHuent. Ilpemaa cy Ha 3amany
M3PA3MIIM CKEICY IpeMa HHCKO] IICHH, HEKe BEeIMKe
NIMTHHT KOMIIAHWj€ Cy WIAaK BHIEIE CBOjy HIAHCY Y
HOBOJ TPKHIIHOj YTAKMHIM M OpYxuile ¢y "JamaHuuma"
mpunky. Jnmema kynna 6una je: Kako 6uty curypas y
KBJIMTET jamaHCKux nu3ainuua? JenHa on MoryhHocTH
Ouna je y 3axTeBy 3a JIOCTaBJbambEM JETa/bHUX
TEXHUYKUX CHel(HKanmja 1 cBeoOyxBaTHO] PEBU3H}H
npojekTa M TpOHM3BOAA. JamaHUM Cy €€ MOCBETHIIH
KBAJIMTETHO] M3paad JU3alMlia, U 3a KPATKO BpeMe
pocturiy cy HMBO EBpomsbana m Amepukanana. Ca
moBehiamkeM 3axTeBa Ha JoMaheM TP>KHILITY H IIOPacTOM
HAllMOHANIHE CKOHOMHje JamaHcke [JH3anune Cy
npecrane xa Oyae jeptune [4,8,9]. Konment
Npou3BOIE U HaGaBke nu3anuua o the "Tailor-Made"
cnienmbukayju je 3amodeo. OBaj npolec ce MOHOBHO
ca Kopejckum (Xjynmau) mnpomssohaunma 70-ux
TOAMHA, KOJH Cy HYJWIN jeTHHE Au3anuie, U KOHAYHO
ca Kuneckum mpomssohauem 3IIMII koju je HajBulne
YTHIIA0 HAa WHAYCTPHjy KOHTEJHEPCKMX AM3alIHIa H
moaytnipeo Tailor-Made konuent. 3IIMII naHac uma
IOMHMHAHTHY YJIOTY Ha CBETCKOM TPXKHUIITY, a H-EroB
mpolleHTyalHu yaeo he pactu y cieaehuM roguHama.
IpuBaru3anyja qyKa (OCHOBHM TPEHIOBH pa3Boja JyKa
Cy mpHBaTH3alldja, riobaiu3andja, ¥ MOJECpPHU3ALH]A
[10]), xao u ycmex 3IIMIl-a dopMupanu cy Beoma
KOHKYPEHTHO OKPYXCH¢ HHIYCTpHje KOHTECJHEPCKMX
muzamuia. KoHconmpaudja LIMOMHT  JIMHMjA H
omeparopa TEpMHHANla, Kao M InoBehame IUMEH3Hja
6pomoBa kpempaie cy noTpeOy 3a Behum, OpxuM H
"mameTHujuM" musamuuama. MHAycTpHja au3anuua
OIrOBOPWJIA j& HA OBE 3axTeBe, a WTO je 3adylhyjyhe,
HeHe TU3aINIa KOPHTOBaHe 3a CTOIy HHIalHje ocTale
Cy cTabmiuHe WIH Cy ce 4ak cMammie. TUMe HacTyna
[OBOJGHO BpEME 3a KYIILE JAM3IHIEA, all U TEIIKO 33
muxoe npoussohaue. ITAKEKO Hmje wmorao ja
H3JIPKU TPIKHUIIHY YTaKMUILy, 9aK M [IOCIE NpPeCceberba
npousBoilbe y jeprurmje permone CAJl, mok cy ce
HEKH €BpOICKU Mpou3Bohaun (y3MOHHCATH, a HEKH
HAITyCTHIIN TIPOH3BONbY 00ANICKHX AM3aINLA. JallaHCKH
Npou3BOjauM TMOBYKIHM Ccy ce ca MehyHapoasor
TpXuTa ¥ (QoKycupalid ce Ha Jomahe 3amrTuheHo
Tpxuiite. OHH KOjH Cy MPEOCTaIH HA TPXKHUINTY
OCTBAPWIIA Cy 3Ha4yajHEe M3MEHE Y HAa4MHY IOCJIOBamba.
Jla O mpeXXHBENN HA CYpOBOM TPXKHIITY IPOJPMAHOM
yemexoM KuHesa, IpHMEHIIM Cy Mepe 3a CMambUBaIbe
TPOIIKOBA U MOHYAWIM KOHKYPEHTHE 1I€Ha TaKO IUTO CY
MPEMECTAIM TIPOM3BOJBY H MOHTaXy y IOroOHE Yy
yIaJbeHHM PEerHOHMMA H Ca je(DTHHOM pajHOM CHAIOM,
IMPEKTHO  yrpaluBanM  KyIUbEHE  EJICKTPOHCKE
KOMIOHEHTE, CTaHJapAu30Ball  KOMIIOHEHTE, H
HApPaBHO PEAYKOBAalM COICTBEHU HPOQHUT, MM 4YaK
npozasany ucnoA ueHe. ITocneauna oBUX Mepa Ouna je
a Cy HEKH Mpou3Bohady yCIIENH a OJpKe KBAJMTET,
JOK Cy OCTajiy HaWlUIA Ha BelHMKe npobneme. OBH
MOTORH CY MMalK NpodieMe ca MOY3JaHOCTH OIpEME,
U KalllleHeM Y BeHOj Henopyuu [4,8].

