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A Study on the Cargo Flows in Port

Toshikazu MIZOUCHI*
Hajime INAMURA**

Synopsis

A large quantity of cargo flow among wharfs in large or wide port, which make bad influences
not only upon the transportation efficiency, but also upon the environment to the surrounding
area.

For the purpose of the reduction of these cargo flows, this paper has proposed a model which
simulated a daily cargo flow and vessels movement in port.

This model can estimate whether cargo flows among wharfs increase or decrease, under many
cases of plan or policy.

Control variables in the model are as follows.

1. Using system alternatives by quay or wharf
2. Capacity alternatives by facilities on a wharf
Usefulnesses of this model are shown by the application to Yokohama port.

*

*¥

Member of Port Planning Laboratory, Design Standard Division.
Chief of Port Planning Laboratory, Design Standard Division.
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5~17.5
.5~18.5
.5~19.5
.5~20.5-
.5~21.5
.5~22.5
.5~23.5
.5~24.5
.5~25.5
.5~26.5
5~27.5 .
27.5~28.5
29.5~30.5 2 1 1 1
30.5~

W 00 NN LA WN - OO
n
N = W N3

o RN W W

BN NN N DN M e e e e e e e
G R W N = O WO NGO R WD H O
[\
N = D - W W

[\~
[=2]

+v7ast | 220 160 111 166 103 | 1,457 | 107 106 463 | 456 188

GE) 1. BEHAEWEE (B, B 52 £) BRI MT X D ER.
‘ 2. EAROBSIEETOLEY,

J%E ; TERAR
Ty 7AaViR
H o i

[l ; EA
5 AR
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fix-2

BENETTENC BT 5K (E—1R)

FREARRE SN, AdEM5], FESIO v (GIT) 7 v 75157

w

HEI-FERDEED,

1 =4k

1=7T70%

T=vid

D FrETI7a-FiikoEB),

1 =0~99%G/T

1 =6,000~9,995G/T
7 =20,000~29,993G/T

2 =&M
5 =7

3=@x%
6=TV7

2 =1,000~2,999G/T

5 =10,000~14,993G/T
8 =30,000G/T ~

— 261 —

3 =3,000~5,999G/T
6 =15,000~19,999G/T

(FE3RER) (%) (702 48) (%) (£ 3 a>4) (%)
cvm| BREHEFET 2 Tl SEAE T2 T T 5
#\# biitgiy) ShEd il
ANEN]1]2[3]|4]|5]|6]|7]|8] (G/T) 2(3|4|5(6[7|8|(G/TY||1]|2]|3]|4|5|6]7 (G/T)
1 2148(48| 2 10,326 18|28|54 19,175 8(64| 2|26 15,504
2 2|51(47 9,809 14(81f 5 11,173
# 3 15540} 4 10,256
4 4(68{28 9,502 23|77 11,894
#=|5 12|26(47]13 7,088 75125 8,782 100 8,444
A 6 | 2|27|41|20{ 7 5,336 14(57|29 5,435 16 52|32 12,695
7 40(40{20 6,779 33|67 8,945
&t | 2|18[28|32(17| 3 6,791 2| 6| 9|19|22|42 16,543 3 11{67}| 9|10 11,728
1 61|34} 5 10,018 8|46|46 19,613 29169| 2 14,093
" 2 1143|56 9,953 5/95 10,974
A 1 58|38 2| 1 10,347 100 13,685
Al 4 4189( 7 8,904 100 13,061
i I 8187 7,815 85|15 8,305 100 6,316
A 6 | 9{15{38|33 1 5,392 19]81 3,931 40|48 12 4,882
7 33| |67 4,705 100 6,058
&t | 5] 8|20|49|16| 2 7,393 4]18|23| 2|26}27 13,459 1113|17{55] 4 10,693
1 7142]|47| 4 10,541 5(46149| |19,916 2| |40|32] |26 15,909
2 1/50|49 10,070 100 10,841
#* 3 47153 10,007
4 3|71{26 8,880 100 13,477
& 5 24168| 8 6,636 82|13 5 9,433 50150 9,517
m 6 [12]16]|45]25] 2 4,621 21171} 8 4,216 48133| 1| 2| 3|13 3,937
7 90|10 6,186 57|35] 8 5,965 100 10,400
&t | 8/10]32(36{14 6,231 5|26(13| 5125]26 13,311 22116/16|29| 1{16 110,400
(F) 1. BEEAKDIHRSREST (BiEE, BHS2E) UAMT L ) R,



