Initial Equilibrium Configuration Analysis

for Bridges Supported with Stayed and Suspended Cables

2011 24

o i
AMEthetal thed
A4 37 3 e

o
=
r (



mr

719 Aol&

)

ol A]

)
)

i Ak Alge] 7]ito] =

9]

A

il 2ol A AF-E-

9

= AR

of 7H4ell #1uf =

3] =
T

Yol 99 A%o] 7]

14

g

S
=

9] successive iteration

:x

= o)
XE=

o] 5ol

o

=i
T

o 3 744 ¥

=]

=i
T

3

4]

s

o

=9 gl 9

§oj ol 7ol 7]

3

)



lory

fite)

T

==
i)

—_
o

N
el
3
N
o)

T
3

alg

1H3gel ) FrEel T

9|

%Z]}—"]—ly

ko]

]

g g o

o
=

24 A%

N

H: 2009-20932

(13
of

iv



o

N
Hr

vii

Hr
A
1

iX

12

14

14

AT} T

RBE =

-
=

14

3.1.1 Deck i

16



20

21

B A e

e

3.3

22

<

3.3.1 A}

25

26

T AT i

3.3.3 o H &

27

Haje] At

3|

W

27

FIAT covvveeeee e

Xl
2

28

FIAT covvveeeee e

Xl
2

=0

3.4.2 2

29

29

—

m

1=

4.1 oA <2

31

T1ZA 0] TFA oo

Aol =

H
= T

4.2 Aol E

33

39

45

47

i
e

50

Vi



e

N

N
N
o

ojpy

B

1

10

o

12

14

=
=

15

SUCCESSIVE TtEration «----eeerereerrerrmereerereinrnnenieenenennns

Al
-

17

18

18

20

T
N
o
~
-

ol

22

S|
4

3l

ael 2

i+
B

vAO

F-

3 3.7 A

22

23

o

19 3.9 Af

vii



25

l

25

s

o

l

27

28

el e

A
s

XO

F_

% 3.13 A}

29

E
Sy
B

XO

a9 4.1 A}

34

1% 4.2 Deck

34

1% 4.3 &< main A 9]

35

36

A

kAl 9] 29 successive iteration <]

o] -
= =

d 45

—,_

38

2 4.6 A A AT Deck EHIE i

—,_

40

40

12 4.8 &5 main A ©]

41

42

42

44

1414 3} Deck

9|

412 B2

=
1=

l

viii



31

37

43

45

46

iX



'y

7he &8 Be A

=
[}

<7kt A =]

o]

s

]

)=}
=©°

7ol

Aol el A7)

el

g4 st 7

== O
o=

gl

Deck 2]

Al oz g s o] gl AR o]

T

1

2

A

o 9]

R=N
=



= A A 2~Ele] v EEA 3} Deck o I}

T

AsE =oA AASH Al A

1

A s

3}

S

Kl
7}
_tr]_
K
Ji_
Bl

z B M o
,._EM 0 o w —_~—
mﬂ T X oo R
do ® 7 BT
< #. ol ol 0
< < ul g r il X
i~ E " ~
. = ° z = o
eI R B
B o= o 5T g g
g Bl %o ~
o ! = &4
o Mtw L B Ha Nl
o X g X
r IO X E 3 oF
oj o w® WH £
e — _ fup m° o)
K N T = TR ol
o MOE R = =T
i ) A
o o) ojo < il vﬂ
:
I R A B
R
oL o Foz R
oo T wm = i
N W = © o
= N~ om i o
T Moo w3
nm:._ O# _L_l ‘_.:.O 5 ‘,_UI_EH mw
= ~
¥ T N " . ®
T® M N T =
3 1! o o HT_ < N_.o
T o % g
7o o A o N ®
B Ho® T N

3FaL o] o

PSS

=
=

|4 FAN TYPE ARgal

9

APE-E gl oA



;OL
NJo
i
H
ma
0
pun
.r‘.mH
X



TAH A7

o
=

24

A7

el

olsir}.

o] 7h81A

==
=

5

o=

=

N

o

Qong Fol &



2.1)

e 1

i, j —sinh ‘1(—1

H
QHM4€+wef—JH%uF

1
z

Fl
——y{sinh ‘{F

W

W( 9)2 _l

e

1
oy
EA

yz_y1:¢y_

1
z

2EA  w

1
ZL%_

EA

=¢ =

Z, =1,

Successive iteration, Newton-rapson method 72 W

3} ),

Ko
=

H4g A o

4]

. FAA

3 2.

