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A Study on Seismic Capacity Assessment of Long-Span Suspension Bridges
by Construction Methods Considering Earthquake Characteristics
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Abstract

The numerical analysis and safety assessment by construction stages were considered the essential examination particular in
order to solving the unstability of long-span bridges in the middle a construction. When estimating structural response char-
acteristics by the construction stage analysis of long-span bridges, the influence of the near-field ground motion (NFGM)
would be evaluated as a critical factor for the seismic design because it indicates clearly different aspects from the existing
input earthquake motion data. Therefore, this study re-examined the response aspect of long-span bridges considering NFGM
characteristics based on the response spectrum result, and advanced the presented numerical analysis program by the related
research for conducting the construction stage analysis and reliability assessment of long-span bridges efficiently. The excel-
lency of various construction schemes was assessed using the time history analysis result of critical member considering
NFGM characteristics. For evaluating quantitative safety level, the reliability analysis was conducted considering the influence
of external uncertainties included in random variables, and presented the safety index and failure probability of the critical con-
struction stage by NFGM characteristics. In addition, the reliability result was examined the influence of internal uncertainties
using monte carlo simulation (MCS), and assessed the distribution aspect of the essential analysis result. It is expected that this
study will provide the basic information for the construction safety improvement when performing seismic design of long-span
bridges considering NFGM characteristics.

Keywords : long-span bridges, response spectrum, construction safety assessment, internal and external uncertainty, Near-Field

Ground Motion characteristic, safety level, seismic design
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HrEES BRI Fa ARRZINA A tis] = - 213
o7 sl $38%al AtH(Alavi (2001), Korea Atomic
Energy Research Institute(2003), Han 5-(2010)). 7=l
¥3y FEHSo EFAALS Internal and External
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3 BFge o2 HEHUTHAng(2004), Ang 5(2007),
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Fig. 1 Safety Assessment Concent for Optimal Construction
Method of Long-Span Suspension Bridges
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Table 1. Characteristics of Selected Earthquake Records
Site D PGA(gal) PGV(cm/s) PGV/PGA
(km) EW NS UD EW NS UD EW NS uD
NFGM 1.84 348 419 241 159 118 111 0.46 0.28 0.46
3.01 566 462 486 177 263 187 0.31 0.57 0.39
FFGM 109.11 48 73 22 10.2 10.7 6.7 0.21 0.15 0.30
104.77 70 52 11 10.5 9.9 2.1 0.15 0.19 0.19
*Distance from Rupture; **FFGM: Far-Field Ground Motion
Table 2. Characteristics of Selected Near-Field Ground Motion by Rock and Soil Site Conditions
Site NFGM Station Magnitude |  Station Max. Max. Max.
Condition Name Mw) No. Acceleration(g) | Velocity(cm/sec) | Displacement(cm)
Luce 270 0.7302 148.64 271.12
Landers, 1992 Lucerne 7200 | Luce 360 0.8050 32.79 71.78
Cape Mendocino, Cape 700 Cape 00 1.4960 131.00 59.88
Rock 1992 Mendocino ) Cape 90 1.0380 43.90 34.43
Site Kobe EW 0.6287 75.67 1536.87
Kobe, 1995 IMA 690 | Kobe NS 0.8332 92.09 234.72
. Los Gatos Lgpe 00 0.5700 96.31 36.93
Loma Prieta, 1989 | p o e ntation Center 6-90 1 L apc 90 0.6075 52.14 16.86
Taba 74 0.8790 98.26 35.73
Tabas, 1978 Tabas 740" | Taba 344 0.9363 114.23 87.78
Cape Mendocino, Petrolia 700 Petr 00 0.5890 46.39 26.66
1992 ’ Petr 90 0.6616 90.86 26.74
Soil . Rinaldi Receiving Rina 228 0.8410 174.81 49.16
site | Northridge, 1994 Station 670 | Rina 318 0.4798 80.63 48.47
. Sylmar Converter Sylm 90 0.6037 77.43 20.25
Northridge, 1994 Station 6701 svim 360 0.8423 128.88 30.67
Imperial Valley, Melo 00 0.3170 70.21 122.90
1979 Meloland 650 | Melo270 | 0.2966 94.63 31330
— 94— KA @R
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Fig. 2 Response Spectrums of Near-Field Ground Motion by Rock and Soil Site Conditions
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Fig. 3 Displacement Vector of Three Dimensional Frame Element
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Fig. 4 5A4 of Virtual Displacement for Shape Function Three
Dimensional Elastic Catenary Cable Element

piz, diz

miz Oz

Fig. 5 Three Dimensional Nodal Connection Element

> (Construction Stage Analysis|

| Initial Shape Analysis and Natural Frequency Analysis |
I

[ Completed System Analysis |
]

