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S A ol =4l Tl Sk A A o
Al E ASY PPWS? ASY
=352 (MPa) 1,860 1,960 1,860
- 183,241 ()
=77k , ' 56,627
S =7 305,729 171,606 (2
2
mm
() T7ZF 287,745 171,606 56,627
- 359.2 (£}
=743 . 111.
017t =74 568.7 3363 (%) 0
MN
(MR) Tz 534.2 336.3 111.0

1) AS: Air Spinning
2) PPWS: Prefabricated Parallel Wire Strand

gy Qo FA L A2l =l
Al PWSY PWSY PWsY
=852 (MPa) L770 L770 L1770
= 4,200 4,656 2,809
o A
(mm?) _
ERu! 11,580 11,352 5,811
HA 7.43 8.24 4.97
O] A7} =
1l 0’0 -
MN
( ) AH ) 20.50 20.09 10.29

1) PPWS: Parallel Wire Strand
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7,(DC +DW)+1.35LL +1.0WA +0.4WS
Strength-V
+1.0ML +1.0FR +(0.5/1.2)TU +1.0SE
Strength 1 1.3D+2.15(L+1)+1.3CF +1.7H +1.3Q
=23
7)) 7% Strength 2 1.3D+1.3W +1.7H +1.3Q
Strenath 3 1.3D+1.3(L+1)+1.3CF +1.3BK
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Casel D+L+1 1.00
Case2 D+L+1+T+SD+EO 1.15
Case3 D+L+1+T+W(L) 1.35
Case4 D+W+TW)+SD+EO 1.50
Caseb D+EQ+L(EQ)+T+SD+EO 1.50
E 36 Al AlolE HAE g stex
B ez 166
R HE=Y =74
Casel D+PS+EO+SD+L 1.00
Case2 D+PS+EO0O+SD+T+L 1.15
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Caseb D+PS+EO+SD+T+L+WT(L) 1.35
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Case9 D+PS+0.3EL+1.0ET 1.50
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i 313MCSTA S f3 ste R TAISA
Eiacy A A W E5 A SGETE
CB 1.00 2%, 4%, 6%, 8%, 10% Normal
GD 1.07 4%, 6%, 8%0, 10%, 12% Normal
DW 1.00 15%, 20%, 25%, 30%, 35% Normal
LL 1.00 10%, 15%, 20%, 25%, 30% Lognormal
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Bias factor of T.

CoV of Ti
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1] o cs
{1 01 &b
1.05
= = (= = =
1.00 & & & & &
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0-90 T | T | T | T | T | T |
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CoV of g,
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14%
O CB
12%
O GD O
10% -
8%
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4% -
2%
0% T T T T T T
0% 2% 4% 6% 8% 10% 12% 14%
CoV ofq;
(b)
1% 3.13CB % GD3}E 9 MCS Z3}; (a) AAAS, (b) HEAS
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Ogo T T T T T T
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CoV of g
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40%
o DW

/% O LL

30% -
—  25%
—
o
3
O 20%

15% —

10% -

5% T T T T T T
5% 10% 15% 20% 25% 30% 35% 40%
CoV ofq;
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1% 3.14DW H LL3ES MCS 23 (a) BAASR, (b) HEsAS
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¥ 3.14 x 715 100007H ) st MCS F7dgke] WAl
ﬁi}: TCB TGD TDW T|_|_
Ei
o= 0.069% 0.064% 0.255% 0.233%
AA A4
TE
o o 2 0.829% 0.596% 0.820% 0.545%
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Bias factor

CoV

1.5

T o T o7
1.4 - CB GD
1.3
1.2
1.1
1 ) 1 e O e e I e s I e O e s I s 1 e O s e s N s e e I e 8 e s I s e s N e s s Y e e Y e Y e |
1.0 oo o000 d o550 5d865 005550050000 0055C
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05 1 LI I L B B L L B |
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0.12 O T — —u_=0.076
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0.08 £ 8 BEFHHE E B R E 0 8 3R 8 B B FEHHEH
0.06
-OO-O-o-o-O-@-G-O-O-O-O-0-0-0-0-0-0-@-0-0-0-0-0-O-G)-O-Oo-@-
0.04
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0.00 | L L L L L R L L R L L B R
0 5 10 15 20 25 30
Sample No.
(b)
g 315 FEE T, Top e MCS A3} (a) BAAS, (b) HEAS
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Bias factor

DW LL
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13 3.16
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14 ] CB GD

1.3 4
1.2 4

114 ~

1.0 o

Bias factor

0.9 1

0.8 1

0.7

0.6 1

05 T LI | T T T LI | TrT
1 10 10 10° 10*
Sample size

(a)
0.14

0.12

0.10

0.08 = v~

0.06 N A\/\\ﬁwt

CoV

0.04
0.02
0.00 —
1 10 10? 10° 10*
Sample size
(b)

