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ABSTRACT

A significant and continuously increasing percentage of maritime transportation is carried out using
shipping containers, the use of which has greatly contributed to the development of sea transport
system. Ship-to-Shore (STS) cranes are responsible for the complex task of loading and unloading
containers, a process that largely determines the proper functioning of ports. Therefore, the need for
the optimal design of these structures is crucial.

This study focuses mainly on the analysis & design of the steel structure of a Ship-to-Shore crane with

a lifting capacity of 70 tons, capable of simultaneously serving up to 2 containers with a capacity of

2 TEUs each. The design is mainly based on the standards EN 13001:2021, EN 15011:2011 &

EN 1993-1-1:2005. The analysis & design of structure are based on linear analysis, with the members

simulated as linear elements. However, because of the non-conventional static system and the inability

to design some members with particular geometrical characteristics with linear analysis & buckling

length consideration, geometrically nonlinear imperfection analysis (GNIA) is necessary. Calculation of

the bow & sway imperfections is performed following the appropriate method ology as defined in the

new version of FprEN19931-1: 202 2. This particul ar met hod enabl es
structure in terms of stresses. The two analysis types are executed in two different models due to the

di fferent st r udutingsewiee@esongeo meétcrey st at es. Fol |fatigue ng t he
& stability checks are carried out.

Evaluating the results of the analysis & design, it is noticed that the initial imperfections have relatively
a small influence on the structure . Additionally, the difference in flexibility of the crane about the two
axes is highlighted. Lastly, the fatigue check is confirmed to be critical for members that exhibit stress
concentrations, as the crane is designed for a significant number of stress cycles.
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Ut &lU6E 1 UA elDpid (ameRdd 7®UE. U0 2013

1970 1995 2002 2013 2018
Outreach 37 54 67 72 12
Backreach 15 20 25 25
Lift Height + 25 38 41 52 55
Lift Height - 10 14 17 17

Lift Height =

T 07 @18, 1 (ARagaidom) 1970
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Dzl VWO poul OFE tdubhataukrdedUlhir ¢ U @Bartogek & Marek, 2013)
Lifts per hour
Vessel Size (TEU) 30 | 40 | 50 Cranes
Vessel turnaround time (hours)
8,000 69 51 41 5
10,000 71 54 43 6
12,000 86 64 51 6
143 KoEVT 0060 UV @1 U0OU 1T EVYUI Eeal AUsUT Ol
GEU UEI UpEU&I UGE UO6 aUT&0U06 &0A0O6 U060 OE 1E
UpOUUT OUTUUE U¢on UdeUUZE YPBUEHFOKRO ¢ Do OO U0OWE@ ol UES
GEYUT UEéeal GUOERUSRI Ul UOQREWEI BQOWOAVEVUIEGEOWBIUHU U
ellUlGeV6dd AUBUTOT eUE 1 OE¢KotiecranesRUT OT OAEe OU U1 O¢1T EGY C
KEeuhw) KOET 23060 U1 @1 00U Uiud UsoE
(U ¢mvw.konecranes.com)
-1: DAOVEORY QDPI WANY DT EbcdrgoRlittigd. g OUUT O UUE Upu AdUT A
eUE aos0edOil UUE AU nE;’EaéaU T aoley) 808 BOOURODEVEOPRO/ BOUT
-2: §RYT AUEU 0O/ 3 RRGatCEOOED 0 ¢ Ei O H)@DOD USUREU UET U¢ Oege
@&l UARO eUE a6l UQGOEGE UO6 EI Ukl GDAGAE eaJEWD biudEe O ainEQW Ee
T ERUTI O OAEeOU U7 O¢1T EGY OC
- 330001 TEeg elUUGeUVUOBIADAUIT AL W)U (G e&d
-4: GeAI 0O ¢ouGaAUVUGEOIROERBEBEBDIO e UE 1 OE9OU
- 5:dzEAUO eUT EGEO AUbdUT OO0
-6:3200 &I OUUGEO G607 UUUGROET RT G backreohyg i @ EO UY @1 U UO6 |
- 72000060 YT OUUGOD £O UY ¢rdday)06T UUOEEARUBRIT  (
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GUKIEe u-iali U1 OUIEEU MEE W EVUe ORWUDY ObEEEQT GUBEBUBE&UT URUOG UT (
STSUGUE UM B80E 0 ¢ RAWT WU WOE (&5 Of UU (06 Ala)E O diEle WL o
d»OBT Uil cer®BWER G ¢ ED BEHTOBDOU AT ABU A U® UE ODUE 1 OEUO60AB6U UGB 0
KEeula) KoET 0060 UT @1 UUU ( U4¢oudshodhy2008p AUT EGT OU

gEUeo sl Ol ODUE UU U1 g0

1) e £0R 00l CALADEAD e AR (EE ¢ OVEDO &1 ET,@)elDaulEMa 50O
6008 00BNV, UEVUAGT EQD®) ¢ uJLuJuroCm.q)ooJoLmE@ BERUBOEOO @B UTUUGT C
Ul U1 es g @po 06U O e (0)BXIBOD, U,qo1tn u@p ODUEA VGE udeud , (1
GEUAGT EOE (G104)i Oa (O, a OT aVUGY OE, (15) uWRYAUEO 0O/ 3% U1 O¢l
Ui g1 U udeodU

