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Abstract

Recently, there are many sea bridges which is under construction or planned
to connect the island with the land in coastal sea. From the viewpoint of
navigation safety, it would be the best to build the main span of bridges as
wide as possible. But it may not be possible due to geographical or economic
reasons.

To construct the bridge on the navigation route, consideration factors for
navigation safety must be investigated and examined from the viewpoint of ship
maneuverability preferentially.

In this study, the FMSS (Full Mission Ship handling Simulator) of the Korea
Maritime University (KMU) was utilized as a tool of analyzing the data acquired
from ship's maneuvering. It provides a unique opportunity to check the ship
handler's subjective stress level and to collect detailed data including the ships'
tracks of passing under the sea bridge. In addition, the assessment of the
navigation safety for a ship passing under the sea bridges is evaluated from
the proximity, control and subjectivity.

In the conning ship handling simulator, experienced masters and pilots
conducted the modeled vessels along the designed channel and under the sea
bridges.

This study aims to prepare safety assessment for approaching navigation and
safety review in passing under the sea bridge according to the procedures.

Examination factors such as environment, a ship type and the bridge with width



were arranged accordingly about 6 sea bridges and then analyzed with
comparison and assessed synthetically as using the results of simulation.
Further researches on maneuvering ships in various condition will be

necessary for making individual rules for each special case.

_Vi_



<Fig. 2—-1>

11

12
] 2
]2

~
;OO

1o

=0

<Fig. 2—-5> Ast5ade] o

<Fig. 2—6> A

el

20
27
27

3
ar

<Fig. 3—1> #

<Fig. 4—1> FMSS 9]

CFig. 4—2> FMSS M I LJE cossustesstusiin. e isseimasirreneerinsssssesssiseenisnessisessisessisaes
<Fig. 4—-3> FMSS +

a2

A

3

31
33

<Fig. 4-5> ¢

43
wd§

47
el 9

53
53
.55
.58

<Fig. 5—4>

<Fig. 5—6> A7} 2
<Fig. 5-7> A7 el

<Fig. 5—8> m}3]

59
60

wh
o
TR

—

;AD

<Fig. 5-9> mgtfau 9]

1 o

9]

<Fig. 5—10> A

- vil —



66
§7

G

1l e

3|

<Fig. 5-11> A

ﬂw.o

<Fig. 5—-12> H
<Fig. 5—-13> H
<Fig. 5—-14> X

69
71
73
75
7

ﬂw.o

ﬂw.o

<Fig. 5—-15>
<Fig. 5—-16>

Foje) Alvkel o8 ebzalg

A} o,
[ee]

i
ZEIUE

e

o) ]

<Fig. 5-17> %

79
-80

H

B} %

<Fig. 518> Ao &

— viil —



—r

<Table 2—1> ¢

{Table 2—2>

15
16

<Table 2—3>

= AAAe

f‘;’o]-

<Table 24> 9 7 WahAlzs Az 2 A

<Table 2—5>

18
25
39
w9

<Table 3—1> ¥4 H7} &= 4 Rating Scale

A

9
SAEHCA AlvE 2

thil &

] 8k
=1

d

/51-

<Table 4—1> ©j

Aukz

al

{Table 4—2>

46
8

)

2=
HE Wy

NI L
T

¢

YA
s

<Table 5—1> &

i

;OO

ol

el

hYA
s i

<Table 5—2> &

50
w59
w59

<Table 5—3>

1

Edia Ao

<Table 5—4> &

~
‘mwo

=
=

Y T3

<Table 5—6> A7}

<Table 5—-5> &

56
56

o

i

T

F7he e

<Table 5—8> A7}t Ao

<Table 5—9> A7}
<Table 5—10> w}3tj

<Table 5—7> A7}
<Table 5—11> w}3tj

o7

o7
60
61
2
)
el

o

<Table 5—12> v} Ao}

<Table 513> vpEjuw F3¥2 H7}

<Table 5—14> A3&oj

el Ao

3

<Table 5—15> A}

_iX_



71
74
75
76

<Table 5—16> A3t}
<Table 5—17> B —H|
<Table 5—18> H.&—¥|

{Table 5—19> H

‘mwo

o)

e A

A
i

Frhm 5%

-
o

<Table 5—20>

ﬁo

e

Fo L A o]