Kol
=]

o] Aol WAL F8Y WHAoR Ye o

)

(AL

)

) + AR, (L

e
1

F

o((

AL

)i+1' (Li))i+1)

F

o((F;
e o
)i ( )i)"‘a

Bx® =o(F/, L)

2.2)

oQ
0

e

F

(pe AR +

e
0

I:1

1

o((

o

ol =

o
<

3el
o
‘_.*myo

il
Njo

ol

TxE o

7 el

N
ojn

B
o

H



o0 ALy =k BAX® +K AL,
oF? oF oL

F; = —F —wL§ > AF; = — AR} —WALj = —K BAX® — (k, +W)ALg

. [AF AF! -k, k. |[Ax K, . (2.3)
AFC - e - e e - e + ALO
AF; ) - AF —wAL; k. -k Jlaxe) (—k,—-w

= (KLPAX + (K AL,

AF: = (221 By — p((FD), (L)) - (22

d9 FRE PAHS FEE AAZ AW et g,

2R (i (L)) = D0 (RS (i, (L)) + () AX® + (K)° ALY)
= (F); + D (KO AX® +(K)*ALG) =P, (2.4)

KiAx + KUALS =P, — (F.), = AP,

>

o] WA = 4 kel Aol=e] =7I-CI(L)7h nAel



FE

)

P
o

22

(2.5)

)'AP

t
cg

AP — AX = (K

AX =

t
cg

AX
=AP > K
AL,

t
9

0

t
c

b

7]

=

s

o

ﬁo

xol AolE F=

o

)



T 7

a9 22 ALY 2B EAE NS % Fhe 27

K{AX+KIAX+ K AL, =P = (F,), = (F, ), = AP
C*Ax=0

26
Ky +KE K] ax ) 20
AP

¢ o \aL,



B

shutel 7

1;5_]__

Z=2 AZFsta W9l o

2 oA ofdsh el T

g

s

ke 7}

JSAI AN, a3t 2ol &

e

ek, FAACE Pog AFom

P
T

SRz
=t

o

a4

2] A A A

=]
Run




21 i<} Deck ¢

(2.7)

Py = K AX,

ol

o 439 e FEAN,

a4

v

Ha

gJol e} main A o] & o]

[e)
4

o Aol %2 A

A A7 ERel 9k main 7| ©]

=
=

o] F7hx FFel W)

A1},

5]

o
e

212 E}9I9 main 7

7kel 2 el =4

=
T

AA € T

10



al7)

TR
o

o}
gl ]

3} o,

2 gehgw og

Al o
“"___

G+

Bl

(2.8)
(2.9)

main 7 o] &3}

)

d

C

_
" 1+R/EA

=0

J:

e
0

AX
AL,
AN [

= Pc _(Fc)i :APC

0,C,*AL

9
A

0
t

0

C
gkolaL, i

)- L,

AL
d

t
g

Y

Cl

t

0

|

KiAX+K
C ' Ax
ealy

R

o

al7)

Ei2

T

]

= 3T
T =

y 25

SEEE

Woi7h wht

groltt.

-
st

11

4749 yF

= %
T

1%l Deck ¢} sjoi7} v



2.4 A}

o] 9

the

Y

14

o

A SHA H T

A4 2AH

™
=

o2 A

4] Deck ol

9]

°of 9

SEA A Aol

shi

2

#ole] 7]

REES

ksl
T«

HA 7Hd = of of

d|

b =3 ateb aeji 44

S

o] 1y

SKe)

2714 B4 wAET

12



ki3

= o9

3 &ellA

13



dEEREIEE

=

§l.