BRSO OE

HE-3.1 MRANREREMARS T
(1) #ekhn(Es)

~ Feua . $u7n| EH | Bk
";’f. 7771 1 2 314 5 6 7 8 9 | 1011712 (13|14 | 15] 16 # (8) | (®

1 0.10[0.02{0.26[0.07|0.26/0.02]0.12[0.02}0.05[0.03]0.05 42]2.23711.508

2 0.07|0.05{0.23]0.11]|0.20/0.07(0.13[0.04{0.06/0.01j0.02]0.01 493[2.258|1.641

3 0.06]0.06[0.21(0.10]0.22/0.08]0.12[0.03]0.05/|0.02/0.03|0.01|0.01 7761 2.316| 1.761

4 0.060.06/0.18]0.10[0.160.08]0.13[0.06[0.07/0.03]0.04{0.03 8741 2.702|-3.044

5 0.02[0.06[0.12]0.11|0.21{0.09]0.12]0.03]0.08|0.04]/0.06/0.04]|0.02, 5451 2.87812.733

6 % [0.06l0.06]0.19/0.10j0.20/0.08]|0.13]0.04]0.06/0.02/0.04!0.02/0.01 0] — —

5 0.06]0.06[0.19]0.10[0.20[0.08[0.13]0.04/0.06[0.02[0.04]0.02/0.01 2,73012.540] 2.401

(2) ZEFRMUERA)
S Faie $o7w| E | i
1»;5%7 711 2 3 4 5 6 7 8 9 110 |11 (12| 1314 | 15| 16 # (8) | (@)

1 0.02{0.07[0.15/0.0410.22|0.09]{0.20[0.02/0.13 0.02/0.04 461 2.731]1.944

2 0.08]0.19(0.14{0.09{0.15/0.11{0.10]0.01{0.09|0.01|0.03] 801 2.165( 1.820

3 0.06{0.10}0.19{0.10{0.15/0.07}0.13}0.04]0.05/0.01/0.05!0.01|0.02{0.01|0.01 2081 2.6414 3.921

4 0.10]0.09]0.2010.12]0.18]0.05]0.090.03]0.05 0.03{0.02i0.02|0.01|0.01 46712.395]13.796

5 0.05/0.08]0.25{0.110.16/0.08}0.09}0.02|0.05|0.02/0.05(0.03j0.01 1861 2.37512.342

6 % 10.07/0.10[0.20/0.10}0.17/0.07{0.10{0.03|0.06[0.010.04|0.02/0.02 0.01 110.958] —

£+ 10.07/0.10]0.20}0.10/0.17/0.07/0.10/0.03]0.06/0.01{0.04/0.02{0.02 0.01 9881 2.439] 3.321

(3) EHRHRGERA) :
. Faan 7| FE | i
r;gf.’ 270 1 2 31 4 5 6 7 8 9 (10|11({12| 131415 16 5 (1) | (8

1 0.10]0.02/0.21|0.03]0.27 0.18 0.11]0.03|0:03 0.02 62| 3.568| 2.796

2 0.01]0.05]0.05/0.19/0.06|0.21{0.09}0.14/0.05[0.11/0.02[0.02 86| 3.578(2.296

3 0.02{0.05/0.12{0.10]0.19|0.09{0.13]0.06]0.08]0.04]0.05/0.05 0.02 2561 3.15914.252

4 0.02{0.02[0.14]0.09]0.18]0.09}0.15}0.05]0.09/0.03]0.08|0.04] 0.01/0.01 29513.13414.173

