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A Study on Determining the Optimal Amount of
Labor Force for Cargo Handling in the Harbor
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Abstract

Today, about 99% of total import and export cargo in Korea is being transported through the port.

The general trends of cargo handling show increases in capacity and speed, In order to cope with these
trends, it is not only required to raise the efficiencies of port operation and function but also necessary
to decide the optimal amount of the skilled labor force for cargo handling in the port.

Cargo handling in the port is basically relied on the cargo handling facilities. Therefore, it is very impor-
tant to reserve the amount of labor force for cargo handling system has been developed up to a certain
level but the personnel management system which is the superior structure has not been followed well.

In this study, therefore, we show a method to determine the required amount of labor force for cargo
handling considering the amount of cargo and type of cargo handling work per each cargo, and the optimal
amount labor force in cope with the fluctuation of the basic cargo handling labor force with respect to the
time of in and out cargo flow in the viewpoint of minimizing the expences due to reservation of extra
labor force than needed and firing employment of labor force using the Dynamic Programming.

The derived algorithm is introduced into the computer simulation for Pusan port with the analyzed real
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data such as amount of cargo handling in the port with respect to working hour, cargo capacity, working

steop, the ratio of cargo handling facility and actual number of workers and we estimated the required

labor force.

As a result of analysis the labor force of Pusan port showed the over-employment such as maximum

21.4%, minimum 8.2% when we assumed that the averages of actual working hours and days wrer 8 hours

in a day and 20 day in a month.
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Fig. 2. 1 Schematic Diagram for Cargo Handling
Process of Grain
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Fig.2.2 Schematic Diagram for Cargo Handling
Process of Cement

AR, BREFEES REES A FA-% 73
FE2A, BREE BEFEA] Adede 2349,
Aol 2615 FHel Fd= d2e9 GrabZ 8l
o3t} Fulolo] WES Fa HHEsE A%
faflol A BELTESF B 2971 3la Bt
fERE = BWRBEE® 757 2 BB %519
o] ztgio] o]Foixw o] HAAE acokstn 13
2.33% 2t}

oo A| 2 e

il HLTE BFH

B BET W%

Fig. 2. 3 Schematic Diagram for Cargo Handling
Process of Coal
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Fig. 2.4 Schematic Diagram for Cargo Handling
Process of Log
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Fig. 2.5 Schematic Diagram for Cargo Handling
Process of Iron Material and Machinery
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Fig. 2.6 Schematic Diagram for Cargo Handling
Process of General Cargo
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Fig. 2.7 Schematic Diagram for Cargo Handling
Process of Container
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1100.0
JE— xl
L - Xy
10500 |- T X’!
AEEEEEES A
-------------------------------- I
------------------------------------------ I3
I2
ool \__—_; f
b
Las _L L ! 1 b s
800 ) =g~ g o a0~ dee e de08  Tooo

P

Fig.3.1 The Distribution of X; value by the
required labor with respect to p
for Case 1
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Fig. 3.2 The Distribution of X; value by the
required labor with respect to p
for Case 2 l

Case 3:1=9000, r,=850.0, r;=950.0, r,=1000.0
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Fig. 3.3 The Distribution of X; value by the
required labor with respect to p
for Case 3
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Fig.3.4 The Distribution of X; value by the
required labor with respect to p
for Case 4
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Fig.3.5 The Distribution of X; value by the

required labor with respect to p

for Case 5
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e} 3} 5o MYEIEY 63% S Hustm glon,
A¥UE 43% HES AER B 82% 8 A}
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sglon] Zeovz 43517 U GUdES
A BE, HIK, AR, #A, BA HEE NEES
L2 I F54E 35 AHST BEE 8,
KEY, 71etll A EHYRE 549 FEHFE
A Lslgion, ol ABE LM iEEAEE
WA HAERES Fasid. =3, JEd =
27 HA de BEEREDS TIANA FLEF

& INEELE 34l 1988 % HAMS ¥
4 3tE] 24AAE Heshd & 419 2o
olwl &5 e e oIy Bye) AA 9 67.1
%, B—8#o) 195%, SHloly =& 2d FF
& 5 ol FEL 70%, Ve 64% 5 2% 3}
T oQleh =3, F58 xS Aseg 8y,
K, FRE AA E5%9 28~33%F 2A3}
] AERe] 999% 5 HAEoh G, 85, K

for the year of 1988

Unit : ton

Ttems Grain | Log (Cement; Coal Marine Container| Ore |Machinery Iror'l Oil | Others
monthly products materials|

1 197,961 | 106,487 | 160,820 {118,732] 49,754 |3,005,112| 56,127 67,280 | 197,464 |342,186|361,435