[e)
[¢]

-
[¢]

<Table 5—-21>

<Table 5—22> &kt

=
T retteteetTetresesresesssesitiscesceestestesiesienniiieetientenes

o

]
™

=z
T

A

e

3

<Table 5—23>



}\1%

A 1%

1.1 A7 u)

o
o COG
° ™
E] R owE
Z0 = %) o
o Jw._ EW, ) R0
o F < I
K M ) < S e
) o o o ol X Mo B
o Ot Z‘.ﬂ (2 n_me
5 3 ﬁo o) ik il I o o o
el H_ A o ey MW i 7o = R
m._a T <2 N i N < = 5T T T w T T X
T+ o e i N o= T o y = U
AE 7 T w n ﬂ%%%%
w T e 5 2 ﬂeﬁﬂ s o W m%xu
)AU E mb.l _ o .mﬂ ,_Qﬁ ] EE _ ‘.:1_ MNIO ﬂ m O_E o
_EAAEqﬂ. G T aLyzgg
b T o 5 & W o ¥ ex S L o
W X Jo o el = o = o 2oy X on
. = = s o or hﬁ B, < MI_ o T S o < i
% N Gl oo N S = iy M_VI N © TH Nd s
ﬂ%%%%ﬁﬂeemﬁv, aomgvaumﬁ_ﬂ]ﬂ
%) X X J ! — . ) 0
nouy%gwﬁoﬂ%w @omgwmm&mzf%
o . o) o e — 5 YR | Gl wo Ar AN o O ~
5 ° o o =3/ oM T o pow i
B = i A ~ T T — i . T = o
g = T R g W F 4 R 5 © N ol = i I e
T o ,.“_-W_; o o - T T o) | Mo e g 5 ¢ X
S T ur 5 oF. FLYe H_o o ﬂﬂ, Mo N = N
0 T T s ™ N L Ui E o o m- L,# T = T o
Tz a71ﬂ;o ElG aﬂmaqa
sd%mw%l%mcia M@Mdﬂsﬂ%%
5 2 5 o S o = % 5 T o " = 2 3 N
oy T a9 X & B 4 ™ = o £ a o’ [N
NS _— b % g o ) o w2 X M
T E] ERa % TS o R sy X G = 10°
T my ~d i~ N = A oR o X = I -
ﬂgﬂ% 0 B TR wﬂﬂn@o%
o o = Qi o M iy . ) T Hoo= R =T X
5 B = o nE El R T = o 2 &= N o
JL Z.o & o ~ E.E ﬂArO MME or e ) ﬂ/nL E % X0 1: = $ ﬂwo LE»O o)
oo oy il = X = w < e {H 1,_% i = o I o
R ?ﬂ}%ﬂa@}xf11416ﬂ
< T ) — = o g ~ 0 S 1X_| 0 G =
RN o W X R o = B o Iy R < BN e
Ty X o O~ 3 ol wom e B ~ oW N o
<° 7o = o= K = -y o "
E B < 28 mo G £ T
T ) Gy T T B g b
Ar ! P ® s - =~
e N o< 5 o o 4o 9| N
= i W iy & N i cl
W 'S = N ~ )
m @ " o .
2% 0 )
o =
o