5 0.02{0.05/0.13]0.13]0.13j0.11}0.10j0.06[0.13 0.08]0.05 0.01 11113.19314.107

6 * 10.02]0.03]0.12]0.09|0.18}0.09}0.15}0.05|0.10/0.03/0.07|0.04}0.01]0.01|0.01 0y — —

£+ 10.02{0.03]0.12]0.09]0.18/0.0910.150.05/0.10]0.03]0.07]0.04]0.01}0.01]0.01 8101} 3.230] 3.911

(4) 7z AaEE) i
58 Fo7w| | ek
Y 57
bm 1 2 31 4 5 6 7 8 9110|1112 |13 |14 {15 16 # (g) | ()

1 % 10.43]0.30l0.24 0.02/0.01 0 —

2 1.00, 1]0.292 —

3 0.60}0.40 510.492]0.029

4 0.25/0.63]0.12 810.786]0.090

5 0.56[0.17]0.24 0.03 4110.592]10.173

6 0.33]0.35[0.27 0.03|0.02 6010.78110.286

it 10.43/0.30[0.24]  10.02[0.01 115/ 0.6970.230

C(5) 73 HE(EA)

IR 5 T e
N - FoTn| EE | ik
by 1 2 3 4 5 6 7 8 9 |10 111211314 |15 16 $ (8) | (@

1 % 10.50{0.29]0.14[0.04/0.02|0.01 0 - -

2 0.57/0.29[0.14 710.601]10.135

3 0.49|0.31]|0.1410.04(0.02 4910.660/0.172

4 0.17]0.49/0.31 0.03 3510.845]0.116

5 0.66[0.24/0.06/0.03]0.01|" 7010.520]0.144

6 0.5110.25[0.14{0.06/0.02/0.02 111]0.723] 0.249

i 10.50]0.29/0.14]0.04]0.02{0.01 . 27210.672]10.199
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HENEMRENCET R G5—8)

f1%-3.2

(6) 7nra85(3Em8)
Rl ‘ Hr 7| B | K

BN 1| 234|567 8|9]10[11|12(13]14/15/16 # | (8) | ()
1 * |0.490.29,0.15/0.03]0.02/0.01[0.01 o] — —
2 10.9000.10 ' 19]0.331]0.021
3 10.3000.490.17(0.02 0.01 0.01 139]0.772]0.323
4 10.30{0.32/0.35/0.03 _ 71]0.823[0.133
5 10.64/0.23/0.11(0.01[0.01 129]0.554]0.169
6 10.55/0.21{0.11{0.06[0.05]0.01]0.01 236]0.772] 0.369
=t 10.4900.29[0.150.03[0.020.01f0.01 5941 0.717]0.289
(7) 3 afEsE)
ggan - TN ) | L

bER?L 1234567 8|9|10]11[12/13|14|15/16 w | (m) | (89
1 % [0.09]0.24/0.15/0.15]0.13]0.07(0.04|0.02]0.07 0.02]0.02 o] — —
2 |0.33[0.67 3[0.722]0.061
3 * [0.09,0.24]0.150.15!0.13}0.07]0.04]0.02]0.07] 0.02{0.02 o — —
4 ]0.17]0.25l0.08]0.17]0.17]0.08 0.08] 12]1.549]1.258
5 10.09]0.23]0.14{0.13{0.13l0.06[0.05/0.03/0.08 0.03]0.03 78] 2.000]2.178
6 [0.15/0.31]0.31]0.15/0.08 13]1.513]0.332
#f 10.09l0.24/0.15]0.15[0.13[0.07]0.04/0.02[0.07 0.020.02 106]1.853[1.864
(8) I aHR(EA)