% 317 FEA7E T, Tep 2 MCSZAR: (1) HAAS, (b) HEAS
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Bias factor

05 T LI | T T T LI |
1 10 10 10° 10*
Sample size

(@)

0.40

DW LL

0.30

\
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\ Il U I N -

0.20 NS ] ) e e S e -
AV YA
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0.10

0.00 —
1 10 10° 10° 10*

Sample size
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a9 318 TEAVE Ty, Ty 9 MCSZAI: (@) AAAS, (b) BEAS
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3% 3.15CBslzol 23 2| K-S 23}
A
weas) AFEE oA Azew gepy SHY
7%
100 0.0657 0.0544 0.0687 0.0581 0.1630
1,000 0.0300 0.0264 0.0878 0.0274 0.0515
10,000 0.0050 0.0124 0.0734 0.0097 0.0163
100,000 0.0019 0.0118 0.0709 0.0083 0.0052
& 316 GD3lz ol 23k = K-sHA 2y
gas]  AfREE aeAn dwez geex 007
i
100 0.0506 0.0429 0.0796 0.0435 0.1630
1,000 0.0189 0.0221 0.0687 0.0181 0.0515
10,000 0.0084 0.0234 0.0788 0.0183 0.0163
100,000 0.0024 0.0175 0.0729 0.0125 0.0052




A
weas  AFEE oA Azew geey SHY
7% 4k
100 0.0426 0.0887 0.1074 0.0733 0.1630
1,000 0.0159 0.0545 0.0750 0.0408 0.0515
10,000 0.0052 0.0511 0.0738 0.0354 0.0163
100,000 0.0016 0.0496 0.0717 0.0340 0.0052
3 318LLatFol ok el K-sHA Ay
gas]  AfREE aeAn dwez geex 007
7<=
100 0.1129 0.0731 0.0835 0.0853 0.1630
1,000 0.0438 0.0207 0.0511 0.0170 0.0515
10,000 0.0421 0.0062 0.0330 0.0177 0.0163
100,000 0.0382 0.0019 0.0330 0.0129 0.0052
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......... YSB (nonlinear)
......... UHB (nonlinear)
......... NMB (nonlinear)

10.0

— YSB (linear)
— UHB (linear)
— NMB (linear)

Reliability Index

7.0 T
0.25 0.50 0.75

-0.75 -0.50 -0.25 0.0

Normalized Horizontal Position

% 3,19 AFE=ErE el M daal 7

27.0
— IB (linear)
| — BHB (linear)
— JB2 (linear)
2204 T 1B (nonlme_ar)
--------- BHB (nonlinear) il
U JB2 (nonlinear) g
o i i
k= i
> i
= 17.0 i
= if
S i
T ] H
o H
12.0
7.0 T T T
-1.0 -0.75 -0.50 -0.25 0.0
Normalized Horizontal Position
9 320 A EAIF el WE AP Ao e Az EAS
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Dw LL

DC

0.41 1.25 1.64 1.45

8.96

~
Tw
N

0.41 1.23 1.65 1.47

9.05

0.40 1.34 1.16 1.14

9.11

0.40 2.65 1.16 1.17

21.38

0
e

-
4

p—

<
Gt

X
o

o ;|

DwW LL

DC

= o

-0.983 0.125 0.121 0.065

8.96

0
%)

N
T
N

-0.982 0.120 0.129 0.069

9.05

-0.902 0.417 0.069 0.084

9.11

0
~

-0.368 0.930 0.011 0.012

21.38

0
T
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DC3}5H|

(m)

CB&}ZH|

(x)

0.841

0.318

0.758

0.285

0.799

0.787

0.142

0.860

0.757

0.873

0.811

0.790

0.600
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Reliability index

Reliability index

4.0 T T T T
1.9 2.0 21 2.2 2.3 24 25 2.6

Safety factor

T 321 AARKEE o] deal FACE e AF A (A E)

8.0

T
1.8 1.9 2.0 21 2.2 2.3 2.4 25
Safety factor

¥ 3.22 AAHEE tiu] ARRTol o] AEEAF(AE)
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Normalized strength

Normalized strength

2.7

2.6

2.5

2.4+

s

2.4

2.3

2.2

2.1

2.0

— S, (B;=7.07)

! ! ! ! ! ! N ! I ! ! ! ! I
0.75 0.80 0.85 0.90

Dead load ratio

0.95

323 Al FA ol HEA Y E(n =0.825, y =0.250)

| —Sr(Br=569)