L
N

ol

gl glolAl ) 7o

BT P ok ® X 1
i mw e o © Acn = = o IE
0 . r —_
= 9 N B & W= T p <M
m@ s % Mn_ % T ol . =) @ o JJJ
T og N R ® T I
< @ Lm0 Kl T E T By
oy o) " = E o)) o w_,wlﬂ T %0 o
il ™ O 9 N o ool
~ EE Ei _L_.ﬁ LNM N aK X ~NH Z,.#
o b WS A o M
N - CRO
e 3 = — RN H_T._ ﬂ” Z‘.* Ko oX —~0
R AT Jl E AWl | 7K m T R I_ﬁu_._ X
How o o AaE e (e R T I
0 n_me o0 TE oF = o W_ A Eo
~ W = ~ o X" m W
AT 3N y T N
~ X N i ¥ N o N oA o T
WM M T =08 B ~ M= o o}y @ T oo W
N = T B e e o L M o N so
v B e | el o N © < NI
L W T E We T & T el
w GRS o T Nro = ooy r = o= T
G 1r NN a Mo A m 2 N® o
o omwZIon 2 p Rz ®e T
s = 7§ o= % o0 | u:mc oo Em Jlo N e A
Sz LGITE RETIRIC ZTh3
TR S S o o C oy N B
g ar & oy B O I
i o W oW B o A oy ? = N T T o O
m° % PO 2 < %3 Ho Mo o= X W B MM A
N~a = = oo = = 5 °
Iy Mﬂ@Mﬂb_wﬂwﬂﬂewg&%z%ﬂa
i S qﬂmr AL S il W W = W_u i P TR W BT
N &S o A = o _ o Ry T o - - T
. S oxe o H o T il g x|
1 _@n%@mrmoéH@@@@@mﬁ%%%wﬂ



o
Mo T
by o= T
=3 o T
& i 2 B
= O_E O#E = mx_vl_._ Be
= = i o 2 pd o
ol 7 W i o ° OB o K
Y ¥ = o 7 $ = N %o
UD m Eo K ﬂ % 03 ¢E o
;.OU Lnﬂav Z‘.ﬂ R ‘HA_i ~ ‘Aluﬂ o ,NJVI .
oF e ~ ~ o [
o ,_Ir,” WM EE mm’ o 5 % =
i mﬁ R - to = T o
WN e o o - zo T i
" 7 Ly E 2 = = z % T
% ® T ) - E = = N up oy
g R 5T
J] T o % mﬁ o = < W S <
= < 1o_| i (e o of ® _ N
N o < N S o ° R
TG ) 5 LR o Ly < 2 =
P ey 5 " T % $ @
N ~ N3 % ] 1 — gk = . o
T ‘Mﬂ E..# ,NJVI _IT UE ~ o —_ 0 EE
= o w T o) - -4 X ,AE —
o YR R g O )\ s © )
ﬂE ‘m_ﬂ ‘be Jl H.f ﬂ m_x ‘ﬂl WW > nAl < ﬁe
s do B FLLN< = U i
;% T 5 Mo aoar.daizaoﬂ iy
wfﬁ}ﬂ o ™ an@fv%ﬂ@ 5
0 o = ~ O ~ e i 3 N -
> ® &3 ) g ooy =5t N <O o)
= 2 © M 7! o Ho IR = T o
Jo F i W2 5 K TR
&E7; o x & & od R S
;ou ~ _.I A 0 ° - —_ H.f —
X A b T B o = 5 T
S~ e 1 o e o | 5 © - i 5
S guflwaa;ﬁ £ 3
= N = B Jo = = ) A 3
T T 5 3 T 2 T
B X O m Wﬂ ﬂAro ﬂArO = 3 ﬂw g
¢z > = % o
B3 N o
= T T b X
X s :i
M o 3



Y

o A4A7 4

o

3 W

o

ml

X

12

A

A 2%

=K

;OO
o

)

el

il

ojut V&= HEstL, el F

=]

C W, QB e A

g2 A A3

ol

Al

=K

PIANC Rule(Permanent

wK

International Association of Navigation Congresses Rule)¢] T

ERER

d

=] ©
e

] glem, el A

zt;o

a7 A

=

F3b Qpel AgE A

PIANC Rule

N5 A

2 % PIANCel|l &Jsl| 19781 el /3% ICORELSS] A4

87} 2d7re]

A %

R I I R

.

