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Abstract

After the introduction of the World Trade Organization, large scale container ships are
being used as a means of transportation for international trade.

Therefore, improving the loading and unloading capability of container quays is the most
economic way, considering the cost needed for the establishment or expansion of container
quays.

In this paper, a new container cargo handing system that is equipped with a high
performance container crane is suggested. A structural analysis on the container crane is
also conducted to decide the form and size of structural member scantlings, using
NASTRAN, which is a general structure analysis program.

Keywords: container crane, container handling, time analysis, structural
analysis

1 Introduction

The volume of international container cargoes is increasing rapidly due to increased
capability of container ships in terms of size and speed.

This requires that container handling system needs to accommodate the above trend for
better economics and performance. A general type of container crane has not been changed
for last 40 years, while the size of container crane has been increased to the Panamax class
(the outreach range of within 44m), the Post Panamax class (the outreach range of between
44m and 48m) and the Super- Panamax class'(the outreach range of over 48m).

In this paper, therefore, the time analysis is carried out to seek the most efficient
container handling system with an example of Port of Incheon, Korea, where a tidal
difference is about 8.5m. (CreaTech 1999; Kim et al 2004) And the basic system of high
performance container crane only considered the loads of the crane itself and operating
system with machinery.

2 The components of high performance container crane
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Table 1 shows functions of the major components and the components of high
performance container crane are shown in Figure 1.

Table 1: Functions of components

Components Functions

Major tower | It is composed of four vertical columns supporting a horizontal boom.

It is a long horizontal beam structure and trolley, spreader and

Boom . .
container move alongside.

Trolley It moves on the track with combined spreader or spreader/container
combination.

Hoist It j[akes care of ascending or descending containers to the land or the
ship by using the spreader with the hook.

Hook It winds a hoist drum round with hard cable and is ascending or

descending spreader.

A/ >
Outreach v

Figure 1: The components of high performance container crane

3 The principal task of high performance container crane

A container, trolley, spreader and hook are combined with or separated from to move
container repetitively. Figure 2 shows the combination of major components.

Figure 2: Container/spreader/trolley combination
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3.1 Combination of major components

Trolley+Spreader
A trolley/spreader combination is a basic unit for moving. Actually, it is case of returning
at the original position to pick up containers after unloading

Spreader+Hook
A container is separated from or combined with spreader, and a hook is the component
which is ascending or descending this spreader from trolley to the landside or seaside

Spreader+Hook+Container
An unloading spreader/hook is combined with container and then this combination move
up until a trolley position by hoist lifting a hard cable connected hook.

3.2 Procedure for container lifting

a. Coupling of roller spreader and head block with twist lock.

b. Slight ascending of coupled roller spreader and folding of rollers.

¢. Lowering of coupled roller spreader and expanding of telescopic beam.
d. Lifting of coupled roller spreader with container.

3.3 Task sequence

A coupled spreader with a container is ascending automatically, see Figure 3.

HI »] =t
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Figure 3: The joining trolley and the ready for next task

Once it is arrived under the boom, the Spreader is placed on the lower track, see Figure 4.

The separated spreader with a container is moving horizontally and the head block is
moving vertically. Subsequently, an empty spreader on the middle track moves into
position is connected to the head block and the coupled spreader starts to move down, see
Figure 5.



K. -S. Kim et al: A Preliminary Structural Design Study on ...

Figure 5: The descent of spreader and container

As the coupled spreader descends, the spreader arms and flippers are spreading, it has
reached its stopping position, above the ground, see Figure 6.
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Figure 6: The joining of container and the unloading

After a soft landing on the waiting container, the twist lock is secured and the locking is
confirmed. Then it starts to ascend with the container automatically. The same operation

4
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happens at the seaside hoist trolley. Once the container at the seaside is disconnected from
its spreader, another spreader with a container from the landside starts to move
horizontally, see Figure 7.

