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{constructed by JH) Trans-Tokyo Bay Highway L = 15.1 km {construcled by JH)
1
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ZEIUT IR ERERRE L
165600 | 208.980 , 236,960 61649,
Jacket Double steel pipe Single steel pipe RipraT

+281 sheet pile sheet pile

o,
A% _

-18.30

-36.09
ﬁm =39.00 B2
tz_-db.
Pie 47,00 /— '
Plis -51.00/ o= 30.1% Act : Alluvial clayey sail {upper)
Pl -53.20 2 > Acz  Alluvial clayey soil {lawer)

Plic : Pleistocene clayey soil
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Plis : Pleistecene sandy soil

B-B section
G ELRME
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Pkt A MEE ¥ A b E: 140 kg/m3
HEERES (DMM)) W/C H: 100 % JINEHRIA T 5 132
K38 EEDMM A2 & 70 kg/m? B BT T BB 1,248
W/C tt: 100 AREBRAATLS 289
JUHgF R T 5 168
RGN —FALTS : 1,177 kg/m3 & B EUTITER 1,028
XA MEAD AV FE: 100 kgm3*  AFEEFIATE 351
(*: JREXET Tl ¥Et: 110 kg/m? JI I T 5 118
80 kg/m?3) ¥E7K: 505 kg/m? (RBEEHEY)
KA ZA4T #: 1,330 kg/m3 AFEEBATE 435
A MEAW = A b: 100 kg/m3
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s IKE AR w/c) Eb: 100 %
EOICLz. CNIE BEAVRRT) —DELHHEE
ZLIGY, TESIZIT—HRITEE TEDLOIZT B8
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i ST 1 AR BR AR A%

165.800 208.980 238.960 61.649
Jacket Double steel pipe Single steel pipe Riprap
+2.91 sheet pilep b Shent pilep P
-18.30

-36.09
Agr — N
==
i ~d47

Plis -51.00 = 0
Sl': =250/ As=30.1%
15

2= 78.5%

3= 58.9%

Act : Alluvial clayey soil {upper)
Acz  Alluvial clayey soil {lower)
Plic : Pleistocene clayey soil
Plis : Pleistccene sandy soil
B-B section

TAVNEERDRS)—
213,000 // ':J:é7kq:§i
. 16.000 73.000 16.000 54.000
. Oi(:mor block hqgo_{ Congrete block 10.200 49‘ trestle structure a) %I] 1&“ é*‘-’f: gﬁ JE .
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b))t ;%
KB TOILEBLIENRA b
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~
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DERER

Bedding error (B.E.)

I

(/mEtw

BEZS{H
B%%ﬁi@w Ui
BEFTHIER DT A
LDT (Local
deformation
transducer)
1: Load cell
LDT {5 FH samzst 7 2 E,isp,ﬁemw
2] o oo
# & Gii aooe
- T
4% ]
A
w \ 3
-g Specimen
g 5
g 'D——I:‘a;ur;irﬁ]mm
% 1 Fedestal E
(=} = % E
ga | F 2
+b_éfg ‘: E
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R K BT ZE R
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ey ) N 3 _ . . |Bedding errorD REZ:
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INBU R U RBYEE(ATD LDTD

2

T ¥ ¥ T i T ¥
Cement-mixed sandy soil (slurry type) ]

||E CLTC fest (B-CLU-2) 1
;uu 10/5 (em). 6,"= 245 kPa .
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//’7 Exfarnal ]

0.5 1.0
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e T e e b L
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O H, g %)
- Z I t)‘ INIE J 0) k! 0)’ \Eit) <Ak 5 d 2 N —_ O <
Z)—XXtEAVNESR ABELAERB O /N K (5 cm d x ISR A A (=< SR B (AL

10 cm hZAUL-EB A cU=8E iR R

50 1 2018 % 1E MIDAS 255 5 = iis8EE http://jp.midasuser.com/geotech | 51



EAV IR R DER - BERFIE - ARFBDI-HDRES -

ERDYUTE E,:

RALE R RE AN DROI-E
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Research Background

-

~

10 Understanding the environmental effect on the structural

dynamic parameters are very necessary for structural

health monitoring technology.

/

-
-

~

0 The ballasts are widely used in the old railway bridges.

But the dynamic characteristics of the ballasted bridges

ERIFKTE HEHIR =5 RICKE

Experimental Introduction

Experiment Purpose

-

bridge.

_ are not clear. )
EECEGHECTH, KRRETTELLBEEND

A EFIEEEL T, FEDANILREZZ) T B
~DERIC®RILTS,

Study Framework

|Acceleration data acquisition | ‘ Finite element modelling ‘

‘ Data processing l ‘ Model calibration l
' !
l } Natural frequencies and
Peak picking Cross spectrum modal shapes output
mode modal shape
identification estimation
Half-power

bandwidth
damping ratio
calculation

!