challenges for the purchasers. They offered lower and
very competitive prices, initial quality concerns, birth of
"Tailor-Made" concept, and good quality. The first
reaction within the Western world was: No such thing
as a free lunch—you will pay for it one way or another.
However, some large shipping lines saw opportunity in
the new competition and decided to give the Japanese a
try. The purchaser’s question was: How would he
ensure good quality if he bought Japanese cranes? One
possible way was to issue detailed technical
specifications and do a thorough audit of the design and
manufacturing. The Japanese are committed to quality
and that they provided good quality cranes. Within a
short time, they were in the same category as the
Americans and Europeans. With the economy growing
and domestic demand increasing, Japanese cranes
ceased to be a bargain [4,8,9]. The concept of
manufacturing and purchasing cranes with the "Tailor-
Made" specification had begun. The process repeated
with Korean (Hyundai) and others manufacturers in the
1970s, offering lower-priced cranes, and finally with the
Chinese manufacturer ZPMC who have made the most
significant impact on the container crane industry, and
favors Tailor-Made concept. It is well known that
Chinese ZPMC container crane supplier has the
dominant share of the world market and may further
increase its share over the coming years. Both the
privatization of the ports around the world (the actual
trend in ports is privatization, globalization and
modernization [10]), and ZPMC’s success has created
an extremely competitive environment for the container
crane manufacturing industry. Consolidation of
shipping lines and terminal operators and increase in
ship sizes has created a need for larger, faster, and
smarter cranes. The crane industry has responded well
to this demand. However, crane prices, when adjusted
for inflation, have remained stable or even come down.
This has been the best of times for crane purchasers.
The gain for crane purchasers has meant difficult times
for manufacturers. PACECO could no longer compete
with the overseas suppliers, even after moving
manufacturing to a lower-cost region of the U.S. Some
European suppliers have merged or quit manufacturing
quay cranes. The Japanese suppliers retracted from the
international market and remained focused on their
protected domestic market. Those remaining active in
the market have made some significant changes to the
way they do business. To compete in the current market,
the environment affected by Chinese success, i.e.
established crane manufacturers have tried to apply
cost-cutting measures and have highly competitive
prices by following measures: shifted fabrication and
assembly to remote plants with cheaper labor, sub-
contracted fabrication and assembly to regions with
cheaper labor, purchased electrical components and
integrated them in-house, standardized components,
and, of course, reduced profit margins or sold below
cost. Consequences of cost-cutting measures were that
some manufacturers have maintained their quality
throughout these changes, while others have
encountered serious problems. The latter have caused
their purchasers significant delays, equipment
downtime, and reliability problems [4,8].
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4. OCHOBHHM TIPUHLHIIN IMTPOJEKTOBAIbA
OBAJICKUX KOHTEJHEPCKHUX JU3AJHAIA

OcHOBHa pasMatpaimba Y NPOjeKTOBalky KOHTEJHEPCKHX
JIM3aJTHIIAa OJJHOCE C€ HAa MAIIMHCKH €0, SICKTPOHUKY H
Hocelly kKoHCTpyKuHjy. OCHOBE MAaIlIMHCKOT M €IEKTPO
IIPOjeKTa Be3aHe Cy 3a:

e 300p THma xomuila;
U360p MOTOHCKHX W YHPaBJbadKHX CHCTEMA,;
besbennoct y paxy;
ITosehame npoayKTHBHOCTH;
KoHCTpyKuHjy ¥ TPOU3BOAY;

¢ Hcnopyunolie KOMIIOHEHTH.
OcHoBe npojekta Hocehie cTpykType 00yxBartajy:

e  Anamm3y onrtepchemsa;

CrabHIHOCT KOHCTPYKIIH]C;
Hoxa3 uBpcrohe;
Onrepelieibe TOYKOBA;
3amop;
Yrumaj nzabapaHor pememna KOIHIa;
VYcnoBe TpaHCTIOpTa rOTOBE KOHCTPYKIIH]E;
OnpxaBame KOHCTPYKIH]C;
Kpyroct Hocehe koHCTpyKIMje;

e 3pany KoHCTpyKIHje.