Figure 7: The ascent of spreader and container

4 Time analysis of a crane system

4.1 Time analysis of an existing container crane

Movement route
The whole sequence is shown in Figure 8 in conjunction with the following movement
routes at Port of Incheon.
A~B: interval which the container crane of landside unloads or loads the container.
B~C: interval which the container moves and combines with the trolley or trolley
movement only.
C~D: interval which the seaside container crane unloads or loads the container at the ship.

8 3w I
2B 24m
a
A 3. -
Landside Seaside

Figure 8: Movement route of an existing container crane

Time analysis of main hoist time
An ascent (V) or descent (V,)) speed of the spreader that is used for container shifting is
55m/min (0.92m/sec: loading) and 120m/min (2m/sec: unloading).

Table 2 shows an ascent or descent time and distance of the spreader measured by using
the V; and V,.
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Time analysis of the trolley travel
The time analysis is shown in Table 3.

Table 2: Main hoist time

... Time (sec) Distance (m)
Conditions A B C-D A-B C-D
Accelerate 1.0 1.0 0.5 0.5
Hoist Running 29.7 253 27.2 23.2
Decelerate 0.7 0.7 0.3 0.3
With Total 31.4 27.0 28.0 24.0
load Accelerate 0.7 0.7 0.3 0.3
Lower Running 29.7 25.3 27.2 23.2
Decelerate 1.0 1.0 0.5 0.5
Total 31.4 27.0 28.0 24.0
Accelerate 4.0 4.0 4.0 4.0
Hoist Running 11.0 9.0 22.0 18.0
Decelerate 2.0 2.0 2.0 2.0
Without] Total 17.0 15.0 28.0 24.0
load Accelerate 4.0 4.0 4.0 4.0
Lower Running 11.0 9.0 22.0 18.0
Decelerate 2.0 2.0 2.0 2.0
Total 17.0 15.0 28.0 24.0

Table 3: Trolley travel time

Condition Time (sec) Distance
(m)
Accelerate 5.0 7.5
With Running 7.3 22.0
load Decelerate 5.0 7.5
Total 17.3 37.0
. Accelerate 5.0 7.5
Wff;g“t Running 73 22.0
Decelerate 5.0 7.5
Total 17.3 37.0

Time analysis diagram
As shown in Figure 9, which is taken from Tables 2~3, one cycle operation time of
existing container crane consists of the following time-related factors,

1 cycle time = L, +Li+H +H+T,+T,+2T
=T+27+15+31.4+5+5+34.6
=135 (sec)
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Velocity(m/min)

120m/min :
ssm/min | | o o |

LY HoL L

T 1;“\ T T
1.5 ! |
L L
180m/min i [
1 cycle

L.: descent time without load
Li: descent time with load
H,: ascent time without load
H;: ascent time with load

T,: unloading time

T,: loading time

T: trolley travel time

Figure 9: Time analysis diagram of an existing container crane

4.2 Time analysis of the high performance container crane

Overview

A primary difference between high performance container crane and existing container
crane is enhanced performance: the former is three times faster than the latter. An existing
container crane system repeats the same task that returns to the original location after
loading one container, while the high performance container crane can load and unload
containers simultaneously by using several trolleys

Time analysis diagram
An ascent (V)) or descent (V,,) speed of the spreader used for container shifting is 80m/min
(1.3m/sec: loading) and 170m/min (2.8m/sec: unloading).

Figure 10 shows task route of the high performance container crane by using the V; and
V., for time analysis.