2 144,432|148,159| 125,648 (102,878 69,005 |2,838,084| 43,744] 59,897 | 189,816 |403,371|361,222

3 163,494 |132,083159,6841121,101| 97,463 |3,324,736| 44,018 75,399 | 203,059 |321,981|402,446

4 76,4411129,020 | 164,316 92,371 113,504 |3,138,808| 47,692 54,952 | 188,216 |332,9131419,172

5 155,776 | 205,347 | 141,261 |110,610| 89,174 |3,305,030| 68,675 61,576 | 171,762 [362,220367,174

6 |219,565]101,095(202,953 |117,051| 90,044 |3,235,639| 60,474| 56,901 | 157,631 |279,946|324,766

7 [139,078144,177|214,542| 57,315 107,305 |3,223,226| 70,315 50,401 | 142,007 |406,929,293,013

8 }142,537|138,344|182,800{122,924| 91,653 |3,784,014| 47,261] 77,087 | 202,281 |363,330|311,416

9 |148,295|120,735| 144,847 | 64,983 95,596 |4,149,468| 60,214 60,137 | 151,706 |350,858/196,552

10 |151,750(171,783|149,575| 73,109 70,504 (3,089,276 51,743| 68,870 | 188,002 |414,656|349,581

11 99,975162,171 149,097 | 63,649, 95,548 |3,340,667| 94,297 90,172 | 200,453 |301,562{172,531

12 113,726 (140,224 | 156,280 | 61,294; 104,477 [3,402,135| 86,382| 92,543 | 215,731 |461,217260,678
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Table 4.2 The Amount of cargo handling rate per step and actual number of workers with respect of cargo

type
A B EHLTHE C:EMEBEEM D: AHE 2 BE
H:#e 510Fx%
M: #he] BASE FE
Step Amount of Actual
Intms Rate(%) Cargo handling Number of
step M.H M H) per gang/lhrs workers
M 95 240 5
A H 5 50 13
Grain M 95 100 5
B H 5 30 13
M 100 80 3
¢ H
Oil M 100 400 1
A H
M 95 400 4
A H 5 65 6
Cement M 95 400 4
B H 100 140 6
A M 90 250 8
H 10 40 14
M 90 240 5
Coal B H 10 30 11
M 100 200 2
C
H
M 100 250 2
D
H
M
A H 100 54 10
B M 100 48 3
Log H
c M 100 65 5
H
M 100 80 4
D
H
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Table 4.2 Continued.

F B OK-® Kk &

Step Amount of Actual
Intms Rate(%) Cargo handling Number of
step M.H M: B per gang/lhrs workers
M 100 50 10
A o
H
Iron B M 100 50 5
Materials H
M 100 80 6
C
H
M 100 60 4
M
. A
Marine H 100 30 14
products B M
H 100 30 8
A M 50 80 8
H 50 30 12
Ore B M 100 80 3
H
M 100 80 6
C
H
M 100 40 10
A
H
Machinery B M 100 60 5
H
M 100 35 4
C
H
A M 95 650 6
H 5 320 6
Container B M 100 650 3
. H
M 100 550 4
C
H
A M 30 50 6
H 70 40 10
B M 100 60 4
Others H
C M 80 45 3
H 20 30 5
D M 50 50 3
H 50 40 4
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Table 4.3 The cargo handling labor force required per cargo month season(1988)

] The cargo handling labor force required per cargo(r,) Total
Season| Month| G in | Ot |Cement| Coal | Log p%zgitis Container| Ore [Machine maltreorrilals Others| Total Segéon
Winter M | 173 | 6 | 68 | 102 | 250 | 228 | 406 68 | 189 | 685 |1004 31@{ 2999

oM | 126 | 7 | 45 | 89 | 347 | 317 | 383 | 54| 168 | 459 |1004 3169

3M | 143 | 5 | 57 | 104 | 310 | 447 | 449 | 53| 211 ( 705 | 1118 | 3602
Spring| 4M | 67 | 6 | 59 | 82 (302 | 521 | 424 | 55| 154 | 653 [1165|3488 3528

5M | 136 | 6 | 54 | 95| 481 | 409 | 446 | 79 | 173 | 596 |1020 | 3495

| e6M [192 | 5 | 73 [ 104 | 237 | 413 | 437 | 69 | 160 | 547 | 9023139

Summer| 7M | 122 | 7 | 77 | 50 | 338 | 492 | 436 84 | 142 | 493 | 8143055 | 3195
8M | 125 | 1 | 66 | 105|324 | 421 | 511 | 54 216 | 705 856J 3393 B
oM | 130 | 6 | 56 | 56 | 283 | 439 | 560 | 69 | 169 | 527 | 5462841