['maBEHM IIWBEBH Yy TPOjCKTOBaMY H IPOH3BOABH
KOHTEJHEPCKUX JIH3aJIHIla CY:

o  OO06e30chuBame BUCOKE MOY3TAHOCTH,

e JedruHo onpxaBame;

e Hajamka ykymHa T1icHa (ofOyxBata LEHY
HabaBKe, W LIEHy peBU3Hje IpojexTa aa 6u 100uIu
[IOy3/1aH IPOMU3BOJ, jeTHH 3a OJIp>KaBarbe).

Kapaxrepucruke no6po ypahenor fpojeKTa
KOHTEjHEPCKE AU3AIHIIE 3aXTEBajy:

e YCKyCTBO IPOjEKTHOT THMA;

e [lo3HaBambe cTapmapja H IPONKCA [IHPOM
CBETa;

¢  OGes6ehuBame moy3gaHor pana;

e JedTHHO M MHHUMAITHO OIpKABAME.

MehyTnM, ITaBHM OWJREBH IPOjEKTOBama HECTO CY Yy
CYNPOTHOCTH C€a KapaKTepHCTHKama JoOpor IpojekTa
Jep je 1o npaBHTy HHCKA [ICHA BE3aHa 3a:

e Jlow npojekar;

e KoMmoHeHTe NOmer KBAINTETa,;

e  Hucky noysgaHocT;

e Ckyno onpkaBame,

JIOK j€ ca Ipyre CTpaHe CKYM IPOU3BO/I BE3aH 3a:

¢  JloGap mpojexar;

e  N3pa3uTo KBAJIUTETHE KOMIIOHEHTE;

¢  Bucoky noysaaHocT;

e JedhTHHO OApXKaBame.

[TpoGnem je u wTo ce cneuuduKaiyje U craHxapay 3a
IPOjEeKTOBakE OJHOCE HA CTAaHIApIHE IU3ajlHuIle, a He
Ha KOHTEjHepcKe, Koje cy cneuuduune 360r [9]:

e  Excnentprunux ontepehema;

¢ Bemukux 6p3mHa MeXaHH3aMa;

o Temxux pexnma pazna;

e  Bucokux 3axreBa 3a noysgasonihy.

CBakako, HCKJFYYHBO HCKYCHH HHXEIepH Tpeba xa
TyMade cTaHjapjc U crerudpukanyje. OUUreaIHo je aa
Cy ce KOMIIOHEHTE K CHCTEMH yCaBpIIaBaiy aa GH ce:

¢ Tlobospmane mepdopMaHce U IPOLYKTHBHOCT;
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4. BASIC PRINCIPLES IN DESIGN OF QUAY
CONTAINER CRANES

The basic topics in design of quay container cranes are:
mechanical, electrical and structural. The main
mechanical/electrical topics are [9]:
e Trolley Types;
Drives and Controls;
Power Supply;
Safety Features;
Productivity Enhancements;
Design & Manufacturing;
Component Suppliers.
The basic topics for structural design of cranes are:
e Loads;
Stability;
Stress check;
Wheel loads;
Fatigue;
Trolleys;
Voyage conditions;
Structural maintenance;
Stiffness;
Production.
The main goals in design and manufacturing of quay
container cranes are:
e High reliability
e Low maintenance cost
e Lowest total acquisition cost (purchase price,
and design and manufacturing review cost to get
high reliability and low maintenance)
The characteristics of good design of container cranes
are:

Requires design experience;
Meets crane codes worldwide;
Provides crane reliability;
Minimizes maintenance.
But, the main goals in design of container cranes are
often in opposite with the characteristics of good design
because low price is associated with:

e  Poor design;

e Inferior components;

o Low reliability;

e High maintenance,
and on the other hand the high price is associated with:

e  Good design;

e Superior components;

e High reliability;

e Low maintenance
The problem is also that standard specifications and
standards cover standard cranes, not container cranes
that are unique for many reasons [9]:

o  Eccentric loads;

e High speeds;

e Heavy duty cycles;

e  Very high reliability requirements.
Of course, experienced engineers must interpret
standards and specifications. It is obvious that crane
components and systems are being refined to:

e Improve performance and productivity;



e [loeehana noy3znaHocT;

e [loGossmiano ofp>kaBame,
Te Nia MEKEEhep Mopa aa Oyae curypaH Koje IPHOpHTETE
JKEITH J]a OCTBAapH NPY NIPOjEKTOBabY ITU3ATHIIC:

e JluMmeHsuje u Op3HHE;

e (CucreMe v KOMIIOHEHTE;

e 3axteBe 6e30eTHOCTH H OJpPXKABAMA.

5. CTPATEI'1JE Y HABABIIA JU3AJINIIA

OcHORBHE YMILCHUILIC BE3aHE 3a CTPaTeTHjy HabaBKe Cy:
o [lpomeHa KBaIMTETa U HEHE;
e Opabup nojiecHe cTparervje HabaBKe.