¥
[ Construction Command | [  Nonlinear Analysis  |—

Y
Exect
Change / Remove Support
Stress / Remove Cable
Set / Remove Joint

—»| Change Structural System |

Load / Pload Y
Move / Remove Load —1 ChingsTosd |

[ Nonlinear Analysis |

(Change Structural
System

Control System

Coefficient of Variation; C.0.V. Evaluation Structural Response

(External Uncertainty) (Max. and Min.)
|| Assessment Safety Indexand | | Advanced First Order
Probability of Failure Second Moment Method
v Coefficient of Variation; C.0.V.
(Internal Uncertainty)

Probability of Failure

Monte Carlo Simulation |

Fig. 6 Advanced Numerical Algorithm for Construction Stage
Analysis and Structural Reliability Assessment

Re-Estimation Safety Index, ‘_[l

R AE



Cable; Member # 10
Achoraged Cable;

i»Pvlon‘ Node # 71

~EL. 67. 846 —Road Surface EL. 30.260 (Pylon Center)

Member # 1

r Lower S"urface of Girder EL. 28.610
g Road Surface EL.32.280

_~Pylon; Member # 160

Pylon; Node # 81
2% Linear Slope

Cable; Node # 18?—'

1% Linear Slope

f ~Lower Surface of Girder

EL. 30.630
Girder; Member # 27

_| 2% Linear Slope _

B L

& 128.0m ha

404.0m ol

L L

128.0m

Y

Fig 7. Profile and Numerical Analysis Modeling of the Objective Bridge
(X: Horizontal Direction; Y: Lateral Direction; Z: Vertical Direction)

Table 3. Alternative Construction Methods by Construction Variables (Han &(2009a))

Simultaneous
Construction

Construction
Sequences

I-type Method (the Objective Bridge)

Non-consideration

1I-type Method

Construction Construction Direction Construction Direction
Cases of Main-Span Girder of Side-Span Girder
Case 1 Main-Span(Center) — Pylon Anchorage — Pylon
Case 2 Pylon — Main-Span(Center) Anchorage — Pylon
Case 3 Main-Span(Center) — Pylon Pylon — Anchorage
Case 4 Pylon — Main-Span(Center) Pylon — Anchorage
Case 5 Main-Span(Center) = Pylon Anchorage — Pylon
Case 6 Pylon — Main-Span(Center) Anchorage — Pylon
Case 7 Main Span(Center) — Pylon Pylon — Anchorage
Case 8 Pylon — Main-Span(Center) Pylon — Anchorage

Consideration

-
Construction Sequence
iz g
(a) I-Type Construction Method

ol M.,

- — - —
Construction Sequence

4
(b) 1I-Type Construction Method

Fig. 8 Construction Methods of Long-Span Bridges
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Fig. 9 Construction Method of the Objective Bridge
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Fig. 10 Maximum Displacement at the Top of Pylon (NFGM)
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Table 4. Maximum Displacement by Acceleration Time History (NFGM) [Unit: m]
Construction Displacement of No. # 71 (Construction Stage) Displacement of No. # 187 (Construction Stage)
Schemes | Horizontal Direction| Lateral Direction | Vertical Direction | Horizontal Direction | Lateral Direction | Vertical Direction
Case 1 5.17E-2(16) 9.83E-3(16) 9.42E-2(16) 2.02E-1(16) 5.67E-1(7) 2.11E+0(1)
Case 2 4.90E-2(16) 9.06E-3(27) 5.79E-2(17) 8.78E-2( 3) 5.82E-1(11) 2.11E+0(1)
Case 3 5.17E-2(16) 9.83E-3(16) 9.42E-2(16) 2.02E-1(16) 5.67E-1(7) 2.11E+0(1)
Case 4 4.90E-2(16) 9.06E-3(27) 5.79E-2(17) 8.78E-2(3) 5.82E-1(11) 2.11E+0(1)
Case 5 2.85E-2(25) 1.07E-2(25) 9.76E-2(24) 2.00E-1(24) 4.19E-1(6) 2.11E+0(1)
Case 6 2.57E-2(9) 9.70E-3(25) 4.96E-2(26) 9.24E-2(4) 7.15E-1(16) 2.11E+0(1)
Case 7 2.82E-2(25) 1.06E-2(25) 9.73E-2(22) 2.00E-1(24) 4.22E-1(6) 2.11E+0(1)
Case 8 2.16E-2(27) 9.79E-3(23) 5.14E-2(8) 8.84E-2(4) 7.48E-1(16) 2.11E+0(1)
Table 5. Maximum Member Force by Acceleration Time History 4.00E+3 OStage S OStage 6 WStage 12
[Unit: kN; kN-m] D Stage 16 [ Stage 17 M Stage 20
3.43E+3 1 3 Stage 24
Construction | Member force of No. # 81 (Construction Stage) 5