3. APE-duldl o

19 3.1 Ab

To-

==
o

il

= oA 2

3}

el

3

Ry

3.1.1 Deck o] <

A =

We7E mAgstel Golsl JEAA ik At B4

3

o %

14



Y 32 HAEQ] HEAl quccessive iteration

2 oohi, Al HRER shs Hatel Fojstdi-E AAA7|AL s st
WOHe Tl 1 MRS BEE e HTAS /F o2 s ub)
ko g BANA awE Z7|geR st A sl ng e ag. A
sde Avtz WY SRR sk FEGI AN Angste] Aole @
A sAe] Aotk e grol U Holy] Wi, s B YL w
Balo] 27] A9 AEGre WA dete Ak o= Aol 2
Hte HREE obe AR LT ger FHAA = ok e A
& agow ey they g
—
iy -x] D= IV
— | —
x2), (X2, (XD =X (X=X
=X +AX]  =XJ+AX]



é

[——
i)

el

O
uxel

2)

1o

iz

F7be] 202 B ®S Aol

)

7

oj

=
T

E7kA EA6ka, &

ohy 2t ApgA ol

E[J__

HH
RN

F-A7F A4 main Alol&

7=

Aok AR A o] =l

=

3

=M=
T

&
¢+

4

o

ofp

;0,._
Ny

[——
"o

o
7o
50

jase)

2)

webA g

16



—

e 2R o] A}

ol

Hra i ol A 2 ol A

@ A

Al71aL o g

=
=

= 34 main A

Bl

el

ﬁo

o3} 9]

oAl

F Ebe) FHdeke] Aol glojof Hnt

A5

ﬁo

ﬂ..mo

Aghe W geelA A

s

2

3

deje

A

I

Ao

=
)

alg
il

=

NA1el A &5 main AolE3 EFY H

3|

Bl

A

3} 2,

Kol
=]

3} 4202 e o

17



Pstayed

-«

Fxl

Fe,

Fe,

I:xl + I:x2 + Pstayed = O

18



= ®

A main Aol &9 A FORE HA Y

o] Al @4 main AlolE& 2

].

120 w91e) FHA7

olx: AWk A

ol
=

g-ol= d4 main Alo] 5]

el

A A 0] o)

s

A

o

=30l A& successive iteration

=

Iu ohele] st gol A%

e

RSN

i

AAXNRH. T

@)
o}\é’é‘

75

3L

=)
=

7oz

A A Al FAE el Aol 7}

A
pul

19



/g—

3} 2,

KeN
=

Z7A& agez vehyd v

7]

=
-

@,

(e}
a1

a

ol

34 AgA o] 23} Deck 7} Wt

o o7k W=

main 7 o] &

PN
T

]

71a, @

£9] sag

394 main 7 9]

IR

3

AIAA T

dr

el

g aeah

[e)
=

|

=%

A A

o gleh. webd aol

X
e

o
\ao

iy

ad

20



(3.1)

Wol ol 7}

}

0]
pal

|

o
1l

R o=

3} 2,

3

o

=

P
ZI:

=A

AX
AL,
Deck 2]

t
g

2 vee o

1

R

0

Ao

gALO = P_(Ff)i _(Fc)i = AP
C*Ax=0

. K

Ay |

t
t

[
= T
t

; +K
CZ.
Al

J

A
~

{K
1

9]

115
=

1

[e]

f

KU AX+ KIAX + K
s

T

g

;OL
pugt

o

s

=0

H

A= 3.1.1 oA A3 AL EY successive iteration

T

(3.2)

k9
A

sof gt}

S|
=

sHA 7F

o

21

AR el 7

1o

XP—AXP

A

3} .

ggow Agste] PEES
EECS

[e)
X p+1

o w}
:_FL

=

=
=

@'
714 o]

=

4 AHoR olobsshe A}

she] ao]

S

2
A

(¢}
SRS

S

22 3l

A
S o

=]
g

s

5, o2 Y o

ol Alo]& 9]

3.3
7}



4—

«—

St TN

—>

a3 3.7 AF

3} 2,

Kol
=]

TAA o2 AvEH ot

xr
o

sl
il
E

XO

5

3.3.1 A}

B ——

B

22



Ealol AlEEdtes 78S ol&

7}A| 2 Deck 7} =f

s

A%ae} vl

|3-Eol Ao 273

o
+

o} 2e]a 3.1.2 014 AF3 B

7ol

™
ojo
"
o
X

(3.3)

Stay __ P Susp
Ty

Py

b Aol

ksl
-

ol

o

a9 39 A

f] e

3

FEHAAA T

WS

23



AR AL E = o ™ o
guho] = =
713 A
o] 390H AMe S0 vehiw o
FHoR
il

7k
| =1

KUAX+ KA + KA
c L,=
; =
j Pinput_(Ff)' _(F
C*Ax=0 | e

K{+ KL K
y g}[Ax
o |la, 74P

H/\‘]C kol _
S R B
-1 w3
7 A 2 APgA o] &
Ho] A&
o 1

(3.4)