3akymai TepMHMHATa UMa ONLHjy HabaBKe AM3anula 1o
crpateruju  “Off-the-Shelf” (ca kpaTtkum mnpermeaoM
cnenndukanyja), WIA Kpo3 HajMmeTame (TeHIep) ca
nertjpHOM  crenmbukanyjoM  nepdopMaHCH — Koja
oarosapa “Tailor-Made” npuctymy. Hajuemnhe, oBaj
HpoIIEC TPEACTaB/ba XUOPHU MOMEHYTHX CTpaTeruja. ¥
o0a cimydaja, caBpeMeHH Kymar Tpeba na Oyne Gosbe
nHPOPMHCAH U BHIIE aKTHBaH HEr0 paHHje kaja ce
OU3AIMIA HapyduBada KOJ JIOKAIHOT 3aCTyNHMKA.
N36op ctpareruje HabaBke 3aBUCH of Opoja AM3amuua,
JIoKalyje, 3aXTeBa, U eKcrepTu3e yHyTtap ¢upme. Behu
Opoj AM3anMila JONPUHOCH OOMMY TpOUIKOBA H
dhaBopu3yje "Tailor-Made" xonuent. Hexu on
npou3sohaya HHCY y CTamby Ja OATOBOpPE 3aXTEBHMA
TpxumTa ¥ 00e30ene yoOHuajeHE KapaKTEpPUCTHKE
muzamura.  "Off-the-Shelf"  mpouec  daBopusyje
CTaHxap/u3oBaHa pemema. "Tailor-Made" xonnment
3aXTeBa BHCOKY €KCIECPTH3Y, OMJIO yHYTap GHpMe, WM
0]] aHTaKOBAaHHMX CIIOJHHUX KOHCYNTaHaTa (BEOMa 4eCTO
dakynrern u wuHctuTyTH). Hamepa "Off-the-Shelf"
CTpaTeryje je Aa M3UCKYje KpaTak Iperies TEXHHIKHX
KapakTePUCTHKA U JOCTaBJbEHY HOHYLy OX CTpaHe 2 110
3 mpomseohaua nuzanmuma. OBa cTpaTeruja je nojecHa
na ce o0e3benr BHMCOK KBaIUTET IW3aliviia, 0e3
OIICEXHOT TMpolieca Ha0aBKe, y3 TPXKHUIIHY YTaKMHILY
mpou3Bohaua. 3axTeBH Kymma ©OasMpaHH Cy Ha
NPETIIOCTaBJbCHO] HAMEHM  JIU3allHIA, HOTpeGHOj
HOCHMBOCTH, 4YBpCTONM Keja M IO¥MeH3HjamMa Opojosa.
Kon oBe crpareruje kymnai Tpeba na [9]:

o Tlocetm moctojehe musamume (2 1o 3
npousBohaua) Ha TepMHHAJIAMA qmje
KapaKTEepUCTHKE OArOBapajy BeroBUM IoTpedama;

o JloOuje yna3He moJaTKe OX pyKoBamala H
o[pKaBaNala M3, ¢ THM Ja PYKOBAoLHU
3aKymia TepmuHana Tpeba ma  Hcnpodajy
TPOTOTHII, a  OIpxaBaolLH AaHATHU3UPA]y
npensuljeHo onapKaBame M MPHUCTYI JIOKaiMjama
Ha KOjMa Ce€ OHO CIPOBOAHM, Ka0 M Ja H3BpLIE
peBu3Kjy mporpama oJip>kaBarmba KOHCTPYKIIH]E;

o Jlobuje crienmduKkanyje o/ Npou3sohaya;

e Pasyme nmpomec HaGaBKke W IIpeaysMme
KBAJIMTETHE Mepe HaA30pa (MOHUTOPHHIA).

Ksbyune craBke "Off-the-Shelf" ctparermnje cy:

e Kparax npernex crneundukaiyja (reoMeTpHja U
KaIalUTETH, Harajame el. CHEPrujoM, KalaluTeT
Keja, OTPOIIA cTpyje, cnenududHe
KapaKkTepUCTHKE, KIacHpUKalMja Yy IOTOHCKE
rpyne, CTabHITHOCT IIPOTHUB OTyjHOT BETPA;

e MHsuckyjyha orpanuuema (xymam Tpeba aa uma

¢ Improve reliability;

¢ Improve maintainability,
and the designer has to be sure to specify what he want
as the priority in the design of a crane:

¢ Size and speeds;

e Systems and components;

e Safety and maintenance requirements.

5. PROCUREMENT STRATEGIES

The basic facts concerning procurement strategy are:

¢ Judging quality and price;

¢  Choose appropriate procurement strategy.