NG +y 7| EH | ik

> 777

bz 1{2|3]4|5|6|7|8]9]10f11]12]13]14]15]16 w1 (8) | (89
1 * [0.14]0.27]0.31]0.09]0.100. 04 0.02[0.03 o] — —
2 lo0.10]0.56{0.300.10] 10]0.983] 0.166
3 [0.18]0.09]0.46/0.09]0.18 11[1.254]0.381
4 0.20]0.53]0.07[0.07 0.07/0.06 15[1.631][1.107
5 10.18l0.22]0.24]0.08/0.12|0.08]0.02[0.02}0. 04 50]1.471]1.042
6 [0.13]0.61]0.130.13 8]0.891]0.137
=t 10.14[0.27]0.31]0.09/0.10[0. 04 0.02/0.03 94]1.370]0.858
(9) 3 fA(ERA) ‘
agen] Ho70] 8 | i

v 27

ARl 1| 2| 3|45 |6|7|8|9(10(11{12[13[14/15]16 # | (8) | (89
1 % 10.12]0.21]0.30}0.12[0.12]0.04/0.05/0.01[0.02 0.01 o] — —
2 ]0.18/0.16[0.42{0.130.08 0.03 38]1.171[0.361
3 |0.27]0.31]0.270.11{0.04 26]0.955]0.222
4 0.21|0.25/0.14l0.32 0.04{0.04] 28]1.728]0.698
5 10.05/0.13]0.230.09}0.13]0.13]0.13]0.02{0.05 0.04] 56]2.094]1.513
6 _ 10.15/0.33]0.33[0.15 0.04] 2711.099] 0.401
5t 10.12{0.21{0.30}0.12/0.12]0.04]0.05/0.01/0.02] 0.01 175/1.512]0.982

(#) 1. BEHEANDIESEE (FiEH, EAIS2HE) DUAMT X ) e,

2. FEEZ713, 1(0~999G/T), 2(1,000~2,999), 3(3,000~5,999), 4 (6,000~9,999), 5 (10,000
~19,999), 6(20,000~) %R,

3. GEeyE 7> 743, 1(0~0.58), 2(0.5~1.0), 3(1.0~1.5), 4(1.5~2.0), 5(2.0~2.5), 6(2.5
~3.0), 7(3.0~3.5), 8(3.5~4.0), 9(4.0~4.5), 10(4.5~5.0), 11(5.0~6.0), 12(6.0~7.0),
13{7.0~8.0), 14(8.0~9.0), 15(9.0~10.0), 16(10.0~) %3R3,

4. *EHNL, ELOFCTAED ORI 1 DLz nah2 522 #5RT.

—263—



wAR— W B

fT%-4 WHEWAMREER

(1) EXRTERY (F>)
2" |k ok|m M@ k|7oum|E M7 7|y ow|
B K E & 127 291 124 187 91 413 0 1,233
R BE 55 1 21 5 41 0 257 0 325
g E &5 17 27 72 61 48 2,360 11 2,596
ERBMITER 55,957 | 39,570 | 37,603| 35,984 | 16,487 | 279,722 4,419 | 469,742
it % T ¥ & 2,373 1,634 2,636 999 398 | 19,308 1,302 | 28,650
B L ¥ & 1,250 2,935 581 3,631 1,478 | 23,821 206 | 33,902
L % & 5,092 8,236 3,082 1,624 805 | 13,058 459 | 32,356
¥O% & 233 161 299 128 577 | 12,549 133 | 14,080
5 A fE & 0 0 0 0 0 0 0 0

§ 65,049 | 52,875 | 44,401 42,656 19,885 | 351,490 6,530 | 582,886

(2) CL#&W (b))

Kl " ” . . -

aH Jt * | Bk M| E K| T7UH|FE M7 2 7V S it
B K E & 566 10 0 0 13 80 21 689
B 5 0 0 0 0 0 0 0 0
. E 5 26 0 0 0 20 129 10 184
BB ER 24,310 1,054 0 418 2,353 5,331 7,039 | 40,504
1t % T ¥ & 736 20 0 0 107 916 572 2,344
82 L ¥ & 829 214 0 27 115 520 100 1,804
MOL ¥ R 3,316 160 0 8 82 442 274 4,282
FF 73 i 2,099 374 0 10. 298 462 168 3,411
5 R A B S 0 0 0 0 0 0 0, 0
H 31,882 1,832 0 463 2,988 7,880 8,184 | 53,218
(3) LCL&% (F>)