L
ol

“f“‘—‘quc})\]
,__i O]_ —_—
3] A = T - =
° H Deck & THA%
}7ko] WAL P Aoz gojo st 1A vy =
L ﬂ, o S ]:]]— | =
19sk TA-ES Sl s
}\1 o.]:L-
oo
HA = z ] of 2] v} 21
il

o ° OH
r n (] lr( ):l )

Ay
0,
2
>

(e}
al
o
rII
i
N
)
=
iu
__Lq
lo,
-
>
_>i'4
X
=
rlo
[ﬁ
s
=
4z
Hle
:(?L_‘,
1
1o
P

24



HA1 e A wAEl Deck FefdtollAle] 44

9

AL L5

(3.6)

Susp __ Stay
TXx XT,x

X

Susp __ p Stay
R,y I:)H,y !

P

Stay
)

I:)T,X

Susp __

I:)T,X

main 7 o] &

25



ol A £]

A

CREE R

3} e

p=h
=

}od &5 main 7l o]

S

ofy

=S
"o

KeR
=1

Ao tengu o

X
=

I+

3} 2,

~
32

PC

<

Il o

. O g
R I

L oo —
~ ¢ o
g 3 —
2’ Y- O 32

Il PN _|,A_
o @ o X > o T
-4 o
DN S

K < ) N CX o
=+ QO 1
x

AC

Y

3.33 Yo F a4

2)

(s

—L

(3.8)

I
C

" 1+R /EA

AN

)

R —galk:

7}

aill

main 71 ©]

26



Fol7h v AHe Y Aumgto]

4

Ao Vg

1
s

©]%1 Deck ¢} o7} v}

SEER

Al
&l

INPUT

NO

Err < Tol

YES

)

OUTPUT

[

27



INPUT

NO

Errl < Tol

YES

NO

Err2 < Tol

YES

)

wel el

OUTPUT

[

13 3.13 A}

4]

¢
B

ZO

}-

28



4. oA A

all

ol

1]

A} 7-

& ©

1

Q.

=

A AA]

ok

92

A o] ol Aol

142

9

Al
&

b B

B

iy

4.1 <A ¢

|

167.64m

586.74 m
922.02 m

167.64 m

2 20 21 22f232425

66 m
25m
I

A

=
i
Bl
_,AO

}.

19 4.1 A

S|
=

=
=

2 2%° An=

dEg o

<

1o g

g

bieh, zpuel o

A5

=2 A
= =

S8 2%° 7Y

[€]

GRAS Sl

Ar

0

I

B
—_
file)

rvze]

167.64 m ©]

922.02 m o]n, 7
29

o

T

=

}

1

4



14 719 A

N
T

N

~
o
i:l

N
ﬂo

=0

Nfo

[e)

41.91m =

4 7Y
A]

-
T

-
T

A el A e

o B4

1.

Z

91m o]w 2z}

T

-

afkoll A Deck <F EF17F wht

1

o

o
AL

h 6

gk Deck ¢ EFJ7} Wi

Z = Atk B <
66m o], ]

1

25m ©|t}.

i
o]

=

AL

1

< main 7ol &3 ARG ol &

o BAE FelEo] AWHUY.

A7A Y ol

9 Ae7HA o

e

Hir
Njo
il
=
™

o

ol =

=

=

}o] Deck ¢+ E}¢]

°©

flas

al g
il

)
o
i

xr
3

ﬁo

T

-

s

°©

]

I
Y

[e)

ARz
bteh,

°

S|
=

o A3gre]