The terminal purchaser has the option of purchasing
cranes with so called an “Off-the-Shelf” design (with
specification outline) or with competitive bids with a
detailed performance specification we will call “Tailor-
Made”. Frequently, the process is a hybrid of the two.
In either case, the modern purchaser needs to be better
informed and more diligent than before, because the
crane procurement process is no longer a matter of
ordering a crane from a local representative. The choice
of purchasing strategy would depend on the number of
cranes, location, requirements, and in-house expertise.
A larger number of cranes bring economy of scale and
favors "Tailor-Made". Due to the current crane market,
some crane suppliers are not able to provide custom
features and still be competitive. "Off-the-Shelf"
process favors standardized designs. "Tailor-Made"
cranes require high expertise, whether in-house or
through outside consultants (including Faculties and
Institutes).

The intent of “Off-the-Shelf” strategy is to emulate the
early purchasing strategy of issuing a brief technical
outline and inviting proposals from two or three crane
suppliers. The proposed strategy is likely to provide
good quality cranes without the extensive procurement
process, and at the same time encourage competition
between the crane suppliers. The purchaser
requirements should be based on the anticipated crane
usage, lifting capacity, quay strength, available power,
and vessel dimensions. If "Off-the-Shelf" strategy is
choosen, the purchaser has to [9]:

e  Visit operating cranes in terminals that generally
match his terminal requirements — 2 to 3 suppliers;

e Get input from operations and maintenance
personnel  (purchaser’s operations personnel
should operate the suppliers’ prototypes, while the
maintenance personnel should note the required
maintenance and ease of access to the various
maintenance locations, and they should review
maintenance programs and reports, including
structural maintenance programs;

e  Obtain vendor or manufacturer specifications;

e Understand procurement process and quality
monitoring effort.

The key points of "Off-the-Shelf" strategy are:

e Issue specification outline (geometry and
capacity, power supply, quay capacity, electrical
vendors, specific features and components,
classification groups, stability against storm winds;

e Solicit terms (the purchaser should get feedback
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MOBpaTHY MHQOpPMalIKjy O oleparopa TepMHHATIA

W TH3QTHIA O TMOY3JaHOCTH M MPEKHINMa y pany,

1 3aXTEBA KOje U3MEHE XKEIU [a CE H3BpIIE);

o TIpoBepa TEXHHYKHX KapaKTEPHCTHKa Koje Haje
mpoaaean; (kymarmk Tpeba ga  Ha  OCHOBY
NOCMaTpama MOTBPAH TEXHUUYKE KapaKTePUCTHKE
TTIABHUX KOMIOHCHTH U BHXOBHX fpoH3Bohada, u
OpUMHA K 3HabYy HHXOBE CBEHTYaIHE M3MEHe.
I'maBHE KOMIOHCHTE Cy: IIOFOHH M YHPaBJbauke
JEeAMHHIIE, MOTOPH, PEAYKTOPH, KOUHHIIE, CTPYjHHI
BOIOBH, U cmopenep; Ilpoussohaum kopucre
pasnuyMTe  CTaHAapAe IpH  IIPOjEKTOBAIY
mmsamnna kao ®EM, BC, JWH, JUC, AC;
Hajpacnpoctpamennju je ®EM cranzapa, xoju je
OJUTMYaH C acleKkTa KiacH(HKaIyje y IOrOHCKE
rpyne. MehytuMm, ¢akrop cTaOHWIHOCTH Yclen
JejcTBa BETpa KOjU HYIH OBaj CTaHAap] MOAcCaH
je 3a npuMmeHy y EBponu, anu HUje ajcKBaTaH 3a
MHOre pErHoHe BaH e, MHOTHM mHpom3Bohauu
npumeryjy Bepsnjy ®EM-a u3 1987, koja
nponucyje Qaxkrop crabWIHOCTH YCIlen ACjcTBa
onyjaor Betpa on 1,1. Tlocnenma Bep3mja je
moechana oBaj koedpurmjeHt Ha 1,2, anu ra HeKH
npoussohaud HHUCY TPHUXBATHIH. AMEPHUYKH
cTaHjap/ mpomucyje na Taj (akrop m3HOCH 1,5.
Kymarp tpeba na morpaxu noMohi oJ BpCHOT
MO3HABAOIIA JIOKATTHUX TIPOIIHCA;

e IlperoBapamc;

o Ilpumena mepa HaJa30pa.