Autumn 10M | 133 | 7 | 54 | 63| 403 | 324 | 417 | 65| 193 | 653 | 9713282 3044
11IM | 8| 5 | 54 | 55| 380 | 438 | 445 108J 253 | 696 l 479 | 3011 B

Winter| 12M | 100 | 8 | 56 | 53 | 320 | 479 | 464 | 90| 250 | 749 | 7243320 |
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Table 4.4 Estimation of Optimum Amount of Labor Force(1988)

ri r(Summer)=23195 ra(Autumn)= 3044 r3(Winter)=3229 ra(Spring)= 3528
P X X, X, . X
0 3528 3528 3528 3528
100 3453 3428 3453 3528
200 3378 3328 3378 3528
300 3303 3228 3303 3528
399 3228.8 3129.2 3229 3528
400 3229 3129 3229 3528
467 3195 3044 3229 3528
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Table 4. 5 Estimation of monthly cargo capacities for the year of 1990

W 2 aF s AAS HEN FE S
WAMHA Rax glenzA HAFHe ARE
B 9l

19905 e BERE LEIHE 53t
7] Y&, A, 3E F549 37 10847 delekE
Aealste] 23 Y 3% IRBCEBIES o83l 3
2aks &3 AFE E 4540 2ot BHH
FRESEHX)S A3 71T EHERl 9

Unit © ton

—
Items

monthly

Grain | Log

Cement

Coal

Marine
products

Container

I
Ore |Machinery ron Oil |Others

materials

1

199,046 | 118,016

145,152

130,637

54,143

4v

039,539| 71,399, 55829 | 198,713 467,231(308,334

145,749 120,961

139,705

103,304

88,080

3;

880,072| 55,968 57,774 | 171,011 |310,152|300,290

173,992 | 140,558

120,860

123,079

199,730

4,

591,211| 58,846| 71,869 | 195910 |436,952/327,592

115,391 | 164,653

133,786

99,613

145,600

4;

171,638 56,288| 57,237 | 173,904 |426,835|314,986

167,244 191,111

144,756

135,311

117,768

4»

350,8621105,509| 63,745 | 206,584 |431,951(334,473

275,943 | 146,141

138,314

118,896

116,042

4,

257,503| 78,284 72,694 | 149,404 |269,845/306,914

152,970 | 150,090

144,650

112,014

129,651

4,

207,371| 90,796 60,797 | 165,098 {294,995|307,557

141,665 { 153,300

182,954

109,958

119,209

51

283,145| 62,293 71,653 | 196,314 1250,482(302,165

W 0| N[ |V [ Wi

118,519 | 161,924

135,956

98,934

114,272

6’

031,116| 79,120, 62,765 | 203,062 |284,450(303,009

—
<o

159,730 139,722

133,772

91,367

91,747

4,

009,329| 61,290, 63,396 | 178,338 |492,577|305,028

—
—

128,110 | 161,330

166,565

102,495

119,387

4,

379,331|153,889| 66,375 | 182,974 |295,244|245,389

p—
3]

156,681 | 170,232

125,980

89,997

141,635

4,

466,4481108,936) 76,677 | 233,575 1398,285)287,191

Table 4. 6 The cargo handling labor force required per cargo, month, season(1990)

Season

The Cargo handling labor force required per cargo(r,)

Total

Month

9.

Grain

Cement

Coal

Log

Marine
products

Iron
materials

of
Season

Container| Ore Machinery Others| Tatal

174

52

106

277

249

546 82 | 157 690 | 857 | 3,198

Winter

127

50

89

284

404

3401

524 64 | 162 594 | 834 |3,137

131

44

106

330

549

620 68 | 201 680 | 911 | 3,647

Spring

101

48

86

386

668

563 65 | 161 604 | 875 3,564 3,684

146

52

117

448

540

588 | 121 | 179 717 | 928 |3,843

241

50

104

343

532

575 90 | 204 519 | 853 13,516

Summer,

134

52

98

352

595

568 | 104 | 171 573 | 855 |3,507| 3,576

124

66

95

359

547

714 72 | 201 681 | 840 |3,703

O RN || W|N|-

104

49

85

380

524

814 91 | 176 705 | 842 {3,775

Autumn,

—
(==

140

48

79

328

421

542 70 | 178 619 | 847 {3,280| 3,505

112

-y
—

60

88

378

592 176 186 635 | 682 |3,462

112

—
—

60

88

378

548

592 | 176 | 186 635 | 682 |3462

Winter

Nl i || (30|00

137

-
N

45

78

399

650

603 | 125 | 215 811 | 797 | 3867

— 53




20 z 8B OK-F Kk &

Table 4. 7 Estimation of Optimum Amount of Labor Force(1990)

ri ri(Summer)=3576 rz(Autumn)= 3505 rs(Winter)=3401 r4(Spring)= 3684
P i X, Xy Xs Xy
0 3684 3684 3684 3684
50 3646.5 3634 3646.5 3684
100 3609 3584 3609 3684
145 3576 3505 3401 3684
) P F 4.7 % 2Y 4,29 o] el 5. 13 #

ptel 04wl EEAHE) S 3684 oIt p3tel
AR 145499 HESESH HiEs Bl 3684
H gL 3576 7HEL 3005 AL 34017
45 4 F UL, B n4FEL AP IS
71€ RBeolw pgtol 146%-H nite fAs A
2olle A5 o] pglel 14374 YA s}t