Prove the rationality of ballast effect on natural frequencies

146 1 2018 % 2 El MIDAS 2525 % &8 E

\ Comprehend the dynamic parameter variation regularities. )

o Investigate the dynamic parameters (natural frequency,
damping ratio, and mode shape) of the ballasted PC railway

~

Bridge Introduction

/o Type: 5-span simply supported beam PC railway bridge

0 Age: 41
0 Length: 158.8m
0 Span length: 31.3m

\J Support: Line bearing support

~

Equipment and Time Table

7 Equipment:

0 Sampling settings: 280Hz X 60second

3-axis wireless acceleration sensor

@ ® >
| Exp. 2
2016.2.11
Exp. 3 Exp. 6
Exp. 1 2016.8.18 2017.2.3
2015.11.6 Exp. 4
Exp. 7
2016.10.18 2077413
Exp. 5
| 2016.11.29
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Experimental Introduction

Acc Sensor

Sensor distribution map Section view

Experiment Results: Mode 1

[ 15t bending mode }

Modal shape

148 12018 % 2 B MIDAS 2R 45 2F X iTsHEE

ERIRKRT H#HR FH R EE

Experimental Results: Mode 2

[ 1st torsional mode 1

Modal shape

Girder-Piers Frame Structure

|j |— R L
— — = e

Girder-Piers Frame Structure

If the length of girder was a constant value, the higher the piers were,
the lower natural frequency the frame structure obtained.

Frame Fr 2 Framg3 Fragie4 Frame5

| — - — ] B S  ——
| ! =] = (= |
L g Z 2 g2
¢ : : ] BEES [
Abdmzi —_ —_— B E Aourman F
e i | =N Fiar
kml / \Iw'? j \m':! /

Different Heights of Piers and
Abutments
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Temperature-Natural Frequency Correlation

-4.3°C

-19.4 °C

-20°C
26.9°C

-0.8°C

13.8°C

9.5°C

Support Condition Inspection

0 Freezing may cause partial fixity of the supports which
could lead to the increase of natural frequencies.
0 However, the supports of the bridge are not frozen.

T M TR BO R Lo TEDYBINAET
FRETED LSRR,

7

2016.2.11 2016.11.29

150 1 2018 % 2 Bl MIDAS 2R 2F B ilTsHEE

ERIFKTE HEHIR =5 RICKE

Assumption

0 Great attention was paid to the ballasts.

(Three typical ballast states]

2015.11.6 2016.2.11 2016.11.29
Dry [ Frozen ] Wet

Analytical Model

[ Create the model 1

A4

[ Eigenvalue analysis ]

l

: 0 Software: Midas Civil 2010
Increase the stiffness of ballasts

to simulate frozen ballasts 0 Span: 31.3m
16 kN/mm?2 — 30 kN/mm?

0 Material: Concrete and ballast

A4

[ Figenvalue analysis ] 0 Solid element number: 10956

! 1 Node number: 16654
[ Results comparison ]
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One Span Model

o Software: Midas Civil 2010

o Span: 31.3m

o Material: Concrete and ballast
o Solid element number: 10956
o Node number: 16654

Section View

Ballasts
Walkway

Crossbeam

Girder

152 12018 %5 2 Bl MIDAS 2545 2 KAl R

ERIRKRT H#HR FH R EE

Two Sections

o Dx Dy Rx Rz oDy Dz Rx Rz

Ry (. J)oDxRy

-0z
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Material Properties

Elasticity modulus Density Poisson ratio
(kN/m?2) (KN/mm83)
Girder concrete 3.4 X107 25 0.1667
s 2.6X107 245 0.1667
Concrete
Pavement 2.6X107 24.5 0.1667
Concrete
Ballast 1.6 X107 20 0.25
Frozen Walkway 3.0%107 245 0.1667
Concrete
Frozen Ballast 3.0x107 20 0.25

Analytical Natural Frequencies

Experiment
Mode | Mode Shape 5015.11.6 FEM
1
(1B) 4.1 4.1
2
(1T) 7.2 7.2
3
(2T) 11.7 14.4
4
(2B) 14.7 141

Error
Rate

0.0%

0.0%

23.1%

-4.1%

Winter
Experiment FEM
2016.2.11

4.4 4.4
7.8 7.8
13.1 15.4
15.4 15.0

154 12018 % 2 B MIDAS ZR457 % Kl

Error
Rate

0.0%

0.0%

17.6%

-2.6%

ERIFKTE HEHIR =5 RICKE

One Span Model

Error rate :

fa_fe

fe

f,: analytical natural
frequency

. experimental
natural frequency

Conclusion

e
v Seasonal effect on the natural frequencies of the ballasted
railway bridge were very obvious. For vibration-based SHM,

9 the effect could not be ignored.

/

v The significant seasonal variation of natural frequencies
was proved to be caused by the frozen ballasts. Frozen
ballasts can increase the structure stiffness.