KymoBuHa 3an04HIbEC 3aXTEBOM 32 ClIambe NMOHy/a o7 2
o 3 npoxasia. Ceaka 1moHyzaa mocnara npousBobhady
Tpeba 1a je cneumbuyHa U Ia YKIBYUH clenudukanyuje
3a AM3AJIMIy U TEPMHUHAT KOJH j€ KyTall IPeTXO/HO
TIOCETHO, Ka0 M Ja HaBele MmoceOHE 3aXTEBE U JKEJbEHE
u3MeHe. Kyman naxismBo aHamm3supa CBaky MOHYIYy H
Ope/IM je€ ca CBOJUM 3aXT¢BOM. BepoBaTHO je Ja HEKe
KapaKTepUCTUKE U KOMIOHEHTe HUCY yoOuuajeHe, Tako
Jla ce MOTY 3axTeBaTH [0JaTHE pa3jaliikbclba O
cHabneBava. Tek KaJa je 3aJOBOJBAH €A TEXHHYKIM
JEJIOM NOoHyIe Kymall IIpeia3d Ha eKOHOMCKH JI€0 KOjH
obOyxBara IleHy Iu3aMIleé M TPOLIKOBE HaA30pa KOjH
BapHpajy y 3aBHCHOCTH o cHabnesaua. Konauan uzbop
3aBUCH OJ1 KOMOMHaIlMje TEXHWYKHX KapaKTCpHCTHKA,
IOY3/1aHOCTH, MOPHIKE [IOCE KYIIOBHHE, IICHE, YCIIOBa
mwiahasa m ucmopyke. OrpaHyuuema OBOT TIpHCTyHa
oryiefajy ce y UHIEHHIM Jia je OH IIoAccaH 3a
[IPUBATH30BaHy HHAYCTpPH]y Koja HHUje o0aBesHa na
IPUXBATH HAjHIDKY IOHYLY M MOXeE Ja Iperosapa o
neHd. JaBHa mpenyseha cy npunyhena ma kynyjy y
CKJIaJy ca yoOWdYajeHOM HpoleaypoM Koja Hajdemrhe
Hamehe n3bop HajjedTuHHjer moHyhaga [9].

AXTyenHH TpeHI je ma ce naHac Hademhe npucryna
"Tailor-Made" ctpaternju. OBa cTpaTermja 3axTeBa
JIOCTaBJbambe JIETAJLHUX crenudukanyja, ynopehupame
OPEUIOKECHHX  peliema, 00aBibambe  HEOMXOJHUX
u3MeHa, n30op npomseohadga, U TIpHUMEeHY Haja30pa Hal
TIPOjEKTOM H IPOIIECOM MPOU3BOIBE.

Ksbyune cTaBke OBOr Ipucryma cy [9]:

e JleraspHe crnenudukanyje (IOYHBE ce ca
IeTaJbHEM OCHOBHHM cHemudukanujama H
uneHTUKyjy ce creuududHe KOMIIOHEHTE U
1norpebe;
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from the terminal and crane operators about the
downtime and reliability of the cranes and solicit
the changes they would like to see;

o Confirm vendor specifications (the purchaser
should confirm with his observations the features
of the major components and their manufacturers
as listed in the technical specifications, and note
changes; The major components are: drives and
controls, motors, reducers, brakes, cable reel,
festoon, and spreader; Crane suppliers use various
international design and manufacturing standards
as FEM, BSI, DIN, JIS, AS; The most prevalent
standard, FEM, is an excellent crane specification
and provides for different crane and component
classifications based on the anticipated usage;
FEM wind stability factor, which is generally
suitable for the European conditions, may not be
adequate for other parts of the world. Many crane
suppliers use the 1987 version of FEM, which
requires a 1.1 stability factor against storm wind;
The recent version has increased the factor to 1.2,
although some of the crane suppliers have not
adopted it; The U.S. standards require a stability
factor of 1.5; The purchaser is advised to seek help
from the local building code experts;

e Negotiate;

e Implement monitoring effort.

The purchaser is now ready to send request-for-
proposals (RFPs) to two or three crane suppliers. Each
RFP should be specific to the supplier and include the
supplier’s specification for the crane at the terminal
visited by the purchaser. The purchaser should state the
specific requirements and desired changes. The
purchaser should carefully evaluate each proposal and
compare it with the RFP. He is likely to find that some
features and components are not common between the
various proposals. He may need some clarifications
from the suppliers. Once satisfied about the technical
contents of the proposals, the purchaser should then
compare the commercial terms, including the cost of the
monitoring effort. The cost of monitoring may vary
among suppliers. The final selection will depend on a
combination of the technical features, reliability, after-
sales support, price, financing, and delivery. The
limitations of this approach lies in the fact that it is
suitable for purchasers from the private industry, since
they can evaluate the proposals with different standards,
and are not required to accept the lowest tender, with
possibility of negotiations about the price. The
purchasers from the public agencies are generally
required to follow standard assessment procedures and
frequently required to accept the lowest tender [9].

The trend among the purchasers is to start with a
"Tailor-Made" approach. The "Tailor-Made" approach
involves issuing a detailed crane performance
specification, comparing proposals, making the
necessary changes, selecting the supplier, and
implementing a design and manufacturing monitoring
program.