K r ” . . -

- k|E  WM|E K| T7UH|E W7 v 7|V & it
B Kk E & 501 8 0 0 12 71 18 611
wE i 12 8 0 0 0 33 0 53
o E & 35 0 0 0 27 178 14 255
SRBERITER 32,225 1,398 0 553 3,118 7,067 9,330 | 53,692
1t % T ¥ & 1,493 41 0 1 204 1,861 1,151 4,758
B I ¥ & 2,774 718 0 89 383 1,739 335 6,039
T £ & 13,265 638 0 32 328 1,768 1,095 | 17,126
¥ 5 2,017 360 0 9 287 444 161 3,278
5 FR A BE S 0 0f 0 0 0 0 0 0

B 52,322 3,171 0 684 4,359 | 13,161| 12,104| 85,812

G(E) 1. i EBAKHAET (RS, BIS24E) HBIAMT & ) Bk,
2. CLRULCLIZDZWTIE, 1.OKER(Z> THRMHE)IC, 2ESHA 3> T HEDReFHE(KEE,
LE%, BHSSE)BRELIVHELLZRBAICL, LCLEEZF L TRDH,
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BN RSN ET TR (B8

$%&-5.1 MmBHr= > s il
(1) FedfrhGam)
=5 F101316110[15]20]25]30[35]40]45]50]60}70{80 90|10 200 | 300 | 500
s st Lol st po s ps s staps{s|s
&8 31 6110]15/20]25[30]|35[40]|45(50]|60]70]|80]90]100 200 | 300 | 500
B & E & 10.32]0.25]0.04]0.14 0.04/0.02]0.030.02{0.00]0.04]0.01}0.01 0.06/0.01/0.01
® R & 10.45]0.14]0.05]0.07]0.05{0.07 0.05 0.05 0.03]0.02 0.02
& E = 10.11}0.02|0.03]0.03]0.02]0.01 0.05/0.10 0.29]0.05]0.07]0.02]0.09]0.07}0.03
SREWTES 0.51]0.14]0.08]0.060.040.03]0.02]0.02|0.01]0.01 0.01]0.01}0.01]0.01{0.01]0.01}0.02
it % T % & ]0.37]0.16[0.11{0.09]0.05[0.07}0.02]0.02]0.02{0. 01 0.01]0.02]0.01]0.02 0.02
8 T 2 & 10.440.18(0.10]0.12]0.05[0.03{0.02/0.01|0.01}0.01{0.01 0.01 0.01
8 T % & |0.640.140.07]0.05]0.02{0.02{0.01}0.01}0.01}0.01}0.01 0.01
% 5% s 10.26]0.11]0.04]0.03]0.03]0.02{0.01]0.06}0.01 0.01]0.03l0.07}0.02{0.01]0.02]0.12]0.06]0.06{0. 03
(2) 7FEXREWEA)
=5 r101316110]15]2025|30][35]40]45|50]|60| 70|80 90100200 300 | 500
(f‘/)ssssssssss-sssssssss
B 3| 6110]15]20|25[30]35]40]|45]50]|60|70]|80]90|100]200 300 | 500
K R & |0.35]0.22]0.11]0.15[0.05|0.03]0.02|0.02{0.01;0.01 0.01 0.01 0.01
¥ A &% 10.18]0.16]0.13]0.28]0.05|0.12}0.01}0.02 0.0t{0.01 0.01 0.02
s B & |0.20]0.14]0.07]0.11}0.12/0.03]0.07|0.05{0. 02 0.03]0.03l0.02]0.02{0.01{0.01{0.07
S RBRITES |0.44/0.13]0.09]0.04]0.04[0.03[0.01{0.01)0.01]0.02 0.01]0.02/0.01]0.010.02|0.01]0.05]0.02]0.01)0.02
1t % T 2 & |0.33]0.18]0.14]0.11]0.050.03]0.03}0.03|0.01)0.02]0.01 0.01}0.01 0.01 0.01}0.01 0.01