14458 1457t4] §27 8] Ztashe @48 Balr,
ol€ p#tel 47t A= rtel e £AE 143t
o= BRHA iAot HAuh p=1sFEHE

WS RS sstelof uguel A Zej2s) @
e 42 9¢ & Aok
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X
X ool L S I
34500 :-
3400.0 E— Mmoo Is
33560 :—
5:,00.00»:; BT BT T T Y oy a b v Y

I

Fig. 4. 2 The distribution of Xi value by the re-
quired labor with respect to p

B RAXAdAM s EEEZ 2 EEEe BELE
et EEEE HEREA T2 FHEAE
# g} gabd, X5 £FE BESRe )
ol Fsle BN R S8 BIEKES A
A8, o gule Ml dukxew HLd 4
A= &HE HE pEdds At

EENIE S BIE HE RE ldAe
BB, B, B3 AJAHES HE BFE
Aol o7 A1 gk 2%t FIELSEH IS
Zhetsln, EEyEiEe] A7 WHld o XK
A BEHY WE BEE nelstdel 3y
ol & #A3l7] st EffkHEEe] HHE 2 2
8 FEo e BEHH REd & ¥vE&E Hx
3} gtk oulo A BHETEIE S AMS-Et B
Eff K#ES AA 39

3, B =FolA A BEphel HEHE
BRE Fks FAE H4-3 A3 1988 %9
R EIE S S8 352878l wiet
A, ALAl BAaldlol] g »EH3 wlgsld B
W i 9% GEEEM REJS 49 dx A
Ad u848E 2l B 82% AEL 88%
& 94% 2 BREM REIS
gqlatqlt. ol EM & R%eHe) HE e,
7 g4 E HRASHEEE A 839 ol &3sle
Qe v o EF EMREE R
o] vehd Zolr)

EF 19909 =] HEES A5 A, 17.3%
2] F7bE Mol o W B8 KES W
BEY FAANE AR S8l ®d pghel 0

— 54 —



Wl WK SENe Bl AR REA B8ty 21

ol 7t7h¢ W AlAE HIE EEKEL 36843l
o, ptol 14 F71gel wel A9 19 E Za
e AL & 5 vk p@te BERME 1459 B
ol & 36847, Q& 35769, M 35051, A&
2 340173 o)}, WA Y-Arale] wl RS E)
FEAIHS st o, TEYES BE 5
B A e ol2vl LI HEE Al
QA HEHES HEEe uel AAHelm &
$402 g5 F de ANEBEALH] F
T AAolr). wepA, oleid FAHE #H2dy)
AAME HEREE $EH FAL =T LA
BOR POOL SYSTEM-& =4l& "7t gl

B =8 9F2AHE vz "

i) patel AfBagelx R %,

i) HEH TE A0S GFEH7) A B
F7t ol FelH ok & Aol

2EXM

1) UNCTAD, Manual on Port Management part
3, port operations, 1976

2) UNCTAD, Port development, A Hand Book
for planners in developing countries, 1978

3) E.G. Frankel, Port Planning and Develop-

ment, John Wiley & Sons inc. 1987

4) JIMAKITA, A Techo-Economic Analysis of
the Port Transport System, Saxon House, 19
77

5) RONALD V. HARTLEY, Operations Research,
A Managerial Emphasis, Goodyear Pubishing
Co. Inc,, 1976 )

6) FEE, A4 ILBBR, XBWRME, +4,
1981

T E$HESN 24, A" 44, e, AL, 19
79

8) MREZEE, #EtER, K3EH, AE&, 1986

9) WESEE, BESEE FETER 198019
89

10) Z2lr g EEE, BIR BWHET 1985
—1989

11) BEEEEENER, HEESSRILHE,
1988

12) BEHEEHEREG, BENLER, A1z
305

13) BEEBHRE S, BEAREE, 1987, 1989

14) BERHEESEE, 1Y Al1E, 1987.

15) £1LESESEHE &, BERE 19871989

16) B8, B/ H5E BER & ®EE 19
88— 1989

17) BEpESE S, #1349 A1E p.55 1989