o

5hu

=
=

) =7}

2

=i}
=~

A

A= 1980y E=ol|

=
=

A
7o & Tda A3 7]

O
il

2]

T 29

aA A

ki3

Hj 2ol

ol
S

3}

Fro wiA,

’

Al
f

KA

ol
o
i

WA, A8)5eel 27

Y

-

fviel

EAeF EA| Afole] wbx| o] X H3|ge] 7],

’



)

Np

K

, 9

K

2.1.1 329 #jx
(1) PIANC Rule

K

X
22

F 27}

ke

24

=

=]
Sy

L

7ba

-

R

=

3

.

bt

0]
T

1 oF

°©

2%

=

=

A

=R E

°©

- = O
HsES 1Y

Hr

¥ ofof

1
s

Q] A ole] 5ul(5L)

M %

il

9]

1

ol

o Tofof

0]
T

bt

sy

| Folof &

S

A

A

g Aol 108j(10L)E zr== 3o}

A

A
TR

_]

s

3h 108 (10L) ©]4Fo]

1111'9] }djﬂ 7‘:1_0191 SHH(SL)

(2) "=

= I A4

st 7t

o] uj A7}

R

F71 flsl M=

S

# 23}

=K

N
N

i

N

Range marker& 443 Al¥

eN
-

A



WAL 59§

0]
T

=8

s oo 3

-

s

o] 54 (5B)

ol

ol

s, o

S

bofof

<]

3]
=2

A 7

o

o]

s}
=

3]
=2

A

=

=

=

5}

(3) d&

B

ol

K

B

;0._

G
X
o2

;OO

9
pul

Ay

ket

ko)

Jd o] el 4uf(4L) o] Fo]ofof

A

A
L

_]

+l
1 x| ofof

=]
=k

A
hus

_‘|

(4) =4

)

2} A
%
3

=



(1) PIANC Rule

Nfe %o =
By A
—~ r <0 s f o o°
Cl o Mo Fog ¥R o W T A
o WO 5 W — B g
o — T T T ofe Moy W ox o= o
AV S mﬁo@%arzam o
N o omo T S o T
7! = o . K % o o 5T noos
ll EE _ LOE HO LOO C#E U_H' ﬂA_lO %T Ivmﬁl Ll \m|
O,._ T I.rv T — = o ‘n,H_WL 0 I.rv o)
T W "= ool N o o T X
= 1& P o o T2y m_.i o] o K 70 o Mo
oo B ik W M 7 M o W o~ ® DI
o o = I oy o R oo 5 M
BB e o oS m 4R R
= froe ~ X0 ok~ o 4, X e Py
ol o Mo N od ro 5 = G
un TN T Bh < S M T
Beog owox ] =\ 2 g SR =
o
N kA 2\ L T oo T
wo oo T s - Z oo W 2
o L= N il g 4 9 Hr
o o TN @ ~r o o= o = o)
3 o e \ M C] s B ®
=m0 o < B 2 N 8 R 1 oF o
7 W W% o Ay} = = oo
< @ﬂ@@imﬁamﬂgm
N T um{%ﬂwa%@ﬂmw
goRon 2 S0P Nen kN o F =
XM s o o B o o T
%ﬂ%ﬂ%%..iﬂo_%ﬂﬁﬂﬂﬂ%%#
2o T o o2 o ol S W B T
~ N 0, & A~ (= S e ol <
Wpoor o T o= & < o g ™ X X ) ST
iy_f}o;ﬂ_;imoo:glgqﬂL@}qu
A o moBN N N 0 e T =
g T OB e Mo Q o} = p MI o ] 55
@ oo ) m_x ,I” ,mﬂ - L — ~— ‘UI o Z,.# 1m|v_l ~~
S @) « T w2 ¥ EH X0 T N
& ®Jﬂxﬁ@4ﬂﬂiﬂ
® BB ol o|
o — s AT
T oMo W M o) o P s o
N

.