N

BEMOEARSFIEIFEHICIVASHCEET D,
RBTRINSAMDEENRORELGHEEESZA TV,

Thank you for listening!
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Yy RER(O>0)— hOBHE#ERE ., =21N/mm?2)
E#BES)L: ThorenfeldtE>)L XK
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FHTDZREI1/2
E=2.0x10° N/mm?2
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TSR EETIVE

YUy REZRTHIHZRI(E=2.0x102 N/mm?2)
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i EL T D8 R b BRI F DO R XER

ERODAE d
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(1) 4ZMEBE
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MOT—TUEXABROT TN RZEXOFETNER. MALFORRDSRIGEFOMEARAERM BEEILIKRF #R Bt 5L BE

1. (. for—ILBREROr—T LREEORITHER) 3. HAE
O BERDERHREICEWT, #REy—TILOREE(IL2.5 : -
e ore N . s - * EEREm {EEE AR
THARSE—ZREOSN T —T ILIFL67AALLA TS, ’
MIDAS civilZ LN =& & AT Definition of problem parameter |
BHAETILOERK values (point X.=x))
l -
I EIE: Cr-|t|'cal response:
1 BEODE -Admissible Cable Forces
2. HYEVETEDEM Evaluation of | l Py
Sl RE}E THRARS I“_ZI“*E(EZF*E%EEQ P " s valuation of limit state function:
& S 9(R(x),S(x)) = R—S$
. . . N . . . . Rel)aEx
Q@& Cﬁ\-l'&)/T_j)bﬁ?ﬁ*ﬁ%fb'_j}lfﬁé&b\;f&é?ﬁ\ 5. FEMERHTDERE . Vore oinis ceded? YES
BROREMEISEVNEHLDMN? 6. BHBR. CBRRIHT | | | i | | -
~ “ . 2y — IS s ST =P 71 NO
Q /7-_7)1/%@ (%E’Jﬁl}\) > E&&ﬁ‘ Fﬂz%«[“ﬁt’—c‘ & @*EFE_GD BT I NRERORAT Evaluation of failure probability:
2SR K FERSNL TSN ? P = P[g(X) < 0]
2. AROAE 4. HEREOEEETIL
1. #EEBE. TVANSF—XAFBOEEETILEERL.
C1 C36 C37 Cc72
T—TINRERBDINGAN)YIREAT1EERET D,
2. T—IJIIREEFEIIE-EEDEERZTEHE(ES
[BR. RERFR) DT 5. e — .
. .,
3. —TLERFERD) . HEEr— T LB ELD i e | L -
Fa?l%’éﬁj\*ﬁ'd’ %)o 513R3&E oyrs (MPa) 490 1,860 35mj Lane3 3.5m
B& 4R RS 11 o, (MPa) 355 | 1,570 5 «"[5._-5 2.25m
4. TN RERLBEREMZEBEMEMBITICEIST HEISHE o, (MPa) 20 | 744 | W | Lane2 3.5m
ﬁj\*ﬁ j—% o ﬂiﬁfj\fﬁjis a) 30_2 29; E Lanel | 3.5m
B REEE (KN/m’) 77 77 - . T7m
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4. RREBEOBETTIV 4. RERBOBEETIL
o B#iHAHET L (Fishbone model)
. O AWHILZspineZEIL “Unknown Load Factor” function in MIDAS
HridltE, BrEEE 5 A5,

o —JILIFFSREE
o M —DILIFrigidBER TERS

27—=)% TIoRYYY
4. RIREOBEETIL(BIYELETE) T —
SR BT C. ERREREHREL. HOBHF e EHEDRE
E—AVMIRINELD SIS BEHYEVEHEE
7L 7—T LI (PS). ZDHEH NERE, o

IoalEuUluviiul
el LR B ]
I e Y o
=1 TIIRTe+I0)
=2 dITTTREI0
=TT e

=TT T T

‘r—7J LR 11 (B AL E unit load) DERE

i
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4. #EEOEEETIL

HREHDERTE
M= H
-HTER(FE— AR

4. FERBOEEETIV

r—7 JLER A Dtuning

168 1 2018 % 2 Bl MIDAS &5 % &Kl E

BREILIRT HuR Bl BE

4.1 (FISRIE) FRROMEHT (5 —J LR £ HESF=25)

DCR: Demand to Capacity Ratio

4.2 (MEB) RERFRREICHETIREMN

Service Load Combination ' 600
= (DL+PS)+(LL+IM) g 20 /'v A
E 200 5 30 35 40 45 50 6065 7075 80
. = -400
s e s s 2 -600
g -800
5 -1000
DL (Ideal State) -142;88 Case2 g Kf=h#
C 1 -1600 Bridge Longitudinal Direction (Nodes)
ase —Casel ——Case2 Case3 Case4 —Case5
_. 800 O ousne= 1860/2.5=744 MPa
Case2 g 700
2 600
g 500
=
Case3 @ 400
< 300
< 200
Case4 Z 108
503809 =2222235338488383 7884
Ll SIESIESINSIR S EES NN S ERS NN S B S AR SRR S
Case5 C1: Case2 Cable Numbers
T#995%
m Casel m Case2 Case3 Cased B Case5