Total time: 28sec 80m travel

Vi B T2 ;
10sec | f ‘ 10sec
5m t | 5m

! Tt {75 T T3 — g |

“bm 15m 25m 40m
| i
28mi  t1sec | 22sec 19sec | | 10sec | 24m  Elevator
|
! 1
57
| q A 1
' 1 |
<< Landside >> << Seaside >>

Figure 10: Task route of the high performance container crane
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L,: descent time without load
‘ L;: descent time with load

iﬁ"th o ST H..: ascent time without load
Troley 1 M : H;: ascent time with load

Velocity(m/min)

Time(min)

T;: trolley travel time up to waiting
position
T,: trolley travel time up to loading
Tme(min) - position
M: trolley travel time of horizontal plus
vertical
W,: waiting time for loading of the
preceding trolley
~tmemin W2 waiting time for unloading of the
preceding trolley

Trolley 2~y

- Time{min)

Trolley 3

Trolley 4

Time(min)

Trolley 5 o

Figure 11: Time analysis diagram of the high performance container crane

As shown in Figure 11 obtained from Figure 10, one cycle time of the high performance
crane system consists of the following time-related factors,

1 cycle time = T+L +H+loading time
=2+11+22+3
= 38(sec)

That is, one cycle time of the high performance container crane is 38 seconds while that
of existing container crane is 135 seconds; the former is three times faster than the latter.

S Preliminary structural design of the high performance container
crane

5.1 Outline of structural design

In this study, to obtain the basic design system of high performance container crane, the
loads of the crane itself and operating system with machinery including containers are only
considered. More detailed analysis and design with additional dynamic loads can be
carried out when the operating conditions are known. (Kim 2005, Kim et al 1999). The
basic shape of the crane system for structural analysis is shown in Figure 12.

As shown in Figure 13, the types of structural members of the crane system are
classified into 18. The member types are shown in Table 4.

The section properties of structural members are shown in Table 5.
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Backreach:31 Railspan:30 Outreach:68
Railwidth:15 Height under spreader:40
Tower height:75 (Unit: m)

Figure 12: Basic shape and major scantlings of the crane system
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Figure 13: Structural analysis model

Table 4: Member types

Member Types Member no.
BEAM 1-12
ROD 13-15
BEAM 16-18
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5.2 Applied loads and boundary conditions

The maximum applied load to the high performance container crane is 60 tons with 20 or
40 ft container. The weights of the crane members are shown in Table 6 and three critical
load conditions are considered that the displacement about x and y-axis is a free condition
and it of z-axis is a fixed condition at the lowest 4 points of crane like the actual load

condition, see Figures 14~16.

10

Table 5: Section properties of members

Section Section properties (cm?, cm*

No Size (cm) A, Ay A, 1, y 1,

1 | 100x100x2 | 800 [364]364] 2.0x10° | 1.333x10° | 1.333x10°
2] 100x80x2 |720[291[364] 1.422x10° | 1.133x 10° | 8.1x 105
3 | 100x100x2 | 800 [364[364] 2.0x10° | 1.333x10° | 1.333 x 10°
4 ] 100x80x2 |720[291]364] 1.422x10° | 1.133x 10° | 8.1x10°
5| 100x80x2 | 720291]|364] 1.422x10°| 1.133x10° | 8.1x10°
6 | 100x80x2 | 720 [291[364] 1.422x10° | 1.133x10° | 8.1x10°
71 30x30x2 |240[109[109] 5.4x10° 3.6x10% 3.6x 10°
8 | 50x50x2 |400[182[182] 2.5x10° | 1.667x10° | 1.667x 10°
9| 50x50x2 |[400[182]182] 2.5x10° | 1.667x10° | 1.667 x 10°
10| 50x50x2 |400[182]182] 2.5x10° | 1.667x10° | 1.667 x 10°
11| 50x50x2 |400[182]182] 25x10° | 1.667x10° | 1.667 x 10°
12] 50x50x2 |400]182[182] 25x10° | 1.667x 10° | 1.667 x 10°
13 30x4 120

14 30x4 120

15 30x4 120

16 | 100x200x2 [1200]727|364| 5.333 x 10° | 2.333 x 10° | 6.667 x 10°
17| 50x200x2 [1000]{727]182] 1.6x10° | 5.417x105 | 4.667 x 10°
18] 50x50x2 |400[182]182] 2.5x10° | 1.667x 105 | 1.667 x 10°