PS = portside

SB = starboard

= landside

WS = waterside
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(U¢D de Vette, 2011)
VA

P
KEeuhda)y UA U7 OO 7 ERUT O1 OA He \ette, 0110¢1T EGT OU (U¢n

gOd W, Ofu i@ VAUE &EBENWILVeEI U UUE GUEO w@E@e®UA GﬁEcﬁqﬁéﬁzc
UO 0T ¢O0U6T UUOEEAGUEOUUY b EAdedd)) E 0GI0@ VAR EE ¢ WHU E
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Dz i UB2WUBw | UeUO UGET OAO ¢ UdUT 2UdRI
i Influence q
i 0=T 1]
-0 =T<0
i I 0= T<-11 2
Cwerating tempersture T{*C) ETPTET 3
-40 < T< 30 4
5D < T= 40 8
2 f, <300 o
300 <1, < 480
Yield strass |:I'\.'mm=f: 450 < f,= 700 rd
700 =f,< 1000 3
1000 <f, < 1300 4
3 Material thickness t (mm) t<10 ]
Equivalent thickness t for solid bars: 1M<f<20 1
L 2M=<t=40 z
40 < £ 60
S B <t <80 4
: i 80 <t=100 5
_i E 18- _i 100 <t <125 [
T I AL T e |7
4 Ax = 125
Stress concentration and notch class Am 30 < A = 123
(N'mm®) {see Annex D and Annex H) 56< A = 30 2
40= A < 58 3
Dz i UBLODAEDBHO EGT 0O UGEYT 20060 ¢OEUUEUUO RAI 63U AE
i =5 653y <8 97y <11 12<3y <14
Impact energy/ test 27J 7 +20°C 27J f 0°C 27J 1 -20°C 27 J [ -40°C
temperature
requirement
EN 100252-2 JR Ja J2 a)
EMN 10025-3 M N N MNL
EN 10025-4 M M M ML
EN 100256 Q Q Q QL
EN 101491 NC, MC NC, MC NC, MC 2
&) May be used if the impact toughness is at least 27 J at — 40°C, tested in accordance with EN 10045-1 and specified |
23 Gl ueiUVEO
GEU eORIERUx0O Go6lTu&eiUEO UPEUDxpOI UUE eORI 00
¢ 0 U U &S 898-1:2013.
Dz i URTLBOEUCUEUUVUO e ORI EQI
Property class | 4.6 5.6 8.8 10.9 12.9
(Bolt grade)
e (Nimm?) 240 | 300 |640 | 900 1080
fup (Nfmm?) 400 | 500 | 800 | 1000 | 1200
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Kom 6 ODDHGQ Qg 3DZ0Gdo0ni doadal Kn% G

Al UAROS G661l teaeGURT Ueil Obdd

Q OdbEUey URKMORE 8DRDsU Ul Odso0uO UEAQ2-ZE G BEICE bupete (A

C OE U C Ug ¢ Qb T QU g4 OEE TOU 1 KbEoéksdd iR W00 ¢
O

R#a O61 UT.UGQdo¢daUE & UGOd0A UET Ul UORMslidiE & ORI o
E0ROUBUUE UO UOBEO &doUUGEO UENIZ001BRI2EDY @b Ul GE OB U 2PUE
6p*edAUGE UO6 006006 uEUDd eQIAOERIBNR &0 el .a308E BEAE 00D 10. 9
80 e&URO GFRAOOMPE G UO ¢oEN11@q01922021eL¢oae¢0E I U ,e106osme Us O

MPa HUUUUUGEBGOD OQpOdBIEE ol U0UT UGUBOULDIT KobGReauEeU 3 T
Ap=12501T 1T £ 70 U0 o uouwmwuumqu@ GROGEUGY OUI tho¢ diced DR UEAC
aoel Ud U OB ® U¢ EEaHIRIEGED ¢OT T UGT UGEUGH™W=ENO T U UO o
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g: U0 Uy aUuu UO6 eORIgU GUO UpsoUUO UWEAUTEGED
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-Fde
Shank KN
Fit bolt diameter
Fit bolt material
mm
for 3, =11

46 5.6 8.8 10.9 12.9
M12 13 16,7 209 446 62,8 754
M16 17 286 35,7 76,2 1072 1286
M20 21 435 544 116,2 1632 1961
M22 23 52,2 65,3 1394 196,0 2352
M24 25 61,8 7.3 1649 2319 2783
M27 28 778 97,0 206,9 291,0 3492
M30 3 951 111.8 2536 356,6 4280

gl UORY GU aUieiEvYE AT UbAUD
O UTUOR@ U auUlel EY 2 UEIGDs AAWE WEALA UajBREGANE@N QA @& Wl