DCR=#4—J LI HE BRI HE
Case2ZxN—2R

Ultimate Load Combination= 1.3 X (DL+PS) + k X (LL+IM)
(k1=1.7, k2=1.8, k3=1.9, k=2.0, k5=2.1, k6=2.2, k7=2.3, k8=2.4, k9=2.5)

95 Cable S.F=2.5
08 k9

1 6 11 16 21 26 31 36

Cable Numbers
—kl ——k2 K3 k4 ——K5
——k6 ——k7 ——Kk8 ——K9

H Cable S.F=2.3

0.9 k9
& 08
2or ki

0.6

0.5

0.4

1 6 11 16 21 26 31 36
Cable Numbers

——kl ——Kk2 K3 k4 ——k5
——k6 ——Kk7 ——k8 ——k9

http://jp.midasuser.com/geotech | 169




MOT—TUEXABROT TN RZEXOFETNER. MALFORRDSRIGEFOMEARAERM

4.2.1 (RRIE) 77— ILEEET D#RES

Load Combination After Cable Loss
1.3 X (DL+PS) + k X (LL+IM)+1.1CLDF
(PTI Recommendations)

Fy = 2F Cos(a)
F, = 2F Sin(a)

4.2.2 (REE®) 7 VBMEBRICEISRBBRRETOR 2K

™2F

Cable Loss Dynamic
Impact Force 2F is applied
at both cable attached
points for sudden collapse

of cable (C36)
(where F is Cable Axial
Force)

\

2.6 For C1, when no cable is lost 2.6 For C1, when C36 is lost
2.5 2.5
= 2.4 £24 77 NN
g 23 === N k9 S 23 k9
= 22 =22
g 2.1 % 2.1
g ) k1 3, k
1.9 1.9
1.8 1.8
0.7 0.8 0.9 1 11 12
DCR 0.7 0.8 0.9 ch . 1.1 12 13
—Kk1 —k2 —k3 —— k4 —k5 —k6 —k7 —k8 —k9 | —k1 —k2 —k3 — k4 —k5 —k6 —k7 ——k8 —k9
26 - = FoC1, when C1is 10% corroded but
25 N no cable is lost
Effect of 10% Yy \\
. =]
Corrosion on stay 5 23
. =
cable C1is more g o K
- .
critical than the effect &
of loss of cable C36 19
18
0.8 0.9 1 11 1.2 13
DCR
—kl —k2 —k3 —k4 —K5 ——k6 —k7 —k8 —k9
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4.3 (MERR) EFHRFREDOR LT

4.3 (MRB) RFBRFREOR 2

#oEEC1I—TIIL
RODFEELR
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4.3 (HEB) REBRAREOR S 4. THRFSK—XREOBEETIL
JSSC (1995)
D FIERIE RIS B A A
ETILEER
) L ]
-]
12 HUVr—J )LIF Ecritical DCR = Aoy “10 o
AO'R
-1
sb 0.8 mSF=2.5
g’ mSF=24
I 0.6 mS.F=23
X e
" I“ I“l II I“ II =520 5—7J L3 A (DL+LL)
0
Cl 2 Cls Clé C1s8 Cl19 c27 35 C36
Cable Number
4, THRANSKF—XFEOEEETIL 51 (ZVRFSF—XFE) ¥ BEBRRKEIZH TR LH
Ultimate Load Combination = 1.25 XDC+1.5 X DW+1.75 X (LL+IM)+Pi+PS
1
0.9 m S.F=1.67
0.8
0.7 B S.F=1.77
g‘ 0.6 m S.F=1.87
. = 0.5
=T L Hm_ @ 04 = S.F=1.97
JIS-Civil Lane4 I 35 g o3 #SF=2.0
-Civi ane: .om a 02 _
ME (Cables) ﬁl . 0.1 ¥8.F=25
| Lane3 3.5m 0
58RI E oyrs (MP 2,000 i N I AN S RN AR TR R, S S SR SN
R5RFE ours (MPa) 5 | . <§)CJ §G §Q @00 §Q <§Q §Q é)o Q»QOQQO\@G\&Q\@G\@O@QO@OQQQ\@O\@O\@OW&&@&
FER IS N E o, (MPa) 1,700 N . * Cable Numbers
BB HE 0, (MPa) 1,200 . Lane2 3.5m
GQEE\?;(E:%) 20: Lanel 3.5m
ar : L4 4= (] 323 S ANF~
B KN - r i L75m RITOREERI6TTHTRLREREE TS,
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6.1 {SHEMEMITIC L SRERIECI 7 —T L DR £ 1T

Random Standard
Distribution mean cov Reference
Variables Deviation
DL+PS Normal |1518 | 151.8 | 0.100 [Nowak et al. (2000)
LL+IM Normal 655 131 0.200 |Nowak et al. (2000)
Ult. Tensile
Normal | 1860 27.9 0.015 |Nowak et al. (2008)
Strength
Yield Strength | Normal | 1570 47.1 0.030 |Nowak et al. (2008)

e Limit State function is
defined

gx)=Z=R-5=0

¢ Random variables are
introduced

* Monte Carlo
Simulation is applied

S.F=2.5

S

F=2.3

S.F=2.1

6.1.1 MEECIT—T L DRERLEFHIERDOERK

United States Army Corps of

Engineers (USACE 1997)

guidelines for reliability index

(B) and corresponding

probability of failure (P;)

Py = ®(—=f)

1 E+00

Hazardons
1. E-01 4 =18 Lo nsatisfaciory,
=10

E 1E02 R

£

E 1.E03

£ e

=

& F-05

— .