}
720 _
o] A9+ <Fig. 2-1>A

°©
pud



gl

[

ol FAl

-

7 )% o
=

A2

3

iz

o
K

B
ol

o

},

RO 2 AdEbe] do] Xsin
3ol A

b

<]

5

bl oo

Z7

}

9
pl

o, w1

}

9
pl

°of 9

of
o] 3u[(3B) =] 5HI(5B)&

a3

&l

S

RKEEW B =B

- Hr

RKEW BITES ﬂﬂ . BE2Rp H_H_ o

0 10

S | — ok

L o 2]

= R2ER _ fio i BlolY RS -

il %

i o

el 5 BERR I

RIER loff =is w___ ")
RKEKW iAo

2 2 Ad MZo] 28] (2B)7F HWH Y d

i el
Y=

drifting

<Fig. 2-1> ¢




BECRERE!

2 EL

R

E S

Els

(e}
a1

(2) "=

N
0

Jo

==
1o

e

==
1o

b
T

o

)

B

=0}
0

k!

N
7

Zof

RIS

3 10

S

=

T,

Hr

00

t oA

=
=

ol 7hs
Fol
s

°©

°
JRE oA gler,

[}

1=
<Table 2-1>9]

77 ofwt

-

R

=
=

9101
sy

SHAl B2
o] wz} <Table 2-1>3} Zo] A

<)

o151 7%l ulel
A7 A

o

-
Ak

PN
T

o] AA
g oo}

A A <
3
= %

=
=

<Table 2-1> ¢

~

o

i

=i

0
<0
00

0]

M &

=

st o

o] Hul HdZ<f 5uje] WHA (5B)S 7HAof

Ao}
0] ol
o

.
b7t Aberaz T
ko)

1

s

=

o A7)l W}
3}

&

1 (10B) ©]7/o]
15

=]
R,

(3) d&

]

-
s

il

ol

00

2L
1.5L
1.5L

Ho
o T
Ho
o T

Jl o122
£J1 01212

At
S
A

S

a2
=

&1 01219

HlwH Helot




(4) =4
Fro] Zof thafrl= FubAA o VET|Eedl wE FF A4zl A FAst
qom, FRE T oI Huko] Zof,

F, e AQEAe aeste] 24t BRA AuFEY 9¥e] Yt =
=
=2

of QolMt v Aute] de] ojgow sha, AwF
=

0.

2 ol AubEdk ke AAd #etoe dEeo AAA(ERE)H v
=92] ASTO(American Association of State Highway and Transportation
Officials) % IABSE(International Association for Bridge and Structural

Engineering) &°] 7]#elA A7 Ha = WE&S SA7=2 .

3 AT

e

2.2.1 =9 ngF AA-

") =r2] ASTOo| A 27Fst "Guide Specification and Commentary for Vessel
Collision Design of Highway Bridges"¢] Volume I Final Report Section 8¢
FTAZGS O Ak doleo] 2 ~ 3uj(2~3L) Kt} Frod AMulel] ot FE

A = v 7lsskal v,



B!

B

o

—_—

=
L

o
I

_g’l

il

2.2.2 4

}2 9t} <Fig. 2-2>o| A=

| drgs

3|

o}

71 1= 4.25L ol/de] HAAETE slofok

2

D 4.25L
©0.75L
© 0.75L

a
b

C

D 2.5L

<Fig. 2-2> Aute] 9

Rr

1]

012712l

B

ar
<

|
10

00

2

11 -



2.2.3 718} uzg AAC &S A+

IABSE(International Association for Bridge and Structural Engineering)
o} € 7]3o] T2 Aste] st “SHIP COLLISION WITH BRIDGES"E 4F

HEw w7k 29 e AAAE <Fig. 2-4>9F o] 8L o|AS Hustu

=

%2

7]
o Ao U A FAHNHES <Fig. 2-5>3F o] 1.6L o)A,

G EgA| o= <Fig. 2-6>7 o] 3.5~5L Wt k.