UET (2|1<3)
&ip A Q/%g p AbA p hAhE, o&khD. ok (2-3)

f2A
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d: EGEA UUd OO UEOD o

=
Ce

U@ AROOGEORI VLT UTRT YT UdalT GO0 U¢UGE YO UOT eORI

@Ko g CFORK 3 o Gidzg 3 K3 DDZZK Hi3 g g DD Gngon 3



CRUqOQZJDZ

M Ce
co

Co
oo

- g
O @
do
KEe KT AREGUUVO U¢

ey UALE

m»
Cc

D%

Ueg UANE
uldiER& ,
OdbEUey UAEGE

/‘EﬁzA{:iG/g K?@Bp B A -

m»

Q0bd

Co
(@)}
>
D
—_ o

U

UpOb

E@@& O, 0 Wod WHXp O URI

&2

SOET znhl HAIRID EO ARG B ¢ U

EaBBOUUEUW Go6Aén

ET K1 .

Bp
0] K

(2-4)

UG UR

.~ . o~ , . . o~ o o R T T v Y o . 6 & o N A
Dz | UZBJDw | UEUO U¢EI OAYOUBRUBUUAEAUBBBEO UT g0 RUEO
Direction | Type of weld Type of stress | Equation @y
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Fy <880 o =080
Nimm? Nimm?®
Full penetration weld, matching weid | Tension 21 1,0 0,03
maierial
Compression 21 1,0 0,93
Full penetration weld, Tension 22 0,50 0,50
undermatching weld materials
Stress Compression 22 0,50 0,50
normal fo - - - -
the weld Partial penefration weld, matching Tension or | 21 0,70 0,658
direction | Weld material® compression
Partial penetration weld Tension or |22 0,56 0,56
undemmatching weld material® compression
All welds, matching weld material Shear 21 0,70 0,65
All welds, undermatching weld Shear 22 0,54 0,54
material
All welds Tension or | 21 0 0,93
Compression
Stress All welds, matching weld material Shear 21 0,60 0,55
parallel to -
the weld Full penetration welds, Shear 22 0.50 0,50
direction | Undermatching weld material
Partial penstration weld Shear 22 0,50 0,50
undermatching weld material

fr E OGOT & UEeg U1 RO
AvO UEUGEeud GoT 00T 06 U0A0

Jo DB 1 3 g Kdz0 @ Gongh 3 GG g 3 § §§ PEDZU



Kbm G ODDD GO O ghiiDZb00Gddoed K% GPK§oq G3 DAY 0 Kdzg %n 3 19
Ho Ol OABEL EO

DZ O RO T U oUBUGAT R &80 ¢oa&fQE Ul
Owdx, Oway& thsa@ U 9029 UE T U Eée UR-Do OEUs U

10 AE®BUE BOWROERD ¢¢UWEO 6EG kU Q (|
U

UE eUE E K1
Axig i © AxBR S ofixi BEAB R ZxB A
Krh2Ahg AKh2ARUAR28% 2 AR UAR2 A

i
P
o O
(@)
(@)
C
m

Co
>
0
([@Z
@}
Co
C
(o))
o=

m»
D
C

G C
O OF <«
Co
(@)}
> Co

D

([ex)
>
x)
o
(@}
)
)
Ce
C
m»
C
O
(@)
e
Ce
m»
o
B
ﬁ)
O
(@)}
[
O
(@)
(@)
>
b
Co
O
()

A 00 GARXDUOE Wl bildde ¢ @antry. 6 OT E é

J U ve BbapiOd IO Eqid &1 D ERAad R T G (
F OOAT T ETRT ¢d00OUUHR J
U0 glBiOEEQADAOY

eET Ue Uod O¢ I0EN 4R Eall &ia @ GvUEA U o U
F UE G

GANWD WUb pwANBE 61 UUUE ¢RO OE G6A&Ue&dET &I UO &U0T Ol U
UaUdY OaUOUT 1 UaglG Uu BEMOE AXE CE equdlod ol E &¢ U RU
0 & @U Ui E o U

@Ko g CFORK 3 o Gidzg 3 K3 DDZZK Hi3 g g DD Gngon 3



20 ki gogd Dz

U&@®OIUD s tnUOER® O Wa GaltomAE@ UUE

=l
c
(e
C\
m
—_

R4
(@Z
o
Co
Q
Ce

A
ey
[p))
(ex

<

>

)

«
go Cc

N

s

[ex3
- >
EB‘ o |70
— o
< O
(@) =
C
&
. O
g m
& ©
—_ O
]
— T
[}
c &
— &
m)
=

=
&
o
&
z
-

(@}
B
—_
—_
M

51 p Emnéoomeeuz& ai R@igA oI EE U
|

UABUEUO GUET UeUud TUEUOS
(%]
] W @ GilES  pAD 6@ WRBEE 10

CC O |
O |0

c Cc
—_— - - O; Co OF |
Y [ FH‘ |
-, M = [
[ CD =

e

([ex)