The key points of this approach are [9]:

e Detailed specifications (start with detailed
baseline specifications, identify  specific



e Moryhe cy wu3smene TeHaepa (3axTeB 3a
crienM(UIHOM AW3aauloM, u3ysehe ydecHHKa
Ha TEHAEpPY, NPHMEHa CaMO [OTBPhHEeHHX
KOHCTPYKIIH]CKHX PENICHa;

e OpoOpaBame TEXHUYKHX KapaKTEPUCTHKA,
ycarjaiieHe cnenuduKanyje, MpoLeHa
NpHMEHCHAX CTaHAApAa U alTepHATHBa;

o [Ilpouena exoHOMCKHMX edekaTa (KamHTalIHH
TPOLIKOBM, BEK Tpajama  KOHCTPYKLH]E,
peBM3Hja TOHyJa, TPOLIKOBH Hax3opa W
aJIMUHUCTpaLHje;

e llMmnemeranuja  KBajJMTETHOT  Mporpama
Haa30pa (BepuduKanyja MpojekTa U KBaJIMTETa
OpOW3BOJA, Mperjie] Ha JHMIy MecTa, JHCTa
3aMepKU M HEJI0CTaTaKa;

Ilponec Hai3opa Tpaje OJ PEBH3Hje IIPOjEKTHE
JOKYyMEHTaIje MO KOHA4yHOI IpHXBaTama IU3alule.
OBH TpPOUIKOBH 3aBHCE OJ HCKyCTBAa H peHOMea
npousBohaua, jep jebTunMjH KOHTPAKTOPH
(mpousBohaun) OOMYHO 3aXTeBajy OAXKIBHBHjH H
CKyIUbH Han3op, u oOpHyTo. Hekm kymmm umajy y
OKBHpY HBHXOBE KOMIIaHHj€ THM 3a €BallyallHjy MOHyJa,
JIOK Ce JIpyrd Oocllamajy Ha ekcmepre ca cTpae. Jok
HEKH KYIIIH CaMH CITPOBOJIE HAJ30D, IPYTH aHTaXYy]y 3a
TO CIICHHjaIM30BaHEe arcHIKje U eKCIepTe.
TpolukoBH HaA30pa 3aBUCE O

e Jloxanuje mpousBohaua;

e Hugoa aHra)kOBamba

(notnpomssohaua);

e Ognoca Ha pelanMju Kyman, HOTIPOM3Bohad,

npousBoljad, ¥ pupMe KOja MOHTHPa AU3AIHILY;

Tailor-Made  cTpatermja je TmoBOJbHA W 3a
NpHBAaTH30BaHy HHAYCTPH]Y U 3a jaBHa Hpenyseha.
O0Ouuno ce xopuctu 3a Behe HabGaBke (mpexo 4
IU3ANHIE), ald je TOMyJapHa M KOJ I0jeJAHHAYHHX
nabGaBku. Mel)yTuM, OBaj IPHCTYN H3HUCKYj€ BUILIN HHUBO
eKcrepruse, OWIO Y OKBHPY KOMIIAHHMjE HIM MPEKO
CHOOJPHHX eKcleparta. YKYIHH TPOIIKOBH Ha/A30pa KOA
"Off-the-Shelf" npucryna usnoce og 0.5% mo 1.5% on
mapa MoTpeOHNUX 3a KYMOBHHY 2 qu3anuLne. 3a HCTH 6poj
nu3anuila onu cy kox "Tailor-Made" npucryna oxn 2.5%
to 5.0%. OBaj mpoleHat ce cMamyje KOJ KyIOBHHE
BHIIIE O] 2 AW3AIMIE, jep HUje V 3aBHCHOCTU 0] Opoja
KYIUBCHHX nu3annna [4,9].
Konauno, cTyauja crama [aje Kymiy OJArOBOp Koja je
cTpaTterdja Hajbosba 3a HETa, M OH Taja 3allOYHIbE
npoiiec HabaBKe, MM MPEKO 3aXTeBa 3a MOHyAaMa, UM
Kpo3 Teumep. KymyeBH KOHCYNTaHTH [OCTaBJbajy
3axTeB 3a 06e30ehuBambeM MHHUMATHOT Opoja IMKIyca
HA CaT, KPO3 MPETXO/IHY CUMYJalHjy paja TepMHUHANA H
musamuie [11]. Y okBHpY CHMMyNalHOHOT Nporpama
pa3MaTpajy ce (H3HKalHE KapaKTEpPUCTHKE CHCTEMa,
3aCTOjH 'y pamy, KOHOHIypauuja KOHTEjHep/Opoa.
Mogaum nobujeHn CcUMyNalUjoM KOpPHCTE ce 3a
ompehuBambe  Op3uHa W yOp3ama  TOTOHCKHX
MexaHW3aMa, M  JedHHHCame CHare  MOTopa.
Kputepujymu 3a eBaimyanujy OpHKazaHu cy y Tabenu 1
[9]. Hnp., nonyhau ca HajHmxOoM neHoM paobuja 30
[OEHa, a OCTAIM y CPa3MEpH HajHIDKa/OCTajla LieHa X
30.0. bpoj noena nofujeH 3a HCKYCTBO Ipou3Bolaua
3aBHCH OR Opoja Beh NPOM3BEACHMX M HCHOPYYEHHX
Au3aKNa,