5 1.00E-01 \\ o
5 173
= 24 <
e 1.00E-03 3
EPR : S
&= 1.00E-05 -
3 21 %
1= £
S & 1.00E07 2 3
= = 1.00E-09 For Good 18 2
“ ' —
% LOOE-11 Performanc ¢ 1.7 -g
£ 0 1 2 3 5 6 7 ©

Reliability Index (B)
=o—f vs. Pf =e=S.F vs. B
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1.

BEEILIKRF #R Bt 5L BE

6.2 (EREMETICLSTIRMF—XFECIr—T L DR LT

S.F=1.57 S.F=1.67
EDC1
ED Cable iabili
Reliability Reliability Failure
. Safety Index, .
Analysis Results Probability
Factor uz
=2 | Pr=0(-p
0z
1.57 1.443 0.0735
Exceeding Allowable 1.67 6.5742 2.00E-11
limit, g(x) 1.77 11.5173 2.95E-31
1.87 15.6905 3.06E-56

7. #E3

FERBICEWTIE. BT —TJ IR EE25%85HT23
BBEEFTLEL, REEFRIKE, BFHEFIKELELHITHRET
B

2. THORSR—=XRBIZEWTIEK, BITO—JIILREeER

1.67T. BERFKE RARFRELLISHET D,

3. MERAE. TUARMSF—ARBELIC RFBFIRELYE

RBRFIREDIZOINEYELLY,

4 (EREMERRITOMER. BRE. TIANSF—ZRED7—

TILREH23,1.67(F, FHEMEEZR P =4 THHT S,
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REOXMESV XYY (1998%FRMA)

Rank Name Max span (m) Country  Completion
1 Akashi-Kaikyo 1,991 Japan 1998
2 Great Belt East 1,624 Denmark 1998
3  Humber 1,410 UK 1981
4  Tsing Ma 1,377 China 1997
5 Verrazano-Narrows 1,298 USA 1964
6 Golden Gate 1,280 USA 1937
7 Hoga Kusten 1,210 Sweden 1997
8 Mackinac 1,158 USA 1957
9 Minami Bisan-seto 1,100 Japan 1988
10 2" Bosphorus 1,090 Turkey 1988
Bk REOXEESVFXVT (201651253 TE) 2
Rank Name Max span (m) Country Completion
1. Introduction 1 Akashi-Kaikyo 1,991 Japan 1998
2  Yang Si Gang 1,700 China 2019 (UC)
2. AEMmIE 3 Nizhoushuidao span of Hume 1688 Chi 2018 (UC
3. MIEAIE n 2nd ’ Ina (ue)
4. :fé*ﬁ%*ﬁ 4  Zhoushan Xihoumen 1,650 China 2009
. . 5  Great Belt East 1,624 Denmark 1998
5. A—TYITL—FUTRMAIR 6  Osmangazi (Izmit Bay) 1,550 Turkey 2016
7 Yi Sun-Sin 1,545 Korea 2013
8 VRv;;yang Yangtze River High 1,490 China 2005
9  Dongtinghu 2nd 1,480 China 2017 (UC)
10 Nanjing No.4 Yangtze River 1,418 China 2012
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RBDHRZEROMHEE BIEIEETER T O Ok

Korea
China -
3500 i
Messina Straft ZhOUShan a :,..
3000 Xihoumen, —
_ . 1,650m (2008) ]
2500 | Yi Sun-sin,
1,545m (2013)
Akashi-Kaikyp

RmEO

World

e = ks it Ay
Great Belt o sk " \ o LAy

Center span length (m)
S
=

Golden Gate
1000 G. Washineto . Minami-Bisan Setd 1 e -
Kanmo Japan Jiangyin Yangtze e 2 o
500 River, 1,385m
i Ambassad T )
MM;E“ e S (1999) 0
0 L I I I g |
1800 1850 1900 1950 2000 2050
Year
BRI KHE (1,991m) (1) 4AZRE A5

- 4(Z)EMABE. RAEBOXRBRARNDIDOTHS,

REBRE—.FEZ.B=ZKE SFBIRABIEMAA—D

4-span suspension bridge was in Multiple-span suspension bridge is
vestigated for Kurushima Kaikyo planned for Hoyo Strait Crossing.