—_

r-S-

— o

(@%
- o |
CoCe Co

) Co

° C(’ 0% C«
= B e |

maE Upu UE d50¢@ U6

e

4

O Cc—md® Ccg [P

m g

&

3 (=2
4
d
©
[
e
>

o o C(C(_’N —
Co C e Fﬁ‘ o™ >

(@ —? m»
— Q@ co e} Fﬁ‘
o O

o

>

(e =]
O C O O |0

7
me
o

S}

C

U gdEM

Do b O8] teaowd &t UT EA & UGB &ED D QDET WPRsRO ¢ 30O

( U ¢Bhimani & Soderberg, 2006)

D

m»
Co
[o]]
et
=4
=Y
B
Cc
Co
ey
(@F
e
O
[a)

Co
> ﬁb
m»
B
[P}
Co

o C /e

D
4 _)-e- 6; C? Cjﬁ

N
D

& Ccco

h — &4

] d( (=7
&5 = s [T

— o [T

B <

o e

o Co B

8

S o @)
=
COe

QECm (™
SN ‘
C
pull E¥

N

o O
el =la X0}

—~ O

«
)] O ;U>
ot
>
D™
e
D
O
> _,_Q’
[enlq
|T|)
«
FB
N C
; C
ITI
¢ O
> s
Co
O
C(
—_
et
= ~. Co

O
' o
¢
®

B c
Co 4
(@) @\4
([ex)
C
, C¢
m»
[32)

e

Eu@@@om¢um®'®
w zwmg)mmmLuuw
Ol UuEe IUzuU UU”

m>—4C(C(N =3
ﬁ'i

9]
—
Q
(O >)§ ™ Co
Co® o = |Or

GCmm =0 B
S o

omgw@

@]

(@)

i
b O

«
Ce

4

o ;
0o & Oe O
3

=)

&
m & >

&

O
o=

m»

N C ¢

— CoQ O O Co o Co e
[
e
(O
S

[ O,A — e — = o X

Ce

(=

=B

m»

D

&

SR

% [ASY

==

N

o1

Ccor
D

Jo DB 1 3 g Kdz0 @ Gongh 3 GG g 3 § §§ PEDZU K. 3 -2m23



Kb 6 0DDD GO Oqzozoequnz §0agdal KhnX GDRYogG3IDA GKdzg%h % 21

4500

il
i
i il
1y i ’ T
Y i 5
138188 iR \ 1 H}! ly  RBE
vvvvv 1Y A i Wy Y
. ok ] W -0 v/
Al 100x93800 L BAk \ oodid-won L/ .
X i il —
Al -
. _n e:-n.( P
N Hp Y
. L ,J- g e
P =t =
1P i [
1‘ i t\\
) U
LB~ Frn = AN
i ~| i El : \‘\9
i H |\
L AT o
i oy = = S
Seaside gantry rail ﬁ Uﬁ | pIrd | /L[[ };{
Z UL ==V L
LI P

—
o

o O CC e |
—“ O o Oror |G

m:cc &M OrO o O

8

TSt CieCe — o |O
ccom~ O

O~ O C O
——

QMo O G O
o S>>

Ch
Cc
—_
(@)

oo |Ce
> [0
(@} (a=}

m»
CoC Ce |OF
Co E‘ Co
s —* me <

Cy S ™
Cc I o

e
o B S (B

— m Cy O
Z
=z
a1
o
fuxy
@EG
Cco o @ T
sl = P
R & C T
& Cc C [C
m Cco¢ |Ce

t@mw

G CC
T Co— —

Ce
o &
o
o &
o8

o
(4

B
o
m 8

- Co >)
>

C
C
m»
m
Co =2

OO Co D
< CO
oOe >
— Co D
o—c
>) Co D
& O O
a» )>) T
Co 04 —?
&o g
& O~
m) _ Co
o MO
<

€ M
& O o
(@Z

&

Qo Gac o mhr e (2-8)

¢
O

¢
e

e [Ce
cce >

Co > mp M
, & Ce Ce

a C

g m
mQ@@O$

5)

RUO@U@OA ﬂﬁm

O) S C [y

Vo U006

|ou U1 1 £ eliEE 80A O U R

O podd ERDRKZO 6 U8 Wi RyJESRG WE

U E duk. @0 e8J0 pas T BI0ARRIEDD EG T 5 (
E

Co Co go E(
@
C( ml

CcOr ¢

&’ijmEgJa*emcmOamm@u Bé o
uRT AUEO ET UeUd01 OAEeOU U
| AREGUOI 100

0 OrCOrO Ce |0

CCCCe O

— = I Ce & Co N [T
[ —_—) —) —

cme— ccom B
C OO O
C—ow»
B O
™ >
D
Ee m c
;U> ™

@Ko g CFORK 3 o Gidzg 3 K3 DDZZK Hi3 g g DD Gngon 3



22

ki gogd Dz
GOl Vii®dBs 06 UVOKOE OO BLAAIT G 1
HOEU®6 UGEUBUGUT O O @ Od UsOD ¢Lbﬁazeﬁ¢“°“|§bﬁdj 100 BIADeAIAIIE & U e
u0éeu UO0s ACJBDT(“)U. ATU oUdAuUVEAYT U onnau)alleﬁeo@lmmJluO AL"J
50». GUET ¢U0 6o URGE ¢O6 i UO Al‘Janno ®#RUE UEUGOBUUEe &0
UTUABEGUUUE iOéEéuaD E 1 &AEGUE EéUTE@@%@¢@M@ﬂ@mE Gel &£
d» 0 UAY Wlbpedii OEAT U GbEIGEAIEEUE®U Ee UT U UEVOUO UT U RGEO 0T uod