Table 6: Weights of the crane members

Member Member Wf?ight per Merpber
o, length unit length weight
(cm) (kg/cm) (ton)
1 3,000 6.28 18.84
2 3,000 5.652 16.96
3 6,000 6.28 37.68
4 6,000 5.652 33.91
5 3,000 5.652 16.96
6 6,000 5.652 33.91
7 8,484 1.884 15.98
8 6,000 3.14 18.84
9 12,000 3.14 37.68
10 6,000 3.14 18.84
11 8,484 3.14 26.64
12 1,200 3.14 3.77
13 11,400 0.942 10.74
14 13,892 0.942 13.09
15 12,370 0.942 11.65
16 25,800 9.42 243.04
17 2,400 7.85 18.84
18 2,000 3.14 6.28
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Figure 15: Load case 2
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Figure 16: Load case 3

5.3 The results and discussions of structural analyses

The analyses are carried out with NASTRAN and PATRAN to examine the safety and to
obtain appropriate structural member scantlings of high performance container crane.

Each element is used beam and rod for analysis, see Figure 13 and Table 4.

Deflection shapes are shown in Figures. 17~19 for each load case.

The maximum deflection on the crane boom member is 19cm, which leads to 0.16°
inclination of boom. These values are not significant to horizontal operation of trolley.

The stress distributions are shown in Figures. 20~22 and Table 7 for each load case.

Higher stress values are 1,058 kg/cm? at bracing member, and 1,699 kg/cm? at vertical
member of crane leg.

When the mild steel (SS41) with allowable stress of 1,800 kg/cm? is used for crane
structure, it is, therefore, considered safe.

12
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Figure 17: Deformation shapes (Load case 1)
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Figure 18: Deformation shapes (Load case 2)
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Figure 19: Deformation shapes (Load case 3)

15



K. =S. Kim et al: A Preliminary Structural Design Study on ...

M. Parens FU0T 128 1 104648 11 2430
Finge SCTLCWDTATED A1 D Subicose Bar SH055E Wi Combdowd A Canr

--3.59+002 < -

(3 Fa 0l

ar+i% Hhe0g

Load case 1

MEC.Pann 01 1Za Tiee 06 11 5924
Frngu. B2

| CASE2 &1 S0t Sutacase Bar Shakias M it Ceambned A Cacrar

-4.55+002

 Forge:
Meon | 0003 @I B0 S
e 550037 @I 80

Load case 2

HETPRE 2001 e T 45 1R
Frings SUILOMD_TASED 5% £ Cemer

ELt

ARl FrG
Vo 1 D640 -BERn B
Ao D9 BER TR E

Load case3

Figure 20: Contour of maximum combined stress

16



K. =S. Kim et al: A Preliminary Structural Design Study on ...

HET P 200 52n 1 1hAmr 06 12605
Frnge: BOLLORD_LASEL At - 1 ned At Eumee

4.29+001 T

3 U
) 4‘1 o 9

dadsadFrivgs
oo & DT GTIm 3512
Mo B EGSOIC G Al 2

Load case 1

WS Pt 0 st} 08 19,3098
Frioge: SR CASEL At THotk e A Crrater

1.10+002 e

965082 <l

S
Rl Ao |

T DI FE W 5

8BS b B2

Load case 2
$ASE Pmiran JIT 12 1 M08 113058
Fringm SUNLOMD_CASES A1 Stefe Subosse. Sar Qmeses, binmum Combined, &1 Omeder

1.53+002 22700l

EIr

Reae Bhlis

& dd ity

R

Rlauie
sdetoudl Fiiige
o1 S GE BEIm ST
i FETE e 9

Load case 3

Figure 21: Contour of minimum combined stress
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6 Conclusions

In this paper, the time analysis is carried out to find the most efficient container handling
system with the example of Port of Incheon, Korea, where the tidal difference is about
8.5m.

It is found that the cargo handling capability of new crane system can reach 3 times of
those of conventional crane system.

Then, structural analyses are carried out to find the optimum structural system of this
high performance container crane system.

Table 7: Stress distributions of crane members (unit: kg/cm?)
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