Bridges in Japan.

c AEREIRBISBEVTIE, PREBOREHIIREET S (M=
Hd*, T—TILEE) FTh . MRICRBIENME TS S80I
HRAREEDERNVEHICLTD,
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(1) 4B RE

e 20124 (2%, BE(Z"Taizhou Bridge” (2 x 1,080m)AH%
SERL. R EXRAZEBRIB LGS,

Bsshsh, ILEAY, 4EMBEOTISVE RIS T SBITH

T, i THE, Vol 53A, T RF4E, pp.658-665, 2007.

(1) 4ZRmiE

AZERBEOMEALZE
{EFRIZDLNT, To5v4

vl = = PREDHL
— - =< ‘ g
ﬁq:*ﬁ' J:O-C@n-]- FURI 4 2 A Y
; . BE 0
Comparison of 3-span & 4-span Effect of intermediate tower stiffness
70 60
@60 H--. : ﬁ:ﬁﬁ e
§ 50 2 0 r
g 40 < 40
8. 3 ] .
@ 30 3 @ : In-plane stiffness
oy 20 & A : Out-of-plane stiffness
jg 830 r A\: Torsional stiffness
210 E
0 = 20
2000 3000 4000 0 2 4 6 8 10
Main-span length Incremental factor of stiffness

(sag ratio = 0.1 & side-span ratio = 0.5)
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BREILIRT HuR Bl BE

(2) #iRMmIE

- FERFBIE (BBELAEEOESHE S (X, AR EMSE
BERLODD.BERXABBEOEHRKRNDI1IDOTHS,

« K4V A& Franz Dischinger [C&>TIRE,
« DUIIIBIIVBBEEMBICHLIRESNT,

(After Man—Chung Tang, IABSE Symposium, Weimar 2007)

(2) MERIE

« BIEERERTODIIMISNT, FRXHEE2,800mD MR
REEDM AR E A EBEERRARERICE TR =,

« PRERIE M. AERIE—BHTEEDSpindlefB EMIRE

-,

« BUOMEREENERSNA 7—TILOEFELLT LY
BFEICBNDOIDITTIEAWLI &G EN TR,
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(2) kMg

« 2016F8AIChLa. RRARFRBEEITH AR H) L2 5HE K
#1538 A48 Yavuz Sultan Selim Bridge (3@ Bosporus
Bridge) (L, = 1,408m )MFE R,

(After Presidency of the Republic of Turley)

Hiroshi Katsuchi, Hitoshi Yamada and Junya Imai,
Structural Configuration of Cable-stayed Suspension Bridge
from Aerodynamic Stability Point of View, Report of

(2) ﬁgl_ gE I% *E IABSE Congress, Stockholm, pp.158-165,2016.9.

REERBIZXT S
INGAR) YOG RBAT 4

- HRFHEK2500mDFERRBIBEBEFRIC
1) fERERXE
2) B
3) r—JINREEH
D EZEENEN. TRREME O SH oEHTHIIZHRET

182 1 2018 % 2 [E] MIDAS 25& 53 5 £k i8R

BREILIRT HuR Bl BE

(2) kMg BEEH

o HRFZER2,500mD3D FEET /L (by MIDAS civil) Z{#->T. fi5E
RIEDEEN. ZAMKRET oz, BTDREIZH--TIE. BiE
DK (Maeda, et al., 2002)&S &,

1/5 of cable-stayed

. Sag ratio:
For comparison / 110
Cable-stayed section 720, 560 and
‘% / 400m
B =35.5m
Overlapping se D =7m

ctiLI h / 320 and 160m \

(2) $43R R S LL

62,840
V  2nd |owest

64,516

4,082
71,267

7,194 Lowest

87,088

11,828
87,088

11,005
87,088
11,351
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« BET—TJILREEE25M52.2,.20.1.8IZ. F#Ry—TILDLE
#5250 52.2121E R

C =T NREEQERIZET, r— I LBEHE T, HOBE
ZhoT

FERBBOERT—X
(Lc=720m): 164,300 tf

fAiE: 161,250 tf

* BESZERIXERDABED
FIESSELRLIZERE

184 12018 %5 2 @ MIDAS 2552 5 Kilis8E

(2) FA5R MR 2 BERE T—IILREROPE
25y —R R RE . 7—7‘)L§$$®1&5)ﬁ!:1¥h\ ’7'-7‘»@%%75“1&3‘@@ 1l
w0 NEBHA LR, TOHR, I5v—RREEN LR
w " 5 o IoVA—RRRRIL. MES—TILLYLREBET—TILD
el 2% RERICKEEEERTD
LI 58.8 -
fg’ Va N z 100
. 0 =TSt 2 - E ________ 7
Z 0 2 0= 66.9m/s
® O %@ & I5v5—RRRRE ER A
& & o E _> —=-> I
& @ ZT w0l - :
27, CS(720): 55.6m/s
TIRETEZR N, 0E—REF - E—REIL & BTSva—@BHE £ SB: 39.2mls
= 0
755 —RARZEE. RCxt TR RIREIZR L 51 = O ngf’ é:;“ é:f’ Cg::-’ é::-’
SRR RT720mDAI3E BB D I 58— IR RAESS 8m/sEB B of N
EA RN 59 8—RARE
(2) $3RAIE T—IOILNRERDFE (2) RIR BB FEH
o HEZTEMTILHDIC.yT—TILRERDER (GERET—TILT . . = P
o A REROERBRE . hRFAIE2500mDAEBEOBEOBBILER TR

DB EILEELT-.