Schemes Axial Force | Moment (My;) | Moment (Ms3) £ 2.87E+3

Case 1 3.45E+3(16) 2.93E+3(16) | 9.79E+2(27) Ez 30E+3 4

Case 2 2.85E+3(26) | 2.00E+3(17) | 9.86E+2(22) =

Case 3 345E+3(16) | 2.93E+3(16) | 9.79E+2(27) =

Case 4 2.85E+3(26) | 2.00E+3(17) | 9.86E+2(22) 2‘ 13E+3 1

Case 5 3.36E+3(25) 3.06E+3(24) | 9.79E+2(27)

Case 6 2.85E+3(27) | 1.72E+3(26) | 9.79E+2(27) 1.17E+3 1

Case 7 3.36E+3(25) | 3.02E+3(24) | 9.79E+2(27)

Case 8 3.08E+3(18) 1.73E+3( 8) | 9.79E+2(27) 6.00E+2 1
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o] 27| H7HEIT). sk o] NFGMel o1 Al
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Systemol|A] AHFEQ o, FHH-EHHI= NFGM(19,920.0
KNyl 93+ $5o] FFGM(17,600.0 kNl ®18] 2F 11.65%
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Fig. 12 Maximum Member Force at the Bottom of Pylon (NFGM)
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Fig. 14 Failure Probabilities of Critical Construction Stages by
External Uncertainty (NFGM)

Table 6. Maximum Failure Probability Values of Pylon

Construction NFGM Ratio*
Schemes (Construction Stage)
Case 1 8.890E-7(16) 1.581
Case 2 3.484E-8(21) 3.871
Case 3 8.890E-7(16) 1.581
Case 4 4.384E-8(21) 4.752
Case 5 1.117E-6(24) 3.829
Case 6 3.494E-8(26) 4.464
Case 7 1.085E-6(24) 3.019
Case 8 3.580E-8(26) 4.333

*Ratio of Failure Probability (NFGM to FFGM)

O

o] g2 AoldIItHHan 5(2009a)). FA01E-2] )}z
Lo A |oA AFPEOH, NFGMel 2§k ko] oF
1658 A AEEAL. Table 6& NFGM 548 w23
TR HougEs AlFebaE Aegh Aotk Case 2,
49} Case 6, 89] 79, A5 FAHo2E= A AF
Ao, NFGMS] F3Fs vlwd 37 vk 2108 %7}
HAch wheba A7 wEFe] TR HEES 98
NFGM 5735 3128 218357 ek 210 = AlsHnt

External Uncertaintyol] 2J3+ 4}7]9] <HAx|a= 2 w33t
E2 ZH7} Internal UncertaintyS ¥35h= SEWHSZ 17
3t HES = Slth(Ang §(2007)). 284 B BH7} A,
Internal Uncertaintyol] thdh Hrl= 22457} date] &
HeE AAsl7] Sl At AEE a7En WEAs =
Aol A Z747F wEFe] Internal Uncertaintye= =$H3-22] 7
%, 0.100ND), FA744d2] 7%, 0.10(ND), NFGMol| &
Aol 2 BAlEgHe] 49, 0.20LND)S 2= A
© 2 7143 tHHan 5(2008), Han 5-(2009b)). Table 7

[e)

g

Case 1(I-type Sequence: Construction Method of the
Objective Bridge) 2 Case 4(Il-type Sequence)l] W&
AolEe] Fa AledA B7HEHE AAEE 2w, Table
82 A7 wEke] Al Case 1) 2 g z]EdEo] A
Eg AN Case Sl 3t THe] 8 AlFTAE &
FFdS AE)g Ao|th(Han 5(2010)). Fig. 152 FA0lE