% T 2 & |0.56(0.15/0.08/0.10[0.03]0.030.02}0.02 0.01
M T 2% &n |0.46/0.18]0.10]0.08[0.05]0.030.02|0.01)0.01}0.01}0.01 0.01]0.01 0.01 0.01
®O% 2 10.15/0.11]0.13]0. 21{0. 10]0.07]0.06] 0. 04| 0.02] 0. 02{ 0. 02] 0. 01 0. 02} 0. 01 0.01 0.01{0.01
(3) LCLtt®(ad)
=51101316110]15]20]25[30[35][40]45]|50]|60|70|80 90100 200 | 300 | 500
(*‘/)sssssssssssssssssss
B 31 610]15[20]25]30]35[40]|45({50]|60]70]80]90] 100|200 300 | 500
B K B & |0.19]0.21{0.09{0.19{0.12]0.08;0.03 0.05/0.01 0.02 0.01
® E & 0.33]0.33 0.34
g B &n |0.16/0.26 0.05]0.21}0.11 0.11]0.05 0.05
S IRERITZS 10.41{0.21]0.10]0.08|0.04[0.04]0.02]0.02]0.01)0.01 0.01{0.01]0.01/0.01/0.01 0.01
fc % T % & 10.30,0.19]0.11]0.06]0.06]0.08]0.03|0.02]0.02|0.02)0. 02 0.01{0.01{0.02/0.01{0.01{0.03
% T % & 10.25]0.21]0.14[0.10]0.06]0.080.04{0.01]0.01{0.01}0. 02]0. 02 0.01 0.01 0.02]0.01
M T 2 & 10.15/0.21]0.10]0.07)0.04/0.03]0.02(0.01{0.01{0.01)0.02 0.02 0.01
# 5% 5 10.39]0.26/0.1110.05}0.06]0.03]0.02 0.01/0.01{0.02 0:02]0.01 0.01
(4) LCL¥#(3BA)
25 +101316]10]15]20]25[30[35]40]45] 5060708090 100 200 | 300 | 500
H‘/Psssssssssssssssssss
&H 316{10}15{20|25|30|35|40|45|50]|60]70)80]90]100] 20 300 | 500
= A R s '0.06,0.09]0.13]0.16]0.22]0.06]0.03|0.06]0.04/0.03]0.03]0.03 0.03 0.03
K E & '0.06,0.05/0.03:0.02{0.08]0.05/0.08}0.070.02]0.07)0.01 0.10!0.03[0.01}0.01]0.01]0.20;0.05]0.01{0.01
o E 2 10.09'0.09'0.16+0.06.0.16]0.03,0.020.02]0.06!0.02|0.02}0.02} 0.06|0. 06 0.0210.06}0.03 0.02
SRR LS 10.430.17]0.09,0.09]0.05{0.0210.0210.02}0.01,0.01]0.02/0.0210.01 0.03 0.01
it % T & & 0.31.0.18]0.12:0.10!0.09]0.06]0.03}0.02]0.01{0.0210.01{0.02 0.02 0.01
® T % & 0.14:0.14]0.08;0.08{0.11:0.11 0.0310.0%]0.05{0.03{0.03}0.03{0. 02{0.02{0. 02{0. 01{0.050. 0}
% T & & 0.26,0.21{0.14,0.1110.07]0.07}0.03)0.01{0.0210.020. 02 0.02]0.02
% & & +0.26'0.1510.0710.0410.05/0.04{0.04{0.03]0.01{0.01}0.02 0.0210.03(0.02]0.01]0.04{0.14/0.01 0.01
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B

ARVl R S .
f1%-5.2
(5) CL%%%HQ

oy b1 0| 3(6110[15(20[25(30]35[40[45]50[60{70] 80790 100 200 300 ] 500
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