FMERIBERXME (L, = 720m) DRERBEHIRLELNTITVE—
RARRZ Rz, =1L, RRFICKYREGHELIESH
WNE,

EE(RAXEREDARBOEELRIL) OMERIBET—TIL
LZEEDEFB(BBEY—ITIL1.8, Ik —TIL2.2)I12&>
T.AXERDOREBELREEOHMEL.7TEDIZVI—R
RELEREZER
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(3) ZFaHTmiE
« ZHMARBE. MRREEOEENMMEXRABBICLIELE
ERINSD,

Yi Sun Shin Bridge
(1,545m, 2012), Korea

Zhoushan Xihoumen Bridge
(1,650m, 2009), China

(3) M RAE EREES
. BIOEATHARERERDZ/ S54A—4
s HAOEDEZ—/N1)Y or SREHRMATEAZEED R EIZALG

& e

5
Lase 1: Tosen
1 e 4
] =
= =3
3 = :
z T z
e= &
i ;
e
. : .
[ TNt 1) M- . " ﬁ W o e coomd®
0 o 20 3 4 M 42 T B g L) 3 1 ) kg 20 5 &1 ™M a0
s spenl{ne Wi e i1k
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BREILIRT HuR Bl BE

@) A—TTL—FU T KR ATE
« A=TUIL—FUTIE RRRBOMERARE R L
D=HIZLIELIEEDNS,
« F=TTL—F T KRRH,
BIEMHER 7O T T

All grating deck bridge

REfshiz,
?04
Mackinac Bridge g
ERREBRICES>THEWNI Ty I—REMEMGE
B, =1L, KiRIEDOR LB IRAFER,

EBIT BAVYDRY) YT BITEEHEER

=hi-, 0 20 40 \yind 558 (m/s)50 100
S FEORXKRIE
FrFvhLI9ISERE ~ s
(kL. DardanellesiglE) =~ s
« L=1,000m + 2,023m + 1,000m
. BENLELEI. 2023FNDTEAFBIELTIET
s &y 1 |
i ' [ ey 11 l. _ e e
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MIDAS Construction Seminar MIDAS Construction Seminar

MIDAS Fam |Iy Pro grams MIDAS Family Program (&
MIDAS %%%fl\ B&4cimCAE(Computer Aided Engineering) V1) 21— 3> T9,
1

New eXperience of Geo-Technical analysis System

BE /N Hhig 70
Building Engineering Bridge Engineering Geotechnical Engineering Mechanical Engineering i@%FEM%E*ﬁ I\ —&)l'/\J lJ 1 — \J 3 \/

| | e
) oy
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REHHO LAHTD IR R/ BRHHO
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i 51 AL+ 646w ME,

64 Solids 307 Solids

[B&R(20074F)

BOPER: i 25 k)

fa] Iy 5
/ \ ‘J l y b j ' OI) ‘%Fﬁ [:E 326.5 sec 58.4 sec 90%
ﬁ t; / GTS NX (20074F) (Completed 100%) (2 solids failed) l
21.7 sec 9.1 sec bl

(Completed 100%) (Completed 100%)

JNY D VEENDER
/NI EE A DEAE
MULTICORE EM64T GPU
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A & D o Poct
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FREMIEHRIEE R 7K 4K SR D 5k

Water conditon  Descnption

T EHGENIEE(ISRM, 2007)

Man absorptive The rock itself is not attractad to groundwater and groundseater Temains in pores and
fracmire spaces as free water

Capillarity The free water is atracted to rock due to capillarnity effects or electrically
absorptive

Slightly Some decomposed clavey particles in rock may absorb water and its percentage is not

absorptive more than 1 96 of the total wolume
Moderately The rock itself contains a considerable amount of water absorbing minerals, whose
absorptive wolurne could be around 1 5 % of the total wolume

Highly absorptive  The rock casily absorbs water when it is saturated and may undergo volumetrc
changes upon wetting and drying. However, volume changes do not result in the
fracmuring of rock, dthough its geomechanical properties may drastically decrease

Extremely The rock rapidly absorbs water when it 15 ¢xposed t0 saturation and disintegrates
absorptive during the absorption process
Aydan et al. (1995); Aydan & Shimizu, 1995 Groundwater
seepage . : . .
condition Dry Damp Wet Dripping Flowing Gushing
(GWSC)
Laser Profiler (Aydan Lab.) Rating -
9 / 3 3 1 0

(Rewsc)
Groundwater Capillarity
absorption Non- or Slightly Moderately Highly Extremelv absorntive
condition absorptive | electrically | absorptive absorptive absorptive ¥ Py
(GWAC) absorptive
Rating