8 | |

A

1.6L 3.5 ~ 5L

<Fig. 2-5> A 9 <Fig. 2-6> A3 9
A T g =3}




2~
T

9

=S
o

Tt

1712

A
fud

2)
bt

517] =

A7 > B -l

°©

79

o

T

A

oM 24
AN

HHE7]| 2
zo
5 1=

Y/

% n
> AZ 3l =o 2 YE O™, o] PIANC

Al
A= A

2]
2

1

0]
T

el 3

<Table 2-2>¢}

Aoz UERtoy, o=
ot

T

9
pud

1

s

2.3.1 F8 A

__i
<0
|
o
oy
R
ﬂ
=y
my
ay
el
700
To
=
-3
=
|
I3
\U—HI .
o) T
o
m X
o
o M
~OR
TN
ZT _1&-1_
o
% ol
jims ‘mv_ﬁ
™ T



ol A

}

<Table 2-2> =]

KO o|lo|w|~] o | ®
n L ~lel=lSl =] g
v = I
o Je|le|le|lalaln
w —~ al — — al — al
[\
—
U=l e B N e )
BT Y| N || 2@
m
n = Zlel2]le| I |
RREC o~ |e
m
S et |elelale
Hr |l ol v : J
Xl
<0 .
= (m\ [e0] [o0] <t %e) o [e0]
i — [o0] [eg] — N~ ()] | |
xw NI VI IRV IR SNTR I NI o>
K.
£
20 o|lw|lo|lolo|8lolol|lxs|lolo|laolo
Yo} N~ QQ N~ (@) ~ (@) [e0) < o < (ep] ©
mﬂ_ Lo <t ™ < Yo} — Yo} < [ep) (ep) [aN] (aV] —
0
3r
S E
= E
€| ° oq U
= - ENNENRENNEN :) ENNE ENNE!
Wls|T|T|T|y S|oc|Y || &l
ol BT IS O I I I S T T A
R 1 S == = M| W | = |8 | & W
1o 0 -
iy

I <Table 2-3>° YEFATT.

[

of o

ﬁo

LHERU) 32

o

12.0L=

-

T

79

A
pu

.‘I

2]

ke
T

22 5418, =3}

.