(Case 1: Stage 27y % (Case 5: Stage 24)9] A=

Table 7. Safety Index and Failure Probability of Critical Construction Stage by Internal Uncertainties (NFGM)

P il Stage 1 Stage 5 Stage 17 Stage 24 Stage 27
ercentiles
B of B of B of B of B of
Mean 6.3738 |8.850E-11| 5.6735 | 6.742E-9 | 43172 |7.587E-6| 42114 |1.222E-5| 4.1426 | 1.691E-5
Median 6.3778 |8.835E-11| 5.6770 |6.747E-9 | 43205 |7.578E-6| 4.2204 | 1.223E-5| 4.1433 | 1.692E-5
(50-Percentile)
Case 1 ~ : 1
75-Percentile /i 1 5 4330 17371E-11| 6.6163 | 5.664E-9| 50497 |6319E-6| 4.8925 |9397E-6| 4.8216 |1414E-5
25-Percentile pf
90-Percentile i | ¢ 3000 |6.000E-11| 74494 |4.630E-9| 56701 |5218E-6| 5.5351 |6.906E-6| 54420 |1.170E-5
10-Percentile pf’
Mean 6.3738 |8.850E-11| 62272 |2.681E-10| 43172 |7.587E-6| 4.1905 | 1.358E-5| 4.1426 | 1.691E-5
Median 6.3778 |8.835E-11| 62423 |2.684E-10| 43205 |7.578E-6| 4.1842 | 1356E-5| 4.1433 | 1.692E-5
(50-Percentile)
Case 4 ~ : 1
75-Percentile /i 1 5 4330 17371E-11| 72399 |2.231E-10| 5.0497 |6319E-6| 4.8859 | 1.132E-5| 4.8216 |1414E-5
25-Percentile pf
90-Percentile i | ¢ 3000 |6.000E-11| 8.1382 |1.847E-10| 5.6701 |5.218E-6| 5.5125 |9331E-6| 54420 | 1.170E-5
10-Percentile pf’
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Table 8. Safety Index and Failure Probability of Critical Construction Stage by Internal Uncertainties (NFGM)

. Stage 1 Stage 5 Stage 17 Stage 24 Stage 27
Percentiles
B of B of B of Jij of Jij of
Mean 6.1094 |5.591E-10| 5.5976 | 1.069E-8 | 5.3950 |3.038E-8 | 5.4301 |[2.953E-8| 5.3955 |3.437E-8
Medlan. 6.1173 |5.583E-10| 5.5998 | 1.068E-9 | 5.3990 | 3.036E-8 | 5.4309 |2.955E-8 | 5.3872 | 3.434E-8
(50-Percentile)
Case 1 _ : .
73-Percentile i, |5 1937 14 586E-10 6.6065 | 8.825E-9 | 6.3438 | 2495E-8 | 63957 |2.426E-8| 63382 |2.837E-8
25-Percentile pf’
90-Percentile 5 | ¢ 1615 |3 709E-10| 74751 |7.074E-9 | 72176 |2.003E-8 | 7.2401 | 1958E-8 | 72161 |2.275E-8
10-Percentile pf’
Mean 6.1094 |5.591E-10| 5.6938 | 7.327E-9| 5.2298 | 8.052E-8 | 4.7399 | 1.165E-6 | 5.3955 | 3.437E-8
Medlan. 6.1173 |5.583E-10| 5.6872 | 7.251E-9| 5.2249 | 8.051E-8 | 4.7380 | 1.166E-6 | 5.3872 | 3.434E-8
(50-Percentile)
Case 5 _ : 3
73-Percentile £, |5 137 14 586E-10 6.6812 | 5.954E-9 | 6.1882 | 6.596E-8 | 5.5793 |9.621E-7| 63382 |2.837E-8
25-Percentile pf
90-Percentile 5 | ¢ 1615 13 700E-10| 7.6389 |4.770E-9 | 7.0450 |5315E-8 | 63209 | 7.833E-7| 72161 |2.275E-8
10-Percentile pf’
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Fig. 15 Cumulative-Frequency Plot of Safety Index and Failure Probability (NFGM)
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Fig. 16 Cumulative-Frequency Plot of Failure Probability by Construction Method (NFGM)
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