= 5 A 3 7 -
(Rowac) 6 - 4 - - 1-0

4) Groundwater Condition (GWC): #h FKD1kR RMQR= Rpp + Rpsy + Rps + Rpc + Rgwsc +

R
GWAC L =
Groundwater seepage condition + Groundwater apsorption condition RMQRLERI T T —FHRDOARK
(GWSC: it TRDZERR ) (GWAC: i FKDHAKRKBR)
Rock I II I IV v VI
Class
Descrip- Solid Fair Poor Very poor or
tion or Very good Good or or Very weak
of rock Rock material Medmum Wealk
mass
REMQR 100=RMQE>95 | 952RMQR =80 | 80>RMQER>60 | 60=RMQRE>40 | 40>RMQER>20 | 20=RMQR

BEHEFEHR A

Interrelations between RMQR and NEXCO Rock Classes

NEXCO RMQR
Moder. abs. Rock Classes H M L

. . A 100-99 08-97 97-96
B 05-91 90-86 85-81
RERISHTROEE WKEHEEE T HUMERT S CI 30-74 73-67 66-61
DAEEFELKES(EEEZITS, CII 60-54 53_47 46-41
DI 40-34 33-27 26-21

DII 20-14 13-6 6-0
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RMR +1.1(100 — RMR)

SROPMEORE T -
oa=ao. — ( . —a ) RMQR — l..mxx\“ -
=a, 0 100 RMQOR + (100 — RMQOR) (1 ) ;.— e

Q EReShi-H29KEE [ FZE o
BE = DY fE s g
+ = EROYME

fn =G(a, B,RMOR, f,)
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fu=G(a, B, RMOR, f,)

51 : Mohr-Coulomb

O-l ZQmO-3 +O_cm or 7= Cm +O-n tan¢m

. b
1 + Sin ¢m . 20~ Klohr-Croulomb Criterion -
dn = : LT - & Inesitu Experiment Int?ct ‘---"_r‘
1—sin ¢m = [ Anclesite L
—_— 15 -
[ =]
8, = (o.3+0.7 RMQR)Q. @ I
FE i RIGR=51
o = RMQR . g B RockMass
'~ RMQR+6(100-RMQR) < 7| . R R
5 = - RMOR=37
RMOR 0 2 =2 4 5
Cn = RMOR + 6(1(%)—RMQR) C; NORMAL STRESS o, (MPa)
(Aydan et al. 2013)

JER IR E A (B Z (X : Aydan(1995) - B E KR
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=
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STRENGTH REDUCTION

Laser Displacenent
Transducer

Fample ——=
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v B/V : time that wind
V,=—— ‘ flows over a body
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N 7
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Minami Bisan-seto Br. Akashi Kaikyo Br.
(1,200m) (1,991m)

Ref. Speed for flutter (V) 75m/s 78m/s
Frequency of T1 (f) 0.33Hz 0.15Hz
Deck width (B) 32m 35.5m
Reduced wind speed (V) 7.1 14.6
(Twice) 8 10
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[1] Model development
(with different cable-stayed section length)

[2] Analysis of cable-stayed section length effect
(Investigation of static and dynamic characteristics)

=

[3] Analysis of tower height effect
(Consideration of buckling and erection work)

[4] Analysis of safety factor effect
(Reduction of steel weight and increase flutter speed)
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[1] Model Development(ET JLYERL)

o FRFERK2500mDFERIE., LLEELTD RIEDILIXE
HHAHET ILEVERL (Maeda, et al., 2002).

Sag ratio:
/ 1/10
720, 560 and
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D=7m
/ 320 and 160m y
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[1] Model Development
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[2] Effects of Cable-stayed Section Length
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[2] Effects of Cable-stayed Section Length
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[2] Effects of Cable-stayed Section Length
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[2] Effects of Cable-stayed Section Length
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[2] Effects of Cable-stayed Section Length
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[3] Effects of Tower Height (EIBEF DL
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[3] Effects of Tower Height
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[3] Effects of Tower Height
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[4] Effects of Safety Factor (R & HR & &
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[4] Effects of Safety Factor

o HMTDKFE=DHH. ME-DHHLAE
=>KRELFE(TLL

28

MIDASH 758 E (20181122)

330 1 2018 % 4 B MIDAS #5452 5 & is8EE

BWEEIAT #iR Bt 54 kE

[4] Effects of Safety Factor
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Canakkale 1915 Bridge
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Canakkale 1915 Bridge
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Canakkale 1915 Bridge
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Hutong Railway Yangtze River Bridge
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Hutong Railway Yangtze River Bridge
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Hutong Railway Yangtze River Bridge

e 142+462+1,092+462+142 = 2,300m
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Hutong Railway Yangtze River Bridge
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Hutong Railway Yangtze River Bridge Hutong Railway Yangtze
River Bridge
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Hutong Railway Yangtze River Bridge Hutong Railway Yangtze River Bridge
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