e N\
- 7‘@ ME “ 70.0 TONNE S WL

] 86.0 TONNE  S.W.L
UNDER HEADBLOCK
&@ﬁﬁ@ HEAVY LIFT MODE

U GoT adl EGi b Ul 6ARGEE &0 RISNCGED D Do

—_

(GREUEDO ¢UOBURROETZM) U¢u VUUEDUSU

Jo DB 1 3 g Kdz0 @ Gongh 3 GG g 3 § §§ PEDZU



w
O
R
o
N
O
(=]
o
N
(@]
i
O
O
x

DAIzK g

\

w
[N
=t
—_
m
D

O
N
(@)

o
)

<
(@]
8‘ o
C

U d>UT ud @m@@@mpmo“me)wozetfamm
¢ =e U ¢R a0s0e6UVUUUE GUOI
UTER® 02 ¢ @id o Wanowd@aHEUGHE U uz Ug
UR0EPO 0 @410 R O &R KO CLRERMUTEL U O
1 0L°JO| UUOeEaRBBADUUB/MingkA®c § E S6EROU
A0 BU DD U1BEm/mib. Told 00 Us O 0 grbpe kolley U O6
JURUUE UdD 06 U Gethoc@randribniretst (Eate 0 OT U0 O
GUE UURUUEUU 1 U U unintrol B2 A0 eAdd oBXi EDO
O0¢ Ob

e O) =
My o

N —
4 W Co&\c\—ﬁ

&=
e @« g E?

S
[Th Co
i Y
Corm
m o
Ce Co

]
—_
V)
N >
N
]
N

= &, M
Co é(

N eVNeY
o ®

— O W e Co Ce
®myC g oo >

Cmp Fﬁ L Co— ™ ™
— [S) 5) OO oS o

O C O m A 0 mr oD

m>

C _"m) @4 Co ag\
O 0 o)
O g — 7 [T T
mo om—c o=
Smoo
g c
cCccCe
< 0 s

[ C°_e_ o P oo

—_ o
C

o=~ g (T Oy
O Coo M

LW CCo G >
Co C« 83\ =2
C ([an —?
Caom

iy
Ce
—_

UglisuBmU¢0 UBmiBB UG&BOU 1T 2360060
container EG OUUUE midy 460 51 ® AEGUO Ur 0O
g6m GUET eUUAGUUGE UeUud TUEUOB60ABUO
AR U0G&8195B0O T 2AEGUO UF OOUAEDE e DD @éiﬂﬁ“
19,5 m, CJ¢EUE§8’8¢OTUUCEL£3EUGEEI) o Ded QDU & 0

@Ko g CFORK 3 o Gidzg 3 K3 DDZZK Hi3 g g DD Gngon 3



Xigogd Dz

/
33.0

19 .0—

=
#8.0+——31.0 35.6 33.4 125— | &
A—390 1 21 % +
[=} <
o o
—_ w
i
39.0 , 35.0 l 79.3
153.3
KEe BHL:@GeUdBSGET U UODs 61U

A Y

45 1

\A
-~
33.0
132.5

AB0»—a10——

# 39.0

+#~—18 0—+—18.0——19.0—~
53.0

KEe BR:U GeUd ¢ ETTUUIUSBE 6ic

AVs Ut oo UEBIUU Al DBUE O 1T @

dEUG

~—185—~

ULGUEO UO»s

<

@

by
<
(=]
]