0.65 0.70 0.75 0.80 0.85

Dead load ratio

% 324 AP Aol 5] BR AL E (n=0.700)
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DC ratio

CB ratio

1.0

o YSB
1 O UB
X NMB
0.9
0.8 - >?l<
0.7 1
06 T T T
0.6 0.7 0.8 0.9 1.0
Dead load ratio
@
0.6
o YSB
0.5 0 uB
| X NMB
0.4
| 8
)
0.3
0.2 1
X
] XX
0.1
0.0 T T T
0.6 0.7 0.8 0.9 1.0
Dead load ratio
_ (b)
Iy 325 A5 FAIEY dFHl; @) £-n, () -y

118



DC ratio

1.0

0.9

0.8

0.7

0.6

0.5

0.4

° 1B
O BHB
X JB2

0.3
0.6

0.7 0.8 0.9
Dead load ratio

19 3.26 AR Ale] 29| dhsH] (E-1)
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3E 322 Aol EH-A 9] reference 2 %3} A

RAER By " Yo P Yot
(Yoc)
$;iﬁ§__ 7.07 0.53 1.096 1.262 1.486 1.510
;ﬁg 5.69 0.60 - 1.194 1.527 1.345
¥ 3.23 549 (2019)°] A|A| S reference 3Fs-A A<
ijﬂ i};:j EXJ 6‘}%]:]] RC X‘] t—g—j']_/,:l) PC —8}%74]_/':
e ¢ ¢ ¢ Yoc  Yow Yo
_, 000<£<063 0900 0939 0871 1027 1054 1752
E T 063<£<100 0900 0970 0919 1280 1408 1.378
A= 000<£<0.63 0900 0918 0901 1.068 1.092 1.709
#e 0.63<£<1.00 0900 0940 0905 1291 1.395 1.343
., 000<£<063 0900 0939 0871 1067 1047 1750
2% 7 063<£<100 0900 0968 0915 1353 1.377 1.342
A2 000<£<063 0900 0918 0901 1.108 1.084 1.707
i 0.63<£<100 0900 00938 0904 1.358 1.370 1.317

1) RC: reinforced concrete, ST: steel, PC: pre-stressed concrete
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8.0

L e
&
g 7 0 —/
2
R R
<
< 657
14

6.0 - Target reliability index (B, =7.07)

| — Optimized
----- +5% error bound
55 T T T T T T T
0.75 0.80 0.85 0.90 0.95

Dead load ratio

19 3.27 Reference®] A s}ol] w}2 Al FA Ol E Ht A=A

7.0
Target reliability index (3; = 5.69)
— Optimal
6.5
----- +5% error bound
x
[<5)
E S S
2
E
S
< 5.5
K T RS RSy Sy Sy R  SS S SS
5.0
4.5 T T T T T T T T y
0.70 0.75 0.80 0.85 0.90 0.95

Dead load ratio
1% 3.28 Reference® 4 slol] w2 AL nl AolE H A F =X
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% 3.24 F34(2019)0] AAIS At dlF-A A
A A5 =A<
iy = = 1)
- 317 &} H] Yoc
3!
=} P S L Yow 7w
FM CIP
5 w 000<£<055 1.05 1.05 1.80
s Sf 090 095 0.90
A% 055<£<1.00 1.25 130 140 1.45
1) FM: 37A 2 5-A, CIP: & 7dA| <154
¥ 3.25 Alo]EH-A ¢ sequential H %3} 23}
B2 E B+ o Ycs Yeb Y pw Y
=
= ol n 7.07 0.51 1.08 1.25 1.40 1.45
A3l
o] 5.69 0.61 - 1.25 1.40 1.45
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ST T I
7040— = A
S B
[<5]
E 6.5
2
T_EU
S 6.0 Target reliability index (B = 7.07)
e — Optimized
1 Proposed
554 777" +5% error bound
® YSB
4 ®E UB
¢ NMB
5.0 T T T T T T T
0.75 0.80 0.85 0.90 0.95

Dead load ratio

1% 3.29 Sequential ] A 3}l wE A4l FAOlE Ht AF =X

7.5
| Target reliability index (3, = 5.69)
— Optimal
7.0 7 Proposed
] el +5% error bound
x ® |B
[<5]
2 654 BHB
> | * B2
E
S
T 6.0 Fomme e O EEERECEEE R
o |
N ; —t
/
5.5
5.0 T T T T T T T T T
0.70 0.75 0.80 0.85 0.90 0.95

Dead load ratio
719 3.30 Sequential ] A 3}l w2 AL Alo]E Ht AlFEASF
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8.0

7.5

x = \
q.) -
g 7.0 7
2
E .....................................................
S
< 6.57
@
| —n=075
607 =080
| —n=085
—— 1 =0.90
55 T T T T T T T
0.75 0.80 0.85 0.90 0.95