4

S

30

2ads FHH R T4

] successive iteration

=

o

Sk
Al o

}

R

W oAb



E(Gpa) | A(m?) | I(m*) | W(KN/m)
Stayed Exterior 207 0.042 - 3.22
cables Interior 207 0.016 - 1.24
Suspended Main cable 207 0.252 - 32.93
cables Hanger 207 0.042 - 1.24
Deck 207 0.32 1.13 87.5
Decks Tower(-25~0m) 207 0.3 0.5 7.06
& Tower Tower(0~20.3m) 207 0.269 0.432 6.32
Tower(20.3~40.6m) 207 0.228 0.345 5.36
Tower(40.6~66m) 207 0.203 0.211 4.77
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1(FH=) 41.9186 41.9186
] 2 41.9186 41.9239
5743
3 41.9186 41.9268
4 41.9186 41.9283
1(#FH= 42.0310 42.0408
Deck 2 41.9966 42.0049
3 41.9679 41.9732
Az e 4 41.9450 41.9455
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(=) 41.9107 41.9112
1(3F ) 25.0000 25.0355
] 2 20.3000 20.3321
Tower 5EHY
3 20.3000 20.3379
47T 25.4000 25.4533
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X 44 A2y Fealo] genjul
Aol 29 2 3l A o] -3 4] AF
A(MNm ) B(MNm ) (A-B)/A
side | 1 88.80 88.80 5.95x107%
2 87.41 87.41 3.17x107%
Suspened | . 5 84.46 84.46 3.22x107%
cables 8 85.45 85.45 3.22x10™®
9 87.41 87.41 3.23x107%
side | 10 88.80 88.80 5.95x107%
11 3.74 3.74 5.31x107"
12 3.70 3.70 8.56x107®
13 3.69 3.69 4.98x107%
14 3.69 3.69 3.28x107%
Hanger 15 3.69 3.69 2.80x107%
16 3.69 3.69 3.29x107%®
17 3.69 3.69 4.98x107%
18 3.70 3.70 8.61x107%
19 3.74 3.74 5.32x107"
20 9.56 9.56 3.89x107%
21 5.87 5.87 3.14x107
gzig’lii 22 4.48 4.48 1.10x107°
(Left) 23 4.45 4.45 1.71x107
24 6.08 6.08 3.19x107%
25 8.50 8.50 3.88x107
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2 171.98 171.98 2.33x107%°
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11 65.77 65.77 2.44x107%
12 26.30 26.30 -9.74x107%
13 20.01 20.01 7.41x107%
14 16.24 16.24 -6.01x107%
Hanger 15 14.98 14.98 -5.55x107%°
16 16.24 16.24 -6.02x107%
17 20.01 20.01 7.42x107%
18 26.30 26.30 -9.75%x107%
19 65.77 65.77 2.44x107%
20 141.74 141.74 1.22x107%
21 106.37 106.37 2.11x107
Stayed 22 77.93 77.93 3.84x10°%°
Cables —09
(Lef) 23 77.96 77.96 3.67x10
24 106.40 106.40 1.93x107%
25 141.81 141.81 1.06x107%
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ABSTRACT

This thesis overviews the limitation of existing design and construction of both
Cable Stayed Bridge and Suspension Bridge and suggests Bridges Supported with
Stayed and Supported Cables to overcome those limitation. To tell the more detail, it
suggests initial equilibrium configuration analysis for the Bridges Supported with
Stayed and Supported Cables.

This thesis proposes two analyzing methods for the Bridges Supported with
Stayed and Supported Cables. First, A Lump Analysis is the entire constructions of
Cable Stayed Bridge applied initial equilibrium configuration analysis considers one
construction.

In progress to applying this method, we found out the problem that the
movements of the hanger were against the initial assumption; we could solve this
problem by applying the restored displacement type, Successive Interaction. A Lump
analysis method has advantage that it is handy for applying but it takes more time
for analysis compared with Separation Analysis Type that | am going to introduce
following.

Next method is the Separation Analysis. With this method the entire
construction that was used initial equilibrium configuration separates mainly three
parts; the Cable Stayed Bridge and Suspension Bridge and hanger. By applying this
method, there was problem that the movement of the hanger was against the initial

assumption which A Lump analysis method already had and additionally, its separated
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parts don’t match the equilibrium condition and compatibility condition. 1 could
solve this additional problem by controlling the very top part of the displacement and
each parts initial value. The Separation Analysis Type has disadvantage of its
complexity, but there is advantage that it takes less time to analysis and it is able to
understand the movement of the construction better.

Lastly, | verified those two suggestions through the proper examples of

Deck has camber.

Keywords:
Cable, Nonlinear analysis, Initial equilibrium state, Cable Stayed Bridge, Suspension

Bridge, Target Configuration

Student Number: 2009-20932
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