<

~

6

T OT el & UEsBD (OAECECRUOITE AL ol

Jo DB 1 3 g Kdz0 @ Gongh 3 GG g 3 § §§ PEDZU

>



D& dzo tidzg 0 Q ¢ DA 0 DAzK g

@Ko g CFORK 3 o Gidzg 3 K3 DDZZK Hi3 g g DD Gngon 3

33 HI Eéu
GEU UEO Ul £ZAe 0O UEO T UI &UEO U066 TEYTUBEHEXE+RAPBEUT OU
Aa90RO Ul UlGxdeEe V2 0@I0URIGRDBED ¢ O GOdDUsa Ol UUE uol UT Eé /
AUdUT O &U ¢oedpUE T Uolh BN aelEIEUU@EJE@J@IIUn BIE uoeGedUoeaUUUELC
T U0 ET eReEeU O REU(IOOOT UUD s B ap (EOADEDIBEEE D ¢RO O RH4
S35512+N+7250 61 UE UoeUOUA o6l EBEGT &l 00 UUp®BEEO ¥ alUid Ui E@BUDR &
G000 1Ol U&l O ﬂﬂ@tﬁéiﬁémﬁmﬁ]ééé@éé 61 Eé GRFEM6O &) WHU &Rasfll BE U0 @ (
Ul U1 O OUE U¢ EN 1025202010006 §O 0L UE T U GETUOERE&Us oRO UO
AdUT 1 Eeu Ui UGUEeu UAT Oal OUO UOT o1 UGUEen @&IOEL®RIOWUOT C
T0 A BEAA DT DORO GUsp UBUR ARURETUVUEeDT U.
a
Bpalon
£
YPOUKIKA EAQOTIKN NEPIOXN
— TAQOTIKI NEPIOXN WE KPATUVON
————— anopopTion
KEeBBU KeWOWET E€evlOol WEERDUUDMPUGGUT Uebd, 2016)
Dz i URIWOGUOERUS 83552 E& OU
32A08 00 Gotl alOl B g¢gEV @ 301 Al
32080 01 0aU E 210000,0 | N/mm?2
32000 uEZAU G 80769,2 | N/mm?2
UAOO poi ¢ ) 0,300 -
DO el WUEUU o} 7850,00 kg/m3
KEuUEelu a#Ad A 78,50 kN/m3
Gol UUT VUGUBO - .
GLEUGUOT & U 0,000012 1/°C
GEU ¢Bis 0 URGE ROEGET OpOsEGEOD 01 UGt EO® IR AdB 60B6  ¢udERIDN0000
a6l UdoUGGUE UEO UUT EGEDO UO6 ¢ ARO06 Op RUe MUIR ag #HURE U.0 ¢ RO
Dz 1 U230 g ¢ OF U RIGEED sOpd@»e uOd o6l Us UBaUVUE U006 ¢ £ARO6 O
32A0&80q Gol aodl H gET O 301 A£u (
DZEROO Ul A tmax 3,0 16,0 40,0 63,0 80,0 mm
A0EO UEU fy 355 355 345 335 325 MPa
A0EO @eadU fy 510 470 470 470 470 MPa



Xigogd Dz
AdRO6T 2 UEUGODd UUESRMRNFRE 406 Ulodl sgateE 06 U
- Bet 0 Ki OV &1 06 UEO eUBURGEDO uUL
d>000

ET
Uod

Jo DB 1 3 g Kdz0 @ Gongh 3 GG g 3 § §§ PEDZU K. 3 -2m23



4 HDDD DZ 9 GHEAFGK n

®

GO0 a0 HK.UEA ﬁEE‘ﬁCR@ inogs O,
70T 07 0 A REIRED o RD
e WoE Aol OE

0 & 0.0glesChl WHEGRE OE

00 U@lUeAROB

i

e iBgod-a:2021
POOGUEOBECYT OO0

69 OUEUEDOUT UUE

@
el

OWuADOUE D EG ¢ Ob

@Ko g CFORK 3 o Gidzg 3 K3 DDZZK Hi3 g g DD Gngon 3

C

@uelﬁ Wda EEaUFé lEBDR Iu o /E



28 ki go gl Dz

[N
Ce
(@]

=
Ce
=4
O
O
Co
D
O

o O
(@)}
Co
C
Q
o
pull
—_
Ce
Co

O <
Ce

c —_

o &

(@)

e

O

O

C

[N

O

(@}

1
(i)
o O
m
Co
C
>
(@]
=
O
o O
D
[ -
o
S Q
—_ o
Co
- @
C 8
o
m
Cc Lo
S m
s
Co
(@))
Co
D
Co
(@))
(]
—_
h=x)
(e
P
ax)
(o]
e
m»
Co
O
(e
C
R4
m»
C
O
.

1
O«
(@)

m»

Co

m»

(o))

c

ilDoREeWB UET ¢ UEO UdAGEOD,
O¢ OEOUT UET 0UI
v/

(@
(@4
(@)
C
SN
)
Ce
m»
e
)
Ce
o’
(@
o
C
—_
(@F
(@}
Ce
E=a
(et
C
m

[—) e

a b

a) cranes of mass distribution MDC1 b) crane of mass distribution class MDC2

QUUEAOBsUO MOOUUT O1 ¥O T £aUO

.90 Ul o .0#dUlo diodl 00

eullaelVogd o¢RFEMGD ¢ BI OAgal

(@)
o >
—_
X
— Co

WEAD 8¢ UE U EEM05011P01BE 20E. B . 1 (
O o

a o
U6y GOdUga
RAKD (preaden), UQi RT AUEO EIT UeUd 07 ERUT @IUEBEABIea0&IUTOO ¢ T E &
U T 9600 URT uUHO#ESOOIG Odo@IMOo e£BeVEOGT VU

U AT R UEYT &0 ¢ dsUBAD ulQBCHEEW e @ U1

— Cd C O
2 =

a» eg (o))