Dead load ratio
% 3.31DC3tFHo W& Al FAOlE A EX]F (x=0.25)
8.0

7.5

x _——
S / —
2 704
>
I F R E e PP e PR T LR PP PRI UEEP PRI PPPPPRRTETE
S
< 6.5
o
—— 4 =0.10
6.0 - L=
—— 4 =0.20
| ——y =030
—— 4 =0.40
5.5 T T T T T T T
0.75 0.80 0.85 0.90 0.95

Dead load ratio

% 3.32CBetsHlo] WE AFul FAolE AFE EAF (n=0.825)
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Reliability index

7.0

6.5

S (e R I

5.5

5.0

—— 1 =0.60
——n=0.70
—— 1 =0.80

4.5
0.70

1% 3.33DC3lH|o wE ALl Aol &

0.75

0.80 0.85
Dead load ratio
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2.6
=
2
o
@
=}
N
©
£
o
Z 227
""""" S; (B;=6.71) e S (B = 7.07)
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1A 3FH  DC3FEH] o DC, DW
(€) (m) be oW LL =1
. n<0 (+) () (#)  DC<[DW|
DL<O O<n<l1 ) ) (+) -
IDL| < LL
1<n ) +) +) DW <|DC|
n<0 () (+) (+)  DW >|DC|
0<g<l
DL>0 O<n<1 (+) (+) (+) -
1<n (+) ) +) DC >|DW|
”r n<0 (+) () (#) ~ DC<[DW|
DL<O O<n<l1 ) ) (+) -
IDL|> LL
1< ) +) +) DW <|DC|

StEH AMAT WA BEXEHY AT
AET 5
S 1.18 0.093 Lognormal (2006)
Nowak
DC 1.03 0.08 Normal (1999)
Nowak
DW 1.00 0.25 Normal (1999)
3l ol
LL 1.00 0.20 Lognormal d-2]5(2008)

o] % 3+(2014)
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A Az Al Az
n<0.0 105 - - 065
£<0.00 0.0<n<1.0 0.97 - 0.90 - 0.65 1.80
n=1.0 - 090 105 -
n<0.0 - 090 105 -
0.00<£<0.55 0.0<n<1.0 0.97 1.05 - 1.05 - 1.80
n=1.0 105 - - 065
n<0.0 - 090 140 -
055<£<1.00 0.0<n<10 097 125 - 140 - 1.45
n=1.0 125 - - 065
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ABSTRACT

This paper figures out a reliability based code calibration of designs for cables and
stiffening girders in cable-supported bridges under gravitational vehicular load com-
bination.

Since a cable is a nonlinear element, it is necessary to calibrate appropriate load
and resistance factors. With this purpose, in this paper, two code calibration processes
are proposed. First method is based on nonlinear reliability analysis of the cable ele-
ment. Reliability analyses of cable members in existing cable-supported bridges are
performed, and then variations of reliability indices to resistance factors are evaluate
while load factors are fixed. Resistance factors which satisfy target reliability indices
are evaluated utilizing a best-fit line which is derived from results of the reliability
analyses, and this process is adopted to develop Korean Highway Bridge Design
Codes (Limit State Design)-Cable-supported bridges.

Since the method which is mentioned before is based on reliability analyses of
real cable members, there exist some limits. At first, because of high computational
cost, the method needs long computational time. In addition, since the method is
based on reliability analyses of existing bridges, it is hard to get generalized results.
Thus more generalized approach adopting optimization based code calibration is pro-
posed. In order to calibrate load and resistance factors, a limit state function of cable
member is linearized, and then optimization scheme, which is developed for code cal-

ibrations of linear ordinary members, is utilized. The limit state function is parameter-
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ized by three load ratios, and thus the optimization based code calibration can derive
generalized load and resistance factors regardless of structural types of cable-
supported bridges. Simultaneously, since the load and resistance factors are evaluated
adopting optimization, a strength derived from the factors satisfies uniform reliability
indices.

Because of nonlinearity, initial equilibrium state analyses is necessary for designs
of cable-supported bridges. In general, initial equilibrium state of cable-supported
bridge is determined to minimize bending moment of girders, and thus directions of
bending moments induced by DC and DW load become opposite. With this reason,
DC ratios of stiffening girders are not within range between 1 and 0. Furthermore,
values of the DC ratios become very huge. In case of the stiffening girders, it is hard
to determine proper integration ranges of DC ratios for optimizations, instead, relia-
bility analyses adopting proposed values of load and resistance factors are performed

with the purpose of verification.

keywords

Cable-supported bridge, Limit state design, Gravitational vehicular load combination,

Code calibration, Load-resistance factors
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