cyOKOHTpaKTOpa

components, identify specific needs;

e Permit bid alternates (require bid for specified
crane, alternate bid for vendor specifications,
bidders note exceptions, state reasons for
exceptions, only use proven designs;

e Confirm technical proposal (specifications
compliance, evaluate standards, evaluate bid
alternates;

e Evaluate commercial proposals (capital costs,
lifetime costs, specifications, bidding, bid review,
quality monitoring costs, administrative effort;

e Implement quality monitoring program (verify
designs, verify manufacturing quality, on-site
inspections, verify commissioning, punch list

The monitoring process spans from the review of the
construction documents to the acceptance of the cranes.
The cost of monitoring will depend on the experience
and quality control of the supplier. Generally, lower-
priced contractors require higher monitoring costs and
higher-priced contractors require lower costs. Some
purchasers have in-house expertise to evaluate the
proposed designs, others retain outside experts. Some
purchasers conduct their own manufacturing
monitoring, others retain local inspection agencies and
outside experts.

Monitoring cost variables depend on [9]:

e  Manufacturer location;

e Extent of sub-contracting;

e Existing relationship between purchaser,
manufacturer, fabricator and erector;

The "Tailor-Made" strategy is suitable for purchasers
from both private and public industry. It is widely used
for larger (four or more) crane orders, and is also
becoming increasingly popular and necessary for
smaller orders. However, this strategy demands higher-
level crane expertise, whether in-house or from outside.

The total monitoring cost for purchasing cranes with the
"Off-the-Shelf" approach may range from 0.5% to 1.5%
of the purchase price for two cranes. The comparable
cost for the "Tailor-Made" approach varies from 2.5%
to 5.0% for two cranes. The percentage cost for a larger
order would be less, as part of the total cost is not
related to the number of cranes [4,9].

Finally, the case study gives the response which
purchase strategy is more suitable for the buyer, and he
starts the purchase process with RFP (Request for
Proposal) or IFB (Invitation for Bids). Very often the
purchaser's consultants are setting a minimum required
performance standard in CPH (cycles per hour) by
simulation of crane and terminal operation [11]. The
simulation program includes: physical characteristics,
dwells, ship/container configuration, and minimum
CPH. Data gained by simulation are used to define
velocities and accelerations of drive, and consequently
motors sizes. Evaluation criteria are presented in Table
1 [9]. For instance, the points for price are obtained that
30 points are issued to the bidder with lowest price,
while points for others are obtained in ratio of (lowest :
other) x 30.0. The same thing is for delivery (15 points
for fastest deliver), etc. Only the points for experience
are obtained depending on the number of already
manufactured aupa delivered cranes.
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Experience of manufacturer - Hekycrso npoussoBaua 25
Quality and Suitability - Kranurer U HCAHCXOAHOCT peliicH:a 25
Delivery ~ Hcnopyka 15
Price — Hena 30
Training/Support - O6yka 1 oApHIKa 5
Total number of points - Yxynan 6poj noena 100

Tabena 1. Kpumepujymu 3a esanyayujy npu Habasyu ouzanuye
Table 1. Evaluation criteria for crane purchase

7. 3AKJbYYAK

Wunycrprja KOHTEJHEPCKMX AM3AIMIIA Pa3BWIA C€ JIO
TpaHMLE OIITPOT HaAMETama, 3axBajbyjylim ycrexy
krHeckor npomssohaua 3[IMLI. duzamumne cy mocrtane
cse Behe, Opxe, W "mameTHuje", a MpU TOM Cy ICHE
ocrane crabunne. Hexu penomupanu npousBohaum cy
mpecTaii ca IMPOH3BOABOM, [AOK Cy OHH KOJH CY
OINCTAJI Ha TPXKUIUTY H3BPLIMIK 3HauajHE U3MEHE Y
HAYMHY NPOU3BOJIE H TOcCioBama. OBe AWHAMHIHE
IpoMeHe HU3MEHMIE ¢y M ¢unozodujy Kymama OBHX
JU3AITHILIA, 32 Pa3JIMKy O/ MPETXOHUX BPEMCHA Kasia Cy
HX OHH ca OKBUPHHUM CHeLH(HKaIljaMa HapyIuBaIl O
peHOMHpaHux mnpom3Bohaua. ObGe crpaternje HabaBKe
pasmarpase y pagy cy onpkuse y Oyayhuoctn, amm ce
3a cpelmM HUBO HapyuOu TpeHn kpehe ka "Tailor-
Made" npuctymy, ywieydyjyhu moeehan HmBO
KBaJIMTETa HaA30pa Hajl POjeKTOM H IIPOM3BOAOM.
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