Ce
=
¥
o
Q2 ™
o Cz: c
m S
e ™
— C

—
— S

El 20GCUHKEe ERODO T 0B &Y BEGiUA e
EdDBUO 9RO ¢2d6U0 Uou UO 4
ORI E

— Ot Cc O Co Cc C¢ [TV
oG M C M OO

T
—s (D

0
QU E

Co o D > — D & Ch

Cc O
m m Cc
D —
o =

m:
—_—
C

E GuoUEGE URT o¢od0aelU

Jo DB 1 3 g Kdz0 @ Gongh 3 GG g 3 § §§ PEDZU K. 3 -2m23



HODDH DZi 9 G3 DA §dzg GKh 3 29

GUKIEe wBUT Ul 20 ORUBEO ) WHE¢DBIUW & UUU T ol ETU G4OdUsU ¢ Ob6 @&

([@x

o o~

DdDUGe V00 TuTETU GOdUBU

B o000 V0UB&DBERDEURI eUUAE
F"zi. GL’J(“) POUGEEOQO duire@ih WedEEWmeDOT 8 ULBOE®
UOROLPEBEEAVOGI DO (BKRkMB GO T U 2

- la&lb 006U0Ugs Q0 RDORE U
GUOERU
0y 97 U

[ SN

- 232b&2c wOdBUSO UDBORUI Eal Gio®OuIEER OEN RT R GAEA WO U oe
Uoﬁaaééééo oAUl UBRT,GHNO GO0 UsO 00 TU 2

O ¢duGaVLBOOG U R Ee OU.

1
N

Fnacbifiey pobr) 0.7 QU RO e Ee U aol
&l (BFe 000 b edDAEVA VORI T ERU
&1 O URY £AUEO aosi
ET Uio‘fF‘zUEéé} EEé

O «x¢
Qo O

6( O m-e O Cc =

Qy
€ C R
*%04(:
- o
o _
o ©

Co
%’
=3
; Co [T

® B O

o ™ O &
Ce
m O
o o

o O O > o I]Fl‘ e
(o))
B C

_, 8
c 15 C o
o © i m o —
O ™ o
m: ©
g ¢
z ©
—_
cCe O¢

o

C N CoO @ Ul »Ci©Ee Co™

o

U
Ge0podB U mieT @i U G UET 09060 (ol 6A0U
a A & 0 403 O T U 4

(ex
pul
_ o

a/anoé, U0 GOdUBsO
(v RAROU e 0o U,

i UUODeEARUBRI &#RUE U
&Lﬁﬁ"uufu”z‘l‘éﬁta 6)7]
A .

0
é
P UT O U006 aAEOa Gra@a@d
2

I E

Ul P ¢o0 dJUquJ/EI RO

O AR @Z)L(DOIENlBOOl 2:2021 & U E 5 a6 A
00

5})112011JGﬁJE
UEO 1 Aa thfeadérilz 1 Wiedldd Vo
4-1). Da OUT Ui e &REe Uoou 1 01 «eUE AOBUTDO T P06 UB RAQI V0T BapED
Ui ¢ 00 V6T UUefE Al aEID6 0 A6 U ¢ 06 ¢ 0 UANowUkigpedtens 0B 0T @ 1
Ut ¢ Odo V06T UUOCeEaAaGUEU WMUAALROG URdbchdes @atdm)4kn U U £ UERO &
tandemUI OF ROE 2
naol 6¢ Ol OAE

A

o

RO35 & B DR @ eddwdinen Qada U UBQEGOUUIBE T U
U006 GOdUgEbN.UGU UO uRYT AUEO RUEBENUC

0 A
1 06

—

@Ko g CFORK 3 o Gidzg 3 K3 DDZZK Hi3 g g DD Gngon 3



30 ki go gl Dz

Dzl UAaWOGOBUsU UTUPRGEDO eUE T A£aU GOdUVs 06
32A08 00 Goi aOl H gEV| 301 A&u DABUUESdBGVED
S®EAEUUO 100Ug . 3RAEGUO aA500 2 01 ¢
(@] f\UO |UO“ M2 gy ¢ 05 . 70 tn 40' (tandem)
Ul 9 00067 UUO
3/£a0 1 &106 1 e m o w o a s s L oo
U1 $ 00061 UUDE Mapreader 13,2 tn EU tdvdem | UEUOOGOAGU &
spreader
(spreader)
3/£/aU0 (0dUs 06
(trolley) Mtrolley 35 tn Rope trolley
gouGUUGE UTl d 6 m -
gUT UTE a0 eA ‘ 2 Ul ¢0dUBT UUDeEDO
TUAR 1 £aUO ¢ (Whostwne | 23641 kN T 000G O AD
KEe o E O GraleyAE U RY AUEO |F€&ﬂEﬁE’ﬁAﬁE§éﬁE ZFUEO RpEDEH UBE
(6 RedBB URRD B BIMG
Dz to6l U Eeud ol U0T UVUGUBO TUARUIW®G REEIOUVWURE OWT B OWd Us O BaID
d»d0e U UUEDaGINOBIREE (O Rel E.
3¢ 3cinel 1c8Q phmu GibpRxvi 7O phpuy (4-1)
up O6