A AR

&3t

-

-

o

[—=
1o

R



<Table 2-3> 8 s|ae #4744 9 WP A5 47
o = ofaws Se7Y (== S| s =
TR e o A X M2 = EdH2
; H2tE = LOA(m) | A&l (b) el (c)
Atnest o =JF & BNkl
oSl (m) FEEWET o) te) | @) | o) | /)
Great belt east 1,624.0| Denmark Korsor 225 3,055.8 13.6| 2,963.2| 13.2
Hoga kusten 1,210.0| Sweden Sundsval | 190 2,592.8 13.6| 2,592.8| 13.6
Humber 1,410.0 UK Keadby 100 - - - -
Fatih sultan mehmet 1,090.0 Turkey Istanbul 300 1,018.6 3.4 889.0 3.0
Bosphorus 1,074.0| Turkey Istanbul 300 3,704.0 12.3 926.0 3.1
25 de abril 1,012.9| Portugal Lisbon 280 7,037.6 25.1 2,778.0 9.9
Verrazano narrows 1,298.0 USA New York 300 7,408.0 24.7| 4,630.0] 15.4
San
Golden gate 1,280.0 USA 300 14,816.0 49.4| 3,333.6| 11.1
francisco
Mackinac straits 1,158.2 USA Chicago 225 9,260.0 41.2| 18,520.0f 82.3
George washington 1,066.8 USA New York = - - - -
San francisco
704.1 USA Oakland 300 3,889.2 13.0 926.0 3.1
—-oakland bay
Akashi kaikyo 1,991.0f Japan Osaka 250 2,963.2 11.9] 1,481.6 5.9
Minami bisan-seto 1,100.0f Japan Sakaide 275 3,333.6 12.1] 3,889.2| 14.1
3rd Kurushima kaikyo 1,030.0f Japan Mategata 300 926.0 3.1 1,666.8 5.6
2nd Kurushima kaikyo 1,020.0f Japan Mategata 300 370.4 1.2] 1,740.9 5.8
Kita bisan-seto 990.0| Japan Mizushima 340 3,333.6 9.8| 3,889.2| 11.4
Shimotsui-seto 940.0| Japan Mizushima 340 3,333.6 9.8| 3,889.2| 11.4
Innoshima 770.0| Japan | tozaka 180 6,667.2 37.0| 4,074.4] 22.6
Akinada 750.0] Japan Hiroshima - - - - -
Hakucho 720.0| Japan Muroran 313 3,241.0 10.4 833.4 2.7
Kanmon 712.0| Japan Tobata 270 2,778.0 10.3 370.4 1.4
Jing yin yangtze river | 1,385.0| China Jiang yin 100 17,594.0| 175.9] 4,074.4| 40.7
Tsing ma 1,377.0| China - 305 12,408.4 40.7 500.0 1.6
o 1,117.9 22.541 12.0L
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<Table 2-4> 8 o] WAt Az D AR AHAT
| Ched e zelstz
SIS =Jt ¥ HE(n ORI 2E A el x4 2]
24t st= 250.0 1.48L 7.4L
=ty = 350.0 1.59L 10L Of &t
Sol st= 270.0 1.92L 10L Of &t
24 = 330.0 1.74L 10L Of &t
IS st= 270.0 1.64L 10L Of &t
o= st= 150.0 2.47L 10L Of &t
WAKAYAMA o= 200.0 1.67L 10L Of &t
HAMDA A= 190.0 0.68L 10L Of &t
KOBE 2= 260.0 1.78L 10L Of &t
0SAKA 2= 250.0 1.70L 10L Of &t
KASHIMA 2= 340.0 2.18L 6.5L
HLIALIEN Ch gt 160.0 1.97L 10L Of &t
TAICHUNG Ch gt 295.0 1.57L 10L Of &t
SUAO Ch 8t 260.0 1.07L 10L Of &t
KAOSHIUNG Ch 8t 290.0 1.47L 10L Of &t
YANTA| == 108.9 1.87L 10L Of &t
QINHL I ANGDAO == 200.0 3.98L 10L Of &t
KHOLMSK 21 Al OF 105.0 1.59L 10L Of &t
4 = 1.73L 10L Of &t
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<Table 2-5> Auby} sjAbiLede] o %% A

FZ2t| Mg A | ME
At
Hatmer o AD&EE | A(m) | H2l(m) | (m S/L R/L -,
S ‘R L =
Sa@sund Bridge 19683.
Privodino 100 450 108 0.93 417
(Norway) 9.27
Sidney Lanier African 1972.
75 3,550 174 0.43 | 20.40
Bridge(U.S.A) Neptune 1.7
Fraser Bridge 1,000 5.00 1975.
Swiftsure 117 200 0.59
(Canada) 370 1.85 12.26
Benjamin Harrison Memorial Marine 1,000 5.35 1977
72 187 0.39
Bridge (U.S.A) Floridan 450 2.41 2.24
Troms ¢ Bridge 740 18.05 | 1977.
= 80 41 1.95
(Norway) 320 780 7
Drammen Br idge 500 4.24
Tundraland 50 118 0.42 1978
(Norway) 250 2.12
Second Narrows Rai lway 1,350 7.71 1979.
Japan Erica 152 175 0.87
Bridge (Canada) 350 2.00 10.12
Sunshine Skyway Bridge 1980.
- 263 1,300 165 1.59 7.88
(U.S.A) 2.6
Sunshine Skyway Bridge Summi t 1980.
263 1,300 186 1.41 6.99
(U.S.A) Venture 5.9
Newport Bridge Gerd 1981.
488 1,000 171 2.85 5.85
(U.S.A) Mcer sk 2.19
Sidney Lanier Ziemia 1988.
75 400 185 0.41 2.16
Bridge (U.S.A) Bialostocka 5.3
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