vi. ERUb U6 UEOEGUEe UURUUEUU Ul O RGEOD
Gomn: EOT £ARE G UG6I 6 EWBAMH G U
HUOEY @ UOb» mani.nﬂﬁ“ﬁlﬁﬂzéoé Upb UET e UUEHDE &Jd OO BRAGCEHGs B 6 1 |
HCY @0 R UEO 0O¢0OsUO UedoAaUUUE E eUUBROWaHeWO6®&OY WUHUA
TO00U0GGpreB@en 61 1a@0OUUE 70O UO (00Us0 aWURBAQ®AU VUL ORROEED &,
UpEl ®eReHDa.0Q Ee UUEAOd 6 U uoaelUTtTsUO UPEI eReEeU e&UUUGEID
a6l UUT 6@ ®oeal UUO UET ¢ Od U gl opAosp@mi sl PUPDEUDSED b C
EN15011:2011¢9 O6 ¢ UO ET UY a A&l UE A& Ul EGE oBENOBESY:20Rd ¢ GoU EU (U@auL U0
OUU RUBUEGUEBEGUEe A URT 00607 UUUGROETRI U066 (080806
O RUOUEGUEDEGUBED UB0D OREID WWIE Ul UKI4-NoI Op OEET 1 E
h @5 A hy h >

36 P ——= p———L "phopu (4-2)

T[hTUpUT[ZIAG T[hT pUT[T[BpﬁO‘Q
up O6

vhmax ET @AEGUE GUOU&U0U0@ UURUODUEUU UT UY RGEOD
R:EEUUEAOBSU (G607 UUU G EORBBE20620T G RT U T U

Jo DB 1 3 g Kdz0 @ Gongh 3 GG g 3 § §§ PEDZU K. 3 -2m23



HODDH DZi 9 G3 DA §dzg GKh 3

31

00 o6 0O ao6d71 UUUGROET RI
Z2Ol UAOO T &AEGUEO uaUT UTEO UIUORGO ¢000 1T &AEGUE
DZ ¢ Ud URmHOBeaABA)E O saVUE UET eUUEAQOO4U uoaelItslO
EUET 4
Dzl U266 G RUUEGT 0O & UIUEADG 68 Op GidWiied0d O6
Condition Hoisting class
byt < 1,07 + 0,24vh max HC1
1,07 +024Vhmax  <y< 1,12+ 0,410, HC2
112+ 04 Wamax < Oy < 1,17 + 0,585 max HC3
1,17 + 0,58Vh max < Oy HC4
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Stiffness Hoist drive class
class HD1 HD2 HD3 HD4 HD5
HC1 1.05 1.05 1.05 1.05 1.05
HC2 11 11 1.05 1.1 1.05
HC3 1.15 1.15 1.05 115 1.05
HC4 12 1.2 1.05 1.2 1.05
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Speed low and moderate speed moderate and high speed high speed with high
with long travel (normal applications) accelerations
to b hed " P
0 8 T Maccelerat ion Acceleration Accel§ratlon Acceleration Accel?ratiun Acceleration
time time time )
m/s S m/s2 S m/s? S n/s
4,00 8,0 0,50 6,0 0,67
3,15 7,1 0,44 5,4 0,58
2,5 6,3 0,39 4,8 0,52
2 9,1 0,22 5,6 0,35 4,2 0,47
1,60 8,3 0,19 5,0 0,32 3,7 0,43
1,00 6,6 0,15 4,0 0,25 3,0 0,33
0,63 5,2 0,12 3,2 0,19
0,40 4,1 0,098 2,5 0,16
0,25 3,2 0,078
0,16 2,5 0,064
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Dz | UeddPUd Ue UEBDEGUEe &0 UURUUEUUOG Ul & 06
=
Designation Characteristic wind speeds w1 w2 w3
¥ [mis] w3) [mis] a(3) 2, -49(3) 5, -a(3)
Light 94 14 125 88 46
Normal 133 20 250 175 92
Heavy 18,9 28 500 350 185
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Shape and position of the member Shape and position of the member
T T Characteristic . Characteristic
No. [ Mo. Aerodynamic ¢
Member Section ratio Wind area A ) ° Member slendemess  Wind area A
direction £ ratio direction
I
. . ¢, =120
. Perpendicular
1 - 1sddx14 o d-l 12 1 | —= - Hd<e 1o axis of d-i more accurately
A L) member ¢, is according 1o
o t Figure A3
i Rez2x10°
2 1wr] [> - 158d514 d-i 2 f:”?" i
b 4=10 =Re =10
e Perpandicuiar ¢ =0.70
zi Hd=05 'y d-l 22 2 Pipes, rods 11d>100 10 ads of d-l -
Hd=1 [ d-1 20 member Re> 10
5 s| | S [ae=2 I a1 15 2%10 sResdx10
[ Wd=3 I o d-i 13 €y s according to
[ t + Figure A3
= bld=4 (3 d-i 10 :
Re=2=10
. |Hd=05 o d-i 21 ¢, =1.20
4x10° sRez 10"
- L | bd=10 o d-1 15 Perpendicuiar .
4 i Il 3 Ropes 11d>100 1o aus of d-l 5= 0.9
[ member Re» 10"
Riounded comers | Hd=20 r 11 2x10°sResdx 10"
with rid = 124 | ¢, I8 acconding to
~ o~ ~ - A <~ . o A - o PO 2 . oA I
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